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Anti-mucus drugs and uses therefor
GOVERNMENT RIGHTS
This invention was made with the support of Grant NHLBI RO HLO73159 from the
National Institntes of Health. The government of the United States of America may have

certain rights i this work.

RELATED APPLICATIONS
This application claims priority to US Provisional Patent Application 61/672,378 filed

17 July 2012, This application 18 incorporated by reference in its entirety.

INTRODUCTION

An excess of atrway mucous secretions is one of the most common maladies of
mankind. The condition is a feature of acute respiratory illnesses and a characteristic feature
of chronic lung diseases such as asthma and chronic obstructive pulmonary disease (COPD).
Mucus overproduction is responsible for much of the morbidity and mortality associated with
these conditions. In the case of asthma, reports of mucus plugging and inspissation are typical
of autopsies of asthmatic patients (Kuayper, LM et al. Am. I Med. 115:6-11, 2003}
Similarly, much of the distress of COPD patients may depend on discase of small atrways
that are grossty overpopulated with mucous cells (Hogg, J.C., et al. N. Eng. 1. Med.
3506264553, 2004}, Moreover, mucus production may be an early sign of progressive
disease {Brito-Muotonayagam, R., et al. Chest 138:605-13, 2010}, At present, however, there
is no specific and effective treatment for overprodoction of mucus,

One of the chief reasons for the lack of effective therapeuties for excess mucus
production is that the underlying cellular and molecular mechanism for this process is poorly
understood. It has been shown that initial stimuli, such as allergens, viruses, and cigarette
sinoking, will lead to immune cell production of 1L-13 as the critical driver for mucous cell
metaplasia (Wills-Karp, M., et al. Science. 282:2258-61, 1998; Tyner, LW, et al. J. Clin.
Invest. 116:309-21, 2006; Grayson, MLH., et al. L Exp. Med. 204:2759-69, 2007; Kim, E.Y.,
et al. Nat, Med. 14:633-40, 2008}, Subsequent downstream events for IL-13 signaling n
mueous precursor cetls likely involves up-regalation and activation of the 1L-13 receptor and
assoctated STATE transeription factor (Kiny, E.Y ., et al. Nat. Med. 14:633-40, 200%;
Kuperraan, DAL, et all Nat. Med. 8:885-9, 2002). However, the next step between these
events and downstream mucin gene expression still needed to be defined. The lack of
wentifiable STATE binding sites in the mucin gene promoter indicates that intermediate steps
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are required to convert the H-13 stgnal 1o mucin gene expression (L1, D, et al. J. Biol. Chem.
273:6812-20, 1998; Hewson, T A, et al. 1. Mol. Biol. 344:683-93, 2004}, Other studies of
cultured human airway epithelial cells have suggested that activation of MEK 142, PI3K,
SPhki, and MAPK 14 (p38a-MAPK) are necessary for - 13-induced mucous cell formation

{Atherton, H.C., et al. Am. J. Physiol. Lung Celt Mol. Physiol. 285:L.730-9, 2003; Pulm.
Pharmacol. Ther, 23:36-42, 2010). However, it remains uncertain whether these signaling
events were assoctated with mucous cell metaplasia and mucas overproduction in hmans
with fung disease,

In this context, the present inventors previously provided evidence that caleium-
activated chloride channel {CLCA) genes may fulfill @ critical role for the development of
mucous cell metaplasta. For example, gene transfer with vectors encoding mouse Clead,
Clea3, or Cleab is sufficient for mucous cell metaplasia in mice (Patel, A.C., et al. Physiol.
Genomics, 25:502-13, 2006; Patel, A.C,, et al, Am. I Respir. Crit. Care Med. 1754499,
2007}, Furthermore, both the mouse Clea and haman CLCA gene promoter regions contain
consensus STAT6H-binding sites that could mediate direct responsiveness to [L-~13 stimulation
{Patel, AL, et al. Annu. Rev, Phystol. 71:425-49, 2009 In addition, CLCA proteins

undergo extracellular secretion and cleavage suggesting that they might function as signaling

o

molecules rather than 1on channels (Gibson, AL, et al. 1. Biol. Chem. 280:27205-12, 2005;

Mundhenk, L., et al. I Biol. Chem. 281:30072-80, 2006}

Summary

The present inventors disclose compounds that inhibit airway mucous production.

In various embodiments of the present teachings, the present inventors have
developed compounds that block H-13-stimulated mucus production in human girway
epithehial cells. Accordingly, in various embodiments, the present teachings include
compounds that can be administered in amounts effective for blocking {L.-13-stimulated
mucus production m aivway epithehal cells. In various embodiments, a compound of the
present teachings can have activity as an inhibitor of MAPK 3 activity. In vartous
embodiments, a compound of the present teachings can have activity as an inhibitor of
MAPK 13 activity preferential to activity as a MAPK 14 inhibitor.

In various embodiments, methods are disclosed for treating hypersecretory diseases of
the pulmonary airways and other sttes as well, such as, without lraitation, asthma and COPD.
These methods comprise administering to a subject in need thereof one or more compounds

of the present teachings, in a dose effective for reducing mucus production, In some
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configurations, the methods can include admmnistering a pharmaceutical compaosition
comprising a compound, a salt thereot, or a prodrug theveof of the present teachings.

In some embodiments, the present mventors disclose methods for designing candidate
inhibitors of MAPK13. Such inhibitors can be effective for reducing mucus prodaction
stimulated through a MAPK13-dependent pathway. In some configuration, these methods can
melude a hgand-hopping strategy which can be used to identify candidate kinase inhibitors
that may preferentinlly inhibit MAPK 13 activity compared to MAPK 14 activity.

In various embodiments, the present tnventors disclose compounds having structures

of Formula I or Formula 11, pharmaceutically acceptable salts thereof, and prodrugs thereol of

structures
Row. Ry
R, Ry fRs
N7 o 7
\ /u\ LA . A :
N
¢ N X
Ry H
Formula § Formula §i

- In various configurations, R; can be selected from the group consisting of H, lower alky!
and aryl selected from the group consisting of phenyl and pyridinyl. In some configurations,
the aryl can comprise 0, 1 or 2 substituents each mdependently selected from the group
consisting of & halogen, a hydroxyl, an ether, a thioether, g lower alkyl, an ester, a carbamate,
an anide, and g wrea, In various configurations, R; and Ry in Formula I together can comprise
a 4-6 member aliphatic carbocoyclic or aliphatic heterocyelic ring comprising O, 1 or 2
heteroatoms selected from the groap consisting of N, O and §, In some configurations, Y in
Formula I can be selected from the group consisting of CHz, O and S, In various
configurations, X can be selected from the group consisting of CHo, NH (preferved), O and S.
In some configurations, Ring A can be aromatic {preferably benzene), heteroaromatic, or a
trans-substituted cvclohexane ring. In vartous configurations, if ring A is aromatic {preferably
benzene) or heteroaromalic wherein a heteroatom can be, without hmitation, N, O or §, each

R; and Ry can be independently selected from the group consisting of H, a halogen
{preferably Ry is an F), lower alkyl, -CF;, -OR; and SRy, with the proviso that Ry and Rs do
not together comprise a ring. In some configurations, Z can be selected from the group
consisting of CHa, NH, O and $ {O and S preforred). In various configarations, Rg can be
selected from the group consisting of H, amine, tower alkyl, eycloalkyl, eycloatioviatkyl,
heterocyelyl, heterocyloalkyl, arvl, arylatkvl, beteroaryl, heteroarvlalkyl, ~ORg, -SRy, -
NRgRg, -CONRgRg, -NRLCORg, -COaRy, -NRyCIOIOR g, ~-NRUOINRR;. In various
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configurations, when Ry is lower alkyl, cvcloalkyl, evcloalkylalkyl, heterocyelvl,

heterocyloalkyl, aryl, arylatkyl, heteroaryl, or heteroarylalkyl, then Ry can be optionally

substituted with 1-2 radicals each independently selected from the group consisting of
halogen, hydroxyl, ether, -CFs, thioether, amide, carbamate, urea, and ester. In various
configurations, when Ry includes Rg, Ry can be seleeted from the group consisting of H,
lower alkyl, eycloalkyl, cycloalkylalkyl, heterocyelyl and heterocycloatkyl. In some
configurations, 1f Ry is not H, Rgcan be further substituted with 1-2 groaps selected from the
group consisting of halogen, hydroxyl, ether, ~-CF;, thioether, amide, carbamate, urea, and
ester. In some configurations where a nitrogen 1s substituted with two Ry groups, the Ry
groups can optionalty be taken together to form a 5-7 membered ring. In varions
configurations, “lower alkyl”™ can inelude C-Cy hinear alkyl, C5-Cyy branched alky] and Cs-
Cha cyelic alkyll

In various embodiments, the present inventors disclose compounds having structures
of Formula 11 or Formula IV, pharmaceutically acceptable salts thereof, and prodrugs thereot

of structures

Rﬁ Rs R?
/JL\ > A § \ Dy .)PN
N SN , N
H X
Formula Formula iV

. In vartous configurations, Ry can be selected from the group conststing of H, lower alkyl
and aryl selected from the group consisting of phenyl and pyridinyl. In some configurations,
the aryl can comprise 1-2 substituents each independently selected from the group consisting
of a halogen, a hydroxyl, an cthey, a thioether, a lower alkyl, an ester, a carbamate, an amide,
and a wrea, ln vartous configarations, Ry and Ry in Formula 11 together can comprise g 4-6
wember aliphatic carbocyelic or aliphatic heterocyelic ring comprising 0, 1 or 2 heteroatoms
selected from the group consisting of N, O and S, In various configurations, Y in Formula IV
can be selected from the group consisting of CHy, O and S, In some configurations, X can be
sefected from the group consisting of CHa, NH {(preferred), (3 and S. In various
configurations, Ring A can be an aromatic {preferably benzene), heteroaromatic or 8 trans-
substitnted cyclohexane ring. In some configurations, if ring A is arorsatic {preferably
benzene) or heteroaromaltic, each Ry and Ry can be independently selected from the group

consisting of H, a halogen {preferably Ry 15 an F), lower alkyl, -CFy, ~ORg, and -SRy, with



WO 2014/015056 PCT/US2013/050921

the proviso that Ry and Rs do not together comprise a ring. In various configurations, Z can
be selected from the group consisting of CHz, NH, O, or S, In various configurations, Ry can
be setected from the group consisting of H, lower alkyl, arvialkyl, heteroeyloalkyl,
cveloatkyl, eycloalkylalkyt aryl, heteroaryl, heterocyelo. In some configurations, if Ry is not
H, Ry can be substituted with 0-3 groups independently selected from the group consisting of
halogen, -OH, -ORg, -CF3,-SRs, -NR3Rg, ~CONRgRg, -NRCORg, ~-COsRg, -NRC(OIOR, and
NRGCIOWNRRg. In vartous configurations, Ry can be selected from the group consisting of
H, lower alkyl, eyeloatkyl, cycloalkylalkyl, heterocyelyl, heterocycloalkvl, aryl, arviatkyl,
hetercaryl and heteroarylalkyl In some configurations, i Ry 18 not H, Ry can be further
substituted with 0-2 groups selected from the group consisting of halogen, bvdroxyl, ether, -
CFs, thivether, amide, carbamate, vrea and ester. In some configurations, where a nitrogen is
substituted by two Ry groups, the Ry groups can optionally be taken together to form a 5.7
membered ring. In various configurations, “lower alky!” can include €1-Cyy inear alkyl, Cs-
(o branched alkyl and C3-Cyp evelie alkyl.

In various embodiments, the present inventors disclose compounds having structures

of Formula V| pharmaceatically acceptable salts thereof] and prodrugs thereof of structures

Formula V . In various configurations, Ry can
be seleeted from the group consisting of H, lower alkyl and aryi selected from the group
consisting of phenyl and pyridinyl. In some configerations, the arvl optionally can comprise
1-2 substituents cach independently selected from the group consisting of a halogen, a
hydroxyl, an ether, a thiocther, a lower alkyl, an ester, a carbamate, an amide and a urea. o
vartous configurations, X can be selected from the group consisting of CHa, NH {(preferred),
(), or and S. In various configurations, Ring A can be a benzene, pyridine or trans-substituted
cyclohexane ring. In some configurations, i ring A is benzene or pyridine, Ry and R; can be
independently selected from the group consisting of H, halogen (preferred is Ry 15 fluorine),
tower alkyl, <CFj, ether, and thioether, with the proviso that Ry and R together do not
comprise a ring. In various configurations, £ can be selected from the group consisting of

CHz, NH, O and S (O and S are preferred). In varions configarations, Ry can be a 4-7
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membered heterovyclic rning containing 1-2 ring atoms independently selected from the group
consisting of N, Q and 8. In some configurations, the heterocyelic ring in Ry can be
optionaily substituted with 0-3 substituents independently selected from the group consisting
of H, halogen, hydroxyl, lower alkyl, -ORg, -8Ry, ~NRRy, -CONRsRg, -NRGCORy, ~CO:Ry, -
NRGCUMOR, -NRZCOINRR,. In various configurations, when the heterocyelic ring in Ry
is substituted by an alkyl, the atkyl can optionally be further substituted by -2 substitnents
mdependently selected from the group consisting of halogen, hydroxyl, -ORg, <SRy, -NRgRg,
~CONRgR g, -NRgCORg, -CO2Rg, ~-NRCO0OR s, -NRU{OINRgRg. In various configurations,
each Ry is independently selecied from the group consisting of H, lower alkyl, eyvcloalkyl,
yeloatkylalkyl, heterocyelyl, heterocyeloalkyl, arvl, arvlalkyl, heteroaryl and

heteroarylalkyl In some configorations, if Ry is not H, Ry can be optionally further
substituted with 0-2 groups independently selected from the group consisting of halogen,
hydroxyl, ether, ~CFs, thioether, amide, carbonate, urea and ester, In various configurations,
when a nitrogen is substituted by two Ry groups, the Ry groups can optionally comprise a 5-7
membered ring, In various configurations, “lower alkyl” can include C-Cyp Hoear alkyl, Cy-
Cio branched alkyl and Cs-Cig oycelic alkyl.

In various embodiments, the present fnventors disclose compounds having structures

of Formula VI or Formaula VI pharmaceutically acceptable salts thereof, and prodrugs

thereof of structures

Raw_Rs
Y }-’-29
/“‘" \
L~ s O
W ) ,
R,; L\J ;N N/u\N /L\ s
?—c rtula Wi Ri H H
) Formula Vit . In various
configurations, Ry can be selected from the group consisting of H, lower atkyvi and arvl

selected from the group consisting of phenyl and pyridinyl. In some configurations, the aryl
can optionally comprise 0-2 substituents cach independently selected from the group
consisting of & halogen, g hvdroxyl, an ether, a thioether, a lower alkyl, an ester, a carbamate,
an amide, and a urea. In various configurations, Ry and Ry in Formnla VI together can
comprise a 4-6 member aliphatic carbocyelic or aliphatic heterocyehic ring comprising 0, 1 or
2 helercatoms selected from the group consisting of N, O and S, I various configurations, Y
i Formuda VI can be selected from the group consisting of CHy, O and S, In various
configurations, W can he selected from the group consisting of O and S {O 1s preferred). In

some configurations, Ro can be selected from the group consisting H, lower alkyl, heteroaryl,
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heteroarylalkyl, heterooyelvl, heterocvloalkyvl, hydroxylatkyl, alkloxyalkyl, ammoalkyl,
carboxamido and carboxamidoeatkyl. In some configurations, “lower alkyl” can include Cy-
Cyg hinear alkyl, Ca-Cyp branched alkyl and Ci-Chg oyelic alkyl.

In various embodiments of the present teachings, the prosent inventors disclose

compounds, pharmaceuticaily acceptable salts thereof, and prodrugs thereof having structures

such as .



WO 2014/015056 PCT/US2013/050921




WO 2014/015056 PCT/US2013/050921




WO 2014/015056 PCT/US2013/050921

10



WO 2014/015056 PCT/US2013/050921

HO

i1



WO 2014/015056 PCT/US2013/050921

12



WO 2014/015056 PCT/US2013/050921

i3



WO 2014/015056 PCT/US2013/050921

14



WO 2014/015056 PCT/US2013/050921

15



WO 2014/015056 PCT/US2013/050921

O
- O
7 0O - ' X
N
N/N)LN\t IxN
H H
O

is



PCT/US2013/050921

WO 2014/015056

17



WO 2014/015056 PCT/US2013/050921

1B



WO 2014/015056 PCT/US2013/050921

and

1%



WO 2014/015056 PCT/US2013/050921

In some embodiments of the present teachings, the mventors disclose compounds

comprising a 3-(3-methyloxetan-3-y1 - 1H-pyrazole or derivatives

thereot such as

N\/

I\{'

| R
R’

e gyl . 3 .
wherein R comprises a bond and R comprises a bond,
. “o - . } . ;
or a salt or prodrug thereof. In some configurations, R’ can comprise one or more atoms and
R* can comprise one or more atoms. In some configurations, R can be selected from the

group consisting of methyl, methylbenzene, chlorobenzene and fluorobenzene. In some

configurations,

e ~ . v s ~
R can b selected from the group consisting of

20
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In vartous configurations,

a compound comprising such structures can have activily as an inhibitor of @ MAPK Kinase,

such as MAPK13 andfor MAPK 14,
The present teachings include methods of identifying one or more inhibitors of

MAPKI13. In some embodiments, these methods can comprise providing, on a digital

compiter, 8 molecular model comprising a complex of hinding pocket domains of MAPK

docking a chemical database to the molecular model; scoring the compounds comprised by

the database; and identifving one or more high-scoring compounds.

In various embodiments, the present teachings include methods of inhibiting

3.

MAPK 13 activity. In some configurations, these methods can comprise contacting MAPKI3

with at least one compound of Formula [ - VII or a pharmaceutically acceptable salt thereofl

In some embodiments, a compound can exhibit slow-off binding kinetics. Without being

Himited by theory, a compound exhibitin

o

DFG-out binding mode. In some embediments, 8 compound that exhibits slow off binding

g slow off binding kmetics can bind MAPKI3 by a

kinetics against MAPK 13, when administered to a subject in need, can remam on-target (for

example, after administration directly to a lung) for a longer duration (compared to other

MAPK mhubitors}, and thereby can provide a sustained effect. In some configurations, a

compound that exhibits sfow off binding kinetics against MAPK13 can reduce the need for

repeated dosing and can also allow for a smaller doses compared to other MAPK inhibitors.

21
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In various embodiments, the present teachings include cell lines. In some
embodiments, a cell line can melude NCI-H292 cells comprising a nucleie acid encoding {TA
with pTRE-tight-hCLCAT whereby the cell expresses hCLUAT after doxyeveline
withdrawal,

In various embodiments, the present teachings inelude methods of treating an
milammatory airway disease in a subject in need thereof. In vanous configurations, a method
of these embodiments can comprise administering to a subject 10 need thereot a compound, a
pharmaceutically acceptable salt thereof, or a prodrug thereof of the present teachings. In
some embodiments, a compound can be selected from the group consisting of Formulae | -

Vi In some configurations, the compound can be selected from the group consisting of

A

o »S
N
N r\?’H

N~N H

h

Aoy O

~N
‘ /
\ \ N , and
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O‘
H
N YN~ N0
i N "

, or any other MAPK 1 3-inhibiting
compound, prodeug or sall thereof described herein,

In various embodiments, the present {eachings inchude methods of delivering a
MAPKI3 blocking drug directly 1o a region of the lung affected by inflammatory amrway
disease. In some configurations, these methods can comprise administering the drug by an
inhalation route. In some configurations, these methods can comprise administering the drag
by an mhalation route to treat COPD. In some configurations, these methods can comprise
administering the drug by an inhalation route o treal asthima.

The present teachings include methods of treating an inflanunatory airway disease
such as an milammatory airway disease in g subject in need thereof. In various
configurations, these methods can comprise administering a therapeutically effective amount
of a pharmaceutical composition comprising & compound, prodrug or salt thereof of any of
Formulas { - VH, or 8 combination thereol] directly to the lung by ulilizing an inhalation
route of administration. k various configurations these methods can comprise administering
a therapeutically effective amount of a pharmaceutical composition comprising a compound,
prodrug or salt thereof of any of Formulas 1 - V1, or a combination thereof, directly to the
lung by utilizing an inhalation route of administration wherein the composition is mixed with
a carrier. In various configurations the carrier can be lactose.

The present teachings include the following aspects, without fimitation.

L. A compound, & pharmaceutically acceptgble salt thereof, or a prodrug thereof, of

Formula T or Formula i1

23
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R, | R, Rs
N ol N
e A \
I Gl
X N
Formula | Formmula i}

wherein Ry is selected from the group consisting of H, lower alkyl, and arvl {phenyl and
pyridiny] preferred; phenvi most preforced), wherein the aryl can be optionally substituted
with 0-2 radicals each independently selecied from the group consisting of halogen, hydroxyl,
~OR 1, -SSRy, lower alkyl, -CORy 4, ~OCIOIR 4y, -NRCOR, -CONRyy, -NRjCIOINR 1Ry,
~QCOINR 1R 1, -NR{CHOYOR 1, imvidazolyl;

R, and Ry i Formula 1 together can comprise a 4-6 member aliphatic carbooyelic or
heterocyelic ring comprising 0, 1 or 2 heteroatoms selected from the group consisting of N, O
and S;

Y in Formula H can be selected from the group consisting of CHa, O and §;

X can be selected from the group consisting of CHoy, NH (preferred), O and §;

Ring A can be an aromatic or heteroaromatic ring selected from the group consisting
of benzene (benzene preferred), pyniding, or pyrimidine |, or a trans-substituted cvelohexane
ring, wherewn if ring A i aromatic or heteroaromatic, each Ry and Rs can be independently
selected from the group consisting of H. a halogen (preferably Ry 1s fluorine), lower alkyl, -
CFs, -ORg and —SRg, with the proviso that Ry and Rs do not together comprise a ring, and
wherein if ring A is cyclohexane, R4 and RS are H;

Z can be selected from the group consisting of CHz, NH, O and S (O and S preferred);
R can be sclected trom the group consisting of H, amine, lower alkyl, cveloalkyl,
cycloatkylalkyl, heterocyelyl, heteroeyloalkyl, arvl, arvlalkyvl, -ORg, -SSRy, -NRgRg, -
CONRgRz, -NRCORy, -CO:Rs, -NRsC{OYOR,, -NRCIOIINR R and, when Ry ts lower
atkyl, cvcloalkyl, eveloatkylalkyl, heterocyelyl, heteroeyvloalkyl, aryl, arylalkyl, then Ry can
be optionally further substituted with 0-2 radicals selected from the group consisting of
halfagem }‘l}-’dl'{}?{}-"}, ——N:R‘H;Rmp "(}R]Ej, -—-SR;@_, e F;, -—-('.‘.QNR;{)RN_, -—-NRWC("{)}RN, -
NR;U(.{QH\RWRU *OC{{)}NR H}Rlij., *NL{O}DRML "COR,;\,

Ry, i present, can be selected from the group consisting of H, lower alkyl, cvcloalkyl,

o

cycloatkylalkyl, heterocyelvl, heterocycloalkyl, aryl, and arviaklyl, and, if Ry s not H, Ry can
be optionatly further substituted with 0-2 radicals selected from the group consisting of
halogen, hvdroxyl, -NRjoR e, -ORyg, -SRyg, -CF4, <CONR 3R g, -NRjoCOR 4, -
NRCLOINR 1R 19, ~OCOINR joR 6, -NCOR 1, ~-COR e additionally, in cases where a

24
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nitrogen is substitnted with two Ry groups, the Rg groups can optionally be taken together to
form a 5-6 membered ring; Ry, i present, can be selected from the group consisting of H,
methyl, ethyl, propyl, 1sepropyl, and cyclopropylmethyl, and, in cases where a nitrogen is
substituted with two Ry groups, the Ry groups can optionally be taken together to form a 5-6
membered ring;

Ry, tf present, can be selected from the group consisting of H, methyl, ethyl, propyl,
wopropyl, and ceyclopropylmethyl, and, in cases where a witrogen is substituted with two Ry
groups, the Ryy groups can optionally be taken together to comprise or consist of g 5-6
membered ring;

“lower alky!™ includes C1-C10 linear alkyl and C3-C10 branched alkyl, wherein 0-3
alkyt chain carbong optionally can be replaced with one or more heteroatoms independently
sefected from the group consisting of N, O, and S: “eveloalkyl™ includes 3-7 membered
carboeyelie rings, and melades or can be selected from the group consisting of eyclopropyl,
cyclobutyl, eyclopentyl, cyclohexyl and cyveloheptyl; “cveloatkylaliont™ includes cycloalkyl
rings attached through a divalent lower alkyl group, and includes, but is not limited to,
cvelopropylmethyl, eyclopropylethyl, eyelobutylmethyl, cyclobutylethyl, cyclopentyimethyl,
and evelohexylmethyl; “heterocyeyt™ includes or consists of 4-7 membered aliphatic rings
containing 1-2 heteroatoms selected fromt the group consisting of O, N, and 8, and includes or
consists of 4-7 membered aliphatic rings containing 1-2 heteroatoms wherein the ring can be
selected from the group consisting of oxetane, tetrahydrofuran, dihydropyran, azetidine,
pyrroldine, piperidine, thictane, thiolane, totrahydrothiopyran, 1,2-dioxane and piperazine;
“heterocyeylalkyl™ includes or consists of a 4-7 membered aliphatic ring containing 1-2
heteroatoms selected from the group consisting of O, N, and 8, attached through a divalent
fower alky! group, and includes, but is not limited to, oxetanvimethvl, oxetanyiethyl,
tetrahydrofuranylimethyl, tetrshydrofuranylethyl, tetrahydropyranyimethyi,
tetrahydropyranylethyl, dioxanylmethyvl, azetidinvimethyi, azetidmylethyl,
pyrrolidinylmethyl, pyreohdinyiethyl, pipendinyvimethvl, pipenidinylethod, piperazinylmethyl,
piperazinviethyl, thistanylnmethyl, thistanvlethyl, tetrahydrothiophenylmethyl,
tetrabvdrothiopyranylmethyl, and tetrahydrothiopyranviethyl: “aryl” includes phenyvl, a 3-6
membered heteroaromatic ring containing 1-2 nitrogens, or a fused bicvelic ring wherein at
least one of the rings is aromatic and the fused ring system contamns 1-3 heteroatoms selected
trom the group consisting o O, N, and §, and includes, but is not limited to, pyridinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, furvl, exazolyl, isoxazolyl, thiophenyl, thiazolyl,
thiadiarolyl, benzothiophenyl, indolyl, quinolinyl, isoguinolinyl, indolinyl, isoindolinyl,
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tetrahyvdroquinolinyl, dibydrobenzofuryl, chromanyl, isochromanyl, dihvdrobenzothiophenyl,
thiochromanyl, and isothiochromanyl, “aryialkyl” includes an aryl ring attached through a
divalent lower alkyl group, and includes, but is not limited to, benzyl, phenviethyl,
pyridinylmethyl, pyridinylethyl, pyrimidvimethyl, pyridinylethvl, pyridazinylmethyl,
pyrazinyimethyl, indolvimethyl, quinolmylmethyl, indolinvimethyl, isoindolinylmethyl, and
thiochromanylmethyl,

