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Tumor progression loci-2 (Tpl2) (Cot/MAP3K8) is a serine/threonine kinase in the MAP3K family directly
upstream of MEK. Recent studies using Tpl2 knockout mice have indicated an important role for Tpl2 in
the lipopolysaccharide (LPS) induced production of tumor necrosis facfdNF-o) and other proinflam-
matory cytokines involved in diseases such as rheumatoid arthritis. Initial 4-anilino-6-aminoquinoline-3-
carbonitrile leads showed poor selectivity for Tpl2 over epidermal growth factor receptor (EGFR) kinase.
Using molecular modeling and crystallographic data of the EGFR kinase domain with and without an EGFR
kinase-specific 4-anilinoquinazoline inhibitor (erlotinib, Tarceva), we hypothesized that we could diminish
the inhibition of EGFR kinase by substitution at the C-8 position of our 4-anilino-6-aminoquinoline-3-
carbonitrile leads. The 8-substituted-4-anilino-6-aminoquinoline-3-carbonitriles were prepared from the
appropriate 2-substituted 4-nitroanilines. Modifications to the C-6 and C-8 positions led to the identification
of compounds with increased inhibition of TNEFfelease from LPS-stimulated rat and human blood, and
these analogues were also highly selective for Tpl2 kinase over EGFR kinase. Further stractiviiy

based modifications led to the identification of 8-bromo-4-(3-chloro-4-fluorophenylamino)-6-[(1-methyl-
1H-imidazol-4-yl)methylamino]quinoline-3-carbonitrile, which demonstrated in vitro as well as in vivo
efficacy in inhibition of LPS-induced TNIe: production.

Introduction Several pharmaceutical companies have focused on INF-
. . converting enzyme (TACE) for the treatment of inflammatory
Inflammatory cytokines such as tumor necrosis faator diseaseé.Candidates such as BMS-561392 and TMB)LHave

(TNF-a) and interleukin-1 (IL-1) are believed to be major g, efficacy in animal models of arthritis and have advanced
contributors to inflammatory diseases such as psoriasis, Alzhe-,[0 clinical trials; however, safety and efficacy concerns eventu-
imer’s disease, inflammatory bowel disease, and most nOtanyaIIy led to their’ discontin'uation (Chart %)

rheumatoid arthritis (RA}.2 RA is a debilitating systemic | ) hod d the inhibiti ;
disease that affects over 1% of the population worldwide with An a_tematlve met_o t_owar .t e nni |t|on_o TNE-
an annual incidence of 0.04%he disease is characterized by production is through disruption of signal transduction pathways

recurring symptoms such as pain, swelling, stiffness, and that include several members of the mitogen activated protein

restricted mobility due to the erosion of joint cartilage, con- Kinase (MAP kinase) family, particularly p38 kinase. The
nective tissue, and eventually bone. Furthermore, several!dem'f'cat'on of the inhibitor SB203580 initiated intense focus

mechanisms may contribute to the pathology of RA, adding to in the pharmaceutical industry for the discovery of p38

the complex treatment of this disease. TNFeontributes to iphibitors? Compounds .SUCh as VX'.745 (Vertex Pharmaceu-
cartilage breakdown and bone erosion by stimulating the ticalS), BIRB-796 (Boehringer-ingelheim), and AMG-548 (Am-

production of other proinflammatory cytokines such as IL-1 and 9€M; see Chart 1) represent the first examples of small-molecule
IL-6 and inducing degradative enzymes such as the matrix p38 kinase inhibitors to advance into the clifiim addition,
metalloproteases (MMP$): Disease-modifying antirheumatic GlaxoSmithKline, Roche, S_C'OS’ I_Dflz_e_r, and Array Bl(_)Pharma
drugs that target TN -and IL-1 including etanercept (Enbrel), have also gdvanced p38 .klnase inhibitors to the clinic for RA
infliximab (Remicade), and adalimumab (Humira) have shown and other |nflammaFory diseases. . .

efficacy in the treatment of RA. Routes of administration, ~ Upstream activation of the MAP kinases is controlled by
contraindications, and/or precautions associated with thesetumor progression loci-2 (Tpl2) kinase, a serine/threonine kinase

agents warrant further investigation toward additional drug in the MAP3K family?~12 Recent studies using Tpl2 knockout
therapie$:® mice confirmed that Tpl2 plays an important role in the

lipopolysaccharide (LPS) induced production of ThFand
other proinflammatory cytokings.Tpl2 is also required for
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Chart 1. Chemical Structures of TACE and p38 Kinase Inhibitors of TéProduction
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glycine-rich ATP binding loop, a factor that may lead to the

discovery of highly selective inhibitors.

We have previously disclosed a series of 1,7-naphthyridine-
3-carbonitriles 1) and more recently the related quinoline-3-
carbonitrile (cyanoquinoline) Tpl2 inhibitor2,(Chart 2)'81°
Both of these leads were identified from our in-house kinase
inhibitor collection, which comprises mostly tyrosine kinase
inhibitors. Initial selectivity for Tpl2 over other kinases,
particularly epidermal growth factor receptor (EGFR) tyrosine
kinase, was moderate to poor for both the 1,7-naphthyridine-
3-carbonitriles and cyanoquinolines. In this report we describe
our efforts toward improving selectivity and potency of the
cyanoquinoline class of Tpl2 inhibitof8.

F

Cl
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O

1

Design and Synthesis

The synthesis of most of the cyanoquinoline analogues with
variations at X and at R started with the substituted nitroanilines
4a—g (Scheme 1% Nitroanilines4b—g were reacted with ethyl
2-cyano-3-ethoxyacrylate under basic conditions to give the
2-cyano-3-(arylamino)acrylateSb—g.1° The acrylates were
washed liberally with water upon workup and then dried in a
vacuum oven for 48 h prior to thermal cyclization in Dowtherm
A, which provided quinolone8b—f in moderate to good yields.
The fluoroquinolone6b was converted to a thioether with
sodium methylthiolate in 1,3-dimethyltetrahydropyrimidinone
(DMPU) at room temperatutéand subsequently oxidized with
either 1.2 or 2.2 equiv ofn-chloroperbenzoic acich¢ CPBA)
to provide the sulfoxideésh and the sulfonéi, respectively??
After chlorination of6b—i, the 3-fluoro-4-chloroaniline head-
piece was installed by \&r displacement to give nitro
intermediates8b—i. Demethylation of8f with pyridinium
hydrochloride in DMF gave the correspondin@H derivative
8j.24 Reduction of8b—j using tin dichloridé® or catalytic
hydrogenatioff afforded the C-6 amino compoundb—j.
Attachment of moieties onto the C-6 amino group (tailpieces)

was accomplished by reductive aminafibasing a variety of
commercially available or readily synthesized aldehydes to
provide target 4-anilino-6-aminoquinoline-3-carbonitrile ana-
logues10—18, 24—28, 31—37, 42—51, and55 (see Tables13).

The synthesis of C-8 substituted analoguel-21 was
accomplished according to the chemistry shown in Scheme 2.
lodide 9n was subjected to a Stille coupling reaction with
tributyl(1-ethoxyvinyl)stannane, and the resulting enol ether was
hydrolyzed to givel9. Allylation of 9d gave9l, which was
acetylated, subjected to dihydroxylation, and deprotected to give
the dihydroxy intermediat®m. Reductive amination 0®m
afforded analogu@0. Alkylation of the hydroxyl group oBj
gave theD-allyl intermediate8|, and reduction of the nitro group
and subsequent reductive amination gate

The syntheses of compoungg, 23, 29, 30, and38—41, all
of which include substituted imidazolyl and pyridiny! tailpieces,
are shown in Schemes 3 and 4. A microwave-assisted Wittig
homologatiof® of trityl-protected H-imidazole-5-carbaldehyde
afforded 2-(H-imidazol-5-yl)acetaldehyde, which was used in
a reductive amination reaction wifld to give 22. Acylation of
9d with imidazolylacetic acid provided23. A bromine—
magnesium exchange with 3,5-dibromopyridtheas used to
furnish the pyridylaldehydes for the preparation28fand 30.

The method of Paul et al. (Scheme 4) was used to prégfare
54, leading to the quinolinecarbonitril@8—41.3° A Sonogashira
coupling reaction followed by reduction of the resulting alkyne
and reductive amination was used to cont! to 43.

Discussion

Molecular Modeling. We had previously studied the struc-
ture—activity relationships of a series of cyanoquinolines and
found that potency improvement was afforded by variation of
the 6-amino tailpiece portion while substitution at other sites
on the scaffold ablated Tpl2 inhibitidf.In that report it was
shown that compoun#@ was a potent inhibitor of Tpl2 kinase
with an 1G5, value of 30 nM but that it was equally potent
against EFGR kinase. Our initial plan was to improve selectivity
and potency through variation of the C-4 headpiece mdétety;
however, SAR studies of related 1,7-naphthyridine-3-carboni-
triles did not show this approach to be effectife.

At the early stages of this project the low yield for the
expression of Tpl2 and the difficulty in isolating stable and
active protein deterred efforts toward X-ray crystallographic
studies with this kinase. In addition, no suitable homology model
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a Conditions: (a) BOP, 4-methylmorpholine, MdH>HCI, CH,Cl,, 100%; (b) CsCOs, DMF, room temp, 2 h, 7299%; (c) Dowtherm A, 259C, 4-5
h, 21-68%; (d) (i) MeSNa, DMPU, room temp, 38%, (i) MCPBA, GEl,, room temp, 3 or 16 h; (e) (COGJ)DMF (cat.), DCE or POG] reflux, 12 h,
85—92%j; (f) 3-fluoro-4-chloroaniline, EtOH, reflux, 12 h, 4¥8%; or DME, 120°C microwave, 15 min; (g) pyridineiCl, pyridine, 110°C; (h) SnC}-2H,0,
EtOH, reflix 1 h ormicrowave, 110C, 5 min, or Pd/C, K EtOH, acetic acid, 12 h, 630%; (h) RCHO, NaCNBk| HOAc, EtOH or DCE, Na(OAGBH,

3 h, 4-76%.

Table 1. Tpl2 and P-EGFR Inhibition SAR

o w K
I K [ on
N/
X

F

Cl

I1Cs0 (NM)2 LPS induced TNFx inhibition?
compd X Tpl2 P-EGFR monocytes (nM) human blood (nM)

2 H 20 30 600 3300
10 F 20 500 510 >10000
11 Cl 20 1800 350 4900
12 Br 10 3300 370 >10000
13 CR 160 >20000 600 >10000
14 OH 11300 NF NT® NT®
15 OMe 130 2080 3000 >10000
16 SOMe 20 5000 2130 13300
17 SOMe 190 NT NT® NT®
18 CONMe, 130 >20000 >1000 >10000
19 C(O)Me 23 156 580 >10000
20 CH,CH(OH)CH,OH 910 NT NT® NT®
21 OCH,CH(OH)CH,OH 830 NT NT® NT®

a Average of at least two runs performed in duplicate with a
standard deviation of 25%.NT: not tested.

for Tpl2 was found that could be used for inhibitgurotein

standard deviation of 28%6rage of at least two runs performed in duplicate with a

aligned and sequence differences were examined. The following

docking studies. In order to improve selectivity against EGFR, residue differences were observed near the ATP binding site
we used molecular modeling and the crystal structure of the (numbering according to the EGFR structure, EGFR/Tpl2):
EGFR kinase domain with a 4-anilinoquinazoline inhibifor ~ Met’#%Cys, Cyg$5YAla, Thr'%9Met, Leu59Ala, Met’69Gly,
(erlotinib) to determine an alternative site on our cyanoquinoline Pro’’%Glu, and Th#9%Val. Two residues in particular, L&t
core3* Thus, the sequences of human EGFR and Tpl2 were (Ala in Tpl2) and Pré’° (Glu in Tpl2), are in the hinge region



Carbonitriles as Inhibitors Journal of Medicinal Chemistry, 2007, Vol. 50, No. 4831

Table 2. SAR of Various Tailpiece Analogues

Tpl2 (enzyme)  LPSinduced INF-Cjrhibiton” ~ P-EGFR Tpl2 (enzyme)  LPSinduced INF- jnhibition”  P-EGFR
ICso (M) monocytes  human blood (M) ICsy (nM)” P R ICs @M)’  monocytes  human blood (nM) _ ICso (M)”

w
>

compound

’ Py
1 E\_ﬁ\CH a 20 350 4900 1800 N "
N 2 30 o~ CH:  Cl 500
|
HE X,
N
12 \}\CHZ Br 10 370 >10,000 3300 &
31 < cl 170
N7 CH,
HN
2 (\b“? al 130 >20,000 Z |
N 32 S o a 350
2
o
Hi
23 E\w Br >5000 @
N 33 Sy cl 18 1500 11,400 2900
h 2
&
N
)
24 N}\ a 290 cH
N CH: 34 Ho/\( ? Br 590
< o OH
N
25 Ny B HN
¢ 98 665 >20,000 35 T cl 2 >5000 20,000
S CH:
N

T X
26 N Br 250 36 HO™ CHy a 200 5000 20,000
N

N,

S )\]
l N LJ\ /ﬁ\
27 Q CHz Cl 280 37 A Cl 110
v Noon

2

CH,
~ H)\l
8 @ cl 16 >1000 20,000 >5000 st we ) Br 18 74 3500 >3000
2 N N~ CHz
\
Fae O !
A~ CH2
B RC I a >3000
NS
N 55 N'N‘\>\ Br 20 21 3080 >5000
N7 TCHz

a Average of at least two runs performed in duplicate with a standard deviation of 2@%6rage of at least two runs performed in duplicate with a
standard deviation of 25%.

and are the only side chain differences near the C-8 position of quantification of MEK phosphorylation in an ELISA fornm&1°
erlotinib in the X-ray complex structure. Glide X#°was used For several compounds, selectivity was measured against EGFR
to dock compoun@ into the binding site of EGFR, and the kinase autophosphorylation in A431 cells overexpressing this
predicted location of C-8 in the cyanoquinoline inhibitors was enzyme?! Functional inhibition of TNFe. production was
shown to overlay with the C-8 position in erlotinib (see Figure measured using LPS-stimulated monocytes and LPS-stimulated
1). Maps of preferred functional group positions within the human blood. Compounds studied in vivo were first assessed

unliganded EGFR binding site were calculated using M&3S;  for selectivity against other kinases (including p3&AMKII,
these calculations indicate that a methyl or larger group attachedpkc, PKA, MK2, Src, S6K, IKK3, and Jnk-1).

at C-8 to erlotinib or our cyanoquinoline inhibitors would be
expected to have substantial steric clash with the hinge residue§N
in EGFR. It is clear from Figure 1 that a methyl in an optimal
position near the hinge residues (shown in cyan) is far too close
to be bonded to erlotinib or the cyanoquinoline inhibitr
without shifting the inhibitor scaffold out of the pocket o .
somewhat andgthereby reducing EGFR inhibition. It vF\)/as also With diols 19-21. We were pleased to find that fa, 11, and

predicted that substitution at the C-8 position of a cyanoquino- 12 (X = F, Cl, and Br, respectively) not only was potency
line would have a negligible impact on its binding to Tpl2 maintained but more importantly a significant improvement in

because the L&68in EGFR is replaced by the much smaller sele_ctivity (25- to 470-fold) was demonstrated. The potency
Ala side chain in Tpl2, allowing for larger substituents in this 2gainst Tpl2 was lower for nonhalogenated C-8 compodGés
area. We did not know with certainty what the three-dimensional 15and17. Larger polarizable groups (Cl, Br, SOMe) appear to
similarities were between EGFR kinase and Tpl2 kinase; be favored for both Tpl2 inhibition and EGFR selectivity. A
therefore, we prepared a number of C-8 substituted cyanoquino-C-8 methyl group appears to be less favored by Tpl2, perhaps
lines in order to determine what groups would provide detri- because simple van der Waals interactions in the absence of
mental binding to EGFR kinase but maintain or improve Tpl2 other electronic contributions are detrimental to binding. For
inhibition. example, a cyanoquinoline with a methyl group at C-8 and a
Structure —Activity Relationships (SAR). All compounds 3-pyridyl in place of the imidazole tailpiece (not shown) had a
were examined for inhibition of isolated Tpl2 enzyme via Tpl2 kinase inhibition 1G, of >1 uM. Other halogen C-8

Ouir first goal was to study the impact that C-8 substitution
ould have on potency and selectivity. Toward that end, we
chose groups with a range of sizes and polarity and the ability
to donate and/or accept a hydrogen bond. We also attempted to
make a possible contact with the ribose-binding region of Tpl2
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Table 3. SAR and TNFe Inhibition of Substituted Imidazole Tailpiece Analogues

