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Cross-Reference to Related Applications

[0001] This application relates to U.S. provisional application serial number 60/891,474,
filed February 23, 2007, and U.S. provisional application serial number 60/884,334, filed

January 10, 2007, each of which is incorporated herein by reference in its entirety.

Technical Field

[0002] The invention generally relates to channel activating protease (CAP) inhibitors.

Background Art

[0003] Prostasin is a trypsin-like serine protease that is present in a variety of
mammalian tissues. It is a membrane anchored protease that is expressed on the extra-
cellular membrane of cells but that may also be secreted into body fluids such as semen,
urine and airway surface liquid. Prostasin (PRSSS), together with proteases such as
matriptase, CAP2, CAP3, trypsin, PRSS22, TMPRSS11, cathepsin A, and neutrophil
elastase, may stimulate the activity of the amiloride-sensitive epithelial sodium channel
(ENaC). Inhibiting these enzymes may induce changes in epithelial ion transport and
therefore fluid homeostasis across epithelial membranes. For example, CAP inhibition in
the kidney is thought to promote diuresis, whilst CAP inhibition in the airways promotes the
clearance of mucus and sputum in lung. CAP inhibition in the kidney may therefore be used
therapeutically to treat hypertension. CAP inhibition in the airways prevents the stagnation
of respiratory secretions that otherwise tends to make sufferers vulnerable to secondary

bacterial infections.

Disclosure of the Invention

[0004] The invention provides compounds, pharmaceutical compositions and methods of
using such compounds for modulating channel activating proteases (CAP). For example, the
compounds and compositions of the invention may be used for modulating prostasin,
PRSS22, TMPRSS11 (e.g., TMPRSS11B, TMPRSS11E), TMPRSS2, TMPRSS3,
TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2, CAP3, trypsin, cathepsin A, and

neutrophil elastase.
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i nventi on g3rey ounds of Fornmula (1): R2
B is H or (CRy)—R’;

Y is a bond, -SO,—, -NHCO- or -O—(CO)—;

R'is halo, ~(CR,)-NRR’, (CR,)-NRC(=NR)-NR°R’, —(CR,)—-C(=NR)-NR°R’,
—C(0)-(CR2)-NR°R’, /(CR)-NR-SO,R®, -(CRy)-NR-C(0)-R®, -(CR)~SO,NR°R’, or
—(CRz)l—OR(’, or an optionally substituted C;_¢ alkoxy, Cy.6 alkyl, C,¢ alkenyl or C, ¢ alkynyl;

co

or an optionally substituted carbocyclic ring, heterocyclic ring, aryl or heteroaryl;
R’ is Cy6alkyl, Cy.¢ alkenyl, Cy alkynyl or -(CR,)-R’;
alternatively, NH-Y-R? together form NHy;
R% R*and R’ are independently an optionally substituted 5-12 membered

carbocyclic ring, heterocyclic ring, aryl or heteroaryl; or RYis H, Ci¢alkyl, C,4alkenyl, Cy¢

—CR=P®

optionally substituted 5-12 membered monocyclic or fused ring;

R® and R are independently H, C;¢ alkyl, C,4 alkenyl, C,4 alkynyl or —(CRz)l—R5 ;

alkynyl, or wherein P is C or N and ring E together with P form an

each R is H, or C, 4 alkyl, C,¢ alkenyl, or C,¢ alkynyl;
1is 0-6;

k, m, n and p are independently 1-6;



(OR2)F, (OR2),,-J-(R1)" %o0(1) or pharmaceutically
acce{())tabl e salts thereof, wherein 0-(CRs)2--R2 is a
sMSPYEEME at any position on ring A PCT/US2007/085366

x is 0-4;
provided R* is piperidinyl when NH-Y-R? together form NH,; and
further provided that R’ is piperidinyl when B is (CR,)—R’.

[0006] In the above Formula (1), ] may be thiopheny], thiazolyl, phenyl, pyridyl,
indazolyl, piperidinyl or pyrrolidinyl. In other examples, R? may be phenyl or cyclohexyl,
each of which may be optionally substituted with halo, SO,(C;¢ alkyl), or an optionally
substituted C;.¢ alkyl or C, ¢ alkoxy, such as an optionally halogenated C, ¢ alkyl or C;¢
alkoxy.

[0007] In one embodiment, the invention provides compounds of Formula (2):

R2
I
(?Rz)p
Q

R H
| A ,lq
(CRM (CRo)y—J—(R"),

@)
R3-Y—ITI O

H (2)

wherein R* and J are independently an optionally substituted 6-membered aryl;

R’ is Cig alkyl, C,¢ alkenyl, C,4 alkynyl or —(CRz)l—R5 :or NH-Y-R’ together form
NHy;

each R in (CRy) is H or C 4 alkyl; and

m, n and p are independently 1-2.

[0008] In the above Formula (1) and (2), Y may be a bond, SO, or —-O—(CO)-. In other
examples, R'is halo, Cy6 alkyl, CF;, OCF;, phenyl, —(CRz)l—NR6R7, —(CRy)-C(=NR)-
NR°R’, ~C(0)-(CR,)-NR°R’, <(CR2)-NR-SO,R’, ~(CR,)-NR-C(0)-R®, <(CRy)\-
SOZNR(’R7, or —(CRz)l—OR(’, wherein each 1is 0-1; and R, R®and R’ are independently H or
Ci6 alkyl.

[0009] In the above Formula (1) and (2), R? may be an optionally substituted 5-6

—er=tT)

membered carbocyclic ring, heterocyclic ring, aryl, heteroaryl, or > wherein

Pis C or N and ring E together with P form an optionally substituted 5-6 membered



J is a 5-12 nenbered rnonocyclic or fused carbocyclic

ring, heterocyclic ring conprising, N, 0 and/or S X
oVORUBHF yi ring, provided J is not triazol RENURN7I085366

(OR2),, R3-YN 13 isHor (CR))k-R5; Y is a bond, -S2-,
-NHCO- or -0-(Q0)-

monocyclic ring. For example, R* may be an optionally substituted piperidinyl, cyclohexyl,

henyl '3‘0H’<:> or 'g'CH NH.

[0010] In particular examples, R’ in Formula (2) is Cy.¢ alkyl or an optionally substituted
benzyl. In some examples, Y is SO,. In other examples, R* is an optionally substituted
piperidinyl. In yet other examples, J and R” are independently optionally substituted phenyl.
For example, J may be substituted with 1-3 R’ (i.e., wherein x is 1-3), and R* may optionally
be substituted with halo.

[0011] In another aspect, the present invention provides pharmaceutical compositions
comprising a compound of Formula (1) or (2), and a pharmaceutically acceptable excipient.

[0012] The invention also provides methods for modulating a channel activating
protease, comprising administering to a system or a mammal, a therapeutically effective
amount of a compound having Formula (1) or (2), or pharmaceutically acceptable salts or
pharmaceutical compositions thereof, thereby modulating said channel activating protease.

[0013] In one embodiment, the invention provides a method for inhibiting a channel
activating protease, comprising administering to a cell or tissue system or to a mammal, a
therapeutically effective amount of a compound having Formula (1) or (2), or
pharmaceutically acceptable salts or pharmaceutical compositions thereof; wherein said
channel activating protease is prostasin, PRSS22, TMPRSS11 (e.g., TMPRSS11B,
TMPRSS11E), TMPRSS2, TMPRSS3, TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2,
CAP3, trypsin, cathepsin A, or neutrophil elastase, thereby inhibiting said channel activating
protease. In particular examples, the invention provides a method for inhibiting prostasin.

[0014] In another aspect, the invention provides a method for ameliorating or treating a
condition mediated by a channel activating protease, comprising administering to a cell or
tissue system or to a mammal, an effective amount of a compound having Formula (1) or
(2), or pharmaceutically acceptable salts or pharmaceutical compositions thereof, and
optionally in combination with a second therapeutic agent; wherein said channel activating
protease is prostasin, PRSS22, TMPRSS11 (e.g., TMPRSS11B, TMPRSS11E), TMPRSS?2,
TMPRSS3, TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2, CAP3, trypsin, cathepsin A,
or neutrophil elastase, thereby treating said condition.

[0015] Furthermore, the present invention provides compounds of Formula (1) or (2), for

use in a method for treating a condition mediated by a channel activating protease. The
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R is halo, -(CR2)1-NR6R7, -(CR2)1-NRC(=NR)-NR6R11,

-(OR2) ] - O =NR) - NR6RL, - C(0) - ( CRe) 1- NR6RY7,

- ORIV EEE02176, - (CRA-NR- C(0) - R6, H, CR1- S02RH6YB007¢pS366
or an optionally substituted C1_6 al koxy, Cl1_6 al kyl,
C2_6 al kenyi or C2_6 al kynyl; or an optionally
substituted carbocyclic ring, heterocyclic ring, aryl or
heteroaryl; R5 is Cl.6 alkyl, C2-6 al kenyl, C24, al kynyl
or -(CR2)-1e; alternatively, NI -1-Y-le together form NH);
R2 PreRent gentipalag piovided és eprdd A crpoapd fgermamal! ) §F (Butngtoptiqng
5- 1RcdmRrRes M i CARRA8 Wekb&uit kdtn, ReEhBEMENIGF § inBleanRhothr O
heteroaryl; or R4 is H Cl1 6 alkyl, C2 6 al kenyl, C24,

- CReping a condition mediated by a channel activating protease.

[0016] In particular examples, the compounds of the invention may be used for treating a
prostasin-mediated condition. In one embodiment, the second therapeutic agent may be an
anti-inflammatory, bronchodilatory, antihistamine, anti-tussive, antibiotic or DNase, and is
administered prior to, simultaneously with, or after the compound of Formula (1) or (2). In
some examples, the compounds of the invention are administered to bronchial epithelial
cells, particularly human bronchial epithelial cells.

[0017] Examples of conditions which may be ameliorated or treated using the
compounds of the invention include but are not limited to a condition associated with the
movement of fluid across ion transporting epithelia or the accumulation of mucus and
sputum in respiratory tissues, or a combination thereof. In some examples, the condition
which may be mediated using the compounds of the invention is cystic fibrosis, primary

ciliary dyskinesia, lung carcinoma, chronic bronchitis, chronic obstructive pulmonary

disease, asthma or a respiratory tract infection.

Definitions
[0018] “Alkyl” refers to a moiety and as a structural element of other groups, for
example halo-substituted-alkyl and alkoxy, and may be straight-chained or branched. An
optionally substituted alkyl, alkenyl or alkynyl as used herein may be optionally halogenated
(e.g., CF3), or may have one or more carbons that is substituted or replaced with a
heteroatom, such as NR, O or S (e.g., -OCH,CH,0-, alkylthiols, thioalkoxy, alkylamines,
etc).

[0019] “Ary]” refers to a monocyclic or fused bicyclic aromatic ring containing carbon
atoms. For example, aryl may be phenyl or naphthyl. “Arylene” means a divalent radical
derived from an aryl group.

[0020] “Heteroaryl” as used herein is as defined for aryl above, where one or more of the
ring members is a heteroatom. Examples of heteroaryls include but are not limited to
pyridyl, indolyl, indazolyl, quinoxalinyl, quinolinyl, benzofuranyl, benzopyrany]l,
benzothiopyranyl, benzo[1,3]dioxole, imidazolyl, benzo-imidazolyl, pyrimidinyl, furanyl,

oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thienyl, etc.



al kynyl, orwherein Pis Cor Nand ring E together with P

forman optionally substituted 5-12 nenbered nonocyclic

oI WHE¥ ng; R6 and RI are independent|y hiPCIE{§2007/085366
al kyl, C2_6 al kenyl, C24 | kynyl or each Ris U, or Cl4,
al kyl, C2-6 al kenyl, or C2_6 alkynyl; I is 0-6; k, in, n
and p are independently 1-6:

[0021] A “carbocyclic ring” as used herein refers to a saturated or partially unsaturated,
monocyclic, fused bicyclic or bridged polycyclic ring containing carbon atoms, which may
optionally be substituted, for example, with =O. Examples of carbocyclic rings include but
are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylene,
cyclohexanone, etc.

[0022] A “heterocyclic ring” as used herein is as defined for a carbocyclic ring above,
wherein one or more ring carbons is a heteroatom. For example, a heterocyclic ring may
contain N, O, S, -N=, -S-, -S(0), -S(0),-, or -NR- wherein R may be hydrogen, C,4alkyl or a
protecting group. Examples of heterocyclic rings include but are not limited to morpholino,
pyrrolidinyl, pyrrolidinyl-2-one, piperazinyl, piperidinyl, piperidinylone, 1,4-dioxa-8-aza-
spiro[4.5]dec-8-y], etc.

[0023] Unless otherwise indicated, when a substituent is deemed to be “optionally
substituted,” it is meant that the substituent is a group that may be substituted with one or
more group(s) individually and independently selected from, for example, an optionally
halogenated alkyl, alkenyl, alkynyl, alkoxy, alkylamine, alkylthio, alkynyl, amide, amino,
including mono- and di-substituted amino groups, aryl, aryloxy, arylthio, carbonyl,
carbocyclic, cyano, cycloalkyl, halogen, heteroalkyl, heteroalkenyl, heteroalkynyl,
heteroaryl, heterocyclic, hydroxy, isocyanato, isothiocyanato, mercapto, nitro, O-carbamyl,
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido,
N-sulfonamido, C-carboxy, O-carboxy, perhaloalkyl, perfluoroalkyl, silyl, sulfonyl,
thiocarbonyl, thiocyanato, trihalomethanesulfonyl, and the protected compounds thereof.
The protecting groups that may form the protected compounds of the above substituents are
known to those of skill in the art and may be found in references such as Greene and Wauts,
Protective Groups in Organic Synthesis, 3" Ed., John Wiley & Sons, New York, NY, 1999,
and Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994, which are
incorporated herein by reference in their entirety.

[0024] The terms “co-administration” or “combined administration” or the like as used
herein are meant to encompass administration of the selected therapeutic agents to a single
patient, and are intended to include treatment regimens in which the agents are not
necessarily administered by the same route of administration or at the same time.

[0025] The term “pharmaceutical combination™ as used herein refers to a product

obtained from mixing or combining active ingredients, and includes both fixed and non-



X 1Is 0-4; provided R4 is pipericlinyl when NH Y-R3
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Formula ( 1), 1 [nay be thiophenyl, thiazolyl, phenyl,
pyridyl, indazolyl, piperidinyl or pyrrolidinyl. In other
exanpl es, R2 may be phenyl or cycl ohexyl, each of which
may be optionally substituted with halo, SC,(Cho al kyl),
or an optionally substituted C 1..6 alkyl or C1_6
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patient simultaneously in the form of a single entity or dosage. The térm “non-fixed

combination” means that the active ingredients, e.g. a compound of Formula (1) and a co-
agent, are both administered to a patient as separate entities either simultaneously,
concurrently or sequentially with no specific time limits, wherein such administration
provides therapeutically effective levels of the active ingredients in the body of the patient.
The latter also applies to cocktail therapy, e.g. the administration of three or more active
ingredients.

[0026] The term "therapeutically effective amount" means the amount of the subject
compound that will elicit a biological or medical response in a cell, tissue, organ, system,
animal or human that is being sought by the researcher, veterinarian, medical doctor or other
clinician.

[0027] The term "administration" and or "administering" of the subject compound
should be understood to mean as providing a compound of the invention including a pro-
drug of a compound of the invention to the individual in need of treatment.

[0028] As used herein, the terms “treat”, “treating” and “treatment” refer to a method of
alleviating or abating a disease and/or its attendant symptoms.

[0029] The term “prostasin” may also be referred to as: human channel-activating

protease (hCAP); channel-activating protease-1; and PRSS8, MERPOPS ID S01.159.

Modes of Carrying Qut the Invention

[0030] The invention provides compounds, pharmaceutical compositions and methods of
using such compounds for modulating channel activating proteases (CAP).

[0031] In one aspect, the present invention provides compounds of Formula (1):

R2
[
(CR2)p
]
/L H
(R
N (CRo)—J—(R")
B 0
(@)

or pharmaceutically acceptable salts thereof, wherein

(1
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R4 (CR2)rnN.--(CR2)" (2) wherein R2 and 1 are
i ndependently an optionally substituted 6-nenbered ar

| ;
RYQ Q08485608 51 ky| . C2..6 al kenyl, C2f, al kynylPQSWUSNM/O;’/5366
---(CR2),--le; or NHY-R3 together form N112;

O—(CRZ)[,—R2 is a substituent at any position on ring A;
J is a 5-12 membered monocyclic or fused carbocyclic ring, heterocyclic ring

comprising N, O and/or S; aryl or heteroaryl ring, provided J is not triazolyl;

R4
|

(CR2)m

~R®>—Y—N % 5
Bis H or (CRy)—R7;

Y is a bond, -SO,—, -NHCO- or -O—-(CO)-;

R'is halo, (CR,)-NR°R’, ~(CR,)-NRC(=NR)-NR°R’, ~(CR,)-C(=NR)-NR°R’,
~C(0)-(CR)-NR°R’, <(CR2)-NR-SO,R®, ~(CR2)-NR-C(0)-R®, «(CR,)-SO,NR°R’, or
—(CRz)l—ORG, or an optionally substituted C;alkoxy, Cy alkyl, C, ¢ alkenyl or C,¢ alkynyl;
or an optionally substituted carbocyclic ring, heterocyclic ring, aryl or heteroaryl;

R?is C . alkyl, Cy alkenyl, Co6 alkynyl or —(CR,)-R”;

alternatively, NH-Y-R? together form NHj;

R’ R*and R’ are independently an optionally substituted 5-12 membered
carbocyclic ring, heterocyclic ring, aryl or heteroaryl; or R*is H, Ci alkyl, C,¢ alkenyl, Co¢

—cr=rT)

alkynyl, or > wherein P is C or N and ring E together with P form an
optionally substituted 5-12 membered monocyclic or fused ring;

R®and R are independently H, C;¢alkyl, C,4 alkenyl, C,¢ alkynyl or —(CRZ)I—RS;

each R is H, or Cy¢ alkyl, C,.¢ alkenyl, or C, ¢ alkynyl;

1is 0-6;

k, m, n and p are independently 1-6;

x is 0-4;

provided R* is piperidinyl when NH-Y-R?® together form NH,; and

further provided that R’ is piperidinyl when B is (CR,)—R’.

[0032] In other embodiments, the invention provides a compound of Formula (2):



each Rin (CR2) is Hor Chi, alkyl.. and tn, n and p are
i ndependently 1-2. [0008] In the above Fornmnul a and

( 0208/ R%e8 be a bond, S or --0--(CO--. In Mt 007/085366
exanples, R is halo, C alkyl, CF3, OCF3, phenyl,
--(CR2), -NRbR7, -(CR2),-C(-NR)- NR6R2, NR- C(0) - R6,
--(CR33),-- SO NRGR7, or -(CRii-0R6, wherein each 1 is
0-1; and R 126 and R7 are independently H or al kyl.
[0009] In the above Fornula (1) and (2), 111 may be an
optional ly substitut eﬁ!2 5-6

((]:RZ)p

R4 H
| A ,L
(CRM “(CR2)y—J—(R")

o)
R3-Y—T @)

H ()

wherein R* and J are independently an optionally substituted 6-membered aryl;

R?is Ci6 alkyl, C,¢ alkenyl, C,¢ alkynyl or —(CRz)l—R5 :or NH-Y-R? together form
NHy;

each R in (CR,) is H or C; 4 alkyl; and

m, n and p are independently 1-2.

[0033] Alternatively, k, m, n and p in the above Formula (1) and (2) may independently

be 0-6. In particular examples, k in Formula (1) is 2-3 and J is a heteroaryl, such as
thiophenyl. In other alternative embodiments, Y in Formula (1) and (2) may be —CO-.

