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ALKYNYL DERIVATIVES USEFUL AS DPP- INHIBITORS

Field of the Invention

The present invention is directed to novel alkynyl derivatives,
pharmaceutical compositions containing them and their use in the treatment of
disorders and conditions modulated by DPP-1.

Background of the Invention

Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms
part of common general knowledge in the field.

Chronic Obstructive Pulmonary Disease (COPD) is characterized by the
progressive development of irreversible airflow limitation. COPD consists of
chronic obstructive bronchitis, with obstruction of small airways, and
emphysema, with enlargement of air spaces and destruction of lung
parenchyma, loss of lung elasticity, and closure of smali airways. In COPD
patients, there were increased numbers of neutrophils, cytotoxic T lymphocytes
and macrophages in bronchoalveolar lavage (BAL) airways and lung
parenchyma. The presence of these inflammatory cells is correlated well with
severity of airway obstruction and alveolar wall destruct on. It has been shown
that neutrophil elastase; cathepsin G and proteinase 3 c¢an produce
emphysema and mucus hypersecretion in lab animals. Sranzymes A & B are
the neutral serine proteases that are expressed exclusively in the granules of
activated cytotoxic T lymphocytes. In COPD the protease-antiprotease balance
appears to be tipped in favor of increased proteolysis due to increase in
polymorphonuclear neutrophil (PMN) -derived protease:, cathepsins and matrix
metalloproteases (MMPs). Therefore, a drug that inhibits all or most of the
relevant proteases mentioned above is expected to be «ffective in the
treatment of COPD.

Dipeptidyl Peptidase-1 (DPP-1, cathepsin C) is a member of the
lysosomal papain-type cysteine protease family that also includes cathepsin B,
K,H,L, O, and S. DPP-1 (MW 200kd) is composed of :a dimer of disulfide-
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linked heavy and light chains, both from a single proteir: precursor. DPP-1
mRNA is highly expressed in tissues such as lung, spleen, kidney and liver; in
inflammatory cells such as PMN, cytotoxic T lymphocytss, alveolar
macrophages and mast cells. The biological function of DPP-1 is to convert
inactive proenzymes into active enzyme by removing a dipeptide from N-
terminal. The proenzymés that are activated by DPP-1 are PMN-derived
proteases, granzymes A & B, chymase and tryptase. Siince these enzymes
play an important pathological role in COPD, inhibition >f DDP-1 by small
molecules would be a rational therapeutic intervention ‘or COPD. Additional
therapeutic indications for a DPP-1 inhibitor are asthma, rhinitis, and
rheumatoid arthritis.

It is an object of the present invention to overcoine or ameliorate at least
one of the disadvantages of the prior art, or to provide 2 useful alternative.

The invention relates to potential inhibitors of DFP-1, ideally for the
treatment of DPP-1 mediated disorders and conditions. including but not limited
to rheumatoid arthritis, asthma, chronic obstructive pul nonary disease, sepsis,
irritable bowel disease, cystic fibrosis, and abdominal zortic aneurism.

Unless the context clearly requires otherwise, tt roughout the description
and the claims, the words “comprise”, “comprising”, and the like are to be
construed in an inclusive sense as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not limited to".

Although the invention will be described with reterence to specific
examples it will be appreciated by those skilled in the art that the invention may

be embodied in many other forms.

Summary of the Invention

According to a first aspect of the present invent on there is provided a

J_x
7z thoNY
R? NH,

compound of formula ()

)
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wherein
R’ is selected from the group consisting of hydrogen, Cs scycloalkyl,
phenyl, benzyloxy- and piperidinyl-oxy-;

@ is a ring structure selected from the group consisting of phenyl,
naphthyl, fluorenyl, isoquinolinyl, benzofuryl, benzothiophenyl,
benzo[1,3]dioxolyl and 2,3-dihydro-benzo[1,4]dioxinyl;

wherein the @ ring structure is optionally sut:stituted with one or
more substituents independently selected from the gro.p consisting of halogen,
hydroxy, Ci.salkyl, halogenated Ci.salkyl, C1.salkoxy, hilogenated Cq.4alkoxy,
(C1-salkoxy)-( Ci.salkyl)-, (Ci4alkyl)-SO,- and (C1.salkyl)-C(O)-NH-;

n is an integer selected from 0 and 1;

R? is selected from the group consisting of Ciaalkyl, Co4alkenyl, Co.
salkynyl, hydroxy substituted Cy4alkyl, NR*RB-(C.,alkyl)-, cyclopropyl-methyl-,
benzyl- and heteroaryl-(CH,)1.2; wherein R* and R® ar2 each independently
selected from hydrogen or Cq_alkyl;

provided that R? is other than t-butyl;

or a pharmaceutically acceptable salt thereof.

According to a second aspect of the present invention there is provided
a pharmaceutical composition comprising a pharmac:utically acceptable carrier
and a compound as defined according to the first asgect of the present

invention.

According to a third aspect of the present invention there is provided a
pharmaceutical composition made by mixing a compound as defined according
to the first aspect of the present invention and a pharmaceutically acceptable
carrier.

According to a fourth aspect of the present invention there is provided a

process for making a pharmaceutical composition comprising mixing a

2a
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compound as defined according to the first aspect of the: present invention and
a pharmaceutically acceptable carrier.

According to a fifth aspect of the present invention there is provided a
method of treating a disorder mediated by DPP-1 comprising administering to a
subject in need thereof a therapeutically effective amout of a compound as
defined according to the first aspect of the present invention.

According to a sixth aspect of the present invention there is provided a
method of treating rheumatoid arthritis, asthma, chronic: obstructive pulmonary
disease, sepsis, irritable bowel disease, cystic fibrosis, or abdominal aortic
aneurism in a subject in need thereof comprising administering to the subject a
therapeutically effective amount of a composition as defined according to the
third aspect of the present invention.

According to a seventh aspect of the present invention there is provided
a method of treating a disorder selected from the group consisting of
rheumatoid arthritis, asthma, chronic obstructive pulmcnary disease, sepsis,
iritable bowel disease, cystic fibrosis, and abdominal aortic aneurism
comprising administering to a subject in need thereof a therapeutically effective
amount of a compound as defined according to the first aspect of the present

invention.

According to an eighth aspect of the present invention there is provided
use of a compound as defined according to the first asipect of the present
invention for the preparation of a medicament for trealing: (a) rheumatoid
arthritis, (b) asthma, (c) chronic obstructive pulmonary disease, (d) sepsis, (e)
irritable bowel disease, (f) cystic fibrosis, or (g) abdominal aortic aneurism in a
subject in need thereof.