N1 R

N/ C'-5
U
N-3

F

X

\CN
P
N

X

Cl

LPS induced TNFa inhibition®

Tpl2 (enzyme)
compd R X ICs0 (NM)2 monocytes (nM) human blood (nM)

11 H Cl 20 580 5200
12 H Br 10 320 11600
38 C'5-isopropyl Br 130 2200 >20000
39 C'5-isopropyl Cl 16 NF 5800
40 C'5-propyl Cl 25 220 5600
41 C'5-ethyl Cl 16 NT 7500
42 C'5-COMe Br 87 2000 >20000
43 C'5-[3-(dimethylamino)propyl] Cl 130 NT 15200
44 N'1-methyl Br 30 670 6300
45 C'2-ethyl-C5-methyl Cl 320 NF NTC
46 C'2,5-dimethyl Cl 220 N¥ NT®
47 N'3-methyl Cl 220 NF >20000
48 C'2-phenyl Br 5900 NF¥ NT®
49 N'1-[2-(morpholinyl)ethyl] Br 41 430 8950
50 N'1-[2-(methylsulfonyl)ethyl] Br 43 1000 >20000

a Average of at least two runs performed in duplicate with a standard deviation of 2@%6rage of at least two runs performed in duplicate with a

standard deviation of 25%.NT: not tested.
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aConditions: (a) tributyl(1-ethoxyvinyl)tin, PdgPPh),, DMF; (b) 1 N HCI, heat, 14%; (c) allyltributylstannane, Pd@Ph),, DMF, 48%; (d) (i)
(CRCOX0, pyridine, CHClIy; (i) OsOs, NMO, acetone/kD, 1:1; (iii) 5 M LiOH, quantitative; (e) H-imidazole-5-carbaldehyde, HOAc, EtOH, Na(OA&H,
45%; (f) (i) allyl bromide, KCOs, DMF, 75%; (ii) OsQ, NMO, acetone/kO, 47%; (g) (i) SnCl2H,0, EtOAc; (ii) 1H-imidazole-5-carbaldehyde, HOAc,

EtOH, Na(OAC}BH, 54%.

substitutions with this same tailpiece (e.g., compoR8dlable

The lack of Tpl2 potency fol4 and moderate potency for

2) showed potency similar to that of the imidazole-substituted the corresponding methyl eth&b indicated that a hydrogen

compounds.

bond donor group at the C-8 position was not tolerated. An
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aConditions: (a) (i) (methoxymethyl)triphenylphosphonium bromide, NaH, THF; (ii) MeOH, THF, HCI9¢g)THF, DMF, NaCNBH, HOAc, 22—
50%; (c) 2-(H-imidazol-5-yl)acetic acid, BOP, NMM, DMF; (d) (irPrMgCl, THF, hexafluoroacetone, oiPrMgCl, THF,tert-butyl 4-oxopiperidine-1-
carboxylate; (ii)i-PrMgCl, THF, DMF, 19-22%; (e) (i) TFA, CHCI, (1:3), 2 h, 100%; (ii) acetone, THF, EtOH, NaCNBB0%.

Scheme 4
R O — R 0O — <\I
P o N Nco,Et
R=iPr, nPr, Et ¢ dl

F
R Q e N
HN HN Cl — N R
S AR CN S
N X N H

-
N (0]
X . 52, R=iPr
38, R=iPr, X=Br 53, R=nPr
39, R=iPr, X=Cl 54, R=Et
40, R=nPr, X=ClI
41, R=Et, X=ClI

F

Cl

v I
| ~

N N N N \' HN
¢ | ;></I | «ﬂ CN

N 0 N o N %

H H o

H N

cl

57
43

56

aConditions: (a) S@Clz, CHCL, 0 °C to reflux, 2 h, 94%,; (b) formamide, 40, 5-30%; (c) (i) LAH, THF, 76-90%; (d) MnQ, acetone-CH,Cly,
30-50%; (e)9c or 9d, THF, DMF, NaCNBH, HOAc, 30-55%; (f) (i) N,N-dimethylprop-2-yn-1-amine, PdgPPh),, DMF, 90°C, 2.5 h; (ii) Pd/C, H,
THF, 3 h; (iii) 6 N HCI, MeOH, reflux, 12 h.

interesting SAR result was seen with the sulfoxidand the atom on the sulfone. Alternatively, or in addition to the lack of
sulfonel?: the sulfoxide was nearly 10-fold more potent. This an additional oxygen atom, the sulfoxide must be capable of
may be attributed to a potential repulsive steric or electronic adapting a favorable conformation unavailable to the sulfone
interaction in that binding region due to the additional oxygen 17 or the amidel8. The smaller ketone analogued was
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Figure 1. Structure of EGFR with erlotinib bound shown colored by

element with carbons in green and a translucent molecular surface on

the protein. A model of compourlbound to EGFR is also shown in
thick lines colored by element with carbons in gray. A calculated
optimal position for methyl in the binding site is shown in a space
filling model in cyan. Glide XP83°(Schrodinger, Inc., New York, NY)
was used to dock compoudnto the unliganded binding site of EGFR,
and MCS3%%#'was used to calculate optimal methyl positions in the
binding site.

comparable in potency to the sulfoxide but lacked the
selectivity seen for the halogenated analogues. The 2iodsd
21 were also 10-fold less potent thd0—12, which may be a
result of negative steric interactions.

Having discovered that C-8 substitution with halogen main-
tained potency and improved selectivity, we varied the C-6
tailpiece portion of the cyanoquinoline scaffold in order to
further improve enzymatic and cellular potency. In addition,
we attempted to address the potential metabolic liability of
compoundll In vitro metabolic studies withl1 indicated
that the compound was moderately metabolized in tiat €
35 min), mousetf;, = 23 min), and humant{; = 31 min)
liver microsomes with N-dealkylation, desaturation, and hy-
droxylation being the major metabolic pathways (Figure 2).

We therefore chose C-6 replacements with more sterically
demanding groups, longer carbon tethers, or groups with
different electronic properties to reduce the metabolism at this

position.

As seen previously in studies with the related 1,7-naphthy-

ridine-3-carbonitrile serié8 and shown here in Table 2,

enzymatic potency was sensitive to C-6 tailpiece changes.

Compared with imidazole tailpiece analodLi pyridyl 28 and
pyridyl N-oxide 33 had similar enzymatic potencies while
pyrazoles24—26, the imidazopyridine27, the diol 34, the
carboxylic acid36, and the amid&87 were an order of magnitude
less potent. CompouriB showed reduced potency in cells and
whole blood. The tetrazole analog88& was the most potent

Green et al.

We further investigated the effect of substitution patterns on
the imidazole tailpiece analogues and evaluated the resulting
compounds in cellular and blood assays for the functional ability
to inhibit the release of TNIe- with the goal of identifying
several compounds for in vivo evaluation. A select group of
these analogues, with either ClI or Br at the C-8 position, is
shown in Table 3. In the enzymatic assay, Nd-5 analogues
were the most potent followed C-Zubstituted analogues.
Substitution at the C-2osition alone reduced Tpl2 inhibition.
For example, compound9—42, 44, 49, and50 were slightly
to moderately more potent than compoudds-48. Although
imidazole tailpiece analogues with substituted basic amino
groups had improved solubility (36g/mL for 43 and 69ug/

mL for 49 compared to 2ug/mL for 12), this property
enhancement did not translate into increased potency in
cells and blood. All compounds in Table 3 hadd®alues of

>5 uM against EGFR kinase autophosphorylation in A431
cells.

Selectivity. After identification of compounds with in vitro
potency and selectivity for EGFR, seven compounds were
chosen for further screening against a panel of kinases and for
cytochrome P450 inhibition (3A4 isozyme). The panel included
a number of serinethreonine kinases and kinases involved with
TNF-o. production (p38&, MK2, IKKf, Jnkl) kinases with
diverse biological functions and kinases that were deemed
undesirable because of possible off-target toxicities (Table 4).
CompoundslO, 11, 33, 40, 44, 51, and55 demonstrated 200-
to 1000-fold selectivity for Tpl2 in this panel and had moderate
CYP3A4 inhibition.

Pharmacokinetics.Compoundsl], 33, 39, 40, 44, 51, and
55were further evaluated for pharmacokinetic profiling in rats.
Data for individual oral (po) and intravenous (iv) dosing
parameters are shown in Table 5. Compoub#i&nd 51 had
moderate plasma clearance and moderate volumes of distribu-
tion, while compound83, 40, and44 had high plasma clearance
and moderate33) or high @0 and44) volumes of distribution.
Compoundd 1, 33 51, and55 exhibited low oral bioavailability,
possibly due to low aqueous solubility and/or permeability and/
or a high first-pass effect. With the exception %8, all had
solubilities of <10 ug/mL and PAMPA? permeability of<5.0
x 10—6 cm/s at pH 7.4. In contrast, compou#d had higher
oral bioavailability (42%). Compound4 was advanced for an
in vivo oral activity study in a rat model of TNB-production.

In Vivo Study. Compound44 was examined for the ability
to inhibit the production of TNFe in the LPS-induced rat model
at an oral dose of 50 mg/kg. Compourd exhibited a
statistically significant inhibition of TNFe: in female Sprague-
Dawley rats (Figure 3). In this same study compo@rsthowed
an 85% inhibition of TNFe, consistent with a previously
determined Eky of 5 mg/kg in the corresponding mouse matiel.

analogue in the enzymatic assay; however, the ionization of the The average plasma concentration of compod#dct 60 and
tetrazole ring most likely rendered this compound much less 150 min postchallenge were 1.1 and 048, respectively,

potent in cellular and blood assays (solubffftyf 0 ug/mL;
PAMPA%2 permeability of 0 at pH 7.4). Large substituents on
the pyridyl ring of compound&9, 30, and32 were not favored,
while smaller groups such as methyd1j did not offer an

which was closer to the cellular inhibition concentratiorddf
(0.67uM) than to the blood inhibition concentration (6:81).
Further biophysical and animal model studies will help to discern
the pharmacodynamic relationship of potency in blood, plasma

advantage in potency. The one-carbon-atom homologatedconcentration, and in vivo efficac.

derivative 22 was 13-fold less active that2, and the imida-
zolylacetamide23 was much less potent. Two triazole-contain-
ing analogue$1 and55 had potencies comparable to those of
compoundsll, 12, 28, and 33 in the enzyme assay with

Conclusions

Using X-ray crystallographic data and molecular modeling,

improved potency in whole blood and were studied further (see we discovered a key structural addition that resulted in an

below).

improved selectivity profile for the cyanoquinoline series.



Carbonitriles as Inhibitors

Cl
F
OH
N-
o X
N N = CN
H - |
N
cl \
Hydroxylation
MW=442
F
Cl

NH H
H,N CN
z | +-NADPH
~ <—
N
Cl
N-dealkylation
MW=346

Figure 2. In vitro metabolic pathways af1.

Table 4. Selectivity Profiles of Compoundk0, 11, 33, 40, 44, 51, and
55
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Table 5. Mean Pharmacokinetic Parameters of Compoutijs33, 40,
44, 51, and55 after iv or po Dosing in Female Sprague-Dawley Rats

I1Cso (uM)2 parameters 11 33 40 44 51 55
kinase 10 11 33 40 44 51 55 ivClp (mL min~*kg™) 19 38 >100 50 29 NP
iV Ves (L kg™1) 24 16 122 141 27 NT
p3&  >40 11.2 >40 >40 >40 3.6 >40 IV Vss
CAMKIl >40 ~40 >40 =40 =40 >100 56 v tuz () 44 08 12 50 32 NT
PKCo.  >40 23.4 >40 >40 >40 >100 >40 po AUCo-int dose® 24 <10 NTP 142 <10 <10
PKA 10.3 40.1>40  76.1>100 >100 >40 (ng hkg mg*mL™)
MK2 >40 40.2 401 627 87.1 35840 PO Crnax 61 <10 NTP 511 34 <10
src 20 19.9>40 >40 >40 40.8 >40 potap (h) 8.1 42 NP 40 3.9 2.6
S6K >40 >100 >40 18.8 83.1>100 >40 F (%) 2 <1 NTP 42 2 NTP
Jnk1 31.0 >40 P - — P— 0
GSKB =10 n=3 anlrr_1a|s per study. For iv: dosed 5_mg/kg in 50% DMSO, 50%
LYN ~30 PEG200 solution. For po: dosed 25 mg/kg in 2% Tween, 0.5% methyl-
BTK ~10 cellulose, 0.06% lactic acid in watétNT: not tested.
PKCo >50
LCK 45 30000
T
CYP3A4 96% 90 180 160 150 NT 66% o 25000 0%
@ 3uM @ 3uM % 20000
50%*
a Average of at least two runs performed in duplicate with a standard S 15000
deviation of 20%° NT: not tested. L 10000
= .
= s000 ol
0 ]

Introduction of functionality at the C-8 position resulted in
reduced inhibition of other kinases including EGFR kinase.
Further SAR investigations provided several quinoline-3-
carbonitriles with improved potency in human bloddL(33,

40, 44, 51, and 55), one of which 44) had acceptable
pharmacokinetic properties, including oral bioavailability. Com-
pound44 inhibited the LPS-induced production of TNE4in

Vehicle TMI1 (10mg/kg) 44 (50mg/kg)

Figure 3. Compoundst4 and TMI-1 tested in LPS-induced TNi-
production in female Sprague-Dawley rats. Animals (average, 200 g)
were pretreated (po) witd4 at 50 mg/kg and TMI-1 at 10 mg/kg.
After 1 h the rats were challenged with LPS (iv, 1 mg/kg). Postchallenge
(10 and 90 min) blood was drawn to determine compound plasma levels.
TNF-a. levels in plasma were measured by CBAk) p < 0.0015 by

the rat model. These results suggest that compounds in this serieStudentr-test
may have potential as therapeutic agents for the treatment ofgxperimental Section

rheumatoid arthritis and other inflammatory diseases. The

findings reported here provided insights into further lead
optimization and in vivo studies, which will be reported in due
course.

Chemistry. Reactions were run using commercially available
starting materials and solvents without further purification. Proton
NMR spectra were recorded at 400 MHz on a Bruker AV-400
spectrometer using TMSO(0.0) as a reference. Combustion
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analyses were obtained using a Perkin-Elmer series Il 2400 (400 MHz, DMSO¢dg) 6 ppm 5.94 (s, 2 H), 6.987.10 (m, 2 H),
CHNS/O analyzer. CHN analyses were carried out by Robertson-7.15-7.29 (m, 1 H), 7.357.48 (m, 2 H), 8.268.39 (m, 1 H),
Microlit. Where analyses are indicated by symbols of the elements, 9.45 (br, s, 1 H); HRMS (ES) calcd for GeHoCIF,Ng (MHT)
analytical results obtained for those elements were wittin4 of 331.05566, found 331.0562. The procedure described above for
the theoretical values. Low-resolution mass spectra were obtainedthe synthesis 012 was followed, reactin®b (70 mg, 0.21 mmol)
using a Micromass Platform electrospray ionization quadrupole with 4(5)-imidazolecarboxyaldehyde (28 mg, 0.3 mmol) and
mass spectrometer. High-resolution mass spectra were obtainedNaCNBH; (9 mg, 0.1 mmol) in 2 mL of EtOH. The crude product
using a Bruker APEXIII Fourier transform ion cyclotron resonance was purified by preparative HPLC and lyophilized to give the

(FT-ICR) mass spectrometer equipped with an actively shielded 7 product as a bright-yellow solid (26 mg, 31964 NMR (400 MHz,
T superconducting magnet (Magnex Scientific Ltd., U.K.) and an DMSO-ds) 6 ppm 4.19 (d,J = 5.05 Hz, 2 H), 6.61 (t]J = 5.05
external Bruker APOLLO electrospray ionization (ESI) source. The Hz, 1 H), 6.95-7.07 (m, 2 H), 7.15 (d) = 12.88, 2.02 Hz, 1 H),
microwave procedures were carried out with a Biotage microwave. 7,19-7.28 (m, 1 H), 7.38 (tJ = 9.09 Hz, 1 H), 7.48 (dd) =
Preparative HPLC was run using a Waters reverse-phase preparativg 57, 2.53 Hz, 1 H), 7.56 (d,= 1.01 Hz, 1 H), 8.11 (s, 1 H), 8.23

HPLC with Xterra C18 5«M, 30 mm x 100 mm column. The

(s, 1 H), 9.40 (s, 1 H); HRMS (ES) calcd for GoH13CIF:Ng (MH™)

flow rate was 40 mL/min. Mobile phase A was water; mobile phase 411.093 10, found 411.0925. HPLC method 1: 95.9%, 3.88 min.