[0034] In each of the above formula, J may also be selected from the group consisting of

0ol <\ D A
24‘;)}55: :s’—y/\ /\E\ or 7%{ = ;7\3

wherein one or more Zl, ZZ, A R Z4, z s Z° and Z is a heteroatom selected from N,
NR, O or S wherein R is H or C, ¢ alkyl, and the other Z'-Z" atoms are CH.
[0035] In some examples, at least two of zZ! Zz, Z3, zZt, ZS, 7% and Z' are a heteroatom
selected from N, NR, O or S wherein R is H or C; ¢ alkyl, and the other Z'-7" atoms are CH.
[0036] In the above Formula (1) and (2), wherein each optionally substituted moiety may
be substituted with halo, =0, amino, guanidinyl, amidino, an optionally substituted C;¢
alkoxy; Cy alkyl, C,¢ alkenyl or C,¢ alkynyl, each of which may optionally be halogenated

or may optionally have a carbon that may be replaced or substituted with N, O or S; CO,R?,



- CR=P E nenbered carbocyclic ring, heterocyclic ring,
aryl, heteroaryl, or Pis Cor Nand ring E together with
P P/ %PP%pt i onal |y substituted 5-6 nenbered HEPRBr%e
ring. For exanple, 124 may be an optionally substituted
pi peridinyl, eyel ohexyl, tCHor i-Cd

~0—~(CR)-C(0) -R% ~(CR)I-R®, ~(CR»)-C(0)-R?, or «(CR,)-S0,-R®; or a combination
thereof, wherein each R® is H, C;.6 alkyl, or an optionally substituted carbocyclic ring,
heterocyclic ring, aryl or heteroaryl.

[0037] The present invention also includes all suitable isotopic variations of the
compounds of the invention, or pharmaceutically acceptable salts thereof. An isotopic
variation of a compound of the invention or a pharmaceutically acceptable salt thereof is
defined as one in which at least one atom is replaced by an atom having the same atomic
number but an atomic mass different from the atomic mass usually found in nature.
Examples of isotopes that may be incorporated into the compounds of the invention and
pharmaceutically acceptable salts thereof include but are not limited to isotopes of hydrogen,
carbon, nitrogen and oxygen such as 2H, 3H, 13C, MC, 15N, ]70, 18O, 358, 1SF, and **CI.
Certain isotopic variations of the compounds of the invention and pharmaceutically
acceptable salts thereof, for example, those in which a radioactive isotope such as *H or "*C
is incorporated, are useful in drug and/or substrate tissue distribution studies. In particular
examples, ’H and "C isotopes may be used for their ease of preparation and detectability. In
other examples, substitution with isotopes such as “H may afford certain therapeutic
advantages resulting from greater metabolic stability, such as increased in vivo half-life or
reduced dosage requirements. I[sotopic variations of the compounds of the invention or
pharmaceutically acceptable salts thereof can generally be prepared by conventional
procedures using appropriate isotopic variations of suitable reagents.

[0038] The compounds and compositions of the invention may be useful for modulating
a channel activating protease. Examples of channel activating proteases which may be
modulated using the compounds and compositions of the invention include but are not
limited to prostasin, PRSS22, TMPRSSI11 (e.g., TMPRSS11B, TMPRSS11E), TMPRSS2,
TMPRSS3, TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2, CAP3, trypsin, cathepsin A,
or neutrophil elastase. The compounds of this invention may also inhibit the activity of
proteases that stimulate the activity of ion channels, such as the epithelial sodium channel,

and may be useful in the treatment of CAP-associated diseases.

Pharmacology and Utility

[0039] Compounds of the invention modulate the activity of channel activating protease,

particularly trypsin-like serine proteases such as prostasin, and as such, are useful for
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phenyl [0010] In particular exanples, Rl in For rrul a
(2) is Cl 6alkyl or an optionally substltut ed benzyl. In
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optlonally substituted piperidinyl. In yet other
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substi tuted phenyl. For exanple, J may be substituted
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of oﬁﬁ 1g Hgagra?f&cwas\r%gﬁ&hﬁ &emﬁ)rages( T %(Pm]il the vopume of alrway suryace
phaiyniecelkey calihyr dooeptlalpl @easatd @d o nphmname efitihgi@hlth. The

co m%% ci):nI o? 0 gha%?e? zric%%tin g%gfeé%t%]l B}.%%% eEHu %Iglhaglog ?natﬂ‘?ﬁucosal

activa n one e
[ n\ﬁ'einpf rbﬁalmawmd@hunathn@bmmcﬁtmg njuplsickPatapgegndpreteatmzehe

actyb Y Hulal6h ALRLEISE spu&m rrésﬁ&arkgy ﬁ'sqlﬁgs r(‘llncciﬁ(ﬁﬁé 10 atu‘il«a?s) c&lch
or tissue s%stem or her apeut | ca

ef fdseaspsjiacl pifatsy dlaeaéeéﬁ‘ffa@hwsq*ﬁafwr%g IFERAR¢ BTy sb)s igesizg 2) |

Or cRidAi BRAGHH dddnidobaffRIARM Bar§ 8lstSe QIOPD)ALHRE QPGS tract
conposn tions thereof; wherein said channel activatin

or OUEAEE (T sPg Shroi: firaT pReesorial TpRESYYNp: (piseises mediated by
TI\/I?IRSﬁlth.f cﬁEM%R&S]:Qxﬂag brote'HNE’EiﬁﬁacludEmB:S&%thelr MRS ratory
Sea s)t at reasg i ab or uid eupzti’onOA\PSS’ e 1tgei 0, rha
CathEpe) B A S EHELH FPLDATTRET A FRLEn e dbP T brE Ry
s aiighobrgnhelrmd physwddgy ngthp proteeds surfacaliquéts oh dir aurfaex &mpkaaple
t & e o EYERTED ToRE LY KEER A TERRD i @y dyBiER ek St REGSE AR 00
of ENaC in the kidney could be used to promote diuresis and thereby induce a hypotensive
effect.

[0041] Chronic obstructive pulmonary disease includes chronic bronchitis or dyspnoea
associated therewith, emphysema, as well as exacerbation of airways hyper reactivity
consequent to other drug therapy, in particular other inhaled drug therapy. The invention is
also applicable to the treatment of bronchitis of whatever type or genesis including, for
example, acute, arachidic, catarrhal, croupus, chronic or phthinoid bronchitis.

[0042] Asthma includes intrinsic (non-allergic) asthma and extrinsic (allergic) asthma,
mild asthma, moderate asthma, severe asthma, bronchitic asthma, exercise-induced asthma,
occupational asthma and asthma induced following bacterial infection. Asthma also
encompasses a condition referred to as “wheezy-infant syndrome,” which involves subjects
less than 4 or 5 years of age who exhibit wheezing symptoms and diagnosed or diagnosable
as “wheezy infants,” an established patient category of major medical concern and often
identified as incipient or early-phase asthmatics.

[0043] The suitability of a channel activating protease inhibitor such as a prostasin

inhibitor for the treatment of a disease mediated by inhibition of a channel activating
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[0014] In another aspect, the invention provides a nethod
for aneliorating or treating a condition nedi at ed a
cHAEY08300¢8 i vati ng protease, conprising admlﬁ%W@?Wﬁ@&?@
a cell or tissue systemor to a manmal, an effective
amount of a conpound havi ng Fornmul a (1) or (2), or
phar maceutical ly acceptable salts or pharmaceutica
conmpositions thereof, and optionally in conbination with
a second therapeutic agent; wherein said channel
actPFQi%‘t’q gy kﬁrté%t@atszéefprsmwg)@f H8ibHory piEsspzhe chiypRggvatiige., g. |
MPR®ake 1l&t§b1toTMDE‘)§§ td-d assa WMCI b MP B%Sgllownl\é) 1ReBRAs known in
Nf SP- 2) , natrlptase ( MTSP- CAP2, CAP3, trypsin,
caﬁ%ﬁﬁS|n A, or neutrophil elastase t hereby treating
sai d[masdid dc&ﬁ\dance w1[tﬂﬂelt5}eg(g[hlg’ H{?@Eeﬁ@ﬁ Bli\/eritihxeguﬂhﬁ%(ﬁﬂtdes z} method
i nvention. provides compounds of Fornmula (1) or (2),. for
P A e S R S
c hanaiglf s@b trearatnit nghighrnodied semprikbsndmpriesieg to shidwardct on al so

pr Qﬁler;%g?hlc!\ll} efflégt%ngrtlou% &%@&F?uﬂd fo Folr:rgulggl) ?Ih )]'))r a eJha&?aleuu?ale

| na
ag elmeptalpln saﬂthl@rwérﬁprr atadithe abdve asemmieh rememos#g@rmtl vaaddpaeging

co Q)q 'tﬁe' nfde gpaqh%s%rqtl(ply th@pé}h&ﬁ? %ndfrﬁgﬁ o\{)@ttljeﬂ&i A4 %%ﬁg‘c@ de51red

[0016] In particular exanples, the conpounds of
| NSt | mlmtlwnegwmﬁ@ww@k%mﬂ@ona pE®st asi n- medl at ed
condition. In one enbodi nent, the second therapeutic

i nfl br onchodi | at ory,

agent nRXmlglestrz%rc])n anf]ih rnlaceu mgrgr(}é ton
ant i hi rmn—ne—arﬂ—l—(a—usm—ve—ar%rbro‘( or DNase, and is

adm 04%]e fregdnqyzli @mpbwnds oitimihteanaou Ibyadmmlktere@m tlwretpelmcallye
C O%HQ&Néjad?JuPF QL §/ & tl(e! L)suzﬁ Emc(a%éeptalal@ nﬁ)gmn%@lm&l elghg%lmgy

conpounds I nvention are adm nistered to bronch
epiof MiegPmainatioavig onqamorecti¢rarepse defivan br onchi al  epi t hel i al

cell $0046] CLQlQé]thwE%@HJAt%e iAfibieRNSHete 19\’3&1%&%0@?&@@00—

anel i orated or treated usjing. the conpounds of
i NVERPPBIS 2BREI oS BiEpmBipEion 3fth profRet ‘@ﬁaﬁeﬁt‘%agé?in Herteigpple. 2

as &Bﬁinélta&d/aﬂ‘ﬁgtﬂ?otéab@mﬁmﬁl& MRNbe @kd fnl cumdmaﬁ)h Q&S ah Qfi- mﬂammatory
i.thelia or the accunul on_ of mucu E\a
e

ha‘?rgsaﬁf)‘f‘%ﬁ%lfl‘g’/or NEEAY, AEPIOLC U HEETRSHIS %8?‘
| n csmelcactemmgmrca&,se ihhieite ambdchdr diarapduiic hgenrayayhne 1mfed$aate©d

usl dr}%renp[% ]C ganpu%geg gg’rkposmg hle Qt\{aenrqg] Iac%vatkn% 89(%6&%6 1ﬁh1b1 !)es ’

["'ung
br olmehll wifhghe cmlh:r tblnllap,euob&entuma fixed ppmnnwnmaycompssetweor Halsayﬁpﬁa

or a&nfn%%pédrsa;aﬁgdy, Béf@l‘é,tsiljumcaﬁe%mboaith or after the other therapeutic agent.

The combination may be useful particularly in the treatment of cystic fibrosis or obstructive
or inflammatory airways diseases such as those mentioned hereinbefore, for example as
potentiators of therapeutic activity of such drugs or as a means of reducing required
dosaging or potential side effects of such drugs.

[0047] Suitable anti-inflammatory therapeutic agents include steroids, in particular
glucocorticosteroids such as budesonide, beclamethasone dipropionate, fluticasone
propionate, ciclesonide or mometasone furoate, or steroids described in international patent
application WO 02/88167, WO 02/12266, WO 02/100879, WO 02/00679 (for example,
Examples 3, 11, 14, 17, 19, 26, 34, 37, 39, 51, 60, 67, 72, 73, 90, 99 and 101), WO
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Definitions [0018] "Alkyl" refers to a noiety and as a
structural elenent of other groups, for exanple
hBB2§0 t ut ed- al kyl and al koxy, and may bePCT/US2007/085366
strai ght -chai ned or branched. An optionally substituted
al kyl, al kenyl or al kynyl as used herein may be
optionally hal ogenated (e.g.. CF3), or may have one or
nore carbons that is substituted or replaced with a

het eroat om such as NR O or %{*&ﬁ ---00120120- -,

al KYPEHBONS, 3R 1 aMOdIA 2230 R 4@%0)2\7 0 03/7256% ¥&) 04/348§T and

r efv?d’) 9466028, M@@%Ycﬁi gl&oarmcfom@&p@f e@sﬁaktg @ucaragma;eld@schbéagn DE
contal nin

R SO TIRRD PP kLt SO ATDAT v oY Tty CGaBifavo
f r @m1@419arw¢) 0gnowp2, wo 04/0£220]wd et @rnoavplol/1essusedoher ei n

b wh e.of th
D SR R T R
| ncllud@sdjuRIFar(@ GokoIniimKilieo, RAFLYMILAFTE® (Bykd@lldeh),V-11294A

gﬁép% )QAYls ‘éb@zp(’ﬁﬁyetr)ny&ﬂ 3?%2?%&%%5 ’Plo?%ﬂﬁ%&ﬁﬁﬂ%ikE@ (Almirall

i defaizftﬁlylla) Paea%ﬁﬂfﬂﬁld&%ﬂgprke Dyyish, hivaP-AYPS] (ot dteglica), CDC-

OXl%gg C%éhgené) sQxaBahy ac-1dch@ahathe), Vi85 14AZQ5dsNVernB¥] 32R0Y!
(Tanabe) KW-4490 (Kyowa Hakko Kogyo), and those disclosed in WO 92/19594, WO
93/19749, WO 93/19750, WO 93/19751, WO 98/18796, WO 99/16766, WO 01/13953, WO
03/104204, WO 03/104205, WO 03/39544, WO 04/000814, WO 04/000839, WO
04/005258, WO 04/018450, WO 04/018451, WO 04/018457, WO 04/018465, WO
04/018431, WO 04/018449, WO 04/018450, WO 04/018451, WO 04/018457, WO
04/018465, WO 04/019944, WO 04/019945, WO 04/045607 and WO 04/037805; and
adenosine A,p receptor antagonists such as those described in WO 02/42298, each of which
is incorporated herein in its entirety.

[0048] Suitable bronchodilatory therapeutic agents include beta-2 adrenoceptor agonists

such as albuterol (salbutamol), metaproterenol, terbutaline, salmeterol fenoterol, procaterol,
formoterol, carmoterol, or pharmaceutically acceptable salts thereof; and compounds (in free

or salt or solvate form) of Formula (1) as described in WO 00/75114, a compound of

formula:

Iz

CE)H , compounds of Formula (1) of WO
04/16601 (in free or salt or solvate form), and compounds of EP 1440966, JP 05025045, WO
93/18007, WO 99/64035, US 2002/0055651, WO 01/42193, WO 01/83462, WO 02/66422,
WO 02/ 70490, WO 02/76933, WO 03/24439, WO 03/42160, WO 03/42164, WO 03/72539,
WO 03/91204, WO 03/99764, WO 04/16578, WO 04/22547, WO 04/32921, WO 04/33412,
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[0021] A "earbocyclic ring" as used herein refers to a
saturated or partially unsaturated, nonocyclic, fused
bMQPYB5EP bri dged pol ycyclic ring containi nEfEERHEH85366
atons, which may optionally be substituted, for exanple,
wi th =0. Exanpl es of carbocyclic rings include but are
not limted to cycl opropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl opropyl ene, cycl ohexanone, etc. [ 0022]
A "heterocgclic ring" as used herein is as defined for a

carbdeyerioe. WPRE3abev¥O Opliétlei WOSHE 612, Widk &/ 307 ¢y WERMGDASS

is WOI'O@MQBQQEWD 0ER09R%APAk Bace@ichBla8eBGME kdl(S theieBiTeddBYF which
contain N, 0, S. -N=,. -5-, -S(04 -5(0)2-, or -NR- wherein

R ﬁ%a?coﬁ@”}ﬁﬂd}eﬁﬁ‘éﬁ”s Bifsoal kyI or a protecting group.
Exanrmoegq Slﬁltahleu)ﬁih&ﬁylﬂ}dtdrﬁ théﬂap@ac hglaﬁrls meeinftide adtidom@tgic or
mted to. nllﬁy §¥ d

oy PP st Bt gy oMl it mgromide, dovopion
pi pdrsiadd GHF o7, (Cligd):; didakaeBrakastpi nlo] dlosb ebeibed iR 42602‘1 US
50%3?135‘(,’%%% $7% N%‘M@% 1%,'\9@%?[0? \8’6‘?)‘3/5?84%“%@95‘5’?

eene opt1 ona substi meant
t hé@3890%9t Wﬂjéﬁﬁ‘l%sw@ (@1‘568@ Nﬁh%@*?ﬁ% B et $t32tand 8P W/QSHSS,

On%a&ll f%fcﬁlsgﬁc%&(a% hérEHQ'u}’&sq:H@JeJyy and independent|y
sel ect from for exanple, an optionally hal ogenated

al ky|[005‘&l| Reifahle dusd piigiaflarnmateqy Regdronchgdilytprythaspeutig|apspfstipgluge

al Kmmsbm 2ameﬁi&ept&fmgmt/mﬁg@£rm MG SIROuCHR Ghodd diWR& ih Ukt ed
am no Ft hi o, carbonyl,

o o4 AR L oemn . het or bal kyl |
het en[m)ai K Sllﬂbéblﬁ aﬁtmﬁseamal tkfyzﬂ)ylllth a@cﬁﬁsﬁﬁdﬁ&feyétmzhehﬁfr@ﬁwﬁhd c,

t th t t
M W TN D
N- tdlrphamadlblamy hndNlexaffidnaldpe sd®cilfrok ani detjneNssmlzborrasihdos,
E‘{spﬁ)ex%(ﬁl?agun%%l%%x%ne parhal, fi’ﬁé %X&/el] aPt%Bsfe dPs?l 3kl 2004107200,

|ocarbon
t r |Vﬁ@I0&ﬁ%9t8ﬂ"éﬁésWDfQ§ﬁ>9684le?ﬁdl af N@lcpnsotlwwd@eﬂmdmmj@tirety.

ther etz IheoRLAIEEE RGu@RUREdd MabiofRYof QAMAME BBramycin
prot ect ed conpounds of the above substituents are known

to T@BS®-of skill in the art and may be found in

r ef e I[(ﬁ»@@]e SuigUe DNa& (RraRMR B8 NUtR adoxpﬁs@taﬁé:(fP'U\Lﬁ/l(ﬁm@@) Ian
%anl c %/nt hesis, 13rd Ed., John % & Sons, New York

gy %dﬁalumqféqﬁglﬂe?manpmaéé{ﬂ?%b@ st (rhFRyaggpevhich
Ve rsl:lagwemlemav&oDNA Ddfnasd A84s usahiocRa@kicifibeik.por at ed herein
by r e intheir enti

o SIS PEE bbb hisa R b Bt e P A PRBS BF e
I | kneﬂaamaumeuﬂerbmnm 1ye@s @e etithtaotagncomp assokidemerdpsits; ati on

[ t t,
&(are |n t;‘g‘%d/Jt @%E{?Aﬁ?}i‘%ﬁgcﬁg? ﬁ%n?c%%:én%]gaﬁé%%éh
t h&ﬁé@n@gcﬁﬁ & X433, N8RS SAGRSypagetmiarly §€Br5@dta2fymt5hechsaarre

r Olgcﬁerigé-Pﬁggn zﬁlaﬁ&ﬁs@st é@@S]QQS, §&HI5@%OSJ§@§CH—imakeda antagonists such
as N-[[4-[[[6,7-dihydro-2-(4-methyl-phenyl)-5SH-benzo-cyclohepten-8-
yl]carbonyl]amino]phenyl]-methyl]tetrahydro-N,N-dimethyl-2H-pyran-4-amin-ium chloride
(TAK-770), and CCR-5 antagonists described in US 6166037, WO 00/66558, WO
00/66559, WO 04/018425 and WO 04/026873, each of which is incorporated herein in its

entirety.
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10025] The term "pharmaceutical conbi nation” as used
herein refers to a product obtained frommxin

c AW %8 cti ve i ngredi ents, and includes bok f‘fslzﬁoé@ssé?ﬁj
non- fixed conbi nati ons of the active ingredients. The
term"fixed conbi nati on" nmeans that the. active
ingredients, e.g. a conpound of Fornmula (1) and a
co-agent, are both adm nistered to a patient

simul taneously in the formof a single entity or dosage.
The {MFPh Imbhiineawe! @ditpishaiediel byranbidon ¥ arosphrindetordpace

| NGFi@QheEMefitionSa EhaniR] £00HRQAL P e ifrei B f@he(ihven@Rdin@ree form or in
co-agent, are both adm nistered to a patient as separate

o PhE MRS UGRTY R reiPle 1 BABGHR 1 SOTEBETER P 3gPrapiate route, Tor

sequaifd @hlly}/e gvmt table@caepe@drﬁlqad tdnm)akdnfaauls},,fomeﬁ;ﬂé I 56 of
adm ni. st provi des ther apse?gtl cal %ﬁjeffect [ ve | evel f,oé

of 4 H‘ée%@? S?)}énonr?é?ué%e“%ﬁ? SUNEAPREY B G PR Blgl(f ERESOST
| atother atahlsmle{:fplmiuﬂaﬁSn tstgco G;bqirtaxnhtehr’rmen&aqﬂydelmerygiev1td1e g. a nasal

A0TLRY SEE AR LRl €8 O B AR Sl AEECL B retuzer

erm "t herapeutica
t he H}%ﬂnithrﬂlamrhleacswbp&mteaﬁenprbuwdnayrbatadmlwstleied@Ia cit a

bi %Qrﬂllaé‘e%caPJon%Qﬁ&%ge{hm%%aﬁrﬁc&u&ﬂ& Loceﬁtéb?esd;ﬁem Of Gftr.

system animal or human th I'S bei ng Sought
r esde CRBPsitiopamay barfhy Pcawerswetmt@ atrsgescng Hawgs. Q}{t RAlaq injection

Cl isBluGdn@Nnfusion sbRHEklor ihhBarfoR Kukpern@idit, WhiSh Ml beQiepa@B tsifY other
"adm nj sterin 6‘9 of the SUbl]f ect conpound shoul dp

und¥rePEBT e TREH SSTIFEVEAY BE ¥bnpound of t he

| NVeniosTIN Thakdge bN@e enafeDactrdiigg ﬁ[fotease mmeﬂm (ﬂre@forlﬁ bein

| nvﬁyr%llageﬂtlctaﬂy zticrc}eeptalb edslal\tlllog'jnllJ 6clz!n depeng on varlous fIactors sﬁ as the activity and
duration of action of the active ingredient, the severity of the condition to be treated, the
mode of administration, the species, sex, ethnic origin, age and weight of the subject and/or
its individual condition. A typical daily dose for administration, for example oral
administration to a warm-blooded animal, particularly a human being weighing about 75 kg,
is estimated to be from approximately 0.7 mg to approximately 1400 mg, more particularly
from approximately 5 mg to approximately 200 mg. That dose may be administered, for
example, in a single dose or in several part doses of, for example, from 5 to 200 mg.