2. A compound, a pharmaceutically acceptable salt thereof, or a prodvug thereof, of

Formula 10 or Formula IV

Ry R
A R I
N o YN
M A
e \N" /u\ s
% .
Foanuila Hi Formuia iV

wheretn Ry is selected from the group consisiing of H, lower alkyl, and aryl {phenyl and
pyridinyl preferred; phenyt most preferred), wherein the arvl can bhe optionally substituted
with 0-2 radicals each independently selected from the group consisting of halogen, hydroxyl,
~ORi1, -SSRy, lower alkyl, ~CORR ., ~OCIENOR 1y, -NRpCOR,, ~CONRy, -NRCIOINR Ry,
SOCOINR (1 Ry, -NRGCHYOR ¢, and imidazolyvl Ry and R in Formula HI together can
comprise a 4-6 member aliphatic carboeychic or heterocyclie ving comprising 0, 1 or 2
heteroatons selected from the group consisting of N, O and §; Y in Formula 1V can be
sefected from the groap consisting of CHa, O and §; X can be selected from the group
consisting of CHy, NH {preferred), O and S; Ring A can be an aromatic or heteroaromatic
ving selected from the group consisting of benzene (benzene preferved), pyridine, or
pyrivndine | or a trans-substituted eyclohexane ring, wherein i ring A s aromatic ov
heteroaromatic, each Ry and Rs can be mdependently selected from the group consisting of H,
a halogen {preferably Ry is fluorine), lower alkyl, -CF;, -ORyz and ~-SRy, with the proviso that
Ry and Ry do not together comprise a ring, and wherein if ving A Is eyclohexane, R4 and R3
arc Hy Z can be selected from the group consisting of CHy, NH, O and § (O and S preferred);
R~ can be selected from the group consisting of H, amume, lower alkyl, eycloatkyl,
cycloalkylalkyl, heterocyelyl, heterocyloatkyl, arvl, arvialkyl, -ORy, -SRy, -NR3Ry, -
CONRGRg, -NRGUORg, -COyRy, -NRLUOOR,, -NRGUIOMNRR: and, when Ry 15 lower
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atkyl, eycloalkyl, eycloalkvlalkyl, heterocyelyl, heterocyloalkyl, arvl, or arvialkyl, then Ry
optionally can be further substituted with §-2 groups selected from the group consisting of
halogen, hydroxyl, -NRjaR g, -OR g, -8Ry, -CF3, -CONR (oR 10, -NR1oCNR 4, -

NR jgCHOINR 1oR 10, ~OC{OINR R 1o, -NCOYOR 10, -CO:R w3 Ry, if present, can be selected
from the group consisting of H, fower alkyl, cyeloalkyl, cycloalkylalkyl, heterocyelyl,
heterocycloalkyl, aryl, and arvlakiyl, and, if Ry is not H, Rg can be optionally further
substitoted with 0-2 radicals selected from the group consisting of halogen, hydroxyl, -

NR R, ~ORyg, SRy, ~CF3, <CONRioR g, -NRGC{OWR 14, -NR{(oC{IONR R g, -
OCIOINR (R g, -NCOYOIR 1, ~-CO:R ;. additionally, in cases in which a nitrogen is
substituted with two Ry groups, the Ry groups can optionally be taken together 1o form a 5-6
membered ring; Ry, i present, can be selected from the group consisting of H, methyl, ethyl,
propyl, isopropyl, and cyclopropyimethyl, and, in cases where a nitrogen is substituted with
two Ryy groups, the Ryg groups can optionally be taken together to form a 5-6 membered ring;
Ryq, if present, can be selected from the group consisting of H, methvi, ethyl, propvi,
wsopropyl, and evelopropyimethyl, and, in cases where a nitrogen is substituted with two Ry,
groups, the Ry groups can optionally be taken together to form a 5-6 membered ring; “lower
atlovt” ncludes C1-C10 linear alky! and C3-C10 branched alkyl, wherein 0-3 alkyt chain
carbons which optionally can be replaced with heteroatoms independently selected from the
group consisting of N, O, or §; “cycloalkyl™ includes 3-7 membered carboeyelic rings, which
can include eyelopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl;
“vyeloalkylalkvl™ mehudes cyveloalkyl rings attached through a divalent lower atkyl group,

and can include, but is not fimited to, cyclopropyimethyd, evclopropylethyl,

»

cyclobutylmethyl, cyclobutylethyl, eyclopentylmethyl and cyelohexylmethyl; “heterocyeyl
mcludes 4-7 membered aliphatic rings containing 1-2 heteroatoms selected from the group
consisting of (O, N, and S, and can include or can be selected from the group consisting of
oxetane, tetrahydrofuran, dihydropyran, azetidine, pyrroldine, piperidine, thietane, thiolane,
tetrahydrotlnopyran, 1,2-dioxane and piperazine; “heterocyeylalky!™ includes a 4-7
membered aliphatic ring contaming 1-2 heteroatoms selected from the group consisting of O
N, and 8, attached through a divalent lower alky] group, and can include, but is not himited to,
oxetanyvimethyl, oxetanviethyl, tetrahydrofuranylmethyl, tetrahydroturanylethvi,
tetrahydropyranylmethyl, tetrahydropyranylethyl, dioxanylmethyl, azetidinylmethyl,
azetidinylethyl, pyrrohdinyimethyl, pyrrolidinylethyl, piperidinylmethyd, piperidinylethyl,
miperazinyimethyl, piperazinylethyl, thietanylmethyl, thietanylethyl,

tetrahydrothiophenylmethyl, tetrahvdrothiopyranylmethyl, and tetrahydrothiopyranylethyl;
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“aryl™ includes phenyl, a 3-0 membered heteroaromatic ring containing 1-2 nitrogens, or a
fused bicyclic ring wherein at feast one of the rings is avomatic and the fused ring system
contamns 1-3 heteroatoms selected from the group consisting of O, N, and S, and can include,
but 1s not limited to, pyridinyl, pyrimidingd, pyrazinyl, pyridazinyl, furvl, oxazolyl,
isoxazolyl, thiophenyl, thiazolyl, thiadiazolyi, benzothiophenyl, indolyl, quinelinyi,
woquinoliny, indelinyl, isoindeliny, tetrahvdroguinolinyl, dilivdrobenzofuryl, chromanyd,
wsochromanyl, dibydrobenzothiophenyl, thiochromanyl, and isothiochromanyd;
“arvialky!™ includes an aryl ring attached through a divalent lower alkyl group, and can
include, but is not limited to, benzyl, phenylethyl, pyridinylmethyl, pyridinylethyl,
pyrimidyimethyl, pyridinviethyl, pyridazinvimethyl, pyrazinvimethyl, indolylmethyi,
guinohinylmethyl, indolinylmethyd, isoindolinylmethyl, and thiochromanylimethyl.

3. A compound, a pharmaceutically acceptable salt thereot, or a prodrag thereof, of

Formula V

Formula V

wherein Ry is selected from the group consisting of H, lower alkyl, and arvi (phenyl and
pyridinyl preferred, (phenyl most preferred), wherein the aryl can be optionally substituted
with (-2 radicals each independently sclected from the group consisting of halogen, hydroxyl,
-OR;y, -8Ry, lower alkyl, -CQaR 5, ~QCIOIRyy, -NRWCOR 4, -CONRyy, -NRyCIOINR Ry,
~OCIINR 1Ry, -NRj CENOR ¢, and imidazolyl; X can be selected from the group
consisting of CHa, NH {preferred), O and §; Ring A can be an aromatic or hetercaromatic
ring sefected from the group consisting of benzene (benzene preferved), pyridine, and
pyrimdine, or a trans-substifuted eyclohexane ring, wherein it ring A 18 aromatic or
heteroaromatic, each Ry and R can be independently selected from the group consisting of H,
a halogen {preferably Ry ix fluorine), lower alkyl, -CFs, -ORg and SRy, with the proviso that
R, and Ry do nat together comprise a ring, and wherein if ring A 18 eyclohexane, R4 and RS
are Hi Z is selected from the group consisting of CHy, NH, O and § (O and 8 preferred); R is

a 4-7 membered heterocyelic ring containing 1-2 ring atoms independently selected from the
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group consisting of N, O and §; wherein the heterocyelic ring can be optionally substituted
with (-3 substituents independently selected from the group consisting of H, halogen,
hydroxyl, lower alkyl, ~ORg, -SRyg -NRsRy, -CONRgRy, -NRGCORy, -CO2Rg, -NRC{EHOR
and -NRgCIOINRsRg; and, in cases where the heterocyelic ring s substituted by lower alkyl,
the alkyl optionally can be further substituted by 0-2 substituents independently selected from
the group consisting of halogen, hyvdroxyl, ~ORyg, ~SRi, ~-NRgRy, ~CONRsR, -NR;CORg, -
COR, -NRRCIOORg and -NRU{(OINRgRy, Ry, if present, can be selected from the group
consisting of H, fower alkyl, eveloalkyl, eveloalkylalkyl, heterocyelyl, heterocycloalkyl, aryl
and arviaklyl, and if Ry s not H, Ry can be optionally further substituted with 0-2 radicals
selected from the group consisting of halogen, hydroxvl, -NRsR o, -OR g, -SRg, -CF3, -
CONR 16R 1o, ~NR OO 5, NRpCEINR 1Ry, ~OCIOWNR (4R 1y, ~NCOYOR ;o and ~
COaR e additionally, in cases where a nitrogen s substituted with two Ry groups, the Ry
groups can optionally be taken together to form a 5-6 membered ring; Ry, if present, can be
setected from the group conststing of H, methyl, ethyl, propyl, isopropyl and
cyclopropylmethyl, and in cases where a nitrogen is substituted with two Ry groups, the Ry
groups optionally can be taken together to form a 5-6 membered ring: Ry, i present, can be
selected from the group consisting of H. methyl, ethyl, propyl, sopropyl and
cyclopropylmethyvi, and, in cases where a nitrogen 15 substituted with two Ry groups, the Ry;
groups optionatly can be taken together to form a 5-6 membered ring: “lower alkyl™ includes
C1-C10 linear alkyl and C3-C10 branched alkyl, wherein 0-3 alkyl chamn carbons optionally
can be replaced with one or more heteroatoms independently selected from the group
consisting of N, O, or §; “eveloalkyl™ can include or can be selected from the group
consisting of 3-7 membered carbocyelic rings, and includes cyclopropyl, cyclobutyl,

4k

cyclopentyl, evelohexvl, and eveloheptyl: “cycloalkyvlalkyl” includes cycloalkyl rings
attached through a divalent lower alky! group, and includes, but is not hmited to,
cycloprapylmethyl, eyclapropylethyl, eyclobutylmethyl, cyvclobutylethyl, evclopentyvimethyl,
and cyclohexyimethyl; “heterocyeyl” includes 4-7 membered aliphatic rings contamung 1-2
heteroatoms selected from the group conststing of O, N, and 8, and includes oxetane,
tetrabvdrofuran, dihvdropyran, azetidine, pyrrolding, piperidine, thistane, thiolane,
tetrahydrothiopyran, 1. 2~dioxane, and piperazine; “heterocyeylalkyl” includes a 4-7
membered aliphatic ring containing 1-2 heteroatoms selected from the group consisting of O,
N, and S, attached through a divalent lower alky] group, and includes, but is not limited to,
oxetanylmethyl, oxetanylethyl, tetrahydrofuranylmethyl, tetrahydrofuranylethyi,

tetrahydropyranylimethyd, tetrahydropyranylethyl, dioxanylmethyvl, azetidinylmethyl,
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azetidinylethyvl, pyrrolidinyimethyl, pyrrolidinylethyl, piperidinylmethyl, piperidinylethyl,
piperazinylmethyl, piperazinviethyl, thictanylmethyl, thietanylethyl,
tetrahydrothiophenylmethyl, tetrahydrothiopyranylmethyl, and tetrahvdrothiopyranylethyl;
“arvl” includes phenyl, a 5-6 membered heteroaromatic ring contaimng 1-2 nirogens, or a
fused bicyclic ring wherein at least one of the rings is aromatic and the fused ring system
contains 1-3 heteroatoms selected from the group consisting of O, N, and S, and includes, but
1s not limited to, pynidiny, pynmidingd, pyraziovl, pyridazinyl, foryl, oxazolyl, isoxazolyl,
thiophenyl, thiazolyl, thindiazolvl, benzothiophenyl, indolyl, quinolinyl, isoquinolinyd,
indolinyd, 1soindolinyl, tetrahydroquinolinyl, dihydrobenzofuryl, chromanyl, isochromanyl,
dihydrobenzothiophenyl, thiochromanyl, and isothiochromanyt, “arylalkyl” includes an aryl
ring attached through a divalent lower alkyl group, and inclades, but is not limited to, benzyl,
phenylethyl, pyridinvimethyl, pyridinylethyl, pyrimidyimethyl, pyridinviethyl,
pyridazinvimethyl, pyrazinyimethyl, indolylmethyl, quinolinylmethyl, indolinylmethvi,

woindolinylmethyl, and thiochromanylmethyl.

4. A compound, a pharmaceutically acceptable salt thereof, or a prodrug thereof, of

Formula VI or Formuda VI

Row. Rs
2 ) }%
N / ! /“\ N N W
\ AN N N/ N/
L, )Lg Y @ o va

/ ,

Fomula Vi Formula Vi
wherein Ry is selected from the group consisting of H, fower alkyl, and aryvl {(phenyl and
pyridinyl preferred; phenyl most preferred), wherein the aryl is optionally substituted with 0-
2 radicals each independently selected from the group consisting of halogen, hydroxyl, -
ORH_ ~SR3, lower dlh}i *CQ}R; is -O(:{(“Ri T *I\RSUCORs iy -C(}\‘Rn “\R\;C(Q)NRHRH,
SQCOINR 1Ry, -NR{pCENOR ¢, and mmidazolyl; Ra and Ry in Formula IV together
comprise a 4-6 member aliphatic carbocyehic or heterocyelic ring comprising 0, T or 2
heteroatoms selected frons the group consisting of N, O and $; Y in Formula VII is selected
from the group consisting of CHy, (Yand S; W s selected from the group consisting of (3 and
S {0 is preferred); Ro i3 selected from the group consisting of H, lower alkyl, eycloalkyl,
cycloatkylalkyl, heteroeyeyl, heterocyevialkyl, aryl, arylalkyl, “<CONRR, and ~COR, and,

when Ry 1s fower alkyl, evcloalkyl, evcloalkylalkyl, heterocyey], heterocyeylalkyl, aryt, and
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arvlalkyl, Ro can optionally be further substituted with 0-3 groups selected from the group
consisting of halogen, hydroxyl, amine, lower alkyl, cycloatkyl, eycloalkylaliovl,
heterocyelyl, heterocyloalkyl, aryl, arvlalkyl, -ORg, -8Ry, -NRgRg, ~-CONRgRy, ~-NRCOR, -
COR, ~NRC(OYOR, and -NRGC{OINRRy: Ry, if present, can be selected from the group
consisting of H, lower alkyl, cycloalkyl, cyclaalkylalkyl, heteroevelyl, heterocyeloalkyl, arvi,
and arylaklyvl, and, if Ry is not H, Rgcan be optionally further substituted with 0-2 groups
selected frovwn the group consisting of halogen, hydroxyl, -NR Ry, ~ORyp, SRy, ~CF;, ~
CONR joR 190 -“NR16C{OR 100 -NRyCLOMNR 19R . ~-OCTIOINR oR 15, ~-NC{OWIR 1, ~CO2R 105
additionally, in cases where g nitrogen is substituted with two Ry groups, the Ry groups can
optionally be taken together to form a 5-6 membered ring; Ryp, i present, can be selected
from the group consisting of H, methyl, ethyl, propyl. isopropyl, and cyclopropylmethyl, and,
in cases where a nitrogen is substituted with two Ry gronps, the Rys groups can optionally be
taken together to form a 5-6 membered ring; “lower alkyl™ includes C1-C10 linear alkyl and
C3-C10 branched alkyl, wherein (-3 alky} chain carbons may be optionalty replaced with
heteroatoms separately selected from the group consisting of N, O, or §; “eycloatkyt”
metudes 3-7 membered carboceyclic rings, and includes eyclopropyl, cyvclobutyl, eyclopentyl,
cyelohexyl, and cycloheptyl; “cveloalkylalkyl™ ncludes cycloalkyl rings attached through a
divalent fower alkyl group, and includes, but is not imited to, evclopropylmethyl,
cyclopropylethyl, evelobutylmethyl, cvelobutylethyl, cyelopentylmethyl, and
cyclohexylmethyl; “heterocyey!™ includes 4-7 membered aliphatic rings containing 1-2
heteroatoms selected from the group consisting of O, N, and 8, and inchades oxetane,
tetrahydrofuran, dibydropyran, azetidine, pwrroldine, piperiding, thictaneg, thiolane,
tetrahydrothiopyran, 1,2-dioxane, and piperazine; “heterocyeylalkyl™ includes a 4-7
membered aliphatic ring containing 1-2 heteroatoms selected from the group consisting of O,
N, and 5§, attached through a divalent fower allovl group, and mceludes, but is not limited to,
oxetanylimethyl, oxetanviethyl, tetrahydrofuranylmethyl, tetrahydrofuranylethyl,
tetrahydropyranylmethyl, teteahydropyranylethyvl, dioxanyhnethyl, azetidinylmethyl,
azetidinylethyl, pyrrolidinvimethyl, pyrrolidinylethyl, piperidinylmethyl, piperidinylethyl,
piperazinvimethyl, piperazinyvlethyvl, thietanvimethyl, thietanylethyl,
tetrahydrothiophenylmethyl, tetrahydrothiopyranylmethyl, and tetrahvdrothiopyranylethvl;
“aryt” includes phenyl, a 3-6 membered heteroaromatic ring containing 1-2 nitrogens, or a
tused bieyclic ring wherein at least one of the vings is aromatic and the fused ring system
containg 1-3 heteroatoms selected from the group consisting of O, N, and §, and meludes, but

is not Himited to, pyridinyl, pyrimidingd, pyrazmyl, pyridazinyl, foryl, oxazolyl, isoxazobyd,
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thiophenyl, thiazolyl, thiadiazolyl, benzothiophenyl, indelyl, quinelinyl, isoquinolmyl,
indolinyt, isowndolinyd, tetrabydroguinolinyl, dihvdrobenzoluryl, chromanyl, isochromanyl,
dihydrobenzothiophenyl, thiochromanyl, and isothiochromanyl; “arvialkyl”™ includes an aryl
ring attached through a divalent lower alkyl group, and includes, but is not limited to, benzyl,
phenviethyl, pyridinyimethyl, pyridinylethyl, pyrimidylmethyl, pyridinylethyl,
pyridazinylmethyl, pyrazinylmethyl, indolylmethvl, quinolinyimethyl, indolimnyimethy,

woindelinylmethyl, and thiochromanyimethyl.

5. A compound {compound §9), a

~

pharmaceutically acceptable salt thereof, or a prodrug thereof

N
/N
O
O
e
il N
N“N H
6. A compound \ {compound 61}, a

pharmaceutically acceptable salt thereof, or a prodrug thereof.

32



WO 2014/015056 PCT/US2013/050921

7N S

NT O

\

IN ’—LN /lL N P N

7. A compound H H H (compound 179}, a

pharmacentically scceptable salf thereol, or a prodrg thercofl

)
0N
8. A compound {compound 62), a
pharmaceutically acceptable salt thercof, or a prodrug thereof.
&
N
F
9. A compound (compound

193}, a pharmaceutically acceptable salt thereof] or a prodrug thereof.
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N=
—~N_~
HN\?C}
HN SN
~ !

10. A compound {compound 194}, a

pharmaceutically acceptable salt thereof, or a prodrug thercof,

-
3
N
3

3
i
N
3
SN S
i

11. A compound {compound

192}, a pharmaceutically acceptable salt thereof, or a prodrug thereofl
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M o, $N
R SR

12, A compound {compound 186},

a pharmaceutically acceptable salt thereof, or a prodrug thereofl

13. A compound HO Cl

{compound 226), a pharmaceutically acceptable salt thereof, or a prodrug thereol

14. A compound HO Cl
{compound 227}, a pharmaceutically acceptable salt thereof, or a prodrug thereof.
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15, A compound HO

{compound 228), a pharmaceutically acceptable salt thereof, or a prodrug thereof.

16. A compound HO Ci

{compound 229}, a pharmaceutically acceptable salt thereol, or a prodrug thereol.
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17. A compound HO Cl

{compound 230), a pharmacentically acceptable salt thereof, or a prodrg thereof.

F¥. A compound {compound 204), a

~
£

pharmaceutically acceptable salt thereof, or a prodrug thereof

19. A compound {compaound

187}, a pharmaceutically acceptable salt thereof, or a prodrug thereofl
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- e
o B

20. A compound {comapound
201), a pharmaceutically acceptable salt thereof, or a prodrug thersoll

21. A compound o {compound
1035}, a pharmaceutically acceptable salt thereof] or a prodrug theveof.

22. A compound (compound 106),

a pharmacentically acceptable salt thereof, or a prodrag thereof.
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23, A compound {compound

209}, a pharmaceutically acceptable salt thereof, or a prodrug thereof,

IS Wa 'y

24, A compound

{compound 210} or a pharmaceutically acceptable salt thercof.

e¥eas

25, A compound {compound

213}, a pharmaceutically acceptable salt thereof, or a prodrug thereof,

»
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26. A compound

{compournd 214), a pharmaceutically acceptable salt thereot, or a prodrug thereof.

27. A compound

{compound 206}, a

pharmaceutically acceptable salt thereof, or a prodrug thereof.
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28. A compound

{compound 207}, a

pharmaceutically acceptable salt thereof, or a prodrug thereof.

29, A compound

compound 211), a
H )

pharmaceutically acceptable salt thereof, or a prodrug thereof.
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30. A compound

{compound 212}, a

pharmaceutically acceptable salt thereof, or a prodrug thereof.

31 A compound

[ 8 Y S

Z NN
N TN

0N

{compound 215}, a

pharmaceutically acceptable salt thereof, or a prodrug thereof.

T

42



WO 2014/015056 PCT/US2013/050921

32. A compound

{compound 216), a

pharmaceutically acceptable salt thereol, or a prodrug thereol

33. A compound

{compound 217) or a pharmaceutically acceptable salt thereoll

43



WO 2014/015056 PCT/US2013/050921

N‘,:/ j\ quwN\M/o

N S
H

IZ

34. A compound

{compound 218), a pharmaceutically acceptable salt thereof, or a prodrug thereof.

33, A compourxld

ZT

\ e Nf
{compound 221}, a
pharmaceutically acceptable salt thereof, or a prodrug thereof.
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36. A compound

T -

{compound 222}, a pharmaceutically acceptable salt thereol, or a prodrug thereol.,

37, A compound

{compound 223}, a

pharmaceutically acceptable salt thereot, or a prodrug thercof.
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38. A compound

{compound
2243, a pharmaceutically acceptable salt thereof, or a prodrug thereof.
39. A compound
\\ l \ ey
{compound
225}, a pharmaceutically acceptable salt thereof or a prodrug thereof,
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\
o
/

4. A compound HO Ci

{compound 23 1), a pharmaceutically acceptable salt thereof, or a prodrug thereof.

41. A pharmacentical composition comprising:
a compound of any one of aspects 1-40, a pharmaceutically acceptable salt thereof, or
a prodrug thereol and

a pharmaceutically accepiable excipient.

42, A method of identifying one or more inhibitors of MAPK 13, the method
comprising: providing, on a digital computer, a molecular model comprising a complex of
binding pocket domains of MAPK13; docking a chenucal database to the molecular model;
scoring the compounds comprised by the database; and dentifying one or more high-scoring
compounds.

43. A method of inhibiting MAPK 3 activity, the method comprising of blocking the
enzyvme's function by contacting MAPK 13 with a compound of Formula § — Vil or a
pharmaceutically acceptable salt thereof,

44. A cell hoe comprising NCE-H292 cells, a plasmid encoding tTA with pTRE-tight-
HCLCAT wherein the cell expresses hCLCAL after doxyeyeline withdrawal,

45. A method of treating an inflammatory atrway discase in a subject in need thereof,
the method comprising of administering to the subject & compound, a pharmaceutically
acceptable salt thereof, or a prodrug thereof, wherein the compound is selected from the
group consisting of Formudae |- VI in a therapeutically effective mmount.

46. A method of treating an inflammatory airway discase in a subject in need thereof,

the method comprising of administering to the subject a compound, a pharmaceutically
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acceptable salt thereof, or a prodrug thereof, wherein the compound s selected from the
9
N.
NC‘Y\/
o S
>N
£l Ny
N~N H

|

group consisting of

o a

therapeutically effective amount.

47. A method of delivering a MAPK 13 blocking drug directly 1o the region of the
hung affected by the discase, comprising adminstering the drug by an inhalation route.

48. A method of treating an inflammatory airway disease in a subject in need thereof,
the method comprising administering ¢ pharmsaceutical composition corprising a compound
of Formula 1~ VI directly to the lung i a therapeutically effective amount by utilizing an
mhalation route of adminisiration.

49, A method of treating an inflammatory airway disease in a subject in need thereof,

the method comprising of admistering a drug represented by Formula § - VH by an oral

route of administration in a therapeutically effective amount.

Briet Description of the Drawings

FIG. 1 Hustrates Ho-13-induced mucus production depends on hCLCAT in human
epithelial cells.

FIG. 2 itlustrates the effect of BRCLCAT expression on mucus production in fung
epithehal cells.

FIG. 3 tHustrates the effect of MAPK inhibition or knockdown on hCLCA L-driven

mucus production i lung epithelial cells.
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FI1G. 4 illustrates the effect of MAPK inhibition or knockdown on H.-13 mucus
production in huntan airway epithelial cells,

FIGL S dlustrates evidence of an 113 to hCLCAT to MAPKI13 to muem gene
signaling pathway in COPD,

FIG. ¢ iflustrates discovery and validation of a potent MAPK 13 ishibitor,

FIG.7 dlustrates the synthesis of compounds 61, 62, 117, 124,

FIG. 8 dlustrates H~13-driven gene expression 1o human airway epithelial cells.

FIG. 9 iflustrates the effect of CLCAT mduction on MAPK activation.

FIG. 10 illostrates the chemical structures of known and newly-generated inhibitor for
MAPKI13 and MAPK 4,

FIG. 11 Hustrates the side-by-side stereo view of compound 61 and compound 117

rystal structures with MAPKI3S.