According to a ninth aspect of the present invetion there is provided

use of a compound as defined according to the first aspect of the present

2b
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invention, for use in a method for treating a disorder sele:cted from the group
consisting of rheumatoid arthritis, asthma, chronic obstructive pulmonary
disease, sepsis, irritable bowel disease, cystic fibrosis, end abdominal aortic

aneurism, in a subject in need thereof.

According to a tenth aspect of the present invention there is provided
use of a compound as defined according to the first aspact of the present
invention for the preparation of a medicament for treating a disorder mediated
by DPP-1 in a subject.

According to an eleventh aspect of the present ir vention there is
provided use of a composition as defined according to t1e third aspect of the
present invention for the preparation of a medicament for treating rheumatoid
arthritis, asthma, chronic obstructive pulmonary disease:, sepsis, irritable bowel
disease, cystic fibrosis, or abdominal aortic aneurism in a subject.

According to a twelfth aspect of the present invention there is provided a
pharmaceutical composition when made by a process ¢s defined according to
the fourth aspect of the present invention.

The present invention is directed to compounds >f formula (l)

T e
7z hNT
R! NH,
(1
wherein

R’ is selected from the group consisting of hydrogen, Cascycloalkyl,

phenyl, benzyloxy- and piperidinyl-oxy-;

@ is a ring structure selected from the group consisting of phenyl,
naphthyl, fluorenyl, isoquinolinyl, benzofuryl, benzothiophenyl,

2c



benzo[1,3]dioxolyl and 2,3-dihydro-benzo[1,4]dioxinyl; wherein the @ ring
structure is optionally substituted with one or more subsiituents independently
selected from the group consisting of halogen, hydroxy, Cs.4alkyl, halogenated
Ciaalkyl, Ci4alkoxy, halogenated Ci4alkoxy, (Cisalkoxy)-( Cisalkyl)-, (Ci.
5  salkyl)-SO2- and (C14alkyl)-C(O)-NH-;

n is an integer selected from 0 and 1;

R?is selected from the group consisting of C4.4al«yl, Cz4alkenyi, C,.
salkynyl, hydroxy substituted C14alkyl, NR*R®-(C1.zalkyl)-, cyclopropyl-methyl-,

2010319927 27 Feb 2013
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benzyl- and heteroaryl-(CH,)1.2; wherein R* and R® are each independently
selected from hydrogen or Ci.4alkyl;

provided that R? is other than t-butyl;

and pharmaceutically acceptable salts thereof.

The present invention is further directed to processes for the preparation
of the compounds of formula (I). The present invention is further directed to a
product prepared according to the process described herein.

lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the product prepared according to the
process described herein. An illustration of the invention is a pharmaceutical
composition made by mixing the product prepared according to the process
described herein and a pharmaceutically acceptable carrier. lllustrating the
invention is a process for making a pharmaceutical composition comprising
mixing the product prepared according to the process described herein and a
pharmaceutically acceptable carrier.

Exemplifying the invention are methods of treating a disorder mediated
by DPP-1 (cathepsin C) (selected from the group consisting of rheumatoid
arthritis, asthma, chronic obstructive pulmonary disease, sepsis, irritable bowel
disease, cystic fibrosis, and abdominal aortic aneurism) in a subject in need
thereof comprising administering to the subject a therapeutically effective
amount of any of the compounds or pharmaceutical compositions described
above.

Another example of the invention is the use of any of the compounds
described herein in the preparation of a medicament for treating: (a)
rheumatoid arthritis, (b) asthma, (c) chronic obstructive pulmonary disease, (d)
sepsis, (e) irritable bowel disease, (f) cystic fibrosis, or (g) abdominal aortic
aneurism, in a subject in need thereof.

In another example, the present invention is directed to a compound as
described herein for use in a methods for treating a disorder selected from the
group consisting of rheumatoid arthritis, asthma, chronic obstructive pulmonary
disease, sepsis, irritable bowel disease, cystic fibrosis, and abdominal aortic

aneurism, in a subject in need thereof.
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DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed to a process for the preparation of

compound of formula (l)

R2
&7 n ‘
R’ NH;

5 )

wherein R', R?, n and @ are as herein defined. The compounds

of the present invention are inhibitors of DPP-1, useful in the treatment of

Iz

disorders, diseases and conditions mediated by DPP-1 (cathepsin C),
including, but not limited to, rheumatoid arthritis, asthma, chronic obstructive
10 pulmonary disease, sepsis, irritable bowel disease, cystic fibrosis, and

abdominal aortic aneurism.

In an embodiment of the present invention, R is selected from the group
consisting of hydrogen, Cs.scycloalkyl, phenyl, benzyl-oxy- and piperidinyl-oxy-.
15  In another embodiment of the present invention, R' is selected from the group
consisting of hydrogen, Cs.scycloalkyl, phenyl, benzyl-oxy, piperidin-4-yl-oxy
and piperidin-3-yl-oxy.
In another embodiment of the present invention, R' is selected from the
group consisting of hydrogen, 2-(cyclohexyl), 2-(phenyl), 3-(phenyl), 4-(benzyl-
20 oxy), 3-(piperidin-4-yl-oxy), 3-(piperidin-3R-yl-oxy) and 3-(piperidin-3S-yl-oxy).
In another embodiment of the present invention, R is selected from the group
consisting of hydrogen, 2-(phenyl), 3-(phenyl), 4-(benzyl-oxy), 3-(piperidin-4-yl-
oxy), 3-(piperidin-3R-yl-oxy) and 3-(piperidin-3S-yl-oxy). In another
embodiment of the present invention, R’ is selected from the group consisting
25 of hydrogen, 3-(phenyl), 4-(benzyl-oxy), 3-(piperidin-4-yl-oxy), 3-(piperidin-3R-
yl-oxy) and 3-(piperidin-3S-yl-oxy). In another embodiment of the present
invention, R is selected from the group consisting of hydrogen, 3-(phenyl) and
3-(piperidin-4-yl-oxy).
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In an embodiment of the present invention, the R group is bound to the
@ ring at the 2-, 3- or 4-position. In another embodiment of the present

invention, the R" group is bound to the @ ring at the 3- or 4- position. In

another embodiment of the present invention, the R group is bound to the
@ ring at the 3- position.