[0058] When the composition comprises an aerosol formulation, it may contain, for
example, a hydro-fluoro-alkane (HFA) propellant such as HFA134a or HFA227 or a mixture
of these, and may contain one or more co-solvents known in the art such as ethanol (up to
20% by weight), and/or one or more surfactants such as oleic acid or sorbitan trioleate,
and/or one or more bulking agents such as lactose. When the composition comprises a dry
powder formulation, it may contain, for example, the channel activating protease inhibitor
having a particle diameter up to 10 microns, optionally together with a diluent or carrier,
such as lactose, of the desired particle size distribution and a compound that helps to protect

against product performance deterioration due to moisture e.g. magnesium stearate. When

the composition comprises a nebulised formulation, it may contain, for example, the channel
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[0028] As used herein, the terns "treat", "treating" and
"treatnent” refer to a nethod of alleviating or abating a
AR/ or its attendant synptons. [OO‘?@]’US?P\Q%/‘)?%me
"prostasin” may also be referred to as: human

channel -activating protease (i CAP); channel -activating
prot ease-l; and PRSS8, MERPOPS ID SOL 159. Modes of
Carrying Qut the Invention [0030] The invention provides
conpounds, pharmaceutical conpositions and nethods of

uS i3y 24ReoTEC BB Sitfed Aissebad Patrgdegnan nelticlaeaniapde wiger 2
Pr beas&s sucARhand B8P3 dy1dnB c QRS aRBPLGLlizert DL SSRAsurfactant.

i nvention provides conpounds of Formula (1):

[0059] In particular embodiments, the invention provides compounds of Formula (1) or
(2) in inhalable form, e.g. in an aerosol or other atomisable composition or in inhalable
particulate, e.g. micronised, form. The invention also provides an inhalable medicament
comprising compounds of the invention in inhalable form; a pharmaceutical product

comprising compounds of the invention in inhalable form in association with an inhalation

device; and an inhalation device comprising compounds of the invention in inhalable form.

Processes for Making Compounds of the Invention

[0060] The compounds of the invention may be prepared, following procedures
exemplified in the Examples.

[0061] In the reactions described, reactive functional groups, where desired in the final
product (e.g., hydroxy, amino, imino, thio or carboxy groups), may be protected using
protecting groups known in the art, to avoid their unwanted participation in the reactions.
Conventional protecting groups may be used in accordance with standard practice, for
example, see T.W. Greene and P. G. M. Wauts in “Protective Groups in Organic Chemistry”,
John Wiley and Sons, 1991.

[0062] Compounds of the invention may also be prepared as a pharmaceutically
acceptable acid addition salt by reacting the free base form of the compound with a
pharmaceutically acceptable inorganic or organic acid. Alternatively, a pharmaceutically
acceptable base addition salt of a compound of the invention may be prepared by reacting
the free acid form of the compound with a pharmaceutically acceptable inorganic or organic
base. Alternatively, salt forms of the compounds of the invention may be prepared using
salts of the starting materials or intermediates.

[0063] The free acid or free base forms of the compounds of the invention may be
prepared from the corresponding base addition salt or acid addition salt from, respectively.
For example, a compound of the invention in an acid addition salt form may be converted to
the corresponding free base by treating with a suitable base (e.g., ammonium hydroxide
solution, sodium hydroxide, and the like). A compound of the invention in a base addition
salt form may be converted to the corresponding free acid by treating with a suitable acid

(e.g., hydrochloric acid, etc.).
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R2 (Cl:12)p 0 HA (CR2)"-J-(RI)"

WO 2008/085608 PCT/US2007/085366

[0064] Compounds of the invention in unoxidized form may be prepared from N-oxides
of compounds of the invention by treating with a reducing agent (e.g., sulfur, sulfur dioxide,
triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride,
tribromide, or the like) in a suitable inert organic solvent (e.g. acetonitrile, ethanol, aqueous
dioxane, or the like) at O to 80°C.

[0065] Prodrug derivatives of the compounds of the invention may be prepared by
methods known to those of ordinary skill in the art (e.g., for further details see Saulnier et
al., (1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example,
appropriate prodrugs may be prepared by reacting a non-derivatized compound of the
invention with a suitable carbamylating agent (e.g., 1,1-acyloxyalkylcarbanochloridate, para-
nitrophenyl carbonate, or the like).

[0066] Protected derivatives of the compounds of the invention may be made by means
known to those of ordinary skill in the art. A detailed description of techniques applicable to
the creation of protecting groups and their removal may be found in T. W. Greene,
“Protecting Groups in Organic Chemistry”, 3 edition, John Wiley and Sons, Inc., 1999.

[0067] Compounds of the present invention may be conveniently prepared, or formed
during the process of the invention, as solvates (e.g., hydrates). Hydrates of compounds of
the present invention may be conveniently prepared by recrystallization from an
aqueous/organic solvent mixture, using organic solvents such as dioxin, tetrahydrofuran or
methanol.

[0068] Compounds of the invention may be prepared as their individual stereoisomers by
reacting a racemic mixture of the compound with an optically active resolving agent to form
a pair of diastereoisomeric compounds, separating the diastereomers and recovering the
optically pure enantiomers. While resolution of enantiomers may be carried out using
covalent diastereomeric derivatives of the compounds of the invention, dissociable
complexes are preferred (e.g., crystalline diastereomeric salts). Diastereomers have distinct
physical properties (e.g., melting points, boiling points, solubilities, reactivity, etc.) and may
be readily separated by taking advantage of these dissimilarities. The diastereomers may be
separated by chromatography, or by separation/resolution techniques based upon differences
in solubility. The optically pure enantiomer is then recovered, along with the resolving
agent, by any practical means that would not result in racemization. A more detailed

description of the techniques applicable to the resolution of sterecisomers of compounds
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B-' O(l) or pharmaceutically acceptable salts thereof,
wherein O0-((R2)1,-R2 is a substituent at any position on
r MARORR/085608 ~ 3 j s a 5-12 nmenbered nmonocycl i cPOYUSYTARF366
carbocyclic ring, het.erocyclie ring conprising N, O
and/or S; aryl or heteroaryl ring, provided J is not
triazolyl;

from their racemic mixture may be found in Jean Jacques, Andre Collet, Samuel H. Wilen,
“Enantiomers, Racemates and Resolutions”, John Wiley And Sons, Inc., 1981.

[0069] Insummary, the compounds of the invention may be prepared as exemplified in
the Examples, and Formula (1) and (2) may be made by a process, which involves:

(a) optionally converting a compound of the invention into a pharmaceutically
acceptable salt;

(b) optionally converting a salt form of a compound of the invention to a non-salt
form;

(c) optionally converting an unoxidized form of a compound of the invention into a
pharmaceutically acceptable N-oxide;

(d) optionally converting an N-oxide form of a compound of the invention to its
unoxidized form;

(e) optionally resolving an individual isomer of a compound of the invention from a
mixture of isomers;

(f) optionally converting a non-derivatized compound of the invention into a
pharmaceutically acceptable prodrug derivative; and

(g) optionally converting a prodrug derivative of a compound of the invention to its
non-derivatized form.

[0070] Insofar as the production of the starting materials is not particularly described, the
compounds are known or may be prepared analogously to methods known in the art or as
disclosed in the Examples hereinafter. One of skill in the art will appreciate that the above
transformations are only representative of methods for preparation of the compounds of the
present invention, and that other well-known methods may similarly be used. The present
invention is further exemplified, but not limited, by the following intermediates (Reference

compounds) and Examples that illustrate the preparation of the compounds of the invention.
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R3- YNB or (CR2/i-R5; Y is a bond, -S02-, -NHCO or

WO 2008/085608 PCT/US2007/085366

Reference compound 1

H Boc Boc
I 1
N a N b N C
— —_— —
H COZa\ N 00,Me
OH OH o}
1-D
1-A 1-B 1-C
ld
Boc Boc Boc EOC
N N N
g f ¢
— f—— B —

0 ™ e S :
<l 3 ~d 2 : Cbz< A\
&N Co M g N” "COMe HoN" CO,Me N COMe

1-H 1-G 1-F 1-E

1-B: 4-piperidine ethanol (1-A) (5 g, 39.7 mmol) is dissolved in THF (120 mL).
Triethylamine (5.6 mL, 40 mmol) is added and the solution is cooled to 0 °C. Boc,O (9.59
g, 44 mmol) is added, and the reaction is stirred overnight at room temperature. Solvent is
removed in vacuo, and the crude residue is dissolved in ethyl acetate (120 mL). The solution
is washed with 0.1 N HCI (3x100 mL) and brine (1x100 mL), dried with MgSQ,, filtered
and solvent evaporated in vacuo to give 1-B as a clear oil.

1-C: Trichloroisocyanuric acid (2.66 g, 11.46 mmol) is added to a solution of the
alcohol 1-B (2.39 g, 10.42 mmol) in DCM, and the solution is stirred and maintained at O °C,
followed by addition of a catalytic amount of TEMPO. After the addition, the mixture is
warmed to room temperature and stirred for an hour and then filtered on Celite®. The
organic phase is washed with saturated aqueous Na,CO3, followed by 1N HCI and brine.
The organic layer is dried (MgSQ,) and the solvent is evaporated to give 1-C. "H NMR
(CDCl3, 400 MHz) § 9.72 (1H, s), 4.07-4.01 (2H, m), 2.70-2.57 (2H, m), 2.35-2.31 (2H, m),
2.05-1.94 (1H, m), 1.64-1.46 (2H, m), 1.39 (9H, s), 1.30-1.02 (2H, m).

1-D: To a solution of Cbz-a-phosphonoglycine trimethy] ester (2.8 g, 8.45 mmol) in
THF at -78 °C is added 1,1,3,3-tetramethyl-guanidine (1.022 ml, 8.14 mmol). After 10
minutes, the aldehyde 1-C (1.76 g, 7.76 mmol) is added. The solution is then placed in an ice

bath at O °C for 1 hour, and then allowed to warm to room temperature and stirred for one
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leis halo, --(CR2),-NR6RL, --(CR2),-NRO(=NR)--NR6RI,
-gFRQ%t-C%:NR)--NRGRI, -C(OHCR2) i - NR6127,

ARPRPYIFEIEPRG, - WR211- NR-010- R6, - ( CR2i r - SO0 7/0g¥366
-(CR2)1-0R6, or an optionally substituted C1_5 al koxy,
Cl1_6 alkyl, C2_6 alkenyl or C2_6 al kynyl; or an
optionally substituted carbocyclie ring, heterocyclic
ring, aryl or heteroaryl; R3is C .6 alkyl, C2,6 al kenyl,
C2_6 al ky (C. R2||-R5 alternatlveI%, NH Y- R3

t og@lﬁh@ur fl%(ﬁstolutlw -diluted with EtOﬁg wiRzedanid 1RENg#4, dried (MgSO.)

i ndgpendanttyindh.o plthe anald ¥ IPM b bildaad @s#&rmﬁgﬁpﬁpwuh

carbocyclle rin het erocyclic ring, aryl or heteroa ry;
or HT jgiajqHegpne oy (07 10 aod d-Thpspanye SOl'éZM§ /oSy (Mer 1), H
al K\;mykcn@asvuoervmzmsﬁ 3587. %2 (oM, oY, &65l(1Hi Y= EHZNE8D hﬂ{ pWiit P

for(2H s), 4.10-4.04 (2H, m), 3.73 (3H, s), 2.67-2.62 (2H, m), 2.14 (2H, t, ) = 6.8 Hz), 1.63-
1.46 (3H, m), 1.43 (9H, s), 1.14-1.06 (2H, m).

1-E: A Parr vessel is charged with 1-D (1 g, 2.31 mmol) and MeOH (100 mL) under
nitrogen. The solution is subjected to 3 cycles of vacuum and nitrogen bubbling, and the
catalyst (R,R)-Ethyl-DuPHOS-Rh(COD) triflate is added (30 mg, 0.04 mmol). The mixture
is placed under 60 psi of hydrogen gas at room temperature for 24 h. The conversion to 1-E
is complete after 24 h with >99% e.e., the solvent is removed in vacuo, and the crude
product is purified by silica gel chromatography (hexanes/EtOAc).

1-F: Intermediate 1-E is dissolved in MeOH. The solution is flushed with nitrogen,
and Pd/Carbon (5% wt, Degussa) is added. The mixture is placed under 50 psi of hydrogen
gas at room temperature and shaken for 24h. The mixture is flushed with nitrogen and
filtered through Celite®. The cake is washed with MeOH, and the combined organic
solution is concentrated under vacuum. Hexanes is added and then evaporated to azeotrope
the remaining methanol to afford I-F as an oil, which is then used in the next step without
further purification. MS m/z 201.4 (M + 1 - Boc), "H NMR (CDCls, 400 MHz) 8. 4.06-3.97
(2H, m), 3.63 (3H, s), 3.36-3.31 (1H, m), 2.63-2.50 (2H, m), 1.70-1.61 (1H, m), 1.61-1.43
(3H, m), 1.36 (3H, s), 1.55 (6H, s), 1.34-1.15 (3H, m), 1.02-1.97 (2H, m).

1-G: Crude 1-F (0.6 g, 1.99 mmol) is dissolved in THF (10 mL), and 2,4,6-collidine
(315 mg, 2.38 mmol) and methanesulfonyl chloride (0.170 ml, 2.19 mmol) are added to the
solution and stirred for 2 hours. The reaction is diluted with EtOAc (50 mL), and solution is
washed with 1M NaHSO, (2 x 25 mL), brine (25 mL), and dried (MgSQ,). The solvent is
removed in vacuo and the crude residue is purified by flash chromatography using a gradient
of hexanes and EtOAc to afford 1-G. MS m/z 279.4 (M + 1 - Boc), '"H NMR (CDCl3, 400
MHz) . 5.60-5.42 (1H, m), 3.99-3.96 (3H, m), 3.68 (3H, s), 2.86 (3H, m), 2.60-2.54 (2H,
m), 1.79-1.77 (1H, m), 1.60-1.45 (2H, m), 1.35 (9H, s), 1.35-1.26 (3H, m), 1.16-0.95 (2H,
m).

1-H: Compound 1-G (0.70 g, 1.84 mmol) is dissolved in dioxane (7 mL), and
LiOH-H,0 (232 mg, 5.55 mmol) dissolved in water (4 mL) is added. The reaction mixture
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optionally substituted 5-12 nenbered nDnocycIic or fused
ring; R6 and R7 are independently H G alkyl,

awwﬂssw 6 al kynyl or --(CR21)r-ft5; each WW’%S’@WS%W
Cho al kyl, C?_6al kenyl, or (12,6alkynyl; | is 0-6; k, m
n and p are independently 1-6; x is 0-4; provided R4 is
pi peridi nyl when NH Y-R3 together form NF12, and

is stirred for 1 h. The solvent is evaporated; and the residue is diluted with EtOAc (25 mL)
and washed with IN NaHSO, (25 mL) and brine (25 mL), and dried (MgSQ,). The solvent
is removed in vacuo and the crude residue is purified by silica gel chromatography
(Hexanes/EtOAc gradient) to afford Reference Compound 1 as a white solid. MS m/z 265.4
(M + 1 - Boc), '"H NMR (CDCI3, 400 MHz) §. 8.97 (1H, broad s), 5.44 (1H, d, J = 8.8 Hz),
4.15-3.90 (3H, m), 2.94 (3H, s), 2.77-2.55 (2H, m), 1.88-1.87 (1H, m), 1.78-1.58 (3H), 1.42-
1.37 (12H, m), 1.16-0.94 (2H, m).

Reference compound 2

[0071] Intermediate 1-E is saponified with LiOH-H,O following the same procedure
used to obtain the compound 1-H. MS m/z 421.5 (M + 1), "H NMR (CDCl;3, 400 MHz) §.
9.75 (1H, broad s), 7.26-7.41 (5H, m), 5.39 (1H, s), 5.10 (2H, s), 4.41-4.34 (1H, m), 4.46-
4.03 (2H, m), 2.68-2.61 (2H, m), 1.94 -1.82 (1H, m), 1.78-1.53 (3H, m), 1.44 (9H, s), 1.44-
1.19 (3H, m), 1.09-1.03 (2H, m).
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further provided that RS is piperidinyl when Bis

(CR22t ,-R5. [0032] In other enbodi nents, the invention
pPRAEES48 compound of Formula (2): WO PCT/US2007/085366
2008/ 085608PC17US20117/ 085366

Reference compound 3

_Boc ,Boc _Boc ,Boc N
N a N b N c N d
—- D — — B —
H
OH Br cN . \  OMe
Z~N
3-A 3-B 3-C 3.p° N
3-E
l .
Boc Boc
Boc ’ N
N N
g f
P f— -
> < OM
o(ljl }\\(OH <_O‘§s') /\\(OMS TVan ¢ :
=g =N 2
He N O G H O ©
3.H 3-G 3-F

3-B: The compound 3-A (2 g, 9.28 mmol) is combined with CBry4 (4.46 g, 13.47
mmol) and triphenylphosphine (3.28 g, 12.54 mmol) in THF (0.2 M), and the solution is
stirred overnight. The reaction mixture is then filtered and the solvent evaporated. A large
portion of the triphenylphosphine oxide is precipitated by slow addition of the crude mixture
to a large volume of ether. After filtration and concentration, the residue is purified by
chromatography (EtOAc:Hexanes gradient) to afford compound 3-B. '"H-NMR (CDCls, 400
MHz) 3. 4.05-3.99 (1H, m), 3.83-3.78 (1H, m), 3.27-3.24 (2H, m), 2.84-2.77 (1H, m), 2.66-
2.59 (1H, m), 1.91-1.74 (2H, m), 1.67-1.56 (1H, m), 1.42 (9H, s), 1.32-1.20 (2H, m).