B was CHCN. Triethylamine was used as a modifier. Purity in
the two solvent systems P@—CH;CN (HPLC method 1) and

H,O—MeOH (HPLC method 2)] was determined using an Agilent

1100 HPLC instrument.

The literature procedure for the synthesis of 4-anilinoquinoline-
3-carbonitriles from nitroanilines (ref 21) was used to synthesize

intermediate8b—k from substituted nitroanilineéa—g. See below
for additional modifications and details.
8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-
5-ylmethyl)amino]quinoline-3-carbonitrile (12). In a microwave
vial, 7d (4.00 g, 12.8 mmol) and 3-chloro-4-fluoroaniline (2.05 g,

14.1 mmol) were dissolved in 20 mL of EtOH. The vial was sealed

and heated in a microwave reactor at 2@for 10 min. The cap

was then removed, tin chloride dihydrate (16.00 g, 71 mmol) was

added, and the vial was resealed and heated af@%0r 5 min.
The contents of the vial were rinsed with EtOH into 300 mL of
ice—water and neutralized with aqueous saturated NatiTBe
orange suspension was extracted with EtOAc(800 mL). The
combined organic layers were dried over anhydrous MgSO

HPLC method 2: 96.5%, 3.42 min.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-
5-ylmethyl)amino]quinoline-3-carbonitrile (11). The procedure
described above for the synthesisl@was followed, reactin@c
(89 mg, 0.26 mmol) with 4(5)-imidazolecarboxaldehyde (28 mg,
0.29 mmol) and NaCNBEI(22 mg, 0.35 mmol) in 6 mL of EtOH.
The crude product was purified by preparative HPLC and lyoph-
ilized to givellas a tan solid (65 mg, 60%fH NMR (400 MHz,
DMSO-dg) 6 ppm 4.26 (d,J = 5.05 Hz, 2 H), 6.67 (t) = 5.43
Hz, 1 H), 7.05 (s, 1 H), 7.22 (d, = 2.02 Hz, 1 H), 7.2%7.32 (m,
1 H), 7.45 (tJ = 8.97 Hz, 1 H), 7.53 (dd) = 6.57, 2.78 Hz, 1 H),
7.57-7.63 (m, 2 H), 8.16 (s, 1 H), 8.38 (s, 1 H), 9.47 (s, 1 H);
HRMS (ESIV) calcd for GoH13Cl,FNg (MH™) 427.063 55, found
427.062. HPLC method 1: 99.3%, 4.01 min. HPLC method 2:
97.0%, 5.31 min. Anal. (&H13Cl,FNg*HCOH) C, H, N: 53.29,
3.19, 17.76. Found: 52.84, 3.17, 17.59.
4-[(3-Chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-5-ylm-
ethyl)amino]-8-(trifluoromethyl)quinoline-3-carbonitrile (13). In

filtered, and evaporated, and the crude product was purified by flash @ 100 mL round-bottomed flask equipped with a conder(@.44

chromatography over silica gel{3%% MeOH in CHCI,) to give
9d (2.50 g, 50% vyield) as a brown solidtH NMR (400 MHz,
DMSO-ds) 0 ppm 6.05 (s, 2 H), 7.297.34 (m, 2 H), 7.497.55
(m, 2 H), 7.77 (dJ = 2.3 Hz, 1 H), 8.53 (s, 1 H), 9.60 (s, 1 H);
HRMS (ESI) calcd for GgH;10BrCIFN, (MH™) 390.9756, found
390.9754. h a 1 L flask, 9d (2.50 g, 6.38 mmol) and 4(5)-

g, 8.1 mmol) was dissolved in 35 mL of EtOH, and 3-chloro-4-
fluoroaniline (1.41 g, 9.7 mmol) was added in one portion. The
reaction mixture was heated at reflux fb h and then stirred at
room temperature overnight. The EtOH was removed under reduced
pressure, the residue was then partitioned between 50 mL of ether
and 25 mL pg aqueous saturated NaH@@d stirred for 15 min.

imidazolecarboxaldehyde (0.65 g, 6.38 mmol) were dissolved in Partial concentration of the biphasic mixture gave a white solid

80 mL of THF and 35 mL of MeOH and stirred overnight. The
solution was then acidified to pH 4 with HOAc, NaCNBKD.58

that was filtered. The resulting solid was dried under vacuum
overnight to giveBeas a dark-yellow solid (3.3 g, 99%}H NMR

g, 9.3 mmol) was added, and the mixture was allowed to stir (400 MHz, DMSOée) 6 ppm 7.377.48 (m, 1 H), 7.53 (t) =
overnight again. Solvent was then removed under reduced pressure8.97 Hz, 1 H), 7.71 (dd) = 6.44, 2.40 Hz, 1 H), 8.79 (d,= 2.27
and the crude product was purified by flash chromatography over Hz, 1 H), 8.87 (s, 1 H), 9.80 (d, = 2.27 Hz, 1 H), 10.77 (s, 1 H);

silica gel (6-9% MeOH in CHCI,) and trituration with 165 mL
of boiling EtOH to givel2 as a bright-yellow powder (1.35 g, 45%
yield): *H NMR (400 MHz, DMSOdg) 6 ppm 4.26 (dJ = 5.1
Hz, 2 H), 6.67 (tJ = 5.2 Hz, 1 H), 7.05 (s, 1 H), 7.25 (d,= 2.3
Hz, 1 H), 7.26-7.32 (m, 1 H), 7.45 (tJ = 9.0 Hz, 1 H), 7.53 (dd,
J=6.6,25Hz, 1 H),7.62 (s, 1 H), 7.79 (d,= 2.0 Hz, 1 H),
8.38 (s, 1 H), 9.47 (s, 1 H), 11.96 (br s, 1 H); HRMS (Etalcd
for CyoH14BrCIFNs (MHT) 471.0131, found 471.0140. HPLC

method 1: 98.6%, 4.15 min. HPLC method 2: 98.8%, 4.81 min.

HRMS (ESI") calcd for G/H7CIF;N4O, (MH ') 411.026 64, found
411.026. In a 100 mL round-bottomed flask equipped with a
condensere(1.65 g, 4.0 mmol) was dissolved in 50 mL of EtOH,
and tin chloride dihydrate (4.53 g, 20.1 mmol) was added. The
reaction mixture was heated at reflux for 1 h, then cooled to room
temperature and poured into iee/ater. The orange suspension was
neutralized with aqueous saturated NaHCd extracted with
CHCI; (3 x 150 mL) and EtOAc (2x 150 mL). The combined
organic layers were washed with brine, dried over anhydrous Na

By use of this same general procedure, all the compounds in SOy, filtered, and evaporated to givde as a yellow solid (1.5 g,

this study were synthesized from intermedia@&s—k unless
otherwise noted.
4-[(3-Chloro-4-fluorophenyl)amino]-8-fluoro-6-[(1H-imidazol-
5-ylmethyl)amino]quinoline-3-carbonitrile (10). Intermediaterb
(0.60 g, 2.38 mmol) was dissolved with 3-chloro-4-fluoroaniline
(0.42 g, 2.86 mmol) in 10 mL of EtOH and heated at°€5for 4
h. After workup,8b (0.7 g, 82% yield) was obtained as a yellow
solid: 'H NMR (400 MHz, DMSO¢dg) 6 ppm 7.5:7.58 (m, 1
H), 7.62 (t,J = 8.97 Hz, 1 H), 7.82 (dd) = 6.44, 2.15 Hz, 1 H),
8.59 (dd,J = 10.11, 2.02 Hz, 1 H), 8.91 (s, 1 H), 9.52 (s, 1 H),
10.73 (s, 1 H); HRMS (ES)) calcd for GgH7CIF,N4O, (MHT)
361.029 83, found 361.0294. Reduction8ff (0.7 g, 2.15 mmol)
with tin chloride dihydrate (2.4 g, 10.7 mmol) in 30 mL of EtOH
afforded9b (710 mg, 100% yield) as a light-brown solidid NMR

98% yield): H NMR (400 MHz, DMSO#dg) 6 ppm 3.92-4.12
(m, 1 H), 6.09 (s, 2 H), 7.157.31 (m, 1 H), 7.337.53 (m, 2 H),
7.70 (d,J = 2.27 Hz, 1 H), 8.44 (s, 1 H), 9.57 (s, 1 H); HRMS
(ESI") calcd for G/H2¢CIF4N4 (MHT) 381.052 46, found 381.053.
The procedure described above for the synthesl®efas followed,
reacting9e (150 mg, 0.39 mmol) with 4(5)-imidazolecarboxyal-
dehyde (75 mg, 0.79 mmol) and NaCNBKB7 mg, 0.72 mmol)
in 5 mL of EtOH. The crude product was purified by preparative
HPLC and lyophilized to givel3 as a yellow solid (137 mg,
76%): *H NMR (400 MHz, DMSO#dg) 6 ppm 4.31 (dJ = 5.31
Hz, 2 H), 6.82-6.91 (m,J = 5.31, 5.31 Hz, 1 H), 7.08 (s, 1 H),
7.28-7.37 (m, 1 H), 7.4%7.50 (m, 2 H), 7.57 (dd] = 6.69, 2.65
Hz, 1 H), 7.66 (dJ = 1.01 Hz, 1 H), 7.86 (dJ = 2.27 Hz, 1 H),
8.41 (s, 1 H), 9.55 (s, 1 H), 12.18 (s, 1 H); HRMS (Eptalcd for
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C21H13C|F4N6 (MH+) 461.089 91, found 461.0903. HPLC method
1: 95.5%, 4.41 min. HPLC method 2: 95.7%, 5.34 min.
4-(3-Chloro-4-fluorophenylamino)-6-[(3H-imidazol-4-ylmethyl)-
amino]-8-methoxyquinoline-3-carbonitrile (15). The procedure
for the synthesis ofl2 was followed, reactin@f (190 mg, 0.55
mmol) with 4(5)-imidazolecarboxaldehyde (53 mg, 0.55 mmol) and
NaCNBH; (24 mg, 0.39 mmol) in 8 mL of EtOH. The crude product
was purified by preparative HPLC and lyophilized to give the
product as a solid (33 mg, 14%}H NMR (400 MHz, DMSO#l)
0 ppm 3.85 (s, 3 H), 4.224.27 (m,J = 4.29 Hz, 2 H), 6.346.41
(m, 1 H), 6.77 (dJ = 1.77 Hz, 1 H), 6.92 (s, 1 H), 7.05 (s, 1 H),
7.18-7.24 (m, 1 H), 7.387.45 (m, 2 H), 7.61 (dJ = 1.01 Hz, 1
H), 8.24 (s, 1 H), 9.21 (s, 1 H). HPLC method 1: 100.0%, 3.52
min. HPLC method 2: 100.0%, 2.85 min.
4-(3-Chloro-4-fluorophenylamino)-8-hydroxy-6-nitroquinoline-
3-carbonitrile (8K). Intermediatef (323 mg, 0.87 mmol), pyridine
hydrochloride (130 mg, 1.12 mmol), and DMF (6 mL) were heated
to 200°C for 35 min in a microwave reactor. The crude product
was purified by preparative HPLC and lyophilized to gBlkeas a
solid (222 mg, 71%):*H NMR (400 MHz, DMSO¢s) 6 ppm 7.43
(dd,J = 6.82, 2.27 Hz, 1 H), 7.51 (] = 8.84 Hz, 1 H), 7.69 (d,
J=4.80Hz,1H),7.83(s,1H),8.73 (s, 1 H), 8.98 (s, 1 H), 10.40
(s, 1 H), 10.89 (s, 1 H); HRMS (ES) calcd for GgHgCIFN4O;
(MH*) 359.034 17, found 359.034.
6-((1H-Imidazol-5-yl)methylamino)-4-(3-chloro-4-fluorophe-
nylamino)-8-hydroxyquinoline-3-carbonitrile (14). The procedure
for the synthesis ol2 was followed, reactingk (176 mg, 0.49
mmol) with SnC}-2H,0 (547 mg, 2.42 mmol) in EtOH (5 mL) to
give 9k (160 mg, 99%):'H NMR (400 MHz, DMSOQO¢dg) 6 ppm
5.64 (s, 2 H), 6.596.67 (m, 2 H), 7.09-7.17 (m, 1 H), 7.32
7.43 (m, 2 H), 8.26 (s, 1 H), 9.24 (s, 1 H), 9.56 (s, 1 H); HRMS
(ESI) caled for GgH1oCIFN,O (MHT) 329.059 99, found 329.0601.
Intermediate9k (122 mg, 0.37 mmol) was reacted with 4(5)-
imidazolecarboxaldehyde (54 mg, 0.56 mmol) and NaCRKE39
mg, 0.48 mmol) in 10 mL of EtOH. The crude product was purified
by preparative HPLC and lyophilized to giig as a tan solid (59
mg, 39%): *H NMR (400 MHz, DMSO¢s) ¢ ppm 4.16 (dJ =
4.80 Hz, 2 H), 6.256.33 (m, 1 H), 6.656.71 (m, 1 H), 6.94 (s,
1H), 7.13-7.22 (m, 1 H), 7.33-7.42 (m, 2 H), 7.53 (d) = 1.26
Hz, 1 H), 8.11 (s, 1 H), 8.18 (s, 1 H), 9.20 (s, 1 H), 9.42 (s, 1 H);
HRMS (ESI") calcd for GoH14CIFNgO (MH™) 409.097 44, found
409.0975. HPLC method 1: 91.4%, 3.53 min (broad). HPLC
method 2: 100.0%, 2.96 min.
4-[(3-Chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-5-ylm-
ethyl)amino]-8-(methylsulfinyl)quinoline-3-carbonitrile (16). In
a 50 mL round-bottomed flaskb (0.50 g, 2.14 mmol) was
dissolved in 9 mL of DMPU. MeSNa (0.57 g, 8.1 mmol) was added,
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through an addition funnel at5 °C. The reaction mixture was
then stirred at=5 to 0 °C for 1.5 h, until TLC analysis showed
complete disappearance of starting material. AqQueous saturated
NaHCGQ; solution (5 mL) was added to the reaction mixture at O
°C. The organic layer was washed with aqueous saturated NaHCO
solution and then washed with brine and concentrated togjias
a yellow solid (56 mg, 100% yield)*H NMR (400 MHz, DMSO-
ds) 0 ppm 2.95 (s, 3 H), 7.38 (s, 1 H), 7.46.57 (m, 1 H), 7.65
(s, 1 H), 8.73 (dJ = 2.27 Hz, 2 H), 9.65 (dJ = 3.03 Hz, 1 H),
10.82(s, 1 H). Reduction @i using the procedure above fap
gave9i as a dark-yellow solid (45 mg, 91% yield}H NMR (400
MHz, DMSO-ds) 6 ppm 2.42 (s, 3 H), 5.80 (s, 2 H), 6.88 @=
2.02 Hz, 1 H), 7.01 (d) = 2.02 Hz, 1 H), 7.137.16 (m, 1 H),
7.34-7.40 (m, 2 H), 8.33 (s, 1 H), 9.34 (s, 1 H). Reductive
alkylation according to the procedure fb2, reacting9i with 4(5)-
imidazolecarboxyaldehyde (21 mg, 0.22 mmol) and NaChEH
mg, 0.08 mmol) in 3 mL of EtOH, gave the produi® as a tan
solid (28 mg, 53%):*H NMR (400 MHz, DMSOds) 6 ppm 2.39
(s, 3 H), 4.25 (dJ = 5.05 Hz, 2 H), 6.48 (d, 1 H), 6.95 (d,=
1.77 Hz, 1 H), 7.05 (s, 1 H), 7.18 (d,= 2.02 Hz, 1 H), 7.22
7.28 (m, 1 H), 7.387.51 (m, 2 H), 7.62 (dJ = 1.01 Hz, 1 H),
8.19 (s, 1 H), 8.30 (s, 1 H), 9.34 (s, 1 H); HRMS (EBtalcd for
C21H16CIFNgS (MH*) 439.090 24, found 439.0898. HPLC method
1: 99.7%, 4.04 min. HPLC method 2: 98.5%, 4.69 min.
4-[(3-Chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-5-ylm-
ethyl)amino]-8-(methylsulfonyl)quinoline-3-carbonitrile (17). To
a solution ofgh (70 mg, 0.18 mmol) in 2 mL of THF was added
a solution ofm-CPBA (100 mg, 0.45 mmol) in 3 mL of THF slowly
through an addition funnel at . The reaction mixture was then
stirred at 0°C for 30 min, then at room temperature for 2 days.
Aqueous saturated NaHGGolution (5 mL) was added to the
reaction mixture at 0C, and then 15 mL of EtOAC was added.
The organic layer was washed with aqueous saturated NgHCO
solution and then washed with brine and concentrated to 8jive
as a light-brown solid (70 mg, 93% yieldfH NMR (400 MHz,
DMSO-dg) 6 ppm 3.473.61 (m, 3 H), 7.457.53 (m, 2 H), 7.56
7.67 (m, 2 H), 7.867.89 (m, 3 H). Reduction 08j using the
procedure above fat2 gave9j isolated as a dark-yellow solid (50
mg, 77% vyield). Reductive alkylation according to the procedure
for 12, reacting9j with 4(5)-imidazolecarboxyaldehyde (20 mg,
0.22 mmol) and NaCNBKI(5 mg, 0.08 mmol) in 3 mL of EtOH,
gave 17 as a yellow solid (9 mg, 15%)*H NMR (400 MHz,
DMSO-dg) 0 ppm 3.52 (s, 3 H), 4.32 (d, = 5.05 Hz, 2 H), 7.04
7.08 (m, 1 H), 7.11 (tJ = 5.81 Hz, 1 H), 7.3%7.37 (m, 1 H),
7.47 (t,J =8.97 Hz, 1 H), 7.51 (dJ = 2.27 Hz, 1 H), 7.58 (dd,
J=6.57,2.53 Hz, 1 H), 7.61 (d| = 1.01 Hz, 1 H), 8.12 (d) =
2.27 Hz, 1 H), 8.28 (s, 1 H), 8.45 (s, 1 H); HRMS (Eptalcd for

and the reaction mixture was stirred at room temperature overnight Co1H16CIFNsO.S (MH*) 471.080 07, found 471.0796. HPLC

and poured into icewater. An amount b1 N HCI was added
slowly until a copious precipitate formed. The mixture was filtered

method 1: 95.0%, 4.02 min. HPLC method 2: 96.0%, 4.04 min.
4-[(3-Chloro-4-fluorophenyl)amino]-3-cyano-6-[(H-imidazol-

and the solid was washed with water to give a black solid. The 5-ylmethyl)amino]-N,N-dimethylquinoline-8-carboxamide (18).