FI1G. 12 illostrates superposition of MAPK13 inactivated apo structore with MAPK 14

and a previously deposited MAPKI3 stracture,

FIG, 13 tllustrates the effect of tool compounds on transepithehial resistance

DETAILED DESCRIPTION

In the present teachings, a signal transduction basis for mucous cell metaplasia is
shown. The present inventors have found that human CLCAT can activate MAPK 13 (also
known as p3SS-MAPK), which in turn can convey a signal to stimulate mucin geng
expression. The same signaling pathway can be active in humans with COPD.

In the present teachings, a signaling pathway for 1L-13 driven mucus production that
proceeds via CLCAT and MAPK13 activation to MUCSAC gene expression 1s disclosed. The
mventors have identified a signaling pathhway that proceeds from hCLCAL to MAPKI3 «
MUCSAC muein gene expression. Farthermore, to interrupt this pathway, the inventors have
designed and synthesized small molecular weight compounds to tnhibit MAPK I3 activation.
Interraption of this pathway can interfere with mucas overproduction and therehy provide
treatment methods for dizeases and conditions that involve excess mucus production,

In varicus embadiments, this pathway can be critical for the development of mucus
production and the manifestation of mucous cell metaplasia in airway diseases such as
COPD. The present teachings assign a new function for MAPK13 in controlling mucus
production and validate MAPK 13 blockade as a therapeutic strategy to correct

overproduction of mucus, for example in inflammatory disease.
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Without being limited by theory, in the DFG-out binding mode (See Example 3,
infra), the Kinase is believed to undergo a large conformational change i the activation toop
which evacuates a deep pocket for inhibitor binding and can result in locking the kinase into
an inactive conformation that can be incompatible with phosphate transfer, and therefore
demonstrates slow-off binding kinetics. In various emboduments of the present teachings,
compounds 61 and 117 can demonstrate the DFG-out and DFG-in binding modes,
fold increase w complex half~life {(Fig 6E) which can also be reflected in a greater potency in
the cellular assay (infra). Without being limited by theory, both compound 61 and 117
display similar contacts with MAPK 13 and can form hydrogen bonds with the same residues
{Fig 6D). In addition, without being himited by theory, molecular modeling indicates that the
MAPK 3 Phel69 pocket can accommodate the moiety of compound 117, Without being
timited by theory, the structural reason for 117 displaying DFG-in binding appears to be
sterie fit. Achieving slow-oft binding kinetics (i.e. DFG-out binding mode) can ensure that
drug administered directly to the lungs can remain on-target for a Jong duration, providing a
sustained effect and thus minimizing the need for repeated dosing, while also allowing fora
smaller dose,

In various embodiments, a pharmaceuntically scceptable salt of the present teachings
can include acid addition salts, base addition salts, and the salts of quaternary amyines and
pyridiniums. An acid addition salts can be formed from a compound of the present teachings
amd a pharmacentically acceptable inorganic or organic acid including but not limited o
hydrochloric, hydrobromic, sulfurie, phosphoric, methanesuifonic, 1oluenesulphonic,
benzenesolphonic, acetic, propionic, ascorbic, citric, malonie, fomaric, maleie, lactic,
sahicylic, sulfamic, or tartaric acids. The counter lon of quaternary amines and pyridiniums
can include, for example. chioride, bromide, 1odide, sulfate, phosphate, methavsulfonate,
citrate, acetate, malonate, fumarate, sulfamate, or tartrate. A base addition salts can include
but are not limited to salis such as sodium, potassiwm, calenwm, lithium, magnesiam,
ammonium and alkviammonium. Also, basic nifrogen-~-containing groups can be quaternizsed
with such agents as lower alkyl halides, such as methyl, ethyl, propyl, and buty! chiorides,
bromides and 1odides; dialkyl suifates Hke dimethyl and diethy] sulfate; and others. A salt of
the present teachings can be made by methods well-known to skilled artisans for example by
treating the compound with an appropriate acid or base in the presence of a suitable solvent.

In some embodiments, a compound of the present teachings can be in erystalline form

My

andior s a solvate {(e.g. hydrate). The term "solvate" as used herein refers to a complex of
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variable storchiometry formed by a solute (such as a compound of the present teachings) and
a solvent thatl does not interfere with the biological activity of the solute. Solvents can be, for
example, water, ethanol or acetic acid, Methods of solvation are generally known within the
ari.

In various embodiments, a compound of the present teachings can be used in the
treatment of skin cancer and sepsis.

The term "prodrug™ is used m is broadest sense and encompasses compounds that are
converted in vivo to the compounds of the present teachings. Sach prodrug compounds
include, for example, compounds comprising an ester in place of a free hydroxy group, or an
N-oxide i place of ring Nitrogen, Examples of ester prodrugs include alkyl esters, phosphate
esters and esters formed trom amine acids, such as valine.

The term "pharmaceuticalty acceptable ester” includes bologically acceptable esters
of compound of the invention such gs sulphonic, phosphonic and carboxylic acid derivatives,

Any compound that is a prodrug of a compound disclosed herein is within the scope
and spirit of the invention.

The present teachings include pharmaceutical compositions. In some erabodiments, a
pharmaceutical composition can comprise any of the compounds, pharmaceutically
acceptable salts thereof or prodrugs thereol deseribed herein, and a pharmaceuatically
acceptable excipient. An excipient of the present teachings can be any excipient known to
skilled artisans, such as, without limitation, an excipient described in Rowe, R.C,, et al,,
Handbook of Pharmacentieal Excipients, Fourth Edition, Pharmaceutical Press, 2003,
Pharmaceutical compositions of the present teachings can be prepared by procedures known
in the art. For example, the compounds can be formulated into tablets, capsuales, powders,
suspensions, solutions for parenteral administration including intravenous, intramuscular, and
subeutaneous administration, and jnto solutions for application onto patches for transdermal
application with common and conventional carners, binders, diluents, and excipients. In
vartous conligurations, powder particle size can be within the range of 0.1 -50 microns, In
vartous configurations, powder particle size can be 1-5 microns, In various configurations, a
powder compaosition can be adminustered directly to the lung. In various configurations, a
composition can be administered asing a dry powder mhaler (P apparatus.

Inert pharmaceutically acceptable carriers useful to form pharmaceutical formulations
in accordance with the present teachings inclade starch, mannitol, calcium sulfate, dicaleium
phosphate, magnestum stearate, sihicie derivatives, and/or sugars such as sucrose, lactose, and

clucose. Binding agents can include carboxymethy! celfulose and other cellulose derivatives,
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gelatin, patural and synthetic gums including alginates such as sodium alginate, polyethylene
glveol, waxes and the like. Diluents usetl in the present teachings can inelude a suitable oil,
saling, sugar solutions such as aqueous dextrose or aqueous glucose, and glycols such as
polyethylene or polypropylene glycol. Other excipients can include lubricants such as sodium
oleate, sodium acetate, sodium stearate, sodium chioride, sodiwm henzoate, tale, and
magnesium stearate, and the like; disintegrating agents including agar, calctum carbonate,
sodium bicarbonate, starch, xanthan gum, and the like; and adsorptive carriers such as
bentonite and kaolin. Coloring and flavoring agents can also be added to a pharmaceutical
formulation.

Table 1 Compounds of the present teachings.

MAPKI3 Inhibition | Analytical LC-

Analog _
Compound name Biochemical MS
’ Potency {retention time)
L[ S-tert-butyi-2-(p-tolylpyrazol~
{0 3oyl]-3-[5-(2- s 3.70 mmn
morpholinoethyithiazol-2-vljurea
1-{5-(3-methyloxetan-3-y1)-2-(p-
186 tolyhpyrazol-3-yi}-3-[4-{4- bt 334 min
pyridyloxyiphenvijures
1-{5-3-methyioxetan-3-y1)-2-(p-
187 tolyDpyrazol-3-vH-3-[3+2- S 3.14 min

morpholinoethyithiazol-2-vljurea

1-[2-fluoro-4-{4-
swridvioxyiphenyl}-3-[5-(3-
192 pynayioxyIpheny }7 H ‘{ 3.40 min
methyloxetan-3-vi-2-(p-

tolyhpyrazol-3-yilurea

I S-(3-methyloxetan-3-y1)-2-(p-~

SO min

Lt

204 tolyhpyrazol-3-y1}-3-[4-(4- SRS

pyridylsulfanyhphenyliurea
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1-[6,6-dimethyl-2-(p-tolyi)-4H-
209 furo] 3., 4-clpyrazol-3-yi}-3-{4-(4- + 3.40 min

pyridvioxy)phenylinrea

1-{6,6-dimethvi-2-(p-toly])}-4,5-

[
Pt
73]

dihydrocyclopentale]pyrazol-3-yi}- ot 3.68 min

3-{4-(d-pyridyloxyiphenyliures

1-{6,6-dimethyi-2-{p-tolyl}-4,5-
dihydrocyclopentae]pyrazol-3-yi]- .
214 ) + 3,49 man
3-153-(2-morpholincethyhithiarol-2-

vljurea

1} 2-(3~chioro~4-hydroxy-phenyi)-
229 S5-(3-methyloxetan-3-yhpyrazol-3- 347 min

yvli-3-{4-(4d-pyridyioxyiphenyliures

1~ 2-(3-chloro-4-hydroxy-phenyi)-
6,6-dimethyl-4,35-

234 | dihydrocyelopentajclpyrazol-3-yi]- 3.61 min

3-[2-fluoro-4-(4~

pyridyioxviphenviiurea

1-{2-fluoro-4-(4-

pyridyloxyiphenyl}-3-[2-(4-

233 hydroxyphenyl-6,6-dimethyl-4,3- 3.36 min

dibydrocyclopentajcpyrazol-3-

yllurea
N-fS-tert-butyi-2-(4-

236 | hydroxyphenylipyrazol-3-y1}-2-[4- 4.86 min

{4-pyridyloxyiphenyliacetamide

N-[S~tert-butyl-2-{p-tolyhpyrazol-

240 3-yi]-2-{4-(4-

pyridyioxyiphenyljacetamide
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N-[S-tert-butyl-2«(p-tolyDpyrazol-
3-y1-2-1 2-Huoro-4-(4-

pyridyloxyiphenyllacetamide
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242

N-[3-tert-butyl-2-{p-tolyl)pyrazol-
3-y1-2-13-Hluoro-4-(4-

pyridyvioxyiphenyljacelamide

244

Nl S-tert-butyl-2-{p-tolyhpyrazol-
3-vl}-2-| 3-chloro-4-{(2-chlovo-4-

pyridvhoxylphenyl]acetamide

=3

S.73 min

Lab,

2435

N-{5~(3~methyithietan-3-y1 3 2-{p~
tolyhpyrazol-3-y1}-2-[4-(4-

pyridyloxy)phenyljacetamide

3.80 min

246

2-[2-fluore-4-(4-
pyridyloxyiphenyl ]-N-[3-(3-
methyithistan-3-yi-2-(p-

tolyDpyrazol-3-yllacetamide

3.83 mn

2-{3-fluoro-4-{4-
pyridyloxyiphenyl ]-N-[3-(3-
methylthietan-3-y1}2-{p-

tolylipyrazol-3-yljacetamide

3.8 mmn

249

2-{3~chloro-4-[{2~chloro-4-
pyridvhoxylphenyl}-N-[5-(3~
methyithietan-3-y1-2-(p-

tolyhpyrazol-3-yljacetamide

3,70 min

1-{5-(3-methylthietan-3-y1-2-{p-
tolyhpyrazol-3-yi}-3-[4-{4~

pyridylsulfanyhphenyliurea

4,07 min
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424 min

L-{5-(3-methylthietan-3-v1)-2-(p-
tolyl)pyrazol-3-y1}-3-[4-{4-

pyridvioxyiphenyljurea

3.96 min

2
]
ol

I+ 2-flucoro-4-{4-
pyridyloxy)phenyl -3+ 53~
methyithietan-3-y1-2-(p-

tolyhpyrazol-3-vilurea

3.99 min

[
R 43

1+ S+(3~methylthietan-3-yi-2-{p~
tolvDpyrazol-3-vi}-3-[ 52~

morpholinoethyhthiazol-2-yljurea

N-[S-tert-butyl-2~<(p-tolylpyrazol-
3-y1}-2-{3-chloro-4-{4-

pyridvioxyiphenyl jacetamide

bt
F
fo o]

2-13-chloro-d4-(d-
pyridylosy)phenyl}-N-[3-(3-
methyithictan-3-y13-2-{p-

tolyhipyrazol-3-yllacetamide

136

I-[3-tert-butyi-2-(p-tolylpyrazol-
3-y1]-3-{5-(2-

thiomorpholinoethylthiazol-2-

vljurea

107

Lo S-tert-butyi-2-(p-tolvDpyrazol-
3-yi}-3-{4-(2-

morpholinoethyhithiazol-2-yljurea
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I S-tert-butyi-2-(p-tolypyrazol-
3-yl1-3-[2-(tetrahydropyran-4-

carbonybisomdolin-3-yljurea
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16

L[ S-tert-butyt-2-(p-tolyDpyrazol-
3-vi}-3-[2-(pynidine-4-

carbonyhisoindolin-5-yljurea

3-{4-methyhimidazol-1-y1)}-N-{4-

{4-pyridyioxyphenylibenzamide

122

N~-[A-{4-pyridyloxy)phenyl}]-2-
pyrrolidin~1~yl-pyridine~-4~

carboxamide

124

2-morpholino-N-{4-(4-
pyridvloxyiphenvl]pyridine-4-

carboxamide

180

1-f3-tert-butyl-2-{4-tert-
butylphenylypyrazol-3-41}-3-[5-(2-

morpholinocthyiithiazol-2-ylurea

201

§-[2-methyl-5-(3-methvioxetan-3-
yhpyrazol-3-yi}-3-{5-(2-

maorpholinoethyhihiazol-2-vlheea

202

1-f2-methyl-5-(3-methyloxetan-3-
yhpyrazol-3-yi}-3-{4-(4-

pyridviosyiphenyliarea
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{3-methyloxetan-3-yhipyrazol-3-

1-[2-fluoro-4-(4-

vljurea
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[ 2-methyl-5-G-methvioxetan-3-

pyridylsulfanyliphenyliurea

vhpyrazol-3-yi}-3-{4-(4-

t-[6,6-dimethyl-2-(p-tolyl}-4H-
210 furof3 A-clpyrazol-3-yi}-3-{5-(2-

morpholinoethyhithiazol-2-yljurea

i

24

furof 3 4-clpyrazol-3-yl}-3-{4-{(3~

-[6,6-dimethyl-2-(p-tolyl)-4H-

tetrahydropyran-4-vl-
[ 1.2, d}triazolof4, 3-alpyridin-6-

vihsulfanyl]phenyliurea

-

b3
ot
"

furof 3 d-clpyrazol-3-vi}-3-{4-{]3-

{-[6,6~dimethyl-2-(p-tolyvi-4H-

{4-methyltetrahvdropyran-4-vl)-
[ 1.2 d4ltriazotof4,3-alpyridin-6-

yisulfanyl]phenyliurea

dihydrocvelopentajcpyrazol-3-yvij-

1-{6.6-dimethyi-2-{p-toly])-4,5-

3~{4-{(3-tetrahydropyran-4-yi-
[ 1,2 4triazolof4,3-alpyridin-6-

vhsulfanylphenyliarea

216

1-{6,6-dimethyl-2-{p-tolyl}-4.5-
dihydrocvelopentaielpyrazol-3-yi-
3-{4-{[3-(d-methyvitetrabvdropyran-

F-yhi-{ 1 2 4 ltnazolofd,3-alpyridin~

6-vljsulfanyljphenyliurea
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{4-pyridyloxy)phenytjurea

PCT/US2013/050921

{-[3-{d-methyltetralyydropyran-4-
yh-2-{p-telypyrazol-3-yi]-3-[5-
{2-morphohinoethyithiazol-2-

vljurea

i+ 3-{4-methyltetrahydropyran-4-
yi2-(p-tolyDpyrazol-3-yi]-3~{4-
{{(3-tetrahvdropyran-d-yl-
| 1.2 4lriazolof4,3-alpyridin-6-

yvhsulfanyl]phenyliurea

220

t-[5-(4-methyltetrahydropyran-4-

yhi-2-(p-tolylipyrazol-3-y1]-3-[4~

{[3-{4-methyltetrahydropyran-4-
yij-{ 1,2 4]irtazolof4,3-alpyridin-6-

yisulfanyllphenyljurea

T-[S-tert-batyl-2-(3-chloro-4-
hydroxy-phenyhpyrazol-3-v1}-3-
{ 3-(2-morpholinoethyithiazol-2-

vliurea

F-[2+(3-chloro-d-hydroxy-phenyl -
S-(3-methvloxetan-3-yipyrazol-3-
yij-3-{5-(2-

morpholinoethylijthiazol-2-vlfurea

o
L2
.

1-{2-(3-chloro-4-hydroxy-phenyvi)
S-(4-methyvitetrahydropyran-4-
vhpyrazol-3-vi}-3-{4-(4-

pyridyloxyiphenyvliurea
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1-12-(3-chioro-4-hydroxy-phenyi)-
S-{(4-methyHetrahydropyran-4-
yhpyrazol-3-y}-3-15-(2-

morpholinocthyijthiazol-2-yljurea

1-[2-{4-hydroxyphenyl}-5-($-

methyltetrabvdropyran-4-

b2

(3

Lid
b

vhpyrazol-3-yi}-3-14-(4-
pyridvioxyiphenytiurea

N-{ S-tert-butyl-2-{4-

hvdroxyphenyhpyrazol-3-yi}-2-[2-
fluoro-4-{4~

2%
Lis
)

pyridyloxyphenyvliacetamide

N S-tert-butyl-2-(4~

hydroxyphenyhipyrazol-3-v1}-2-[3-~

o)
LD
o

fluoro~-4-(4-

pyridyloxviphenyljacetamide

N-f Setert-butyvi-2-(4-
hydroxyphenyhpyrazol-3-yi}-2-[3-
chloro-4-{4-

pyridyloxyiphenvljacetamide

N-[4-{4-pyridyloxyiphenyl]-2-
109 pyvrrolidin-1-yl-pyridine-4-

carboxamide

L0 N-[d-{4-pyridyloxyiphenyl}-3-
i .
pyrrolidin-1-yl-benzamide

Methods

The methods and compositions described herein utilize laboratory techniques well
known to skilled artisans, and can be found in laboratory manuals such as Sambrook and
Russel (2006), Condensed Protocols from Molecular Cloning: A Laboratory Manual, Cold

Spring Harbor Laboratory Press, ISBN 0879697717; Sambrook, 1., et al., Molecendar Cloning:
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A Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratery Press, Cold Spring Harbor,
NY, 2001; Spector, D, L. et al., Cells: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, 1998; Ausubel, F. M., et al., ed., Cwrrent Protocels
Molecular Biology, Wiley Interscience, 2003; Nagy, A, ot al., Manipulating the Mouse
Embryor A Laboratory Manual (Third Edition), Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 2003; Hedrickson et al., Organic Chemistry 3rd edition, McGraw Hill,
New York, 1970; Carruthers, W, and Coldham, 1., Modern Methods of Organic Synthesis
{4th Edution), Cambridge University Press, Cambridge, UK., 2004; Graham Solomons T.W,,
et al., Organte Chemistry 9th edition, Wiley, John & Sons, Incorporated, 2007.

As used herein, the singular forms “a”, “an”™ and “the” are intended to include the
plural forms as well, unless the context indicates otherwise, Methods of administration of
pharmaceuticals and dosage regimes can be determined according to standard prineiples of
pharmacology well known skilled artisans, using methods provided by standard reference
texts such as Remington: the Science and Practice of Pharmacy (Alfonse R. Gennaro ed. 19th
ed. 1995} Hardman, 1.G., et al,, Goodman & Gilman’s The Pharmacological Basis of
Therapeuatics, Ninth Edition, McGraw-Hill, 1996; and Rowe, R, et al, Handbook of
Pharmaceutical Exciprents, Fourth BEdition, Pharmaceutical Presy, 2003,

Primary cell culture. Homan tracheal epithelial cells (WTECs) were isolated and
placed into culture i growth factor enriched medinm as deseribed previously (Tyner, J W, ot
al. J. Clin. Invest. 116:309-21, 2006). For the present experiments, cells were seeded at 2 x
107 cells per well (24-well Transwell, Coming, Corning, NY) and cultured under submerged
conditions until confluent, Cultures were then maintained in DMEM-Ham's F12 medium
with 2% NuSerum (BD, Franklin, N, Primocin (100 pg/mi, InvivoGen, San Diego, CA),
and retinoic acid (1 x 107 M, Sigma) with or without 1L-13 (50 ng/iml, Peprotech, Rocky
Hill, NIy for 2 days, and finally were switched to atr-liguid interface conditions with or
without 1L.-13 added twice per week for 3 weeks. Cells were also cultured in the presence or
absence of a range of concentrations of chemical intubitors, All inhibitors were added 1 day
before addition of {L.-13 and were re-added with each .13 treatment. Transepithelial
clectrical resistance (TEER) of cell cultures was monttored as deseribed previously
{Thavagnanam, S., et al. Ped. Res. 69:95-108, 201 1)

Chemical inhibitors, BIRB-796 (Doramapimod} was obtained from American Custom
Chemicals {San Diego CA). SB-203580 was obtained from EMD Chemicals (Gibbstown,
NJ). These compounds and all analogs were also synthesized in our laboratories and purified
to >99%, purity asing sitica gel column chromatography and recrystallization. Purity analysis
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was determined using a ZORBAX XDB-CR column {Agilent) on an Agilent Series 1100 LC-
MS instrument with UV detection ai 215 and 254 nM. 'H NMR spectra were obtained using a
Varian 400 MHz NMR mstrument (Varian Medical Systems Inc., Palo Alto, CA, USA)
Instant JChem {version 5.9.3, 2012 release) was used for structure database management and
search (hitp//www.chemaxaon.com). Compounds were stored in the dark at 10 mM in DMSO
before use in biological or biochemical assays.

Cene expression microarray analysis. Gene expression analysis was performed using
ILLUMINA Homan HT-12 BEADCHIP (laming, San Diego, CA, USA). Total RNA was
tsolated from hTECs using the QIAGEN RNEasy kit (Qiagen) and was amplified and
biotinylated using the Ambion Hlumina TotalPrep Kit, Hybridization and scanning, including
background corvection, of Human HT~12 BeadChip arrays was performed according to the
manufacturer’s instructions, using BEADSTUDIO 3.0 software (Illumina) at the Washington
University School of Medicine Genome Sequencing Center Microarray Core Facility,
Microarray normalization and statistical analysis was performed using packages from the
Bioconductor project executed i the R programming environment {Gentleman, R.C., et al.
Genome Biol, 3:R80, 2004). Raw image data were imported into Bioconductor using
readlumina as implemented in the beadarray package with background subtraction and
tmage sharpening. The resulting bead-level data was then normalized for intensity at the bead
level using the HULK algorithm, to adjust for local spatial effects (Le. eross-array gradients)
{Dunning, ML, et al. Bioinformatics. 23:2183-4, 2007; Cairns, J.M., et al. Bioinformatics.
24:2921-2, 2008; Lvnch, AG., et al. Stat, Methads Med, Res. 18:437-52, 2009}, The data
were then sumimarized for cach bead type. A model-based variance stabilizing
transtormation, which generates values on a log2 scale for compatibility with downsiream
analyses was applied to the bead-type summaries, followed by gquantile normalization across
the experiment using functions in the beadarray package. Bead-types not detected on at least
1 array {detection p<0.01) were then filtered to improve power to detect differentially
expressed genes (Lin, S.M., et al. Nucleic Acids Res, 36:el 1, 2008; Bolstad, B, et al.
Biomformatics. 19: 18393, 2003: Hackstadt, AL and Hess, AM. Bioinformaties, 10:11,
20093, Differential expression after 21 days of [L-13 treatment was assessed (1L-13 versu
control} using linear models and empirical Bayes moderated F statistics as implemented in
the LIMMA package (Smvth, G.K. Stat. Appl. Genet. Mol Biol, 2004). Differences in gene
expression were considered significant if P values were <0.05 after adjustment for maltiple
testing as deseribed previously, so that false discovery rate was <5% (Benjamint, Y. and
Hochberg, Y. J. R, Stat. Soc. B57: 289-300, 1995). Bead-types were annotated to genes nsing
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a combination of the manufacturer’s apnotation, transeript level annotations obtaned from
AceView, and annotations from the University of Cambridge Computational Biology Group
in order to optimize interpretation of the pene expression data (Thierry-Mieg, D. and Thierry-
Mieg, J. Genome Biol. 7 Suppl. 1. S12:11-4, 2006; Barbosa-Morais, N L., et al. Nucleie
Acids Res. 38:¢17, 2010; Yin, 1, et al. BMC Genomices, 11:50, 2010}, Visualization and
plotting was performed using TIBCO Spotfire DecisionSite for Functional Genomics
{TIBCQO Spothire, Somerville, MA, USA). Raw and processed microarray data were
deposited i the National Center for Biotechnology Information Gene Expression Omnibus
and are accessible through GEO Series accession number GSE37693 (Edgar, R, et al. Nucl
Agids Res, 30:207-10, 2002).

Real-time gquantitative POR assay. RNA was purified using the RNEASY kit {{hagen,
Valencia, CA) and reverse transeribed using High-Capacity eDNA Archive kit (Life
Technologies, Carlshad, CA). Target mRNA levels were quantified with real-time PCR using
fluorogenic probe/primer combinations speeific for CLCAL, CLCA2, CLCA4, MUCSALC,
MAPK 13, MAPK 4, and GAPDH and TAQMAN FAST Universal master miux (Life
Technologies). All PCR assays were quantitative and utihzed plasmids containing the target
gene sequences as standards. Sequences of the forward and reverse primers and probes were:
SCAGTGTCACAGCCCTGATTGAATCAGTGAAT (SEQ IDNQ: 1,57~
AGTTGTCGAAATACCTTGAGTAGACACCGT (SEQ ID NO: 23, and 5°-
TAATGGAGCAGGTGCTGATGUTACTAA (SEQ ID NO: 33 for CLCAL; &'-
ACCCTATCTTGOGACAGCACC-TGGAGAA (SEQID NGO 4), 5°-
CTTGOATATTCTGTAGACTTTTACTCA (SEQ D NO: 5) and 5°-
TTTGATCAGGGCCAGGCTA-CAAGCTATGAA {(SEQ ID NO: 6) for CLCAZ;
S"TGGACATACAGAAGTTTTGGAACT (SEQ ID NO: 73, 3°-GCTGTA-
AAATACCTGGAGTAGACT (SEQ D NO: 8), and 37~
GATAATGOTGCAGGCGCTOATTCTTTCAAGAA (SEQ 1D NO: 9) for CLCA4; 57~
AGGCCAGCTACCGGGCCGGCCAGACCAT (SEQ ID NO: 10y, §7-
GTCCCCGTACACGGCGCAGOTOGGCCAGGCA (SEQ ID NO: 11, and 3°-
TGCAACACCTGCACCTGTGACAGCAGGAT (SEQ 1D NO: 12) for MUCSAC, and §°-
CAGCCGAGCCACA-TCCCTCAGACACCAT (SEQ 1D N 13), 8-
CTTTACCAGAGTTAAAAGCAGCCCTGGTGACCA (SEQ ID Ny 143, and 57-AGGTC-
GGAGTCAACCGATTTOGTCOTATTG (SEQ 1D NO: 1S for GAPDH. All probes were
designed to span an intron and did not react with genomic DNA. Copy numbers of MAPK13
and MAPK 14 mRNA were determined nsing pre~designed TAQMAN assays (Life
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Technologies), The ¢cDNAs for CLCAL, CLCAZ, GAPDH and a portion of MUCSAC were
amplified by PCR from the RNA puorified from hTECS and reversed transcribed to ¢DNA,
The resulting PCR products were blunt cloned into PCR-Blunt vector (Invitrogen) and used
as standards for the determination of the copy nambers of these genes, The plasmids
encoding CLCA4, MAPK 13 and MAPK 14 were obtained from Thermo Scientific Open
Biosystems {Huntsville, ALY All real-time PCR data was sormalized to the fevel of GAPDH
{1 x10° copies).