3-C: A mixture of 3-B (1 g, 3.6 mmol) and KCN (281 mg, 4.3 mmol) in anhydrous
DMF (20 mL) is stirred under reflux overnight. The residue is dissolved in EtOAc (50 ml),
washed successively with 1IN NaHSO, (2x50 mL) and brine (2x50 mL), and dried over
MgSQ,. The solvent is evaporated and the crude material purified by chromatography
(EtOAc:Hexanes gradient) to afford compound 3-C as an oil. 'H-NMR (CDCl3, 400 MHz) 8.
3.83-3.78 (1H, m), 3.78-3.69 (1H, m), 2.87-2.73 (2H, m), 2.28-2.15 (2H, m), 1.84-1.72 (2H,
m), 1.61-1.52 (1H, m), 1.42-1.15 (11H, m).

3-D: To a solution of 3-C (750 mg, 3.34 mmol) in THF (20 mL) is added DIBAL
(solution 1M in THF, 5 ml) at -78°C. This mixture is allowed to reach room temperature, and
stirred at room temperature for 1h. The mixture is cooled to 0°C and water (0.2 mL), and
15% NaOH aq. (0.2 mL) and water (0.5 mL) are successively added. After addition of

MgSQ,, the mixture is vigorously stirred and filtered. The evaporation of solvents yields the
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wherein R2 and J are independently an optionally
substituted 6-nenbered aryl; R3 is Cl6 al kyl,

CYO BB, C2 5 al kynyl or ---(CR2)12-R5; Hrl/§§20q7/0823¢¢3
together form NH2; each Rin (CR2) is Hor d(, alkyl;
and in, n and p are independently 1-2.

compound 3-D as an colorless oil. This compound is used in the following step without
further purification. 'H-NMR (CDCls, 400 MHz) §. 3.78-3.67 (1H, m), 3.67-3.64 (1H, m),
2.81-2.71 (1H, m), 2.71-2.50 (1H, m), 2.24-2.09 (2H, m), 1.79-1.66 (2H, m), 1.56-1.48 (1H,
m), 1.39-1.13 (11H, m).

3-E: This compound is prepared from 3-D using methods analogous to those
described for the preparation of Reference Compound 1-D.

3-F: This compound is prepared from 3-E using methods analogous to those
described for the preparation of Reference Compound 1-F.

3-G: This compound is prepared from 3-F using methods analogous to those
described for the preparation of Reference Compound 1-G.

3-H: This compound is prepared from 3-G using methods analogous to those

described for the preparation of Reference Compound 1-H.

Reference compound 4

E 5\ OEt ., EH
%, Et 2 -
/ —

HN O

0 _@ %

Vot o —= Me=gN O
H o H

4]

4-A B 4-C

4-B: D-Homophenylalanine ethyl ester hydrochloride (5.00 g, 20.5 mmol) and
DIEA (8.7 mL, 51.25 mmol) are dissolved in THF (100 mL) and stirred at room
temperature. Mesyl chloride (1.67 mL, 21.52 mmol) is added dropwise, and the reaction
stirred for 6h at room temp. The THF is evaporated; and the crude residue is dissolved in
EtOAc (100 mL), washed with water (100 mL), IN HCI (2 x 100 mL) and brine (100 mL),
and dried (MgSQ,). The solvent is removed in vacuo and the crude material is purified with
flash chromatography (Hexanes:EtOAc) to afford the ethyl ester.

4-C: Ethyl ester 4-B is dissolved in dioxane (50 mL) and stirred at room
temperature. LiOH-H,O (1.00 mg, 24 mmol) dissolved in water (20 mL) is added and the
reaction stirred until the ethyl ester has disappeared (by TLC and LCMS). The solvent is
removed in vacuo and the crude material is partitioned with EtOAc (50 mL) and 1N HCI (50
mL). The aqueous layer is extracted with EtOAc (2 x 50 mL), and the combined organic
phases are washed with 1M NaHSO, (2 x 50 mL) and brine (50 mL), and dried with MgSQ.,.
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[0033] Alternatively, k, m n and p in the above Formul a
0 and (2% may i ndependently be 0-6. In particul ar
eXWAIPRES0]k in Formula (1) is 2-3 and J is a Ht'ery oo
such as thiophenyl. In other alternative enbodi nents, Y
in Formula (1) and (2) may be --CO-. [0034] In each of
the above fornmula, J may al so be selected fromthe group
consi sting of wherein one or nore Z1, Z2, Z3,
Z4, 75, Z6 and Z' is a heteroatomselected fromN, NR O
or T8e jeenelp pvaporpigd g tigrerudg mgteRgdlis Pugtiel! RyHEsibehisratgapip

at QA® ARIHRx4dek gradient) to afford Reference Compound 4 as a white powder.

Reference compound 5

[0072] Boc-D-homophenylalanine (1.0 g, 3.58 mmol) is dissolved in THF (10 mL), and
water (18 UL, 0.72 mmol) is added to a suspension of NaH (60% dispersion in mineral oil;
10.0 mmol) in tetrahydrofuran (12 mL) dropwise over a period of 20 min while maintaining
an internal temperature of 20 °C. The mixture is stirred at the same temperature for 10 min,
and dimethyl sulfate (1.05 mL, 6.44 mmol) is added over a period of 20 min while
maintaining a temperature of 20 °C. The reaction is stirred for 2h before being quenched
with 30% ammonium hydroxide (6 mL) over a period of 10 min. while maintaining an
internal temperature of 20 °C. Stirring is continued for an additional 1 h (to ensure complete
destruction of dimethyl sulfate). The mixture is diluted with EtOAc (20 mL) and water (20
mL). The organic layer is separated, washed with water (10 mL), dried (MgSO,), and

evaporated in vacuo to give Reference Compound 5 as a white solid.

Reference compound 6

., — 7
—- ol Ot/g—N\ o)
HN o HN O PN © HoC  H
HeG  H 6D
6-A 6-B 6-C

6-B: D-Homophenylalanine ethyl ester hydrochloride (6-A) (25.0 g, 102.5 mmol) is
dissolved in 10% aqueous EtOH (500 mL). A catalytic amount of 5% Rh/C is added, and
the reaction placed under an atmosphere of H, (1000 psi), stirred, and heated to 50 °C. After
18h, the reaction is cooled to room temperature, the H, gas supply is removed, and the vessel

brought to atmospheric pressure. The catalyst is filtered through Celite®, and the solvent
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[0035] In sonme exanples, at least two of Z1, Z.2, Z3 Z4,

Z5, 216 and Z are' heteroatom selected fromN, NR O or S

WRE P08E08 s H or C16 al kyl, and the ot her Z' ECTUS200{083345

are CH. [0036] In the above Fornula (1) and (2),

wherei n each optionally substituted noiety may be

substituted with halo, =0, am no, guanidinyl, am dino, an

optionally substituted C1,6 al koxy; Cl..6 al kyl, C2A-,

al kenyl or C24; alk |, each of which may opti onaIIy be

h alreyR A neEcusr o AHigrd gp%@wmlwxmlwe&%h%@bwdfq@bépnw;? apygite
%b@@e@d or substltuted W|thN 0 or S CO2R8, 0 (CRA

(CR2)1 -R8 ?B CR2), -S02-128;
or ac HBFF%‘HPOPH‘E'P Q@f’areq/iﬁ‘fé“?@ r\ls‘é&E‘ﬁm apaogqus efwse
al Iﬁyécnbdarfoﬁnb @ﬂiafaa&edflgefe,sadbﬂtdlﬁpdﬁm Bar bocyclic ri ng,

het er oc . 037] The
or esent EBny B rimuaf b hepity fRE O siressrdorlle e

v ardestibadrier tf préfaaticosfRetsndse Gimpohwel 4-@vent i on, or
pharmaceutically acceptable salts thereof. An isotopic
vari ation of a conpound of the invention or a

phar macBdeprcsrouposktbnt abl e salt thereof is defined as
one in which at least one at is replaced by an atom
havi ng the sane om ¢ nunb but an a C mass
different fromth atomc mas usuallyf und in nature.

Exanpl es of isotopés{ t hat at Iy | neaqr pQr d into the
conpounds of the h*zfnve?ntl on a N phtar nacedtmce?l Iy

accept abl e sal tsqt hereof jHcl ude butgde not limted to

i sot opes of hydrogen, car , 7mitro amsb oxygen such as

211,3 1-1, '2C, '4C, '5N, 120, '80, 35S, '8E, and 26Cl.

Cer t ai N7.ia$ @Q&h&y&@ﬁe&ﬁﬁlhﬂﬂﬁatt@ﬁ et By £ QARANGDS 3 8f 18tNBmol) and
[ nvent| on and pharnpaceutically acceptable salts thereof,

f or @%?aﬁ‘quécar‘%oﬁﬂg’a)ﬁu?ﬁw}d& Ao Qo e | {Rmngl 15 gdded treroind

314o@imeli4ask Bnthif® THON 6 18I0 an@ ivere 3@ ll). Tha nlkcig 1samdécnert room

substrate ti ributi o articu

ety ae st S BT Rl nal S ise ineaie PR VRS Hemie

of rpmepapatimon’ Thfrmieadeilmon ablilhted yith Et Aot 208mle xahgpdsks], with IN

su e far. i

iR L AR TR O e AR

st azbcrulom affordsthe fesiags] provioetaas editd salidvkioh s abefl Withéus fugtherr educed

doq)gggca[l&qw rements. |sotopic variations of the conpounds
the 1 nvention or pharmaceutically acceptable salts

t her eof Z-Barfhijeprarcand i piseargst fepar-ddisthy meBadrentpasngie those

Pr RIS Sl araaRisraRlekadt £cdniRbRM-C. vari ati ons of
sui tabl e reagents.

25



[0038] The conpounds and conpositions of the invention
rrgy be useful for nodul ati ng a channel activatin

G RYEW0Ex anpl es of channel activating prot 0RZAPTBHP
may be nodul at ed usi ng the conpounds and conpositions of
the invention include but are not limted to prostasin,
PRSS22, TMPRSS | | (e.g., TMPRSS 11B, TMPRSS 1E),
TMPRSS2, TMPRSS3, TM PRSS-1 (MISP-2), nuitriptase

(MISP-1), CAP2, CAP3, trypsin, cathepsin A or neutrophil
el ast askefe ¢ ds of this invention may al so
inhibit the activity of proteases that stinulate the

activity of ion channe such as t ?)i theli odi um
channel , wand may be s | in thegtreatment of

CAP- associgt ed di seaggs. Phdrgacolegy and Wildyy

[0039] Co dsof N Phventi on Hat e theNa Tvi ty

of chann®l &ctivat i AY pv ot ease, pa*rt iocul arly"™¥ r;/dﬁm n-1ike
serine preteases suchsas prostasinfcand as such are
useful for treating diseases or disorders in whi ch

prost asg.B: rfrely p@%@efm' I@G)H @1@& dg b.Bag rﬁeﬁ) Js@m&ohd%d E}ﬁﬁlh% Q&Ystirred at
and/ or synpt onol og 11 :1 Di seases

nedPut BEPEYUIe AN PB r“t“i‘ ‘H’H tt&f’I“ C%PI?E‘H%H n%l N-Bet- frfi’é‘f‘} W&r%?/ bR
par<Bd>d:H§paoHy8 Jny(la gl ynshdly ks dkenee i mase moams@nd kiebd, agd the
prost asin,

di
i s R P R G G TN S S

For(3exanm mpl) tsheded oind e r@f:cmlrmmaxye istirt@o e Cifgun eiditeona 1key
r e%n a‘{"he ea er Lﬁ%%g gatl-th gr ong angrh%rr]gagth nnglxt rre]:els o{)vgci tgrvlv%pn? ?o of
| ung heal t anne aczilvalng

pr oocemsmpwltbﬂe apt oimed ©r # h u"lFlmb recgemmixaitd io pouprd inth@arucosal)

Si qﬁd BE: retaaﬁ)n Qésgé’i\@s%m?éa'vs !ﬁ% a&HniotnE'ledh&P)y ofR’gaQerF%Ob rr}ﬁ) nﬁﬁ:%%rélbmed

cl earance and preven Ing t accunmul ati on mucus
SpueeRYs lpver Bspraeat vty ethffré%n é@,O phrief didiargd | I}fr?glqlaﬁowmys

Suchidics G aS €8% H%A&dﬁ% 5 SSR tﬁﬁt&ﬁ%te@“ﬁtﬁ%ﬁngﬁﬁ §l3@(|5‘m@§ |y¥stic
fibrosis, primar dyski nesj a, i C bronchltls

 hreBHP Bt YRS Wﬁiﬁ\?%ﬁhwerd% X é%%l@%aeép@)e (2 4Phy) and

I esipnfdatdévyr VSO filkaiddead bdhﬁéltrﬁtaﬁlldtv@cuanmheﬁ’ﬂtﬁ@ﬂIlsturlﬂdzd't@J
and, bacterial) and lu rc¢i noma eas d by
gt R Rt R e TR e il TS a8

d| $ela§®$d 8B n ckirail. M§sqnflz r2&6. m(M +di §Eﬁ}5él$ NIMREQDW(EDG 400

AR BDORE T Gl 4R S BRLPRS AT 20

pr dt3@(ﬂH{\n® B0f-f.2c@H| mguidels. 3 PH, hﬁl r surf ace, for exanpl e

Xsr 0st gﬁurTb_l? A 9&1é/tlo%%‘%lnodﬁchi%‘fén%ﬁh%ﬁé’@?}é@,\é{g‘ééé to ?hBZAnf(i i%n&ts]ngir(/%re

co u$ i rbéunyis evinplaee rpmwb@fehqjﬁiqsrr ‘Bwireacggndnikerietyn joncbneaedan

hy Q/Qctugnﬁ‘lh VR cRiaf RSitiue is used in the next step without further purification. MS m/z
256.1 (M + 1); "H NMR (CDCl3, 400 MHz) 8. 8.32 (1H, broad s), 7.16-6.93 (4H, m), 4.41-
4.12 (4H, m), 4.10-3.75 (2H, m), 3.70-3.53 (1H, m), 3.51-3.30 (1H, m), 2.38-2.24 (1H, m),
2.06-1.88 (1H, m).

8-D: Intermediate 8-C is dissolved in 200 ml of a solution of 1,4-dioxane/H,0 (1:1).

NaHCO3 (17.9 g, 0.213 mol) is added, followed by Fmoc-Cl (12 g, 46.3 mmol). The

mixture is stirred overnight. The solution is then acidified with 1N HCI, and the precipitate is
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[0041] Chronic obstructive pul nonary di sease incl udes
chronic bronchitis or dyspnoea associ ated therewth,
e as wel | as exacerbation of ai rwaysP¢lypap07/085366
reactivity consequent to other drug therapy, in
particul ar other inhaled drug therapy. The invention is
al so applicable to the treatnent of bronchitis of

what ever type or genesis including, for exanple, acute,

arachi dic, catarrhal, croupus, chronic or phthinoid
br dietl eidglried (MgSgouo afforA§tthaver vihife balided-NMR (GIgh, 400 MH2) 5.

(nan- @i §rQk 6) 7.#‘?-‘7.@6"@@&? 78X 5 Ish RS Gy (L) £5 l%ﬁi)mﬁﬁ.%li‘-ﬁ% (4H,
mld asthma, noderate asthma, severe asthma, bronchitic
asthh? @Rer & 48 Hzhddédd 043t el 6%t tlupHt P b Aal-2 48 t hlvar)-drid-
asthng i nduced fol l owi ng bacterial infection. Asthma al so
enconpasses a condition referred to as "wheezy-infant
syndrone, " which invol ves subjects less than 4 or 5 years
of age R#fgewmxhithpounddheezi ng synpt ons and di agnosed or

di agnosabl e asy"wheezy infants,"” an established patient
cat egory of.nugfar nedi cal, codcern and oftengidentified as
i nci pi ent or karly=phase asihrati cs— [ 084 e
suitability of)a channel acthvatd ng protedse [hi bi tor
such as a prostasin inhibitoJ for the treatnent of a

di sease nedi ated by inhibitith of a channel agtivating
protease, may be tested by determning the inhibitory
effect of the channel activating protease inhjhitor
according to the assays described bel ow and fwl | ow ng

met hods known in the art. 00441 In accordance wth
the foregoing, the preseqt fi ngention furtherfpriovides a
method for preventing or & eptPhg ary—et the (i stases or
di sorders descri bed above in subj ect in needjof such
treatnent, which nethod conp es adm ni steri o said
subj ect a therapeutically effegtive anount of onpound
of Fornula (1) or (2), or a pharnaceutically adkeptable
salt thereof. For any of the above uses, the gequired
dosage will vary depending on the node of adm nistration,

1 RBBYT FBLEc ST B Py B by S0 P G o

Corpos., M@tk 0 'C,ilaf% ap) Mégthdhivirigt (1aX dgoin.) dvdN Blanguac eut DIFAP,

Conf@ﬁ‘?hst d.C(,)I?()S%; (c) Hoveyda-Grubbs metathesis catalyst (8 mol%), N-Boc-4-
methylenepiperidine (3.0 equiv.), DCM, 40 °C, 51%; (d) LiOH, dioxanes, H,0, 23 °C,
100%.

9-A: D-allylglycine (5.03 g, 43.73 mmol, 1.0 equiv) is slurried in a suspension of
methanol (70 mL) in an ice-water bath. Thionyl chloride (9.6 mL, 131.19 mmol, 3.0 equiv.)
is added dropwise over 10 minutes. The reaction is warmed to room temperature and judged
to completeness by LC/MS. The solvent is evaporated and the resulting white solid of 9-A is
directly used in the next step.

9-B: D-allylglycine methyl ester hydrochloride (9-A, 7.20 g, 43.73 mmol), Et;N (18
mL, 131.19 mmol, 3.0 equiv.) and DMAP (10 mg, catalytic) are dissolved in THF (110 mL)
and stirred at room temperature. Mesyl chloride (4.0 mL, 52.48 mmol, 1.2 equiv.) is added

dropwise, and the reaction is stirred for 6h at room temp. The THF is evaporated; and the
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100451 In general, conpounds of the invention wll be
adm nistered in therapeutl cally effective anbunts via a e/
oA N/ F3WAI and accept abl e nodes known in t h&TAY07/08536
either singly or in conbination with one or nore

t herapeutic agents. 100461 Channel activating protease
inhibitors of the invention are also useful as
co-therapeutic agents for use in conbination with another
t herapeutic agent. For exanple, a channel activatin

pr otweaseidiahibiohed infu)Abd 0Ugb T vaghsAbith a8 Ot h HgﬁICl @

antd rob Ll aBRLOT1Ye m@j aRehrdinl Dﬁ%@ﬂj Y Theaddtvie ki St @ €7 QR uo, and
antj-tussive, antibiotic or t her apeutic agent.