crude product was purified by preparative HPLC to géleas a
yellow solid (0.21 g, 38%):'H NMR (400 MHz, DMSO#dg) ¢
ppm 2.72 (s, 3 H), 8.39 (d] = 2.27 Hz, 1 H), 8.548.76 (m, 2
H), 12.45 (s, 1 H). In a 100 mL round-bottomed flask equipped
with a condensei6h (0.19 g, 0.71 mmol) was dissolved in 6 mL
of POCE and heated at reflux for 5 h. The reaction mixture was
then stirred at room temperature overnight, and then P@@s

In a 2 L flask, 5-nitroanthranilic acid (100 g, 0.55mol) and
dimethylamine hydrochloride (50 g, 0.60mol) were dissolved in
500 mL of DMF. Once both reagents had dissolved, benzotriazol-
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (268
g, 0.604mol) was added, followed by 4-methylmorpholine (134 mL,
122 g, 1.21mol). The mixture was stirred at room temperature
overnight and then poured mb L of water and stirred vigorously

removed under reduced pressure. Ice chips were added to theuntil the suspension was evenly mixed. The precipitate was collected

residue, and then aqueous saturated Nagi€ution was added
carefully. The mixture was filtered and dried under high vacuum
overnight to give7h as a brown solid (0.18 g, 90% yield):H
NMR (400 MHz, DMSO#ds) 6 ppm 2.68 (s, 3 H), 8.21 (s, 1 H),

by suction filtration, washed with water, and dried under vacuum
to give pure product 2-amini;N-dimethyl-5-nitrobenzamiddg
as a yellow powder (103 g, 89% yield}H NMR (400 MHz,
DMSO-dg) 6 ppm 2.93 (br s, 6 H), 6.69 (s, 2 H), 6.75 @= 9.4

8.71 (s, 1 H), 9.40 (s, 1 H). The procedure described above for theHz, 1 H), 7.88 (dJ = 2.8 Hz, 1 H), 7.98 (ddJ = 9.1, 2.8 Hz, 1

synthesis ofi2 was followed converTh to 8 h, isolated as a yellow
solid (0.18 g, 72% yield):'H NMR (400 MHz, DMSO¢l) 6 ppm
2.60 (s, 3H), 7.4%7.48 (m, 1 H), 7.53 (1) =8.97 Hz, 1 H), 7.71
(dd,J = 6.69, 2.40 Hz, 1 H), 8.11 (dl = 2.02 Hz, 1 H), 8.78 (s,
1H), 9.26 (d,J = 2.27 Hz, 1 H), 10.52 (s, 1 H). To a solution of
8h (50.0 mg, 0.13 mmol) in 2 mL of C¥LI, was added a solution
of mCPBA (28.8 mg, 0.13 mmol) in 2 mL of Ci&l, slowly

H). In a 2 Lflask,4g (103 g, 0.55mol) and ethyl (ethoxymethylene)-
cyanoacetate (188 g, 1.1mol) were dissolved in 580 mL of DMF,
and CsCO; (362 g, 1.1mol) was added. The mixture was heated
to 45 °C for 2 h and then cooled to room temperature, stirred
overnight, and poured iat5 L of water. The yellow precipitate
was collected by suction filtration, washed generously three times
with water, and dried under vacuum for 2 days to give pure ethyl
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2-cyano-3-(2-(dimethylcarbamoyl)-4-nitrophenylamino)acrytage
(174 g, 94% yield):*H NMR (400 MHz, DMSO#dg) 6 ppm 1.28

(t, J=7.1Hz, 3H),2.94 (s, 3H), 3.06 (s,3H), 4.26 = 7.2

Hz, 2 H), 8.00 (dJ = 9.4 Hz, 1 H), 8.27 (dJ = 2.5 Hz, 1 H),
8.30-8.37 (m, 1 H), 8.72 (dJ = 12.9 Hz, 1 H), 11.34 (dJ =
13.4 Hz, 1 H). h a 2 Lthree-necked round-bottomed flask fitted
with inert gas inlets/outlets and an internal device to monitor
reaction temperaturég (26.9 g, 80.9 mmol) was suspended in 1
L of Dowtherm A. Nitrogen gas was bubbled through each
suspension for 40 min. The suspension was heated to°€59
overnight, with inert gas gently flowing over the reaction mixture.
After the mixture was allowed to cool to 5, the contents were
poured into 2.4 L of hexanes, stirred vigorously, and filtered, and

Green et al.

HPLC and lyophilized to giv@m as a yellow solid (214 mg, 48%).

In a 15 mL round-bottom flask were add@ch (214 mg, 0.6 mmol),
dichloromethane (3 mL), pyridine (119 mg, 1.5 mmol), and
trifluoroacetic anhydride (265 mg, 1.3 mmol) in that order.
The mixture was stirred at room temperature for 4 h. The reaction
mixture was diluted with water, and the aqueous layer was
washed with EtOAc (3). The combined EtOAc extracts were dried
over MgSQ and concentrated. The crude acetamide (258 mg,
0.48 mmol) was dissolved in a 1:1 mixture of acetone and water
(2 mL). To this were added Os@2.5 wt % int-BuOH; 293 mg,
0.03 mmol) and NMO (112 mg, 0.96 mmol). The reaction mixture
was stirred at room temperature for 4 h. To this was added 1 mL
of 5 M LIOH solution, and the mixture was stirred for another

the brown precipitate was washed twice with hexanes and once3 h. The heterogeneous mixture was filtered through a pad of Celite

with EtOH and dried under vacuum overnight to gégeas a brown
powder of sufficient purity to be used in the next step (28 g, 61%
yield): *H NMR (400 MHz, DMSOsg) 6 ppm 2.86 (s, 3 H), 3.09
(s, 3H),8.48 (dJ=25Hz, 1H),8.70 (s, 1H),885 =25

Hz, 1 H), 12.61 (br s, 1 H).n a 1 Lflask fitted with an addition
funnel, 6g (28 g, 98 mmol) was suspended in 200 mL of
dichloroethane, and 1 mL of DMF was added. Oxalyl chloride (17
mL, 25 g, 0.20mol) was then added dropwise via the addition

and washed with acetone and water. The filtrate was diluted
with EtOAc, and the two layers were separated. The aqueous
reaction mixture was extracted with EtOAcX® The combined
EtOAc extracts were dried over Mg3Gand concentrated to
give crudedn. The residue (186 mg, 0.48 mmol) was dissolved in
EtOH (2 mL), and H-imidazole-5-carbaldehyde (51 mg, 0.53
mmol) was added, followed by HOAc to bring the pH of the
solution to 4. The mixture was stirred for 15 min. Na(O4&H

funnel. After the addition was complete, the addition funnel was (204 mg, 0.96 mmol) was then added, and the mixture was stirred

replaced with a reflux condenser, and the mixture was refluxed for &t r0om temperature overnight. The reaction mixture was concen-
2 h. It was then allowed to cool to room temperature, and the solvent frated and the residue was purified via preparative HPLC and

and excess oxalyl chloride were removed under reduced pressurelyophilized to give20 as a yellow solid (30 mg, 13%):H NMR

The residue was dissolved in CH@Ind passed over a short column
of silica gel in a Behner funnel, eluting with additional CHEI
Evaporation of the solvent gav&g as a brown powder (13.8 g,
46% yield): *H NMR (400 MHz, DMSO#dg) ¢ 2.69 (s, 3 H), 3.11
(s, 3H), 8.64 (dJ=2.3Hz, 1H),9.06 (dJ=2.5Hz, 1 H),9.43
(s, 1 H). The procedure described above f@rgave9g (0.30 g,
0.78 mmol), which was reacted with 4(5)-imidazolecarboxaldehyde
(75 mg, 0.78 mmol) and NaCNBH33 mg, 0.52 mmol). The crude
product was purified by preparative HPLC and lyophilized to give
18 as a fluffy, bright-yellow solid (96 mg, 26% yield)*H NMR
(400 MHz, DMSO4g) 6 2.67 (s, 3 H), 3.03 (s, 3 H), 4.28 (d,=
5.1 Hz, 2 H), 6.62 (tJ = 5.3 Hz, 1 H), 7.05 (s, 1 H), 7.197.33
(m, 3 H), 7.44 (tJ = 9.1 Hz, 1 H), 7.53 (ddJ = 6.6, 2.8 Hz, 1
H), 7.62 (s, 1 H), 8.31 (s, 1 H), 9.47 (br s, 1 H); HRMS (EgI
calcd for GgH2oCIFN;O (MH™) 464.1397, found 464.1401. HPLC
method 1: 98.6%, 3.86 min. HPLC method 2: 98.8%, 3.35 min.
Anal. (C23H20C|FN70) C, H, N.
8-Acetyl-4-[(3-chloro-4-fluorophenyl)amino]-6-[(1H-imidazol-
5-ylmethyl)amino]quinoline-3-carbonitrile (19). The iodide9n
was prepared in a similar fashion to bromidzas shown in Scheme
1. To a microwave vial was add&a (50 mg, 0.10 mmol) tributyl-
(1-ethoxyvinyl)stannane (52.2 mg, 0.14 mmol), and R(FRh),
(6.8 mg, 0.01 mmol) in 2 mL of DMF. The vial was heated in a
microwave reactor at 180C for 30 min. When the sample was
cooled 1 N HCI (1 mL) was added to the vial and the reaction
mixture was stirred fo3 h atroom temperature. The mixture was

(400 MHz, MeOD)6 ppm 2.02-2.04 (m, 1 H), 2.66 (s, 1 H),
3.14 (ddJ=13.77,7.71 Hz, 1 H), 3.35 (s, 1 H), 3.52 (5= 5.31
Hz, 2 H), 3.94-4.02 (m, 1 H), 4.58 (s, 2 H), 7.13 (s, 1 H), 721
7.35 (m, 3 H), 7.387.47 (m, 2 H), 8.41 (s, 1 H), 8.81 (s, 1 H).
HPLC method 1: 96.9%, 3.53 min. HPLC method 2: 97.7%, 3.01
min.

4-[(3-Chloro-4-fluorophenyl)amino]-8-(2,3-dihydroxypropoxy)-
6-nitroquinoline-3-carbonitrile (81). To a mixture of8k (274 mg,
0.77 mmol) and potassium carbonate (218 mg, 1.58 mmol) in DMF
(7 mL) was added allyl bromide (0.073 mL, 0.84 mmol). After
being stirred for 12 h at room temperature, the mixture was filtered,
concentrated, and purified via preparative HPLC to give 4-[(3-
chloro-4-fluorophenyl)amino]-8-allyloxy-6-nitroquinoline-3-carbo-
nitrile as a tan solid (229 mg, 75%JH NMR (400 MHz, DMSO-
ds) 6 ppm 4.92 (dJ = 5.31 Hz, 2 H), 5.36 (dd) = 10.48, 1.64
Hz, 1 H), 5.49-5.57 (m, 1 H), 6.1%+6.23 (m, 1 H), 7.36 (s, 1 H),
7.49 (t,J=8.97 Hz, 1 H), 7.62 (s, 1 H), 7.95 (d,= 2.27 Hz, 1
H), 8.68 (s, 1 H), 9.08 (s, 1 H), 10.45 (s, 1 H). To a mixture of this
intermediate in acetone (16 mL) and water (6 mL) was added
4-methylmorpholineN-oxide (235 mg, 2.01 mmol) followed by
0sQ, (0.5 mL, 2.5% int-BuOH). After being stirred for 12 h at
room temperature, the mixture was diluted with EtOAc, washed
with water, dried over N&O,, and concentrated. The crude product
was purified via preparative HPLC to giv& as a tan solid (71
mg, 47%): 'H NMR (400 MHz, DMSO¢s) 6 ppm 2.07 (s, 1 H),
4.33 (d,J = 5.56 Hz, 2 H), 5.03 (s, 2 H), 6.60 (s, 1 H), 6.83 (s, 1
H), 7.06 (s, 1 H), 7.197.26 (m, 2 H), 7.33-7.50 (m, 2 H), 7.70

filtered through a pad of Celite and concentrated. The residue was g j = 9.09 Hz, 1 H), 8.33 (s, 1 H), 9.29 (s, 1 H); HRMS (E3I

purified via preparative HPLC to give the product as a yellow solid
(5.8 mg, 14% overall yield):!H NMR (400 MHz, DMSO¢g) 6
ppm 2.69 (s, 3 H), 4.28 (dl = 5.05 Hz, 2 H), 6.73 (t, 1 H), 7.04
(s, 1 H), 7.27#7.35 (m, 2 H), 7.387.48 (m, 2 H), 7.527.55 (m,
1H), 761 (s, 1 H), 8.17 (s, 1 H), 8.36 (s, 1 H), 9.49 (s, 1 H),
HRMS: calcd for G,H16CIFNgO + H*, 435.113 09; found (ESI-
FTMS, [M + H]*"), 435.114. HPLC method 1: 98.0%, 4.55 min.
HPLC method 2: 99.0%, 3.92 min.
4-[(3-Chloro-4-fluorophenyl)amino]-8-(2,3-dihydroxypropyl)-
6-[(1H-imidazol-5-ylmethyl)amino]quinoline-3-carbonitrile (20).
In a 20 mL microwave vial were addeatl (500 mg, 1.3 mmol),
DMF (15 mL), allyltributylstannane (630 mg, 1.9 mmol), and P€CI
(PPh);, (100 mg, 0.13 mmol). The reaction mixture was heated in
a microwave reactor at 18T for 30 min. The reaction mixture

calcd for GgH14CIFNsOs (MH™) 433.070 95, found 433.0705.
HPLC method 1: 97.1%, 4.54 min. HPLC method 2: 99.6%, 5.69
min.