In an embodiment of the present invention, @ is a ring structure
selected from the group consisting of phenyl, naphthyl, fluorenyl, isoquinolinyl,

benzofuryl, benzothiophenyl, benzo[1,3]dioxolyl and 2,3-dihydro-

benzo[1,4]dioxinyl; wherein the @ ring structure is optionally substituted
with one to four substituents independently selected from the group consisting
of halogen, hydroxy, C1.4alkyl, fluorinated C4.salkyl, Cq.4alkoxy, (C1.salkoxy)-(
Ci.4alkyl)-, (Cq.4alkyl)-SO,- and (C4.4alkyl)-C(O)-NH-. In another embodiment

of the present invention, @ is a ring structure selected from the group
consisting of phenyl, naphthyl, 9H-fluorenyl, isoquinolinyl, benzofuryl,
benzothiophenyl, benzo[1,3]dioxolyl and 2,3,-dihydro-benzo[1,4]dioxinyl;
wherein the phenyl or naphth-1-yl is optionally substituted with one to four
substituent independently selected from the group consisting of hydroxy,
halogen, Cq.salkyl, Ci.zalkoxy, trifluoromethyl, (C4..alkoxy)-(C+.2-alkyl)-, Ci.
2alkyl-SO,- and Cq.zalkyl-C(O)-NH-.

In another embodiment of the present invention, @ is a ring structure
selected from the group consisting of phenyl, 2-hydroxy-phenyl, 4-isopropyl-
phenyl, 2-methoxy-phenyl, 3-methoxy-phenyl, 4-methoxy-phenyl, 5-methoxy-
phenyl, 2-trifluoromethyl-phenyl, 3-trifluoromethyl-phenyl, 4-trifluoromethyl-
phenyl, 4-methyl-sulfonyl-phenyl, 2-methyl-carbonyl-amino-phenyl, 4-methyl-
carbonyl-amino-phenyl, 2,3-difluoro-phenyl, 3,4-difluoro-phenyl, 2,6-dimethyl-
phenyl, 3,5-dimethyl-phenyl, 3,6-dimethyl-phenyl, 3,4-dimethoxy-phenyl, 3,5-
dimethoxy-phenyl, 2,4,6-trimethyl-phenyl, 2,3,5,6,-tetramethyl-phenyl, naphth-

5
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1-yl, naphtha-2-yl, 2-hydroxy-naphth-1-yl, 2-fluoro-naphth-1-yl, 4-fluoro-naphth-
1-yl, 4-methyl-naphth-1-yl, 2-methoxy-naphth-1-yl, 2-(methoxy-methyl)-naphth-
1-yl, 9H-fluoren-2-yl, isoquinolin-4-yl, isoquinolin-5-yl,benzofur-5-yl,

benzothiophen-5-yl, benzo[1,3]dioxol-5-yl and 2,3,-dihydro-benzo[1,4]dioxin-6-

yl. In another embodiment of the present invention, @ is a ring structure
selected from the group consisting of phenyl, 2-hydroxy-phenyl, 4-isopropyl-
phenyl, 3-methoxy-phenyl, 4-methoxy-phenyl, 5-methoxy-phenyl, 3-
trifluoromethyl-phenyl, 2-methyl-carbonyl-amino-phenyl, 4-methyl-carbonyl-
amino-phenyl, 2,3-difluoro-phenyl, 3,4-difluoro-phenyl, 2,6-dimethyl-phenyl,
3,5-dimethyl-phenyl, 2,4,6-trimethyl-phenyl, naphth-1-yl, 2-fluoro-naphth-1-yl, 4-
fluoro-naphth-1-yl, 4-methyl-naphth-1-yl, 9H-fluoren-2-yl, isoquinolin-5-yl,
benzofur-5-yl, benzothiophen-5-yl and 2,3,-dihydro-benzo[1,4]dioxin-6-yl. In

another embodiment of the present invention, @ is a ring structure selected
from the group consisting of phenyl, 4-isopropyl-phenyl, 4-methoxy-phenyl, 5-
methoxy-phenyl, 3,4-difluoro-phenyl, 2,6-dimethyl-phenyl, 3,5-dimethyl-phenyl,

naphth-1-yl, and 9H-fluoren-2-yl. In another embodiment of the present

invention, @ is a ring structure selected from the group consisting of phenyl,
4-methoxy-phenyl and 3,4-difluoro-phenyl.

In an embodiment of the present invention nis 0. In another
embodiment of the present invention n is 1.

In an embodiment of the present invention, the stereo-center denoted
with the “*” symbol, in the compounds of formula (1) is present in the (S)-
configuration. In another embodiment of the present invention, the stereo-

%y

center denoted with the “*” symbol, in the compounds of formula (I) is present
in the (R)-configuration.

In an embodiment, the present invention is directed to a compound of
formula (I) wherein the starred stereo-center is present in either the (S)-stereo-
configuration in an enantiomeric excess of greater than or equal to about 80%,
more preferably, in an enantiomeric excess of greater than or equal to about

90%, more preferably still, in an enantiomeric excess of greater than or equal to
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about 95%, more preferably still, in an enantiomeric excess of greater than or
equal to about 98%, most preferably, in an enantiomeric excess of greater than
or equal to about 99%.

In another embodiment, the present invention is directed to a compound
of formula (1) wherein the starred stereo-center is present in either the (R)-
stereo-configuration in an enantiomeric excess of greater than or equal to
about 80%, more preferably, in an enantiomeric excess of greater than or equal
to about 90%, more preferably still, in an enantiomeric excess of greater than
or equal to about 95%, more preferably still, in an enantiomeric excess of
greater than or equal to about 98%, most preferably, in an enantiomeric excess
of greater than or equal to about 99%.

In an embodiment of the present invention, R? is selected from the group
consisting of C14alkyl, Ca.4alkenyl, C,4alkynyl, hydroxy substituted Co.4alkyl,
NR”RB-(C1.,alkyl)-, cyclopropyl-methyl-, benzyl- and heteroaryl-(C1.salkyl)-;
wherein the heteroaryl is selected from the group consisting of pyridyl,
pyrazolyl, imidazolyl and thienyl; and wherein R* and R® are each
independently selected from hydrogen or C.,alkyl; provided that R? is other
than t-butyl. In another embodiment of the present invention, R? is selected
from the group consisting of Ci.4alkyl, hydroxy substituted Cialkyl, C,.salkenyl,
Ca.salkynyl, NH2-(Cq.zalkyl)-, cyclopropyl-methyl-, benzyl-, pyrazol-1-yl-methyl-,
imidazol-4-yl-methyl-, pyrid-2-yl-methyl-, pyrid-3-yl-methyl- and thien-2-yl-
methyl-; provided that R? is other than t-butyl.