The
chdfrfatde greteriidt Pi’”t’i‘&“b?"étt s erppasPhy Hexigs BiOsy © afford 79- B as
t haryapewsii. agent may be in the same or different

phar macgut i cal Siti nel activatin

P o1 oactls ARPITO Ry BB Dad- fT s MeBGiERne 0B 215

t her &pubng, BQentv.)iand Ho\feydfae@rumamﬁemmlbmmbtamexmpcats]ytu[@ri%-
or ter

S| r?u gﬁ%%‘l%% glgﬁgn?fr)]% 181d§%) 15’19@ %t) gltc bro ({ Hggrgp mhlerglmettglene)
Th eutb@nm H dichlondepreiy 0 e, Q,l&;éfrmol piiamlﬂ@hlllrsiprl anifrqgen fn@losr)here N-
tr %t: qqﬁgth)ﬁgne&yeﬁhhg(éfdﬂp r39§!| §1an 3@@&5 [slé%e'd\éﬁ s%nge and the

i nflammat ory ‘ai rways di seases such hose nentioned
her&cithas bifd withgpre xawﬁ?réerﬁd pested it 40a§cf?r512<§*PUT€ heie g eaceon

actid dnip)eredy 18108, tﬁierluaﬁor%xalse i@ dfRaNSur®kd B;ezﬂ]ls{ﬁﬂa% sfliefgd r ed
dosagj n otential sjide effects of such dr ug

or
10@’&17fica (¥ dﬁ% SR Pa R EY @r@oqu?ér%bseiﬂaflﬁcﬂ%?ﬁéﬂt S m/e
I ne7udeMstoenaj.ds, in partl cul ar gI ucocortl costeroi ds such
gfogfgeﬁ‘}“' d&c becl a F%%%’qu flﬁ%t on ok g”at Sl h%%lblgn?gstg
st preedise esarly ldesdribed formeqxrdpaﬂau@rtﬁllieipaherﬁon@plpid|4c ation WO
02/ 88167, WD 02/ 12266, WD 02/100879, WD 02/00679 (for
exanpl e, Exanples 3, 11, 14, 17, 19, 26, 34, 37, 39, 51,
60, 67, Referencogompegnd Ky 5ng 101). WO 03/ 35668, WO
03/ 48181, WD 03/62259, WO 03/ 64445, WO 03/ 72592, WO
04/ 39827 arid WD 04/ 66920; nons | dal gl ucocotticoid
receptor agonists, such as tho escrl bed in DE
10261874, WO 00/00531, WO 02/101%3, WD 03/82280, WO
03/ 82787, WD 03/86294, WO 03104195, WO 031101932, WO
04/ 05229, WD 04/18429, WD 04(1 93% and WD 04/ 26248; LTD4
ant agoni sts such as nont el uk d zafirl ukast; PDE4
i nhibitors such cilom | ast Frie&RI EROO G noSmi t hKl i ne),
ROELUM LAST(r) (Byk Gul den), V-11294A (Napp), BAY 19-8004
( Bay é10y4] Befprens rgonoupsihis PWCWQCCPIS@& gﬁ)hOdSAR@%’PEL‘IONE@ described
( Mgy chdllihe ffaamlﬁfeﬁkecfn%&%%9 / PD168787 (Parke-Davis),
AVD- 12-2 Asi a | edi ca), CDC-801 (Ce!gene),
SelCD(TM CC 10004 (Cel gene), VN, 4554/ UMb65 (Vernalis),
1-440 (Tanabe), KW 4490 (Kyowa Makko Kogyo), and those
di scl osed in WD 92/19594, WD 93/19749, WD 93/19750, WD
93/19751, WD 98/18796, WD 99/16766, W) 01/ 13953, WO
03/104204, WO 03/104205, WO 03/39544, WD 04/000814, WO
04/ 000839, WD 04/ 005258, WD 04/ 018450, WD 04/018451, WO
04/ 018457, WD 04/ 018465, WD 04/018431, WD 04/018449, WO
04/ 018450, WD 04/018451, WD 04/018457, WD 04/018465, WO
04/ 019944, WO 04/019945, WO 04/ 045607 and WC) 04/037805;
and adenosi ne A2B receptor antagonists such as those
described in WO 02/42298, each of which is incorporated
herein in its entirety. 100481 Suitable
bronchodi | atory therapeutic agents include beta-2
adrenocept or agoni sts such as al buterol (sal butanol),
net aprot erenol, terbutaline, sahneterol fenoterol,
procaterol, fonnoterol, cannoterol, or pharmaceutically
acceptabl e salts thereof; and conpounds (in free or salt



OH, conmpounds of Formula (1) of WD 04/16601 (in free or
sailor solvate form, and conpounds of EP 1440966, JP
OREMOUBIONO 93/ 18007, WO 99/ 64035, US 2002/ ORSSHES07/083866
01/ 42193, WO 01/83462, WO 02/66422, WO 02/ 70490, WO

02/ 76933, WD 03/24439, WD 03/42160, WO 03/42164, WO

03/ 72539, W) 03/91204, WO 03/99764, WO 04/16578, WO
04122547, WO 04/ 32921, WO 04/33412, WD 04/37768, WD

04/ 37773, WO 04/37807, WO 04/39762, WC) 04/39766, WO

04/ 45618 WD 04/ 46083 and WG-0@PBO964 or phar maceut i cal | y

acceptabl e salts thereof, each of which is @r por at ed
herein in its entirety. [0049] Swtabl

bronchodiltory thera \f &nts al so cI

anticholi e gi ¢ of a | nic ag@nts uI ar

i pratropi um bromi de, oxi ti#opi um br omni d&moc rropl urHHsaI ts

descri bed in EP 424021, US 3714357, US 5171744, MO
01/ 04118, WDOZ/@QGSZ

03/ 00840, WD 03/,334
04/ 018422 and 4
herein inits entl

and CHF 42?'65'"(Ch| esi), and glycopyrrol ate, but JIDSO t hose

5"51841 WD 02/ 535t

pQr at ed

et

NH,

N N
Q Q >\‘_CH3
» PR
N\/(>\< N
. 0 N S 2 S NH,
=g-N 0
ol H 1-E

N \
d (S
Q W~ <"
- N s S NH,
e W
O=g-N ©
HoC  H 1-H

1-A: Loading of the PAL resin: 5-cyano-2-methylamino-thiophene (3 equiv.) is
added to a solution of the resin (1 meg/g) in DMF in the presence of AcOH (& equiv.). The
mixture is shaken for 1hr before adding NaH(AcO); (3 equiv.) and letting the mixture react
overnight. The resin is then washed with DMF (x2), DCM (x2), MeOH (x2) and DCM (x2).

1-B: The Fmoc-protected amino acid 8-D (3 equiv.) is added to 200 mg of resin 1-A
in DMF in the presence of HOBt (3.5 equiv.) and DIC (3.5 equiv.). The mixture is shaken
for 3hrs. The resin is washed with DMF (x2), DCM (x2), MeOH (x2) and DCM (x2).

1-C: The resin is shaken in a solution of 20% piperidine in DMF for 30 min, and
washed with DMF (x2) and DCM (x2).

1-D : The amino acid is coupled to the resin 1-C using the same procedure as 1-B.
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[0050] Suitable dual anti-inflammatory and

bronchochl atory therapeutic agents include dual beta-2
atheHGEEHRBr agoni st / nuscarini ¢ ant agoni st sPSERMELIS366
t hose disclosed in US 2004/ 0167167, WD 04/ 74246 and WD
04/ 74812. [0051] Suitable antihistam ne therapeutic
agents include cetitizine hydrochl oride, acetam nophen,
cl emastine fumarate, pronethazine, |oratidine,

desl orati di ne, di phenhydram ne and fexof enadi ne

hydr ochl-8¢ |Aoﬁélutlart<tfuhv<ér§wlmne hydroetprids (40eequiyz anddREARE) equiv.)

ebasbines . R tﬁ%trésﬂl_el- DMnd HeasiRe BNEn bebenAdILE &sid$s WRhdd
as those disclosed in JP 2004107299, WD 03/099807 and WD

04/'0EBAH <2 DY 62 MRS Psand REYH 33k at ed herein in its
ent I r et \.F : To a Q@23 Jof heltcksialll einaim Biaddddasetit BHyteR (N aiviyde

SuiPABP e ERLet 1E) BRRaT " XuaR € RO Gg WU G e T
( PULMOZKNET resinilefhis yagped ivfch BﬂyQOislIﬂiFC(m)cbﬁ:foreelisoleommnlz
Q@?Mdl?%ﬁ&rlé %@Q&&ndgra}ﬁrf 1g$r{ %Px’h‘a&ge) is sﬁ’é?én‘%hr e ?r}%tu‘le &liis

cl eaves at” cy
f i bragwid svith DMH @05 ¥eO8t(harPME eLudndd¥idbi>Fat i ons of channel

activat _pg 1t ahg @o%‘?pohﬁﬂ‘i h' i aftaﬁne\’i‘f&f&w%@blea\lag‘i %rd?}HH{@"régan{n

t herapeutic agents are hose w t ant agoni sts of

chemskichel rseBp @ rTsFA/@CWz@@Ri joF l%dﬂz@ pltraeaReogcengtl iy vacuo,

CCRi 8o 1vediRacBronitelband puldiddb rev%@smmCWm): After
CXCR2, CXCR3, CXCR4, CXCR5, particularl

ant‘%P@B‘H?aélf’% e FER <3l ol Hy ?bl‘?g“e@%%ﬁlﬂted’ﬁfvéﬁ oMsé]i‘/ §6395 M+ 1);
SC'BNMR 5D 58 ®MAY san (HTCHY, P.go Tak efda7antagort sS4, ByEN26

N 11391 (8 FHot-Hydrii) 24BNty T 8 bl df ey 5 (Rthdnzb¥ eyl (GHep

t enn)84.11 -4.05 (1H, m), 3.82-3.65 (2H, m), 3.29-3.27 (2H, m), 2.86 (3H, s), 2.86-2.76 (2H,

e N e R

ant(adgoni 53is1.destrinbed i n US 6166037, WO 00/ 66558, WO
00166559, WO 04/ 018425 and WD 04/026873, each of which is

i ncorporated herein in its enti rety
Examples 2-31

[0075] Examples 2-31 are synthesized using methods analogous to those described for

the synthesis of Example 1.
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[0055] In the treatnment of a di sease nedi ated by
inhibition of prostasin in accordance with the invention,
aWeharBre0act i vating protease inhibitor of t RRET RO,
in free formor in pharmaceutically acceptable salt form
may be admi nistered by any appropriate route, for exanple
orally, e.g. in tablet, capsule or liquid form
parenterally, for exanple in the formof an injectable
solution or suspension, or intranasally, for exanple in
the formof an aerosol or d&&dapledd oni sable formulation
using an appropriate intranasal delivery device, e.g. a
nasal spray such as those known in the art, Y
|nhalat|on partlcularly for use with a ne en.
\vat i pr ot eas®e i nf¥_bi t o
g ‘Oiﬁ_a*bhb»’ al compoSi tio
wth a pharmaceutlcally aggLept abl e dlluegt,or carrier.
Such conpéstti ons may be thy powders, I"et s2s.6apsul es
and |iquids, but also jnjection solutions, |nfu5|ammc

solutions or inha Iatlgggizspensions vvhichF be
prepared using otyher al i ng |ngred|?gﬁzf§ﬁo

t echni ques kno tthe - [ 0087} Thé dos4gp of the
channel actlvatln priotleage i bi te— n jTee hgﬁgﬂor in

phannaceut i y ng_@ta | e salt form can

various factfors, oguch “as tye activity andeupaglon of
action of the adt@vétlngredlent the severity of the
condltlon t be treated, t.he node of adm nistration, the
speci es, : e&hnlc origin, age and wei ght of the

subj ect and/or ﬁlelduaI condition. A typical daily
dose for n st tion, for exanple oral adm nistration
to a warmb)o ni particularly a human being

wei ghi ng ab ut gyﬁfﬁ estimated to be from
apprOX|nate$y 7.mg to approximately 1400 ng, nore
part|cuIaFtWWfr@ntapprOX|nately 5 ng to approximately 200
my. That d6se” may2be adninistered, for exanple, in a
single dose or in several part doses of , for exanple,

f r 0 m[(ﬁm]o REA3ENAV-A is prelﬁa@éAEf&)}n BahgMntifeans Qﬂﬁ&ﬁt asln@ r[hethods

ri ses an aer rmul atjon

o AR SRR ot B BiPweivar phe ti ToY ofMHE 2UER as
[ { Prepdi3difroi0 Itmrihdtil.l]lzé&ZZZAmBm@mBﬂwds lan:ﬂaogofls tb hesalescaindl fowie
COMARQNT Rl IOLE, SR SRUNARLS LU LG BL SHSIhoRD
s urbbercit3dt ad §&tﬂrewsctm:le i fellcammgjn@hrods onrbgtwr thiseldeatied for
an

R WA e e
rra;froet}ht giip follpying exdipgs aalogopgto élwamt@éthe BiEpATYian Pft@‘aﬁlp]étlé’&s e
i nhi bitor having a particle diameter up to 10 m crons,
optionally together with & dlhu§9%4or carrier, such as
| act ose, of the desired paﬁtﬁ%te—srze distribution and a
co an’fj] E lcjg %lj B? ark § Iﬁ[egge%%tsmggn%%tanﬁ(gg%gsl'{g those described for
per f or mance eterioration due to noisture e.g. nmagnesi um
st dbfrsgntkesiswhBrrpke32conposi ti on conpri ses a nebul i sed
formulation, it may contain, for exanple, the channe
activating protease inhibitor ei t her dissol ved, or
suspended, in a vehicle containing water, a co-sol vent
such as ethanol or propylene glycol and a stabilizer,
whi ch nmay be a surfactant.. [0059] In particular
enbodi ments, the invention prévVvi des conpounds of Fornula
(1) or (2) in inhalable form e.g. in an aerosol or other
at om sabl e conposition or in inhalable particulate, e.g.
m croni sed, form The invention also provides an
i nhal abl e nmedi canent conpri si ng conpounds of the
invention in inhalable form a pharmaceutical product



Processes for Making Conpounds of the Invention [ 0060]
The conpounds of the invention may be prepared, fO||OMAq9
pV6E@$ﬂE@§sexenpllfled in the Exanpl es. [ OORECTUS2pP7{0pRas
reactions described, reactive functional groups, where
desired in the final product (e.g., hydroxy, am no,
indict, thio or carboxy groups), nay be protected using
protecting groups known in the art, to avoid their
unwant ed participation in the reactlons Conventi ona
protecting groups may be usdaRlaSxccordance with standard
practice, for exanple, see TTW Geene and P. G M Wits

in "Prgtective p% i n Organi emstry”, JOhW
and Sons- 1991.¢ [ 0062Zf Cbnpeégagkof t he Tinvent/ nay
al so be prepar asya phakneceutical ly acceptiabRe acid
addi tion salt by neact i th ree base for
conmpound a phar mace Aeceptgbl e
or gani co CME& AIF§FH&t|gé1/~%a pharnaoeutlgﬁily_g
accept abf e tbase addltloMj% |t %of a conpoun@;o che

i nventi on-Hmay be prepared by ¥e#acting the free @éid form
of the conpound with a pharnaceutically acceptabl e

i norgani c &k orgeg(;ijSe Alternativel Y, salt fs of

t he conmpoungs, of /t he—i nventi on may be aged Si ngc
salts of t ﬂ.Ltar ng ials or int d| es
[ 0063] The friee acld fpr e base forns

' ' re pondb

of the_igventjon my be (5epared—#99n1th§
base additioff-galb or acid additien salds ﬁro
respectivel y¢ For exanple, a conpound 0& t he I nggntion in
an acid addition salt formnay be converted to the
corresp | fre treati abl a
Cor g > PR R RE PP set P DR b SR Bt 32
t henelthyke)er 8A <¢orgp5m mehodf PyBIo# (B. ﬁQ/gﬁtZSmnnql)rnnaDﬁfaS@ Taddilioon
sal id
jmdiPh ’Bdf(?béo?ﬁ) CRA%ELS gﬁ shﬁeéd“gr(]%m [h@éﬁ%ggd \Dﬁ { Joﬁlﬁor?&

by treatin suita
acili N@ﬂ&,()4)(2 x 50 mL), NaHCOj3 saturated (2 x 50 mL) and bnne (1 x50 mL) Fhe

organic phase is dried on MgSQO, and concentrated in vacuo. The residue is purified by flash
chromatography (Hexanes:EtOAc), and the compound 55-A is obtained as a white solid. MS
m/z 616.2 (M + 1).

55-B: Methyl ester 55-A (2.2g, 3.72 mmol) is dissolved in dioxane (20 mL) and
stirred at room temperature. LiOH-H,O (467 mg, 11.12 mmol) dissolved in water (50 mL) is
added and the reaction is stirred until the methyl ester has disappeared (by TLC and LCMS).
The solution is acidified by addition of 1M NaHSO, and extracted with EtOAc (2 x 50 mL).
The combined organic phases are washed with brine (50 mL), and dried with MgSO.. The
solvent is evaporated to afford the compound 55-B as a white powder. MS m/z 602.2 (M +
1); 'TH NMR (CDCls, 400 MHz) 8 7.33 (2H,d, J=8.4 Hz ), 7.22 (2H, d, J = 8.4 Hz ), 5.87
(1H,d, J=9.6 Hz ), 4.43-4.57 (4H, m), 4.29-4.32 (1H, m), 3.95-4.17 (4H, m), 3.87-3.93
(1H, m), 3.60-3.64 (1H, m), 2.89 (3H, s), 2.58-2.64 (2H, m), 2.45-2.51 (1H, m), 2.15-2.51
(1H, m), 1.48-1.70 (3H, m), 1.44 (9H, s), 1.22-1.35 (2H, m), 0.95-1.10 (2H, m).
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[0064] Compounds of the invention in unoxidized form may

repared from N oxi des of conpounds of the invention
bng% Py with a reducing agent (e.g., sul fREFT/USU7OERIO
di oxi de, triphenyl phosphine, |ithium borohydride, sodium
bor ohydri de, phosphons rrichloride, tribromde, or the
like) in a suitable inert, organic solvent (e.g.
acetonitrile, ethanol, aqueous di oxane, or the like) at O
to 80C. _&?065] Pr odr ug derivatives of the conmpounds of
t he i nvenfi’om shjohe cpipepyad 4B K5P e OHobRe kin dishloogethptss &0
of QNG JasdH S {35 nignolm%mar)tm(aﬂ«mzss nfla2 HiMbh Red 2 det ai | s
see Saul nier et al Bi ocor gani ¢ and Medi ci nal

Ché’l‘ﬁh?f"rbﬁnzﬁlé’tnt"é (s, mg\/81(‘3 o ) hef@S‘B‘)e is ygpd %‘S?H‘n‘ﬁgf @ room
appémeranad, eep nv@mg@@cmyvetgemplr BPEERSD QY0 HBACIHATY s@urated ( 10
gg?%g%:b\é?% gﬁé mgg@}? lggcpngls 8r1edton ?/]gsav?ntgrleg re]:vay[\)ﬁorta!e]:d gndS c}'l rect%/ used
1, in aicyéoxyaMoyhie ashapoehl- 8oé)dat e, par ani t r ophenyl

car bon he |i 06 Pr S
of t hea%SC(;D 95 th scﬁlg*onigﬁ;}és Ci rl]l’{/ %%Itgl 1S sqgw ITE aé)c{](? ggo%glog %{)éoW#A 1%
knd¥sM tde nmlsre isofirrgkfai Hamiputesk fhir thf: #pl \tehre argreyaported emctath¢ weldue
desf&flésglrvéoolﬂ a&ftonttﬁlg QEH Hﬁec’d @F}E&leksg @MS@HP%C t/ﬁ@r @Bﬁlﬁtz:ﬂ% o@the

protecting %YOU hei r renoval

Gr gelyents, thPrT fxé@tqfﬁg C@lmmé 53-R ioybpaned @s fcﬁ@rﬁr@w@} 'MS gy 659, 2
edidt 40ﬂ, 'HORR (WHEEY408 180S0 (1IH)6s), 8. %Q?ﬁ bs), 7.31 @%Z]J 2 Hz)

Conmpounds of the present invention ma conveni ent |

pr ép%ﬂe%i <6Ié>rm)f Dbl ddristga hé%f‘éw&g%fﬁ’ PHOZ(Hhant |38?r
as 36l Matess 423.8 i HhydB 2t es) (sHMgratesH af, 2¢onmeeundsn)of 17-
the present | nvent| on nmay be conveniently prepared by
reﬂ%é‘?%ﬂ)l L5168 an aqueous/ or gani ¢ sol vent

m xture, using organic solvents such as dioxin,

tetrahydrofuran or methang@l,yjes s59968] Corrpounds of the

i nvention may be prepared as el r individual

st er @7§I0 Eﬂﬁl{pﬁes BY.-76 %@G}tdﬂﬁgze@ ukide BB &ds @ha‘?ﬁg@ﬁseco Hosd d3€ribed for

conmpound wi th an optically active resolving agent to form
E%Sly“%?m(?fgw}ee%l soneric conpounds, separating the

d| as{@7EoMRIS] @abds E@Gpovelk bM@rihile (10pt Headdey inExagples 1-70.