4-[(3-Chloro-4-fluorophenyl)amino]-8-(2,3-dihydroxypropoxy)-
6-[(1H-imidazol-5-ylmethyl)amino]quinoline-3-carbonitrile (21).
Reduction and reductive alkylation 8f using the method for the
synthesis ofl2 gave21 as an orange solid (10 mg, 25%} NMR
(400 MHz, DMSO¢g) 6 ppm 2.65-2.69 (m, 1 H), 3.49-3.55 (m,
2 H), 3.98 (ddJ =9.09, 6.32 Hz, 2 H), 4.084.13 (m, 1 H), 4.22
4.27 (m, 2 H), 4.724.77 (m, 1 H), 6.326.42 (m, 1 H), 6.82 (s,
1H),6.97 (s, 1 H), 7.03 (s, 1L H), 7.22 @=9.09 Hz, 1 H), 7.41
(d,3=9.09 Hz, 2 H), 7.61 (s, 1 H), 8.23.34 (m, 2 H), 9.25 (s,
1 H); HRMS (ESt") calcd for GgH20CIFNgO3 (MH 1) 483.134 22,
found 483.1328. HPLC method 1: 98.9%, 3.24 min. HPLC method

was diluted with water, and the aqueous layer was extracted three2: 98.3%, 2.25 min.

times with EtOAc. The combined EtOAc extracts were dried over

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-64[2-(1H-imi-

MgSQ, and concentrated. The residue was purified via preparative dazol-5-yl)ethyllJamino} quinoline-3-carbonitrile (22). In a mi-
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crowave vial, methoxymethyltriphenylphosphonium bromide (300
mg, 0.77 mmol) was dissolved in 4 mL of THF, and NaH (46 mg,

Journal of Medicinal Chemistry, 2007, Vol. 50, No. 4839

(d,J=5.56 Hz, 2 H), 6.26 (dJ = 2.02 Hz, 1 H), 6.87 (t) = 5.56
Hz, 1 H), 7.21-7.31 (m, 3 H), 7.32 (dJ = 2.02 Hz, 1 H), 7.39

0.46 mmol) was added. The vial was sealed and heated in a7.49 (m, 1 H), 7.487.55 (m, 1 H), 7.75 (s, 1 H), 8.40 (s, 1 H),

microwave reactor at 8C for 5 min. Then tritylimidazolealdehyde

8.43 (s, 1 H); HRMS (ESI) calcd for G;iH1sBrCIFNs

(104 mg, 0.31 mmol) was added and the reaction mixture was stirred(MH*) 485.028 69, found (ESI-FTMS, [M+ H]'*), 485.0277.
at room temperature for 3 h. The solvent was removed and the HPLC method 1: 99.0%, 5.45 min. HPLC method 2: 99.0%, 6.70
crude product was purified by flash chromatography over silica min.

gel (5% MeOH in CHCI,) to give 5-(2-methoxyvinyl)-1-trityl-
1H-imidazole as a white solid (90 mg, 79% vyield). In a 50 mL

round-bottomed flask equipped with a condenser, 5-(2-methoxyvi-

nyl)-1-trityl-1H-imidazole (90 mg, 0.25 mmol) was dissolved in 5
mL of 1 N HCl and 3 mL of THF and heated at 8Q for 2 h. The

reaction mixture was then allowed to cool to room temperature,

and the solvent was removed to giveH(@8nidazol-4-yl)acetalde-
hyde as a white solid of sufficient purity to be used in the next

8-Bromo-4-(3-chloro-4-fluorophenylamino)-6-[(2-phenyl-2-
pyrazol-3-ylmethyl)amino]quinoline-3-carbonitrile (26). The pro-
cedure described above for the synthesislafwas followed,
reacting9c (80 mg, 0.20 mmol), 1-phenylk2pyrazole-5-carbal-
dehyde (49 mg, 0.28 mmol), and NaCNBH.7 mg, 0.27 mmol)
in 3 mL of EtOH and 5 drops of HOAc. Concentration of the
mixture gave a brown semisolid, which was dissolved in 2 mL of
DMSO. Purification by HPLC afforde®6 (16 mg, 11%) as a

step (26 mg, 96% vyield). The procedure described above for the yellow solid.'H NMR (400 MHz, DMSO¢g) 6 ppm 4.48 (s, 2 H),

synthesis ofl2 was followed reactin@c (85 mg, 0.24 mmol) with
(3H-imidazol-4-yl)acetaldehyde (26 mg, 0.24 mmol) and NaCNBH
(13 mg, 0.22 mmol) in 5 mL of EtOH. The crude product was
purified by preparative HPLC and lyophilized to give a yellow
solid (15 mg, 14%):'H NMR (400 MHz, DMSO¢g) 6 ppm 2.83

(t, J=7.07 Hz, 2 H), 3.3%+3.44 (m, 2 H), 6.56 (tJ = 5.68 Hz,

1 H), 6.87 (s, 1 H), 7.12 (dJ = 2.27 Hz, 1 H), 7.247.35 (m, 1
H), 7.45 (t,J = 9.09 Hz, 1 H), 7.49 (d) = 2.27 Hz, 1 H), 7.5%
7.60 (m, 2 H), 8.20 (s, 1 H), 8.37 (s, 1 H), 9.53 (s, 1 H); HRMS
(ESI") calcd for GiH1sClFNg (MH ™) 439.064 65, found 439.0661.
HPLC method 1: 99.0%, 4.11 min. HPLC method 2: 99.0%, 4.55
min.

N-(8-Bromo-4-(3-chloro-4-fluorophenylamino)-3-cyanoquino-
lin-6-yl)-2-(1H-imidazol-5-yl)acetamide (23).A solution of 9d
(500 mg, 1.28 mmol), imidazoleacetic acid hydrochloride (228 mg,
1.40 mmol), benzotriazol-1-yloxytris(dimethylamino)phosphonium

6.59 (d,J=1.77 Hz, 1 H), 7.24 (&) = 1.77 Hz, 1 H), 7.27#7.37
(m, 1 H), 7.44-7.52 (m, 2 H), 7.527.60 (m, 4 H), 7.6%7.67
(m, 2 H), 7.73 (dJ = 1.77 Hz, 1 H), 7.81 (dJ = 2.27 Hz, 1 H),
8.48 (s, 1 H), 9.46 (s, 1 H); HRMS (ESIcalcd for GgH17BrCIFNg
(MH*) 547.044 34, found (ESI-FTMS, [M- H]t), 547.0437.
HPLC method 1: 97.0%, 6.12 min. HPLC method 2: 97.0%, 7.18
min.

8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-6-[(imidazo[1,2-
aJpyridin-3-ylmethyl)amino]quinoline-3-carbonitrile (27). The
procedure described above for the synthesid¢ivas followed,
reacting9c (40 mg, 0.10 mmol) with B-imidazo[1,2a]pyridine-
3-carbaldehyde, (18 mg, 0.12 mmol) and NaCNEHA mg, 0.12
mmol) in 10 mL of EtOH. The reaction mixture was concentrated
and the residue was purified via preparative HPLC and lyophilized
to give 27 as a yellow solid (35 mg, 65%)*H NMR (400 MHz,
DMSO-dg) 6 ppm 4.73 (dJ = 5.05 Hz, 2 H), 6.53 (s, 1 H), 6.93

hexafluorophosphate (619 mg, 1.40 mmol), and 4-methylmorpholine 7.01 (m, 2 H), 7.257.34 (m, 2 H), 7.46 (t)J = 9.09 Hz, 1 H),

(0.31 mL, 0.29 g, 2.8 mmol) in 10 mL pf DMF was heated at 60
°C overnight. Additional imidazoleacetic acid hydrochloride (847
mg), benzotriazol-1-yloxytris(dimethylamino)phosphonium hexaflu-

7.55 (dd,J = 6.57, 2.78 Hz, 1 H), 7.60 (d,= 9.09 Hz, 1 H), 7.68
(s, 1 H), 7.71 (dJ = 2.27 Hz, 1 H), 8.39 (dJ = 6.82 Hz, 1 H),
8.41 (s, 1 H), 9.52 (s, 1 H); HRMS (ESIcalcd for G4H1sBrCIFNg

orophosphate (2.48 g), and 4-methylmorpholine (2.1 mL) were (MH*) 521.028 69, found 521.0302. HPLC method 1: 95.5%, 4.38
added, and stirring continued at room temperature for 3 days. Themin. HPLC method 2: 95.8%, 5.25 min.

reaction mixture was poured into 100 mL of water, and the dark-

brown precipitate was collected by suction filtration, washed with

8-Chloro-4-(3-chloro-4-fluorophenylamino)-6-(pyridin-3-yl-
methylamino)quinoline-3-carbonitrile (28). The procedure de-

water, and dried under vacuum. This crude product was then scribed above for the synthesis b2 was followed, reactind®c

purified twice by preparative HPLC and lyophilized to gi28 as
a pale-yellow powder (76 mg, 12% yield{H NMR (400 MHz,
DMSO-dg) 6 ppm 3.64 (s, 2 H), 6.98 (s, 1 H), 7.28 (ddb+= 8.8,
4.2,2.9Hz,1H),7.44 () =9.0 Hz, 1 H), 7.52 (dd) = 6.6, 2.8
Hz, 1 H), 7.60 (s, 1 H), 8.38 (d = 2.0 Hz, 1 H), 8.6%+8.70 (m,
2 H), 9.95 (s, 1 H), 10.54 (s, 1 H), 12.21 (s, 1 H); HRMS (BSI
calcd for G;H14BrCIFNeO (MHT) 499.0080, found 499.0071.
HPLC method 1: 99.0%, 4.12 min. HPLC method 2: 99.0%, 4.80
min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6 [(1-methyl-
1H-pyrazol-4-yl)methyllamino} quinoline-3-carbonitrile (24). In
a test tube were adde2t (50 mg), dichloroethane (2 mL), and
1-methyl-H-pyrazole-4-carbaldehyde (1.2 equiv). The mixture was
stirred for 15 min at room temperature. Na(O48H (2 equiv)

(87 mg, 0.25 mmol) with nicotinaldehyde (0.02 mL, 0.28 mmol)
and NaCNBH (22 mg, 0.35 mmol) in 9 mL of EtOH. The crude
product was purified by preparative HPLC and lyophilized to give
28 as a tan solid (52 mg, 47%)H NMR (400 MHz, DMSO¢l)
O ppm 4.44 (dJ = 5.81 Hz, 2 H), 6.51 (d, 1 H), 7.01 (@, = 5.94
Hz, 1 H), 7.21 (d,J = 2.27 Hz, 1 H), 7.247.29 (m, 1 H),
7.37 (dd,J=8.21,5.18 Hz, 1 H), 7.43 (1 = 9.09 Hz, 1 H), 7.51
(dd,J = 6.57, 2.78 Hz, 1 H), 7.55 (dl = 2.27 Hz, 1 H), 7.7#
7.80 (m, 1 H), 8.13 (s, 1 H), 8.40 (s, 1 H), 8.48 (d&s 4.67, 1.64
Hz, 1 H), 8.62 (d,J = 1.77 Hz, 1 H), 9.44 (s, 1 H); HRMS
(ESI") caled for GoH14ClLFNs (MH ™) 438.068 30, found 438.0675.
HPLC method 1: 99.1%, 4.41 min. HPLC method 2: 99.0%, 5.51
min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-[({ 5-[2,2,2-tri-

was then added, and the mixture was stirred at room temperaturefluoro-1-hydroxy-1-(trifluoromethyl)ethyl]pyridin-3-yl } methyl)-
for 6 h. The reaction mixture was concentrated and the residue amino]quinoline-3-carbonitrile (29). To a mixture of 3,5-

was purified to give24 (29 mg): *H NMR (400 MHz, MeOD)6
ppm 4.44-4.53 (m, 2 H), 7.31 (s, 1 H), 7.407.54 (m, 2 H), 7.59
7.65(m, 1 H), 7.69 (s, 1 H), 7.79 (s, 1 H), 8.53 (s, 1 H), 8.77 (s,
1 H). HPLC method 1: 100.0%, 5.24 min. HPLC method 2: 99.6%,
6.46 min.
8-Bromo-4-(3-chloro-4-fluorophenylamino)-6-[(2-methyl-H-
pyrazol-3-ylmethyl)amino]quinoline-3-carbonitrile (25). The pro-
cedure described above for the synthesislafwas followed,
reacting9c (80 mg, 0.20 mmol), 2-methyl¥2-pyrazole-3-carbal-
dehyde (20 mg, 0.24 mmol), and NaCNBH.7 mg, 0.27 mmol)
in 3 mL of EtOH and 5 drops of HOAc. Concentration of the
mixture gave a brown semisolid, which was dissolved in 2 mL of
DMSO. Purification by HPLC afforded5 (5 mg, 5%) as a yellow
solid. *H NMR (400 MHz, DMSOsdg) ¢ ppm 3.81 (s, 3 H), 4.42

dibromopyridine (1.09 g, 4.60 mmol) in dry THF (20 mL) under a
nitrogen atmosphere was added isopropylmagnesium chloride (2.4
mL, 2.0 M in THF, 4.8 mmol) dropwise. After 2 h, 1,1,1,3,3,3-
hexafluoropropan-2-one was introduced into the reaction mixture
slowly. After another hour, water (2 mL) was added to the reaction
mixture. The mixture was diluted with CHE{500 mL), washed
with H,O (200 mL), and dried over MgSfand the organic layer
was concentrated. Purification (SI®—25% EtOAc/hexane) gave
2-(5-bromopyridin-3-yl)-1,1,1,3,3,3-hexafluoropropan-2-ol (1.06 g,
71%) as a thick oil. To a mixture of 2-(5-bromopyridin-3-yl)-
1,1,1,3,3,3-hexafluoropropan-2-ol (347 mg, 1.07 mmol) in dry THF
(15 mL) under a nitrogen atmosphere was added isopropylmagne-
sium chloride (1.2 mL, 2.0 M in THF, 2.4 mmol) dropwise. After

1 h, DMF (150uL, 1.94 mmol) was added. After another 2 h, HOAc
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(400 uL) was added. The solvent was removed to give crude
5-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)nicotinaldehyde,
which was used in the next step without further purification. The
procedure described above for the synthesi¢divas followed,
reacting9c (78 mg, 0.23 mmol) with this crude aldehyde, HOAc
(200 uL), and NaCNBH (25 mg, 0.40 mmol) in 1 mL of EtOH
and 6 mL of DMF. After 12 h, the solvent was removed to
minimum volume and the mixture was filtered. Purification using
preparative HPLC gav@9 as a yellow solid (31 mg, 22%}H
NMR (400 MHz, DMSOdg) 6 ppm 4.55 (d,J = 6.06 Hz, 2H),
7.13 (t,J=5.94 Hz, 1H), 7.247.28 (m, 2H), 7.46:7.50 (m, 2H),
7.54 (d,J = 2.27 Hz, 1H), 8.09 (s, 1H), 8.39 (s, 1H), 8.74 (d=
2.02 Hz, 1H), 8.78 (dJ = 2.02 Hz, 1H), 9.06 (s, 1H), 9.42 (s,
1H); HRMS calcd for GsH14CloF7NsO + H*, 604.053 64, found
(ESI-FTMS, [M+ H]**), 604.0533. HPLC method 1: 97.7%, 5.80
min. HPLC method 2: 100.0%, 6.97 min.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-§ [5-(4-hydroxy-
1-isopropylpiperidin-4-yl)pyridin-3-ylJmethyl }amino)quinoline-
3-carbonitrile (30). To a mixture of 3,5-dibromopyridine (1.4 g,
6.16 mmol) in dry THF (12 mL) under a nitrogen atmosphere was
added isopropylmagnesium chloride (3.7 mL, 2.0 M in THF, 7.4
mmol) dropwise. After 2 htert-butyl 4-oxopiperidine-1-carboxylate
(1.35 g, 6.78 mmol) in THF (6 mL) was slowly added. After 12 h,
the mixture was diluted with EtOAc (500 mL), washed with(H
(200 mL), and dried over MgS©OThe organic layer was concen-
trated. Purification (Si@ 1-8% MeOH/CHCI,) gavetert-butyl
4-(5-bromopyridin-3-yl)-4-hydroxypiperidine-1-carboxylate (415
mg, 19%). To a mixture ofert-butyl 4-(5-bromopyridin-3-yl)-4-
hydroxypiperidine-1-carboxylate (415 mg, 1.17 mmol) in dry THF