In another embodiment of the present invention, R? is selected from the
group consisting of ethyl, n-propyl, isopropyl, n-butyl, isobutyl, hydroxy-methyl,
hydroxy-ethyl, n-buten-3-yl, propyn-2-yl, amino-n-propyl-, cyclopropyl-methyl,
benzyl, pyrazol-1-yl-methyl-, imidazol-4-yl-methyl-, pyrid-2-yl-methyl-, pyrid-3-
yl-methyl- and thien-2-yl-methyl-. In another embodiment of the present
invention, R? is selected from the group consisting of ethyl, n-propyl, n-butyl,
hydroxy-ethyl, n-buten-3-yl, propyn-2-yl, pyrazol-1-yl-methyl-, imidazol-4-yl-
methyl-, and thien-2-yl-methyl-. In another embodiment of the present
invention, R? is selected from the group consisting of ethyl, n-propyl, hydroxy-
ethyl, n-buten-3-yl, propyn-2-yl, imidazol-4-yl-methyl- and thien-2-yl-methyl-. In
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another embodiment of the present invention, R? is selected from the group
consisting of ethyl, propyn-2-yl, imidazol-4-yl-methyl- and thien-2-yl-methyl-.
Additional embodiments of the present invention, include those wherein

the substituents selected for one or more of the variables defined herein (i.e.

R',R% nand ®) are independently selected to be any individual

substituent or any subset of substituents selected from the complete list as
defined herein. In another embodiment of the present invention is any single
compound or subset of compounds selected from the representative
compounds listed in Table 1 below.

Representative compounds of the present invention are as listed in
Table 1 below. In the listing of the substituents for the R’ group, the number in

front of the parentheses containing the R' substituent group indicates the

position at which the R” group is bound on the @ ring. For example, the

group “3-(piperidin-4-yl-oxy-)" shall denote a group of the following structure:
Ot

HN

bound at the 3-position of the @ ring (wherein the 1-position of the

@ ring is the binding position of the @ ring to the rest of the compound
of formula (1)).

Table 1:Representative Compounds of Formula ()

0

RZ
WY

R’ NH,

@ *
ID No R’ n R?
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3-(piperidin-4-
1 yl-oxy) phenyl benzyl
3-(piperidin-4-
3 yl-oxy) phenyl propyn-2-yl
3-(piperidin-4-
6 yl-oxy) phenyl propyn-2-yl
3-(piperidin-4-
7 yl-oxy) 5-methoxy-phenyl propyn-2-yl
3-(piperidin-4-
8 yl-oxy) phenyl n-buten-3-yl
3-(piperidin-4-
9 yl-oxy) phenyl ethyl
3-(piperidin-4- cyclopropyl-
11 yl-oxy) phenyl methyl-
3-(piperidin-4-
12 yl-oxy) phenyl n-butyl
3-(piperidin-4-
13 yl-oxy) phenyl amino-n-propyl-
3-(piperidin-4-
15 yl-oxy) phenyl hydroxy-ethyl-
3-(piperidin-4-
16 yl-oxy) phenyl isopropyl
3-(piperidin-4-
18 yl-oxy) phenyl n-propyl
3-(piperidin-4- pyrazol-1-yl-
19 yl-oxy) phenyl methyl-
3-(piperidin-4- imidazol-4-yl-
20 yl-oxy) phenyl methyl-
24 3-(phenyl) phenyl propyn-2-yl
3-(piperidin-4-
25 yl-oxy) phenyl hydroxy-methyl-
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3-(piperidin-4-
31 yl-oxy) phenyl 1 S isobutyl
3-(piperidin-4- pyrid-3-yl-
33 yl-oxy) phenyl 1 S methyl-
35 H 3-methoxy-phenyl 1 S ethyl
39 H 3,4-difluoro-phenyl 1 S ethyl
40 H 4-methoxy-phenyl 1 S ethyl
41 H naphth-1-yl 1 S ethyl
49 H 2,6-dimethyl-phenyl 1 S ethyl
benzo[1,3]-dioxol-5-
51 H yl 1 S ethyl
2,4,6-trimethyl-
55 H phenyl 1 S ethyl
4-methyl-sulfonyl-
56 H phenyl 1 S ethyl
3,4-dimethoxy-
57 H phenyl 1 S ethyl
4-trifluoro-methyl-
58 H phenyl 1 S ethyl
3,5-dimethoxy-
59 H phenyl 1 S ethyl
60 H benzo-thiophen-5-yl 1 S ethyl
61 2-(phenyl) phenyl 1 S ethyl
3-(piperidin-4- thien-2-yl-
63 yl-oxy) phenyl 1 S methyl-
3-(piperidin-4-
71 yl-oxy) phenyl 1 R ethyl
3-trifluoro-methyl-
72 H phenyl 1 S ethyl
73 H naphth-2-yl 1 S ethyl
2-trifluoro-methyl-
74 H phenyl 1 S ethyl

10
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75 2-(cyclohexyl) phenyl 1 S ethyl
2,3,5,6-tetra-methyl-
76 H phenyl 1 S ethyl
77 H 3,6-dimethyl-phenyl 1 S ethyl
3-(piperidin-
78 3R-yl-oxy) phenyl 1 S ethyl
3-(piperidin-
79 3R-yl-oxy) phenyl 1 S propyn-2-yl
3-(piperidin-
80 3S-yl-oxy) phenyl 1 S ethyl
81 4-(phenyl) phenyl 1 S ethyl
82 H isoquinolin-5-yl 1 S ethyl
4-methyl-naphth-1-
83 H yl 1 S ethyl
84 H 4-fluoro-naphth-1-yl 1 S ethyl
3-(piperidin-
85 3S-yl-oxy) phenyl 1 S propyn-2-yl
86 4-(benzyl-oxy) phenyl 1 S ethyl
2-methoxy-naphth-
87 H 1-yl 1 S ethyl
2-(methoxy-methyl-
88 H naphth-1-yl) 1 ethyl
89 H isoquinolin-4-yl 1 ethyl
3-(piperidin-4- pyrid-2-yl-
90 yl-oxy) phenyl 1 S methyl-
91 H benzofur-5-yl 1 S ethyl
92 H 3-methoxy-phenyl 1 R ethyl
95 H 4-isopropyl-phenyl 1 S ethyl
96 H 3,5-dimethyl-phenyl 1 S ethyl
2,3-dihydro-
benzo[1,4]-dioxin-6-
97 H yl 1 S ethyl
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98 H phenyl 1 S ethyl

99 H 2-methoxy-phenyl 1 S ethyl
4-methyl-carbonyl-

100 H amino-phenyl 1 S ethyl

101 H 9H-fluoren-2-yI 1 S ethyl

102 H 2,3-difluoro-phenyl 1 S ethyl
2-methyl-carbonyl-

103 H amino-phenyl 1 S ethyl

104 H 2-hydroxy-phenyl 1 S ethyl

2-hydroxy-naphth-1-
105 H yl 1 S ethyl
106 H 2-fluoro-naphth-1-yl 1 S ethyl

As used herein, “halogen” shall mean chlorine, bromine, fluorine and
iodine.