enantioners. Wile resol uti gf Ef enanti oners may be

carried out usi ng coval ent dI®&'er eonmi ¢ derivatives of

prieferired (e.g. gucdipstal line di ra§tn@5mmm%§@s sL:S) 'H NMR 400

t he LLIIpUUIIUb of the Tnvention disSSOoCI dpl!l ?icth tHI exXes dadre
Di jast er eoners have di stinct phL/SI cal pl‘@pﬂl‘(]bMS?(Sd fe.g.,

mel ting points, boiling points| [ E Eﬂ f\]t
etic.) |and nay be adily separpa ﬁ? H@% éﬁ’
t hese |di ssg m | es. The di g%j 5(637 7%§E%rdat ted
by| chrjoma acphy, or by separ alL 08dd (83Q! fﬂéf%‘ﬁé@@ NisAURS
based |upo (Ej\lewmce N S0l ubishig.y. 1T he, ptios aldl i, per-e
enant ijoner cévemed aB.en@Hwh)t 2ot3ve At sk 86 3y, s),
agent,| by oagl)(ﬁpkf)aEtl cal means [ R&G-2.Wodl.dn)e-2Pe sl 1), P.ho-
ralceni|zat ikon. HA nore det ai | ed dégtdipni bR-lgR G, 1.63-1.46

t echnilques applicable to the rle&bt i th! dfZ&taredil SoMEr Y-

of conpounds
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fromtheir racemc mxture may be found in Jean Jacques,
Andre Collet, Sanmuel H WIlen, "Enantioners, Racemates
aM® REEBPYEi ons”, John Wley And Sons, Inc., RJgS2007/085366
[0069] In sumrary, the conpounds of the invention may be
prepared as exenplified in the Exanples, and Formula (1)
and (2) may be nmade by a process, which involves:

(a) optionally converting a conmpound of the invention

i nto pharmaceutically acceptable salt; (b)

opt i onal | y convgtgt |tng a salt fol\r/lgn( %E? cBaﬁPea!lﬁata {11 tI\%MOO
i nventlion to a AG'Ealt form me B evin)

C nverti na an 1mnovidized f orm ﬂﬁmﬁll&l{ rQPMg(gngnl on

viant
-

r
VoI AT OO/ O 2 Co o i TV LAY \C AN

into a pharmaceutically accept aMsavNooxmnel), Anal. Calcd. o d)
optionally converting an N oxi d€xHobrintdPn & (CBPCUAYl30H,
the i nventl on tﬁ\(}/ unoxi di zed 3P%fing§-21: Found: C, 39.24: H, 4.25; N,
8.21; 'H NMR (CD;CN, 400 MHz) § 9.99 (1H,
s), 7.95-7.74 (2H, m), 7.74 (1H, d, J = 4 Hz),
5 Q 7.42-7.32 3H, m), 7.11 (1H, d, J = 4 Hz), 6.13
O\ (1H,d, J = 8.4 Hz), 4.59-4.35 (5H, m), 4.15-
r Ho 4.08 (1H, m), 4.15-4.02 (1H, m), 3.84-3.68
S' (2H, m), 3.31-3.28 (2H, m), 2.87-2.79 (5H, m),
oG H 2.45-2.38 (1H, m), 2.18-2.10 (1H, m), 1.76-

1.69 (2H, m), 1.69-1.49 (2H, m), 1.49-1.39
(2H, m), 1.39-1.29 (3H, m).

F
@/Br
3 Q (j\”/ \/E MS m/z 352 [(M + 1)/2]

\I
\S

HaC H
MS m/z 683.1 (M + 1)); Anal. Calcd. for
C34H41BTF9N601182 (3 TFA) C, 3981, H, 413,
Br N, 8.19; Found: C, 40.48; H, 4.34; N, 8.46; 'H
H /O/ NMR (CD;CN, 400 MHz) §9.81 (1H, s), 7.92-
(\a of 7.77 (2H, m), 7.71 (1H, d, J = 4 Hz), 7.49 (2H,
; NH d, J=8.4 Hz),7.23 (2H, d, J = 8 Hz), 7.08 (1H,
4 ] (,\lj\'(ﬂ\/”\/}‘{“ ) d,J =4 Hz), 6.16-6.02 (1H, m), 4.55-4.43 (5H,
o o 2 m), 4.28 (1H, s), 4.12-4.05 (1H, m), 3.80-3.69
O:,S—N\ 0 (2H, m), 3.27-3.24 (2H, m), 2.84-2.70 (5H, m),
HC  H 2.42-2.33 (1H, m), 2.11-2.03 (1H, m), 1.76-
1.62 (2H, m), 1.62-1.46 (2H, m), 1.46-1.39
(2H, m), 1.38-1.18 (3H, m).
MS m/7673.2 (M + 1) ; '"H NMR (CD:CN, 400
o MHz) 8 10.07 (1H, s), 7.72 (1H, d, J = 4 Hz),
cl 7.63-7.55 (2H, m), 7.52 (1H, d, J = 2 Hz), 7.46
¥ @/ (2H, d, J =8 Hz), 7.37 (1H, dd, J = 8 Hz, 2
(\?\ Q " Hz),7.14 (1H,d, J=4 Hz), 5.88 (1H,d, J =92
5 H A\ Hz), 4.68-4.50 (4H, m), 4.46 (1H,t, J=7.6
g (&(NMHZ Hz), 4.38 (1H, s), 4.18-4.05 (1H, m), 3.86-3.73
o }—&o 0 (2H, m), 3.31-3.28 (2H, m), 2.85-2.76 (5H, m),
HSE’S_N‘H 2.50-2.43 (1H, m), 2.22-2.12 (1H, m), 1.81-

1.66 (2H, m), 1.65-1.48 (2H, m), 1.48-1.39
(2H, m), 1.39-1.23 (3H, m).
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(e) optionally resolving an indivi dual
ound of the invention froma m xture of

O

derivative;

i somer of a
i SONers;

YPYIBMA&I 1y converting a non-derivatized RS HAGuAL 0866

he invention into a pharmaceutically acceptabl e prodnig

and (g) op

tionally converting a

prodrug derivative of a conmpound of the invention to its

non-derivati zed form [0070] insofar as the production
of the starting materials is not particularly described,
t he canpounds are known or nay ar Bleysigg Bpta opsly to
mett hods known i A'¥4¥eart or as IH?@’E@C@%H"‘?%“??S 2400
helrei-Aafter—One—of skit—inthe art w iz éDM dﬁ)ﬂ*ﬂ that
t he above transformations are jonly representative of
met hods fo pre t'on of thel conpounds of the present
i nvent|i on ndyth ot her wel | - known net hods may
sijmglarly g\ﬁd\gw r@»&;ent Mg\;,g b9 further
exenpl|i fied by the foll ow ng
i nt er medi at@sr&Re er ence cén‘pounds) and Exanpl es t hat
iIIustratg %‘H@ preparation of the compounds of the
i nventji on.” Reference conpound |
MS /7 619.3 (M + 1) ; 'H NMR (CD,CN, 400
CHy MHz) & 10.01 (1H, s), 7.73 (1H, d, J = 4 Hz),
\ KO/ 7.69-7.55 (2H, m), 7.17-7.24 (4H, m), 7.12
d (1H,d, J=4 Hz),5.97 (1H, d, J = 9.2 Hz),
' NH 4.56-4.40 (5H, m), 4.30 (1H, s), 4.14-4.09 (1H,
7 Q (Nj\ rﬁﬁ( m), 3.82-3.70 (2H, m), 3.30-3.24 (2H, m), 2.85-
O 2.77 (5H, m), 2.43-2.34 (1H, m), 2.34 (3H, s),
S-N, O 2.17-2.08 (1H, m), 1.79-1.71 (2H, m), 1.68-
HaG o H 1.50 (2H, m), 1.50-1.39 (2H, m), 1.35-1.26
(3H, m).
K®/CF3
N
Q
8 Q (Nj\’(HV[L/SMNH MS m/7 672.7 (M + 1)
4 NH5
0 /'_§o o
HiC  H
9 Q q MS m/z 640.2 (M + 1)
1/ NH2
o' N
3

3

5




1-

di ssolved in THE (120 nl).

B: 4-pi peridine ethanol
Tri

(1-A) (5 g,

39.7 wino') is
ethylamne (5.6 nth, 40

¥ 04858l ded and the solution is cooled to REF/GS2003485365

(9.
oV

vacuo,

ac
(3

59 g, 44 mncd) is added,
erni ght at room tenperature.
and the crude residue i
etate (120 inl2). The sol uti
x100Q nil) and brine (1.x100

and the reaction is stirred

Solvent is renmoved in

s dissolved in ethyl

on is washed with 0.1 N HO
inl), dried with MySO,

fi
cl

1146
(2.

an
ca
m
ho
wal
an
SO

| terled and sol vent evaporate
ear [oil . Strueure>  Trj chl o
ol \

46 lm |c :lr*lr*lar*l to-a cr\l
T llUl

d in vacnoPheicaPete 1-B a a
r P 8’6@3)%19?‘?‘@ g&ﬂé é”é%R

39g. 10. 42 mnd) in DCM an
d mdintained at 0 C, foll owe
talytic armunt cTEI\/PO Af t
xturle i sy roomtenp
ur and fh n?llterc'ed on Cel i
stfed

wi tH salu alﬁedf\ ous
d br

i ne. e Jor flani ¢ IaV@r
| vent i§§evaébrated to give
) 8 9.72 (1H, s), 4.07-4.01
35-131 (211, in), 2.05-1|

139 (9H, 's), 1.30-1.02 (2

Ut | on r\f

dMshe: sal (M P o)nAmas Csitd. for ed

d Chk.:@daVs0i.8713 FA.d H.0): C, 39.50;
efl: + HeNdddi forgif. 3¢-pre H, 4.30: N,
er & U @Mgrﬁ@)@ﬂ 40p M X IP- O%ln

), 7.7 7.
%1 23? E’ %gj 2:2 }%“ ﬁ
) 56k of 5
Sm ﬁlsﬁﬁf 136!1 ﬁl) 3.84-
1365 (2111,];11)13 NVR3 Q@Dﬁib 88
(5B1ib), 2.#33).36 (PH, R0 227- 507 ((}Qilnl
941-0p, 2igm), 1167846 RHAS). (- 2H,

Hl SWH m), 36 l. 2413_113m) To a

ﬁ‘

on of Cbz- cr-phosphonogl
5 mmol) in T -78C i
3-tet Namet uan| di ne

10 m(Q% t he al deh de

The an s It pl
and

OQ Van al®l owed
t OAc,

nor e hour|
tr

— b

=8N

O\Naehed W|th 1M Nal

vvvv ash chromat ography with
o afford 1 a white
OO M—Iz) 6.

8O Hz) 30 111

U'J

1563NH 1. 46
06(02/§LN o ﬁ) 1.-
‘D ¢ gy 2.31 annuli and
en. The solution is subj

roaoan

yCI ne trltnethyl ester (2.8
sMédid@QS3(M+ 1); 'HNMR (CD:CN, 400

T 452 (IH97 7(%‘9}) e
t ﬁ ?696 s foyml ‘?§7
a &Md & bé %(2
t@swﬁmﬁ %)rs@emz @@ipﬁf @béﬂ e
2 Fhens®)| utsioon (s milb2kb i ed
| 8@4m), ded-edl (IMGBOSD-1andH, m).

Ensyl; aeetat @f Haxeme (€.t.,

s ahoi MiHz) MB).@drH, 3383627.41 MHE m),

7735017, B38= ¢ BA1.43t(31), d, JG. 888,
g,g (2H51 128 QH’ 11g9H d,J=4 Hz)

144 5H 4
gs} ’mllz 2:1:1

] 2%’6%515}? ), 2' 1926 th;ﬁ)d
0 &(QQQQ g4 h)s0 wAd@S 1.50-
emﬁE@HIrﬁ) Bazaywl@s. of vacuum

E(z

o—™Q® S
pul

— I
o -

SO
pu

H 6g€eh bubbi R1¥) and—the
Et hyl - DuP1- 10S- Rh( COD) t
innol) T I Xture is p
S at m tenperatu

onpl ete after 24 h

n‘é\iﬁm nj
b i IN"C s'chmgmat

\

HCH

', an

~rat Al vt
vat ail yDL

r MSlrett (1.2 & athd SNNIB IR, 400
| ¥dletd URdBT 960308, slpf.73 (1H, d,

r é=f8p. 29 -2 Ctha).dghyét dion

g}% 2%5?@/ §H§z) 79 SO m)

7
4H m),
§ gﬁ 4315 4.09
Ogia ysé be@m% bH, m),
2.86-2.80 (5H, m), 2.44-2.34 (lH m) 2.19-
2.10 (1H, m), 1.83-1.70)2H, m), 1.70-1.50
(2H, m), 1.50-1.34 (2H, m), 1.34-1.25 (3H, m).
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1-F. Enternediate 1-E is dissolved in MeO1-1. The
solution is flushed with nitrogen, and Rd/ Carbon (25%
DYQLBAPSI8 added. The mixture is placed undefCTERHI0833p6
hydrogen gas at room tenperature and shaken for 24h The
m xture is flushed wwth nitrogen and filtered through
Celite(r). The cake is washed wth MeOH, and the conbi ned
organic solution is concentrated under vacuum Hexanes is

added and then evaporated to azeotrope the remining
met harfol to afford 1-F as an ofl, which P@S*Pﬁi@ﬁauspd in
the next step wWOtWHWE further [pYF( ”f/"l)cEé"-t“F'BﬂAn gisrid 711204 18
(M-!- 14 Hoe)—H-NMVR N 400 NI DM 6
3.163 (|]311, s), 36- 3. 31 (1H, i), 2 63 2 50(211 n)
1.[70- 1. 61 (111@@% 61-1.43| (3H, n), 1.36 (3H, s),
1.55 (|6 Mo -1.15 (3H, ny, 1.02-1.97 (2H m. DC
Criude |1 g& namml) ,19%7%9}1\),’@@) in THE (10and
2,14, 6-co| I %4 38 trinmol) and met hanesul f onyl
chl orilde 1/7-& . 2.19 nfol )| are added to the sol ution
and stlrr r°2 hours. The rieaction is diluted with
Et|0Ac |(50 m. , and solution ijs washed with 1M Nall SO4 (2
X 25 nil.), brine (25 nil.), dri
sol vent is renoved\i® vacua aa‘d snyzé%aé@gﬁgﬁwﬁ_%fg;g
purifiljed fl hr omat ogr aphy(,ygsgg}qul 4@ e
hexangs afd\Et9Ac to afford 1-|CapMpsadz 2797444 9|\(/5Hm14“32
Hocle, 111 0 ) B(HSmHO1H64.821H,.nF 81377 (268H),
(4H, iin 9- W), [33.683.F3H ns)2912,786H, m), 2.49-
oo 1 a5 oemnf 5 (OH,  5}.36 AH35- 216268 (Ehm). 130168
2 160- 3. 54n.¢ ™ (2H, m), 1.67-1.51 (2H, m), 1.49-1.41 (2H, m),
1.38-1.29 (3H, m).
ol MS m/z 695.3 (M + 1); 'H NMR (CDCN, 400
H /O' MHz) 8 9.47 (1H, s), 8.12 (1H, 5), 7.83 (1H, 5),
N of 7.70-7.67 (1H, m),7.47 (1H, 5), 7.40-7.25 (9H,
/ s NH m), 6.40 (1H, d, J = 6.8 Hz), 5.03-4.76 (2H, m),
16 Q (Nj\ rHM 4.60-4.39 (SH, m), 4.32-4.18 (2H, m), 3.35-
o ~ O 3.24 (2H, m), 2.91-2.75 (2H, m), 2.48-2.38
N O (1H, m), 2.17-2.05 (1H, m), 1.81-1.52 (4H, m),
o H 1.52-1.97 (5H, m).
MS m/z 640.2 (M + 1); Anal. Caled. for
CxHy CIFN;0,,S, (3 TFA): C, 40.35; H, 4.21;
ol N, 9.98; Found: C, 40.39; H, 4.10; N, 10.00; 'H
¥ /Q NMR (CD;CN, 400 MHz) & 9.80 (1H, s), 8.43
of (1H, s), 8.17-7.80 (2H, m), 7.72-7.61 1H, m),
' s NH 7.40-7.12 (4H, m), 5.87 (1H, d, J = 9.2 Hz),
K Q (,\,j\rn\/k\HH 4.64-4.43 (5H, m), 4.34-4.25 (1H, m), 4.14-
o % 0 2 4.05 (1H, m), 3.86-3.70 (2H, m), 3.37-3.23
; o (2H, m), 2.90-2.77 (5H, m), 2.49-2.38 (1H, m),
HiC  H 2.18-2.05 (1H, m), 1.81-1.67 (2H, m), 1.66-
1.49 (2H, m), 1.49-1.37 (2H, m), 1.35-1.19
(3H, m).
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(3H, in),

0.70 q,

1.16-0.95 (2H, 12H  no.