(12 mL) under a nitrogen atmosphere was added isopropylmagne-

sium chloride (1.3 mL, 2.0 M in THF, 2.6 mmol) dropwise. After
12 h, DMF (0.25 mL, 3.23 mmol) was added. After another 2 h,
HOACc (400uL) was added. The solvent was removed to give crude
tert-butyl 4-(5-formylpyridin-3-yl)-4-hydroxypiperidine-1-carboxy-
late, which was used in the next step without further purification.
The procedure described above for the synthesisldfwas
followed, reactingc (204 mg, 0.56 mmol) with the above aldehyde,
HOACc (150uL), and NaCNBH (50 mg, 0.80 mmol) in 6 mL of
DMF. After 12 h, purification using preparative HPLC gave the
BOC-protected precursor as a yellow solid (177 mg, 50%). MS
(m/'z: M+, 637.2; M7, 635.6. To a mixture of this product (125
mg) in CHCIl, (3 mL) was added TFA (3 mL). After 1 h, the

solvent was removed. Purification using HPLC gave the deprotected

amine in quantitative yield. MS{2): M+, 537.1; M-, 535.5. To
this amine (31 mg, 0.06 mmol) in acetone (4 mL) was added Na-
(OAc)sBH (30 mg, 0.14 mmol). After 2 h, purification using
preparative HPLC gava0 as an off-white solid (5 mg}iH NMR
(400 MHz, DMSO#dg) 6 ppm 1.00 (dJ = 6.57 Hz, 6 H), 1.57 (d,
J = 12.13 Hz, 2 H), 1.831.95 (m, 2 H), 2.532.62 (m, 4 H),
2.70-2.80 (m, 1 H), 4.44 (dJ = 5.81 Hz, 2 H), 5.00 (s, 1 H),
7.11 (t,J =6.19 Hz, 1 H), 7.20 (dJ = 2.02 Hz, 1 H), 7.247.31
(m, 1 H), 7.45 (tJ = 9.09 Hz, 1 H), 7.56-7.55 (m, 2 H), 7.95 (t,
J=2.15Hz, 1 H), 8.38 (s, 1 H), 8.48 (d,= 2.02 Hz, 1 H), 8.57
(t, J = 2.15 Hz, 1 H), 9.47 (s, 1 H). MSn{2 M*, 565.1; M,
563.6. HPLC method 1: 99.5%, 3.98 min. HPLC method 2: 98.4%,
3.74 min.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-64 [(6-meth-
ylpyridin-2-yl)methyl]amino } quinoline-3-carbonitrile (31). The
procedure described above for the synthesi¢Divas followed,
reacting9c (80 mg, 0.23 mmol) with 6-methylpicolinaldehyde (120
mg, 0.99 mmol) and NaCNBH(24 mg, 0.38 mmol) in 6 mL of
EtOH. The crude product was purified by preparative HPLC and
lyophilized to give31 as a light-yellow solid (62 mg, 59%)*H
NMR (400 MHz, DMSO¢g) 6 ppm 2.46 (s, 3 H), 4.49 (d] =
6.06 Hz, 2 H), 7.06 (tJ = 5.94 Hz, 1 H), 7.14 (dd) = 9.85, 7.83
Hz, 2 H), 7.19 (dJ = 2.27 Hz, 1 H), 7.237.26 (m, 1 H), 7.41 (t,
J=8.97 Hz, 1 H), 7.47 (ddJ = 6.57, 2.53 Hz, 1 H), 7.667.67
(m, 2 H), 8.39 (s, 1 H), 9.45 (s, 1 H); HRMS (ESIcalcd for
Co3H16ClFNs (MH™) 452.083 95, found 452.0834. HPLC method
1: 99.0%, 4.72 min. HPLC method 2: 99.2%, 6.17 min.
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8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6{[(6-morpho-
lin-4-ylpyridin-2-yl)methylJamino } quinoline-3-carbonitrile
(32). The procedure described above for the synthesit2ofias
followed, reactingdc (80 mg, 0.23 mmol) with 6-morpholin-4-yl-
pyridine-2-carbaldehyde (49 mg, 0.25 mmol) and NaCNBH
(10 mg, 0.16 mmol) in 4 mL of EtOH. The crude product was
purified by preparative HPLC and lyophilized to gi82as a yellow
solid (55 mg, 46%):!H NMR (400 MHz, DMSO¢g) 6 ppm 3.37
3.51 (m, 4 H), 3.6£3.73 (m, 4 H), 4.36 (dJ = 6.06 Hz, 2 H),
6.68 (t,J = 7.83 Hz, 2 H), 6.92 () = 6.06 Hz, 1 H), 7.17#7.31
(m, 2 H), 7.42 (tJ = 8.97, 1 H), 7.457.55 (m, 2 H), 7.65 (dJ
= 2.27 Hz, 1 H), 8.39 (s, 1 H), 9.46 (s, 1 H); HRMS (E¥I
calcd for Q6H21C|2FNGO (MH+) 523.121 07, found 523.1207.
HPLC method 1: 96.3%, 5.78 min. HPLC method 2: 96.5%, 7.07
min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6{[(1-oxidopy-
ridin-2-yl)methylJamino } quinoline-3-carbonitrile (33). The pro-
cedure described above for the synthesislafwas followed,
reacting9c (97 mg, 0.28 mmol) with pyridine-2-carbaldehyde-1-
oxide (71 mg, 0.58 mmol) and NaCNBH35 mg, 0.56 mmol) in
10 mL of EtOH. The crude product was purified by preparative
HPLC to33as a yellow solid (64 mg, 50%)H NMR (400 MHz,
DMSO-dg) 6 ppm 4.52 (d,J = 6.06 Hz, 2 H), 6.98 (t]J = 5.94
Hz, 1 H), 7.08 (dJ = 2.02 Hz, 1 H), 7.147.37 (m, 5 H), 7.42 (d,
J=5.56 Hz, 1 H), 7.55 (s, 1 H), 8.243.27 (m, 1 H), 8.30 (s, 1
H), 9.41 (s, 1 H); HRMS (ES)) calcd for G,H14Cl,FNsO (MH™T)
454.063 22, found 454.0628. HPLC method 1: 100.0%, 4.82 min.
HPLC method 2: 95.8%, 6.21 min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-[(2,3-dihy-
droxypropyl)amino]quinoline-3-carbonitrile (34). The procedure
described above for the synthesisl&was followed, reactin@c
(148 mg, 0.43 mmol) with 2,3-dihydroxypropanal (55 mg, 0.61
mmol), HOAc (150uL), and NaCNBH (40 mg, 0.64 mmol) in 10
mL of EtOH. After 12 h, the reaction mixture was concentrated.
Purification using HPLC gav9 as a yellow solid (140 mg, 77%).
H NMR (400 MHz, DMSO¢ég) 6 ppm 3.04-3.12 (m, 1 H), 3.23
3.31 (m, 1 H), 3.46:3.46 (m, 2 H), 3.683.77 (m, 1 H), 4.67 (t,
J=5.43 Hz, 1 H), 4.90 (dJ = 5.05 Hz, 1 H), 6.36 (tJ = 5.31
Hz, 1 H), 7.08 (dJ = 2.27 Hz, 1 H), 7.26-7.31 (m, 1 H), 7.45 (t,
J=28.97 Hz, 1 H), 7.52 (ddJ = 6.57, 2.78 Hz, 1 H), 7.61 (d, =
2.53 Hz, 1 H), 8.36 (s, 1 H), 9.48 (s, 1 H). HPLC method 1: 97.1%,
4.54 min. HPLC method 2: 99.6%, 5.69 min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-[(1H-tetrazol-
5-ylmethyl)amino]quinoline-3-carbonitrile (35). In a 100 mL
round-bottomed flask, diethoxy acetonitrile (1.0 g, 7.7 mmol) was
dissolved in 35 mL of dichloroethane. Azidotributyltin (3.34 g, 10.1
mmol) was added, and the reaction mixture was heated at reflux
temperature overnight. The reaction mixture was then concentrated
to a black residue, dissolved in 20 mL of 1.25 M HCI in MeOH,
and heated at 68C for 3 h, then allowed to cool to room
temperature. Evaporation of the solvent gavd-tétrazole-5-
carbaldehyde as a black oil, which was used directly in the next
step without purification. The procedure described above for the
synthesis ofl2 was followed, reactin@c (200 mg, 0.58 mmol)
with 1H-tetrazole-5-carbaldehyde (141.2 mg, 1.44 mmol) and
NaCNBH; (25.3 mg, 0.40 mmol) in 5 mL of EtOH. The crude
product was purified by preparative HPLC and lyophilized to give
35as a yellow solid (17 mg, 7%)*H NMR (400 MHz, DMSO-
ds) 0 ppm 4.45 (dJ = 5.05 Hz, 2 H), 6.74 () = 4.93 Hz, 1 H),
7.26 (d,J=2.27 Hz, 1 H), 7.28-7.34 (m, 1 H), 7.45 (tJ = 9.09
Hz, 1 H), 7.54 (ddJ = 6.57, 2.78 Hz, 1 H), 7.68 (d, = 2.27 Hz,
1 H), 8.37 (s, 1 H), 9.54 (s, 1 H); HRMS (ESIcalcd for GgH11-
CI,FNg (MH™) 429.054 05, found 429.0539. HPLC method 1:
99.2%, 4.75 min. HPLC method 2: 99.8%, 4.90 min.

2-(8-Chloro-4-(3-chloro-4-fluorophenylamino)-3-cyanoquino-
lin-6-ylamino) Acetic Acid (36). The procedure described above
for the synthesis ofl2 was followed, reactin@c (301 mg, 0.77
mmol) with 2-oxoacetic acid (100 mg, 1.09 mmol), HOAc (150
uL), and NaCNBH (50 mg, 0.80 mmol) in 10 mL of EtOH.
Purification using HPLC gava6 as a yellow solid (140 mg, 41%).
1H NMR (400 MHz, DMSO¢s) 6 ppm 3.98 (dJ = 4.04 Hz, 2
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H), 6.67 (s, 1 H), 7.16 () = 2.27 Hz, 1 H), 7.28-7.34 (m, 1 H),
7.46 (t,J=8.97 Hz, 1 H), 7.56 (dd] = 6.69, 2.65 Hz, 1 H), 7.83
(d,J=2.02 Hz, 1 H), 8.38 (s, 1 H), 9.40.51 (m, 1 H), 12.80 (s,
1 H). HPLC method 1: 100.0%, 4.85 min. HPLC method 2: 95.5%,
6.17 min.
N2-{8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-3-cyano-
quinolin-6-yl}-N-pyridin-3-ylglycinamide (37). To a mixture of
36 (233 mg, 0.58 mmol), 3-aminopyridine (7€, 0.70 mmol),
and diisopropylethylamine (402L, 2.31 mmol) in DMF (5 mL)
was added BOP (301 mg, 0.68 mmol). After 2 h, the mixture was
purified by HPLC to give37 as a tan solid (129 mg, 54%)H
NMR (400 MHz, DMSOégs) 6 ppm 4.15 (s, 2 H), 6.88 (s, 1 H),
7.17 (d,d =2.27 Hz, 1 H), 7.247.30 (m, 1 H), 7.43 (t) = 8.97
Hz, 1 H), 7.51 (ddJ = 6.57, 2.53 Hz, 1 H), 7.617.69 (m, 2 H),
8.22-8.28 (m, 1 H), 8.4%8.46 (m, 2 H), 8.97 (s, 1 H), 9.55 (s, 1
H), 10.56 (s, 1 H); HRMS calcd for £H1sClLFNsO + HT,
481.074 12, found (ESI-FTMS, [M+ H]t), 481.0754. HPLC
method 1: 97.4%, 4.37 min. HPLC method 2: 100.0%, 5.24 min.
General Procedure for the Synthesis of Imidazolecarbalde-
hydes 52-54. 4-1sopropyl-1H-imidazole-5-carbaldehyde (52).
Sulfuryl chloride (5.3 mL, 9.0 g, 66 mmol) was added dropwise to
ethyl isobutyrylacetate (10.2 mL, 10.0 g, 63.2 mmol) in 50 mL of
CHCIl; at 0 °C. The mixture was heated at refluxrf@ h and
concentrated to give ethyl 2-chloro-4-methyl-3-oxopentanoate of
sufficient purity to be used directly in the next step (12.2 g, 94%
yield): *H NMR (400 MHz, CDC}) 6 ppm 1.17 (ddJ = 9.1, 6.8
Hz, 6 H), 1.30 (t,J = 6.8 Hz, 3 H), 2.99-3.16 (m, 1 H), 4.24
4.33 (m, 2 H), 4.92 (s, 1 H). Ethyl 2-chloro-4-methyl-3-oxopen-
tanoate (12.2 g, 63.3mol) was reacted with formamide (25 mL, 29
g, 0.63mol) and water (2.3 mL, 2.3 g, 0.13mol). The crude product
was purified by flash chromatography over silica get 6 MeOH
in CH,CI,) to give ethyl 4-isopropyl-#H-imidazole-5-carboxylate
of sufficient purity to be used in the next step (0.558 g, 4.8%
yield): *H NMR (400 MHz, DMSOdg) 6 ppm 1.20 (dJ = 7.1
Hz, 6 H), 1.23-1.33 (m, 3 H), 3.443.57 (m, 0.35 H), 3.653.79
(m, 0.65 H), 4.124.33 (m, 2 H), 7.58 (s, 0.65 H), 7.66 (s, 0.35
H), 12.39 (br s, 0.65 H), 12.67 (br s, 0.35 H). Ethyl 4-isopropyl-
1H-imidazole-5-carboxylate (0.55 g, 3.0 mmol) in 20 mL of THF
was reduced with a 1.0 M THF solution of LIAIH3.1 mL, 3.1
mmol). Workup gave (4-isopropylH-imidazol-5-yl)methanol of
sufficient purity to be used directly in the next step (0.39 g, 92%
yield): 'H NMR (400 MHz, DMSO¢dg) 6 ppm 1.15 (dJ = 6.8
Hz, 6 H), 2.78-3.12 (m, 1 H), 4.33 (s, 2 H), 4.66 (br s, 1 H), 7.38
(s, 1 H), 11.66 (br s, 1 H). (4-IsopropyHtimidazol-5-yl)methanol
(0.21 g, 1.55 mmol) was oxidized with activated manganese dioxide
(0.40 g, 4.64 mmol) in 5 mL of acetone. The crude product was
purified by flash chromatography over silica gel (gradient elution,
5—100% EtOAc in CHCI,) to give pure52 as a pale-pink solid
(0.27 g, 37% yield):*H NMR (400 MHz, DMSO¢g) 6 ppm 1.23
(d,J=6.8 Hz, 6 H), 3.41 (br s, 0.35 H), 3.53.68 (m, 0.65 H),
7.71 (s, 0.65 H), 7.85 (s, 0.35 H), 9.82 (s, 1 H), 12.66 (br s, 0.65
H), 12.91 (br s, 0.35 H).
8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-64[(4-isopropyl-
1H-imidazol-5-yl)methyl]Jamino} quinoline-3-carbonitrile (38).
The procedure described above for the syntheslRefas followed,
reacting9d (300 mg, 0.76 mmol) wittb2 (106 mg, 0.76 mmol)
and NaCNBH (32 mg, 0.51 mmol) in 9 mL of THF and 3 mL of
MeOH. The crude product was purified by HPLC and lyophilized
to give 38 as a yellow solid (162 mg, 41% yieldH NMR (400
MHz, DMSO-ds) 6 ppm 1.16 (dJ = 6.8 Hz, 6 H), 3.09 (br s, 1
H), 4.13 (s, 2 H), 6.49 (s, 1 H), 7.21 (s, 1 H), 7-:24.33 (m, 1 H),
7.44 (t,J=9.0 Hz, 1 H), 7.487.55 (m, 2 H), 7.83 (s, 1 H), 8.39
(s, 1 H), 9.45 (s, 1 H), 11.82 (s, 1 H); HRMS (E%lIcalcd for
Cu3H20BrCIFNs (MH*) 513.0600, found 513.0594. HPLC method
1: 99.3%, 4.46 min. HPLC method 2: 97.4%, 5.64 min. Anal.
(CagH2BrCIFNg-H0): C, 51.94; H, 3.98; N, 15.80. Found: C,
51.92; H, 3.66; N, 15.35.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-64 [(5-isopropyl-
1H-imidazol-4-yl)methyl]Jamino} quinoline-3-carbonitrile (39).
The procedure described above for the synthesl®efas followed,
reacting9c (76 mg, 0.22 mmol) wittb2 (36 mg, 0.26 mmol) and
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NaCNBH; (22 mg, 0.35 mmol) in 9 mL of EtOH. The crude product
was purified by HPLC and lyophilized to giv&9 as a yellow solid
(74 mg, 72%):'H NMR (400 MHz, DMSO#g) 6 ppm 1.16 (dJ
= 7.07 Hz, 6 H), 4.16 (d) = 4.55 Hz, 2 H), 6.54 (d) = 4.42 Hz,
1H),7.19 (dJ=2.02Hz, 1 H), 7.267.34 (m, 1 H), 7.45 (tJ =
8.97 Hz, 1 H), 7.497.56 (m, 2 H), 7.61 (dJ = 2.27 Hz, 1 H),
8.16 (s, 1 H), 8.39 (s, 1 H), 9.47 (s, 1 H); HRMS (Eptalcd for
Ca3H12Cl,FNg (MHT) 469.110 50, found 469.1096. HPLC method
1. 98.8%, 4.37 min. HPLC method 2: 99.5%, 5.51 min.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-64 [(5-propyl-
1H-imidazol-4-yl)methylJamino} quinoline-3-carbonitrile (40).
The imidazolecarbaldehydB3 was prepared according to the
general procedure described aboveS2rThe procedure described
above for the synthesis df2 was then followed, reactingc (80
mg, 0.23 mmol) with53 (38 mg, 0.28 mmol) and NaCNBH17
mg, 0.28 mmol) in 9 mL of EtOH. The crude product was purified
by HPLC and lyophilized to givelO as a yellow solid (61 mg,
56%): 'H NMR (400 MHz, DMSOsg) 6 ppm 0.83 (t,J = 7.45
Hz, 3 H), 1.53 (q, 2 H), 4.15 (d] = 4.80 Hz, 2 H), 6.27 (s, 1 H),
6.51 (d, 2 H), 7.18 (s, 1 H), 7.257.32 (m, 1 H), 7.45 (t) = 8.97
Hz, 1 H), 7.49-7.54 (m, 2 H), 7.61 (s, 1 H), 8.183.20 (m, 1 H),
8.39 (s, 1 H), 9.46 (s, 1 H). HPLC method 1: 99.1%, 4.47 min.
HPLC method 2: 99.8%, 5.70 min.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-65 [(5-ethyl-1H-
imidazol-4-yl)methyllamino} quinoline-3-carbonitrile (41). The
imidazolecarbaldehydd4 was prepared according to the general
procedure described above #2a The procedure described above
for the synthesis of2 was then followed, reactingc (43 mg, 0.12
mmol) with 54 (15 mg, 0.12 mmol) and NaCNBH9 mg, 0.14
mmol) in 4 mL of EtOH. The reaction was concentrated and the
residue was purified by HPLC to givl as a yellow solid (16
mg, 30%): *H NMR (400 MHz, DMSOsg) 6 ppm 1.12 (tJ =
7.58 Hz, 3 H), 2.5%2.61 (m, 2 H), 4.16 (dJ = 4.04 Hz, 2 H),
6.54 (s, 2 H), 7.20 (s, 1 H), 7.26/.33 (m, 1 H), 7.45 () = 9.22
Hz, 1 H), 7.50-7.63 (m, 2 H), 8.14 (s, 1 H), 8.39 (s, 1 H), 9.48 (s,
1 H); HRMS calcd for G,H;;Cl,FNe + HT, 455.094 85, found
(ESI-FTMS, [M+ H]*"), 455.0945. HPLC method 1: 96.9%, 4.28
min. HPLC method 2: 97.0%, 5.31 min.

