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PIPERIDINE DERIVATIVES AS NK1 ANTAGONISTS

This application claims the ‘be'neﬁt of US. Provisional Application No.
5 60/584,502, filed July 1, 2004,
FIELD OF THE INVENTION |
The present invention relates to novel neurokinin-1 (NK; or NK-1}
receptor antagonists, pharmaceutical compositions comprising such
compounds, and 'méthods of treatment using such compounds, to treat NK;
10  receptor mediated diseases and conditions, including, for example, emesis,

‘depression, anxiety and cough.

BACKGROUND OF THE INVENTION _
Tachykinins are peptide ligands for neurokihin receptors. Neurokinin
15  receptors, such as NK;, NKg and NKa, are involved in a variety of biological
processes. -Théy can be found in a mammal’s nervous and circulatory
. syétams. as weil as in peripheral tissues. Consequently, the modulation of
Hese types of receptors has been studied to potentially treat of prevent
various mammalian disease states. For instance, NK1 receptors have been
20 reported to be involved in raicrovascular leakage and mucus secretion.
Representative types of neurokih.in receptor antagonists and the disorders
that can be treated"vﬁth them include, for example, sleep, pain, migraine,
emesis, nociceptionh and inflammation; see, for example, U.S. 6,329,401, U.S.
5,760,018, U.S. 5,620,989, WO 95/19344, WO 94/13639, WO 94110165, Wu
25 etal., Tetrahedron, 56, 6279-6280 (2000), Rombouts et al., Tetrahedren, 59,
4721-4731 (2003), and Rogiers et al., Tetrahedron, 57, 8971-8981 (2001).
it would be beneficial fo provide a NK; an_tégonist that is'potent, -
selective, and possesses beneficial therapeutic and pharmacological
properties, and good metabolic stability, It would further be beneficial to
30 ' provide a NK; antagonist that is effective for treating a variety of physiological
disorders, sympioms and diseases, while minimizing side effects, This
invention provides such NK; antagonists. | |
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SUMMARY OF THE INVENTION

In one embodiment, the present invention is direcied to a compound of
Formuia |:

RT RZ
Ar?
R4/N )n )\
Art -Q” - "R®

M

or pharmaceutically acceptable salts and/or solvates thereof, wherein:

R' and R? are each independently selected from the group consisting
of H, alkyl, haloalky!, alkyl substituted with one or more hydroxyi groups; -CN,
alikynyl, -N(R%)s, -N(R)-S(0z)-alkyi, -N(R%-C(0)-N(R), -alkylens-CN,
-cycloalkylene-CN, -alkylene-O-alkyi, -C(O}-alkyl, -C(=N-OR%-alkyl,
-C{O}-N(R®);, -C(O)-O-alkyl, -alkylene-C(O)-alky}, -atkylene-C(Q)-O-atkyl,
-alkytene-C(0)-N(R%),,

h'd
4 2, HN \ -
X, D) W 1
o LN 28 LY
u\ln.. . \A"‘", © J\f‘-‘, Y™ and J\f“,

Y.

X D

N
with the proviso that at least one of R!and R%is —CN, \r\lm ,

9
z-N HN>L VAN NN

W is =C(R¥- or =N-;
X Is ~C(O)- or -8(0q)-;
Y is selected from fhe group consisting of ~CHz-, -O-, and
-N(R®)-C(O)-, with the proviso that: - '
(&) the nitrogen atom of -N(R®)-C(0)- is bonded to X, and
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and Y is ~O-, X is not -S(Qz)~;

g__

(b) if R" and/or R?is
Z is ~C(RNz-, -N(R%-, or —0+;
R® is selected from the group consisting of H, -CH2ORS, and alky!;
R* is selected from the group consisting of H, atkyl, cycloallyl,

“heterocycloalkyl, heteroaryl, aryl, acyl, aroyl, akylsulfonyl, and arylsulfonyl;

R®is H or alky!;

R® is selected from the group consisting of H, alkyl, cycloalkyl, and aryi;

each R’ is independently H or alkyl; or

each R’, together with the ring carbon to which they are shown
attached, form a cycloalkylene ring;

R? is selected from the group consisting of H, atkyl, alkyl substituted
with one or more hydroxy! groups, -N(R®), -N(R)-S(0;)-alkyl,
N(R®)-S(Oy)-aryl, -N(R®)-C(O)-alkyl, -N{R®-C(0)-aryl, alkylene-O-alkyl, and
-CN; ‘ ) . .
R? is selected from the group consisting of H, alkyl, and ary!, or each
R®, together with the nitrogen to which they are shown attached, form a
heterocycloalkyl ring; - '

Ar' and Ar® are each independently selected from the group consisting
of unsubstituted ary! and aryl substituted with 0 to 3 substituents selected
from the group consisting of halogen, alkyl, alkoxy, haloalkyl, haloalkoxy,- -CN,
-OH, and -NOg;

nis 0,1, or2; and

mis 1,2, or3. .

7" " In-ancther embodiment, the present invention is directed toa -
pharmaceutical composition comprising a therapeutically efféctive amount of
at isast one compound of Formula J, or a pharmaceutically acceptable salt |

_ andfor solvate thereof, and at least one pharmaceutically acceptable carrier.

in another embodiment, the present inventioh is directed to a kit
comprising two or more containers in a single package, wherein each
container in the package comprises a pharmaceutical composition. At least
one container of the package comprises an effective amount of the compound

-3-
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of Formula |, or a pharmaceutically acceptable salt and/or solvate thereof ina
pharmaceutically acceptable carrier, and at least one other container of the
package comprises another therapeutic agent in a pharmaceutically |
acceptabie carrier. The pharmaceutical compositions of the kit may be used
in combination.

In another embodiment, the present invention is directed to a method
for affecting an NK4 receptor in a patient. The method comprises
administering to .the patient an effective amount of at least one compound of

- Formula | or a pharmaceutically acceptable sait and/or solvate thereof.

In another embodiment, the present invention is directed to a methed
for treating an NK; recepior mediated condition or disease (i.e., a disease
assotiated with an NK; receptor, or a disease involving an NKz receptor in
part of the disease process) in a patient in need of such freatment. The
method comprises administering to the patient an effective amount of at least
one compound of Formula | or a pharmaceutically acceptable salt and/or
sblvate thereof, —

Other features and advantages of the irivention will be apparent
from the following detailed description, and from the claims.

DETAILED DESCRIPTION OF THE INVENTION
In a first embodiment, the present invention is dirgcted to a compound

of Formula }, or a solvate and/or salt thereof,' as described herein.

in yet another embodiment, the compounds of Formula | have the
following structure IA:

R3

(1A)
in yet another embodiment of the compounds of Formula 1, R®Is Cis
alkyl;
R*is H;
Ar' is phenyl;
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Ar? is a phenyl substituted with 1 to 3 substituents selected from the
group consisting of halogen, Cq. alkyl, Ci.5 alkoxy, Ci.s haloalkyl, Ci.5
haloalkoxy, ~CN, and -NO,; and

nis .

5 {n yet another embodiment of the compounds of Formula |, R® is atkyl;

RYis H;

Ar' is phenyl;

Ar? is phenyi substituted with 1 to 3 substituents selected from the
group consisting of halogen, Cq.¢ alkyl, Cs.5 alkoxy, Ci.¢ haloalkyl Cis -

10  haloalkoxy, -CN, and -NO2; and :

nis 1.
in yet another embodiment, the compounds of Formula | have the

L

following structure {A:

R1 ‘\\RZ
: Ar?
2N AN /1\
ArtY —0 R®
15 (1A) X
. R®is Cy. alkyl;
RYis H:
Ar’ is phenyl:

A is phenyl substituted with 1 to 3 substituents selected from the
A 20 group bonsisﬁng of halogen, C+.¢ alkyl, Cy.¢ alkoxy, C+.¢ haloalkyl, Cie
L haloalkoxy, -CN, and -NO; and
~nis 1. ' )
In_yet ancther embodiment, the compounds of Formula | have the

following structure 1A;

25

(1A)
wherein R! and R? are each independently selected from the group
consisting of H, -CHg, ~CHaCHCHs, -CH,Cl, -CH2F, -CHCIp, -CHFy, -CF3,

-5-
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«CHZ0H, -CH2CH,0H, ~CHaCH(OH)CHa, -CHaC{OHYCHa)a, -CN, —CH-CN
“NHz, -NH-S(O3)-CHa, -NH-C{0)-NH;, -CH;0CHs, ~C{O)-CHa,
-C{O)-CH,CHz, -C(=N-OH)-CHs, -C{=N-OH)-CH,CHs, -C(=N-QCHz)-CHs,
~C(0)-NHp, -C(O)-NH(CH3), -C(O)-0-CHs or -C{O)-0~CHzCHa,
-CH2-C(0)-CHa, -CH2-C(0)O-CHa, ~-CH2C({O)Y0-CH3CHa,

az.,n/\j 'Za-«-N/;; 2% N/;]j\o

29

CH/C(O)-NH(CH,CHs), CHCOMNH, O B, 0 , 0
| OH
' ,‘{0 /=N N
‘%’N? L‘e"NQ L"'a’N)],NH 'H"‘NYKH %N NH
0, 0 . 0 ' 0 s O 1
OCHa °~§§—GH3
MN N
=N =N =N Nan e
%N NA %N NH TN N N NR %N CHa
CH,
c , o , o , o0 , O .
| 0
/=N =N HN»’\'Q’
NV A T P
0 , Y L"’Zﬂ‘l\l\ﬁM, and ° J\‘“’
R3 s —-QHs,
R*is H;

Ar' is phenyl;

. Ar?is phenyi substituted with 1 to 3 substituents se!écted from the
group consisting of halogen, Cy. alkyl, C1. alkoxy, Cr.5 haloalkyl, Cr.e
haloalkoxy, -CN, and -NO; and ' |

nis1. X
In yet another embodiment of the compounds of Formula I, Ar' is
unsubstituted phenyl or phenyi substituted with 1 to 3 substituents selected
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from the group consisting of Cl, F, Br, -OH, Ci5 alkyl, C1.6 alkoxy, Cis
haloalkyl, C1.5 haloalkoxy, -CN, and ~-NO5,

[n yet another embodiment of the compounds of Formula I, Ar' is
unsubstiiuted phenyl,

In yet another embodiment of the compounds of Formula |, Ar? is
unsubstituted phenyl or phenyl substituted with 1 to 3 subsiituents selected
from the group consisting of Cl, F, Br, -OH, C45 alkyl, Ci5 alkoxy, Ci.s
haloalkyl, Cs.5 haloalkoxy, -CN, and -NO..

In yet another embodiment of the compounds of Formula I, A is
substituted phenyl. ‘

In yet anather embadiment of the compounds of Formula [, Ac? is 3,5-
bis(trifluoromethyl)phenyl.

In yet ancther embodiment of the compounds of Formula I, R* is H.

In yet another embodiment of the compounds of Formula |, R’ is @ C1.¢
alkyl, for example methyl, sthyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl. ' .

In yet another embodiment of the compounds of Farmula |, R' is a Ci¢
haloalkyl, for example ~CHCI, -CHzF, -CHClg, -CHF;, -CFs. _

In yet anather embodiment of the compounds of Formula |, R'is a Ca
alkynyl, for example -C=C-H, ~-C=C-CHs, -C=C-CHaCHs, efc.

'In yet another embodiment of the compounds of Formula ),R'isaCig
alkyl subsiituted with one or more hydroxy groups, for example —CH,OH,
CHCHaOH, -CHaCH(OH)CHa, or <CHaC(OH)(CHa)e.

In yet another embodiment of the compounds of Formula I, R* is ~CN
or -C15 alkylene-CN, for example —CH2CN.

— .—in-yet anotherembodiment of the compounds of Formula I, R is —NH,,

In yet another embodiment of the compounds of Formula I, R* is
-NH-5(02)-C1.5 alkyl, for example -NH-8(02)-CHa.

In yet another embodiment of the compounds of Formula I, R is

" -NH-C(O)-NH;.

In yet another embodiment of the compounds of Formula I, R? is -Ci.
aEkerﬁe—O-C1.a alkyl, for example -CHzOCHa. o

In yet another embodiment of the compounds of Formula I, R' is
-C{0)-C1.5 alkyl, for example —C{0)-CHs or —-C(0)-CH2CHs.
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In yet ancther embodiment of the compounds of Formula |, R' is
«C(=N-OH)-C1.5 alkyl or ~C(=N-0-C1.5 aiky!)-C1.s alkyl, for example
-C(=N-OH)-CHjs, ~C{=N-OH)}-CH>CHjs, or -C{=N-OCH;z)-CHs.

In yet another embodiment of the compounds of Formula |, R is
-C(O)-NH(C1.¢ alkyt), -C(O)-N(C1.5 alkyl)a, -C(O)-NH(Cs.10 aryl}, -C(O)-N(Ce.10
aryl)z, -C(O)-N(C1.6 alkyl){ Ce.ia aryl), or ~C{0)-NHg, for example —C(O)-NH,
or —~C(O)-NH(CHs).

in yet another embodiment of the compounds of Formula I, R' is
-G(0)-O-C1.6 alkyl, for example -G(0)-0-CHg or -C(0)-0-CHoCH.

in yet another embodiment of the compounds-of Formula |, R! is -Cy.
alkylene-C(Q)-C1.5 alkyl, for example ~CH2-C(Q)-CH3.

In yet another embodiment of the compounds of Formula |, R? is -Cy.
alkylene-C(Q)-O-C1.s alkyl, for exampie —CH>-C(O}0O-CHs or
-CHz-C{Q)O-CH,CHs.

In yet another embodiment of the compounds of Formula }, R' is <C1.5
alkylene-C{O)-NH,, —C, alkylene-C{O)-NH(C1¢ alkyl), —C1.¢
alkylene-C{O}-N(C1.s alkyl)s, ~C.s alkylene-C{0)-NH{Cs.1¢ aryl),~Cy.s
alkylene-C(O)-N(Cg-1p aryl)s, or —C1.5 alkylene-C(O)-N(C1.5 alkyl)(Cs.10 aryl),
forexample ~CH,C(O)-NH(CH,CHs) or ~CH2C(O}-NHz.

In yet another embodiment of the compounds of Formula 1, R'is ane

of. ‘ .
i D e Yool b oy o
0,;,8\\ )r '
>, o, O , 0, 0O
OH OCH,
o | S\ S‘ HyN
o T R B
9N RH TN N NN N R N R
o , o , © , ©0 , o |,
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In yet another embodiment of the compounds of Formula 1, R? is H.

in yet another embodiment of the compounds of Formula i, R%isaCs
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl.

In yet another embodiment 'of the compounds of Formula |, R%is a Ci.¢
haloalkyl, for examble -CHgCl, -CHyF, -CHCly, -CHF;, -CFa.

m yet another embodiment of the compounds of Formula |, R?is & Cp
alkynyl, for example -C=C-H, -C=C-CHa, -C=C-CH3CHa, etc.

In yet ancther embodiment of the compounds of Formula I, R?is a Cy.g
alkyl substituted with one or more hydroxy groups, for example ~CH,0OH,
-CH2CHZ0OH, -CH2CH(OH)CHa, or -CH2C{OHXCHa),.

In yet another embodiment of the compounds of Farmula ), R? is -CN
or -C15 alkylene-CN, for example ~CH2CN or —C(CHs)ZCN.

In yet anather embodiment of the compounds of Formula |, R?is ~Cag

—C—CN

. ~eycloalkylene-GN;-fer—examp]e——-—L&- e e

In yet another embodiment of the compounds of Formula 1, R? is —NH,.
. In yet another embodiment of the compounds of Formula |, R%is
NH-8(02)-C1s alkyl, -N(C1.5 alky!)-S(0z)-C1.5 alkyl or -'-N(Ce.w aryl)-8(02)-C1.5
alkyl for exampie -NH-S(Og)-CHa. . ' '
in yet another embodiment of the compounds of Formula |, R?is
-NH-C(O)-NH,.
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In yet another embodiment of the compounds of Formula I, R? is ~Ci.g
alkylene-0-Ca.g alkyl, for example -CHOCHa.