Inmnunostaining. Mouse anti-human MUCSAC biotin-conjugated mAb clone 453M1
was obtained from Thermo Lab Vision (Kalamazoo, MI). Rabbit anti-human CLCAL
antibody (designated #1228) was generated by peptide inoculation and peptide-based affinity
purification using amino acids 681693 as desceribed previously (Gibson, A, et al. . Biol
Chemy. 280:27205-12, 2005). For immunocytochemistry, cells were fixed in 0.4%
paraformaldehyde, permeabilized in PBS with 1% Tween-20), subjected 1o heat-induced
epitope retrieval in 10 mM sodium citrate buffer (pH 6), blocked with Image-~It ¥X signal
enhancer, with 2% fish gelatin (Sigma), and then Incubated with ant-MUCSAC biotin-
conjugated mAb and rabbit anti-CLCAL antibody followed by ALEXA 488- or 555-
conjugated streptavidin or ALEXA 555+ or 633-conjugated goat anti-rabbit secondary Ab
(Life Technologies), counterstained with SYTOX Green (Life Technologies) or DAPI (Life
Technologies} and then imaged by conventional (Leiea) or confocal {Zeiss LSM-510 META
laser scanning confocal microscope) fuorescence microscopy. For immunohistochemistry,
hung sections were incubated with eitrate-based Antigen Unmasking Selution (Vector Labs,
Burlingame, CA) for 10 min at 90°C for antigen retrieval and then with biotinylated anti-
MUCSAC mADb (2 pg/mb) and rabbit anti-CLCAT Ab {10 pg/ml) in 70 mM NaCl, 30 mM
HEPES, 2 mM CaClz, pH 7.4 with 1% BSA, 196 goat serum, and 0.1% cold water fish gelatin
followed by 10 pa/mt ALEXA-4SS conjugated streptavidin and 10 ugfml Alexa-355
conjugated goat anti-rabbit lzG (Life Techpnologies) i the same buffer overnight at 4°C.

Generation of shRNA-expressing cells. Lentiviral vectors expressing small interfering
RNA (siRNA} from short hairpin RNA (sShRNA) were from the MISSION shRNA tibrary
{Sigma). A set of shRNA clones (constructed within the lentivirus plasmid pLKO. 1 -Puro)
was obtained for each of the following mRNA targets: CLCAT (NM_001285), MAPK13
(NM_002754) and MAPK 14 (NM_001315). Lentiviral particles {or each of the clones were

generated by trapsfecting HEK 2937 cells with shRNA-pLKO I -Puro plasmid,

pHR™8.2deltaR packaging plasmid, and pCMV-VSV-G envelope plasmid using Fugene6

{Roche Apphied Science, Indianapolis, IN} as the transfection agent (Stewart, S.A., et al.
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RNA. 9:493-301, 2003). The shRNA lentiviral particles were added to the apical and basal
sides of WTEC cultures for 24 h at multiplicity of infection (MO1) 1 and then replaced with
fresh media. Ten days later, cells were treated with or without IL13 as described above.
Transduction cfficiencies were 50-00% as detormined using the MISSION Turbo-GFP
control vector (SHCG03, Sigma),

Cell-based ELISA for MUCSAC, Cells were fixed with 4% formaldehvde, rinsed
with wash bufter (PBS with 0. 1% Triton), incobated with blocking buffer containing 1X milk
{(BioFX Company, Owings Mills, MD) for 1 h at 25°C, rinsed again, and incubated with
mouse gnti-human MUCSAC biotin-conjogated mAbDb clone 45M1 at 1:500 final dilution for
18 h at 4°C. Cells were then rinsed and incubated with neutravidin-horseradish peroxidase
{Pierce Biotechnology, Rockford, IL}Y at a final difation of 1:2000 for 1 h at 25°C followed by
developing solution (R&D Systems, Minneapolis, MN). The reaction was terminated using
stop solution (R&D Systems) and absorbance measured at 430 nm. To normalize MUCSAC
measurements for cell number per well, cells were washed again, incubated with .5% crystal
vielet solution for 30 min at 25°C, washed, incubated with 1% SDS (160 gliwell} for t hat
25°C, and assessed for absorbance at §95 nm. Values for MUCSAC levels were expressed as
ratio of absorbance at 450 nm to absorbance at 395 nm.

Quantttative MUCSAC ELISA. To determine the level of MUCSAC in lung samples
from COPD and control donors a quantitative MUCSAC ELISA was set up. The plasmid
encoding the 45M1 epitope of MUCSAC was obtained from Dr. G.C. Hansson (Goteburg
University, Gothenburg, Sweden). The recombinant protein was expressed in 293F cells and
purified as deseribed previously (Lidell, MLE, ot al. FEBS 1. 275:481-9, 2008). COPD and
donor tssue was lysed in the mammahan protein extraction reagent (M-PER, Thermo Pierce
Biotechnology) supplemented with Halt Protease & Phosphatase Inhibitor Cocktail (Thermo
Pierce Biotechnology) and S mM EDTA. Protein concentration was determined using the
BCA protein assay kit (Thermo Pierce Biotechnology). Protein cell lysates were plated on
high binding Nune Maxisorp ELISA plates (Thermo Nalge Nune, Rochester, NY)
carbonate-bicarbonate buffer pH 9.4 and incubated at 37°C overnight. The recombinant
standard of 43M1 was incubated at 4°C. The plates were washed with PBS-0.053% Tween-20
{Sigma} and blocked overnight with Sea Block blocking buffer (Thermo Pierce
Biotechnology). The reaction was developed using the 43M1 biotin conjugated monoclonal
antibody and Avidin-HRP using the 1-Step UltraTMB-Elisa substrate (Thermo Prerce

Biotechnology).
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CLCAT ELISA for cell culture samples. To determine CLCAT level m cell lysates, a
CLCAT ELISA was developed using rabbit anti-N-CLCAT antibody for detection and a
purified recombinant CLCAI-3XFLAG contaming amimne acids 681-693 as a standard. The
recombinant protein was expressed in 293 Teells using the pCDNAJ.1 vector {Life
Technologies) and purified using anti-3xXFLAG antibody (Sigma). ELISA plates {Thermo
Scientific Nagle Nunc} were coated with 50-ul sample aliquots (1 pgfwell total protein} or
with varving concentrations of standard overnight at 4°C, washed, blocked with 3% fish gel
tn PBS for 2 h at 257C, washed again, and anti-CLCAT antibody was added at g final dilution
of 1:100 for | h at 25 *C. The plates were washed, and HRP-conjugated goat anti-rabbit
secondary antibody (Santa Cruz) was added at 1:2000 ditution for 1 h at 25°C. Ab-binding
was detected using color developing solutions {R&D Systems) with absorbance at 430 nm on
a Spectra Max Plus plate reader (Molecular Devices, Sunnyvale, CA).

CLCA ELISA for lung tissue samples. To determine CLCAL fevel in lung samples,
a CLCAL ELISA was developed based on anti-CLCAT mAb {clone 813} for detection and
purified recombinant CLCAT as a standard. To generate the standard, a plasmid encoding the
N-terminal portion of CLCAT (amino acids 22-694) with a 6-His tag was expressed in 293F
cells and purified by affintty chromatography. Lung tissue samples were lysed in M-PER
reagent {Thermo Pierce Biotechnology) and cell bysates (10 pgfwell) were plated in
carbonate-bicarbonate buffer pH 9.4 overnight at 4°C. The plates were washed, blocked
overnight with SEA BLOCK blocking buffer (Thermo Pierce Biotechnology), washed again,
and anti-CLCAT 83 mAb was added at 1 pg/mi for 3 h. The plates were washed and HRP-
conjugated Fab fragment of goat antt mouse 1gG (H+L chains) antibody (Life Technologies)
at 12000 was added for 1 b, After washing, Ab binding was detected using the 1-Step Ulira
TMB-ELISA substrate (Thermo Pierce Biotechnology) with absorbance at 450 nm on the
Spectra Max Plus plate reader.

Generation of anti-CLCA Y mAb. To generate immuanogen, N-CLCA L was purified
from baculovirus-infected insect cells (Hi3) in a custonuized pFastBac Duoal vector in frame
with an N-terminal honey bee mellitin signal sequence and C-terminal thrombin cleavage site
fetlowed by a 6-His tag. Recombinant baculovirns was generated in S{9 insect cells.
Recombinant N~-CLCAT was produced by infecting HiS cells cultured in serum-free ExCell
408 media. Culture supernatants were coltected 72 hours post-infection and the proteins were
purified to homogeneity using Ni-affinily chromatography followed by 1on-exchange
chromatography. Protetn identity was verified by Western blot against the 6-His tag and
purity was assessed by Coumassie-stained SDS-PAGE. For generation of mAbs, BALB/]
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mice were primed and boosted at 3-wk intervals with puritbed N-CLCA1 (50 pg) complexed
with adjuvant. Approximately one month afler the last boost, serum was harvested and tested
for immmunereactivity against plate-inmmobilized N-CLCA] purified from 2937 cells. Mice
with highest titers were boosted intravenously with N-CLCA (50 pg) and splenocytes were
harvested 3 days later. Hybridomas were produced by fusion with PIX63Ag8.653 myeloma
cells. Screening for positive clones was performed with ELISA using the pure insect-cell-
generated N-CLCA L Protein A/G chromatography was used to purify the mAbs. To screen
hybridomas for anti-CLUCAT mAb production, ELISA plates (Thermo Scientific Nagle Nunc)
were coated with recombinant purified N-CLCATY overnight at 4°C, washed twice with 0.1%
Triton tn PRS, and then blocked with 3% fish gel in PBS for 2 h at 25°C. The plates were
washed twice and hybridoma supernatants were added. The plates were washed, and HRP-
conjugated goat anti-rabbit secondary antibody (Santa Croz) was added at 1:2000 diution for
I hoat 25°C, Plates were washed, and Ab-binding was detected using color developing
soluttons (R&D Systems) for absorbance at 430 nm on a Spectra Max Plus plate reader
{Molecular Devices, Sunnyvale, CA),

Generation of CLCAT-expressing cell lines. To generate lung cell hines that stably
expressed CLOAT driven by the tetracyeline-inducible gene promoter system, human hung
mucoepidermoid carcinomsa NCI-H292 cells were first transfected with pCMV-riTA (rTetR-
VP6) (Clonetech, Mountain View, CA}, and clones were selected with G418 (200 pgimi).
Clones with Jow background and high induction of uciferase gene expression when
transfected with pTRE-Tight-luciferase (Clonetech) and treated with doxyeychine (10 pgiml)
were selected for a second transfection with a TRE-driven CLCAL-expressing plasmid. Cell
bnes (NCI-H292-00TA-CLCAT) with stable expression of pCMV-riTA and pTRE-CMV-
CLCAT were selected with G418 and hygromyein {20 pg/mb. The CLCAT gene (including
Kozak sequence) was cloned from FFEC RNA using PCR and was inserted into pTRE-Tight
asing 3°-Notl and 37-EcoRV restriction enzyme sites. All constructs were verified by DNA
sequencing.

MAPK phospho-arrays. MAPK activation was assessed using a human phospho-
MAPK antibady array (Prateome Profiler MAPK Array, R&D Systems) according to the
manutacturer’s instructions. The chemiluminescent signal from the arrays was captured on
film, digitized with 3 UMAX PowerLook 1120 scanner and SitverFast Al software, and
quantified with ArrayVision 8.0 software (GE Healtheare Biosciences, Pittsburgh, PA).

Gene knockdown with sitRNA. MAPK 13 or MAPK 14 STEALTH RNAI (Life
Technologies) was transfected into NCI-HI02-rtTA-CLCAT cells using Lipofectamine
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RNAiMax {(Life Technologies). For transfection, lipofectamine (2.5 ul) was mixed in RPMI-
serum free media (200 pl) with RNAG (25 aM) by shaking for 30 min at 25°C. Cells were
then incubated in the RNAI-Lipofectamine mixture for 24 h at 37°C, and then treated with
doxyeycline for an additional 24 h. Cellular RNA was isolated and reversed transceribed using
the High Capacity ¢cDNA Archive kit (Life Technologies), and target mRNA levels were
determined by quantitative RT-PCR.

Homan subjects. Lung tissue was obtained from the explanted lungs of 9 patients with
very severe (QGOLD Stage 1V) COPD ot the time of lung transplantation as described
previousty (Tyner, LW, et al, ). Clin. Invest, 116:309-21, 2006; Kim, E.Y., et al. Nat. Med.
14:633-90, 2008; Agapov, E., etal. Am. I Respir. Cell Mol. Biol 41:379-84, 2009). Excess
fung tissue from four lung transplant donors without COPD was used as a control. The
University Human Stadies Committee approved all protocols, and alf subjects provided
informed consent for participation in the study,

MAPK inhibitor assay. The MAPKI3 blocking activity of test compounds was
determined using an immobilized metal affinity polanization (IMAP) assay containing
activated MAPK I3, FITC-labeled substrate, and test compound. Full-length 6-His-tagged
MAPK 13 and constitutively active GST-MKK$ were prepared as described below. Activated
MAPK I3 was generated 1n 50 mM Hepes, 10 mM MgCl and 1 mM DTT, contaiming 1 uM
MAPK13, 2 uM MKK6 and SO M ATP for | hat 25°C, MKK6 was removed by incubation
with glutathione SEPHAROSE 4B beads (GE Healtheare Biosciences). MAPK13 activation
was confirmed by Western blot using anti-phospho-p38-MAPK (T180/Y182) antibody (R&D
Systoms, Minneapolis, MN). IMAP assavs woere performed in 96-well non-treated halftarea
black plates or 384-well black plates {Corning Inc., Coming, NY) in a final reaction volume
of 20 pl using the linear phase of the rate kinetics. Assay reactions contained 0-100 uM test
compound, 3-33 aM (ECge) activated MAPK13, 3 1M (K app) ATP, and 100 nM FITC-
tabeled EGFR peptide substrate (FITC-KRELVERLTPSGEAPNQALLR-NH,), which was a
kind gift from John Schindler (Washington University). The reaction proceeded for 20 min at
25°C in 10 mM Tris-HCL 10 mM MpCls, 0.1% BSA, 0.05% NaNy, 1 mM DT, pH 7.2 after
which 60 ui of tri~valent metal nanoparticles contaming IMAP binding reagent {(Moleeplar
Deviees, Sunnyvale, CA) was added for 80 min at 25°C. The IMAP binding reagent was
optimized at 1:600 {vol/vol) based on the number of acidic residues in the peptide substrate.
Fluorescence polarization was measured with a Biotek Synergy 4 nudtimode plate reader

{Biotek, Winooski, VT with excitation at 4835 nm and emission at 328 nm. The ICsp values
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for cach compound were determined from the compound concentration versus fluorescence
polarization (mP) plot using nonhinear curve fitting with GraphPad Prism software {Graphpad
Softwarg, La Jolla, CA).

MAPK purification for biochemical assays and crystallization. Full-length human
MAPK13 (1-363) and MAPK 13 crystallization construct {1-352) were cloned into pET28a as
N-termnal 6-His-tagged constructs. A constitutively active mutant MKK6-GST fusion
constroct (GST-MKX6 (huy was a gift from Peiging Son (Scripps, La Jolla, CA). A pET28a
construct of A-phosphatase was a gift from Dima Klenchin (University of Wisconsin,
Madison, W, All constructs were confirmed by sequencing and transformed into Rosettal
{DEXY E. cobi (EMD Millipore, Billerica, MA) and expressed as soluble proteins that were
purified using the specific affinity tags followed by gel filtration chromatography. The
MAPK 3 protetns expressed i E. colt displayed a high degree of auto-phosphorviation, seo
they were dephosphorylated with 2-phosphatase prior to final purification by ton exchange
{Mono Q). All buffers used during purtfication (lysis, column, and storage) of MAPK 13
required addition of 10% glveerol and 1-5 mM reducing agent (either f-mercaptoethanod or
DTT} to prevent precipitation of the recombinant protein. The final purtfied MAPK L3 for

rystallization was stored 1o buffer contatning 20 mM Hepes pH 7.5, 150 mM NaCl, 10%
glyeerol, and | mM DTT.

MAPK crystatlization, x-ray diffraction data collection, and structure determination.
Crystals of non-phosphorylated MAPK 13 were obtained by mixing protein solution {at 10
mg/ml) with reservoir solution (30 mM ammonium tartrate, 18% PEG 3350 ina 4:1
{proteinreservoir) ratio. The non-phosphorylated MAPK 13 orystals were used 1o obtain
structares of MAPK 13 i complex with compounds by soaking. Briefly, compounds
dissolved in DMSO at a concentration of 100 mM were added to erystallization drops at one~
tenth volume for a final concentration of 10 mM compound in the drop. Crystals were
allowed to soak for 3-5 hours, Crystals were eryoprotected by addition of 23% glveerol and
stream-frozen at 100K X-ray diffraction data were collected at Advanced Photon Source
beamline 191D (non-phosphoryiated) and Advanced Light Source beambine 4.2.2 (Compound
61 and 124), Data were processed using HKL-2000 software (Otwinowski, Z. and Minor, W.
Methods in Enzvmology: Macromolecular Crystallography, Vol 276 (eds. Carter, CWUI &
Sweet, RM) 307-326 (Academic Press, New York, 1997). The phase probilent was solved
by melecular replacement using Phaser crystallographic software (McCoy, A, etal L

Appl. Crystallogr. 40:638-74, 2007). For non-phosphorylated MAPK13 the probe structure

68



WO 2014/015056 PCT/US2013/050921

was a deposited structure of MAPKIZ from a stroctural genomics project (PDB code: 3COI).
Although our structure displayed similar erystat packing to the previously deposited one,
there were noticeable large differences in the C-terminal regilon reveated in our high-
resolution structure (Fig. 9). The structares of MAPK 13 with compounds were isomorphous
to the non-phosphorylated stracture, so they were determined by rigid body refinement.
Compounds were clearly visible in Fy ~ Fe difference maps following rigid body refinement
{Fig. 11). Compounds were fit to electron density maps manually using Coot software and
refinement carnied out in PHENIX software (Emsley, P, et al. Acta. Crystallogr. D, Biol,
Crystallogr, 66:480-501, 2010; Adams, P.DD., et al. Acia. Crystallogr. D, Biol, Crystallogr.
66:213-21, 2010). Ramachandran analysis was as follows (%efavoredMapercent outliers): non-
phosphorylated, 95.6/0.6; compound 61, 96.1/0.3; compound 124, 95.5/0.9. Final coordinates
and experimental stracture factors were deposited in the RCSB Protein Data Bank with
following codes; 4EXU, 4EY], and 4EYM. Data collection and relinement statistics are
provided in Table 3. All molecular graphics figures were produced using PyMOL.

MAPK 13/smal]l melecule binding assay. Kmetics of MAPK13 binding to small
molecules was assessed using bio-layer interferometry with an Octet (ForteBio, Menlo Park,
CA ). Super-streptavidin-coated biosensors from ForteBio were used to capture biotinylated
MAPK I3 onto the surface of the sensor, After reaching baseline, sensors were moved to
association step containing 2500, 1250, 625, 312.5, or 156.3 nM inhibitor for 300 s and then
dissociated for 300 s. Curves were corrected by a double-referencing technique using both
biotin-coated pins dipped into the ex;tserims;:mai wells and a buffer-only veference. The
running butfer consisted of 10 mM Hepes pH 7.5, 150 mM NaCl, 0.05% Tween, and 3%
DMSO. Hali~lives were calculated from dissociation constants determined from global
Kinetic analysis,

Statistical analysis. Values for gene expression were analyvzed using a one~ or two-
way analysis of variance (ANOVA) as appropriate for a factorial experimental design. PCR
data was compared by unpaired Student’s t-test with Welch’s correction for unegual
variances when appropriate. Inhibitor effects were analyzed using two-way ANOVA,
Significance level for all analyses was (1.03.

Examples

The present teachings including descriptions provided in the Examples that are not
intended to limit the scope of any claim or aspect. Unless specifically presented 1 the past
tense, an example can be a prophetic or an actual example. The following non-limiting

examples are provided to further ilustrate the present teachings. Those of skill in the art, in
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tight of the present disclosure, will appreciate that many changes can be made in the speaific
embodiments that are disclosed and still obtain a hke or similar result without departing from
the spirtt and scope of the present teachings.

Example 1

‘This example ustrates that hCLCAT controls mucin gene expression.

Human tracheal epithehal cells (hTECs) were incubated with 1L-13 (50 ng/mi) under
submerged conditions for 2 d and then air-hquud interface conditions for ap to 21 d, and cell
tysates were analvzed for hCLCAL hCLCAZ, and hCLCA4 mRNA levels by real-time
gquantitative PCR {¢gPCR) assay. Human CLCAL but not CLCAZ, CLCA3Z, or CLCA4 gene
expression was inereased i concert with IL-13 jnduction of mueous cell metaplasia
{signified by increased MUCSAC mRNA) in well-differentiated haman atrway epithelial
cells (FIG. 1ab) Levels of CLCAZ and CLCA4 were detectable and were increased during
differentiation under air-hquid interface conditions, but neither was increased by [L-13
treatment. Levels of CLCA3 mRNA were undetectable under these conditions. Whole
genome microarray analysis of gene expression showed significant upreguiation of CLCAL
and MUCSAC mRNA levels refative to all other genes (FIGL B). The increases wn CLCAT and
MUCSAC mRNA resulted in corresponding inereases in CLCAT and MUCSAC protem
tevels (FIG. ledde). FIG. te shows corresponding fevels of CLCAT in cell lysate and apical
cell supernatant determined by ELISA. FIG 1d shows correspoading levels of MUCSAC
determined by cell-based ELISA. FIG. e shows corresponding immunocytochemistry for
DAPL CLCAL, and MUCSAC using confocal microscopy. Scale bar: 30 pm. FIG. H shows
corresponding immunocytochemistry at a more apical (high z axis) and subjacent {Jow z axis)
celtular focation. Arrows indicate the same reference cells for high and low ¥ axis. Scale bar:
56 pm.

F1G. le and d show that increases in CLCAT and MUCUSAC mRNA resulted in
corresponding increases i CLCAT and MUCSAC protem levels, with significant detection of
these proteins in cell lysate and apical cell supernatant. FIG. e and {show confocal
microscopy of IL-13-stimulated hTECs immunostained for CLCAT and MUCSAC. These
figures show colocalization i a spatial pattern of apical MUCSAC coupled with subjacent
CLCAL

Next, levels of RCLCAL and MUCSAC mRNA in bTECs, which were transduced
with lentivirus encoding BCLCAT or control shRNA, were determined. Specific siRNA-
mediated knockdown of CLCAT expression caused quantitative ihibition of IL-13-driven
mucous cell metaplasia (FIG. 1gh). Corresponding hCLCAL and MUCSAC protein levels
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were determined by ELISA. Al values represent mean & SEM, and (*) indicates a significant
merease from corresponding no HL-13 treatment control or decrease from no shRNA
freatment.

The degree of iRNA-mediated inhibition was similar to transfection efficiencies
achieved with shRNA-encoding lentivirus in this primary cell-culture system for human
tracheal epithelial cells (WTECs). These results show that CLCAT can be a master regulator of
the [L-13 to mucin gene expression signaling pathway, and in contrast to the mouse system,
appears to function without redundancy from other CLCA gene products.

Example 2

This example illustrates that CLCAT induces mucin gene expression through
MAPK13.

To determine the signaling mechanism for CLCA 1-dependent induction of mucin
gene expression, NCI-H292 cells were used {derived from a lung mucoepidermoid
carcinoma) to establish a cell line with stable expression of the CLCAT gene under the

control of a doxyeychne-inducible promoter system {as diagrammed in FIG. 2a).

To show this cell hine with stably expressed CLCATL gene behaved similarly to
hTECs, cells were treated with doxyeyhine (0-10 pg/mi) for 48 h, and hCLCA L and
MUCSAC mRNA levels were determined by real-time gPCR assay. Analysis of NCE-H292-
stTA-CLCAT cells indicated that expression of CLCAT was sufficient for mucin gene
expression based on time- and dose-dependent induction of CLCAT and MUCSAC gene
expression (FIG. 2b,e). Time course for mucin gene expression in NCERH92Z-orTA-hCLCAL
cells seen in FIG.2e was determined by treating colls with doxyeveling (7.5 pg/ml) for 0-72
h. Dose-response for mucus protein levels in NCI-H282-0TA-BCLUAT cells was detenmined
by treating cells with doxyeyehine for 48 h and MUCSAC level was determined by cell-based
ELISA. Time course for mucus profein levels in NCI-H92-or TA-RCLCAT cells was
determined by treating cells with doxyeyeline (7.5 pefml for 0472 h), and MUCSAC level
was determined by ELISA. As similar to primary hTECs in Example 1, the increases m
CLCAT and MUCSAC mRNA levels were accompanied by concomitant increases i
hCLCAT and MUCSAC protein (FIG. 2d.e.f).