As used herein, the term “alkyl” whether used alone or as part of a
substituent group, shall include straight and branched carbon chain
compositions of one to six carbon atoms. For example, alkyl radicals include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, and
the like. The prefix “Cx.y” wherein X and Y are integers, when used with alkyl
shall mean a carbon chain composition of between X and Y carbon atoms. For
example, the term “Ci4alkyl” shall mean a straight or branched carbon chain
composition of 1 to 4 carbon atoms.

One skilled in the art will recognize that the terms “-(alkyl)-" and “-(C;.
salkyl)-" shall denote any alkyl or C4.4alkyl carbon chain as herein defined,
wherein said alkyl or C1.4alkyl chain is divalent and is further bound through two
points of attachment, preferably through two terminal carbon atoms.

As used herein, the term “alkenyl” whether used alone or as part of a
substituent group, shall include straight and branched chains compositions of
between 2 and 6 carbon atoms containing at least one unsaturated double
bond. For example, alkenyl radicals include ethenyl, n-propen-2-yl, n-buten-2-

yl, n-penten-2-yl and the like. The term “C,.salkenyl” shall mean a straight or
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branched carbon chain composition of 2 to 4 carbon atoms containing at least
one unsaturated double bond.

As used herein, the term “alkynyl” whether used alone or as part of a
substituent group, shall include straight and branched chains compositions of
between 2 and 6 carbon atoms containing at least one unsaturated triple bond.
For example, alkynyl radicals include ethynyl, n-propy-2-nyl, n-buty-2-nyl, n-
penty-2-nyl and the like. The term “C,4alkynyl” shall mean a straight or
branched carbon chain composition of 2 to 4 carbon atoms containing at least
one unsaturated triple bond.

As used herein, unless otherwise noted, the term “halogenated C..
salkyl” shall mean any Cy.salkyl group as defined above substituted with at
least one halogen atom, preferably substituted with a least one fluoro atom.
Suitable examples include but are not limited to —CF3, -CCl3, -CH>-CF3, -CH2-
CCls, -CF,-CF,-CF,-CF3, and the like. Similarly, unless otherwise noted, the
term “fluorinated Cq.salkyl” shall mean any Cq.4alkyl group as defined above
substituted with at least one fluoro atom, preferably substituted with a least one
fluoro atom. Suitable examples include but are not limited to —CF3, -CH»-CF3, -
CF,-CF2-CF,-CF3, and the like.

As used herein, unless otherwise noted, the term “hydroxy substituted
Ci.salkyl” shall mean any C.4alkyl group as defined above substituted with at
least one hydroxy group. Preferably, the C,.4alkyl group is substituted with one
hydroxy group. Preferably, the Cq4alkyl group is substituted with a a hydroxy
group at a terminal carbon. Suitable examples include, but are not limited to, —
CH3z(OH), -CH>-CH>(OH), -CH»-CH(OH)-CHy, and the like.

As used herein, unless otherwise noted, “alkoxy” shall denote an oxygen
ether radical of the above described straight or branched chain alkyl groups. For
example, methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy and the
like. The prefix “Cx.y” wherein X and Y are integers, when used with alkoxy,
shall mean an ether radical of a straight or branched carbon chain composition
of between X and Y carbon atoms. For example, the term “Cq.4alkoxy” shall
mean an ether radical of a straight or branched carbon chain composition of 1

to 4 carbon atoms.
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One skilled in the art will recognize that the terms “-(alkoxy)-" and “~(C1.
aalkoxy)-" shall denote any alkoxy or C1.salkoxy group as herein defined,
wherein said alkoxy or C.4alkoxy chain is divalent and is further bound through
two points of attachment, preferably through a terminal carbon and the oxygen
atoms.

As used herein, unless otherwise noted, the term “halogenated Ci.
salkoxy” shall mean any C.jalkoxy group as defined above substituted with at
least one halogen atom, preferably substituted with a least one fluoro atom.
Suitable examples include but are not limited to —OCF 3, —OCCl3, -OCH,-CF3, -
OCH2-CCl3, -OCF,-CF,-CF2-CF3, and the like. Similarly, unless otherwise
noted, the term “fluorinated Ci.;alkoxy” shall mean any Cq.4alkoxy group as
defined above substituted with at least one fluoro atom, preferably substituted
with a least one fluoro atom. Suitable examples include but are not limited to —
OCF3, -OCH»-CF3, -OCF,-CF2-CF,-CF3, and the like.

As used herein, unless otherwise noted, “aryl” shall refer to unsubstituted
carbocylic aromatic groups such as phenyl, naphthyl, fluorenyl, and the like;
preferably phenyl or naphthyl.

As used herein, unless otherwise noted, the term “Cs_scycloalkyl” shall
mean any stable 3-6 membered monocyclic, saturated ring system, for
example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
cyclooctyl. One skilled in the art will recognize that the prefix “Cx.y” when used
with the term cycloalkyl shall denote the number of ring carbon atoms.

As used herein, unless otherwise noted, “heteroaryl” shall denote any five
or six membered monocyclic aromatic ring structure containing between one and
two heteroatoms independently selected from the group consisting of O, N and S.
The heteroaryl group may be attached at any heteroatom or carbon atom of the
ring such that the result is a stable structure. Suitably examples include, but are
not limited to pyrrolyl, pyrazolyl, furyl, thienyl, oxazolyl, imidazolyl, isoxazolyl,
isothiazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, pyranyl, furazanyl, and the
like. Preferred heteroaryl groups include thienyl, pyrazolyl, pyridyl and imidazolyl.

When a particular group is "substituted” (e.g., alkyl, cycloalkyl, aryl,
heteroaryl,, etc.), that group may have one or more substituents, preferably

from one to five substituents, more preferably from one to three substituents,
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most preferably from one to two substituents, independently selected from the
list of substituents.

With reference to substituents, the term “independently” means that
when more than one of such substituents is possible, such substituents may be
the same or different from each other.