In yet another embodiment of the compounds of Formula I, R% is
-C(Q)-C1¢ alkyl, for example —C(O)-CHa or ~C(O)-CHzCHa,

5 In yet ancther embaodiment of the compounds of Formula |, R® is
-C(=N-OH)-01.§,aIkyl or -C(=N-0-C.5 alkyl)-C15 alkyl, for example
-C(=N-OH)-CHjs, -C(=N-OH)-CH;CHs, or -C(=N-OCH;)-CHa.

In yet another embodiment of the compounds of Formuta |, R is
-C(0)-NH(C1.¢ alkyl), -C(O)-N(Cr.5 alkyl)z, -C(O)-NH(Ce.10 aryh), -C(O)-N(Coo -

10  aryl)y, ~C({O)-N(C4 .5 alkyl)( Ca0 arvl), or ~C(0)-NH,, for example '-C(O)-NHZ
or —C(O)-NH(CH). '

In yet another embodiment of the compounds of Formula |, R? is
-C(0)-0-C1.5 alkyl, for exampie -C(0)-0-CHj or -C{Q}-0O-CHzCHa.

in yet another embodiment of the compounds of Formula |, R?is -C1.s

15  alkylene-C(Q)-Cy. alkyl, for example —CH,-C(O)-CHs. _

In yet ancther embodiment of the compounds of Formula |, R*is -C1.g
alkylene-G(0)-0-Cy.5 alkyl, for example —CHz-C(0O)O-CH;3 or
-CHz-C(O)O-CHCHs. ‘

lwﬁﬁﬂamW%mmmwmmmﬁwﬁmmLWWQ@'

20 alkylene-C(O)-NHz, —Cy.s alkyléns-C(Q)-NH(C4.¢ alkyl), —C1.6
alkylene-C(0O)-N(C.s alkyl)z, —C1.s alkylene-C(O)-NH(Cs.10 aryl),—C15
alkylene—C(O)-N(Ca.m aryl)p, or -Ci.5 alkylene~C(0)-N(C.s alkyl}(Cs.10 aryl},
for example —CH,C(O)-NH(CH,CHa} or ~CH2C(Q)-NH..

In yet another embodiment of the compounds of Formulal, R?is one

~

N Ve Vo _
33%\“?3%0%@%'*

O ¥ . O ] O 3

25 of
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In yet another embodiment of the compounds of Formula !, R¥is a Cyg
alkyl, for exampie methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl.

In yet another embodiment of the compounds of Formula I, R? is H.

In yet another embodiment of the compounds of Formula |, R* is C1.s
alkyl, for example methyi, ethyl, n-propyl, isoprapyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl.

In yet another embodiment of the compounds of Formula I, R* is Cas
cycloalky!, for example cyclopropyt, cyclobutyl, cyclopentyl, or cyclohexyi.

In yet another embodiment of the compounds of Formuia I, R%is Cag
heterocycloalkyl, for example pyrrolidinyl, tetrahydrofuranyi,
tetrahydrothiophenyt, tetrahydropyranyl, azetidinyl, morpholinyl, piperazinyl, or
piperidinyl. ‘

In yet another embodiment of the compounds of Formula §, R* is Cs.z
heteroaryl, for example benzimidazolyl, benzofuranyi, benzothiophenyl,

furanyl, indolyl, iISo4guUinGlyl; pyrazinyl, pyridinyl, pyrimidinyl, pyrrolyl, quinoliny,
quinoxalinyl, quinazolinyl, thiophenyl, isoxazolyl; triazolyi, thiazoiyi, or

thiadiazolyl. _
in yet another embodiment of the compounds of Formuia 1, R? is Cg.o”

aryl, for example phenyl or naphthyl.

in yet another embodiment of the compounds of Formuta I, R* is Cy¢
acyl, for example —~G{O)CH3, -C(O)CH,CHa, ~C(O)CH,CH,CHs,
-G({O)CH(CHa)z, -C(O)C(CHa)s, or -C(O)CH2CH(GHa)s.

19 -
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In yet another embodiment of the compounds of Formula |, R* is Ce.1p
aroyl, for example benzoy: or naphthoyl.

In yet another embodiment of the compounds of Formula |, R* is C1.5
alkylsulfonyl, for example ~S(0;)CH3 or —-S(02)CH2CHa.

in yet another embodiment of the compounds of Formula |, R* is Ce.1o
arylsulfonyl, for example —8{Qz)-phenyl or —S(Oz)-naphthyl.

In yet another embodiment of the compounds of Formula J, R® is H.

in yet another embodiment of the compounds of Formula |, R%is Ci5
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl. : '

In yet another embodiment of the compounds of Formula |, R® is H.

In yet another embodiment of the compounds of Formula |, R®is Cys
alkyl, for example methyl, ethyl, n-propyi, isopropyl, n-butyl, sec-butyl, t- butyl
n-pentyl, or n-hexyl,

In yet another embodiment of the compounds of Formula |, R®is Gy
cycloalkyl, for example cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

In yet another embodiment of the compounds of Formula |, R® is Cg.40
aryl, for example phenyl or naphthyi.

In yet another embodiment of the compounds of Formuia i, R? is H.

In yet another embodiment of the compounds of Formula |, R” is Cy5
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, and n-hexyl.

In yet another embodiment of the compounds of Formula |, each R,
together with the carbon atom to whlch they are shown attached form a 03 &

. s
kool
cycioalkyl ting, for example ASK 6

- {n yet another embodiment of the compounds of Formula L, R%is H.
In yet another embodiment of the compounds of Formula |, R® is Cy.s

alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-bljtyl, seé—butyi, t-butyl,
n-pentyl, and n-hexyl.

-2 -
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In yet anothor embodiment of the compounds of Formula |, R® is
-NH-8(02)-C1.5 aikyl, -N{C1.5 alky!)-S(02)-C1.5 alkyl or —-N(Ce.10 aryi}-S(03)-C1.5
alkyl for example -NH-S(03)-CHa.

In yet another embodiment of the cbmpounds of Formula i, R®is

5 -NH-8(0z)-Ce.1p aryl, -N(C1.5 alkyl)-S{02)-Cs.10 aryl-or
~N{Cg-10 ary)-S(0Oz)-Cs.1p aryl, for example -NH-S(0.)-pheny! or -NH-S{0O,)-4-~
methyiphenyi. ‘

In yet another embodiment of the compounds of Formula i, R® is
-NH-C(O)-C+.5 alky}, -N(C+.5 alkyl)-C(0)-C1.5 alkyi or -N(Cg.19 aryl)-C(0)-C15

10  alkyl for example -NH-S(05)-CHa.

In yet another embodiment of the compounds of Formula 1, R® is
~NH-C(0)-Cg.10 aryl, -N(C.s atkyl)-C(0)-Ce.10 aryl or
—N{(Ceg.10 aryl)}-C(0)-Cs.1g aryl, for example -NH-C(O)-phenyi or -NH-C(0)-4~
methylphenyl.

15 ) In yet another embodiment of the compounds of Formula |, R®is -C1.5
atkylene-0-C1.5 alkyl , for example -CH;OCHa.

In yet another embodiment of the compounds of Formula 1, R®is a s
alkyl substituted with one or more hydroxy groups, for example ~CH2OH, .
-CH2CH20H, -CH,CH(OH)CHs, or -CH,C(OH){CHa)s.

20 in yet another embodiment of the compounds of Fermula |, R® is —CN.
'In yet another embodiment of the compounds of Formula I, R® is ~NHp,
-N{C1.5 alkyl)z, -NH(C1.5 alkyl), -N(Cg-10 aryl)z, -NH(Cg.10 aryl), -N(Cs5
_ cycloalkyl)z, -NH(Ca.g cycloalkyl), -N(C+g alkyl}{Cs.1p aryl), -N(C1.5
Q cycloalkyl}(Cs.10 aryl}, or -N(C 1 cycloalkyl)(C1.¢ alkyl).
- 25 " Inyet another embodiment of the compounds of Formula !, R? is H.

In.yet another.embodiment of the_compounds. of Formula I, R®is C1.¢
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, +-butyl,
n-pentyt, or n-hexyl.

In yet another embodiment of the compounds of Formuta |, R® is Cg10

30 aryl, for example phenyl or naphthyl. '
In yet another embodiment of the compounds of Formula !, each R®

together with the nitrogen atom ta which they are shown attached, form a C1s

-13-
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_ -—N<>
heterocycloalkyl ring. For example -N(R®), forms one o*fg Nﬂ, g ,

=) ()

In yet éngther embodiment of the compounds of Formula |, X is ~<C({O)-.
In yet aripther embodiment of the compbunds of Formula |, X is
5 -8(0z-
In yet anocther embodiment of the compounds of Formula |, Y is ~CHp-.
In yet another embodiment of the compounds of Formula |, Y is —O-
in yet another embodiment of the compounds of Formula |, Y is
-N(H)-C(Q}-, ~-N(C1.6 alkyl)-C(O}-, or -N(Cs-10 aryl)-C(0)-, for example
10 -N{H)-C(QO)~, -N{CH3)-C(O)-, or -N(phenyl)-C(O)-.
in yet another embodiment of the compounds of Formula i, Z is ~CHy-.
In yet another embodiment of the compounds of Formula |, Z is ~C(C1.5
alkyl)z of ~CH(C 1.5 alkyl), for example —C(CHa)z- or ~CH(CH)-. |
In yet another embodiment of the compounds of Formuia 1, Z is -NH-.
15 in yet another embodiment of the compounds of Formula i, Z is -N(C¢
alkyl)-, for example -N(CHa)- of —~N(CHzCHa)-. '
In yet another embodiment of the compounds of Formula I, Z is -N(Cs.
10 aryl)-, for example ~N(phenyi)- or ~N(naphthyl)-. :
in yet another embodiment of the compounds of Formula f, Z is ~O-,
20 In yet another embodiment of the compounds of Formulal, nis 0, -
In yet another embodiment of the compounds of Formula I, n is 1.
In yet another embodiment of the compounds of Formula ], n'is 2.
In still yet ancther embodiment, the compounds of Formula | have the
fallowing structure {B:
R'l ‘\\RZ

K CF3

B s
wherein each of R' and R? are as shown in the following Table i:
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Compound R R°
1 %N -ON
0
%N
2 YO -CN
0
/=N OH
§
3 YNy NH s
C” “CHa,
0 Hy
/=N OH
~N ) Z
%y NH S5 F
4 \C/\CHa
o Hy
/=N
5 '?z.....N\;;N —CH,CN
/=N
" \
/=N
_ : {
7 CN ‘E’_N\%N
. /::N
- RoX {
8 C(0)-O-CHjz ‘%”N\;N
9 3’”? CN
' 0 .
— PN .} o - = . FN‘
(14 =C{O)-NH; L"'{"'N\,;,N
=N
o3
11 )’/NH -CH,C(OH)(CHs),
I ,
/=N
o \
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Compound R’ R*
/=N
\
13 ‘?2..- N\?" N -CH20OCH3
/=N
- {
14 -CH,OCHs "a_a-—N\éN
=N _
“‘?."NF‘ .
15 YNH -CHo-NH-S(02)-CHs
0
=N
N | |
16 YNH ~CH,G(O)-NH(CH,CHa)
o
=N
o)
17 NH | _GH,-C(0)O-CH,CH,
o
=N
oL
18 NH -C(=N-OH)-CH.CH,
0
T=N
1}
19 G NS _NH -C(O)-CH,CHs
0
0
20 ‘?z—-NYNH -CH,OCHs
o
; =N
e
21 _ NH ~C{O)-NH(CHs)
' 0
=N
e
22 ~C(O)-NH(CHs) N -NH
' 0
=N
N
23 NH ~CH,0H
0
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Compound R’ R*
=N
24 (Zr‘N NH ~CH,CH20H
o}
=N
25 ‘E"N/w\,r‘*lH -CHoCH2CHs
0
=N
26 (?‘é"NP NH —CszCHs
0
=N
27 -CH,0CH; %Z’N/\ﬂt"‘""
I
7=N
28 LQ’NY\(C?_:?‘ - H
o}
Ve
29 Y YNH ~CHZC(O)-NH;
| .
'S
30 % NH -CH2-C(Q)-CHs
0
e
31 , 7)/NH -CH,-C{0)O-CH3
.. 0 ©o-
32 ‘?z"N;j -CN
o~ \\0
33 (%’N; -CN
o 0
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[ Compound R R?
34 -CN L"?"N/;P
0
‘ =N
_ 'H’N/\‘
35 . -CN YNH
: o]
) | -NH-S8(02)-CHs CN
37 ) CN “NH-S(O,)-CHs
=N
2N} |
Ty 38 YNH —CHCN
0
30 TN —NH
40 ~NH; CN
41 | -NH-C(O)}NHz - TN
7=N
i
42 LN NH -GN
| .
T 7=N
‘?2-—N
43 , H
O .
OH
. =N
44 b H
‘ZrNYNH
] e
OCHZ
45 g:-"‘\‘ H
%N NY
0
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Compound R’ R*
OCH;
46 H g‘*—-'}'
%N _NH
0
o)
/
O=g—CH,
HN
47 . H
Wy
NH
] |
0
/i
O=gcH,
HN
48 H =N
%N _NH
o]
HN
)=N
49 %N _NH CH-
o}
HN
)=N
50 H %N _NH
0
=N
e -
51 NFH -C(O)-NH;,
o
=N
N
52 NH -C(=N-OCHy)-CHs
o}
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Compound R _ R®
A =N
N}
53 YNH ~C(0)-CHs
0
. =N
N
54 . NH C(=N-OH)-CHa
0
=N
N
55 N -C(0)OCHS;
0
C =
]
56 5N NH -CH,CI
o
7=N
i
57 TN _NH -CH;
o}
e
58 NH - | _c(=N-OCH3)-CH,CH4
I .
. ',.,/le
59 NHC(O)CHs W/
® =
«w /N"‘N
X 1]
80 H &N, _NH
o
. N=N -
N ) .
61 e NH H
] .

n still an additional embodiment, the present invention is directed to a
method of treating a disease (or disorder or condition) in & patient in need of
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such treatment, wherein the disease is selected from the group consisting of:
(1) respiratory diseases (e.g., chronic lung disease, bronchitis, pneumonia,
asthma, aliergy, cough and bronchospasm), (2} inflammatory diseases (e.g.,
arthritis and psoriasis), (3) skin disorders (e.g., atopic dermatitis and contact
dermatitis), (4) ophthalmalogical disorders {e.g., retinifis, ocular hypertension
and cataracts), (5) central nervous system condifions, such as depressions
{e.g., neurotic depression), anxieties (e.g., general anxiety, social anxiety and
panic anxiety disorders), phobias (e.g., social phobia), and bipolar disorder,
(6} addictions (e.g., alcohol dependence and psychoactive substance abuse),
(7) epilepsy, (8) nociception, (9) psychosis, (10) schizophrenia, (11)
Alzheimer's disease, (12) AIDS related dementia, (13) Towne’s disease,
{14) stress related disorders (e.g., post traumatic stress disorder), (15)
obsessive/compulsive disorders, (16) eating disorders (e.g., bulimia, anorexia
nervosa and binge eating), (17) sleep disorders, (18) mania, (19)
premenstrual syndrome, (20) gastrointestinal disorders (e.g., irritable bowel
syndrome, Crohn's disease, colitis, and emesis), (21) atherosclerosis, (22)
fibrosing discrders (e.g., pulmonary ﬁbroéis), (23) obesity, (24) Type i
diabetes, (25} pain related disorders {e.g., headaches, such as m?graines,
neurapathic pain, post-operative pain, and chronic pain syndromes), (26)

‘bladder and genitourinary disorders (e.g., interstifial cystitis and urinary

incontinence), (27) emesis (e.g., chemotherapy-induced (e.qg., induced by
cisplatin, doxorubicin, and faxane), radiation-induced, motion sickness,
ethanol-induced, and post operative nausea and vomiting), and (28) nausea,
comprising administering to the patient an effective amount of at least one
{e.g., one) corhpoun_d of Formula | or a pharmaceutically acceptable sait
and/or_solvate thereof. .