Methyl 5-[({ 8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-3-
cyanoquinolin-6-yl} amino)methyl]-1H-imidazole-4-carboxy-
late (42). In a microwave vial, methyl 5-hydroxymethyHt
imidazole-4-carboxylate (0.20 g, 1.28 mmol) was dissolved in 2.5
mL each of CHCI, and 1,4-dioxane, and activated Mn(®.95 g,

11 mmol) was added. The vial was heated in a microwave reactor
at 140°C for 5 min. The contents of the vial were then rinsed into
a 1L flask and stirred with 400 mL of MeOH for 30 min. The
suspension was then filtered to remove the deactivated vt

the filtrate was dried over anhydrous $&), filtered a second time,
and evaporated to give methyl 5-formyHdimidazole-4-carboxylate

of sufficient purity to be used in the next step (163 mg, 83%
yield): *H NMR (400 MHz, DMSO¢s) 6 ppm 3.88 (s, 3 H), 8.06
(s, 1 H), 10.22 (s, 1 H), 13.76 (s, 1 H); HRMS (E®$lcalcd for
CeHsN2O3 (MH™) 155.0451, found 155.0450. The procedure
described above for the synthesisl&was followed, reactin@d
(400 mg, 1.02 mmol) with methyl 5-formylH-imidazole-4-
carboxylate (157 mg, 1.02 mmol) and NaCNBH3 mg, 0.68
mmol) in 12 mL of THF and 4 mL of MeOH. The crude product
was purified by HPLC and lyophilized to givi as a bright-yellow
powder (0.18 g, 33% yield)?H NMR (400 MHz, DMSO¢s) 6
ppm 3.76 (br s, 3 H), 4.50 (brs, 1 H), 4.62 (br s, 1 H), 6.65 (br s,
0.5 H), 6.74 (brs, 0.5 H), 7.207.31 (m, 2 H), 7.43 (tJ = 9.0 Hz,
1H),7.50 (ddJ=6.4,2.7 Hz, 1 H), 7.637.88 (m, 2 H), 8.39 (s,

1 H), 9.45 (br s, 1 H), 12.70 (br s, 0.5 H), 13.09 (br s, 0.5 H);
HRMS (ESI") calcd for G,H16BrCIFNsO, (MH ™) 529.0185, found
529.0186. HPLC method 1: 99.1%, 4.98 min. HPLC method 2:
98.5%, 6.63 min.

8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6-[({ 4-[3-(dim-
ethylamino)propyl]-1H-imidazol-5-yI} methyl)amino]quinoline-
3-carbonitrile (43). In a 50 mL round-bottomed flask were added
56 (355 mg, 1.04 mmol)N,N-dimethylprop-2-yn-1-amine (178 mg,
2.08 mmol), dichlorobis(triphenylphosphine)palladium (85 mg, 0.12
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mmol), and triethylamine (800 mg, 7.89 mmol) in 5 mL of DMF.
The mixture was heated to 9C for 2.5 h. 1-(Benzyloxymethyl)-
4-(3-(dimethylamino)prop-1-ynyl)H-imidazole-5-carbaldehyde was
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mg, 0.38 mmol) in 6 mL of EtOH. The crude product was purified
by HPLC and lyophilized to givd5 as a tan solid (52 mg, 48%):
IH NMR (400 MHz, DMSO#g) 6 ppm 1.17 (tJ = 7.58 Hz, 3 H),

obtained upon a standard EtOAc aqueous workup and was2.06-2.17 (m, 3 H), 2.5%2.60 (m, 2 H), 4.09 (dJ = 4.55 Hz, 2

sufficiently pure for the next steptd NMR (400 MHz, DMSO¢lg)
O ppm 2.25 (s, 6 H), 3.54 (s, 2 H), 4.54 (s, 2 H), 5.72 (s, 2 H),
7.23-7.37 (m, 5 H), 8.28 (s, 1 H), 9.86 (s, 1 H). Cru8& was
dissolved in THF (15 mL), and approximately 10 mg of 5% Pd on

H), 6.53 (t,J = 4.80 Hz, 1 H), 7.18 () = 2.27 Hz, 1 H), 7.25
7.32 (m, 1 H), 7.45 (t) = 8.97 Hz, 1 H), 7.52 (dd] = 6.57, 2.78
Hz, 1 H), 7.60 (dJ = 2.27 Hz, 1 H), 8.16 (s, 1 H), 8.39 (s, 1 H),
9.47 (s, 1 H); HRMS (ESI) calcd for GsH1,Cl,FNg (MHT)

carbon was added. The mixture was hydrogenated in a Parr shaker69.110 50, found 469.1102. HPLC method 1: 97.1%, 4.28 min.

apparatus at 50 psi for 3 h. After filtration through Celite, the solvent
was removed under reduced presstifreNMR (400 MHz, DMSO-

ds) 6 ppm 1.73-1.79 (m, 2 H), 2.16 (s, 6 H), 2.242.30 (m, 2 H),
2.78-2.84 (m, 2 H), 4.51 (s, 2 H), 5.71 (s, 2 H), 721.38 (m, 5

H), 8.13 (s, 1 H), 9.86 (s, 1 H). The crude material from the previous
step was stirred in 10 mLf®& N HCI and 10 mL of MeOH to give
4-(3-(dimethylamino)propyl)-Hi-imidazole-5-carbaldehyde57),

HPLC method 2: 98.5%, 5.16 min. Anal. £81,,Cl;FNg-H,0-
HCO,H) C, H, N.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6{ [(2,5-dimethyl-
1H-imidazol-4-yl)methyllJamino} quinoline-3-carbonitrile (46).
The procedure described above for the synthesl®efas followed,
reacting9c (80 mg, 0.23 mmol) with 2,4-dimethylH-imidazole-
5-carbaldehyde (34 mg, 0.28 mmol) and NaCNRH7 mg, 0.28

which was immediately used as a solution in the next step. The mmol) in 9 mL of EtOH. The product precipitated out of solution

procedure described above for the synthesi¢Divas followed,
reacting 9c (100 mg, 0.29 mmol) with a solution 057 and
NaCNBH; (21.0 mg, 0.33 mmol) at room temperature for 5 h. The
mixture was concentrated and purified via preparative HPLC to
give 43 as a yellow solid (98 mg, 66%)*H NMR (400 MHz,
DMSO-dg) 6 ppm 1.64-1.74 (m, 2 H), 2.19 (s, 6 H), 2.22.36
(m, 2 H), 2.53-2.58 (m, 2 H), 4.17 (dJ = 4.04 Hz, 2 H), 6.57 (t,
J=4.42 Hz, 1 H), 7.21 (dJ = 2.27 Hz, 1 H), 7.257.33 (m, 1
H), 7.45 (t,J = 8.97 Hz, 1 H), 7.53 (@) = 2.95 Hz, 1 H), 7.59 (d,
J=2.27 Hz, 1 H), 8.19 (s, 2 H), 8.39 (s, 1 H), 948.56 (m, 1
H); HRMS calcd for GsH»4ClL,FN7 + H+, 512.152 70, found (ESI-
FTMS, [M + H]*"), 512.1522. HPLC method 1: 95.2%, 3.53 min.
HPLC method 2: 95.1%, 3.01 min.
8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-64 [(1-methyl-
1H-imidazol-4-yl)methyl]lamino} quinoline-3-carbonitrile (44).
(4-Ethyl-1H-imidazol-5-yl)methanol (1.00 g, 7.14 mmol) was
dissolved in 20 mL of THF and cooled to°C. A 1.0 M solution
of LIAIH 4 in THF (7.1 mL, 7.1 mmol) was then added slowly via
syringe. The reaction mixture allowed to warm to room temperature
over 30 min and then cooled to°C and quenched by addition of
10 mL of saturated N&O, followed by addition of enough 1 M
HCI to bring the solution to pH 8. The white precipitate was then
filtered off and washed with EtOAc. The filtrate was dried, filtered,
and evaporated to give (1-methyHdimidazol-4-yl)methanol as a
waxy yellow solid (0.80 g, 100% yield) of sufficient purity to be
used in the next stepH NMR (400 MHz, DMSOég) 6 ppm 3.60
(s, 3H),4.30 (s, 2H),4.79 (brs, 1 H), 6.92 (s, 1 H), 7.45 (s, 1 H).
Crude (1-methyl-H-imidazol-4-yl)methanol (0.81 g, 7.19 mmol)

and was washed with EtOH to givs as a yellow solid (49 mg,
46%): 'H NMR (400 MHz, DMSO#dg) 6 ppm 2.10 (s, 3 H), 2.19
(s, 3H),4.07 (m, 2 H), 6.51 (s, 1 H), 7.17 (s, 1 H), 7=2430 (m,
1 H), 7.45 (t,J=9.09 Hz, 1 H), 7.53 (dJ = 3.03 Hz, 1 H), 7.59
(s, 1 H), 8.14 (s, 1 H), 8.39 (s, 1 H), 9.45 (s, 1 H); HRMS, calcd
for CpH17Cl,FNg + HT, 455.094 85, found (ESI-FTMS, [M-
H]*), 455.0947. HPLC method 1: 97.2%, 3.96 min. HPLC method
2: 95.3%, 3.68 min. Anal. (&H17CI;FNs-H,O-HCOH) C, H, N.
8-Chloro-4-[(3-chloro-4-fluorophenyl)amino]-6{ [(1-methyl-
1H-imidazol-5-yl)methyllamino} quinoline-3-carbonitrile (47).
The procedure described above for the synthesl®efas followed,
reacting9c (80 mg, 0.23 mmol) with 1-methylH-imidazole-5-
carbaldehyde (38 mg, 0.25 mmol) and NaCNBH7 mg, 0.28
mmol) in 9 mL of EtOH. The mixture was concentrated and the
residue was purified via preparative HPLC and lyophilized to give
47 as a yellow solid (65 mg, 78%)*H NMR (400 MHz, DMSO-
ds) 6 ppm 3.69 (s, 3 H), 4.39 (d] = 5.05 Hz, 2 H), 6.786.88
(m, 1 H), 7.14 (s, 1 H), 7.25 (dl = 2.02 Hz, 1 H), 7.277.34 (m,
1 H), 7.46 (t,J = 8.97 Hz, 1 H), 7.5£7.58 (m, 1 H), 8.00 (s, 1
H), 8.13 (s, 1 H), 8.42 (s, 1 H), 9.47 (s, 1 H); HRMS calcd for
Co1H1sClL,FNs + HT, 441.079 20, found (ESI-FTMS, [M- H]'T),
441.078 60. HPLC method 1: 99.4%, 4.15 min. HPLC method 2:
99.4%, 4.87 min.
8-Bromo-4-(3-chloro-4-fluorophenylamino)-6-((2-phenyl-H-
imidazol-5-yl)methylamino)quinoline-3-carbonitrile (48). The
procedure described above for the synthesi¢2ivas followed,
reacting9d (300 mg, 0.76 mmol) with 2-phenylH:-imidazole-5-
carbaldehyde (132 mg, 0.76 mmol) and NaCNBB2 mg, 0.51

was stirred overnight at room temperature with activated manganesemmol) in 9 mL of THF and 3 mL of MeOH. The crude product

dioxide (1.87 g, 21.6 mmol) in 15 mL of acetone. The crude product
was filtered through a pad of Celite and purified by flash
chromatography over silica gel (3000% EtOAc in CHCI,) to
give pure 1-methyl-H-imidazole-4-carbaldehyde as a waxy yellow
solid (0.23 g, 30% yield):'H NMR (400 MHz, DMSO¢g) 6 ppm
3.73 (s, 3 H), 7.81 (s, 1 H), 8.00 (s, 1 H), 9.70 (s, 1 H). The
procedure described above for the synthesid2ivas followed,
reacting9d (200 mg, 0.51 mmol) with 1-methylH-imidazole-4-
carbaldehyde (56 mg, 0.51 mmol) and NaCNB{22 mg, 0.34
mmol) in 6 mL of THF and 2 mL of MeOH. The yellow precipitate
that appeared was collected by suction filtration, washed with
MeOH, and dried under vacuum to give as a yellow powder
(155 mg, 63% yield):*H NMR (400 MHz, DMSO#s) 6 3.60 (s,
3 H),4.21 (d,J =5.3 Hz, 2 H), 6.67 (tJ = 5.2 Hz, 1 H), 7.05 (s,
1 H), 7.23 (d,J = 2.3 Hz, 1 H), 7.28 (ddd) = 8.7, 4.2, 2.8 Hz,
1 H), 7.45 (t,J = 9.0 Hz, 1 H), 7.52 (ddJ = 6.7, 2.7 Hz, 1 H),
7.54 (s, 1H),7.79 (dJ=2.3Hz, 1H),838(s,1H), 947 (s, 1
H); HRMS (ESI") calcd for GiH16BrCIFNg (MH ™) 485.0287, found
485.0278. HPLC method 1: 98.0%, 4.20 min. HPLC method 2:
96.6%, 4.90 min. Anal. (&H16BrCIFNg-H20) C, H, N.
8-Chloro-4-(3-chloro-4-fluorophenylamino)-6-((2-ethyl-5-meth-
yl-1H-imidazol-4-yl)methylamino)quinoline-3-carbonitrile (45).
The procedure described above for the syntheslwfas followed,
reacting 9c (80 mg, 0.23 mmol) with 2-ethyl-5-methylHt
imidazole-4-carbaldehyde (67 mg, 0.49 mmol) and NaCh BH4

was purified by trituration with boiling EtOH and a second crop
of crystals were collected from the filtrate to gi48 as a yellow
solid (206 mg, 49% yield)IH NMR (400 MHz, DMSO¢l) 6 ppm
4.30 (d,J=5.8Hz, 2 H), 6.77 (t) = 5.3 Hz, 1 H), 7.20 (s, 1 H),
7.26-7.35 (m, 3 H), 7.3#7.47 (m, 3 H), 7.53 (ddJ = 6.6, 2.8
Hz, 1 H), 7.81 (s, 1 H), 7.90 (d] = 7.3 Hz, 2 H), 8.37 (s, 1 H),
9.49 (s, 1 H), 11.94 (s, 0.5 H), 12.40 (s, 0.5 H); HRMS (BSI
calcd for GeH1gBrCIFNg (MH ™) 547.0444, found 547.0457. HPLC
method 1: 100.0%, 4.34 min. HPLC method 2: 98.3%, 5.14 min.