As used herein, the notation “*”” shall denote the presence of a
stereogenic center. Where the compounds according to this invention have at
least one chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. lItis to be understood that all such isomers and mixtures
thereof are encompassed within the scope of the present invention. Preferably,
wherein the compound is present as an enantiomer, the enantiomer is present
at an enantiomeric excess of greater than or equal to about 80%, more
preferably, at an enantiomeric excess of greater than or equal to about 90%,
more preferably still, at an enantiomeric excess of greater than or equal to
about 95%, more preferably still, at an enantiomeric excess of greater than or
equal to about 98%, most preferably, at an enantiomeric excess of greater than
or equal to about 99%. Similarly, wherein the compound is present as a
diastereomer, the diastereomer is present at an diastereomeric excess of
greater than or equal to about 80%, more preferably, at an diastereomeric
excess of greater than or equal to about 90%, more preferably still, at an
diastereomeric excess of greater than or equal to about 95%, more preferably
still, at an diastereomeric excess of greater than or equal to about 98%, most
preferably, at an diastereomeric excess of greater than or equal to about 99%.

Furthermore, some of the crystalline forms for the compounds of the
present invention may exist as polymorphs and as such are intended to be
included in the present invention. In addition, some of the compounds of the
present invention may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvates are also intended to be encompassed
within the scope of this invention.

Under standard nomenclature used throughout this disclosure, the terminal

portion of the designated side chain is described first, followed by the adjacent
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functionality toward the point of attachment. Thus, for example, a “phenylC;-

CesalkylaminocarbonylC+-Cesalkyl-" substituent refers to a group of the formula

C1-Ce aIky
_g_CVCG alky)J\N/

Abbreviations used in the specification, particularly the Schemes and

Examples, are as follows:

Boc or BOC
Cbz

DCM

DIAD

DIPEA or DIEA
DMAP

DME

DMF

DMSO

DTT

EDC or EDCI
EtOAc
GR-AMC
GSH

HATU

HBTU

HEPES

HOBT or HOBt
HPLC

MeOH

MOM

MTBE

tert-Butoxycabronyl

Carboxy-benzyl

Dichloromethane

Diisopropyl azodicarboxylate
Diisopropylethylamine
4-N,N-Dimethylaminopyridine

Dimethyl ether

N,N-Dimethylformamide

Dimethylsulfoxide

Dithiothreitol
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
Ethyl Acetate
Glycine-Arginine-amino-4-methyl-coumain
Glutathione
O-(7-Azabenzotriazol-1-yl)-N,N,N",N"-
Tetramethyl Uronium Hexafluorophosphate
O-(1H-Benzotriazol-1-yl)-N,N,N’,N’-
tetramethyluronium hexafluorophosphate
4-(2-Hydroxyethyl)-1-Piperizine Ethane Sulfonic
Acid

1-Hydroxybenzotriazole

High Pressure Liquid Chromatography
Methanol

Methoxymethyl

Methy! tert-Butyl Ether
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NMP = N-methyl-2-pyrrolidinone

Pd>(OAC): = Palladium(ll)acetate

Pd(dppf)Cl, = Dichloro[1,1’-bis(diphenylphosphine)
ferrocene]palladium(ll)

Pd(dppp)Cl2 = Bis(diphenylphosphino)propane palladium (l1)
chloride

Pd(PPhs3)4 = Tetrakistriphenylphosphine palladium (0)

Pd(PPh3).Cl, = Bis(triphenylphosphine)palladium (1) chloride

TEA = Triethylamine

TFA = Trifluoroacetic Acid

THF = Tetrahydrofuran

THP = Tetrahydropyrany!

TMS = Trimethylsilyl

As used herein, unless otherwise noted, the terms “treating”,
“treatment” and the like, shall include the management and care of a subject or
patient (preferably mammal, more preferably human) for the purpose of
combating a disease, condition, or disorder and includes the administration of a
compound of the present invention to prevent the onset of the symptoms or
complications, alleviate the symptoms or complications, or eliminate the
disease, condition, or disorder.

As used herein, unless otherwise noted, the term “prevention” shall
include (a) reduction in the frequency of one or more symptoms; (b) reduction
in the severity of one or more symptoms; (c) the delay or avoidance of the
development of additional symptoms; and / or (d) delay or avoidance of the
development of the disorder or condition.

One skilled in the art will recognize that wherein the present invention is
directed to methods of prevention, a subject in need of thereof (i.e. a subject in
need of prevention) shall include any subject or patient (preferably a mammal,
more preferably a human) who has experienced or exhibited at least one
symptom of the disorder, disease or condition to be prevented. Further, a
subject in need thereof may additionally be a subject (preferably a mammal,

more preferably a human) who has not exhibited any symptoms of the disorder,
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disease or condition to be prevented, but who has been deemed by a
physician, clinician or other medical profession to be at risk of developing said
disorder, disease or condition. For example, the subject may be deemed at
risk of developing a disorder, disease or condition (and therefore in need of
prevention or preventive treatment) as a consequence of the subject's medical
history, including, but not limited to, family history, pre-disposition, co-existing
(comorbid) disorders or conditions, genetic testing, and the like.

The term “subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who has been the object of treatment,
observation or experiment. Preferably, the subject has experienced and / or
exhibited at least one symptom of the disease or disorder to be treated and / or
prevented.

The term “therapeutically effective amount’ as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

As used herein, the term “composition” is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

As used herein, the term “DPP-1 mediated disorder” shall include any
condition, disease or disorder which may be mediated through inhibition of
DPP-1 activity. One skilled in the art will recognize that disorders mediated by
DPP-1 include, but are not limited to

(a) disorders of the respiratory tract: including obstructive diseases of
the airways including asthma, including bronchial, allergic, intrinsic, extrinsic,
exercise-induced, drug induce (including aspirin and NSAID-induced) and dust
induced asthma, both intermittent and persistent and of all severities, and other
causes of airway hyper-responsiveness; chronic obstructive pulmonary disease
(COPD); bronchitis, including infectious and eosinophilic bronchitis;
emphysema; bronchiectasis; cystic fibrosis; sacroidosis; farmer’s lung and

related diseases; hypersensitive pnemonitis; lung fibrosis, including cryptogenic
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fibrosing alveolitis, idiopathic interstitial pneumonias, fibrosis complicating anti-
neoplastic therapy and chronic infection, including tuberculosis and
aspergillosis and other fungal infections; complications of lung transplantation;
vascullitic and thrombotic disorders of the lung vasculature, and pulmonary
hypertension; antitussive activity including treatment of chronic cough
associated with inflammatory and secretory conditions of the airways, and
iatrogenic cough; acute and chronic rhinitis including rhinitis medicamentosa,
and vasomotor rhinitis; perennial and seasonal allergic rhinitis including rhinitis
nervosa (hay fever); nasal polyposis; acute viral infection including the common
cold, and infection due to respiratory syncytial virus, influenza, coronavirus
(including SARS) and adenovirus;