~ Instilian additional embodiment, the present invention is directed to a
metﬁod of treating a disease (or disorder or condition) in a patient in need of
such treatment, wherein the disease is selected from the group consistiﬁg of:
respiratory diseases (e.g., cough), depression, anxiety, phobia, bipolar
di-sorder, alcohot dependence, psychoactive substance abuse, nociception,
psycﬁbsis, schizophrenia, stress related disorders, obsessive/compulsive
disorder, buiimia, anorexia nervosa, binge eating, ‘sleep disorders, mania,
premenstrual syndrome, gastrointestinal disorders, obesi'ty_, pain related
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disorders {e.g., headaches, such as migraines, neuropathic pain, post-
operative pain, and chronic pain syndromes), bladder disorders, genitourinary
disorders, emesis and nausea, comprising administering to the patient an
effective amount of at least one compound of Formula | or a pharmaceutically
accepiable salt and/or solvate thereof. '

In still an additional embodiment, the present invention also is directed
to a method of treating a disease (or disorder or condition) wherein there is
microvascular legkage and rucus secretion in a patient in need of such .

. treatment, comprising administering to the patient an effective amount of at

least one compound of Formula | ora pharmaceuﬁcally acceptable salt andlér
solvate thereof.

In still an additional embodiment, the present Invention also s directed
to a method of treating asthma, emesis, nausea, depressions, anxieties,
cough and paln related disorders in a patient in need of such treatment
comprising administering to the patient an effective amount of at least one
combound of Formula | or a pharmaceutically acceptable salt andfor solvate
thereof.

in still ah additional embodiment,.the present invention also is directed
to a method of treating emesis, depression, anxiety and cough in a patient in
need of such treatment comprising administering to the patient an effective
amount of at least one compound of Formula | or a pharmaceutically
acceptable salt and/or solvate thereof.

in still an additional embodiment, the present invention also is directed
to a method for antagonizing an effect of a Substance P at a neurokinin-1
recepior site in a patient in heed of such treatment, comprising administering
to the patient at least one compound of Formula | or a pharmaceutically
acceptable salt and/or solvate thereof. ' .

In still an additional.embddiment, the present invention also is directed

~ to a methed for the blockade of NK; receptors in a patient in need of such

treatment, comprising administering to the patient at least one compound of
Formula | or a pharmaceutically acceptable sait and/or solvate thereof.

In still an additional embodiment, the present invention also is directed
to'a methad for treating depression and/or anxiety in a patient in need of such
treatment comprising administering to the patient an effective amount of one
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or more compounds of Formulal ora pharmaceutiéally acceptable salt andfor
golvate thereof, in combination with an effective amount of one or more anti-
depressant agenis and/or one or more anti-anxiety agents.

In still an additional embodiment, the present invention also is directed
to a method of treating an NK; recepior mediated disease (or disorder or
condition) in a patient in need of such treatment comprising administering to
the patient an effective amount of one or more compounds of Formula { or a
pharmaceufically acceptable salt and/or solvate thereof, in combination with
an effective amount of one or more selective serofonin reuptake inhibitors
(“SSRIs").

in still an additional embodiment, the present invention also is directed
toc a method of treating depression and/or anxiety in a patient in need of such
treatment comprising administering to the patient an effective amount of one
or more compounds of Formula | or a pharmaceutically acceptable sait and/for
solvate thereof, in combination with an effective amount of one or more
selective serotonin reuptake inhibitors.

In yet an additional embodiment, the present invention also is directed
to a method of treating an NK; receptor mediated disease (or disorder or
condition) in a patient in need of such treatment comprising administering to
the patient an effective amount of at least one compound of Fcnjmuia lora
pharmaceutically acceptable salt and/or solvate thereof, in combination with at

least one therapeutic agent selected frorn the group consisting of. other types

of NK; receptor antagonists {e.g., NK; receptor antagonisis other than those
according to Formula | of the present invention), prostanoids, H receptor
antagonisis; o-adrenergic receptor agonists, dopamine receptor agonists,

——melanocartin receptor agonists, endothelin receptor antagonists, endothelin

30

conirerting enzyme inhibitors, angiotensin |l receptor antagonists, angiotensin
converting enzyme inhibitars, neutral metailoendopeptidase inhibiiors, ETa
antagonists, renin inhibitors, serotonin 5-HTz receptor antagonists (e.g.,

" ondansetron), serotonin 5-HTy, receptor agonists, nociceptin receptor
' agonists, glucocorticoids (e.g., dexamethasone), rho kinase inhibitors,

potassium channel modulators and inhibitors of multi-drug resistance protein

5.
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In yet an additional embodiment, the invention also is directedtoa
method for treating an NKy mediated disease (or disorder or condition) in a
patient in need of such treatment comprising administering to the patient an
effective amount of a compound of Formula [ or a pharmaceutically
acceptabie salt and/or solvate thereof, in combination with at least one
therapeutic agent selected from the group consisting of: prostanoids, such as
prostagltandin E;l; o-adrenergic agonists, such as phenfolamine mesyiate;
dopamine receptor agonists, such as apomarphine; angiotensin il
antagonists, such as losartan, irbesartan, valsartan and candesartan; ET,
antagonists, such as bosentan and ABT-627; sero;:on'in' 5-HT5 receptor
antagonists, such as ondansetron; and glucocorticoids, such as
dexamethasone,

In yet an additional embodiment, the invention also is directed to a
method for treating an NK; mediated disease (or disorder or condition) in a
patient in need of such treatment comprising administering to the patient an
effective amount of at least one compound of Formula | or a pharmaceutically
acceptable salt and/or solvate thereof, in combination with an effective
amount of at least one therapeutic agent selected from the group consisting
of: other types of NK; receptor antagonists, 8SRls, dopamine receptor
agonists, serotonin 5-HTs receptor antagonists, serotonin 5-HTz receptor
agonists, nociceptin receptor agonists, giicocorticoids and inhibitors of multi-
drug resistance protein 5. '

In yet an additional embodiment, the invention also is directed toa
method for treating emesis, nausea and/or vomiting in a patient in need of
such freatment comprising administéring to the patient an effective amount of

— ——at|east-one-compeund-of-Formula--or a-pharmaceutically-acceptable salt

andfor solvate therec, in combination with an effective amount of at least one
serotonin 5-HT; receptor antagonist (e.g., ondansetron) and/or at least one
glucocorticoid (e.g., dexamethasoné).

in still yet an additional embodiment, the present invention also is
directed to é kit comprising, in separate containers in a single package,
pharmaceutical compositions for use in combination to freat an NK1 receptor
mediated disease (or disorder or condition), wherein one container comprises
a pharmaceutical composition comprising an effective amount of & compound
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of Formula | or a pharmaceutically acceptable salt and/or solvate thereof, in a
pharmaceutically acceplable carrier, and wherein, a separate container
comprises a pharmaceutical composition comprising another therapeutic
agent in a pharmaceutically acceptable carrier, the therapeutic agent being
5 selected from the group consisting of: 8SRis, other types of NKy receptor

antagonists, prostanoids, Hy receptor antagonists, o-adrenergic receptor
agonists, dopamine receptor agonists, melanacortin receptor agonists,
endothelin receptor antagonists, endothelin converting enzyme inhibitors,
angictensin Il receptor antagonists, angiotensin converling enzyme inhibitors,

10 neutral metalloendopeptidase inhibitors, ETa antagonists, renin inhibitors,
serotonin 5-HT; receptor antagonists, serotonin 5-HTy receptor agonists,
nociceptin recepior agonists, glucocorticolids, rho kinase inhibitors, potassium
channel modulators and inhibitors of muiti-drug resistance protein 5.

In stiit yet an additional embodiment, the present invention aiso is

15 directed fo a kit comprising, in separate containers in a single package,
pharmaceutical compositions for use in combination to treat depression
and/or anxiety, wherein one container comprises a pharmaceutical
composition comprising an effective amount of a compound of Formulat or a
pharmaceutically acceptable salt and/or solvate thereof, in a pharmaceutically

20 acceptable carrier, and wherein, a separate container compfises a
pharm'aceuﬁcal domposition comptising an antidepressant agent in a
phannaceuﬁcaﬂy acceptable carrier, and/or wherein a separate container
comprises a pharmaceutical composition comprising an antianxiety agentin a
pharmaceutically acceplable carrier.

" 26 In still vet an additional embodiment, the present invention also is
e —-eiireeted~ta—a~kit-eempris—ing,—in-sepamte-eantainers—in a-single-package,

phafmaceutical compositions for use in combination to treat an NK, receptor '
mediated disease, wherein one container comprises a pharmagceutical '
composition comprising an effective amount of a compound of Formula ! or a

30 pharmaceutically acceptable salt and/or solvate thereof, in a pharmaceutically '
acceptable carrier, and wherein, a separate container comprises a
pharmaceutical composition comprising an SSRI in a pharmaceutically
acceptable carrier.
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in still yet an additional embodiment, the present invention also is
direcied 1o a kit comprising, in separate containers in a single package,

- pharmaceutical compositions for use in combination to freat depression

and/or anxiety, wherein one container comprises a pharmaceutical
composition comprising an effective amount of a compound of Formula | ora
pharmacedtically accepiable salt and/or solvate thereof, in a pharmaceutically
acceptable carrier, and wherein, a separate container comprises a
pharmaceutical composition comprising an SSRI in a pharmaceutically
acceptable carrier.

In still yet an additional embodiment, the present invention also is
directed {o a kit comprisihg, in separate containers in g single package,
pharmaceutical compositions for use in combination to treat emesis and/or
nausea, wherein one container comprises a pharrnaceutical composition
comprising an effective amount of a compound of Formula 1 or a
pharmaceutically acceptable sait and/or solvate thereof, in a pharmaceutically
acceptable carrier, and wherein, a separate container comprises a
pharmaceutical composition comprising a serotonih 5-HTs réceptor antagonist
in a pharmaceutically acceptable carrier, and/or wherein a separate container
comprises a pharmaceutical composiﬁon comprising a glucocorticoid in a
pharmaceutically accéptable cartier. ' .

"In still yet an additional embodiment, the present invention also is
directed to a kit comprising, In separate containers in a single package,
pharmaceutical compositions for use in combination to treat emasis andfor
nausea, wherein one container comprises a pharmaceutical composition
comprising an effective amount of a compound of Formula | or a

.- —pharmaceutically acceptable-salt-and/or. solvate thereof,-in-a-pharmaceutically

30"

accéptable carrier,-and wherein a separate container comprises ondansetron,
and/or whereln a saparate container comprises dexamethasone.

Ancther aspect of the invention is to provide a kit comprising, in
separate cont_ainers ina single package, pharmaceutical compasitions for use
in combination to treat an NK; receptor mediated disease, wherein one
contaiﬁei' comprises a pharmaceutical composition comprising an effective
amount of a compdund of Formula { in a pharmaceutically acceplable carrier,
and wherein, a separate container comprises a pharmaceutical composition
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comprising a therapeutic agent in a pharmaceutically acceptable carrier, the
therapeutic agent being selected from the group consisting of: other types of
NK; receptor antagonists, SSRIs, dopamine receptor agonists, serotonin §-
HT5 receptor antagonists, serctonin 5-HT2. receptor agonists, naociceptin
receptor agonists, glucocorticoids and inhibitors of multi-drug resistance
protein 5. '

Except where stated otherwise, the following definitions apply
throughout the specification and claims. When any variable occurs more than
one time in any moiety, its definition on each occurrence is independent of its
definition at every other occurrence. Chemical names, common names, and
chemical structures may be used interchangeably to describe the same
structure. These definitions apply regardiess of whether a term s used by
itself or in combination with other terms, unless otherwise indicated. Hence,
the definition of "alkyl” applies to "alkyl" as well as the "alkyl" portions of
“hydroxyalkyl," "haloalkyl," "alkoxy," etc.

Ac means acetyl.

AcOH (O\l; HOAc) means acetic acid.

Boc means t-butoxycarbonyl.

Bu means butyl.

£Bu or Bul means fertiary-butyl.

Bn means benzyl.

Cbz means carbobenzoxy {i.e., Ph-CHz-0-C(0)-).

DCM means dichioromethane.

DIEA means diisopropylethyl amine,

DMF means dimethyliormamide.

DMAP means dimethylaminopyridine.

DMPU means N,N H -dimethyi propylene urea.

DMSO means dimethylsuifoxide.

DPPA means diphenylphosphorazide.

Et means ethyl.

EDC.means 1-{3-dimethylaminopropyl)-3-ethylcarbadiimide
hydrochloride.

FAB means fast atom bombardment.

HOTs means p-toluene suifonic acid.
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HATU means O-(7-azabenzotriazol-1-yi}-N,N,N’,N'-
tetramethyluronivmhexaflucrophosphate.
HPLC means High Performance Liquid Chromatography.
HRMS means high resolution mass spectroscopy.
5 LLCMS means liquid chromatography/mass spectroscopy
LIHMDS means lithium hexamethyldisilazide.
Me means methyl.
MeOH means methanol.
MS means mass spectroscopy.
10 Ms or mesyl means methane sulfonyl.
Ni (Ra) means Raney Ni.
OD means opfical density.
Ph means phenyi
i-PA (or |PA or iPA) means iso-propyl.
18 - PPTS means pyridinium p-toluenesuifonic acid.
PTSA means p-toluene sulfonic acid. _
PYBOP means (benzotriazol-1-yloxy)tripyrrolidino phdsphonium
hexafluorophosphate.
RT or-rt means room temperature,
20 TBAF means fetrabutylammonium fluoride. -
"TBAI means tetrabutylammonium iodide.
TFA means trifluoroacetic acid.
THF means tetrahydrofuran.
TLC means Thin Layer Chromatography.
- 25 TMS means trimethylsilyl.
TMSCLmeans frimethylsilyl chioride,
“Tosyl” means foluene sulfonyl.
"Patient” includes both human and animals.
“Mammal” means humans and other mammalian animals.
30° °  Portions of chemical formufae enclosed in parentheses andfor brackets
denote pendant groups. For example, -C(O); refers to a carbonyl group {i.e.,
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O
"g“‘), -N(atkyl)- refers to a divalent amine group with a pendant alkyl group
OCH;
?Ikyl i
(i.e., —N—) and —C(=NOCH:)-CHs refers to —C-CHs .
"Alky" means an aliphatic hydrocarbon group, which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain,
5 Preferred alkyl groups contain about 4 fo about 12 .carbon atoms in the chain.
More preferred alky! groups contain about 1 to about 6 carbon atoms in the
" chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl or propyl, are attached to a linear alkyl chain. "Lower alky!" méans a
group having about 1 to about 6 carbon atoms in the chain that may be
10 straight or branched, The term "substituted alkyl" means that the alkyl group
may be substituted by one or more substituents which may be the same or
different, each subsfituent being independently selected from the group
consisting of halo, alkyl, aryl, cycloaikyl, cyano, hydroxy, atkoxy, alkylthio,
amino, ~-NH(alkyl), -NH(cycloalkyl), -N{alkyl)s, carboxy and —C(0)O-alkyl. Non-
15 fimiting examples of suitable alkyl groups include methyi, ethyl, n-propyl,
isopropyl and t-butyl. _ '
“Alkylene” means a divalent aliphatic hydrocarbon group, Which may be
straight or branched and comprising about 1 to about 20 carbon atoms in the
chain, Preferred alkylene groups contain about 1 to about 12 carbon atoms in
20  the chain. More preferred alky! groups contain about 1 to about 6 carbon -
atoms in the chain. Non-limiting examples of an alkylene group in_élude
methylene (i.e., -CHz-} and ethylidene (-CH2CHz- or ~CH(CHa)-).
“Alkkeny!” means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
25 comprisihg about 2 to about 15 carbon atoms in the chain. Preferred alkeny!
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 8 carbon atoms in the chain, Branched means that
one or more lower alkyl groups stich as methyl, ethyi or propyl, are attached
to a linear alkenyl chain. "Lower alkenyl” means about 2 to about 6 carbon
30 atoms In the chain, which may be straight or branched. The term "alkenyl’;
includes substituted alkenyl which means that the alkenyl group may be
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substituted by one or more substituents which may be the same or different,
each substituent being independently selected from the group consisting of
halo, alkyl. aryl, cycloatkyl, cyano, alkoxy and ~S(alkyl). Non-limiting examples
of suitable alkenyl groups include ethenyl (i.e., vinyl), propenyl, n-butenyl, 3-
methylbut-2-enyl, n-pentenyl, octenyl and decenyl.

"Alkynyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon friple bond and which may be straight ar branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkynyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 4 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as rriethyl, ethyl or propyl, are attached
to a linear alkynyl chain. "Lower alkynyl" means about 2 to about 8 carbon
atoms in the chain that may be straight or branched. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyt, 2-butynyl and 3-
methylbutynyl. The term "substituted atkynyl" means that the alkynyt group
may be substituted by one or more substituents which may be the same or
different, each substituent being independently selected from the group
consisting of alkyl, aryl and cycloalkyl.

"Aryl".means an aromatic monocyclic or multicyclic ring system

‘comprising about 6 to about 14 carbon atoms, preferably about 6 to about 10

carbon aioms. The aryl group can be optionally substituted with one or more
"ring system substituents” which may be the same or different, and are as
defined herein. Non-limiting examples of suitable aryl groups include phenyl
and naphihyl. '

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
compirising about 5 ta about 14 ring atoms, preferabiy about 5 to about 10 ring
ator’r}s, in which one or more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone or iﬁ combination.
Preferred heteroaryls contain about 5 to about 6 ring atoms. The “"hetercaryl”

" can be optionally substituted by ohe or more "ring system substituents" which

may be the same or different, and are as defined herein. The prefix aza, oxa
or thia before the heteroaryl root name means that at least a nitrogen, oxygen
or sulfur atom respectively, is present as a ring atom. A nitrogen atom of a
heteroaryl can be optionally oxidized to the corresponding N-oxide, Non-
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Imiting examples ot suitable heteroaryls include pyridyl, pyrazinyi, furanyl,
thienyl, pyrimidinyl, pyridone (including N-substituted pyridones), Isoxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazoiyl,
triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl, phthalazinyl,
oxindelyl, imidazo{t,2-alpyridinyl, imidazo[2, 1-b]thiazolyl, benzofurazanyl,
indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl,
thienopyridyl, quinazolinyl, thienopyrimidyl, pyrrolopyridyi, imidazopyridyl,
isoquinolinyl, benzoazaindolyl, 1,2 4-triazinyl, benzothiazolyl, tetrazolyl and

. the like. The term “heteroary!” also refers fo partially saturated heteroaryl

moieties such as, for example, tetrahydroisoquinolyl, tetrahydroquinolyl and
the like.

“Aralkyl” or “arylalkyl” means an aryl-alkyl- group in which the aryl and
alkyl are as previously described. Preferred aralkyls comprise a lower alky!
group. Nonimiting examples of suitable aralky! groups include benzyl, 2-

phenethyl and naphthalenylmethyl. The bond to the parent moiety is through

the alkyl.

"Alkylaryl" means an alkyl-aryl- group in which the alky} and aryl are as
previously described. Preferred 'alkylaryls comprise a lower alkyl group. A
non-limiting example of a suitable aikylaryl group is tolyl. The bond fo the
parent moiety is through the aryl.

"Cycloalky!" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring
atoms, The cycloalkyl can be optionally substituted with one or more "ring
system substituents” which may be the same or different, and are as defined
above. Non-imiting examples of suitable monocyciic cycloalkyls include
cyclopro;iyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloalkyls include 1-decalinyl, norbornyl,
adamanty! and the like, as well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyi and the like.. '

“Cycloalkylene” means a divalent cycloalkyl ring system, comprising
about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon
atoms. Preferred cycloalkylene rings contain about 5 to about 7 ring atoms.
The cycloalkylene can be optiohaﬂy substituted with one or more "ring systemn
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substituerts” which may be the same or different, and are as defined above.
Non-limiting example of suitable monocyclic cycloalkylenes includes

53
S, &
cyclopropylene (i.e., X or V ).

“Halogen” means fluorine, chiorine, bromine, or iodine. Preferred
halogens are fluorine, chlorine and bromine. “Halogen” or “halo” substituted
groups (e.g., haloalkyl groups) refers to groups substituied with one or more
fluorine, chloring, bromine, and/or iodine atoms.

"Ring system substituent” means a substituent aftached to an aromatic
or non-aromatic fing system, which, for example, replaces an available
hydrogen cn the ring system. Ring system substituents may be the same or
different, each being independently selected from the group consisting of
atkyl, aikenyl, alkynyl, aryl, heteroaryl, araikyl, alkylaryl, hetercaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl; halo, nitro, cyano, carboxy,
atkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralky[thio, cycloalkyl, heterocycloalkyl, -C(=N-CN)-NH,, -C{=NH)-NHz,
~C(=NH)-NH(alkyl), Y1Y2N-, YiYaN-alkyl-, Y{Y2NG(O)-, Y1Y2NSO,- and
-SO.NY1Y3, wherein Yy and Y. can be the same or different and are
indepéndently selected from the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, and aralkyl. “Ring system substituent” may also mean a single
mdiety which simultaneously replaces two available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such mcﬁety are metihyiene dioxy, émylenedioxy, ~C{CH3)2- and the lie which

- - 25—Ffomn-moleties-such-as;for-examplé: e

O .
Y0 JE)
. 0 and .
"Heterocycloalkyl” means & non-aromatic saturated monocydlic oF
multicyclic ring system comprising about 3 to about 10 ring atoms, preferably

about 5 to about 10 ring atoms, in which one or more of the atoms in the ring
system is an element other than carbon, for example nifrogen, oxygen or
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sulfur, alone or in combination. There are no adjacent oxygen and/or sulfur
atoms present in the ring system. Preferred heterocycloalkyls contain about 5
to about 6 ring atoms, The prefix aza, oxa or thia before the heterocycloalky!
root name means that at least a nitrogen, oxygen or sulfur atom respectively
is present as a ring atom. Any —NH in a heterocycloalkyl fing may be present
in protected form such as, for example, an -N{Bag}, -N{CBz), -N(Tos) group
and the like; sﬁph protected functional groups are also considered part of this
invention. The heterocycloalkyl can be optionally substituted by one or more

. "ring system substituents"” which may be the same or different, and are as

defined herein. The nitrogen or suifur atom of the heterocycloalkyl can be
optionally oxidized to the corresponding N-oxide, S-oxide or S,S-dioxide. Non-
limiting examples of suitable monocyclic heterocycloalky! rings include
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyi,
1,4-dioxany!, tetrahydrofuranyl, tetrahydrothiophenyi, lactam, lactone, and the
like. _ ‘ .

it should be noted that in hetero-atom containing ring systems of this

invention, there are no hydroxyl groups on carbon atoms adjacenttoa N, O or

S, as well as there are no N or S groups on carbon adjacent to ancther
heteroatorn. Thus, for example, in the ring:

there is no -OH attached directly to carbons marked 2 and 5. _
i should also be noted that {automeric forms such as, for example, the

moieties:
Lk 3

0 »
and N" “oH

are considered equivalent in certain embodiments of this invention.

“Alkynylalkyl” means an alkynyl-alkyl- group'ih which the alkynyl and
alkyl are as previously described. Preferred alkynylatkyls'contain a lower
alkynyl and a lower atkyl group. The bond to the parent moiety.is through the
alky!, Non-limiting examples of suitable alkynylalkyl groups include
propargylmethyl.
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"Heteroaralky!l” means a hetsroaryl-alkyl- group in which the heteroaryl
and alkyl are as previously described. Preferred hetercaralkyls contain a
lower atkyl group. Non-limiting examples of suitable aralky! groups include .
pyridylmethyl, and quinolin-3-yimethyl. The bond to the parent molety is
through the aikyl.

'"Hy.droxyalky}“ means a HO-alkyl- group in which alkyl is as previously
defined, The "alkyl’ portion of the hydroxyalkyl is preferably a lower alkyl.
Non-limiting examples of sultable hydroxyalkyl groups include hydroxymethyl
and 2-hydroxyethy).

"Acy!" means an H-C(0)-, alkyl-C{O)- or cycloalkyl-C(Q)-, group in
which the various groups are as previously deseribed. The bond fo the parent
moiety is through the carbonyl. Preferred acyls contain a lower alkyl. Non-
limiting examples of suitabie acyl groups include formyt, acetyl and propanoyi,

"Aroyl” means an aryl-C({0})- group in which the aryl group is as
previcusly described. The bond to the parent moiety is through the carbony!.
Non-fimiting examples of suitable groups include benzoyl and 1- naphthoyl,

"Alkoxy" means an alkyl-O- group in which ihe alkyl group is as
previously described. Non-limiting exampiles of suitable alkoxy grotps include
methoxy, ethoxy, n-propoxy, isopropoky and n-butoxy. The bond to the parent
moiety is through the ether oxygen. ' : '

“"Aryloxy" means an aryl-O- group in which the aryl group is as
previously described. Non-limiting examples of suitable aryloxy groups include
phenoxy and naphthoxy. The bond to the parent moiety is through the ether

oxygen. .
"Aralkyloxy™ means an aralkyl-O- group in which the aralkyl group Is as

include benzyloxy and 1~ or 2-naphihalenemethoxy. The bord to the parent
moiety is through the ether oxygen.

"Alkylthio” means an alkyl-S- group in which the alkyl group is as
pre\}ious!y described. Non-limiting examples of suitable alkylthio groups

" include methyithio and ethylthio. The bond to the parent moiety is through the

sulfur.
"Arylthio" means an aryl-S- group in which the aryl group is as
previously described, Non-limiting examples of suitable arylthio groups
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include phenyithio and naphthyithio. The bond to the parent moiety is through
the sulfur.

"Aralkyithio” means an aralkyl-S- group in which the aralky! group Is as
previously described. Non-limiting example of a suitable aralkylthio group is
henzyithio. The bond to the parent moiety is through the sulfur. |

"Alkoxyp_a\rbonyl" means an alkyl-O-CO- group. Non-limiting examples
of suitable atkoxycarbonyl groups include methoxycarbonyl and
ethoxycarbonyl. The bond to the parent moiety is through the carbonyl.

"Aryloxyc'arbonyl“ means an aryl-0-C(O)- group. Non-limiting examples
of suitable aryloxycarbony! groups include phenoxycafbonyl and
naphthoxycarbonyl. The bond to the parent moiety is through the carbonyl.

"Aralkoxycarbonyl" means an aralkyl-O-C(Q)- group. Non-limiting
example of a suitable aralkoxycarbonyl group is benzytoxycarbonyt. The bond
1o the parent moiety is through the carbonyi.

“Alkylsulfonyl” means an alkyl-S(Oz)- group. Preferred groups are
those in which the alkyl group is lower alkyi. The bond to the parent moiety is
through the sulfonyi.

"Arylsuifonyl" means an aryi-S(Ojy)- group. The bond to the parent
moiety is through the sulfonyl. ' '

The term “substituted” means that one or more hydrogens on the
designated atom is replaced with a selection from the indicated group,
provided that the designated atom’s normal valency under the existing
circurnstances is not exceeded, and that the substitution results in a stable
compound. Combinations of substituents and/or variables are permissible
only if such combinations result in stable compounds. By “stable compound’

" or “stable structure” is meant a compound that is sufficiently robust to survive

isolation.to a useful degree of purity from a reaction mixture, and formulatiori
into an efficacious therapeutic agent.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties. )

The term "isolated" ot "in isolated form" for a compound refers to the
physical state of said compound after being isolated from a synthetic process
or natural source or combination thereof, The term "purified” or "in purified
form" for a compound refers to ;che physical state of said compound after _
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being obtained from a purification process or processes described herein or
well known to the skilled artisan, in sufficient purity to be characterizable by
standard analytical technigues described herein or well known to the skilled
artisan.

It should aiso be noted that any heteroatom with unsatisfied valences
in the text, schemes, examples and Tables herein is assumed fo have one or.
more hydrogen atoms to satisfy the valences.

When a ring system (e.g., cycloalkyl, heterocycloatkyl, aryl, or
heteroaryl) is substituted with a number of substituents varying within an
expressly defined range, it is understood that the total number of substituents
does not exceed the normal available valencies under the existing conditions.
Thus, for example, a phenyi ring substituted with “n” substituents (where “n"
ranges from 0 to 5} can have 0 to 5 substituents, whereas it is undersiood that
a pyridiny! ring substituted with "n" substituents has a number of substituents
ranging from O to 4. . '

When a functional group in a compound is termed "protected”, this
means that the group is in modified form to preclude undesired side reactions
at the protected site when the compound is subjected to a reaction. Sultable
protecting groups will be recoénized by those with ordinary skill-in the art as
Well as by reference to standard textbooks such as; for examp!g, T.W.
Greene et al, Protective Groups in Organic Synthesis (1991), Wiley, New
York, herein incorporated by reference.

When any variable (e.g., aryi, heterocycloalkyl, R?, efc.) ocours more
than one time in any constituent or in Farmula 1, its definition on each
occurrence is independent of its definition at every other occurrence.

As_used herein, the-term “camposition” is.intended to encompass a
product compyrising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combination of the
speciﬁeﬁ ingredients in the specified amounts. |

“Afkylheteroary” means an alkyl group attached to a parent moiety via
a .heteroaryl group.

| “Alkylsulfiny” means an alkyl-S(O)- group. Preferred groups are those
in which the alky! group is lower alkyl. The bond to the parent moiety is
through the sulfinyl.
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“Aralkenyl” means an aryl-alkenyl- group in which the aryl and alkenyl
are as previously described. Preferred aralkenyls contain a lower alkenyl
group, Non-limiting examples of suitable aralkeny! groups include 2-
phenstheny! and 2-naphthyletheny!l. The bond to the parent moiety is through
the alkenyl.

“Aralkylthioc” means an aralkyl-S- group in which the aralkyt group Is as
previously described. Non-limiting example of a suitéble aralkyithio group is
benzylthio. The bond to the parent moiety is through the sulfur.

“Aryfoxycérbonyl" means an aryl-O-C(0)- group. Nan-limiting examples -
of suitable aryloxycarbonyl groups include phenoiycarbonyl and
naphthoxycarbonyl. The bond to the parent moiety is through the carbonyl.

“Arylsulfinyl” means an aryl-S(0)- group. Non-limiting examples of
suitable arylsulfiny! groups include phenyisulfinyl and naphthylsulfinyl. The
bond to the parent moiety Is through the sulfinyl.