8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-6-{ [1-(2-mor-
pholin-4-ylethyl)-1H-imidazol-4-yllmethyl} amino)quinoline-3-
carbonitrile (49). In a sealable pressure tube was addéd 1
imidazole-4-carbaldehyde (750 mg, 7.8 mmol), sodium carbonate
(827 mg, 7.8 mmol), sodium iodide (585 mg, 3.9 mmol), 4-(2-
chloroethyl)morpholine hydrochloride (726 mg, 3.9 mmol), and 10
mL of DMF under a stream of nitrogen gas. The tube was then
sealed and heated to 10Q overnight. The mixture was allowed
to cool to room temperature, filtered, and diluted with EtOAc. The
EtOAc layer was extracted twice with brine, and the aqueous phase
was back-extracted with EtOAc. The organic layers were combined,
dried over MgSQ, and filtered and concentrated under reduced
pressure. The substituted aldehyde was used without further
purification.

The procedure described above for the synthesid2fvas
followed using 9d (150 mg, 0.38 mmol) with crude 1-(2-
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morpholinoethyl)-H-imidazole-4-carbaldehyde and NaCNB(35 In Vitro Kinase Selectivity Assays.Scintiplate $3P) assays were
mg, 0.56 mmol) in 10 mL of EtOH. The mixture was concentrated used to measure the activities of PKA (Panvera), PKC (Panvera),
and the residue was purified by HPLC and lyophilized to ghge S6K (Upsate), JNK1 (Upstate), and MK2 41-400 (in house). The
as a yellow solid (40 mg, 18%)*H NMR (400 MHz, MeOD)d kinase reactions were performed at room temperature in strepta-
ppm 2.36-2.45 (m, 4 H), 2.64 (t, 2 H), 3.523.59 (m, 4 H), 4.08 vidin-coated Scintiplate (Perkin-Elmer) with a 160/well reaction

(t, J=6.19 Hz, 2 H), 4.33 (s, 2 H), 7.11 (d,= 1.01 Hz, 1 H), mixture, which contains the compounds in 1% DMSO, 20 mM
7.14 (d,J=1.26 Hz, 1 H), 7.1#7.25 (m, 1 H), 7.28 (t) = 8.84 HEPES, pH7.5, 10 mM MgGJ] 4.5 mM DTT, 0.01% Triton X100,

Hz, 1 H), 7.40 (ddJ = 6.82, 2.02 Hz, 1 H), 7.67 (d,= 1.01 Hz, 3 uM ATP, 1.3 nM [y-33P]JATP, and 200 nM substrate peptide.

2 H), 8.29 (s, 1 H), 8.39 (s, 1 H); HRMS (ESIcalcd for GeHo4- All assays were initiated by adding an ATP/peptide mixture. The
BrCIFN;O (MH™) 584.097 10, found 584.097. HPLC method 1: reaction time was 10 min for PKA, 30 min for PKC, 80 min for
98.4%, 3.54 min. HPLC method 2: 100.0%, 3.62 min. S6K, 90 min for Jnk1, and 20 min for MK2 41-400. Reactions
8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-6-[({ 1-[2-(meth- were terminated with 5@L of 0.5 M EDTA. Plates were washed
ylsulfonyl)ethyl]-1H-imidazol-4-yl} methyl)amino]quinoline-3- with PBS/0.05% Tween-20 six times and read on a MicroBeta

carbonitrile (50). In a microwave tube was added methyl vinyl ~ TriLux reader (Perkin-Elmer).

sulfone (264 mg, 5.0 mmol),H-imidazole-5-carbaldehyde (160 The peptide substrates used were biotin-GRTGRRNSI for PKA/
mg, 1.67 mmol), and 4 mL of DMF. The mixture was reacted in a PKCa, biotin-RRRLSSLRA for S6K, biotin-ATF2 (19-96) (Up-
microwave reactor at 150C for 1 h. The reaction mixture was  state) for JNK1, and biotin-RTPKLARQASIELPSM for MK2.

concentrated to give 1-(2-(methylsulfonyl)ethyh-imidazole-4- ELISA was used to measure the activities of p38 (in house), Src
carbaldehyde. The procedure described above for the synthesis ofUpstate), CAMKII (Upsate), and IKK (Upstate). The kinase
12 was followed, reactind®d (340 mg, 0.87 mmol) with 1-(2- reactions were performed at room temperature on streptavidin-

(methylsulfonyl)ethyl)-H-imidazole-4-carbaldehyde and NaCNBH  coated plates (Sigma) or Anti-GST (Amersham) coated Maxisorp
(30 mg, 0.48 mmol) in 10 mL of EtOH. The reaction mixture was plates (Nunc) with 10@L/well reaction mixture (same as for the
concentrated and the residue was purified by HPLC and lyophilized Scintiplate assays but withoyt-f3P]ATP). All assays were initiated

to give 50 as a yellow solid (90 mg, 18%)*H NMR (400 MHz, with the ATP/substrate mixture. The reaction time was 60 min.
DMSO-dg) 6 ppm 2.84 (s, 3 H), 3.64 (1] = 6.95 Hz, 2 H), 4.23 Reactions were terminated with a0 of 0.5 M EDTA. Plates were
(d,J=4.80 Hz, 2 H), 4.36 (t) = 6.95 Hz, 2 H), 6.70 (1) = 5.43 washed with PBS/0.05% Tween-20 six times. Detection antibodies
Hz, 1 H), 7.20 (s, 1 H), 7.24 (d,= 2.02 Hz, 1 H), 7.257.32 (m, in antibody dilution buffer (10 mM MOPS 7.5, 150 mM NacCl,
1H),7.45 (tJ=9.09 Hz, 1 H), 7.52 (dd] = 6.57, 2.78 Hz, 1 H), 0.05% Tween-20, 0.1% gelatin, 0.02% Nalil% BSA) were added
7.68 (d,J=1.26 Hz, 1 H), 7.79 (d) = 2.27 Hz, 1 H), 8.14 (s, 1 into plates and incubated for 60 min at ambient temperature, and
H), 8.38 (s, 1 H), 9.47 (s, 1 H); HRMS (ESI calcd for GzH;g then plates were washed again. Enhancement buffer (Perkin-Elmer)
BrCIFNgO,S (MH*") 577.021 89, found 577.0225. HPLC method (100 uL/well) was added to the plates, and the samples were

1: 98.7%, 4.25 min. HPLC method 2: 100.0%, 4.96 min. incubated for 10 min. Read Plates were read using a Victorll plate
8-Bromo-4-[(3-chloro-4-fluorophenyl)amino]-6-[(2H-1,2,3- reader (Perkin-Elmer).
triazol-4-ylmethyl)amino]quinoline-3-carbonitrile (51). In a mi- The peptide substrates were biotin-QSTKVPQTPLHTSRVL for

crowave vial were added 3,3-diethoxyprop-1-yne (1.0 g, 7.5 mmol), p38, biotin-KKEGPWLEEEEEAYGWMDF for Src, and biotin-
1,2-diethoxyethane (15 mL), and tributyltin azide (3.2 g, 9.76 RTPKLARQASIELPSM for CAMKII/IKK 5. Detection antibodies
mmol). The sealed vial was heated in a microwave reactor at@80  were p38, anti-P-MK2 (in house), 1:4000, and DELFIA Eu-N1 goat
for 3 h. The solvent was evaporated, and the residue was treatedanti-rabbit-IgG, 1:2000; Src, P-Tyr-100 (Cell Signaling), 1:1000,
with 2 M HCI in MeOH for 16 h. The solvent was evaporated, and and DELFIA Eu-N1 rabbit antimouse-IgG (Perkin-Elmer), 1:1000;
the residue was dissolved in methanol (10 mL) and dichloroethane CAMKII and IKK j, anti-P-LSP1 (in house), 1:10000, and DELFIA
(10 mL). To this was adde€ld (500 mg, 1.3 mmol). Acetic acid Eu-N1 goat antirabbit-lgG, 1:5000.

was added to bring the pH of the solution to 4, and the mixture  Pharmacokinetic Studies.The animals used in the pharmaco-
was stirred for 15 min. Sodium triacetoxyborohydride (542 kinetic (PK) studies were male adult Sprague-Dawley rats (Charles
mg, 2.55 mmol) was then added, and the mixture was stirred at River Laboratories, Wilmington, MA). All PK studies were
room temperature overnight. The reaction mixture was evaporatedperformed at Wyeth Research Laboratories (Andover, MA) under
to dryness and the residue was purified via preparative HPLC the supervision of the Institutional Animal Care and Use Committee.
and lyophilized to gives1 as a yellow solid (151 mg, 24%}H The dose formulation for intravenous administration was 50%
NMR (400 MHz, MeOD)6 ppm 4.54 (s, 2 H), 7.18 (dl = 2.53 DMSO/50% polyethylene glycol 200 (PEG 200, v/v, 1 mL/kg).
Hz, 1 H), 7.2+7.31 (m, 2 H), 7.41 (ddJ = 6.44, 2.40 Hz, The oral dose formulation was an aqueous suspension containing
1 H), 7.69 (d,J = 2.27 Hz, 2 H), 8.30 (s, 1 H); HRMS (ES) 2% polysorbate 80 (aka Tween-80), 0.5% methylcellulose, and
calcd for GgHiBrCIFN; (MH*) 472.0090, found 472.0030. 0.06% lactic acid. Blood samples of approximately 0.25 mL were
HPLC method 1: 100.0%, 5.01 min. HPLC method 2: 98.9%, 6.26 collected into KEDTA coated sampling tubes at 0.083, 0.25, 0.5,

min 1,2,4,7,and 24 h after dose administration. Plasma samples were
8-Bromo-4-(3-chloro-4-fluorophenylamino)-6-((1-(3-(dimethy- harvested and stored at30 °C until analysis.
lamino)propyl)-1H-1,2,3-triazol-4-yl)ymethylamino)quinoline-3- In a 0.5 mL 96-well plate, 5QuL of plasma sample was

carbonitrile (55). In a 15 mL round-bottomed flask were added precipitated with 10QuL of acetonitrile containing 500 ng/mL
9d (40 mg, 0.10 mmol), dichloroethane (2 mL), and 1-(3- internal standard. The internal standard is a compound with similar
(dimethylamino)propyl)-H-1,2,3-triazole-4-carbaldehyde (24 mg, chemical structure as the test article. The samples were vortexed
0.12 mmol). The mixture was stirred for 15 min. Sodium triac- and centrifuged at 5700 rpm for 10 min. Supernatants were
etoxyborohydride (55 mg, 0.27 mmol) was then added, and the subjected to LEMS/MS analysis. HPLC separation was performed
mixture was stirred at room temperature for 5 h. The reaction on a Perkin-Elmer series 200 HPLC system (Perkin-Elmer, Nor-
mixture was evaporated to dryness and the residue was purifiedwalk, CT) using an XTerra MS C18 column (2.1 mm20 mm,
via preparative HPLC and lyophilized to give the product as a 2.5um; Waters, Milford, MA). The detection of test articles was
yellow solid (42 mg, 75%)*H NMR (400 MHz, MeOD)d ppm performed on a PESCIEX API-3000 triple quadrupole mass
2.36-2.54 (m, 2 H), 2.94 (s, 6 H), 3.183.29 (m, 2 H), 4.66 spectrometer (Applied Biosystems, Concord, Ontario, L4K4V8,
4.69 (m, 4 H), 7.33 (dJ = 2.27 Hz, 1 H), 7.357.46 (m, 2 H), Canada) using Turbolon Spray source. Plasma standard curves were
7.56 (dd,J=6.44,2.40 Hz, 1 H), 7.81 (d,= 2.27 Hz, 1 H), 8.11 generated by plotting the peak area ratio of test article and internal
(s, 1 H), 843 (s, 1 H), 850 (s, 1 H). HPLC method 1: 94.2%, standard against nominal concentrations.
4.31 min. HPLC method 2: 96.7%, 5.27 min. The pharmacokinetic parameters were determined using Win-
Biology. For a complete description of the in vitro Tpl2 and Nonlin (version 4.1, Pharsight, Mountain View, CA). Calculations
TNF-a assays, see ref 18. were performed using the noncompartmental analysis approach. The
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estimation of area under the plasma concentration versus time curve Supporting Information Available:

(AUC) was based on the log trapezoidal rule. The terminal rate
constant {) was derived from the slope of the terminal log-linear
phase of plasma concentratietime curves. The apparent terminal
half-life (t12) was calculated as 0.693No statistical analysis other
than descriptive statistics was conducted.

LPS-Induced Acute TNF-a Production in Rats. Jugular vein
cannulated female Sprague-Dawley rats, 200 g, were obtained from
Taconic Farms (Germantown, NY). The animals were fed food and
water ad libitum, and all procedures were approved by the
Institutional Animal Care and Use Committee. The compound
was ad ministered orally at 10 and 50 mg/kg. One hour later, the
rats were challenged with LPS, administered intravenously (iv) at
1 mg/kg. Blood was drawn 10 and 90 min after the LPS challenge,
and plasma was separated and storedQ °C until testing. The

plasma concentration of the compound was determined in samples

collected 10 and 90 min after the LPS challenge, while TiNF-
concentration was determined in samples collected at 90 min after
the challenge, using a mouse cytometric bead assay kit (CBA)
obtained from BD Pharmingen (San Jose, CA). Mouse CBA kit
detects rat TNFx because of cross-reactivity of anti-TNF-
antibodies.

In Vitro Microsomal Metabolic Stability and Metabolism.
Microsomes purchased from commercial vendors, such as In Vitro
Technologies (Baltimore, MD) or Xenotech (Kansas City, KS), or
microsomes prepared by differential ultracentrifugation utilizing the
method described by LakRewere used. Microsomal protein and
cytochrome P450 content were determined by the methods of
Bradforcf® and Omura and Safd,respectively. For human liver
microsomes, the activities of major cytochrome P450 enzymes (i.e.,
CYP3A4, CYP2D6, and CYP2C9) were provided by the vendor
or determined in-house. Microsomes were stored-80 °C in
aliquots (e.g., 20@L) until use. Microsomes were pooled from at
least three animals or subjects. The incubation mixture (prior to
the addition of NADPH) was preincubated with the test compound
for approximately 5 min at 37C, and the reaction was started by
the addition of NADPH. Control incubations were performed in
the absence of NADPH. Incubations were conducted for up to 1 h.
An aliquot (e.g., 20QuL) of the incubation mixture was removed
at zero time and at different time intervals (e.g., 10, 20, 30, and 60
min) to determine the time course of drug disappearance. Microso-
mal protein was precipitated with an organic solvent such as
acetonitrile (2-3 volumes), and the drug and metabolites were

extracted. The amount of unchanged drug remaining was determined

by HPLC or LC/MS using an appropriate internal standard. An
appropriate positive control, such as midazolam for CYP3A4, was
included to assess interday and interlaboratory variations. For
determination of metabolite profiles, the study was performed
similarly to procedures described above with the exception that a
higher substrate concentration (e.g., zM or above) and an
incubation time of at least 30 min were used to maximize the

amounts of metabolites that were produced and characterized. For

metabolic stability studies, peak area or peak height ratios (i.e.,
peak area/height of unchanged drug/peak area/height of internal

standard) at each time point were used to determine the amount of

unchanged drug, which was converted to the percentage of drug

remaining using the peak area/height ratio values at zero time as (13)

100%. The rate of drug disappearance was expressed as nmal min
mg~* or pmol mimt mg ! protein based on the first 5 or 10 min
of incubation and assuming linearity. The log of the percentage of
the drug remainingyfaxis) was plotted against incubation time (
axis). The slope from the linear regression line equdtsand the

in vitro ty; equals—0.693k.
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