To determine the downstream signaling from the CLCAT gene product using
phospho-MAPK antibody arrays to screen for any possible MAPK activation subsequent to
doxyeyeline-activation of CLCAT expression, NCEH292-rtTA-KCLCAT cells were treated
with doxveyehine (7.5 pgfml for I8 h) with or without BIRB-796 (10 uM), and cell lysates
were analyzed by phospho-MAPK antibody array, Doxyeyeline treatment of NCI-H292-
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ttTA-CLCAL cells caused time-dependent activation of twelve MAPKSs (FIG. 3a). Box
indicates results for MAPK values. Values represent percent of positive control (mean +
SEM), and {*) indicates a significant increase from corresponding no doxyveyeling control.
The largest doxyeveline-induced merease in MAPK phosphorylation (doxycline treatment
versus no freatment) was found for MAPK 14 (also known as p38a-MAPK} (FIG. 3a and
FIG. 9), consistent with MAPK 14 inhibitor blockade of eyvtokine-induced MUCSAC gene
expression in atrway epithelial cells {Atherton, H.C,, et al. Am. L Physiol. Lung Cell Mol
Phvsiol, 285:1L730-9, 2003; Song, K.S., et al. }. Biel. Chem. 278:23243-50, 2003). However,
blockade was only achieved at high concentrations of inhibitor that may no longer be specific
for MAPK 14. Moreover, others found no effect of MAPK 14 inhibitors on PMA-induced
MUCSAC expression in NCIH292 cells or arrway epithelial cells (Hewson, C.A et all L
Mel, Biol. 344:683-95, 2004; Yuan-chen Wu, DD, et al. Am. 1. Pathol. 170:20-32, 2007}
Unexpectedly, a similarly large inerease in phosphoryviation of MAPK 13 (p383-MAPK) was
observed, which has noe certain function in this cell system or others, especially refative to
other MAPK. family members,

Next, NCI-H292-0tTA-hCLCAT cells were treated with doxyeychine (7.5 uyginl for
18 1) with other concentrations of BIRB-796, SB03580, and vehicle control, and levels of
hCLCAT and MUCSAC mRNA were determined by real-time gPCR assay. Corresponding
MUCSAC level were determined by cell-based ELISA. BIRB-796, which blacks MAPK11-
14, inhibited doxyeyline-induced MUCIAC mRNA and protein production, whereas
SB203580, which blocks only MAPKIT and MAPK 14 (Kuma, Y., et al. 1. Biol. Chemu
280:19472-9, 2005}, did not inhibit MUCSAC synthesis (FIG. 3b,e)

To determine the role of MAPKI3 in the regulation of mucin geoe expression,
MAPK 13 RNAIT was used to suppress expression. Cells were transtected with or without
control or MAPKI3 or MAPK 14 siRNA, (25 nM), treated with or without doxyeveline (7.5
pg/mi for 48 h), and levels of MAPK 13, MAPK 14, MUCSAC and hCLCAT mRNA were
determined by real-time gPCR. Corresponding MUCSAC protein levels were determined by

elt-based ELISA. Suppression of MAPK 3 expresston (using two different RNAI
sequences) did not mfluence doxyevime-induced expression of CLCAT but completely
blocked expression of MUCSAC gene expression (FIG. 3d,e). Treatment with MAPK 14
RNAi did not block doxyeyeline-induced MUCSAC synthesis or affect CLCAT mRNA
levels (FIG. 3d,0). Blockade of MUCSAC mRNA induction was reflecied in intubition of
corresponding MUCSAC protein levels (FIG. 31). These results placed MAPK13 downstream
of CLCAT and upstream of MUCSAC gene expression in NCI-H292 celis.
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A stimilar influence of MAPK 13 over mucin gene expression was found i primary-
cultare hTECs. hTECs were incubated with 1L-13 {50 ng/mi) under submerged conditions for
2 d and then air-liquid interface conditions for up to 21 d with or without BIRB-796 or
SB203380, and levels of hCLCAT and MUCSAC mRNA were determined by real-time
gPCR assay. Corresponding MUCSAC protein levels were determined by celi-based ELISA.
MAPK blockade with BIRB-796 markedly suppressed 1L-13-indoced MUCSAC gene
expression without affecting corresponding CLCAT levels whereas treatment with SB203580
had no significant effoct on CLCATL or MUCSAC gene expression (F1G. 4a,b), hTECs were
then transduced with lentivirus encoding MAPK 13, MAPK 14, or control shRNA and then
were treated with [h-13 (50 ng/maly under submerged conditions for 2 d and then air~iiquid
mterface conditions for up to 21 d. Cell lysates were analvzed for hCLCATL, MUCSAC,
MAPK13, and MAPK 14 mRNA levels using real-time PCR. Corresponding levels of
MUCSAC protein was determined by cell-based ELISA. Suppression of MAPK 13 expression
{using two different shRNA sequences delivered with a fentivral vector) did not influence 11~
13-induced expression of CLCAL but significantly blocked the expected inerease in
MUCSAC ;mRNA and protein levels (FIG. 4e,d). In this system, lentiviral transfection
efficiences of 40-50% resulted in a similar guantitative deerease in MAPKT3 and MUCSAC
mRNA and protein levels, Transduction of airway epithelial cells with lentivirus encoding
MAPK 14 shRNA achieved a similar selective decrease in target mRNA but showed less

<

miluence on H~13-induced MUCIAC gene expression or CLCAT mRNA levels, Blockade
of MUCSAC mRNA ndaction was reflected i inhibition of corresponding MUCSAC
protein fevels (FI1G. 4e).

Example 3

Thix example llustrates that [h-13 activation of CLCAL-MAPK I3 signaling pathway
for mucin genes found in human airway epithelial cells in culture can be activated in human
lungs in vivo during chronic obstructive lung disease.

In these experiments, the status of CLCAT expression and signaling in humans with
mucus overproduction and mucous cell metaplasia was analyzed. For these experiments,
whole lung explants from lung transplant recipients with very severe COPD (GOLD Stage
IV} as well as control tissue from lung donors whe did not have COPD (see Table 2 below)
were gbtained.

This approach avoids the acute effects of cigarefte smoke, since transplant recipienis
and lung donors were not current cigarette smokers, RNA from lungs of COPD and non-

COPD control patients was assayed for IL-13, hCLCA L, MAPK 13, and MUCSAC mRNA
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tevels using real-time gPCR. All values represent mean + SEM (n = 9 COPD paticnts and 4
non-COPD controls). Under these conditions, the lung tissue obtained from subjects with
COPD contamned significant increases in 1L-13 and MUCSAC gene expression {(as noted
previously) as well as increased CLCAL and MAPKI3 gene expression (FIG. Sa). Levels of
hOLCAT and MUCSAC were determined by ELISA. The increases in CLCAT and MUCSAC
mRNA were also reflected in increased levels of the corresponding proteins (FIG. Sh),
hmmunestaining of lung tissee samples demonstrated co~locahizatton of CLCAL and
MUCSACT i mucosal mucous cells (FIG. So). Next, cell tysates from hungs of COPD and
non-COPD patients were subjected to phospho-MAPK antibody array. Increases in CLCAL
and MAPK I3 gene expression are accompanied by significant increases in MAPKI3
activation that are relatively prominent compared to other MAPKSs (FIG. 5d). Thas, 1L-13
activation of CLCALT-MAPKI3 signaling pathway for muein genes found in human atrway
epithetial cells in culture can be gotivated in human lungs in vive during chronic obstructive
hung disease.

Table 2. Clinical characteristics of CQPD

subjects used for analysis of lung tissue.

Values represent mean + SD,

Characteristic Vahie
N (female/male) 9 (4/%)
Age (years) 591+ 353
FEV; (L) 0.63 4+ 011
FEV (% predicted) 20.1 £ 4.8
FVC (L) 2.39 4 .88

FVC (% predicted) M2+ 171

FEVFVC
DLCO
DLCO (% predicted)
Smoking history
Packs per day
Years smoked
Pack-vears

Years quit

030+ 0.11
6.88 4 3.10
28168

1312033
AR 1+ 105
$1.7+£274

6,7+ 38
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Example 4

This example illustrates a potent and effective action of rationally designed MAPKI13
inhibitors in blocking 1L-13-induced mucus production i a high-fidehity system of primary-
culture human airway epithelial cells,

To develop a potent MAPK13 inhibitor, a Hzand hopping strategy was utilized which
took advantage of MAPKI13 and MAPK 14 homology (60% sequence wdentity) and thereby
design new analogs of MAPK 14 inlubitors with improved affinity for MAPK13. BIRB-796
exhibited potent inhibition of MAPK 14 {the original target for this compound), but relatively
weak activity for MAPKI3 (Kuma, Y., et al, I Biol Chem. 280:19472-8, 2005). The
selectivity of BIRB-79¢ for MAPK 14 is based largely on incorporating a bulky moiety that
readily occupies a distinet pocket in MAPK 14 that is not present in MAPK 13, Access to this
pocket is controlled by an adjacent gatekeeper residue, which is a small threonine in
MAPK 14 compared to a large methionine in MAPKI3, To initigte the structare-based drag
design approach, nactive apo-MAPK I3 was erystallized and the structure was determined to
high resolution. Overlay was created by superposition of MAPK14 backbone coordinates
from the MAPKI14/BIRB-796 co-crystal structure (PRB D IKV2 [REF PMID 118964011
onto MAPK 13, Indeed, superposition of the MAPK14-BIRB~796 co-crystal structure onto
MAPK13S revealed steric interference between the inhibitor and the gatekeeper methionine
{FIG. ta, FIG. 18, and FI1G. 1), In FIG. 6a, position of the gatekeeper methionine {Met 107)
is highlighted and shown in CPK while regions encompassing the ATP binding pocket and
Phe pocket are circled. Therefore, BIRB-796 was used as a starting compound to build
shmmer analogs that might exhibit greater potency for MAPKI3 by climinating the steric
clash while maintaining other beneficial structural features. Of particular interest 1s BIRB-
796 because it binds to MAPK 14 in the Asp-Phe-Gly (DFG-out mode (Pargellis, €., et al.
Nat. Struct. Biol. 9:268-72, 2002}, This mechanism resulis in rotation of the conserved DFG
motif out of the Phe-binding pocket (i.e., DFG-out) and thereby produces a prolonged offrate
{Pargellis, €. et al. Nat. Struct. Biol. 9:268-72, 2002; Kuglstatter, A, et al. Bivorg, Med.
Chem. Lett. 2005217-20, 2010).

With the aid of protein strocture modeling, analogs were designed and synthesized
that incorporated a smaller monoarvl ving in place of BIRB-796"s bulky naphthalene to
prevent clashing with the gatekeeper methionine (FI1G. 12). Further, a structure-based drug
design strategy was incorporated by producing co-crystals of new analogs bound with
MAPK 13 1o aid in analog design (FIG. 6b,c and Table 3). Slimmer analogs were found to

bind to MAPK13 in the expected manner (FI1G. 6b,c). Moreover, analogs with DFG-out
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binding {e.g., Compound 61} exhibited slow-off binding kinetics while those exhibiting DFG-

i1 binding {e.g., Compound 117} did not (FIG. 6d,e).

Table 3. Data collection and refinement statisties for MAPKI3 complexes with

inhibitor compounds.

Compound None 61 17
Data collection statistics
Space group Pr P22:24 P22y

Cell dumensions
a, b, e (A)

o By ()
Resolution (A)

Reym OF Rsmrec

60.9, 69.4, 92.5
90, 90, 90
50.0-1.70(1.76-)*
0.063(0.504)

60.9,69.9. 92.8
90, 90, 90
50.0-2.10(2.18-)
0.068(0.360)

61.3, 69.7, 93.1
90, 90, 90
50.0-2.00(2.07-)
0.055(0.369)

76

Hiol 29.6(4.1) 25.9(4.73 21.6(2.5)
Completeness (%) 99 3(89.7) D0.4(98.9) 81.2(87.8)
Redundancy 6.7(6.9) 6.4(6.0) 4.6(4.4}
Refinement statistics

Resolution (A) 35.0-1.70 35.0-2.10 35.0-2.00
No. reflections 43514 21034 22378
R § R (.201/0.220 (.242/0.275 0.218/0.262
No. atoms

Protein 2781 2753 2776

Ligandfion 0 27 28

Water 319 277 171
B-factors

Protein 32.4 37.1 54.5

Ligandfion N.A 2069 34.9

Water 423 461.6 44.3
Roms. deviations

Bond lengths (A) 0.003 0.004 0.002

Bond angles (%) 0.739 0.844 0.792
*Values in parentheses are for highest-resolution shell,
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In concert with this structural analysis, analogs for MAPK 13 inhibitory activity were
tested using an immobihized metal atfinity polarization (IMAP) assay that detected
fluorescence polarization as a function of remaining MAPKI13 activity. Among the
compounds with determination of co-cyrstal structure, those with the most potent MAPK 13
inhibition {e.g., Compounds 61 and 62) were those with the DFG-out mode of MAPK
engagement (FIG, 683 AMG-548 exhibited weak inhibitory activity consistent with lower
affinity for MAPK I3 compared to MAPK 14, More detatled 16-point wnhibitor concentration-
response curves were performed for the highest potency compounds, This analysis also
showed that the most active DFG-out compounds (1.2, 61 and 62) were more potent than
DFG-in compounds (i.e., 117
designed to inhibit MAPK 14 (i.e., AMG-548 and SB2035R80} (FIG. 6g and Table 4).

and 124) and compared Tavorably with less selective inhibitors

Next, each of the tool compounds were tested for the effect on mucus production
relative to the compounds designed and reported 1o inhibit MAPK 14, Treatment with
Compounds 61 and 62 markedly suppressed 1L~13-induced MUCSAC production in primary-
culture human airway epithelial cells whereas treatment with SB203380 had no significant
effect in this system (FIG. 6h). The concentrations and relative compound potencies for
blockade of mucus production correlated closely with the comparable values for MAPKI3
trthibition (as presented in FIG. 6Lg and Table 4). The most effective compound (#62)
achieved an 1030 for blockade of mucus production at less than 107 M. Moreover, none of
the tested compounds caused any significant change in transepithelial resistance even at 107
M, mdicating the lack of any cytotoxic effect despite treatment for 14 days (FIG. 13} The
findings therefore revealed a potent and effective action of rationally designed MAPKI13
inhibitors 1o blocking 1L-13-induced mucus production m a high-Hidelity system of primary-

culture huwman aivway epithehal cells.

Table 4. IC:y values for MAPK 13 inhibition.

Compound IC350 85% R*

Confidence

58

62 2805 200.8-374.9 {.983
61 6195 530.1-723.9 (1.9941
43 (BIRB-796) 1968 1547-2503 0.9879

47 (AMG-548)

-k
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L
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b
o
Z
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o
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0.9889

77



WO 2014/015056 PCT/US2013/050921
18 18785 12530-19885 {1,993 1
124 98747 28862-337855 0.9811
104 (SB203380) 8.755 x 10 0.9037
DMSO (vehicle) 18952 0.3036
compound MAPKI3 [Cy MAPKI13 co- ty2 (8} Relative
{nM) erystal Dissociation
kinetics
5¥ 1647 DFG~out 137 slow
61 82.72 DEG-out 1 slow
89 27.54 DFG-out 1200 slow
LIS 8,650 204 stow
117 16,200 DPDFG-m 2.8 fast
124 14,884 DFG-n 1.2 fast

MAPK 13 1Cs determuned using IMAP-based biochemical assay

{;; determined using BLI

Examples 5-14 refer to FIG. 7.

Example §

This example ilustrates the synthesis of pyrazole (3).

Pivaloviacetonitride (1) (1.9 g, 15,1 mMol) was placed in a flask with tolyl hyvdrazine

hydrochlonide (2} (2.4 g, 151 mMeol) in ethanol (19 md.) and the solution was heated to

reflux for 1.5 hr. The solution was concentrated i vacuo until only a small amount of ethanol

remained whereupon it was friturated with hexane, allowing i to stir for | hr before filtration

of the white solid. Pyrazole 3 was 1solated as i hydrochloride salt (3.6 g, 1.35 mMol} and

was determined to be pure by LO-MS analysis (M+H = 230.1).

Example 6

This example ilostrates the synthesis of activated pyrazole (4).

Pyrazole 3 (1.0 g, 4.4 mM), diisopropylethylamine (684 myg, 5.3 mMol, 1.2 eq.), and

DCM (9 mL) were cooled to -10°C and phenvi chloroformate (750 mg, 4.8 mMbol, 1.1 eq)

was added in a single portion. The solution was allowed to warm {o 0 C and stir for 30 min.

The solution was partitioned between ether and agueons sodngn bicarbonate and the ether

fayer was washed with brine. The organic fraction was dried over anhiydrous sodivm sulfate

and the solvent removed in vacuo and the residue purified using silica gel chromatography
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chuting with sthyl acetate (3% - 50%) / hexane. Solvent removal afforded the produoct (4) as

brittle foam (1.46 g, 4.2 mMol, 95% yield), which provided a single peak by LC-MS analysis
(M- = 350.3), 'H NMR (400 MHEz, CDCl) 8: 7.40-7.38 {m, 3H), 7.34 (dd, J = 8.4, Hz,
2HL 725 (i, =76 Hz, 2H), 712 (4, I = 6.6 Hz, 2H), 6,953 (brs, 1H), 6.5 (s, 1H), 2.43 (s,
3H), 1,36 (s, 9H).
Example 7

This example illustrates the svothesis of activated pyrazole (6).

Pyrazole 5 {673 mg, 4.4 mMoly, ditssopropylethylamine (684 mg, 5.3 mMol, 1.2 ¢q.),
and DCM (9 mL) were cooled to -10°C and phenyl chloroformate (750 mg, 4.8 mMol, 1.1
o) was added in a single portion. The solution was allowed to warm to 0 C and stir for 30
min. The solation was partitioned between ether and aqueous sodium bicarbonate and the
ether laver was washed with brine. The organic fraction was dried over anhydrous sodium
sulfate and the solvent removed in vacuo and the residue purified using silica gel
chromatography cluting with ethy acetate (3% ~ 50%) / hexane. Solvent removal afforded the
praduct (6) as brittle foam (1.0 g, 3.9 mMol, 90 % vield), which provided a single peak by
LC-MS analysis (M3H = 274,10 'H NMR (400 MHz, CDCL) 8: 7.4 (dd, T = 8.0, 7.6 Hz,
2HY, 725 (1, 1= 7.6 Ha, 1H), 718 (d, 1 = 8.0 Hz, 2H}, 6.95 (br s, 1H), 615 {s, 1H), 3.79 (s,
3H3, 1.29 (s, OH).
Example ¥

This example illustrates the synthesis of BOC-protected phenol (8).

4-Aminophenol 7 {10 g, 91 mMol) was dissolved in THEF {200 mL.) and cooled i3 an
ice bath. BOC carbonate (20 g, 91 mMol} was added and the cooling bath was removed and
the solution was stirved overnight. The reaction was partitioned between ether and aqueous
IN hydrochloric acid, followed by washing the organic laver with water and squeous sodium
bicarbonate. Drying over anhydrous sodium sulfate and sobvent removal in vacuo afforded 8
as a solid (18.3 g, 85 mMol). Analysis by TLC and LC-MS indicated that the product was
pure {M+H = 210.6). 'H NMR (400 MHz, CDCL) 8: 7.18 (d, J = 8.8 Hz, 2H). 6.74 (d, = 8.8
Hz, 2H), 6.32 (s, 1H), 1.56G (s, 9H).
Example 9

This example iltustrates the svothesis of pyridine ether (9).

Phenol 8 (6.0 g, 28.6 mMaol), 4-chloropyridine hydrochloride (3.537 g, 23.8 mMoly,
and potasstum t-butoxide (3.86 g, 32.3 mMol) were placed in a flask that was then flushed
with nitrogen. DMA (60 mL) was added via cannula and the reaction heated to 90°C for 2 hr.

The reaction was cooled and partitioned between ether and aqueous 0.5 N sodium hydroxide,
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and the organic layer was washed with water (4X) and brine. Drying over anhydrous sodium
sulfate and sobvent removal in vacue afforded a viscous oil that crystallized upon standing
(4.15 g} This material was purified using silica gel column chromatography, eluting with
ethvl acetate (30%-75%) in hexane, Solvent removal afforded 9 as a white solid (3.0 g, 10.4
mMol). LC-MS analysis showed the product to be 93% pure (M+H = 287 4}, "H NMR (400
MHz, CDCL) 6 8.5 (d, T=6.4 Hz, 2H), 748 (d, I = 88 Hz, 2H), 7.05{(d, I = 9.2 Hz, 2H),
7.01 (d, J = 6.8 Hz, 2H), 6.62 (s, 1H), 1.53 (s, 9H).

Example 10

This example iustrates the synthesis of aniline (10).

To BOC protected ether 9 (2.9 g, 10,1 mMol) was added TFA (20 ml) and the
solution was stirved for 1 hr. The volatile liquids were removed in vacuo and the residoe was
partitionad between ethyl acetate and agueous sodinm bicarbonate. The organic layer was
washed with brine, dried over anhydrous sodiom sulfate, and the selvent removed in vacuo to
afford 10 as a white solid {1.76 g, 94.5 mMol). LC-MS avalysis showed the product to be

93% pure (M+H = 187.2). "H NMR (400 MHz, CDCL) 8: 8.43 {d, I = 6.8 Hz, 2H), 6.9 (d. J
= Rab Ha, 2H), 6853 (d, J = 6.4 Hz, 2HY, 6,72 (d, J = 9.2 Hz, 2H), 4.26 (br 5, 2H).
Example 11

This example iHustrates the synthesis of compound #61.

Apniline 10 (100 mg, 0.33 mMol) was combined with activated pyrazole 6 (144 mg,
0.53 mMol) in acetonitrile {1 mL) and heated to 70°C for 1.5 hr. The reaction was partitioned
between ether and agueoas (1.3 N sodium hydroxide and the organic layer was washed with
water (4X) followed by brine. Drying over anhydrous sodium sulfate and solvent removal in
vacuo afforded an oil which was purilfied using silica gel chromatography, cluting with
methanod (0%-5%) in DCM. Solvent removal afforded Compound # 61 as a brittle foam (157
mg, .48 mMol). The sample was »98 % pure by LC-MS analvsis (M+H = 366.5). 'H NMR
(400 MHz, CDCL) & 8&& (brs, 1H), 8.55 (brs, 1H), 844 (d, J =64 Hz, 2ZH), 757 (d, } =
8.8 Hz, 2H), 7.03 (d, ] = 6.8 Hz, 2H), 6.99 (d, ] = 9.2 Hz, 2H), 6.27 (s, 1H), 3.82 (s, 3H), 1.28
{s, 9.

Example 12

This example jllustrates the syothesis of compound $62.

Aniline 10 (160 mg, 0.33 mMol) was combined with activated pyrazole 4 (185 mg,
.53 mMol} in DMF {3 mL) and heated to 76 C for 1.5 he. The reaction was partitioned
between cther and aqueous 0.5 N sodium hydroxide and the organic layer was washed with

water {(4X; followed by brine. Drying over anhydrous sodium sulfate and solvent removal in
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vacuo afforded an oil which was purified using silica gel chromatography, eluting with
methanol (0%-5%) i DCM. Solvent removal afforded Compound # 62 as a brittle foam {220
mg, 0.50 mMol). The sample was »99 % pure by LC-MS analysis (M+H = 442.3). 'H NMR
(400 MHz, CDCl3) 0: 8.69 (5, 1H), 831 (d, I = 6.4 Hez, 2H), 7.65 (s, 1H), 745 (d, ] = 9.2 Hz,
JED, 728G 3= R0 He, 2H), 731 (d, Y= 8.0 Hz, 2H), 6.94 (d, I = 2.4 Hz, 2H), 6.92 {s, 2H)},
6.37 (s, 1H), 2.26 (s, 3H), 1.30 (s, 9H).
Example 13
This example ilustrates the synthesis of compound #1117,

sid 11 (190 mg, 1 mMol) was placed in a dried flask with amiline 10 (175 mg, |
mMol) and ERC (191 mg, { mMol). DMF (3 mL) was added and the solution stirved $ hr.
The solution was extracted with water and ethyl acetate and the organic layer, washed with
water (4X} and agueous sodium bicarbonate, and dried over anhydrous sodium sulfate.
Solvent removal afforded Compound # 117 as a solid which was purified using silica gel
column chromatography, eluting with ethyl acetate (15%6-90% } in hexane. Solvent removal
afforded a solid which was >98% pure by LC-MS. 'H NMR (400 MHz, DMSO) & 1043 (5,
FHD, 844 {my, 3H), 8.12 (m, 1H), 7.82-7.90 (m, 4H), 7.66 {dd, J = 8.0 Ha, 1H), 7.61 (s, 1H),
TA9{d, J =72 He, 2H), 691 ¢d, J = 6.4 Hz, 2H), 2.19 (s, 3H).
Example 14

This example llustrates the synthesis of compound #124,

Acid 12 (196 mg, 1 mMol) was placed in a dried flask with anithine 10 {175 mg, 1
mMol} and EDC {191 mg, I mMol). DMF (3 mi) was added and the solution stirred § hr.
The solution was extracted with water and ethyl acetate and the organic layer, washed with
water (4X) and agqueous sodium bicarbonate, and dried over anbydrous sodnan sulfate.
Solvent removal afforded 8 sohd which was purified using silica gel column chromatography,
elating with ethyl acetate {2096-90%) m hexane. Solvent removal afforded Compound # 124
as a sotid which was »>89% pure by LO-MS. "HONMR (400 MHz, CDCl) 8: 842 (d, J = 6.4
He 2H), 8.2-8.5 (m, 2H), 7.72 (d, J = R.8 Hz, 2H), 738 (d, =92, 1¥H), 7.0-7.1 (m, 3H), 6.94
{d. J= 382 Hz, 1H), 6.88 {d, I = 6.8 Hz, 2H), 6.80{d, J = 8.4 Hz, WaH), 3.77-3.81 (m, 4H),
3.54-3.5% {m, 4H}.

Examples 13-25. In these Examples, reactions were followed and product 1dentity and purity
determined by proton NMR and LC-MS. The LC-MS was an AGILENT Sertes 1006 LC-
MSD {Agilent Technologies, lnc., Santa Clara, CA, USA)Y with UV detection at 213 nM and
254 nM, and a mass detector. H utilized an AGILENT ZORBAX XDB-CS8 reverse phase
analytical column (4.6 x 50 mm dimensions) and clotion was performed using acetonitrile
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and distilled water (containing 0.1 % v/v trifluorcacetic acid) with a 1 ml/ min flow; the
gradient was initiated at 3% acelonitriie and progressed in a linear fashion over § min to 95%
acetonitrile and there maintained for | additional mnute. For compounds listed as being
analyzed using conditions selected for lipophihic compounds, the gradient was initiated at
50% acetonitrile and progressed in a linear fashion over 5 min to 95% acetonitrile and
mainiained for 1 additional minute. Thin fayer chromatography (TLCY was performed using
normal phase sihica gel plates obtained from Analtech, Inc. (75 Bloe Hen Drive, Newark,
Delaware): Silica Gel GF, 250 nucrons. Intermediates are numbered sequentially and can be
referred to by underline in the text. Analogs use a database numbering which is distinet from
mtermediates and are can be referred to in bold in the text and in the schomes.