A carbamate group means a—0-CG{O)-N(alky! or aryl)- group, and a
urea group means a —N(alkyl or aryl)-C(Q)-N{alky! or aryl)- group.
Representative carbamate and urea groups may include the following:

H;C

S S &

cC 9 3

Ha '

N N
H3C/(%H3 0 HaC

“Cycloalkenyl” means a non-aromatic mono or multicyclic ring system

.comprising.about.s-ta-abéut-w-.carbon-atoms, preferably about 5 1o about 10

carbon atoms, which contains at [east one carbon—carpon double bond.
Preferred cycloalkeny! rings contain about 5 to about 7 ring atoms. The

" cycloalkenyl can be optionally substituted with one or more "ring system

substituents” which may be the same or different, and are as defined above.
Non-limiting examples of suitable monogyclic cycloalkenyls include
cyciopentenyl, cyclohexenyi, cycloheptenyl, and the like. Non-limiting example
of a suitable multicyclic cycloalkenyl is norbomylenyl.

-37-



-
N

WO 2006/007540 PCT/US2005/023427

10

15

20

25

30

"Cycloalkylazmino” means a cycloalkyl group as defined herein attached
to the parent moiety through a nitrogen atom.

"Cycloatkylaminocarbonyl” means a cyclic alkyl group attached o a
nitfrogen atom, which is attached to a carbonyl group; the whole may be
referred to as a substituted amide.

“Heteroalkyl” means an alkyl as defined herein, in which at Jeast one
the atoms is an element other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination.

"Heteroaralkenyl” means a heteroaryl-alkenyl- group in which the
heteroaryl and alkenyi are as previously described. Preferred heteroaralkenyls
contain a lower alkenyi group. Non-limitingf; examples of suitable
heteroaralkenyl groups include 2-(pyrid-3-yljethenyi and 2-(quinolin-3-
yhethenyl. The bond to the parent moiety is through the alkenyt.

“Heteroaralkyl” means a heteroaryl-alkyl- group in which the heteroaryl
and alkyl are as previously described. Preferred heteroa}alkyls contain a
lower alkyl group. Non-limiting examplés of suitable aralkyl groups include
pyridylmethyl, 2-(furan-3-yl)ethyl and quinclin-3-yimethyl. The bond to the
parent moiety is through the alkyl.

“Heteroaralkylthio” means a heteroaryl-alkyl-S group wherein the group
is attached to the parent mojety through the sulfur. _

“Heteroarylsulfinyl” means a heteroary)-S(0)- group whérein the
heteroaryl is as defined herein and the heteroarylsulfinyl group is attached to
the parent moiety through the sulfiny.

“Heteroaryisulfonyl” means a heteroaryl-8(0Oz) - group wherein the
heteroary! is as defined herein and the heteroaryisulfonyl group is atfached 1o

the-parent- moiety-through-the sulfonyl.-

“Heteroaryithio” means a heteroaryl-8- group wherein the heteroaryl is
as defined herein and the heteroarylsulfinyt group is attacﬁed to the parent
moiety through the sulfur.

"Heterocycloalkenyl” means a non-aromatic monocyclic or multicyclic
ring system comprising about 3 to about 10 ring atoms, preferably about & to
about 10 ring atoms, in which one or more of the atoms in the ring system is
an elerment other than carbhon, for example nitrogen, oxygen or sulfur atom,
alone or in combination, and which contains at least one carbon-carbon
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double bond or carbon-nitrogen double bond. There are no adjacent oxygen
and/or sulfur atoms present in the ring system, Preferred heterocycloalkenyl
rings contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before
the heterocycloalkenyl root name means that at least a nitrogen, oxygen or
sulfur atom respectively is present as a ring atom. The heterocycloalkenyl can
be optionaily s._ubstituted by one or more ring system substituents, wherein
“ring system substituent” is as defined above. The nitrogen or sulfur atom of
the heterocycloalkeny! can be optionally oxidized to the corresponding N-

. oxide, S-oxide or §,S-dioxide. Nan-limiting exampies of suitable monocyclic

azaheterocycloalkeny! groups include 1,2,3,4- tetrahydropyridiné, 1,2~
dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine, 1,4,5,6-
tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrraolinyl, 2-imidazolinyl, 2-pyrazolinyl,
and the like. Non-limiting examples of suitable oxaheterocycloalkenyl groups
include 3,4-dihydro-2H-pyran, dihydrofuranyl, fluorodihydrofuranyl, and the

like. Non-limiting example of a suitable multicyclic oxaheterocycloatkenyt

group is 7-oxabicyclo{2.2.1]heptenyl. Non-limiting examples of suitabie
monocyalic thiaheterocycloalkenyl rings include dihydrothiophenyl,
dihydrothiopyrany!, and the like,

“Heterocyclic” means, in addition to the heteroaryl groups defined
below, saturated and unsaturated cyclic organic groups having at least one O,
§ and/or N atom interrupting a carbocyelic ring structure that consists of one
ring or two fused rings, wherein each ring is 5-, 8- or 7-membered and may or
may not have double bonds that lack deloéalized pi electrons, which ring
structure has from 2 to 8, preferably from 3 o 6 carbon atoms, e.g., 2- or
3-piperidinyl, 2~ or 3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-

Jhiomarpholiny.

“Sulfonamide” means a sulfonyl group attached fo a parent moiety

through an amide.

As is well known in the ari, a bond drawn from a particular atom
wherein no moiety is depicted at the terminal end of the bond indicates a
methyl group bound through that bond to the atom. For example:
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/=N /=N
‘?_rN ‘21-—N CH;
CHj
0 represents o .

It should also be noted that throughout the specification and Claims
appended hereto, that any formula, compound, molety or chemical illustration
with unsatisfied valences is assumed to have the hydrogen atom to satisfy the

5 valences unless the context indicates a bond.

With reference to the number of moieties (e.g., substituents, groups or
rings) in a compound, uniess otherwise defined, the phrases “one or more”
and “at least one” mean that there can be as many moieties as chemically
permitted, and the determination of the maximum number of such moieties is

10 well within the knowiedge of those skilled In the art.

The wavy iing vwvnnar as a bond generally indicates a mixture of, or

either of, the possible isomers, e.g., containing (R)- and (8)- stereochemistry.

For example, )
OH OH ~OH
OF means containing both O’ and O
N N
15 N ¥ o

When the stereochemistry in a structure Is not expressly indicated, the
structure can have a mixture of, or any of the individual possible
sterecisomers. Thus, when the stereochemistry is not explicitly indicated in a
structure, the structure includes all stereochemical configurations having the

20 indicated connectivity (.g., all possible enantiomers or diastereomers), as
well as mixtures of such stereoisorners (e.g., racemic mixtures). For example,
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Lines drawn into the ring systems, such as, for example:
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indicate that the indicated iine (bond) may be atfached to any of the
substitutable ring carbon atoms.

Prodrugs and solvates of the compounds ¢f the invention are aiso
contemnplated herein. The term "prodrug", as employed herein, denotes a
compound that is a drug precurscr which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical processes to yield a
compound of Formula | or a salt and/for solvate thereof. A discussion of
prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems (1987} Volume 14 of the A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed.,
American Pharmaceutical Association and Pergamon Press, both of which
are incorporated herein by reference thereto. ' _

"Soclvate" means.a physical association of a compound of this invention
with one or more solvent molecules. This physicél association involves '
varying degrees of ionic.and covalent bonding, including hydrogen bonding. in
certain instances the solvate will be capable of isolation, for example when
one or more solvent molecules are incorporated in the crystal lattice of the
crystafline solid. "Solvate” encorﬁpasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates include ethanolates,
methanolates, and the like. A “hydrate" is a sclvate wherein the solvent
molecule is Ha0.

"Effective amount" or "therapeutically effective amount” is meant to
describe an amount of compound or a composition of the present invention
effective in antagonizing the neurokinin-1 receptor and thus producing the
desired therapeutic effect in a suitable patient.

The compounds of Formula | form salts that are also within the scope

" ofthis invention. Reference to a compound of Formula | herein is understood

to include reference to'salts thereof, unless otherwise indicated. The term
"sali(s)", as employed herein, denotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts formed with inorganic and/or
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organic bases. In addition, when a compound of Formula [ contains both a
basic moiety, such as, but not imited to a pyridine or imidazole, and an acidic
moiety, such as, but not limited to a carboxylic acid, zwitterions ("inner salts")
may be formed and are included within the term "sali(s)" as used herein,
Phamaceutically acceptable (i.e., non-toxic, physiologically acceptable) salts
are preferred, although other salts are also useful, Salts of the compounds of
the Formula | may be formed, for exampie, by reacﬁng a compound of
Formula | with an amount of acid or base, such as an equivalent amount, in a
medium such as one in which the saft precipitates or in an aqueous medium
followed by lyophilization, ' '

Exemplary acid addition salts inciude acetates, adipates, alginates,
ascorbates, aspartates, henzoates, benzenesuifonates, bisuifates, borates,
butyrates, citrates, camphorates, camphorsuifonates,
cyclopentanepropionates, digluconates, dodecylisulfates, ethanesulfonates,
fumarates, glucoheptanoates, glycerophosphates, hemisulfates, heptanoates,
hexgnoates, hydrochiorides, hydrobromides, hydroiodides,

~2-hydroxyethanesulfonates, lactates, maleates, methanesulfonates, methyl

sulifates, 2~napﬁthalenesulfonat'es, nicotinates, nitrates, 6xa!ates, pamoates,
pectinates, bersulfaies, 3-phenylprobicnates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates, suifonates (such as those
mentioned herein), tartarates, thiocyanates, toluenesulfonates (also known as
fosylates,) uhdecanoates, and the like.

Exemplary basic salts include ammonium salts, alkali metal salts such
as sodium, lithium, and potassium salts, alkaline earth metal salts such as
calcium and magnesiurh ‘salts, aluminum salts, zinc salts, salfs with organic
bases (for example, organic amines) such as benzathines, diethylamine,
dicyclohexylamines, hydrabamines (formed with _
N,N-bis(dehydroabietyethylenediaming), N-methyl-D-glucamines, .

"~ N-methyl-D-glucamides, t-butyl amines, __piperaziﬁe; phenylcyclohexylamine,

choline, tromethamine, and salts with amino acids such as arginine, lysine
and the like. Basic nitrogen-containing groups may be quarternized with
agents sich as lower alkyl halides (e.g. methyl, ethyl, propyl, and butyl
chlorides, bromides and iodides), dialkylhsulfates- (e.g. dimethyl, diethyl,
dibutyl, and diamy! sulfates), long chain halides (e.g. decyl, fauryl, myristyl
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and stearyl chlorides, bromides and iodides), aralky! halides (e.g. benzyl and
phenethyl bromides), and others. Acids (and bases) which are generally
considered suitable for the formation of pharmaceutically useful saits from
basic (or acidic) pharmaceutical compounds are discussed, for example, by S.
5 Berge et al, Jounal of Pharmaceutical Sciences (1877) 66(1) 1-19; P. Gould,

Intemaltional J. of Pharmaceutics (1886) 33 201-217; Anderson et al, The
Practice of Medicinal Chemistry (1996), Academic Press, New York; in The
Orange Book (Food & Drug Administration, Washington, D.C. on their
website); and P. Heinrich Stahi, Camille G, Wermuth (Eds.), Handbook of

10 Pharmaceutical Saffs: Properties, Selection, and Use, (2002) Intl. Union of
Pure and Applied Chemistry, pp. 330-331, each of which is incorporated

o herein by reference.

All such acid salts and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts

15 are considered equivalent to the free forms of the corresponding compounds
for purposes of the invention. '

Compounds of Formula | and salts, solvates and prodrugs thereof, may
exist in their tautomeric form (for example, as an amide or imino ether). All
such tautomeric forms are contemplated herein as part of the present

20 invention, ) ' .

" Polymorphic forms of the compounds of Formula f, and of the salts,
solvates, and/or prodrugs thereof, are intended to be included in the present
invention. '

Lo All stereoisomers (for example, geometric isomers, optical isomers and

25 the like) of the present compounds (including those of the salts, solvates and
prodrugs.of.ithe.compounds.as well as_the salts.and s'ol.\zates,of.the.brodrugs),
suich as those which may exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may exist even in_ the
absence of asymmetric carbons), rotameric forms, atropisomers, and

30 - diastereomeric forms, are conterriplated within the scope of this invention.
Individual stereoisomers of the compounds of the invention may, for example,
be substantially free of other isomers, or may be gdmixed, for example, as
racemates or with ali other, or other selected, sterecisomers. The chiral
centers of the present invention can have the SorR configuration as defined
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by the IUPAC 1974 Recommendations. The use of the terms "salt", "solvate”
"prodrug” and the like, is intended to equally apply to the salt, solvate and
prodrug of enantiomers, sterecisomers, rotamers, tautomers, racemates or
prodrugs of the inventive compounds. “At Jeast one”, examples include 1-3,
12 ori.

Compounds of Formula | are effective antagonisis of the NK; receptor,
and have an effect on its endogenous agonist, Subétance P, at the NKj '
receptor site, and therefore, can be useful in treating diseases, disorders, or

- conditions causéd or aggravated by the activity of the receptor.

The in vitro and in vivo NK, NKz and NKs activities of the compounds
of Formula | can be determined by various procedures known ik the art, such
as a test for their ability to inhibit the activity of the NK; agonist Substance P,
The percent inhibition of neurokinin agonist activity is the difference between
the percent of maximum specific binding ("MSB") and 100%. The percent of
MSB is defined by the following equation, wherein "dpm” represents
"disintegrations per minute”™: |
(dpm of unknown) - (dpm of nonspecific binding)

X 100
(dpm of total binding) - (dpm of nonspecific binding)

% MSEB =

The concentration at which the compound praduces 50% inhibition of bindlﬁg '
is then used to determine an inhibition constant ("Kf'j using the (}I'lamg--Prusoﬁr
equation. ' '

In vivo activity may be measured by inhibition of an agonist-induced
foot tapping in a gerbil, as described in Science, 281, 1640-1695 (1998),
which is herein incorporated by reference in its.entirety. 1 wili be fecognized
that compounds of Formula | can exhibit NK4 antagonist adivities of varying

25 —degrees. Forinstance, certain compounds canmexhibit sironger NK,

30

antagonist activities than others, . :

The compounds of the present invention exhibit potent affinities for the
NK;4 receptof as measured by K; values {in nM), The activities (potencies) for
the compounds of the invention are determined by measurinQ their K; values,
The smaller the K value, the more active is a compound for antagonizing the
NK; receptor. Compounds of the invention exhibit a wide range of activities.
The NK; éverage K; values for compounds of Formula | generally range from
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0.01 nM to about 1000 nM, preferably, from about 0.1 nM to about 100 nM,
with values of from about 0.1 nM to about 10 "M neing more preferred. Even
more preferred are compounds having average K; values of from 0.1 nM to
about 5§ nM for the NK; receptor. Especially preferred compounds have NK;
average K, values of from 0.1 nM fo about 1 M. Even more especially
preferred compounds have NK; average K; values of from 0.1 nM to about 0.3
nM. Compounds 2, 8, 10, 12, 14, 16, 19, 20, 23, 29, 30, 42, and 54 (see
Table | above) have K values, respectively, of 0.12, 0.18, 0.1, 0.05, 0.1, 0.13,
0.1, 0.11,0.12 0.11, 0.54, 0.28, and 0,12 nM. _

Compounds of the Formula ] have a number of utilities. For instance,
the inventive compounds can be useful as antagonists of neurokinin
receptors, particularly, Ni; receptors in a mammal, such as a human. As
such, they may be usefu! in treating and preveniing one or more of a variety of
mammalian {human and animal) disease states (physiological disorders,
symptoms and diseases) in a patient in need of such treatment, wherein the
disease states are selected from the group consisting of: {1) respiratory
diseases {¢.g., chronic lung disease, bronchitis, pneumonia, asthma, allergy,
cough and bronchospasm), {2) inflammatory diseases (e.g., arthritis and
psoriasis), (3) skin disordets {e.g., atopic dermatitis and contact dermatitis),
(4) ophthalmologic disorders (e.g., refinitis, ocular hypertension and
cataracts), (5) central nervous system conditions, such as depressions (e.g.,
neurotic dépression), anxieties (e.g., general anxiety, social anxiety and panic
anxiety disorders), phobias (e.g., social phobia), ahd bipolar disorder, (6)
addictions (e.g., alcoho) dependénce‘ and psychoactive substance abuse), (7)
epilepsy, (8) nociception, (9) psychesis, (10) schizophrenia, (11)