(b) skin disorders: psoriasis, atopic dermatitis, contact dermatatis or
other eczematous deramtoses, and delayed-type hypersensitivity reactions;
phyto- and photodermatitis; seborrhoeic dermatistis, dermatitis herptiformis,
lichen planus, lichen slerosus et atrophica, pyoderma gangrenosum, skin
sarcoid, discoid lupus erythematosus, pemphigus, pemphigoid, epidermolysis
bullosa, urticaria, angioderma, vasculitides, toxid erythmas, cutaceous
eosinopiliass, alopecia areata, male-pattern baldness, Sweet’s syndrome,
Weber-Christian syndrome, erythema multiforma; cellulitis, both infective and
non-infective; panniculitis; cutaceous lymphomas, non-melanoma skin cancer
and other dysplastic lesions; drug-induced disorders including fixed-drug
eruptions;

(c) eye disorders: blepharitis, conjunctivitis, including perennial and
vernal allergic conjunctivitis; iritis; anterior and posterior uveitis; choroiditis;
autoimmune, degenerative or inflammatory disorders affecting the retina;
opthalmitis including sympathetic opthalmitis; sarcoidosis; infections including
viral, fugal and bacterial,

(d) genitourinary disorders: nephritis including interstitial and
glomerulnephritis; nephritic syndrome; cystitis including acute and chronic
(interstitial) cystitis and Hunner’s ulcer; acute and chronic urethritis, prostatitis,
epididymitis, oophoritis and salpingitis; vulvo-vaginitis; Peyronie's disease;

erectile dysfunction;
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(e) allograft rejection disorders: acute and chronic following, for example,
transplantation of kidney, heart, liver, lung, bone marrow, skin or cornea or
following blood transfusion; or chronic graft versus host disease;

(f) auto-immune and allergic disorders including rheumatoid arthritis,
irritable bowel syndrome, systemic lupus erythematosus, multiple sclerosis,
Hashimoto’s thyroiditis, Grave’s disease, Addison’s disease, diabetes mellitus,
idiopathic thrombocytopaenic purpura, eosinophilic fasciitis, hyper-IgE
syndrome, antiphospholipid syndrome and Sazary syndrome;

(g) cancers: including treatment of common cancers including prostate,
breast, lung, ovarian, pancreatic, bowel and colon, stomach, skin and brain
tumors and malignancies affecting the bone marrow (including leukaemias) and
lymphoproliferative systems, such as Hodgkin's and non-Hodgkin's lymphoma;
including the prevention and treatment of metastatic disease and tumor
recurrences, and paraneoplstic syndrome; and

(h) infectious diseases: viral diseases such as genital warts, common
warts, plantar warts, hepatitis B, hepatitis C, herpes simplex virus, molluscum
contagiosum, variola, human immunodeficiency virus (HIV), human papilloma
virus (HPV), cytomegalovirus (CMV), varicella zoser virus (VZV), rhinovirus,
adenovirus, coronavirus, influenza, para-influenza; bacterial diseases such as
tubercuavium, leprosy; other infectious diseases such as fungal diseases,
Chlamydia, candida, aspergillus, cryptococcal meningitis, pneumocystis carnii,
cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection and
leishmaniasis.

In another embodiment, the present invention is directed to methods for
the treatment and / or prevention of a DDP-1 mediated disorder; wherein the
DPP-1 mediated disorder is selected from the group consisting of chronic
obstructive pulmonary disease (COPD), asthma, acute lung injury, adult
respiratory distress syndrome, abdominal or thoracic aneurism, rheumatoid
arthritis, osteoarthritis, multiple sclerosis, sepsis and taxoplasmosis.

In another embodiment, the present invention is directed to methods for
the treatment and / or prevention of a DDP-1 mediated disorder; wherein the

DPP-1 mediated disorder is selected from the group consisting of rheumatoid
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arthritis, asthma, chronic obstructive pulmonary disease (COPD), sepsis,
irritable bowel disease, cystic fibrosis, and abdominal aortic aneurism.

As more extensively provided in this written description, terms such as
“reacting” and “reacted” are used herein in reference to a chemical entity that
is any one of: (a) the actually recited form of such chemical entity, and (b) any
of the forms of such chemical entity in the medium in which the compound is
being considered when named.

One skilled in the art will recognize that, where not otherwise specified,
the reaction step(s) is performed under suitable conditions, according to known
methods, to provide the desired product. One skilled in the art will further
recognize that, in the specification and claims as presented herein, wherein a
reagent or reagent class/type (e.g. base, solvent, etc.) is recited in more than
one step of a process, the individual reagents are independently selected for
each reaction step and may be the same of different from each other. For
example wherein two steps of a process recite an organic or inorganic base as
a reagent, the organic or inorganic base selected for the first step may be the
same or different than the organic or inorganic base of the second step.
Further, one skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or solvent systems,
said reaction step may also be carried out in a mixture of the suitable solvents
or solvent systems.

Examples of suitable solvents, bases, reaction temperatures, and other
reaction parameters and components are provided in the detailed descriptions
which follow herein. One skilled in the art will recognize that the listing of said
examples is not intended, and should not be construed, as limiting in any way
the invention set forth in the claims which follow thereafter.

To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. Itis
understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due

to the experimental and/or measurement conditions for such given value.
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To provide a more concise description, some of the quantitative
expressions herein are recited as a range from about amount X to about
amount Y. Itis understood that wherein a range is recited, the range is not
limited to the recited upper and lower bounds, but rather includes the full range
from about amount X through about amount Y, or any amount or range therein.

As used herein, unless otherwise noted, the term “leaving group” shall
mean a charged or uncharged atom or group which departs during a
substitution or displacement reaction. Suitable examples include, but are not
limited to, Br, Cl, |, mesylate, tosylate, and the like.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and
T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John

Wiley & Sons, 1991. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

As used herein, unless otherwise noted, the term “nitrogen protecting
group” shall mean a group which may be attached to a nitrogen atom to
protect said nitrogen atom from participating in a reaction and which may be
readily removed following the reaction. Suitable nitrogen protecting groups
include, but are not limited to carbamates — groups of the formula —-C(O)O-R
wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, CH,=CH-
CHz-, and the like; amides — groups of the formula —C(O)-R’ wherein R’ is for
example methyl, phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives -
groups of the formula —SO,-R” wherein R” is for example tolyl, phenyl,
trifluoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-
methoxybenzene, and the like. Other suitable nitrogen protecting groups may
be found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 1991.