1.84 mnol) is dissolved

1-H Conpound
i n di oxane

m“i%mssé%ﬁﬂﬁu OHH20 (232 ng, 5.55 mmol) di ssol v'&ff?%%smﬁﬁéﬁ

(4 niL) is added. The reaction m xture
Physical Data
Structure MS (m/7), Elemental Analysis, and 'H NMR 400
MHz (DMSO-dj)
F
D/Br
H
N
!
e (\?\ %HV@ANHZ MS m/z 682.4 (M + 1)
N
. N
O ‘e
NEVE
HC  H
//<:>/m
H
N
Q
/ s\ ,NH
19 Q m « MS m/z2637.2M + 1)
I NH,
O:II_N 5
HeC  H
- MS m/z 664.2 (M + 1); "H NMR (CD:CN, 400
H /®/ MHz) 6 7.55-7.26 (8H, m), 6.03-5.91 (1H, m),
Q 4.58-4.40 (3H, m), 4.39-4.23 (3H, m), 4.09-
20 / H\/O/\NHZ 4.04 (3H, m), 3.84-3.70 (2H, m), 3.34-3.27
] <;jler (2H, m), 2.86-2.79 (5H, m), 2.46-2.38 (1H, m),
0 /—Q 0 2.14-2.06 (1H, m), 1.83-1.67 (2H, m), 1.67-
0 "S—N, 0 1.48 (2H, m), 10.48-1.42 (2H, m), 1.42-1.25
H H (3H, m).
O
H
N
o
Q ( < l NH2
21 H MS m/z M+ 1)
; <Nj\rN N
o b
Osg-—n| 0 °
HsC  H
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is stirred for

I h. The sol vent

i s evaporated; and the

residue is diluted with EtOAc (25 alL) and vvashed with IN

NSO/ BXE8 i nt . ) and brine (25 inL),

is renoved in vacuo and the crude residue is
chr omat ogr aphy (19exanesdEt OAc

The sol vent
purified by silica gel

and dri etf-T({gBoaY366

gradient) to afford Reference Conpound 1 as a white

solid. M5 adz 265.4 (M+ 1 - Boc), 111.NWMR (CDC13, 400
MHz) 8.97 (111 broads),544(|d ]l =288 117),
4.115-3.90 (3H, in), 2.94 (31-1] 2. 77PRsisADaR] . 1 i)
1.188-1. 87 (11-1 Strygure; 78-1. 58 I(%T?@)) E'@Pﬁ%%ﬂﬂyg 7ang FRMR 400
i ), 1 16-0-94 /')11 Qeference (‘f\WY\f\IIhPI M11
I ntermedi ate 1- E is saponi fi ed| wiStrtt dii.®M.4128naf. Chikd®k ng
the sane procedure used to obt aCnHisz’akés(h@ﬁp@EdelO)t—C 43 H,
iniz 421.5 (NL + L), H NAM ( COCF- 9N%@ MC81389H756 NH
brload |5), 7. 26- (5H, in), 593?31( <C]%z N GH)
s)| 4. 41-4/384 (4H "M, 4.46- 4. 5%;]”1 %iﬁj 39 g
(211, [in) 1. 9gy 1.82000 18 m| D78 (53 S i 4 3 44
(911, |s), 1:44-n"Ny1 H, ) (1@19@1* H£)2411‘é;4d§)2H m), 3.79-
ol Y © 3.61 (2H, m), 3.35-3.32 (2H, m), 3.27-3.18
HoC  H (2H, m), 2.91-2.82 (5H, m), 2.36-2.26 (1H, m),
2.09-1.98 (1H, m), 1.84-1.81 (2H, m), 1.75-
1.64 (6H, m), 1.58-1.10 (10H, m), 0.95-0.83
(2H, m).
H KQ/Q
Q
23 / H M MS m/7661.3 (M + 1)
- <Nj\’(N\/[’S>§<NH2
Tal
HoG
Ras
PR
24 N / H \ NH MS m/z M+ 1)
O
HoN O
MS m/7683.2 (M + 1); '"H NMR (CD:CN, 400
0 MHz) & 10.19(1H, s), 7.93 (2H, d, J = 8.4 Hz),
§Cts 7.73 (1H, d, J = 4 Hz), 7.58 (2H, d, J = 8.4 Hz),
KO/ 7.52-7.40 (2H, m), 7.15 (1H, d, J = 4 Hz), 5.81-
(\a 5.73 (1H, m), 4.74-4.61 (2H, m), 4.57 (2H, d, J
25 =5.2 Hz), 4.46 (1H, t, J = 7.6 Hz), 4.39-4.34
(j\[( \/(>‘</ (1H, m), 4.15-4.06 (1H, m), 3.86-3.26 (2H, m),
3.35-3.26 (2H, m), 3.09 (3H, s), 2.89-2.77 (5H,
m), 2.49-2.39 (1H, m), 2.22-2.11 (1H, m), 1.82-
HsC 1.70 (2H, m), 1.77-1.50 (2H, m), 1.50 (2H, m),
1.38-1.21 (3H, m).
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Ref erence conmpound 3 3-E e

WO 2008/085608

3-G3-F

PCT/US2007/085366

Physical Data
Structure MS (m/7), Elemental Analysis, and 'H NMR 400
MHz (DMSO-d;)
/®/CI
Q
26 q(n ) WAl MS m/z 638.2 (M + 1)
- N NH;
o 74
O:g_N (@] ©
HC  H
ﬁ®/0|
H
N
4 n
27 (\a %H\/Q/\/(N MS m/z M +1)
. N
o NH
osl N © i
HeC  H
28 MS m/z (M +1)
Q
29 (Nj\’(“ TN | MSme M+
”, NH
o I 2
N 0
0 H
/O/ ’
30 /:( N WA MS m/z 568.2 (M + 1)
N ™
5 N NHz
~—\ 0
HC-N O
H
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3-B: The conpound 3-A (2 g,
CBE
19

§

1% in THE (0.2 M,

over ni ght.

9.
4.46 g, 13.47 mol) and
an
The reaction m xtur

28 mmol) is conbined with
tri phenyl phosphi ne (3.28 g
d the sol ution PGSy} (0866

eis then filtered and the

sol vent evaporated. A large portion of the
tri phenyl phosphine oxide is precipitated by slow addition

of the crude mxture to a |large volune of ether.

fi

L tr

tion and concentration,

Af t er
the residue is purified by

ch
co

r A

r ong
mpou

t ogr aphy &EtOActlexanes
nd 3-B. HUGWR ( CDC: 13,
O

o et e DO oyt o
24 (211 MH (ngdzg 77 IY/I| H

m|,

(1
m

un
oV,
Wal
(2
ev

VR

2.
1-1,
xtur
t 40l
er ni
shed
x50
apor

™

2.
42, (

83 n}, 3273~
66 €1 n) 1. 91-
4, B1.32-1.20

(I 3.6 mnci

(20 n

8 =
59 H,
91 ;

S

)

[
JS diss

t R/DS " 2368§§

1.74 (211 In) 1. 67 1. 56
(211, at). 3-C A
| ) and KCN (281 ng, 4.3

r@g under refl ux

ok
ol ved in EtOAc (50 in!),

nt h) ‘&'nd dri ed over MyS
ated and the crude nater

N
ghtg;éh zfii?
succﬁssﬂye y with IN NaHSO4 (2x50 ni) and brine

O4. The sol vent
ial purified by

IS

ch
3_
(4
(2
01

I oy
C as
H n
H n
4R

nmpl )

m )
nmper

t ography (Et OAcHexanes ¢

an oil. '%gt;?MlR ( CDC
3. H

N, 3. 18- m, 2.

72 (2H, _oth 1.
3- DﬁﬂIﬂiﬁ solu

N, 1.8431
th
in THE i’s “added

ON
at -78&N pbS m xture i s

auuaﬁamiM|Hedatro

al-ed—+o0—-0C N
e+ S—€ooreatouvCcaha—¥

LVZ BN
AL UI

t er
irre
€33
ed i
LNNF
14,
H

O

(0.

2 nth) an ter (0.5 nm
addi tj on of YSHA, the

Wﬁ%ﬁo ereéd. The evap
n th

) gs 8b|or
q,&&o )6 378
‘88 2°71 &H, m, 2.
179166(2H in),

radient) to afford conpound
3, 400 MHz) 8. 3.83-3.78
87-2.73 (2H, m, 2.28-2.15
61-1.52 OH, 1.42-L15

t MOrvgP3-30E+ 750 ng, 3. 34

D1BAL (solution 1Min THF,
allowed to reach room
om tenperature for | h. The

L) are successively added.

m xture is vigorously
oration of solvents yields
| e85./Qsh.3 M Biys conmpound i s
thout further purification.
-3.67 (11-1, m, 3.67-164
71-2.50 (1H, m, 2.24-2.09
1.56-1.48 (1H, m,

.[39- 1.

34

13(|||-|

N
P
H
N
0

Br

N |\
0 =N

MS m/z7 668.3 (M + 1)
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3-E: This conmpound is prepared from 3-D usi ng nethods
anal ogous to those described for the preparation of
RO B onpound 1- D. 3-F: This conpduih2fy/085366
prepared from 3-E using nmet hods anal ogous to those
descri bed for the preparation of Reference Conpound 1-F.
3-G This conpound is prepared from 3-F using net hods
anal ogous to those descnbed for the preparation of

Ref erence Conpound 1-G 3-H_ This conpound is

prleparled from 3-G usi ng methods anal %?oughw'ealphfe
descrilbed for tﬁ'é“ﬁﬁ‘f‘éparatl on OYS R&P-diaRpa Aegyronndi VR 00

conmnol |nr~| MHz DM -dg)

R f oy
\7 ) ey | \All\l UII’JU LAY

F

@/BI’
H
N
< F
36 (\a H\/©/ MS m/z 6712 (M + 1)
N N
/ (@]
@]

o

O=g—N

HeC  H
F
@/Br
H
N
B F
37 Q H\/@[ MS m/z 689.2 (M + 1)
e N N F
O “
Os§ o ©
H

]
— N‘
HaC

F.

H
N

/D/Br
< F
38 (j\ HVQ/ MS m/7 689.2 (M + 1)
N
s N
o~ © F
O
H

O=d_
=S—N,
HaC

F

Br
N /\O/
o
39 Q(H\/Q\ MS /7 687.2 (M + 1)
N

3 N Cl

/ (0]

. O

H

O:('S?_ Nr/_g
/

HaC

F

D/Br
H
" d
40 H\/@\ MS m/z 7213 (M + 1)
NN CFs
O
O

oSN
/ \

HaC H
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4- B: D- Honophenyl al ani ne et hyl ester hydrochl oride
(5.00 20.5 nunol) and DIEA (8.7 mf, 51.25 m nol
dM@E@&V@ﬁm?n TI-1F (100 inL) and stirred at riSguys?
tenperature. Mesyl chloride (1.67 nL, 21.52 mol)
added dropwi se, and the reaction stirred for 6h at
tenp. The TI-1F is evaporated,;
di ssol ved in Et0OAc (100 inL),

% are
07/085366
is
room
and the crude residue is
washed with water (100

niL),
(MgSA
mat er i
( Hesad

IN HO (2 x 100 nil) and brine (100 and dried

). The solvent is renoveld in vacuaPksicel Phe crud
al is purPFrEdewi th fl ashMeHr o6y} ‘%g yw‘de{NMR4m)
act MSO-dy) 4-C:

ac' Et OAc) to :lffnrr*l t ha t+ hyvl
A e ) L\J’_\Ul l-llyl IOl O

Etlhyl |ester 4-B ks _di ssol ved in di oxane (50 inT) and

stlirre

1/10HH, 0 (1. 00 ny,

24 ininol)

dilssol
St
LG
1g3!
(5
50

teri
0 ni
)

I yre
M S)|.

d unt emhy ster
Th ved
al is parttboned with E

d at F(oomt fat ure.
ved E:&D 20 inL) is
e

added and the reaction
hag gl gappeaied (by TLC and
in vacua and the crude
LOAc (50 nth) and I N HC

L). [TheNaqgtieous layer is
, and t he conbi ned or gan

extracted with Et0Ac (2 X
i c phases are washed with

1N
My

is
gr
po

SH.
pur

I Nah

adi €
vider|.

iISO4 (2 x 50 i) and br

The sol v &S evapor
i figd by
nt) atford Reference
Re erepf @onpolind 5

., OCHg
QI °
1l
O:S_N‘ (@]
H

/
H3C

ne (50 in.L),

and dried with
ed and the crude materi a

h chronatogkaphy ( Et OAc: Hexanes

Conmpound 4 as a white
MS m/z7683.3 (M + 1)
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MS m/z 7373 (M + 1)
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MS m/z731.2(M + 1)
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MS m/z667.3 (M + 1)
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[0072] Boc-D- honophenyl al anine (1.0 g,
di ssolved in THF (10 na,),
| YFOHEEY% a suspensi on of Nall

m ner al

and

oil; 10.0 nintol) int

3.58 mnol) is
(18 pi., 0.72 m nol

(60% di sper shdnU§2p{7/08536
etrahydrofuran (12 nili)

wat er

{

dropw se over a period of 20 mn while maintaining an

i nt ernal
the sane tenperature for 10 mn,

tenperature of 20 'C.

The m xture is stirred at
and clinethyl sulfate

(1.05 H1l, 6.44 mnol) is added over a period 0120 nin
whi | e [mai ntaining a tenperaturfe of 20 CPhyyipgd Dplaact : i on
is| stilrred for SWuBERore bei ng| YRiEHeHedyp PHlgood HNMR 400
ani-reRi-um-hydroxi-de—{-6—+n-tr—opner—a anHa(D\M 48 n,
whi | e [mai nt ai ni ng_an |nternal tenperature of 20 C.
Stlirrijng is conm‘&for an additional 1 h (to ensure
conpl ete d@u tivn of dinethyl sulfate). The m xture is
di|l st ed (20 ML) andmya,pze;rﬂggjp . The
orjganilc | aye g%pﬁv%g washed wth \/\/Jé?%r (10 nth),
drji ed (Iv100 )i~and eva @:gat ed in vacuo to give Reference
Conpound 5 %%‘NQ Wwhite solid. Reference conpound 6
F
Ao
Q
47 H MS m/z721.3 (M + 1)

48

H
N
Q
Q N
. N
O L4

o\ Yo © “

HC  H

MS m/z687.3 (M + 1)

49

MS m/z671.3 (M + 1)

HC  H
F
@/Br
H
N
Q
50 (\a H MS m/z721.2 (M + 1)
. NN al
(,? ~—\ 0 cl
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6- B: D- Fl onophenyl al ani nc et hyl ester hydrochl oride
(6-A)125.0 g, 102.5 mnol) is dissolved in 10% agueous
EMOHFPEEER i 1 L). A catal ytic amount of 5% Rh/REVS24HEgI06
and the reaction placed under an atnosphere of 112 (1000
psi), stirred, and heated to 50 'C. After 18h, the
reaction is cooled to roomtenperature, the 1-12 gas
supply is renoved, and the vessel brought to atnospheric

pressure. The catalyst is filtered through Celite(r), and
t he salvent renoved in vacuo,| to affor dPhysical Data

2), siscpad - R 400
DFbmSX?VLSP.exny'éP“&HFne et hyI et e/ WWP?%EI?%‘SE&H%? a4

Lt o Inauwrdar 6-C Thicl caomound ad from
LI T3 I I =J UU.'HU AYAY | LB AL

6-B ugi ng net hods_anal ogous to|l those described for the

prieparjat i on, of Re efice Conmpound 4- B. 6-D. This

conmpound i{gr epared from 6-C usi ng net hods anal ogous to
or

t hoge |desckibed; t r epar fatjson, af , Ref er ence Conpound
4-IC. Reference Bum& - L

~

H
N
- F
52 Q H\/@[ MS m/z705.3 (M + 1)
-, N Cl

H
N
53 (\?\ H\/@( MS m/z701.3 (M + 1)
N N Cl

H
N
54 (\?\ / ’ MS m/z 7013 (M + 1)
. NN cl
/ O
[e]
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7- A: D-Honocycl ohexyl al ani ne et hyl ester hydrochl oride
(3.83 g, 18.0 mmvpl ) and
NWORRPPPY% y car bonyl oxy) succi ni mi de ( Cbz- OSu)P{T4US38j/085366
18.0 nunol) are added to a round bottomed fl ask
containing THE (60 tnL) and water (20 nth). The m xture
is stirred at roomtenperature and Et3N (10.1 InL, 72.0
mutat) is added, and the reaction is stirred overnight at
roomtenperature. The clear solution is diluted with
Et|0Ac [(200 nL) and washed with/ i N FI Cl (BmwgicalD@tanl) and
briine [(1 x 100 AtPYurand dried mi'? H’Vq)’\ﬁ'e@S@.An%sxﬁéﬁtHIT“§R4OO
eviaporated 1 n vacua to afford {the desi ré@z,@?%udﬁ) as a
white [solid which is used without further purification.
7-B: This conpound is prepar edMSmgms72 M us, gNMBH GRS 400
a

anal ogous to those escl:ri bed WZ)gm(ﬁ{gﬁegggwkpgg)’eg](IH’d’J
Reff er ence Conpou e@

N d cl =2 Hz), 7.07-7.27 (6H, m), 5.88 (1H, d, ] = 8.4
55 Q %Hv@ Hz ), 4.26-4.57 (6H, m), 3.93-4.02 (1H, m), 3.77-

N
N 3.86 (1H, m), 3.47-3.86 (1H, m), 3.21-3.34 (5H,
I / & Cl

HO;,S'—N‘H S m), 2.74 (3H, s), 2.49-2.88 (4H, m), 2.17-2.36
’ (2H, m), 1.18-1.73 (9H, m).

OsgN
/

3C

Q
Q

Cl
. Oy
" d
56 (j\’(nv@ MS m/z 6252 (M + 1)
N Cl
o 0
6]
Cl
H\/©\/
N NH,
O
O
Cl
H\Q/\NHz
N
(@]
[0]

H H
Ny /®/
N
57 (\a % MS m/76202 (M + 1)
. N
OJSI)—N'
HC H
H /®/
N
58 (\a (jﬁ‘/ MS m/7 6202 (M + 1)
., N
O='s',—N.
HC  H

46



Ref erence conmpound 8

(19. 4

e, 0.346 nob is dissolve

8-B: Finely powdered KCH
d in DVSO and stirred at

r 3PP at ure for 20 min and then cool ed tRTAUSR007/085366
N- Boc-trans-4- hydroxy-L-proline (Boc-Hyp-OH, 8-A) (10 g,

43.3 ninol) is dissolved in DMSO (10 inL) and added, and
the reaction mxture is stirred for an additional 10 mn
at 0 'C. Next, 4-chlorobenzyl chloride (33 g, 0204. nol)
is added, and the reaction mxture is stirred at 0 C for
an additional 15 mitt Thereaftler, the icBnpe Raps [ emy ed
and the reacti oA"Mi%Wture is al I%s\/é'dZ)tEéF"\R}é{?‘rﬁ“fl isp 356 f NMR 400
tenperature and stirred for 4 h. The redbEA ¥t ur e i s
poured into water OO inL) and the reaction vessel is
rijnsed wi thuan a onal al i quot of water (300 nth). The
conbi ned a Ne us> Iay i% extriacted with ether (2 x 300
m|dsgand di s Weous hRY:ST63b S vagidi fied with
87% HIPO4 to en extracted wth ether (3 x 300
mlj). The co |m§§ et her 'extracts are washed with water (2
X {400 |i nT) chnd Hbrl ne (2 x 400 [uL) and then dried over
MySO4,| filtered and concentrated in vacuo. ' The residue

i s purjified by chromatography pn silica gel wth

11]10Ac h-ent O to 100% to yield the conpound
8-B as M5 itch 2561(N| + 1 - Boc); H NNW
( DVBO- d.31 %p 4.52-4.40 (2H

i n)€o 4. S 3.43-3M§1”/2(52 Mny), 2.40- 2.30
(4H, i (111,1.39-11.34 (911, in).

61

MS m/z612.2 (M + 1)

62

MS m/z 6543 (M + 1)

63

MS m/z7643.2 (M + 1)
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8-C. A solution of TFA in dichloronethane (50/50) is
added to 8-B and the mxture is stirred until conpl ete

r SAPUR808 t he Boc. The reaction mixture is tHdnRUs2007/085366
concentrated in vacua, and the crude residue is used in
the next step without further purification. M5Sin/z 256.1
(N4 +1); 111 MAR (CDC, 13, 400 MHz) S. 8.32 (111, broad
s), 7.16-6.93 (411, in), 4.41- 4.12 (411, in), 4.10-3.75

(211, m, 3.70-3.53 (111, iii), 3.51-330(111, )

>.[38°3,24(111. in), 2.06-1.88 [(1H nj). Physical Dgiapy
I nt er medi at e 8- &rfQurgi ssol ved | 1S 260 Er'ﬁ"F"‘HfA‘“ﬂy(itﬂ“i’Jtﬂ THAR 430
1, 4 r*l: Oxane'/ 1 1')n / 1 1\ l\l:ll 1F / 17. Q NI,HZ((!D Udﬁ)vnl AY | S

added,| fol |l owed by El noc ClL (12 g,46.3 m nol ). 'The

mxturie i s @tlrr ernlght The solution is then
acli di fli d i d thel precipitate is filtered

|1 e
anids,drji ed ( t o, af d 8- DI\@SIn/za68V\@
i d. |l

solid.lH1SI VHz) 811 (1|—} broad s),
7.77-1. 66(]?— q758752(211, in), 7.42-7.21 (8H,
in), 4.54- 4M2 H(4 , 4.24 (1H, 1 J= 7.2 Hz),
4.23-4.10 (1H, ni), 3. 69 3.61 |(2H, ni), 2.50-2.38 (111,
nifj, 2.24- 2.12 (1H, nm. 9-A%3

Cl
N /@
Q., Br
65 %NV@ MS m/z669.2 (M + 1)
~ N

H
N
66 Q %“v@ MS m/z 668.3 (M + 1)
. N
-

H
N
O.
67 (\a (jﬁ(“ MS m/z 7323 (M + 1)
> N

N
Q
68 Q H MS m/7696.3 (M + 1)
-, N rN
\‘.S? /—§O o j\
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(o BacBac 99-C

WO 2008/085608 PCT/US2007/085366

Physical Data
Structure MS (m/7), Elemental Analysis, and 'H NMR 400
MHz (DMSO-dy)

H
N
Q
69 (\a q H MS m/z7042 (M + 1)
N
~ N r
o)

A
N |
Q
70 Q O\ H MS m/z 6553 (M + 1)
N
> N r
O

Assays

[0080] The suitability of a channel activating protease inhibitor such as a prostasin
inhibitor for the treatment of a disease mediated by inhibition of a channel activating
protease may be tested by determining the inhibitory effect of the channel activating protease
inhibitor on: (1) the native, isolated, purified or recombinant channel activating protease,
using a suitable biochemical assay format, using the method described in Shipway et al.;
Biochemical and Biophysical Research Communications 2004; 324(2):953-63; and/or (2) the
ion channel/ion transport function in suitable isolated cells or confluent epithelia, using the
methods described in Bridges et al.; American Journal of Physiology Lung Cell Molecular
Physiology 2001; 281(1):L16-23; and Donaldson et al.; Journal of Biological Chemistry
2002; 277(10):8338-45.