~ — Alzheimers.disease,(12) Al Ds.related.dementia, - {13) Towns's disease, -

30

(14) stress relatsed disorders (e.g., post traumatic stress disorder), (15)
ohsessive/compulsive disorders, (16) ealing disorders (e.g., bulimia, anorexia
nervosa and binge eating), (17) slee_p disorders, (18) mania, (19}

' premenstrual syndrome, (20) gastrointestinal disorders (e.g., itritable bowel

syndrome, Crohn's disease, colifis, and emeéis), (21) atherosclerosis, (22)
ﬁbrosing disorders {e.g., puimonary fibrosis), (23) obesity, (24) Type !l
diabetes, (25) pain related disorders {e.g., headaches, such as migraines,
neuropathic pain, past-operative pain, and chronic pain s'yndromes), (26}
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bladder and genitourinary disorders (e.g., interstitial cystitis and urinary
incontinence), {27) emesis (e.g., chemotherapy-induced (e.g., induced by
cisplatin, doxorubicin, and taxane), radiation-induced, motion sickness,
ethanol-induced, and post operative nausea and vomiting), and (28) nausea.
Preferably, the inventive compounds can be useful in treating and preventing
one of the following mammalian (e.g., human) disease states in a patient in
rieed of such treatment. respiratory diseases (e.g., cough), depression,
anxiety, phobia, and bipolar disorder, alcohol dependence, psychoactive

. substance abuse, nociception, psychosis, schizophrenia, stress related

disorders, obsessive/compulsive disorder, bulimia, anorexia nervosa and
binge eating, sleep disorders, mania, premenstrual syndrome, gastrolntestinal
disorders, obesity, pain related disorders, bladder disorders, genitourinary
disorders, emesis and hausea. In particular, the compounds according to
Formula 1 are useful for treating disease states related to microvascular
leakage and mucus secretion. Consequently, the compounds of the invention
are especially useful in the treatment and prevention of asthma, emesis, ‘
nausea, depressions, anxieties, cough and pain refated disorders, more
especially, emesis, depression, anxiety and cough.

In another aspect, the invention refates to pharmaceutical compos:tfons
comprising at least one compaund (e.g., one to three compounds, preferably,
one compound) represented by Formula { and at least one pharmaceutically
acceptable excipient or camrier. The invention also relates to the use of such
pharmaceutical compositions in the treatment of mammalian (e. g ‘human)
disease states, such as those listed above.

in still another aspect of the invention, a method is provided for
antagonizing_the effects of a Substance P.at a.naurakinin-1 receptor site or for
the blackade of ong or more neurokinin-1 receptors in a mammal (ie., a
patient, e.g., a human) in need of such treatment, comprising administering to

" the mammal an effective amount of at least one (e g., one) compound

according to Formula L.
in another aspect of the invention, an eifective amount of one or more

of the inventive NK; receptor antagonists may be combined with an effective
amount of one or more anti-depressant agents and/or one or more anti-
anxiety agents (e.g., gepirone, gepirone hydrochicride, nefazodone, and
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netazodone hygrocnionae (e.g., Serzone®)) to treat depression and/or
anxiety. U.8 6,117,855 (2000), the disclosure of which is incorporated herein
by reference, discloses a method for treating or preventing depression or
anxiety with a combination therapy of a specific NK, receptor antagonist
together with an anti-depressant and/or anti-anxiety agent. Thus, anti-
depregsant and/or anti-anxiety agents, such as those disclosed in U.S.
6,117,855 (2000}, can be combined with one or more {e.q., one) compounds
of the Formula | to treat depression and/or anxiety disease states ina
mammal, preferably, a humah.

In still another aspect of the invention, an effective amount of one or
more (e.q., one) of the inventive NK; receptor antagonists may be combined
with an effective amount of one or more (e.g., one) selective serotonin
reuptake inhibitors ("SSRIs"} to treat a variety of mammalian disease states,
such as those described above. SSRIs alter the synaptic availability of
serotonin through their inhibition of presynaptic reaccumulation of neuronally
released serofanin.: U.S. 6,162,805 {2000), the disclosure of which is
incorporated herein by reference, discloses a method for treating obesity with
a combination therapy of a NK, receptor antagonist and an SSRi, One or
more inventive compound(s) of the Formula | can be combined 1ogeﬂ1er with
an SSRI{s) in a single pharmaceutical cornposition, of it can be administered
simulianeously, concurrently or sequentially with an SSRI. Th_:IS' combination
may be useful in the treatment and prevention of obesity or another of the
above-identified human and animal disease states. In particular, an effective
amount of at least one {e.g., one) compound having the Formula I, alone or
together with an effective amount of at least ane (e.g., one) selective
sero’;oniﬂr reuptake inhibitor,_can be vuseful in the treatment and prevention of

depression, and/or anxlety,
Numerous chemical substances are known fo alter the synaptic
availability of serotonin through their inhibition of presynaptic reaccumulation

" -of neuronally released serofonin. Representative SSRIs include, without

limitation, the following: fluoxetine, fluoxetine hydrochl'orid'e (e.g., Prozac®),
fluvoxamine, fluvoxamine maleate (e.g. Luvox®), paroxetine, paroxetine
hydrochloride (s.g., Paxif®, sertraline, sertraline hydrochioride (e.g., Zoloft®),
citalopram, citalopram hydrobromide (e.g., Celexa™), duloxetine, duloxetine
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hydrochloride, venlafaxine, and venlafaxine hydrochloride (e.g., Effexor®).
Further S3Ris include those disclosed in U.S. 6,162,805 (2000). Ciher
compounds can readily be evaluated to determine their ability to selectively
inhibit serotonin reuptake. Thus, one aspect of the invention relates to a
pharmaceutical composition comprising at least one (e.g., one) NK; receptor
antagonist having the Formula |, at least one (e.g., one) SSRY, and at least
one pharmaceutically acceptable excipient or carrier. Another aspect of the
invention relates to a method of treating the above identified mammalian (e.g.,

. human) disease‘states_, the method comprising administering to a patient in

need of such treatment an efiective amount of a pharmaceutical composition
comprising at Jeast one (e.g., one) NK receptor antagonist having the
Formula | in combination with at least one (e.g., one) SSRI, such as one of
those recited above, and at least one phamaceutically acceptable excipient
or carrier.

In a preferred aspect, the invention relates to a method of treating
depression and anxiety, the method comprising administering to a patient in
need of such treatment an effective amount of at least one {e.g., one) NK;
receptor antagonist having the Formula | in combination with at least one.
(e.g., one) SSRI, such as one of those described above. When an inventive
NK; receptor antagonist is combined with an SSRI for admiﬁistration toa
patient in need of such treatment, the two active ingredients can be
administered simultaneously, consecutively (one after the other within a
relatively short period of time), or sequentially (first one and then the other
over a period of time). In general, when the two active ingredients are
administered consecutively or sequentially, the inventive NK4 receptor
Aantagonist s, preferably, administered before the administration of the SSRI.

It is another embodiment of the invention {o treat a patient suffering
from multiple ailments with a combination therapy, the therapy.comprising
administering to a patient (e.g., @ mammal, preferably a human) in need of
such treatment at least one cofnpound of Formula |, and at least one other
active ingredient (i.e., drug) used for treating one or more of the ailments
being suffered by the patient. The compounds of Formula | and the other
active ingredients can be administered sequentiaiily. concurrently and/or
simultanecusly. The compoun&s of Formula | and the other active ingredients
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can be administered separately n any suitable dosage form. Preferably,
administration is accorriplished usirig an oral dosage forms or using a
transdermal paiches. The compounds of Formula | and the other active
ingredients can be formulated together and administered in cne combined
dosage form.

Thus, the compounds of the invention may be employed alone orin
combination with other active agents. Combination therapy includes the
administration of two or more active ingredients o a patient in need of
treatment. In addition to the above described NK; receptor antagonist/SSRI
combination therapy, the compounds having the Formula | may be combined
with one or more other active agents, such as the fof!owihg: other types of
NK; receptor antagonists {e.g., those that are disclosed in neurckinin receptor
antagonist patents cited above), prostanoids, Hy feceptor antagonists, o-
adrenergic receptor agonists, dopamine receptor agonists, melanocortin
receptor agonists, endothelin receptor antagonists, endothelin converting
enzyme inhibitors, angiotensin 1l receptor antagonists, angiotensin converting
enzyme inhibitors, neutral metalloendopeptidase inhibitors, ETa antagonists,
renin inhibitors, serotonin 5-HT; receptor antagonists (e.g., ondansetron,
andansetron hydrochloride {e.g., Zolfran®), paionosetron, granisetron, and
granisetron hydrachloride (e.g., Kytril®), serotonin 5-HTz; recepior agonists,
nociceptin receptor agonists, glucocorticoids (e.g., dexamethaéone), rho
kinase inhibitars, potassium channe! modulators and/or inhibitors of multi-drug
resistance protein 5. .

Particularly useful therapeutic agents for combination therapy with
compounds of the invention are the following: prostanoids, such as
prastaglandin~E1;—a—adreﬂgrgie—aganists-,—-such as phentolamine mesi(late;
dopamine recepior agonists, such as apomorphing; angiotensin [
antagonists, such as losartan, irbesartan, valsarian and candesarian; ETa
antagonists, such as bosentan and ART-627; serotonin 5-HTz receptor

‘antagonists, such as ondansetron; and glucocorticoids, such as’

dexamethasone. In preferred embodiments of the invention, the inventive
compounds can be combined with: other types of NK4 receptor antagonists,
8SRIs, dopamine receptor agonists, serotonin 5-HTs receptor antagonists,
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serotonin 5-HT, receptor agonists, nociceptin receptor agonists,
glucocorticoids and/or inhibitors of multi-drug resistance protein 5.

Another embodiment of this invention is directed to a method for
freating a physiological disorder, symptom or disease in a patient in need of
such treatment, comprising administering to the patient an effective amount of
at least one compound of Formula 1, and an effective amount of at least one
active ingredient selected from the group consisting of: other NK; receptor
antagonists, selective serotonin reuptake inhibitors, dopamine receptor
agonists, serotoﬁin 5-HTj3 receptor antagonists, serotonin 3-HTz. receptor
agonists, nociceptin receptor agonists, glucocorticolds and inhibitors of
mulfidrug resistance protein 5, wherein the physiclogical disorder, symptom or
disease is selected fram the group consisting of: a respiratory disease,
depression, anxiety, phobia, bipolar disorder, alcohol dependence,
psychoactive substance abuse, nociception, psychosis, schizaphrenia, strass
related disorder, obsessive/compulsive disorder, bulimia, anorexia nervosa,
binge eating, sleep dlsorder, mania, premenstrual syndrome, gastrointestinal
disorder, obesity, headache, neuropathic pain, posi-operative pain, chronic
pain syndrome, bladder disorder, genitourinary disbrder, cough, emesis and
nauisea. _

Pharmaceutical compositions may contain from about 0.1 to about 99,9
weight percent, or from about 5 to about 95 wefght percent, or from about 20
to about 80 weight percent of active ingredient (compound of the Formuia 1).
For preparing pharmaceutical compositions from the compounds described by
this invention, inert, pharmaceutically acceptable carriers can be éither solid
or liquid. Solid form preparations include powders, tablets, dispersible
granules, capsules, cachets and suppositories. The powders and tablets may
be compfised of from about 5 to about 85 percent active ingredient. Suitable
solid carriers are known in the art, e.g. magnesium carbonate, magnesium
stearate, talc, sugar or lactose, Tablets, powders, cachets and capsules can
be used as solid dosage forms suitable for oral administration. Examples of
pharmaceutically acceptable carriers and methods of manufacture for various
compositions may be found in A. Gennaro (ed.), Remington: The Science and
Practice of Pharmacy, 20" Edition, (2000), Lippincott Williams & Wilkins,
Baltimore, MD, herein incorporated by reference. -
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Liquid form preparations include solutions, suspensions and emulsions,
for example, water or water-propylene glycof solutions for parenteral infection
or addition of sweeteners and opacifiers for oral solutions, suspensions and
emuisions. Liquid form pfeparations may alsa include solutions for intranasal
administration, _

Aerosol preparations suitable for inhalation may include soiutions and
solids in powder form, which may be in combination with a pharmaceutically
acceptable cartier, such as an inert compressed gas, e.g. hitrogen.

Also included are solid form preparations, which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administtation. Such liguid forms include solutions, suspensions
and emulsions.

The compounds of the invention may alsc be deliverable fransdemally.
The transdermal compasitions can take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventionat in the art for this purpose.

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparations subdivided into suitably sized unit doses
containing appropriate quantities of the active pomponent, €.g., an effective
amount to achieve the desired purpose.

The term "pharmaceutical composition" is also intended to encompass
both the bulk composition and individual dosage units, in any of the forms
described herein, comprised of more than one {e.g., iwo) pharmaceutically
active agents such as, for example, a compound of the present invention and
an additional agent selected from the lists of the additional agents described
herein, along with any pharmaceutically inactive excipients. The bulk
composition and each individual desage unit can contain fixed amounts of the
afaresaid "more than one pharmaceufically active agents”. The term “bulk
composition” means material that has not yet been formed into individua!

* dosage units. An illustrative dosage unit is an oral dosage unit such as

tablets, pills and the like. Similarly, the herein-described method of treating a
patient by administering a pharmacsutical compasition of the present
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butk composition and individual dosage units.

The quantity of active compound in a unit dose of preparation may be
varied or adjusted from about 0.01 mg to about 4000 mg, preferably from
about 0.02 mg to about 1000 mg, more preferably from about 0.3 mg to about
500 mg, and most preferably from about 0.04 mg to about 250 mg accoirding
to the particular application.

The actual dosage empioyed may be varied dependmg upon the
requirements of the patient and the severity of the condition being treated.
Determination of the proper dosage regimen for a particular situration is within
the skill in the art. For convenience, the total daily dosage may be divided
and administered in portions during the day as required.

The amount and frequency of administration of the compounds of the
invention and/or the pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the aitending clinician considering
such factors as age, condition and size of the patient as well as severity of the
symptoms being treated. A typical recommended daily dosage regimen for
oral administration can range from about D.-02 mg/day io about 2000 mg/day,
iniwo fo four divided doses.

The pharmaceutical compositions of the invention may be administered
from about 1 to about 5 times per day, or altemétiv;_aly, as a continuous
infusion. Such administration can be used as a chrcn_ic'or acute therapy.,

The quantity of NK receptor antagonist in combination with a selective

- serotonin reuptake inhibitor (*SSRI") in a unit dose of preparation may be from

about 10 to about 300 mg of NK4 rec\eptor antagonist combined with from

- —about-10-to-about100-mg-of SSRI.—n-another combination.the.quantity of

30

NK; receptor antagonist in combination with a 8SRli in a unit dose of
preparation may be from about 50 to about 300 mg of NK, receptor antagonist
combined with from about 10 to about 100 mg of SSRI. In another
combination the quantrty of NK; receptar antagonist in combination with SSRI .
in a unit dose of preparatlon may be from about 50 to about 300 mg of NKg
receptor antagonist combined with from about 20 to about_50 mg of S8R,
The aciual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition belng treated.
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Determination of the proper dosage regimen for a particular situation is within
the skill of the art. For convenience, the total dally dosage may be divided
and administered in portions during the day as required. Upon improvement
of a patient’s condition, a maintenance dose of a compound, composition or
combination of the invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at which the improved
condition is retained. When the symptoms have been alleviated {o the
desired {evel, freatment should cease, Patients méy. however, require
intermittent treatment on a long-term basis upon any recurrence of disease
symptoms.