As used herein, unless otherwise noted, the term “oxygen protecting

group” shall mean a group which may be attached to a oxygen atom to protect

said oxygen atom from participating in a reaction and which may be readily
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removed following the reaction. Suitable oxygen protecting groups include, but
are not limited to, acetyl, benzoyl, t-butyl-dimethylsilyl, trimethylsilyl (TMS),
MOM, THP, and the like. Other suitable oxygen protecting groups may be
found in texts such as T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, 1991.

Where the processes for the preparation of the compounds according to

the invention give rise to mixture of stereocisomers, these isomers may be
separated by conventional techniques such as preparative chromatography.
The compounds may be prepared in racemic form, or individual enantiomers
may be prepared either by enantiospecific synthesis or by resolution. The
compounds may, for example, be resolved into their component enantiomers
by standard techniques, such as the formation of diastereomeric pairs by salt
formation with an optically active acid, such as (-)-di-p-toluoyl-D-tartaric acid
and/or (+)-di-p-toluoyl-L-tartaric acid followed by fractional crystallization and
regeneration of the free base. The compounds may also be resolved by
formation of diastereomeric esters or amides, followed by chromatographic
separation and removal of the chiral auxiliary. Alternatively, the compounds
may be resolved using a chiral HPLC column.

Additionally, chiral HPLC against a standard may be used to determine
percent enantiomeric excess (%ee). The enantiomeric excess may be
calculated as follows

[ (Rmoles-Smoles)/(Rmoles+Smoles) ] X 100%

where Rmoles and Smoles are the R and S mole fractions in the mixture
such that Rmoles+Smoles = 1. The enantiomeric excess may alternatively be
calculated from the specific rotations of the desired enantiomer and the
prepared mixture as follows:

ee = ([a-obs] / [a-max]) X 100.

For use in medicine, the salts of the compounds of this invention refer to
non-toxic “pharmaceutically acceptable salts.” Other salts may, however, be
useful in the preparation of compounds according to this invention or of their
pharmaceutically acceptable salts. Suitable pharmaceutically acceptable salts

of the compounds include acid addition salts which may, for example, be
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formed by mixing a solution of the compound with a solution of a
pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid,
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moiety, suitable pharmaceutically
acceptable salts thereof may include alkali metal salts, e.g., sodium or
potassium salts; alkaline earth metal salts, e.g., calcium or magnesium salts;
and salts formed with suitable organic ligands, e.g., quaternary ammonium
salts. Thus, representative pharmaceutically acceptable salts include, but are
not limited to, the following: acetate, benzenesulfonate, benzoate, bicarbonate,
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate, carbonate,
chloride, clavulanate, citrate, dihydrochloride, edetate, edisylate, estolate,
esylate, fumarate, gluceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isothionate, lactate, lactobionate, laurate, malate,
maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, N-methylglucamine ammonium salt, oleate,
pamoate (embonate), palmitate, pantothenate, phosphate/diphosphate,
polygalacturonate, salicylate, stearate, sulfate, subacetate, succinate, tannate,
tartrate, teoclate, tosylate, triethiodide and valerate.

Representative acids which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
acids including acetic acid, 2,2-dichloroacetic acid, acylated amino acids, adipic
acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic
acid, 4-acetamidobenzoic acid, (+)-camphoric acid, camphorsulfonic acid, (+)-
(1S)-camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, cinnamic
acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, D-gluconic acid, D-glucoronic
acid, L-glutamic acid, a-oxo-glutaric acid, glycolic acid, hipuric acid,
hydrobromic acid, hydrochloric acid, (+)-L-lactic acid, (x)-DL-lactic acid,
lactobionic acid, maleic acid, (-)-L-malic acid, malonic acid, (z)-DL-mandelic

acid, methanesulfonic acid, naphthalene-2-sulfonic acid, naphthalene-1,5-
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disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinc acid, nitric acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid, L-
pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebaic acid, stearic
acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid,
p-toluenesulfonic acid and undecylenic acid.

Representative bases which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
bases including ammonia, L-arginine, benethamine, benzathine, calcium
hydroxide, choline, deanol, diethanolamine, diethylamine, 2-(diethylamino)-
ethanol, ethanolamine, ethylenediamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine,
piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary
amine, sodium hydroxide, triethanolamine, tromethamine and zinc hydroxide.

The present invention includes within its scope prodrugs of the
compounds of this invention. In general, such prodrugs will be functional
derivatives of the compounds which are readily convertible in vivo into the
required compound. Thus, in the methods of treatment of the present
invention, the term “administering” shall encompass the treatment of the
various disorders described with the compound specifically disclosed or with a
compound which may not be specifically disclosed, but which converts to the
specified compound in vivo after administration to the patient. Conventional
procedures for the selection and preparation of suitable prodrug derivatives are
described, for example, in “Design of Prodrugs”, ed. H. Bundgaard, Elsevier,
1985.

Compounds of formula (I) may be prepared according to the process
outlined in Scheme 1.
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Scheme 1

Accordingly, a suitably substituted compound of formula (V), a known
compound or compound prepared by known methods, is reacted with
hydrazine, a known compound; in a suitably selected alcohol such as
methanol, ethanol, isopropanol, and the like; to yield the corresponding
compound of formula (VI).

The compound of formula (V1) is reacted with a suitably substituted
compound of formula (VII), wherein PG' is a suitably selected nitrogen
protecting group such as BOC, -C(Q)-CF3, and the like; in the presence of a
suitably selected coupling agent such as HOBt in combination with EDC,
HATU, and the like; in the presence of an organic base such as TEA, DIPEA,
pyridine, and the like; in the presence of a suitably selected catalyst such as
DMAP, and the like; in a suitably selected organic solvent or mixture thereof
such as DMF, NMP, and the like; to yield the corresponding compound of
formula (VIII).

The compound of formula (VIII) is reacted with a suitably substituted
compound of formula (IX), wherein X' is a suitably selected leaving group such
as bromo, iodo, triflate, and the like; in the presence of a suitably selected
catalysts such as Ph(PPh;).Cl,, Pd(OACc).Cl,, Pd(dppf)Clz, Pd(dppp)Cl,, and
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the like; preferably in the presence of Cul; in the presence of a base such as

TEA, DIPEA, pyridine, and the like; in a suitably selected organic solvent such

as DMF, NMP, and the like; at a temperature in the range of from about 50°C to

about 100°C, for example at about 70°C; to yield the corresponding compound
5 of formula (X).

The compound of formula (X) is de-protected according to kn<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>