Example 18§

Scheme 1.
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In these experiments as shown in Scheme 1, a suspension of NBS (59 g) in water (370
ml} was cooled n an ice bath and dibydrofuran (37 mi) was added drop-wise. The reaction
was stirred for one additional hr at 0°C and then thiourea (25 g) was added in portions, after
which the solution was refluxed overnight. The cooled solution was extracted with ethyi

acetate (2X) and the agueous laver was treated with AMBERLYST 13 (Dow Chemical Co.,
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Pevely, Missouri USA) strong acid resin (80 g) and filiered. The resin was washed with water
and then product was collected by ninsing the resin with ammoma in methanol prepared by
nuxiig concentrated ammonium hydroxide (8O mi} iy methano! (700 mil}. Solvent removal
afforded thiazole 2 as a brown solid (26 g}, The thiazole was dissolved in methanolic HCH,
the volatiles were removed in vacuo, and the residoe orystaliized from methano!l and ether o
obtain 2 as the hyvdrochloride salt.

Thiarole 2 (10.3 g, as the bydrochlonide) was mixed with chloroform (200 mi) and
thionyl chloride (45 ml) was added slowly. The misiure was heated to reflux for 45 min and
then cooled and the volatiles removed in vacuo. The dark solid was dissolved in hot ethanol
and ether added to cause precipitation, after which the solids were filtered and washed with
ether and eried in vacuo to afford 3 asits hydrochloride salt (7.2 g).

Thiazole 3 (19.4 g, as iy hydrochionide salt) was mixed with sodium bicarbonate
(8.21 g}, sodium iodide (3.6 g), acctonitrife (250 mi), and morpholine (51.1 mi) and heated to
8&°C for 4 hr. To the cooled reaction was added ethyl acetate 400 ml) and 10% ag. sedium
carbonate (250 mi) and the solution was extracted. The organie layer was washed with brine
{2X) and dried over sodium salfate. Solvent removal afforded 4 as a brown solid (19 g) that
was dissolved m methanol/DOM (5:95) and filtered through a plug of silica gel to afford 4 of
sufficient purity for use in the next step.

Pivaloylacetonitrile (19.0 g) was reflaxed with tolylhydrazine hydrochloride {24.0 g)
m ethanol (190 mi) for 1.5 hr. The solution was cooled and volatiles removed in vacuo, The
residue was extracted with sthyvl acetate and 10% aq. sodinm carbonate, and the organic layer
washed with water and brine. Dryving over sodium sulfate and solvent removal afforded
pyrazole 6 as an off-white solid (30 g).

Pyrazole 6 (12.7 g, saturated agq. sodium bicarbonate (338 mi), and THF (200 ml)
were cooled in an ice-bath. The rapidly stirring mixture was added phenyl chloroformate
(13.0 g} drop-wise. After one additional hr of stirring the mixture was extracted with ether
and the organic laver washed with water. Drying over sodium sulfate and solvent removal in
vacuo afforded a white solid that was dissolved in DOM (80-100 ml) and hexane (350 ml)
added wile rapidly stirring. The solids were filtered, washed with hexane, and dried to aftord
pyrazole 7 as a white solid (16.9 g). LO-MS retention fime = $.35 mm,

Procedure 1. Preparation of 1-(S-tert-Butyl-2-p-tolyl-2H- px:amL 3-yb)-3-{5-(2-
morpholin-4-yl-ethylHhiazol-2-vi}-urea (Analog 89Y): Thiarole 4 (7.33 g) and pyrazole 7
{12.0 g) were mixed with acetontirile {80 mi) and heated to 70°C for 2.5 br. After cooling a
thick precipitate formed and to this water (200 ml) was added and stirring was continued for
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20 min. The solids were filtered and washed with cold water (3 x 80 mi) and the white solid
dried in vacuo, This was recrystathized using hot ethyl] scetate with a little hexane, cooled,
and filtered to obtain Analog 89 as a white solid (10.9 g). LC-MS retention time = 3.70 min
{M+H=469.2); TLC RE'= 0.6 (methanol/DCM, 5:95).

Example 16

Zcheme 2. O
._\:f ~, § Py
O

7
,1‘\ o
D‘;\\?_/‘\NOH \ Tol-NH-NH, WO N”~N NH, o7 "OPh N, ‘:\ N OPR
~ N L

N
o 8 o o [’V} 10 P

P N SO kN
\ LA N NaCN \ KO1By
P N S R 7 !
T T BudN'HSOy  ON ON T
) 13 BORG
o
Agp |
Y o 0Pk 1§
NHy e - ~OPh

In these experiments as shown in Scheme 2, ester 8 (15 g) and acryvionitrile (6.5 ml)
were placed m a flask with THF (200 ml) and cooled in an ice-bath. Sodivm hydride (5.2 g
60% tn o1l was added in portions and the reaction was stivred for 1 hr. The solution was
acidified with 2 N agqueous hydrochloric acld (1.5 ¢q.) and ether and water were added and
the mixture extracted. The organic layer was washed with water and brine and dried over
sodium sullate. Solvent removal afforded a quud that was purified using silica gel
chromatography, cluting with a gradient of 10% to 60% ethyl acetaie in hexane to provide 9
as a clear hquid (5.34 g). TLC R = 0.2 (ethyl acetate/hexane, 15:85).

Ketone 9 (8.5 g} and tolylhydrazine hydrochloride (0.537 23 were refluxed in ethanol
{7 ml} for one hr, After solvent removal 1n vacuo the residue was extracied with ethyl acetate
and ag. 10% sodnum carbonate and the organic layer was washed with water and brine.
Drying over sodnan sulfate and solvent removal afforded pyrazole 10 as a pure solid (0.72 g).

LO-MS rvetention time = 325 mun (M+H=244 1), The pyrazole (10) (0.549 g} was dissolved
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i THE (6 ml) and saturated agueous sodium bicarbonate {15 mi) and cooled mn an wce-bath.
Phenyl chloroformate (1.06 g) was added dropwise and the reaction stirred for 30 mun and
then partitioned between ethyl acetate and water. The organic layer was dried over sodium
sulfate and solvent removed in vacaw, The residue was purified by silica gel chromatography,
eluting with a gradient comprising 0% to 50% othyl acetate in hexane, The pyrazole
carbamate (11} was obtained as a white solid (0.68 g). LO-MS retention time = 4.61 min
(M+H=364.1),

Isobutronitrile (4.81 ¢) was added drop-wise to g shurry of LDA (69.6 mmol) n
hexane (150 ml) at 0°C. The alkylating agent (12.0 g) was added in one portion and the
reaction allowed to warm to 20°C and stir for 2 hr. Water was added followed by ether and
the solution was extracted and the organic layer washed with water (2X). The organic layer
was dried over sodium sulfate and the solvent removed at 40 torr vacuum to afford 11 as a
clear liquid (9.4 g). The nitrile prodoct £12) (9.4 g) was mixed with sodium cyanide (6.3 g},
tetrabutylammonium bisulfate (.66 g), and water {180 mi} and refluxed for 2 hr. The
solution was cooled and extracted with ether. The ether laver was washed 2X and dried over
sodiam salfate and the ether removed In vacuo to afford dinitrife 13 as a clear Bquid (4.9 ).
The dinitrile {13} {4.X g}, potassivm t-butoxide (237 g), and toluene (100 ml) were heated to
80°C for 2 hr. The reaction became very thick, After cooling ether and 3N aq. hydrochloric
acid was added and stirved for 7 min and the layers separated. The organic layer was washed
with water and brine and dried over sodium sulfate and solvent removed in vacuo to afford a
residoe that was purified via silica gel chromatography eluting with othyl acetate / hexane
{£:4) which afforded keto nitrile (14) as a clear Hquid. The crude product was heated as in
ethyl acetate and triturated with hexane 1o alford & white solid (2.0 g). TLU RE=0.25 (ethyl
acetate'hexane, 15:85).

Keto-nitrile 14 (0.75 g) and toluylbhydrazine hydrochloride (.80 g) were refluxed in
ethanel (10 mi) for 1.5 hr and then cooled. After solvent removal in vacuo the residue was
extracted with ethyl acetate and 10% aq. sodium carbonate, washing the organic layer with
water and brine. Drying over sodium sulfate and solvent removal in vacuo afforded pyeazole
15 (1.0 g) as a tan solid. LC-MS retention time = 3.39 min (M+H=242.1); TLC RE=0.15
{ethvi acetate/hexane (15:85) The pyrazole (15) (0.487 g} was dissolved in THF (3 ml) and
saturated agueons sodium bicarbonate (13 ml) and cooled in an 1wce-bath. Phenyl
chloroformate {14735 g} was added drop-wise and the reaction stirred for 30 min and then
partittoned between ethyl acetate and water. The organie layer was dried over sodium sulfate
and solvent removed in vacuo. The residue was purified by silica gel chromatography, eluting
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with & gradient comprised of 0% to 40% ethyl acetate in hexane. The pyrazele carbamate (16)
was oblained as a white solid (0.69 g}, LC-MS retention time = 5.09 min (M+H=362.1).

Example 17

Scheme 3.
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In these experiments as shown in Scheme 3, pheneol 17 {17 g) and 4-chloropyriding
hiydrochloride (16 g) were placed in a Hlask with DMA (200 mi) and cooled m an ice-bath.
Potassium t-butoxide (3012 g) dissolved in DMA (100 mi) was added via cannula and the
slurry was heated to 95°C, After 3.5 hy HPLC analysis showed the reaction was 50%
complete and another 1.5 eq. of potassium t-butoxide was added to the reaction and it was
heated for another 3 hr, The reaction was cooled and extracied with ethyl acetate and water,
washing the organic layer with water (3X} and then with brine. Drving over sodium sulfate
and solvent removal in vacuo afforded a solid residue that was purified using silica get
chromatography, eluting with ethyt acelate/DUM (gradieat from (% ethyl acetate to 50%
cthyl acetate ). Alternatively the crude produce could be puritied by dissolving in the minimal
vohume of DUM while heating and then adding 1X-2X volume-equivalents of hexane while
stirring. The ether prmiuct was obtained as a white solid (19.2 @), TLC RE=0.25 {ethy}
acetatehexane, 25:73). The BOC group was removed by dissolving the ether (19.2 g) in 4M
hvdrogen chloride in dioxane (200 mi) and stirring for 3 hr. Solvent removal afforded a
residue that was extracted with cther/DCM and 10% aq. sedium carbonate. The organic layer
was washed with water and brine, drying over sodivm sulfiate. The residue was reerystallized
with hot benzene / hexane (1:1) and selids were filtored and washed with DCM/hexane (1:3)
to obtain antiine-ether 18 as a white solid (12 g}, LO-MS retention time = arrives at solvent

frout.
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Thiol 19 (3.0 g}, 4-chloropynidine hydrochloride (1.8 g}, and cesium carbonate (11.8
g} were placed ina flagk with DMSO (30 mi) and heated to 90°C for 1 hr. The shurry was
cooled and partitioned between ethyl acetate and water, and the organic laver washed with
water (3X) followed by brine, Drying over sodium sulfate and solvent removal afforded a
pale oif (4.3 g) that was purified via silica gel chromatography, eluting with a gradient
comprised of 10% to 60% cthy! acetate in hexane, The thiocther was obtained as & pure white
solid (3.0 g). TLC R = (.45 {ethy! acetate/hexane, 15:85). The BOC group was removed
using 4M hvdrogen chloride in dioxang, stirring for 3 he, The volatiles were removed and the
residue partitioned between DUM/ether and 10% aqueous sodium carbonate. The organic
layer was washed with water and dried over sodium sulfate, removing selvent in vacuo to
afford thioether 20 (1.7 g). LO-MS retention time = 2.367 min (M+-H=203.2).

Exampte 18
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Experiments as shown in Scheme 4 include the following syntheses.
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Preparation of 1-{6,6-Dimethyi-2-p-tolyl-2,6-dihydro-4H-furo[3 4-c]pyrazol-3-y1)-3-
{4-{pyridin-4~-yloxy)-phenylj-urea (Analog 209). Carbamate 11 {20 mg) and aniline 18 (11
mg) were heated at 85°C i acetonitrile (0.5 ml) for 3 hr. The solvent was removed in vacno
and the residue triturated with ether to obtain a white solid which was filtered and washed
with ether to afford urea Analog 209 (20 mg) as a white solid. LC-MS retention time = 3.40
min (M+H = 456.1),

Preparation of 1-(6,6-Dimethyi-2-p-tolvi-2 4,5 6-tetrahydro-cyclopentapyrazol-3-vl)-
3-[4-{pyridmn-4-vioxyyphenyi-urea (Analog 213). Carbamate 16 (20 mg) and aniline 18 (11
myg) were heated at 85°C in acetonitrile (0.5 ml) for 3 hr, The solvent was removed in vacuo
and the residue purified using silica gel chromatography, eluting with a gradient comprising
0% to 10% methanol in DCM 1o afford 24 mg of pure urea Analog 213 as a white solid, L.C-
MS retention time = 3,68 mm (M+H = 454.2).

Preparation of 1-(6.6-Dimethyl-2-p-tolyl-2 4,3, 6-tetrahvdro-cvelopentapyrazol-3-yl -
3-{5-2-morpholin-d~vi-ethyl}-thiazol-2-yvlj~urea {Analog 214). Carbamate 16 (20 mg) and
thiazole 4 (12 mg) were heated at 857C in acetonitrile (0.5 mi) for 3 he. The solvent was
removed in vacuo and the residoe purified using silica gel chromatography, eluting with a
gradient comprising (% to 10% methanol in DCM to afford 22 myg of pure urea Analog 214

as a white solid. LC-MS retention time = 3,49 min (M+H = 481.2),
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Exampie 19
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In these experiments, commercially available oxetane 19 (17.7 g),
{bisjacetoxyyodobenzene (111.7 g), acetonitrile (200 ml), and water (200 ml) were cooled in
an ice-bath. TEMPO (5.42 g} was added and the solution was stirred overnight at room
temperature, The solution was cooled and solid sodium hydroxide (38 g) was added and the
reaction was washed with ether (2X} The aqueous fayer was cooled in an jce-bath and
acidified with 12 N hvdrochloric acid to pH 3 and then extracted with ether (3 X 500 ml).
The sobvenl was rempoved in vacuo (o afford the carboxylic acid (20} as a liquid (14 g).
Carboxyvlic acid 20 (9 g) was dissolved in acetonitrile (180 mi) and cooled in an ice-bath,
DBU (13 g) was added followed by slow addition of benzyl bromide (14 g} and the solution
stirred overnight at reom teniperature. Remove solvent in vacue to reduce volame by one-
halt and then partition the vesidue between ether and agqueous IN hydrochlorie acid. Wash the
organic fayer with water (2X) and dry over sodium sulfate. Solvent removal afforded a brown
oil (14.8 g) that was purtfied using silica gel chromatography, cluting with a gradient
comprising 0% to 30% ethyl acetate in hexape, Benzyl ester 21 was obtained (9.7 g} LC-MS
retention time = 4.25 min {(M+H not observed); TLC R = (.35 (cthyl acetate/hexane {1:9).

Solid potassiun t~butoxide (7.9 g) was placed i a dry Hask with THF (35 mb and 1t
was placed in an ice-bath. Dry acetonitrife (2.0 g) was added followed by benzvl ester 21 (9.7

2} in THF (15 mi). The reaction was followed using LC-MS to determine completion and
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then the flask was placed in an ice-bath and agueous 2N hydrochloric acid was added. The
reaction was extracted with DCM (2X 150 ml) and the organic laver washed with water and
then brine and dried over sodium sulfate. Selvent removal afforded 9.4 g or a pale vellow oil
that was purified using silica gel chromatography, eluting with a gradient comprised of % to
90% ethyl acetate in hexane to obtain 22 as a pale vellow oil (4.68 g).

Keto-nitrile 22 (4.68 g) and toluylhydrazine hvdrochloride (3.34 g) were mixed with
ethanol (45 mi) and the warmed to 35°C. The reaction was complete in 3.5 hr and the
regetion partitioned between DCM (200 mi) and satwrated aqueous sodium bicarbonaie,
washing with water and brine. The organic layer was dried over sodium sulfate and the
solvent removed at RT under vacuum to obtain 8.5 g of an orange wax. This was triturated
with ether (200 ml}, stirring 3 br, and filtered, rinsing with ether to obtain a first fraction of
the pyrazole as an offvwhite solid (3.4 g). The mother liquor was purified using silica gel
chromatography, cluting with a gradiend comprised of (9% to 30% ethyl scetite in hexane to
obtain a second pure fraction of pyrazole (3.8 g). LC-MS retention time = 2.89 min
(M H=244 1) TLC RE = 0.3 (ethyl acetaterhexane (1:1). The pyrazole (8.5 @) was placed ina
flask with THF (5 ml.} and saturated agueous sodiwm bicarbonate (10 mil} and cooled in an
ice~bath. Phenyt chloroformate {0.965 g) was added slowly and the reaction stirred for 20
min. The reaction was partitioned between ethyl scetate and water and the organice layer
washed with water and then dried over sodium sulfate and the solvent removed in vacuo to
afford 1.30 g of carbamate 23 as an oil that was purified using silica gel chromatography,
cluting with a gradient comprised of 5% to 50% cthyl acetate in hexane. LO-MS retention
time = 4.55 min {(M+H=364.1).

Commercially available diol 24 (50 g} was and acetonitiiie (650 mi) were cooled 1o an
ice-bath and DBU {56.75 ) added. Benzy! bromide {61.85 g) was added over 30 min and the
solution was altowed to warm fo room temperature and stir for 24 hr. The solveot was
remaved in vacue and the residue diluted with water (600 ml) and stirred in an ice-bath to
cause crystallization of the benzyl ester, which was filtered and washed with cold water and
then dried by pulling air through the solid. This material was suspended in ether and filtered,
washing with ether to obtain pure benzyl ester 25 (52.8 g). A second fraction of benzyl ester
was obtained by combining the washings, adding DCM (600 mi) and aqueous 2N
hydrochloric acid (100 ml) and extracting. The organic layer was washed with water and then
saturated sodium bicarbonate and brine. Alier deving over sodium sulfate the solvent was
removed 1 vacuo to afford benzyl ester 25 as a solid (25.6 g). LC-MS retention time = 3,338

min (M+H=225.2).
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Benzyl ester 253 {131 g) was placed m a flask with DCM (1000 ml) and DIPEA (170.5
g} and cooled in an ice-bath, Methane sulfonylchloride (140.7 g) was added slowly and the
reaction stirred for 30 mumn. The solution was extracted with water, aqueons 2N hydrochiorie
acid, water (2X3, saturated agueons sodium bicarbenate, and brine. Drying over sodium
sulfate and solvent remeoval in vacuo afforded 208.8 g of dimesylate 26 as a viscous Hguid in
greater than 95% purity. LC-MS retention time = 4,486 min (no M+H peak); TLC R = 0.55
{ethyl acefate/hexane (1:1).

Dimesylate 26 (120.2 g) was placed in a {lask fitted with an mechanical stirrer with
DMF (1000 ml), cestum carbonate (154 @) and stirvred while cooling in an ice-bath. Potassium
thioacetate (36.1 g) was added in portions while k=maintaining a nitrogen atmosphere and the
mixtare heated to 60°C. The reaction was maintained overnight while momitoring using
HPLC for completion, After 30 hr the reaction was complete and it was cooled in an 1ce-bath.
fee water was added to the mixture followed by ether and the mixture was partitioned, and
the organie layer was washed with water (§X) and then dried over sodium sulfate. Solvent
removal afforded 73 g of a brown oif that was purified twice by silica gel chromatography,
cluling with a gradient comprised of 2% to 8% ethyl acetate in hexane to obtain 24 ¢ of
thicoxetane 27, LC-MS retention time = 5,08 mm {(M+H=223.0);, TLC R = 0.78 {cthyl
acetateshexane (1:9).

Potassinm t-butoxide (3.78 g) and dry THF (135 mi) were placed mto a flask and
cooled i an ice-bath. Dry acetonitrile (1.04 g) was added and then thiocoxetane 27 (5 g)
dissolved in THF (10 mi) was rapidly added with efficient stirring. After 30 min the reaction
was complete and, while still in fce-bath, agueons 2N hydrochloric acid was added and the
solution was extracted with ether. The layers were partittoned and the organic layer dried
over sodium sulfate and the sotvent removed at 30 torr to obtain 5.3 g of g vellow oil which
was purified using silica gel chromatography, eluting with a gradient comprised of 0% to
50% ethytl acetate in hexane. The keto-nitrile was obtained as an ol (341 g). TLC R =08
{ethyd acetate/hexane (1:1).

The keto-nitrile (3.41 g) was mixed with toluylhydrazine hydrochlornde (3.48 g) in
ethanol {35 mi) and heated to 30°C for 43 pun. Upon cooling a precipitate forms and is found
to be toluvihvdrazine hydrochloride and removed by filtration (1.5 g}. The mother liquors are
partitioned between ether/DCM and aqueous sodium bicarbonate, and the organie layer is
washed with water and brine. Drying over sodium sulfate and solvent removal in vacuo
afforded a solid that was triturated with ether and {iltered to obtain 2.03 g of pure pyrazole as
a white solid. The mother liquors were purified using sitica gel chromatography to obtain an
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additional 0.17 g of pyrazole product. LC-MS retention time = 3.38 min (M+H=260.1), TLC
RE=0.55 {ethy! acetate/hexane (1:3). The pyrazole (2.5 g) was placed in a Hask with THF
(35 mi) and saturated aquecus bicarbonate (60 mi} and cooled m an ice-bath. Phenyl
chloroformate (2.1 g) was added and the mixture stirred for 1 hr and then partitioned between
cthyl acetate and water. The organic layer was dried over sodium sulfate and the solvent
removed to afford 4.8 ¢ of an oif which was purified using silica gel chromatography elnting
with a gradient comprised of 0% to 35% ethyl acetale in hexane. Carbamate 28 was obtained
as a white solid (3.47 g). LC-MS retention time = 5.25 mun (M+H=380.1); TLC Rf=0.7

{ethyl acetateshexane (1:3).
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Example 19
Scheme 8.

e |
we

R

Q
"y
g 3 S N
B Hﬂu_@ b e NP —<Cif\ P
e 187
g

Experiments as shown in Scheme 6 include the following syntheses

Preparation of 1-{5-(3-Methyl-oxetan-3-yi}2-p-tolyl-2H-pyrazol-3-y1}-3-(4-
phenylsullanyb-phenyli-urea {(Analog 204). Usmg Procedure 2, carbamate 23 and aniline 20
are used to synthesize urea Analog 204, LC-MS retention time = 3,301 min (M+H =472.1),

Preparation of 1-{3-(3-Methyl-oxetan-3-y1)-2-p-tolyl-2H-pyrazol-3-vl}-3-(4~phenoxy-
phenvh-urea (Analog 186). Using Procedure 2, carbamate 23 and aniline 18 are used to

synthesize urea Analog 186, LC-MS retention time = 3.34 min (M+H = 456.1),
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Preparation of 1-(2-Fluoro-4-phenoxy-phenyt)-3-[53-(3-methyl-oxetan-3-y1)3-2-p-tolyvl-
2H-pyrazol-3~-yi}-urea {Analog 192). Using Procedure 2, carbamate 23 and amline 30 are
used to synthesize urea Analog 192, LO-MS retention time = 3.40 min (M+H = 4741},

Preparation of 1+ 5-(3-Methyl-oxetan-3-vi)-2-p-tolyl-2H-pyrazol-3-v1}-3-[ 5-(2-
morpholin-4-yl-ethyl}-thiazol-2-vij-urea (Analog 187). Using Procedure 1, carbamate 23 and
thiazole 4 are used to synthesize urea Analog 187, LC-MS retention time = 3,14 min (M+H =
483.2).

Example 21
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Experiments as shown in Scheme 7 include the following syntheses,

Preparvation of 1-{5-(3-Methyl-thietan-3-yh)-2-p-tolyl-2 H-pyrazol-3-y1}-3-(4-
phenylsulfanyl-phenyl-urea { Analog 250}, Using Procedure 2, carbamate 29 and aniline 20
are used to synthesize urca Analog 250, LC-MS retention time = 4,070 min (M-+H = 488.5);
TLC RE = 0.1 (ethyl acetateshexane {111 ).

Preparation of 1-{53-(3-Methyl-thictan-3-v1)-2-p-tolvl-2H-pyrazol-3-y1]-3-{4-phenoxy-
phenyl)urea (Analog 252). Using Procedure 2, carbamate 29 and aniline I8 are used to
synthesize urea Analog 232, LC-MS retention time = 3.957 min (M+H = 4725, TLCRf =
0.1 {cthyl acetate).

Preparation of 1-(2-Fluore-4-phenoxy-phenyl)-3-[3-G-methyl-thictan-3-yi}-2-p-tolyi-

2H-pyrazol-3-vil-urea (Analog 253). Using Procedure 2, carbamate 29 and aniline 30 ave
ased to synthesize area Analog 253, LC-MS retention time = 3.995 min (M+H = 490.4),

Preparation of 1-(2-Fluoro-d-phenvisutfanyl-phenyt)-3-{5-(3-methyl-thictan-3-yi)-2-
p-tolyl-2H-pyrazol-3-yli-urea (Analog 231). Using Procedure 2, carbamate 29 and anihine 31
are used to synthesize urea Analog 251, LC-MS retention time = 424 min (M+H = 306.4).

Preparvation of 1-{S-(3-Methyl-thietan-3-yi}-2-p-tolyl-2H-pyrazol-3-yi}-3-{5-{2~
morpholin-d-yl-ethyl i-thiazol-2-yl}-urea { Analog 254}, Using Procedure 1, carbamate 29 and
thiazole 4 are used to synthesize urea Analog 254,
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Experiments as shown in Scheme R inclade the following syntheses.

Procedure 3. Phenol 31 {15.5 g) and 4-chlorepyridine (11,6 g} were heated neat at
125°C for 1.2 hr. methanolic hydrogen chloride was added and the sohids were dissolved after
which the volatites were removed in vacue. The residue was crystallized from methanol and
cther to afford 20 g of 32 as the hydrochloride salt. LC-MS retention time = 2.844 min
{M+H=244.2). The ester (14.5 g) was hydrolyzed asing potassion hydroxide (8.7 g) in
reflusing agqueous methanol. The solution was dried in vacuo and the residue dissolved in
water and acidified with agueons hydrogen chloride to pH 3 to afford g white precipitate
which was filtered and washed with water and then dried in vacuo to afford acid 33 as a white
solid. LC-MS retention time = 2.494 min (M+H=230.0}.

Using Procedure 3, phenol 34 (0.669 g) and 4-chloropyridine (0.577 g) were used to
obtain acid 36, LC-MS retention time of ester 35 = 2.912 min (M+H = 261.9),

Using Procedure 3, phenol 37 (1.31 g) and 4-chloropyridine (1.13 g) were used to
obtain acid 39, LOC-MS retention time of ester 38 = 2,917 mumn (M+H == 261.2).

Using Procedure 3, except heating at 130°C, phenol 40 (6.0 g) and 2.4~
dichloropyridine (6.68 g) were used to obtain acid 42, LC-MS retention time of ester 41 =
4,82 min {M+H = 278.3),

Example 23

6



WO 2014/015056 PCT/US2013/050921

Schame 8. >k

i\

NH
N‘N 2
,-f‘ 43

Experiments as shown my Scheme 9 include the following syntheses.