Specific dosage and treatment regimens for any particular patient may
be varied and will depend upon a vatiety of faciors, including the activity of the
specific compound employed, the age, body weight, general heaith status,
sex and diet of the patient, the time of administration, the rate of excretion, the
specific drug combination, the severity and course of the symptoms being
treated, the patient’s disposition to the condition being treated and the
judgment of the treating physician. Determination of the proper dosage
regimen for‘ a particutar situation is within the skiff of the art.

EXAMPLES

The invention disclosed herein is exemplified by the following
preparations and examples, which should not be construed to limit the scope
of the disélosure. Afternative mechanistic pathways and analogous structures

may be apparent to those skilled in the art,
PREPARATIVE EXAMRLE.1.

CF,

CFs

Step 1:



WO 2006007540 PCT/US2005/023427

10

15

20

25

Cl

CF;

4
‘ CFs A CFy

426 ia

In a 25 mL round-bottomed flask, Compound 42b (0.253 g, 0.42
mmol, 1.0 equiv} was taken up in 5 mL. of CHzClz, and the resulting reaction

mixture was cooled to 0°C in an ice bath. EtsN (0.088 mL, 0.83 mmol, 1.5

_equiv) followed by 4-chlorobutyry! chloride (0.065 mL, 0.5 mmol, 1.2 equiv)

was then added to the reaction mixture, which was subsequently stowly .
warmed {0 room temperature and was stirred for 14 hrs. The progress of the
reaction was monitored by TLC (60:40 EiDActhexane) and MS. Upon
completion, the reaction mixture was diluted with GH.Cl;, quenched with
saturated aqueous NaHCQg, followed by brine. The organic layer was dried
over Na;S0; and concentrated to give crude Compound 1a (0.3 g}, which
was used in the next step without further purification.

Electrospray MS [M+1] 724.4.

Step 2: :

. Fa

1b

GF,

a3 60% NaH,
THE
.,,' ol F;

in a flame-dried 25 rr:?. round-bottomed flask, Compound 1a (0.3 g,
0.4 mmol, 1.0 equiv) was taken up in dry THF. - To this reaction mixture, 60%
NaH (0.025 g, 0.62 mmol, 1.5 equiv} was added, and reaction mixture was
stirred al foom iemperature for 2 his. The progress of the réaction was
monitoréd by TLC (60:40 EtOAc/hexane) and MS. Upon completion, the
reaction mixture was diluted with E{OAc and quenched with saturated
agueous NaHCO;. The organic layer was dried over NazSO; and
concentrated to give Compound 1b (0.25 g), which was used in the next step
without further purification,

Step 3:
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20% FelOH, SFy
MeCH, H;{0)

CF,

Compound 1b {0.25 g, 0.37 mmoal, 1.0 equiv) was dissolved in dry
MeOH (2.0 mL) and was treated with 20% Pd{OH), (60% wt.) under an inert
5 atmosphere. The reaction mixiure was hydrogenated at atmospheric
pressure and was monitored by TLC (60:40 EfCAc/hexane). The reaction
was completed in 45 min, and the reaction mixture was then filtered through
o CELITE (diatomaceous earth), washed with EtOAc, and concentrated to give
("“; a crude product, Purification was carried out using preparative plate
10 chromatography (60/40 EtOAc/hexane) to give Compound 1 (0.10 g, 49%).
Electrospray MS [M+1] 554.3.
HRMS (FAB) calculated for CaaHasFeNaO (M+1) 554.2242, found

' 554.2249. T :
15
PREPARATIVE EXAMPLE 2
o .
Lo o
P Ong CF,
C\'l E;(amplez .
g 20
Step 1:
v}
CF, ol ’E‘o Gl CEy
CF, BN, CH.CY GF;,
- 2a
25 In & 25 ml round-bottomad flask, Compound 42b (0.3264 g, 0.44

mmol."l.o equiv) was taken up in 5 mL of THF, and the reaction mixture was

cooled to D°C in an ice bath. EfzN {0.073 mL, 0.44 mmol, 1.2 equiv) folk_ﬁwed
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by 2-chloroethyl chiorotormate {0.054 mL., 0.44 mmol, 1.2 equiv) was then
added to the reaction mixture, which was slowly warmed to room temperature
and stirred for 14 hrs. The progress of the reaction was monitored by TLC
(40:60 EtOAc/hexane) and MS. The reaction did not go fo completion, and
hence was diluted with EtOAc and quenched with saturated NaHCO; followed
by brine. The organic layer was dried over N2,80, and concentrated to give
(0.3 gy crude product, which was subjected to BIOTAGE chromatography
(40:60 EtOAc/hexane) to give Compound 2a (0.125 g).

Eiectrospéay MS [M+1] 7124

Siep 2;

GF,

TR

In a flame-dried 25 mi round-bottomed fiask, Compound 2a (0.125 g,
0.175 mmol, 1.0 equiv) was taken up in dry THF. To this reaction mixture,
60% NaH (0.10 g, 0.28 mmol, 1.5 equiv) was added and reaction mixture was
stirred at room temperature overnight. The progress of the reaction was
monitored by TLC (40:60 EtOAc/hexane) and MS. Upon completion of the
reaction, thé reaction mixture was diluted with EtOAc and quenched with
saturated aqueous NaHCOs. The organic layer was dried over Na;SO, and
concentrated to give Compound 2b{0.11 g), which was used in the next step

~ without further purification.

Electrospray MS [M+1] 676.2,

Step 3:

o.\(c’
CF, 20% PAOH, <’N N CF,
WieOH, Hifp)

CF, oF,

Compound 2
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Conipound 2k (0.11 g, 0.18 mmol, 1.0 equiv) was dissalved in dry
MeOH (2.0 mL) and was treated with 20% Pd(OH)z (60% wt.) under an inert
atmosphers. The reaction mixture was hydrogenated at atmospheric
pressure and the progress of the reaction was monitored by TLC (40:60
EtOAc/hexane). The reaction was completed in 45 min, filtered through
CELITE, washed with EtOAc, and concentrated o give a crude product. The
crude product was purified using preparative plate chromatography (45/55
EtOAc! hexane) to give Compound 2 (0.04 g, 45%).

Electrospray MS [M+1] 542.3.

HRMS (FAB) calculated for CgglasFsNzOz (M+1) 542,1897, found
542 1878.

PREPARATIVE Example 3 and Example 4

NaBH4 (60 mg, 1.53 mmol, 8 equiv.) was added in portions to a
solution of Compound 30 (109 mg, ~0.19 mmol, 1 equiv.) in absolute ethanol

(2 mL} at 0°C. Adter stirring at 0°C for 30 minutes, TLC (MeOHICHZCI_z =10%)

analysis of the reaction mixture showed only product, The product was
purified by BIOTAGE chromatography (2-10% MeOH in CHzClz), to provide a
pure mixture of two diastereomers. The two diastereomers were sef.;arated
using Chiral HPLC (ChialCel OD, iPA/Hexane=10%) to give Example 3, MS
[M+1]* 573.1; and Example 4, MS [M+1]* 573.1,

PREPARATIVE EXAMPLE 5
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Compound &
Step A:
a. MsCl, NEt,
b. KCN, DMF
) Compoind 26a Compound Sb

MsCl (0.102 mL, 1.32 mmol) was added to a solution of Compound
26a (0.375 g, 0.528 mmol) and Et;N (0.368 mL, 2.64 mmol) in CHyCl2 (5.0

mL) at 0°C. The reaction mixture was quenched with water (15.0 mL) after 30

minutes and then diluted with CHzCl, (60 mi). The resulting agueous phase
was extracted with CH.Clz (3 x 10 mi). The combined organic layers were
washed with water (10 mL), brine (10 mL), and dried over MgSO;. After
filtration and concentration, the crude mesylate was taken up in DMF (3.0 mL)
and freated with KCN (0.344 g, 5.28 mmol). The resulting mixture was heated

at 100°C for 12 hours before it was cooled to room temperature. The reaction

mixture was diluied with EtOA¢ (100 mL) and washed with water (3x15mb).
The organic layer was then washed with brine (25 mL), and dried over
MgSO,. After filtration and concentration, the crude product was purified by
BIOTAGE chromatography (hexane/EtOAc, viv = 7/1) to give Compound 5b
(0.14 g, 37% for 2 steps).

~

Step B: ' .

4
NC: NHBec cFy . ( i

a TFA NC
bz b, HO{ONHNHC(O}H, TMSCH, EtN, Py -~
g CFy Ghbz| h'/ol oF.
. L]

Compound Sb

Compound 5¢

A solution of Compound 5b {0.14 g, 0.195 mmol) in TFA (2.5 mL) was
stirred at room temperature for 20 minutes before the solvent was removed
under reduced pressure. The residue was taken up in EtOAc (50 mL) and
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washed with a NaOH solution (4.0 N, 15 mL). The aqueous phase was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with water (15 mL), brine {15 mL}), and then dried over MgSQ,. After filtration
and concentration, the crude product was passed through a short pad of silica
gel with EtOAc/MeOH (viv = 10/1) as eluent, fo prdvide an amine (80 mg)
after solvent removal. The amine was taken up in pyridine (1.0 mL) and
treated with HC(OYNHNHC(O)H (38.3 mg, 0.435 mmol), TMSCI (0.276 mL,
2.175 mmol) and Et;N (0.152 mi., 1.088 mmol) at room temperature in a

sealed tube. The reaction mixture was then heated at 100°C for 2.5 hours

before it was cooled down to room temperature. The mixture was then diluted
with EtOAC (40 mL) and washed with HC} (10 ml., 2.0 N). The resulting
agueous phase was extracted with EtOAc (3 x 15 mL). The combined organic
layers were washed with water (15 mL), brine (25 mL)}, and dried over MgSQ,.
After filtration and concentration, the cyude product was purified using
BIOTAGE chromatography (EtOAc/MeOH, viv = 10/1) o give Compound Sc
(40.mg, 31% for 2 steps).

Step C:

Compound &c

Compound & Campouid 5o

Compound 5¢c (40 mg, 0.0595 mmol) in EtOH (2.0 mL) was treated at
room temperature with Pd(OH),/C (8 mg, 10 wi%) and was hydrogenated
using 2 H; balioon for 30 minutes. The reaction mixture was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). Solvent
was removed under reduced pressure, and the crude product was purified

" - using preparative TLC (EtOAc/MeOH, viv = 40/1) to give Compound 5 (18

mg, 56%, Electrospray MS [M+1]" 538.1.) and Compound 5d (6 mg, 19%,
Electrospray MS [M+1]* 538.1.).
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Step A

PREPARATIVE EXAMPLE 6

CF,

Compounsd &

a. MeCl, N,
b. Na8H,, DMSO

CFy

Compound 23d Compound Ga

MsCit (75 mL, 0.968 mmol) was added to a solution of G'ompound 23d
{0.248 g, 0.388 mmol) and Et;N (0.27 mi, 1.94 mmoi) in CH2Clz (3.0 mL} at
room temperature, The reaction was guenched with water (10.0 mL.) after 30
minutes and diluted with CHzClz (30 mL). The aqueous phase was extracted
with CHzClz (3 x 10 mL), The combined organic layers were washed with .
water (10 mL)}, brine {10 mL), and dried over MgSQ4. After filtration and
concentration, the crude mesyl'ate was taken Up in.anhydrous DMSO (3.0 mL)
and treated with NaBH, (59.0 mg, 1.552 mmol). The reaction mixture was

heated at 85°C for 48 hours before it was cooled down to room temperature.
The mixture was then diluted with EtOAc (50 mbL) and washed with aqueous
HCI (10 mL, 1.0 M), The resulting aqueous phase was exiracted with EtOAc
i:i;_r 1_5 mL). The combined organic layers were washed with water (3 x 15

mL}, brirje {15 mL), and dried over MgSQ,. After filtration and conbenfration,.

the crude product was purified using BIOTAGE chromatography
(hexane/EtOAe, viv = 5/1) {o give Compound 6a (0.11 g, 45% for 2 steps).

Step B:
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N
e
CFy \\,}3’" CH, ok,

a Zn, HOAS
b. HC{OWHNHC{OY, TMBGC), ELN, Py Chali

CF,

CFa

Gempound §a Compound 6b

A mixture of Compound 6a (0.11 g, 0.176 mmol) and Zn dust (0.114 g,
1.76 mmal) in HOAc {1.5 mL) was heated at 60°C for 2 hours. The reaction

5 mixture was cooled down and filtered through a short pad of CELITE and the
residue was washed with EtQH (15 mL). Solvent was removed under reduced
pressure and the: residue was taken up in EtOAc (25 mL) and washed with a
NaOH solution (4.0 N, 10 mL). The resulting aqueous phase was exiracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with

10 water (15 mL)}, brine (15 mL), and dried over MgS0,. After filtration and
concentration, the crude amine (67.1 mg, 0.113 mmol) was taken up in
pyridine (1.0 mlL) and freated with HC(O)NHNHC(O)H (22.8 mg, 0.339 mmol),
TMSCI (0.214 mL, 1.69 mmoi) and Et;N (0.118 i"n!‘_, 0.847 mmol) at room |
temperature in a sealed tube. The mixiure was then heated at 100°C for 2.5

15  hours before it was cooled down to room temperature. The mixture was then
diluted with EtOAc (40 mL) and washed with HC! (10 mL, 2.0 N). The resulting
aqueous phase was extracted with EtOAc (3 x 15 mL). The combined organic
layers were washed with water (15 mL), brine (15 mL), and dried over MgSOs,.
After filtration and concentration, the crude product was purified using

20 BiOTAGE'chromatagraphy (EtOAc/MeOH, viv = 20/1) o give Compound &b

" (37 mg, 33% for 2 steps).

Step C:

CFy

N, -
 Ha PAOH)/G, EOH
Mt S CF,

Coempound 6b Compound B

F,

CFs

25
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wompouna bp (3.5 myg, 0.0665 mmol) in EtOH (2.0 ml) was treated
at room temperature with Pd{OH)./C (7.3 mg, 13 wi%) and was hydrogenated
using a Hz balloon for 30 minutes. The reaction mixture was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). Solvent
was removed under reduced pressure and the crude product was purified
using preparative TLC (EtOAc/MeOH/ELN, viviv = 40/1/0.1) to give
Compound 6 (20 mg, 69%). Electrospray MS [M+1]" 513.1.

PREPARATIVE EXAMPLE 7

Compountd 7

CF, 0. Dess-Martin Periodinans
bHONH,HCI, NaOAz, EtOR
c. 1. 1-oxaytdlimidazole, PhH

Fs CFy

. Compound 128 Compound 7a

Dess-Martin Periodinane (0.114 g, 0.268 mmol) was added to a -
mixture of Compound 12a (70.5 mg, 0.107 mmol) and NaHCO3 (0.112 g,
1.34 mmol) in CHzCl (3.0 mL) at room temperature. The reaction was stirred
for 1 hour before it was diluted with the addition of EtOAc (30 mL) and water
(10 mL). The organic phase was washed with saturated Na;5;0; solution (3 x
10 mi). The combined agueous phases were extracted with EtOAc (3 x 10
mL). The combined organic layers were washed with a NaOH solution {10.
mL, 1.0 N), water (10 mL), brine (15 mL}, and dried over MgSO,. After
filtration and concentration, the crude aldehyde {70.5 mg, 0.107 mmol) was
dissolved in EtOH (3.0 mL) and treated with HONH=HCI (74.4 mg, 1.07
mmol) and NaOAc (43.8 mg, 0.535 mmof) at room temnperature. The reaction
mixture was stirred for 12 hours before it was diluted with EtOAc (20 mL) and
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washed with agueous NaHCO; (10 mL). The agueous phase was extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with
water (10 mL), brine (10 mL}, and dried over MgSO.. After filtration and
concentration, the crude oxime was obtained (683 mg, 0.093 mmol) which was
taken up in benzene (2,0 mbL) and treated with 1,1"-oxalyldiimidazole (35.4

mg, 0.188 mmol). The reaction mixture was heated at 80°C for 3 hours before

it was cooled down to room temperature and diluted with EtOAc (20 mL) and
washed with aqueous HCI {0.5 N, § mL}. The aqueous phase was extracted
with EtOAc (3 x 10 mL). The combined organic layers were washed with
water (10 mL), brine (10 mL), and dried over MgSQ4. Afier filtration and
concentration, the crude product was purified using BIOTAGE
chromatography (EtOAc) to give Compound 7a (39 mg, 55% for 3 steps).