Biochemical assays

[0081] Recombinant human prostasin and matriptase and guinea pig prostasin are
generated according to methods described in Shipway et al., Biochem. and Biophys. Res.
Commun. 2004; 324(2):953-63. The recombinant enzymes are incubated in an electrolyte
buffer containing the test compounds or vehicle in a suitable multiple well assay plate such

as a 96 or 384 well plate. At a defined time after the mixing of enzyme with compound or
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[0073] The reagents and conditions for the above reaction
schene are: (a) SOO, (3.0 equiv.), MO011, 0 C, 100% Li)
MR A0KPYP i de (1.2 equiv.), EtJIN (3.0 equiv, SCT/%%%9O7/085366
DVAP, THF, 23 C, 79% (c) Hoveyda- Grubbs netat hesis

cat al yst (8 nmol %9, N-Boc-4- nethyl enepiperidine (3.0
equiv.), DCM 40C, 51% (d) LOH dioxanes, 1120, 23 C
100% 9-Ar D-allylglycine (5.03 g, 43.73 mina, 1.0
equiv) is slurried in a suspension of nethanol (70 ml) in
an g atiep lehlpscerinPRING Fubetcor iided (PIeEs Y RIXIIg Pis papsirate

MMBkgonds HeREMbMhd actiFe ARG 16HQAPM SRR, kg Aknibes. The
reaction is warned to roomtenperature and | udged to

corfyPEIERE SR ehsrdprEinkisasesTid the gty @it er i EiSHR At &P AHEF t he
r esiddvidyNgaywRiqhghtisied dnd (o thdinfibiitsry ditee ot dny tesiSQBhpbud LThE effiexc

tep. 9-B. D-allyl th
Py dF BEPERTaE T BPRR<G el rechin s TRl e Bhfregionp e
13kndyheiamrivith (Ki8. 0 equi v.) and DVAP (10 ng, catalytic) are
di d t

TR T RN T P
equi son)e ew@n;é@d@dipdtrr@pvﬁ tbeemvean@ mdyehayedgatliigiroms). kM o Bl nM;
f ore 8. Afiv LM 8R: 0.1, M\q Tl & ﬁ%}ﬁ%oloﬁl\ﬂoe@s né@hn dﬁ’aﬁféular

crude residue 1s dissol ved In Et OAc (10 washed
Wi RS etoMPads pfithe inyerfiqm neyy hage Kq valagy ﬁioﬁli)éﬂ rsMéP bt tMerm 60

t N ro 538 @i Bl (MBS From' 5O RSI 5 8OV or FESMISEIRMES!S L. In yet
vacuo, and the crude material is ur|f|ed with flash

ch PHﬁh‘“tXB'@‘Plain RYROELYS ey AR KeYase 3esst%a“é)rlf18\i1 ar 7ge Bams Hi-
yel l ow oi | . 9-C Anhydrous dichloronmethane (10 i,

0.1 M Eswaldedurigesyringe to o-B (215 g, 10.87 mol,
. urv.) an ve da- Gibbs 2nd Ceneration netat hesis
cat a|[ 3] Homa bronchial eplthehal cells are cultured according to methods described in

Bi Syshahaedir.t &b mebilyibphenyL)inesiirkl dazobi.dkny) m@n@)wmn

di chl oro (o-i so r Opox E)henyl i net hyl ene) rutheniumH

di SHfaBpidféyentigap(dig, 14% afes cqiahhiging a8 apigl-aif myiqriaggifgjtheal cells

ni taFeQgeRd a&mm@h@mele B 42008y @m@pdoﬂ@fnhrﬂlfmoﬁiﬁnd?ésl-
via s

> oot R E e pbeddhe iR Por s Raeegs e hasitive

40tthefc@hceflt?atibmt)lfr@hlc],ésfaipﬁ)tlmh betest eagtouadion e apmapdlcetoé thbypltheha

LC/S’MSI‘t fl}'cgl% gu e%ltc (E(,g ﬁ tm:nxr}lea?u?ed b vgltag% g]tarf%lag/lﬂe ?;ch?ha to ¥ero

aut’ona I cation acetate
i n onBixelresie atTﬂiOlpﬂE@WSd@C $@s den aedarek byihe edliton Iof anVBrifigK 0

277}1‘1\% t(( M %&l Jurface of the epithelia. The potency of the test compound is expressed as
the concentration inducing a 50% inhibition of the total aprotinin-sensitive component of the
amiloride-sensitive ISC.

[0084] In general, compounds of the invention may have ICsy values from 1 nM to 10
uM. In some examples, compounds of the invention may have ICsy values from 1 nM to 1
uM; or more particularly from 1 nM to 100 nM. In yet other examples, compounds of the
invention may have ICsq values from 100 nM to 1 uM, or from 1 uM to 10 uM. In yet other

examples, compounds may have ICsg values less than 1 nM or more than 10 uM.
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Ref erence Conpound 9: The saponification of 9-Cis
acconpl i shed using the procedure previously described for
the preparation of Reference Conpound 4. Reference
compound 10 [0074] Reference conmpound 10 is prepared
usi ng nmet hods anal ogous to those described for the
preparati on of Reference Conpound S. Exanple

Tracheal potential difference (in vivo)

[0085] Guinea pigs are anaesthetized, using a short acting inhalation anaesthesia such as
halothane and N»0. While under short acting anaesthesia, an oral gavage needle is inserted
into the trachea via the cropharangeal route. Once inside the trachea, a small volume (50-200
ul) of vehicle or test compound, in a suitable aqueous-based diluent, is instilled into the
airways. Animals then recover and become fully ambulatory. Alternatively, test compounds
may be administered to animals, using aerosol or dry powder dosing. At a defined time after
dosing, the animals are surgically anaesthetized, using a suitable anaesthesia such as
ketamine and xylazine. The trachea is then exposed and a plastic agar bridge electrode is
inserted into the tracheal lumen. A reference electrode is also inserted into the layers of
muscie in the animal’s neck. The tracheal potential difference is then measured, using a
suitable high impedance voltmeter as described in Takahashi et al., Toxicol Appl Pharmacol.
1995; 131(1):31-6. The potency of the test compound is expressed as the dose inducing a
50% reduction in the sensitive-component of the tracheal potential difference.

[0086] Itis understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application and scope of the appended claims.
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DA: Loadi ng of the PAL resin:

5-cyano- 2-i net hyl anti no-t hi ophene (3 equiv.) is added to
a solution of the resin (1 nieg/g) in DMF in the presence
of Ac0l1l1l (8 equiv.). The m xture is shaken for 1hr before
addi ng NaH(Ac0)3 (3 equiv. YClaim$ | etting the mixture react
overnight. The resin is then washed with DV (x2), DCM
(x2) 3. MeGdcfxZdun@REFEEMIL o1 R) . 1-B: The

Fi noc-protected amno acid 8-D (3 equiv.) is added to 200
ihg of resin 1-Ain DV in the presence of HOBE (15
equiv.) and DIC (3.5 equiv.). The mxture is shaken for
Ms. The resin is wasHed with DMF (x2), DCM (x2), MeOH
(x2) and DCM (x2). (GRz)pl.-C. The resin is shaken in a
solution of 20% pi peri'dine in DAV for 30 mn, and washed
with DVF (x2) and C? The am no aC|dis
coupled to the resi (1\ C| usi ng the saute procedure as

-8 r (CRY—I—(R,

B—&O

or pharmaceutically acceptable salts thereof, wherein

(N

O-(CRz)p—R2 is a substituent at any position on ring A;

A% — N 3
B PR
Z4':\355 l?’?./ \§ A é

Iis , pyridyl, pyridylene or
piperidinyl;

wherein one or more Z', 72,73 7", Z5, 7% and Z' is a heteroatom selected from N,
NR, O or S, and the other Z'-Z" atoms are CH, provided I is not triazolyl;

R4
I
(CR2)m

Bt N §\ or (CRy)R;

Y is a bond, -SO,—, -NHCO- or —O—-(CO)~;

R' is halo, Cy.¢ alkyl, CF3, OCF3, phenyl, (CR2)-NR°R’, /(CR,)~C(=NR)-NR°R’, —
C(0)~(CR2)-NR°R”, /(CR,)~NR-SO,R®, ~(CR,)~-NR-C(0)-R®, —(CR)-SO,NR®R’, or
~(CR2)-OR®;

R%is phenyl or cyclohexyl, each of which is unsubstituted or substituted with halo,
S0,(Cy.¢alkyl), an unsubstituted C, ¢ alkyl, a halogenated C.¢ alkyl, unsubstituted C,.¢
alkoxy or halogenated C,.¢ alkoxy;

R? is Cy.¢ alkyl, Cy.6 alkenyl, Cy.¢ alkynyl or —(CR2)-R’;

alternatively, NH-Y-R’ together form NHa;
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FE: A solution of hydroxylam ne hydrochl oride (40 equiv.)
and DI EA (40 equiv.) in DW is added to the resin 1-D,
and the m xture is shaken overnight. The resin is washed
with DVF (x2), DCM (x2), MeOH (x2) and DCM (x2).

1-F : To a solution of the resin 1 DCI\/Eisa €
acetic anhydride (10 equiv. ) S"PhE @ reri-s- en fNof 2
hr s, Rasdinchidimyhasfiedxyi phendCM (x2) —BKE (x2) and ;
(X2) ps - ) -G Th i p.1-& | s,sashed with anhydrous
THE {x ar%’e?rg%éslgp%néilnﬁlt]i(’%gngflsgFr%ii}’%O. IMin THE) is added
undeR, R ari®fere inddpendentkg Hroe G salkylaken for 2hrs, and the
resip.i 3_Washed with DVE (x2), MeOH (x2) DM E (x2) and
DCM F)‘f'z%s 1-11: The final conpound LH is obtained
fol | piong cl eavage fromthe resin in presence of a
sol ution of TEA/DCM 1-120 (45:45:10). 'the filtrate is
concBitrated in vacua, dissolved in acetonitrile and
puri fi 2d nhye meyRh&aphase HPLC (1120- ACN gradient). After
| yophi lization, the TEA salt of 1-H is obtained as a
whi t 815Jb%d8f. MS rn/z 639.5 (M + 1): 1H NNIR (CD3CN, 400
MHZ) p8vRedR? (sénli'}')erﬁi)n 1 WhBNHIR® Bhethel-fdrdn K11, d, J= 4
He), D7, 36-7.26 M, 7.09 (114, d, -3 =Hz), 6.06H, d, I= 8
Hz), 4.60-4.41 (511, in), 4.33-4.21

2. The compound of claim 1, wherein J is thiophenyl, thiophenylene,

thiazolylene, phenyl, phenylene, pyridyl, pyridylene, , indazolylene or piperidinyl.

3. The compound of claim 1, wherein Y is a bond, SO, or —O—(CO)-.

4. The compound of claim 1, wherein said compound is of Formula (2):
R2
I
((-|"R2)p
QO
R* H
| NS
(CRm N (ORI (R,
e
R&Y—T O
H (2)

wherein R? is unsubstituted phenyl, phenyl substituted with halo, SO,(C, alkyl), an
unsubstituted C;_¢ alkyl, a halogenated C,.galkyl, unsubstituted C,.¢ alkoxy or halogenated
C.¢ alkoxy;

J is phenyl or phenylene;

R’is Cy alkyl, Cy.¢ alkenyl, C;.¢ alkynyl or —(CRz)l—RS : or NH-Y-R? together form
NHy;

each R in (CR3) is H or C,_galkyl;
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(111, m,

12.H, m, 2.86 (3H 5),

m and n are independently 1-2;

pisl;and

4.11-4.05 (1H, m,
2.86-2.76 (2H,

3.2-3.65 (2H, m,

R, R*, R®, R, Y and x are as defined in claim 1; or

pharmaceutically acceptable salts thereof.

5. The compound of claim 4, wherein x is 1-2.

6. The compound of claim 4, wherein Y is SO,.

7. The compound of claim 4, wherein R? is phenyl or phenyl substituted with

halo.

8. The compound of claim 4, wherein R’is Cig alkyl or benzyl,

9. The compound of claim 4, wherein R* is piperidinyl.

10.  The compound of claim 1, wherein said compound is selected from the group

consisting of;

N
Q
d F
i Q e
N N

H
Ty
. 9 QL
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M), 2.46-2.36 (1H, nm), 2.15-2.07 (1H n), 1.75-1.68 (2H,
M. 1.63-1.46 (2H, n). 1.46-1.31 (2E-1, m, 1.31-1.27
(3H m
R F
Br ﬁBr
H H
N d N g F
e 0 S oy
9 31 TN 2 3*—2 0 F
oty o Oss-N 0
HC  H HeC M
Br :

/Usr

H
N H
Q'. NH " g
o N S NH, N cl
o 5 o}
Os§—N 0
H

. g 5 -, (
Oss-N 0 N
HC  H e
Cl E

pes ‘o
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Exanpl es 2-31 10075i Exanples 2-31 are synthesized
usi ng net hods anal ogous to those described for the
synthesis of Exanmple |I. WD 2008/ 085608PC1M520117/ 085366
Exanpl e 32 step A

H
H
/ N NH g
9 Ho Y 44
y (Nj}(N\/Es%H Q %HV@
~ 2 -, N
o 0
H
Q d e Ry g
/ NH :
10 Ho Y 45
) (’D\WN\MH Q %E\Q
0 ", 2 3 N
H
H
N g N g
. NTY 8" NH, Y N
o) 0

o /—Q o) OCF;4

H H
N S H g

. N S NH, N N
o> o %
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32-A PAL-resin step E H3C32-E
prepared from benzyl am ne and Pal -resi n usi ng net hods
anal ogous to those described for the preparation of

Exanpl e 1-A.

[0076] Reagent 32-Ais

internediate 32-B is prepared from

i mobi |i zed 32 A usi ng net hods anal ogous to those

descri bed for epar ati on of Exanpl eThe "

32-C and{ 32-D prepared from supporf -

13

14

15

16

17

Q
O=g-
7/

HyC H

Q OW vO—«
q Q@/Br
/ X B NH
0 ""rif\g MHZ

7

H¢ H

NH,
c
N
o
Q"
. NH,
o
o Yo °
HyC H

48

49

50

51

52

57

oD

0“
HaC H

F

' qf/:z::7,sr
Lops
¢}

o
Osg—\

i

H
' qrfzz:i)/Br
(\;?‘a <¢iLWrH\V/£;:1\Q

0~ o cl

Oss-N ©

HsC  H
F
Br
N
Q
1
N Br
o)
o)

z

P

9

w

—N

efredi at es



bound 32-B and 32-C respectively,
anal ogous to those described for

respectively. Fina

f ol

| owi ng net hods

Exanpl e 1-C and 1-D,
conmpound 32-E is prepared by cleaving
32-D fromthe resin follow ng nethods anal ogous to those

for the preparation of Exanple 1-H Exanples 33-54

£ . H
[0077] Exanple 354 are synthesi zed u3|n§ t hods
anal ogoys to e described for thetgynt of Exanpl e
32. o} g
O QT s QX
N N
. N . N cl
o — o 90— o
Oss-n 0 Osg-N O
HyC H HiC  H
F
Cl Br
y H
d "\ g
19 \ %HVD\{NH > ‘\a . N
o M NH, L Ny cl
<1 0 o~ o
Oss-N 0 Osg—N 0
HC  H HyC  H
Br Cl
N /Q/ § /Q
d N J ol
. N . N
o b O “
osk " Yo ° Osg-N O © “
HiC  H HsC  H
Cl Cl
< aQ
21 N o 7 56 i H\v/[:::l\
o] ,—4 o > g
Os§-N O © Osg-n o ©
HiC H HC H
Cl
H /O § KO/
Q q ™ 9
. N .
22 H\ﬂ‘/( > H\/©\/
3 (Nj\y(N S NH, -, N N e
(e} ,—{ o - !
ozg—N o O O:g_N O O
H H HeC H
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23

24

25

26

27

ZT

NH,

% NHZ
0 —4
osd Yo ©
Ho¢ H
/@,CI
e
}N{ S A\ NH
[
s N NH,
/ \k o
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61

62

59

zT
Q

Zx

ZT

He¢ H



28

32

S\ NH

63

66

67

60



H H
N d N G
- Cl /
33 H\/@( 68 H
N N ., N N
9 ' Nj\
H
H
H N
™ d Q
34 q H 69 H
N . N
. N AN .
0 - 1/ 7
S (¢}

H
d N
™y d o
35 v ﬁ 70 H
. NN o % Né [
0=§'—N‘. o ° Osg—N, 0 © OH

HiC  H Me H ;

or pharmaceutically acceptable salts thereof.

11.  The compound of claim 1, wherein said compound is selected from the group
F

Cl Br
Q Q
/ NH / N NH
LD~ L)~
o0 = N S NH o0 % N S e,
— o ~—\ 0
Oss-N 0 Oss-n 0
consisting of HsC ~ H and HeC R ; OF

pharmaceutically acceptable salts thereof.
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12.  The compound of claim 1, wherein said compound is selected from the group

. - !/ Y ;
consisting of H«C  H and H:C H : or

pharmaceutically acceptable salts thereof.

13.  The compound of claim 1, wherein said compound is selected from the group

Cl Cl
§ N
g g
. N N NH» N N
o 7 o
Otg_N O © (0] ©

. . 4 v ) \
consisting of HsC ~ H and C  H ; or

L

Osg—n
pharmaceutically acceptable salts thereof.

14.  The compound of claim 1, wherein said compound is

HoC  H , or pharmaceutically acceptable salts thereof.
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16.  The compound of claim 1, wherein said compound is

o AT

o]
§
. N
o~ o
O=5-N 0

Cl
Cl
Qe NH
/ M 2
e

M H , or pharmaceutically acceptable salts thereof.

17. A pharmaceutical composition comprising a therapeutically effective amount

of a compound according to any of claims 1-16.

18. The compound of any of claims 1-16 or pharmaceutically acceptable salts
thereof and a second therapeutic agent selected from an anti-inflammatory, bronchodilatory,

antihistamine, anti-tussive, antibiotic and DNase.

19.  The use of any one of claims 1-16 for inhibiting a channel activating protease
in a cell or tissue system or in a mammal, wherein said channel activating protease is
prostasin, PRSS22, TMPRSS11 (e.g., TMPRSS11B, TMPRSS11E), TMPRSS2, TMPRSS3,
TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2, CAP3, trypsin, cathepsin A, or

neutrophil elastase.

20.  The use of any one of claims 1-16 for the manufacture of a medicament for
treating a condition mediated by a channel activating protease in a cell or tissue system or in
a mammal, and optionally in combination with a second therapeutic agent; wherein said
channel activating protease is prostasin, PRSS22, TMPRSS11 (e.g., TMPRSS11B,
TMPRSSI11E), TMPRSS2, TMPRSS3, TMPRSS4 (MTSP-2), matriptase (MTSP-1), CAP2,
CAP3, trypsin, cathepsin A, or neutrophil elastase.

21. The use of claim 20, wherein said condition is associated with the movement
of fluid across ion transporting epithelia or the accumulation of mucus and sputum in

respiratory tissues, or a combination thereof.
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22. The use of claim 20, wherein said condition is cystic fibrosis, primary ciliary
dyskinesia, lung carcinoma, chronic bronchitis, chronic obstructive pulmonary disease,

asthma or a respiratory tract infection.

23.  The use of claim 20, wherein said second therapeutic agent is an anti-
inflammatory, bronchodilatory, antihistamine, anti-tussive, antibiotic or DNase, and is
administered prior to, simultaneously with, or after the compound according to any of claims

1-16.

24.  The use of claim 19 or 20, wherein said channel activating protease is
prostasin.
25.  The use of claim 19 or 20, wherein said cell or tissue system comprises

bronchial epithelial cells.
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