Procedure 4. Preparation of N-{S-tert-Butyl-2-p-tolvl-2H-pyrazol-3-y1)-2-[4-(pyridin-
F-yloxyphenylj-acelamde (Analog 240) Acid 33 {137 g} was mxed with the ammde
coupling reagent THTL (1,193 g), pyrazole 43 {0114 g) and DMF 91.5 mi) and stirred
overnight. The solution was partitioned between ethyl acetate and aqueous sodium
bicarbonate and the organic fayer was washed with water (2X) and dried over sodium sulfate.

Solvent removal atforded a oily restdue that was purified using silica gel chromatography,
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cluting with a gradient consisting of 10% to 80% cthy! acetate m hexane. The amide Analog
240 was obtained as an oil.

Preparation of N-{5-tert-Butyl-2-p-tolyl-2H-pyrazol-3-y1}-2-[ 2-fluoro-4-(pyridin-4-
yioxy)-phenvli-acetamide {Analog 241): Using Procedure 4, acid 36 (0.148 g) was condensed
with pyrazole 43 to synthesize Apalog 241 which was isolated as an oil.

Preparation of N-(3-tert-Buivl-2-p-tolyl-2H-pyrazol-3-y1}-2-{ 3-fluoro-4-(pyridin-4-
vioxy}phenyli-acetamide (Analog 242). Using Proceduwre 4, acid 39 {0,148 g} was condensed
with pyrazele 43 to synthestze Analog 242 which was solated as an oil,

Preparation of N-(S-tert-Butyl-2-p-tolyl-2H-pyrazol-3-y1)-2-[3-chloro-4-2-chioro-
pyridin-4-yloxy)-phenyl]-acetamide (Analog 2443, Using Procedure 4, acid 42 (0,158 2) was
condensed with pyrazole 43 to synthesize Analog 244 which was isolated as an ol LO-MS
retention time = 5,728 min (MyHs= 310,2),

Example 23
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Experiments as shown m Scheme 10 include the following syntheses.

Preparation of N-[5-(3-Methyi-thietan-3-y1)-2-p-tolvl-2H-pyrazol-3-yi}-2-{4-(pyridin-
4-vioxy)phenyllacetanude (Analog 243). Using Procedure 4, acid 33 (0,137 g) was
condensed with pyrazole 44 to synthesize Analog 245 which was isolated as an oil, LC-MS
retention time = 3.803 mun (M+H = 47 1.4)

Preparation of 2-[2-Fluoro-4-(pyridin-4-yvloxy)-phenyl-N-{ 3-(3-methyl-thictan-3-yh)-

2-p-tolyl-2H-pyrazol-3-yvil-acetamide { Analog 246). Using Procedure 4, acid 36 {0.148 g)
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was condensed with pyrazole 44 to synthesize Analog 246 which was isolated as an od. LC-
MS retention time = 3.83 min (M+H = 489.5).
Preparation of 2-[3-Fluoro-d-(pyridin-4-yloxy}-phenyl |-N-{ §-(3-methyl-thictan-3-yi}-

2-p-tolyl-2H-pyrazol-3-vil-acetamide {Analog 247}, Using Procedure 4, acid 39{0.148 g)

was condensed with ’pyrazols 44 to synthesize Analog 247 which was isolated as an oil. LC-
MS retention time = 381 min (M+H = 489.5),

Preparation of 2-{3-Chloro-4-(2-chlovo-pyridin-4-yloxy)-phenyl ] N-{ 5-(3~methyl-
thictan-3-v12-p-tolyl-2H-pyrazol-3-ylj-acetomide {Analog 249}, Using Procedure 4, acid 42
{0,138 g) was condensed with pyrazole 44 to synthesize Anglog 249 which was isolated as an
oil, LC-MS retention time = 5.702 min (M+Hs 540.2),

Example 24
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Experiments as shown m Scheme 11 include the following svntheses.

4-Hydroxyphenylhydrazine hydrochlortde (2.5 g) was mixed with prvaloylacetonitede
{1.9% g} i Ethanol (25 ml) and refluxed for 1 i, The solvent was removed and the residue
partitionad between ethy! acetate and ag. sodium bicarbonate and the organic laver washed

with water, dried over sodium sulfate, and solvent removed to afford 3.5 g ol pyravole 46 1n
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pure form. LO-MS retention time = 2.96 min (M+H=232.1). In a flask cooled in an ice-bath,
the pyrazole was placed in DOM (35 mlj with t-butyvldimethylchlorosilane {2.56 gj, tricthyl
amine (2.57 mi), and DMAP (6.1 g) and allowsd to stir overnight. The solution was
partittoned between ether and aqueous sodium bicarbonate and the organic layer washed with
water and brine, and then dried over sodium sulfate. Solvent removal afforded an oil that was
purified by silica gel chromatography, eluting with ethyl acetate in hexane to obtain pure 47.
LC-MS retention time = 5,563 min (M+H=356.3); TLC R = 0.3 (ethy! acetateshexane (19)).

~-Chioro-4-hydroxyphenylhydrazine hydrochioride (1.75 2) was mixed with kete-nitnile 14
(1.23 ¢} in ethanol (15 mi) and refluxed for 1 hr. The solvent was removed and the residue
partitioned between ethyl acetate and ag. sodivm bicarbonate and the organic fayer washed
with water, dried over sodium sulfate, and solvent removed to afford a residue that was
purified using silica gel chromatography, eluting with a gradient comprised of 3% to 73%
ethyl acetate in hexane to atford pyrazole 49 (092 g). LO-MS retention time = 3,32 min
{M-+H=278.1). In a flask cooled in an ice-bath, the pyrazole was placed i DMF (3 mi) with
t-butyldimethylchlorosilane {(8.53 g} and imidazole {026 2) and allowed to stir for 3 hr. The
solution was partitioned between ether and aqueous sodium bicarbonate and the organic layer
washed with water and brine, and then dried over sodium sulfate to afford an oil which was
purified using silica gel chromatography, eluting with ethyl acetatehexane (15:85) to obtain
pure 30, LC-MS retention time = 4.84 min (M+H=392.1). The pyrazole (1.06 g} was mixed
with THF {& ml) and agqueous sedium bicarbonate (13 ml) and cooled in an ice-bath. Phenyl
chloroformate (0.635 g) was added and the mixture stirred for 1 hr and then extracted with
ether, dried over sodium sulfate, and the solvent removed to obtain 167 g of an oil. This was
punified using sihica gel chromatography, cloting with ethyl acetate/bexane (2:8) carbamate
51 as a solid foam (0.9 ), LC-MS retention time using gradient method for ipophilic
compounds = 5.56 win (M+H=5312.2).

BuChic)ro~4~h}-"drc)xyphenylhydmzil’m hvdrochloride (1.75 g) was mixed with keto-
nitrile 22 (1.25 g) i ethanol (8 mi) and heated at 35°C for 2 hr. The solvent was removed and
the residue partittoned between ethyl acetate and aq. sodium bicarbonate and the organic
layer washed with water, dried over sodium sulfate, and solvent removed ta atford a residue
that was purified using sitica gel chromatography, eluting with a gradient comprised of 3% to
75% ethyt acetate in hexane to afford pyrazole 32 (0.20 g) as a solid, LC-MS retention tune =
2.78 mipn (M+H=280.5). In a flask cooled i an ice-bath, the pyrazole was placed in DMF
{0.6 ml) with t-butvidimethylchlorositane (0,11 g) and imidazole (0.06 g) and allowed to stir

for 2 hr. The solation was partitioned between cther and agqueous sodium bicarbonate and the
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organic faver washed with water and brine, and then dried over sodium sulfate to afford an ol
which was purified using silica gel chromatography, eluting with ethyl acetateshexane (3:7)
to obtain pure 53 {0.23 g). LC-MS retention time = 3.03 mm (M+H=394.1}. The pyrazole
was mixed with THF {4 mi) and aqueous sodium bicarbonate (8 ml) and cooled n an ice-

-~

bath. Phenyl chloroformate (0.137 ) was added, the mixture stirred for 30 min, and then
extracted with ether followed by drving over sodium sullite. Solvent removal provided 0.21
g of an oif which was purified using sitica gel chromatography, eluting with ethyl
acetate/hexane (2:8) to afford corbamate 54 as a solid {0.12 g). LC-MS retention time using
gradient method for lipophilic compounds = 4,80 min (M+H=314.1),

Example 25
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Expertments as shown m Scheme 12 include the following svntheses.

Preparation of N-f S-tert-Butvi-2-(d-hydroxy-phenyl - 2H-pyrazol-3-y1}-2-[4-{ pyridin-
4-vioxy)-phenyil-acetamaide (Analog 236). Using Procedure 4, acid 33 (0137 2) was
condensed with pyrazole 47 to prepare the silyl-protected amide intermediate which was

deprotected by stirving with acetic aaid/THF 'water (3:1:1) for 1 hr, Solvent removal and
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purification using silica gel chromatography, eluting with ethyl acetate/hexane afforded
Analog 236 as 8 waxy oil, LO-MS retention time = 4.8535 min (M+H = 442.3),

Preparation of 1-[2-(3-Chloro-4-hydroxy-phenyl}-6,6-dimethyi-2 4.5 G-tetrahydro-
cyelopentapyrazol-3-y11-3-{ 2-fluoro-4-(pyridin-4-vloxy)-phenyij-urca {Analog 234). Using
Procedure 2, carbamate 30 {(.137 g) was condensed with pyrazole 51 to prepare the silyi-
protected urea internmediate which was deprotected by stirring with acetic acid/THF/'water
{3:1:1) overnight. Solvent removal and purification by trituration with ether afforded 0.09 ¢
of Analog 234 as a solid foam, LC-MS retention time = 3.61 min (M+H =308.1),

Preparation of 1-{2-Fluoro-4-(pyridin-4-yloxy)-phenyl}-3-{2-(4-hydroxy-phenyt)-6,6-
dimethyl-2,4,5 . 6-tetrahydro-cvclopentapyrazol-3-yl]-urcs (Analog 2353 Analog 234 (0.11 )
was hydrogenated at 30 p.si. hydrogen pressure using PdAC catalyst in THF containing
triethylamine (0.11 g). The reduction was completed in 2 hr and the mixture was filtered and
partitioned between ethy! acetate and aqueous sodinm bicarbonate. The organic layer was
washed with water and dried over sodium sulfate. Solvent removal afforded a glassy solid
which was triturated with ether. The white solid was filtered and dried to afford urea Analog
235 (0067 g). LU-MS retention time = 3,36 min (MHH=474.1}.

Preparation of 1-{2-(3-Chloro-4-hydroxy-phenyl}-5-3-methyl-oxetan-3-y1}-2H-
pyrazol-3-y1}-3-phenyl-urea: compound with pyridine (Analog 229). Using Procedure 2,
carbamate 54 {0.06 g) was condensed with antline 18 (0.028 g)to prepare the silyl-protected
urca mtermediate which was purified using sihica gel chromatography, chuting with a gradient
comprised of 0% to 10% methanol in DCM to afford 0.058 ¢ of pure silvi-protected urea
intermediate (0,058 g). LC-MS reteation tme =~ 4,51 min (M+H=606.1). This was
deprotected by stirning with acetic acid/ THF water (3:1:1) overnight. Solvent removal and

trituration with ether afforded 0.4 g of Analog 229 as a white solid. LC-MS retention time =
All references cited herein are incorporated by reference, each i its entirety.

Apphcant reserves the right to challenge any conclusions presented by the authors of any

reference.
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Claims
What 1s claimed 1s:

1. A compound, a pharmaceutically acceptable salt thereof, or a prodrug thereof of

v

Formula |

ia |

wherein Ry is selected from the group consisting of H, lower alkyl and aryl;

b £

R and Ry together comprise a 4-6 member aliphatic, carbocyclic, or heterocyelic ring
comprising 1 or 2 heteroatoms, each heteroatom selected from the group consisting of N, O
and §;

X is selected from the group consisting of CHy, NH, O, and §;

ring A is a 6-membered aliphatic, sromatic, or heteroaromatic ring, wherein each Ry
and Rs s independently selected from the group consisting of H, a first halogen, lower alkyl,
-CF;, -OR3 and ~SRy, with the proviso that Ry and R do not together comyprise a ring;

Ry is selected from the group consisting of H, lower alkyl, cyeloalkyl, cycloalkylatkyl,

heterocyelyl, heterocyeltoalkyl, aryl, and arvlakiyl;

Z is selected from the group consisting of CHy, NH, O and §;

Ry 1s selected from the group consisting of H, amine, lower alkyd, cycloatkyl,

cycloatkylalkyl, heterocyelyd, heterocvloatkyd, arvl, arvlalkyl, ~ORpq, -SSRy, -NR 1R, -

wheremn cach Ryz is independently selected from the group consisting of H, lower

alkyl, eveloalkyl, cveloalkylalkvl, heterocyelyl, heteroeyeloalkyl, aryl, and arylakiyl: and
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wherein lower alkyl is C-Cyy Iinear alkyl, C3-Cyy branched alkyl, or C3-Cip oychic
alkyland 0, 1, 2 or 3 carbons of a lower alkyl are replaced with a heteroatom, each
heteroatom selected from the group consisting of N, O, and S.

2. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 1, wherein Ry is an aryl substitnied with 0-2 radicals each independently selected from
the group consisting of a second halogen, a hydroxyl, -ORyy, -SRy;, lower alkyl, -COzRyy, -
OU{OR 14, “NRUOR ¢, -CONR 1y, ~NRHCIOINR Ry 1, ~OCHOINR Ry, -NR{CHEHOR
and tmidazolyl, wherein Rygts selocted from the group consisting of H, methyl, ethyl, propyl,
tsopropyl, and cyclopropyimethyl, and wherein each Ry is independently selected from the
group consisting of H, methyl, ethyl, propyl, isopropyl, and cyclopropylmethyl.

3. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Clatm 1, wherein Rg 1s selected from the group consisting of fower alkyl, cycloalkyl,
eveloatkylalkvl, heterocyelyl, heterocyloaliovl, arvl, and arylalkvl, wherein R is further
substituted with -2 radicals selected from the group consisting of a third halogen, a
hvdroxyl, -NR R, ~OR g, SR, ~CF3, ~CONRGR g, “NR (oGO g9, -NR1pC{OINR oR g, -
OC{OINR 1R 1o, -NC{HBOR 1y, and -COzR 1p, and wherein each Rygis independently selected
from the group consisting of H, methyl, ethyl, propyl, 1sopropyl, and cyclopropylmethyvl.

4. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 1, wherein when Rg is not H, Ry is further substituted with 0-2 radicals selected from
the group consisting of a halogen, a hydroxyl, -NRjaR 4. ~ORyo. -8Ry, -CF3, ~CONR1pR . -
NRgCOR o, -NRjpCEOMNR R, ~OCOINR (oR 1, -NCIOY IR0, and ~COOR gy, and
wherein each Rjpis independently selected from the group consisting of H, methyl, ethyl,
propyl, isopropyl, and evelopropylmethyl,

5. The compound, pharmaceuntically acceptable salt thereof, or prodrug thereot of
Claim 4, wherein when a nitrogen of Ry is substitoted with two non-hydrogen groups, the
groups taken together consist of a 3 or 6 membered ring.

6. The compound, pharmaceutically acceptable salt thereof, or prodrug thereot of
Clamn 1, wherein when Ry 18 not H, Ry: s further substituted with 0-2 radicals selected from
the group consisting of a halegen, a hydrexyl, “NR R, ~ORys, ~SRug, ~CF3, «CONR 1pR 0, ~
NR (COWR 1, -NRjpCOINR R, ~OCLOINR (oRyp, ~-NCIOY M 1, and ~COOR ¢, and
wherein each Rypis independently selected from the group consisting of H, methyl, ethyl,

propyl, isopropyl, and cyclopropylmethyl
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7. The compound, pharmaceutically acceptable salt thercof, or prodrug thereof of
Claim 6, wherein when a nitrogen of Rz is substituted with two nop-hydrogen groups, the
groups taken together consist of a § or 6 membered ring.

R. The compound, pharmaccutically acceptable salt thereof, or prodrug thercof ol any
one of Claims 2-7, wherein each Ry is independently selected from the group consisting of
H, methyl, ¢thyl, propyl, isopropyl, and cyclopropylmethyl, and wherein when a nitrogen of
Riq 18 substituted with two non-hydrogen groups, the groups taken together consistofaSor 6
membered ring.

9. The compound, pharmaccutically acceptable salt thereof, or prodrug thercof of
Claim 2, wherein cach Ry is independently selected from the group consisting of H, methyl,
ethyl, propyl, wopropyl, and eyclopropylmethyl, and wherein when a nitvogen of Ry i
substituted with two non-hydrogen groups, the groups taken together consistofa Sor 6
membered ring.

10. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 1, whergin Ry is selected from the group consisting of phenyl and pyridinyl.

11 The compound, pharmaceuntically acceptable salt thereof, or prodrug thereof of
Claim 1, wherein X is NH.

12. The compound, pharmaceutically acceptable salt theveof| or prodrog thereof of
Claim 1, wherein Ry is fluorine.

13, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 1, wherein Z is selected from the group consisting of O and 5.

14. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claimn 1, wherein the heteroaromatic ring A is selected from the group consisting of benzene,
pyridine, and pyrimidine.

15, The compound, pharmaceutically acceptable salt thereof, or prodrug thereol of
Clatm [, wherein ring A s a trans-substituted cyclohexane ring.

16. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Clamn 1, wherein ring A 18 cvclohexane and Ry and Ry are each H.

17. A compound, pharmaceutically acceptable salt thereof, or prodrug thereof of

Formula I
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Formula il

wheremn Ry s setected from the group consisting of H, lower alkyl, and arvl;

Y is sefected from the group consisting of CHy, O, and S5

X is selected from the group consisting of CHx, NH, O, and §:

ring A is a 6-membered aliphatic, aromatic, or hetercaromatic ring, wherein cach Ry
and R is independently selected from the group consisting of H, a first halogen, lower alkyl,
-CFs, -ORg and ~SRg, with the proviso that Ry and Rs do not together comprise a ring;

wherein Rg is selected from the group consisting of H, lower alkyd, cycloatkyl,
eycloatkyialkyl, heterocyelyd, heterocycloaltkyl, arvl, and arvlaklyh;

Z s selected from the group consisting of CHy, NH, O, and §;

R is selected from the group consisting of H, amine, lower alkyl, cycloalkyl,
cycloatkviatkyl, heterocvcelvl, heteroevioalkyl, aryl, arvialkyl, -ORys, <SRy, -NRp:Rp, -
CONR 2R g2, -NR;:COR ja, ~CO:Rs, -NRC{HN0OR 15, and ~NR C{OWR 2R 2;

wherein cach Ry is independently selected from the group consisting of H, fower
atkyl, eyeloalkyl, eycloalkylalkyl, heterocyelyl, heteroeycloalkyl, arvl, and arvlakiyl; and

wherein lower alkyl is U-Chn linear alkyd, Cs-Uyp branched alkyl, or Ca-Cyp cyelie
alkyt and &, 1, 2 or 3 carbons of & lower alkyl are replaced with a heteroatom, each
heteroatom selected from the group consisting of N, O, and §.

18, The compound, pharmaccuticatly acceptable salt thercof, or prodrog thercof of
Claim 17, wherein Ry is aryl substituted with -2 radicals each independently selected from
the group consisting of a sccond halogen, a hydroxyt, -ORyy, -SR ¢, lower alkyl, -CORyy, -
OC{OIR (1. “NR;gCOR 1, ~<CONR 1, “NR ;COINR LR 1 OCIOINR Ry, -NRCEOWOR,,

and imidazolvl, wherem Ry s selected from the group consisting of H, methyl, ethyl, propyl,
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wopropyl, and cvcloprepylmethyl, and wherein each Ry 15 independently selected from the
group consisting of H, methyl, ethyl, propyl, sopropyl, and eyclopropylmethyl.

19. The compound, pharmacecutically acceptable salt thereof, or prodrug thereof of

Claim 17, wherein Ry is selected from the group consisting of lower alkyl, cycloalkyl,
cyvcloatkylatkyl, heterocvelyl, heteroevleoalkyl, aryl, and arvialkyl, wherein R is further
substituted with 0-2 radicals selected from the group consisting of a third halogen, a
hydroxyl, ~-NRRyg, ~ORyp, -SRyp, ~CF5, <CONR R 5, ~NRjiCOR 0, -NRGC(OINR R, -
OCIOINR 1R g, -NC{OYOR g, and  -CO:Rg; snd wherein each Rig is independently selected
from the group consisting of H, methyl, ethyl, propyl, isopropyl, and cyclopropylmethyl.

20. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 17, wheretn when Ry 18 not M, Ry is further substiinted with 0-2 radicals selected trom
the group consisting of a halogen, a hydroxyl, ~NRjaR (g, “OR g, -8R g, -CF3, -CONR 4Ry, -
NR 10CEOIR 10, -NRGCEOINR 1R 1, -OCIOINR 1R 19, ~-NCOYOR 14, and -CO2R 4, and wherein
each Rygis independently selected from the group consisting of H, methyl, ethyvi, propyl,
wsopropyl, and eyvclopropyhmethyl.

21. The compound, pharmaceutically acceptable salt thereof| or prodrug thercot of
Claim 20, wherein when a mitvogen of Ry 13 substituted with two nen-hydrogen groups, the
groups taken together consist of a S or 6 membered ring.

22. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 17, wherein when Ry 1s not H, Ry is further substitated with 0-2 radicals selected
from the group consisting of a halogen, a hydroxyl -NR jpR e, ~ORGe, ~SRyy, ~CF3, -
CONR R 9, -NR1oC{OWR gy, -NR s CLOINR 1oR 15, -OCOINR (R 1o, -NC(OYIR 1, and -
CO2R g and wherein each Ry is independently selected from the group consisting of H,
methyl, ethyl, propyl, isopropyl, and cyclopropylmethyl.

23. The compound, pharmaceutically acceptable salt thereof, or prodrog thereof of
Claim 22, wherein when a nitrogen of Ry is substituted with two non-hydrogen groups, the
groups taken together consist of a S or 6 membered ring.

24. The compound, pharmaceutically acceptable salt thereof] or prodrug thereof of
any one of Claims 18-23, wherein each Ryg is independently selected from the group
consisting of H, methyl, ethyl, propyl, isopropyl, and eyelopropylmethyl; and wherein when a
nitrogen of Ry is substituted with two non-hyvdrogen groups, the groups taken together
consist of a 3 or 6 membered ring.

25. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of

Claim 18, wherein cach Ry; is independently selected from the group consisting of H, methyl,
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ethyl, propyl, sopropyl, and eyelopropylmethyl, and wherein when a nitrogen of Ry is
substituted with two non-hydrogen groups, the groups taken together consistofa Sor 6
membered ring.

26. The compound, pharmaceutically acceptable salt theveof, or prodrug thereof of
Claim 17, wherein Ry is selected from the group consisting of phenyvl and pyridinyl.

27. The compoand, pharmaceutically acceptable salt thereof, or prodrug thereol of
Claim 17, wherein X 1s NH.

28. The compound, pharmaceutically acceptable salt thereotf, or prodrug thereof of
Claim 17, wherein ring A is benzene,

29. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 17, wheretn Ry s Huorine.

30, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 17, wherein Z i selected from the group consisting of (3 and S,

31. The compound, pharmaceutically acceptable salt thereofl or prodrug thereof of
Claim 17, wherein the beterparomatic ring A 1s selected from the group consisting of
benzene, pyridine, and pyrimidine.

32. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 17, wherein ring A 1s a trans-substituted cyclohexane ning.

33. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of

Claim 17, wherein ring A is eyelohexane and R and Ry are each H,

34. A conpound, pharmacentically acceptable salt thereof], or prodrug thereof of

Formuia
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R7

Formula i

wherein Ry is selected from the group consisting of H, lower alkyl, and arvl;

R and R; together comprise a 4-6 member aliphatic, carboeyelie, or heterocyelic ring
comprising 1, or 2 heteroatoms, each heteroatom selected from the group consisting of N, O,
and §;

X is selected from the group consisting of CHz, NH, O, and §;

ring A is a 6~-membered aliphatic, aromatic, or heteroaromatic ring, wherein ¢ach Ry
and R is independently selected from the group consisting of H, a first halogen, lower alkyl,
~CF3, -ORg and ~SRy, with the proviso that Ry and Rs do not together comprise a ring;

wherein Ry s selected from the group consisting of H, lower alkyl, cyeloalkyl,
cycloatkylalkyl, heterocyelyl, heterocyeloalkyl, arvl, and arylaklyl;

Z1s selected from the group consisting of CHo, NH, O, and S5

Ry 15 selected from the group consisting of H, amine, {ower alkyl, oyeloalkyl,

cycloatkylalkyl, heterocyelyl, heterocyloalkyd, avvl, arvlalkyl, -ORj,, -SRis, -NR 3Ry, -

wherein each Ry 15 independently seleeted from the group consisting of H, lower
atkyl, eyeloalkyl, cyveloalkylaltkyl, heteroeyelyl, heteroeyeloalkyl, aryl, and arvlaklyl; and

wherein lower alkyl is C-Cyyp linear alkyl, C3-Chy branched alkyl, or Ci-Cyg oyehic
atkyl and 0, 1, 2 or 3 carbons of a lower alkyl are replaced with a beteroatom, each
heteroatom selected from the gronp consisting of N, O, and 8.

35. The compounnd, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 34, wherein Ry is an aryl substitated with 0-2 radicals each independently selected

from the group consisting of a second halogen, a hydroxyl, -OR;i, -8Ry, lower alkyl, -
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CO:R 4, -OCIOR 1, -NRCOR 4, -CONRyy, -NR{HCIOINR Ry, -OCIOINR Ry, -
NR i CLOYOR , and imidazolyl, wherein Ry 1s selected from the group consisting of H,
methyl, cthyl, propyl, isopropyl, and cyelopropylmethyl, and wherein cach Ry is
tndependently selected from the group consisting of H, methyl, ethyl, propyl, isopropyl, and
cvelopropyhmethyl.

36. The compound, pharmaceutically acceptable salt thereol] or prodrug thereofl of
Claim 34, wherein Ry is selected from the group consisting of lower alkyl, eycloalkyl,
cycloatkylalkyl, heterocycelvl, heterocyloatkvl, arvl, and arylalivl, Ry 1s fther substituted
with 0-2 radicals selected from the group consisting of a third halogen, a hydroxyl, -NRgRya,
~OR 6, ~SRyg, ~CFy, ~<CONRsR 16, -NRC{OMR 40, and ~NR6C, and wherem cach Ryugis
wdependently selected from the group consisting of H, wethyl, ethvl, propyl, isopropyl, and
cyclopropylmethyl.

37. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 34, wherein when Ry 18 not H, Ry is further substituted with -2 radicals selected from
the group censisting of a halogen, a hydroxyl, -NRgRyp. ~OR 4, ~SRyy, ~CF3, -CONR jpR 4, ~
NR (5CIOWR o, -NRpCHOTNR 1oR 1, ~OCIOWR (¢R 0, ~-NCIOY IR, and ~CO2 R, and wherein
cach Ryq s independently selected from the group consisting of H, methyl, ethyl, propyl,
tsopropyl, and cyclopropyimethyl.

38. The compound, pharmaceutically acceptable salt thercof, or prodrag thercof of

a
f)
H

Claim 37, wherein when a nitrogen of Rg is substituted with two non-hydrogen groups, the
groups taken together consist of a 5 or 6 membered ring.

39. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 34, wherein when Ry is not H, Ry; 15 further substituted with 0-2 radicals selected
from the group consisting of a halogen, a hydroxvl, -NR R ¢0. -OR 0, -8Ry, -CF3, -
CONR 16R g, -NRpCIOR g, -NR jpCIOINR 1R, -OCIOWNR (R 1, -NC{OYOR 45, 8nd -
CO2Ryy, and wherein each Rygis independently selected from the group consisting of H,
methyl, ethyl, propyl, isopropyl, and evelopropylmethyl,

40. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 39, wherein when a nitrogen of Rz is substituted with two non-hydrogen groups, the
groups taken together consist of a 3 or 6 membered ring.

41. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
any one of Claims 35-40, swherein each Ryg, Is independently selected from the group

consisting of H, methyl, ethyl, propyl, isopropyl, and cyclopropyimethyl, and wherein when a
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nitrogen of Ry is substituted with two non-hydrogen groups, the groups taken together
trogen of R bstituted with t n-hydrogen groups, the g taken togeth
consist of a § or 6 membered ring.

42. The compound, pharmaccutically acceptable salt thereof, or prodrug thereof of
Clahm 35, wherein each Ry is independently selecled from the group consisting of H, methyi,
ethyl, propyl, isopropyl, and cyclopropylmethyl, and wherein when a nitrogen of Ry is
othyl, propyl, isopropyl, and evelopropylmethyl, and whercin when a nitrogen of R
substitnied with two non-hydrogen groups, the groups taken together consist of a Sor 6
membered ring.

43. The compound, pharmaccutically acceptable salt thereof, or prodrug thercof of
Claim 34, wherein Ry is selecied from the group consisting of phenyl and pyridinyl.

44. The compound, pharmaceutically acceptable salt thereof, or prodrug thereot of

“laim 34, wherein X s N

Claim 34, wh X s NH

43, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 34, wherein ring A is benzene.

46. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claing 34, wherein Ry is fluorine,

47, The compound, pharmaceutically acceptable salt thereof, or prodrug thereofl of
Claim 34, wherein Z i3 selected from the group consisting of O and S.

48, The compound, pharmaceutically acceptable salt thereof| or prodrug thereof of
Claim 34, wherein the heteroaromatic ring A is selected from the group consisting of
benzene, pyridine, and pyrimidine.

49, The compound, pharmaceutically acceptable salt thereof, or prodrug thereofl of
Clayn 34, wherein ring A is a trans-substituted evelohexane ring,

50. The compound, pharmaceutically acceptable salt thereof, or prodrag thercot of

Claim 34, wherein ring A s cvelohexane and Ry and R are each H.
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51, A compeund, a pharmaceutically acceptable salt thereof, or a prodrug thereof of

Formula [V

Formula IV

wherein Ry 13 selected from the group consisting of H, lower alkyl, and aryl

Y is selecied from the group consisting of CH,, O, and S5

X s selected from the group consisting of CHa, NH, O, and §;

ring A is a 6~-membered aliphatic, aromatic, or heteroaromatic ring, wherein each Ry
and Ry is independently selected from the group counsisting of H, a frst halogen, lower alkyl,
-CF3, -ORy and SRy, with the proviso that Ry and Rs do not together comprise & ring;

wherein Ry s selected from the group consisting of H, lower alkyl, cycloallkyl,
cycloaliovialkyl, heterocyelyl, heteroeyeloalkyl, arvi, and arylakivh

Z1s selected from the group consisting of CHy, NH, O, and S; and

R is selected from the group consisting of H, amine, tower alkyl, eycloaltkyl,
cycloatkylalkyl, heterocyelyl, heterocyloalkyl, arvl, arvialkyl, -ORg, -SRya, -NR 2Ry, -
CO}\R;ZR:., -:\R:CORQ, —(:f):R;; -\‘RQC(O}{)RQ. and VR;:C(U}NR;:R;Q

wherein Rz is selected from the group consisting of H, lower alkyl, cvcloalkyl,
cvcloatkylatkyl, heteroevelyl, heteroeyeloalkyl, aryl, and arylaklyl; and

wherein lower alkyl is C~Cig linear alkovl, Cs-Cig branched alkyl, or Ci-Chg oyedic
atkovl and 0, 1, 2 or 3 carbons of a lower alkyl are veplaced with a heteroatom, each

hetevoatom selected from the group consisting of N, Q, and S,
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52. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein R 15 an aryl substituted with 0-2 radicals each independently selected
from the group consisting of a second halogen, a hyvdroxyl, -OR;y, -SSRy, lower alkyl, -
CORy, -OCOIR 1, -NRCOR ., -CONRyy, -NRGCUOINR R, -OCIOINR Ry, -
NRHC{OYOR 1y, and imidazolyl, wherein Ry is selected from the group consisting of H,
methyl, ethyl, propyl, isopropyl, and cyclopropylmethyl, and wherein each Ry is
idependently selected from the group consisting of H, methyl, ethyl, propyvi, isopropyl, and
cyclopropylmethyl.

53, The compound, pharmaccutically acceptable salt thereof, or prodrug thercof of
Claim 51, wherein R i3 selected from the group consisting of lower alkyl, eveloalkyl,
cycloalkylalkyd, heterocyelyvl, helerocyloaltkyl, aryl, and arvialkyl, wherein Ry 1s finther
substituted with 0-2 radicals selected from the group consisting of a third halogen, a
hydroxyl, -NR gR . -OR g, -8Ry, -CFy, “CONRoR g, -NRyCIOWR 0, -NR gCIOINR R 10, -
QCIOINR (oRyp, “NCLOYIR 14, and -COR 14, and wherein each Ryg is mdependently selected
from the group consisting of H, methyl, ethyl, propyl, isopropyl, and eyelopropyhmethyl.

54. The compound, pharmaceuntically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein when Ry is not H, Ry s further substituted with 0-2 radicals selected from
the group consisting of a halogen, a hydroxyl, -NR R 1o, -OR g, ~SRyp, ~OF3, -CONRpRp, ~
NRCEOR g, -NRgCIOINR R g, -OCIOINR 16R 1o, -NC{NOR 44, and -CO2R i, and wherein
cach Rjeis independently selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, and eyvclopropylmethyl

33, Fhe compound, pharmaceutically acceptable salt thereof, or prodrug thersof of
Clairo 34, wherein when a mitrogen of Ry is substituted with two non-hydrogen groups, the
groups taken together consist of a 5 or 6 membered ring.

56. The compound, pharmaceutically acceptable sali thereof, or prodrug thereol of
Claim 51, wherein when Rz is not B, R is further substituted with 0-2 radicals selected
from the group consisting of a halogen, a hydroxyl, -NR Ry, ~ORyg, -SRyg, -CF3, -
CONRjoR g, -NRC(OR (g -NRgC{OINR R 1o, -OC{OINR 15R 1. ~NC{OWOR 1, and -
CO2R g4, and wheren each Rye 13 independently selected from the group cousisting of H,
methyl, ethyl, propyl, sopropyl, and cyelopropyimethyl.

57, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 56, wherein when a nitrogen of Rz 1s substituted with two non-hydrogen groups, the

groups taken together consist of a § or 6 membered ning.
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58. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
any one of Claims 52-37, wherein each Ry, is independently selected from the group
consisting of H, methyl, ethyl, propyl, isopropyl, and cyclopropyimethyl and wherein when a
nitrogen of Ryp is subsittuted with two non-hydrogen groups, the groups taken together
consist of a 5 or 6 membered ring.

39. The compoand, pharmaceutically acceptable salt thereof] or prodrug thereol of
Claim 52, wherein gach Ry; is independently selected from the group consisting of H, methyl,
ethvl, propyl, isopropyl, and cyclopropylimethyl, and wherein when a nitrogen of Ry 18
substituted with two non-hydrogen groups, the groups taken together consistofa 3 or 6
membered ring.

60, The compound, pharmacentically acceptable salt thereof] or prodrug thereof of
Claun 31, wherein R; s selected from the group consisting of phenyi and pyridinyl.

1. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Clai 531, wherein X 18 NH.

62, The compound, phanmaceutically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein ring A is benzene.

63. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein Ry is fluorine.

64. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein Z is selected from the group consisting of O and S,

635, The compound, pharmaceutically acceptable salt thereof] or prodrug thereol of
Claun 51, wherein the hetercaromatic ring A is selected from the group consisting of
henzene, pyridine, and pyrimidine.

66. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 51, wherein ring A is a trans-substituied cyclohexane ring.

67, The compound, pharmacevtically aceeptable salf thereof, or prodrug thereofl of

Claim 531, wherein ring A s eyclohexane and Ry and R are cach H.
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68. A compeund, a pharmaceutically acceptable salt thereof, or a prodrug thereof of

Formula V:

Ry

Formula V

wherein Ry is selocted from the group consisting of H, a first lower alkyl, and arvl;

X is selected from the group consisting of CHz, NH, O, and S,

ring A 1s 2 6-membered abiphatic, aromatic, or hetercaromatic ring, wherein each Ry
and Ry is independently selected from the group consisting of H, a {irst halogen, lower alkyl,
~CFs, -ORg and -SSRy, with the proviso that Ry and Rs do vot together comprise a ring;

wherein Ry is selected from the group consisting of H, fower alkyl, evcloalkyl,
cvcloalkylalkyl, heterocyelyl, heteroeyveloalkyl, aryl, and arvlakiyl;

Z is selected from the group consisting of CHy, NH, ©, and S

wherein R» is a 4-7 membered helerocyelic ning contaimng 1-2 ring atoms
independently selected from the group consisting of N, O, and S; and

wherein lower atkyvl is C;-Chy linear alkyl, Cs-Cip branched atkyl, or C5-Cyp cvelic
afkyt and O, 1, 2 or 3 carbons of a lower alkyl are replaced with a heteroatom, each
heteroatom selected from the group consisting of N, O, and 8,

69, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 08, wherein Ry is aryl substitnted with 0-2 radicals each independently selected from
the group consisting of a second halogen, a hydrosyl, -ORyy, -SRyy, lower alkyl, ~-CORRyy, -
OC{OR 4, -NR jgUOR ¢, -CONRyy, -NRCOINR Ry, -OCIOINR LRy, -NR G CEOYOR .
andl imidazolvl, wherein Rygis selected from the group consisting of H, methyl, ethyl, propyl,
sopropyl, and cyclopropylmethyl, and wherein each Ry s independently selected from the

group consisting of H, methyl, ethyl, propyl, isopropyl, and cvelopropylmethyl,
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70. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 68, wherein R71s substituted by a second lower alkyl; and the second lower alkylis
further substitated by 0-2 substituents independently selected from the group consisting of a
third halogen, a hydroxyl, -ORg, -SRg, -NRgRg, -CONRgRg, -NRGCORg, -COuRy, -
NRgCOOR, and ~-NRCIOINR R, and wherein each Ry 1s independently selected from the
group consisting of H, lower alkyl, cycloalkyl, cycloalkylalkyl, heteroeyelyl,
heterocyeloalkyl, arvl, and arylakiyl

71. The compound, pharmaccutically acceptable salt thercof, or prodrug thercof of
Claim 68, wherein Ry is further substituted with 0-3 substituents independently selected from
the group consisting of H, a fourth halogen, a hydroxyl, lower alkyl, -ORy, -SRy, -NRgRs, -
CONRRg, “NRGCORg, -COaRy, -NRZLOOOR g, and ~NRGUOINRR, and wherein each Ry is
independently selected from the group consisting of H, lower alkyl, cycloatkyl,
cyeloal i«} latkvi, heterocyelvl, heterocyeloatkyl, aryl, and arviaklyl.

. The compound, pharmaceutically acceptable salt thereof or prodrug thereof of
Claim 68, wherein Ry is not H, and Ry is farther substituted with (-2 radicals selected from
the group consisting of halogen, hydroxyl, -NRoRyg, -OR g, -SRyp, -CFy, ~CONR gRyp, -
NR O g, -NRjpCEOIINR (R g, -OC{OINR (oR o, -NC(OY IR 15 and ~CO:R g, and wheremn
each Ry, 18 independently selected from the group consisting ol H, methyd, ethyl, propyl,
wopropyl, and cyclopropyhmethyl

73. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 72, wherein a nitrogen of Ry is substituted with two non-hydrogen groups, the groups
taken together consist of a 3 or & membered ring.

74. The compound, pharmaceutically acceptable salt thercof, or prodrag thercot of
any one of Claim 69, wherein each Ry, 18 independently selected from the group consisting
of H, methyl, ethyl, propyl, wopropyl, and eyclopropylmethyl, and wherein when a nitrogen
of Ry is substituted with two non-hydrogen groups, the groups taken together consist ofa §
or & membered ring.

73, The compound, pharmaceutically acceptable salt thereof] or prodrug thereof of
Claim 69, wherein each Ry: 18 independently selected from the group consisting of H, methyl,
ethyl, propyl, 1sopropyl, and cyclopropyimethyl, and wheretn when a nitrogen of Ry s
substituted with two non-hydrogen groups, the groups taken together consistofa S or 6
membered ring.

76. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 68, wherein Ry is selected from the group consisting of phenyvl and pyridinyl.

117



WO 2014/015056 PCT/US2013/050921

77. The compound, pharmacentically acceptable salt thereof, or prodrug thereol of
Claim 68, wherein X is NH.

78. The compound, pharmaceutically acceptable salt theveof, or prodrug thercof of
Claim 68, wherein ring A is beazene,

79. The compound, pharmaceutically acceptable salt thereof] or prodrug thereol of
Claim 63, wherein Ry is fluorine,

80, The compound, pharmaceutically acceptable salt thereof, or prodrug thercof of
Claim 68, wherein Z s selected from the group consisting of O and S.

&1. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 68, wherein the heteroaromatic ving A 1s selected from the group consisting of
benzene, pyridine, and pyrinidine.

82. The compound, pharmaceutically acceptable salt thercof, or prodrug thereof of
Claim 08, wherein ring A is a trans-substituted cyclobexane ring.

83, The compound, phanmaceutically acceptable salt thereof, or prodrug thereof of

Claim 68, wherein ring A is eyclohexane and R and Rs are each H.
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84. A compeund, a pharmaceutically acceptable salt thereol, or a prodrug thereof of

Formula VI

Formula Vi

wherein Ry s selected from the group consisting of H, lower alkyl, and arvl

R and Ry together comprise a 4-6 member aliphatic, carboeyelic, or heterocyelic ring
comprising 0, 1, or 2 heleroatoms, each heteroatom selected from the group consisting of N,
O, and S

W is selected from the groap consisting of O and §;

Ry 18 selected from the group consisting of H, lower alkyl, eycloalkyl, evcloalkylalkvl,
heterocyeyl, heterocyeylatkyl, arvl, arvialkyl, -CONRgRy, and -CORy;

wherein each Rg is independently selected from the group consisting of H, {ower
atkyvl, eveloalkyl, eveloalkylalkyl, heterocyelyl, heteroeyeloalkyl, aryl, and arviakivi; and

wherein lower alkyl s U~y linear alkyd, Ci-Cip branched alkyl, or CCyp cyche
alkyl and 0, 1, 2 or 3 carbons of a lower alkyl are replaced with a heteroatomy, each
heteroatom selected from the group consisting of N, O, and 8.

83. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claun 84, wherain Ry i3 avyl substituted with 0-2 radicals each independently selected from
the group consisting of a first halogen, a hydroxyl, -0y, -SRyy, lower alkyl, -COaRyy, -
QCOIRy, -NRCORy, -CONR L ~NRGCOINR 1 Ry, -OCOINR Ry -NR (i COI0R 4,
and inudazolyl, wherein Ryq 18 selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, and cyclopropyimethyl, and wherem cach Ry is independently selected from the

group consisting of H, methyl, ethyl, propyl, sopropyl, and cyclopropylmethyl.
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86. The componnd, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 84, wherein Rg is selected from the group consisting of lower alkyl, eycloalkyl,
cycloalkylalkyl, heterocyeyd, heterocveyialkyl, arvl, and arylalkyl, wherein R is furthe
substituted with 0-3 groups selected from the group consisting of a second halogen, a
hvdroxyl, amine, lower alkyl, cycloatkyl, cycloalkylalkyl, heterocyelyl, heterocyloalkyl, aryl,
arvlalkyl, -ORg, -SRg, -NRgRy, -CONRRRR? NRCORg, ~-COsRg, -NRC(OYORy, and -
NRGC{OWNR R, and wherein each Ry is independently selected from the group consisting of
H, lower alkyl, eycloalkyl, cycloatkylalkyl, heterocycelyl, heterocyeloativl, arvl, and
arylaklyl.

&7. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 85, wherein each R s independently selected from the group consisting of H, methyl,
ethvi, propyl, isopropyl, and cyclopropyimethivl, and wheremn when a nitrogen of Ry 1s
substituted with two non-hydrogen groups, the groups taken together consistofa S or 6
membered ring,

88, The compound, phanmaceutically acceptable salt thereof, or prodrug thereof of
Claim 84-87, wherein when Ry is not H, Ry is further substituted with -2 radicals selected
from the group consisting of a halogen, a hydroxyl, -NEjpRya, -0ORya, -SSRy, -CF3, ~
CONR pR 10, -NRioC(OR 10 -NR 1 cCIOIWR 1R 14, -OCHOINR R 1, -NC{EHOR g, and -
CO2R 4, and wherein cach Ryg is independently selected from the group consisting of H,
methyl, ethyl, propyl, isopropyl, and eyclopropyimethyl.

89. The compound, pharmaceutically acceptable salt thereof, or prodrug thereot of
Clayn 88, wherein when a nitrogen of Ry 1s substituted with two non-hydrogen groups, the
groups taken together consist of a 5 or 6 membered ring,

90. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
any one of Claims 83, 87, B8R, or 89 wherem each Ryy, 1s independently selected from the
group consisting of H, methyl, ethyl, propyl, sopropyl, and cyclopropylmethyl, and wherein
when a nitrogen of Ry is substituted with two non-hydrogen groups., the groaps taken
together consist of a 3 or 6 membered ring.

Q1. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 84, wherein R, is selected from the group consisting of phenyl and pyridinyl.

92. The compound, pharmaceuntically acceptable salt thereof, or prodrug thereof of

Claim 84, wherein Wis {0,
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93. A compeund, a pharmaceutically acceptable salt thereol, or a prodrug thereof of

Formula VI

;?9
N/—— _\W
n_/

0
N

N—)
\
/&s

Formuila Vi

/ °N
R’ H H

wherein R s selected from the group consisting of H, tower alkyl, and aryl;

Y s sefected [rom the group consisting of CHg, O, and §;

W is selected from the group consisting of O and §;

R is selected from the group consisting of H, lower alkyl, cvcloalkyl, eyveloaltkylatkyd,
heterocyeyl, heterocyevlalkyl, arvd, arvialkyl, -CONRsRg, and ~CO-Rg;

wherein each Ry is independently selected from the group consisting of H, lower
atkyl, eycloalkyl, cycloalkylatkyl, heterocyelyl, heterocyeloalkyl, aryl, and arylaklyl and

wherewn lower alkyl 1s C-Cyg Inear alkovl, C5-Cig branched atkyl, or C5-Chg evelic
atkvl and 0, 1, 2 or 3 carbons of a lower alky! are replaced with a heteroatom, cach
heteroatom selected from the group consisting of N, O, and S.

94. The compound, pharmaceutically acceptable salt thereof| or prodrug thereof of
Claim 93, wherein Ry is aryl substitited with 0-2 radicals cach independently selected from
the group consisting of a first halogen, a hydroxyl, -OR 1, -8Ry, lower atkyl, -CO:Ryy, -
OC{OR 1, -NRjpCORyy, -CONRyy, -NR;C{OINR Ry, -OC{OINR Ry, -NRjC{OYOR
and imidazolyl, wherein Rygis selected from the group consisting of H, methyl, ethyl, propyl,
isopropyl, and cyclopropylmethyl, and wherein each Ry is independently selected from the

group consisting of H, methyl, ethyl, propyl, isopropyl, and cyclopropylmethyl.
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95, The componnd, pharmaceutically acceptable salt thereof, or prodrug thereof of
Claim 93, wherein Rg is selected from the group consisting of lower alkyl, eycloalkyl,
cycloalkylalkyl, heterocyeyd, heterocveyialkyl, arvl, and arylalkyl, wherein R is furthe
substituted with 0-3 groups selected from the group consisting of a second halogen, a
hvdroxyl, amine, lower alkyl, cycloatkyl, cycloalkylalkyl, heterocyelyl, heterocyloalkyl, aryl,
arvlalkyl, -ORg, -SRg, -NRgRy, -CONRRRR? NRUORg, ~-CORg, -NRGC(O)ORy, and -
NRGC{OINR R, and wherein each Ry is independently selected from the group consisting of
H, lower alkyl, eycloalkyl, cycloatkylalkyl, heterocycelyl, heterocyeloativl, arvl, and
arylaklyl.

96. The compound, pharnmaceutically acceptable salt thereof, or prodrug thereof of
Claim 94, wherein each R s independently selected from the group consisting of H, methyl,
ethvi, propyl, isopropyl, and cyclopropyimethivl, and wheremn when a nitrogen of Ry 1s
substituted with two non-hydrogen groups, the groups taken together consistofa S or 6
membered ring,

97, The compound, phanmaceutically acceptable salt thereof, or prodrug thereof of
any one of Claims 93-96, wherein when Ry s not H, Ry is further substituted with -2
radicals selected from the group consisting of a halogen, a hydroxyl, -NRoRjp, ~ORyy, -SRyg,
CF3, -CONR R 1, -NRoCIOIR 6 -NR 16CIOWR 16R 100 ~OCIOINR 3R 1, -NC{EHOR 4, and -
CO2R 4, and wherein cach Ryg is independently selected from the group consisting of H,
methyl, ethyl, propyl, isopropyl, and cyclopropyimethyl.

98. The compound, pharmaceutically acceptable salt thereof, or prodrug thereot of
Clagn 97, wherein when a nitrogen of Ry 1s substituted with two non-hydrogen groups, the
groups taken together consist of a 5 or 6 membered ring,

99. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of
any one of Claims 94, 96, 97, or 98 wherem each Ryy, 1s independently selected from the
group consisting of H, methyl, ethyl, propyl, sopropyl, and cyclopropylmethyl, and wherein
when a nitrogen of Ry is substituted with two non-hydrogen groups., the groaps taken
together consist of a 3 or 6 membered ring.

106, The compound, pharmaceutically aceeptable sailt thereot, or prodrug thereof of
Claim 93, wherein R, is selected from the group consisting of phenyl and pyridinyl.

101, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof of

Claim 93, wherein Wis {0
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102. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof m

accordance with Clanm 1, of structure selected from the group consisting of

N
7N\

LZ
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103. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof m

accordance with Claim 17, of structure selected from the group consisting of

=N

, and

104. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof in

accordance with Claim S1, of structure selected from the group consisting of
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105. The compound, pharmaceutically acceptable salt thereof, or prodrug thereof m

accordance with Claim 68, of structure selected from the group consisting of
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106, The compound, pharmaceutically acceptable salt thereof, or prodrag thereof in

accordance with Claim 84, of structure selected from the group consisting of

HO  Cl
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107, The compound, pharmaceutically acceptable salt thereof, or prodrug thereof in

accordance with Claim 93, of structure selected from the group consisting of

, and

108, A pharmaceutical composition comprising:

a compound of any one of Clauns 1-137, a pharmaceutically acceptable salt thereof,

or a prodrug thereof, and a pharmaceutically acceptable excipient.
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109, A method of identifying one or more inhibitors of MAPK13, the method
comprising:

providing, on a digital computer, a molecuiar model comprising a complex of binding
pocket domains of MAPK13;

docking a chemical database to the molecular model;

scoring the compounds comprised by the database; and

tdentifying one or more high-scoring compounds.

110, A method of inhibiting MAPK 13 sctivity, the method comprising contacting
MAPK13 with a compound of Formutae 1~ VH or a pharmaceutically acceptable salt thereof,
111 A miethod of treating an inflanmatory airway disease in a subject in need
thereot, the method comprising adiministering to the subject & compound, a pharmaceotically

acceptable salt thereof, or a prodrug thereot, wherein the compound is selected from the
group consisting of Formulae 1 - VII in a therapentically offective amount.

112, A method of treating an inflammatory airway disease in a subject in nead
thereof, the method comprising administering to the subject a compound, a pharmacentically

acceptable salt thereof, or a prodrug thereof, wherein the compound is selected from the

group consisting of
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, and

i1 a therapeutically effective amount,

113, A method of delivering a MAPK 13 blocking drug directly to the region of lung

aftected by the disease, comprising administering the drug by an inhalation route.

{14, A method of treating an inflammatory airway discase in a sabject in need
theveof, the method comprising admumistering a pharmaceutical coraposition comprising a
compound of Formula |- VI directly to the lung in a therapeutically effective amount by
utihizing an inhalation route of administration.

115, A method of treating an inflammatory atrway disease i a subject in need
thereot, the mecthod comprising administering a drug represented by Formula - VIE by an
oral rogte of administration m a therapentically effective amount.

116. A compound of Formula { — VI or a pharmaceuntically acceptable salt thereof for
use as a medicament.

117, A compound of Formula 1 - VI or a pharmaceutically acceptable salt thereof for
use in the treatment of chronic obstructive pulmonary disease, asthma, bypersecretory
discases of the pudmonary airways, an acute respiratory illness, chronic lung disease, cyctic
fibrosis, acute and chronic bronchitis, bronchiectasis, and upper airway diseases incluading

atlergic and infectious rhinitis,
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18, The use of a compound of Formula | VI or a pharmaceutically acceptable salt
thereot i the manufacture of a medicament for the treatment of chromic obstructive
pulmonary disease, asthma, hypersecretory diseases of the pulmonary airways, an acute
respiratory itlness, chronie lung disease, eyetic fibrosis, acute and chronic bronchits,

bronchiectasis, and apper airway diseases including allergic and mfectious rhinitis.

F19. A cell line comprising NCI-H292 cells comprising a plasiid encoding tTA with

pTRE-tight-hCLUAT wherein the cell expresses hCLCAL after doxyeyeline withdrawal.
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