Step B:

Compound 7

Gompot nd 7a

- Compound 7a (39 mg, 0.059 mmol) in EtOH (2.5 mL) was treated at
room temperature with Pd(OH)./C (7.8 mg, 10 wi%) and was hydrogenated
using a H; balloon for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). Solvent
was removed under reduced pressure and the crude product was purified
using preparative TLC (EtOAc/ELN, viv = 100/0.1) to give Compound 7 (12.2
mg, 40%). Electrospray MS [M+1]" 524.3.

PREPARATIVE EXAMPLE 8
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Compount 8

0. Deas-Martn Periodinans

b, 2-methyl-2-bulene, NsClO,
Nah,PO,, ter-bulanal

& TMECHN,, MeOM, PhH

Compound 12a Compound 8a

Dess-Mariin Periodinane (0.325 g, 0.767 mmol) was added to a
mixiure of Compound 12a (0.202 g, 0.306 mmol) and NaHCO; (0,322 g, 3.83

mmof) in CHoCl, (5.0 mL) at room temperature. The reaction was stirred for 1

hour before it was diluted with EtOAc (50 mL) and water (10 mL). The organic
phase was washed with saturated Na;S;05 solution (3 x 15 mL). The
combined agueous phases were extracted with EtOAc (3 x 16 mL). The
combined organic layers were washed with NaOH solution (15 mlL, 1.0 Nj, .
water (10 mL), brine (15 mL), and dried over MgSO.. After filtration and
concentration, the crude aldehyde (0.202 g) was taken up in fert-butanol (4.0
mL) and water (1.0 mL) and treated with NaH,PQ4=H,0-(84.4 mg, 0.612
mmol), NaClO; (96.8 mg, 1.07 mmol} and 2-methyl-2-butene (0.227 mL, 2,14
mmol) successively. The reaction mixture was stirred for 2 hours and then
diluted with EtOAc (30 mL) and washed with aqueaus NH4Cl. The resulting
aqueous phase was extracted with EiCAc (3 x 10 mL). The combined organic
layers were washed with water (10 mL), brine {10 mL), and dried over MgSQOs.
After filtration and concentration, the crude acid was dissolvad in benzene
(4.0 mt) and MeOH (1.0 mL). The resulting solution was treated with
TMSCHN; (0.306 mL, 0.612 mmol) at room temperature and stirred for 20
minutes. Solvent was removed under reduced pressure and the crude product
was purified using BIOTAGE chromatography (hexane/EtOAc, viv = 5/1 to
1/3) to give Compound 8a (62 mg, 29% for 3 steps). '
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Step B

cF,
: Hy PAORIC, EloH  THCO

————
CF,

Compound 8a Compound 8

Compound 8a (62 mg, 0,080 mmo!) in EtOH (3.0 mL) was treated at
5 room ;emperature with Pd(OH),/C (12.4 mg, 10 wt%) and was hydrogenated
using a Hz balloon for 30 minutes. The reaction mixture was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). Solvent
was removed under reduced pressure and the crude product was purified
using BIOTAGE chromatography (EtOAc/MeOH, viv = 6/1) to give
10  Compound 8 (42 mg, 84%). Electrospray MS [M+1]" 557.3.

PREPARATIVE EXAMPLE 8

GFy

CF,

CF;

Fa

S8

In a 25 mi round-hotiomed flask, Compound 42b (0.21 g, 0.35 mmol,
20 . 1.0 equiv) was taken up in 2 mL of toluene. 3-chloropropionyl chloride (0.037
mL, 0.38 mmoi, 1.1 equiv) was then added to the reaction mixture, which was
stirred at room temperature for five hrs. The progress of the reaction was
monitored by TLC (60:40 EtOAc/hexane) and MS, which showed some
starting materlal was silll present. The reaction mixture was thus heated to
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Step 3:

80°C. Upon completion of the reaction after a further hour of heating, the

mixture was concentrated to give crude product Compound 9a (0.2 g), which
was used in the next step without further purification.

Step 2:

GF CF,

Bt et b

CH,CLIDMF
GF, @)

(s}
G,
! Q
Cb {]

CF,;

o %
in a flame-dried 25 ml round-botiomed flask, Compound 9a (0.2 g,

0.287 mmo), 1.0 equiv) was taken up in a 0.5 M solution of dry CHzCl./DMF
{4/1) ratio (4.59 mL/1.15 mL). To this mixture a 0.5 M solution of 60% NaH
(0.012 g, 0.316 mumot, 1.1 equiv) in dry CHCl/DMF (4/1 ratio; 5.06 mL/1.26
ml) was very slowly added using a syringe pump over a period of 3.5 hrs and
the reaction mixture was stirred at room temperature overnighf. Thé progress

' of the reaction was monitored by TLC (40:60 EtOAc/hexane) and MS. The

reaction went to 60% completion, and was then diluted with CH,Cl, and -

quenched with saturated agueous NH4Cl. The 6rganic layer was dried over

Na,S0, and concentrated fo give crude product (0.18 g), which was purified

using BIOTAGE chromatography (30/70 EtOAc/ hexane) to give Compound

9h {0.125 g). '
Electrospray MS [M+1] 660.2.

Compound 9b (0.125 g, 0.189 mmol, 1.0 equiv) was dissolved in dry
MeOH (1.0 mL} and was treated with 20% Pd(OH)z (60% wt.) under an inert
atmosphere. The reaction mixture was hydrogenated at atmospheric
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pressure and the progress of the reaction was monitcred by TLC (60:40
EiOAc/hexane). The reaction was completed in 20 min, and the reaction
mixture was filtered through GELITE, washed using EtOAc, and concentrated
fo give crude product. Purification was carried out using prep plate
5 chromatography (45/55 EIOAG! hexane) to give Compound 9 (0.071g, 71%).
Electrospray MS [M+1] 526.3. _
HRMS (FAB) calculated for CogHzsFeN3Q2 (M+1) 526,1932, found
526.1928.

10 PREPARATIVE EXAMPLE 10

Compound 10

Campound 8 Compouny 10

A solution of Compound 8 (35 mg, 0.083 mmof) in ammonia methanol

solution (3.6 mL, 7.0 M) in a Parr bomb was heated at 80°C for 5 days. The

20 sysfem was cooled fo room temperature and solvent was removed under
reduced pressure. The crude product was purified using BIOTAGE
chromatography (EtOAc/MeOH, viv = 10/1) to give Compound 10 (26.8 mg,

' "79%). Electrospray MS [M+1]* 542.1.

25 PREPARATIVE EXAMPLE 11
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Step 1;

CF;

A solution of methylmagnesium bromide in teri-butylether (0.42 mL,
1.0M, 0.42 mmol, 6.2 equiv.) was syringed into a solution of Compound 30b

(48 mg, 0.068 mmol, 1.0 equiv.} in anhydrous THF (1 mL) at 0°C. The

~ reaction mixture was then warmed up to room temperatﬁre. 'After TLC (EtCAc
10  eluent) showed that the reaction was complete, the reaction mixture was
diluted with ether and washed with saturated agueous NH,C| solution. The
combined organic layers were dried over MgSOy, filtered and concentrated to
give crude product, Compound 11a, which was used in the next step without
purification. |
156
Step 2:
N‘n“fo

OH
N
Ry l( OF PAOHLGC, H,

CF;
{53% trom 30h)

Using the same procedure as that of Example 31, Step 6, the crude
20  Compound 11a was hydrogenated fo give pure Example 30h tyield 526%
from Compound 11). MS [M+1]* 587.1.
PREPARATIVE EXAMPLE 12
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Compountd 12

/N‘N
-
HONS CF,
CHONHNHGHO, TMSC, ELN, Py
CleN—s
e Fn

Compound 124

Compound 23d

HC{O)NHNHC(O)H (0.28 g, 3.18 mmol), TMSCI (2.0 mL, 15.9 mmol)
and EtaN (1.1 mL, 7.95 mmol) were added successively to a solution of |
Compound 23d (0.647 g, 1.06 mmol) in pyridine (5.0 mL) at room

10  temperature in a sealed tube. The mixture was then heated at 100°C for 2.5

hours before it was cooled down to room temperature. The mixture was then
diluted with EtOAC (100 mL.) and washed with HCI (35 mL, 2.0 N). The
aqueous phase was extracted with EXOAc (3 x 25 mk), and the combined
X organic layers were washed with water (15 mL), brine (25 mL), and dried over
16  MgSO.. After filtration and concentration, the crude product was purified using
BIOTAGE chromatography (EtOAc/MeOH, viv = 5/1) to give Compound 12a
{0.48 g, 68%).

Step b:
20 '
¢y ¢
Ho : i Hy, PA{OH),IC, E10H RO\ R
GhaN~r” or, ""”O‘HéLCFa
Comppand 122 Cumpound 92
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Compound 12a (32.6 mg, 0.048 mmol) in EtOH (2.0 mL) was treated
at room temperature with Pd(OH),/C {6.5 mg, 10 wi%) and was hydrogenated
using a Hz bafloon for 30 minutes. The reaction mixture was then filtered
through a short pad of CELITE and the residue was washed with EtQH (15
mL). The solvent was removed under reduced pressutre and the crude product
was purified using BIOTAGE chromatography (EtOAc/MeCH eluent, viv = 6/1)
to give Compound 12 (17.2 mg, 66%). Electrospray MS [M+1]" 529 1.

PREPARATIVE EXAMPLE 13 and 14

N,
¢

He0-= N CF,

Compound 13 Compound 15

N

¢

GF,
'1/01/@6 Fy

H00
HC(OJNHNHC(O)M, TI4SCH 4N, Py
ChzN-”

Compound T4s

Compound 26a

HC{O)NHNHC(O)H (67.1 mg, 0.762 mmol), TMSCI (0.484 mL, 3.81
mmol) and Et:N (0.286 mL, 1.905 mmol) were added successively to a ‘

-solution of Compound 26a (0.155 g, 0.254 mmol) in pyridine (2.0 mL) at

room temperature in a sealed tube. The mixture was then heated at 100°C for

2.5 hours before it was cooled down to room temperature. The mixture was
diluted with EtOAG (40 mL) and washed with HGI (15 mL, 2:0 N). The
aqueous phase was extracted with EtOAc (3 x 15 mL). The combined arganic
layers were washed with water (15 mL.), brine (25 mL}, and dried over MgSQa.
After filtration and concentration, the crude product was purified using
BIOTAGE chromatography (EtOAciMeOH, viv = 10/1) eluent to give
Compound 14a (0.129 g, 75%).
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Step B:
)j:'fﬂ : (’N'N
Heo GF, -4
Hy, PA(OH)AC, BIOH  H,60"™, CF 2 5%
CbzN~yt” o L 1 - 0 +
- CF: i /OTQCFI CF;
cumpolund 14a
Compourd 13 Compound 14

5 Compound 14a (129 mg, 6.19 mmol) in EtOH (4.0 mL) was treated at

room temperature with Pd{OH}./C (25.8 mg, 10 wi%) and hydrogenated using
a Hy balloon for 30 minutes. The reaction mixture was filtered through a short
() pad of CELITE and the residue was washed with EtOH (15 mL). Solvent was
removed under reduced pressure and the crude product was purified using
10 preparative TLC (EtOAC/ELN, viv = 100/0.1) to give Compound 13 (36 mg,
35%, Electrospray MS [M+1]* 543.1.) and Compound 14 (30 mg, 29%,
Electrospray MS [M+1T* 543.1.).

15 PREPARATIVE EXAMPLE 15

(" . Compound 16

a. Dess-Martln perlodinane H,C(‘J"O’\u"f"- %

b.p-MeCBNNH,, NaBH{OAC),
CICH,GH,CI GbziN
.0 CFs

20 ) Compoungd 23g . Compound 15a

Dess-Martin Periodinane (57.7 mg, 0.136 mmol} was added to a
mixture of Compound 23g (46 mg, 0.0678 mmol) and NaHCO;3 (57 mg, 0.678
mmol) in CHzClz (2.6 mL) at room temperature, The reaction mixture was
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stirred for 1 hour hefore it was diluted with EtOAc (20 mL) and water (10 mL).
The organic phase was washed with saturated NayS20; solution (3x10 mL).
The combined aquecus phases were extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with NaOH solution (10 ml, 1.0 N),
water (10 mL), brine (15 mL), and dried over MgS0Os. After filtration and
concentration, the crude aldehyde (46 mg, 0.0679 mmol) was faken up in
CICH2CHCI (1.0 mL) and freated with 4A molecular sieves (15 mg) and para-
methoxybenzyl amine (26.7 pl, 0.204 mmol), followed with addition of
NaBH(OACc)s (86'.4 my, 0.408 mmol). The resﬁlting reaction mixture was
stirred at room temperature for 12 hours. The systém was then diluted with
EtOAc (20 mL) and washed with agueous NaHCO; (10 mL). The agueous
phase was extracted with EtOAc (3 x 10 mL). The combined organic layers
were washed with water (10 mL), brine (10 mL), and dried over MgSO,. After
filtration and concentration, the crude product was purified using BIOTAGE
chromatography (hexane/EtOAc, viv = 2/3) to give Compound 15a (38 my,
70% for 2 steps).

¢
H,CO’O/\N""- b R

NH,GOH, FdiC, MeCH
ChaiN -y
'u/o‘/@\c F,

Compound 153

Compound 15b

A mixture of Compound 15a (46.6 mg, 0.0584 mmoi), Pd/C (46.6 mg,
10 wi%), and NH,CO.H (36.8 mg, 0.584 mmol) in MeOH (2.0 mL) was heated
at reflux for 5 hours. The mixture was cooled to room temperature and filtered
through a short pad of CELITE, and the residue was washed with EtOH (15
ml). Solvent was removed under reduced pressure to give a crude product,
which was taken up with EtOAc (20 ml) and washed with agueous NaHCOs
(10 mL). The aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with water (10 mL}, brine (10 mL), and
dried over MgSO,. After filtration and concentration, the crude product was
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purified using preparative TLC (MeOH/EtOAC, v/v = 1/10) to give Compound
1£b (18 mg, 57%).

CFs

Corppound 15

Compound 15H

MsCl (2.5 pb, 0.0324 mmol) was added to a solution of Compound
15b (8.8 mg, 0.0162 mmol) and EtsN (5.4 pL, 0.0388 mmol) in CHClz (1.0

O

10 ml) at 0°C. The reaction was quenched with water (5.0 mL) in 30 minutes and

-diluted with EtOAc (15 mL). The aqueous phase was exirdoted with EtOAc (3

x 10 mL). The combined organic Iayefs were washed with water (10 mL},

brine (10 mL), and dried over MgSQ.. After filtration and conceniration, the

crude product was purified using preparative TLG (hexane/EtOAL, viv = 1/5)
15  to give Compound 15 (7.2 mg, 72%). Electrospray MS [M+1)" 622.3.

PREPARATIVE EXAMPLE 16

20
Step 1:

HATU, EtNH,
CFy OMEF

3th
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Using the same procedure as that of Example 30, Step 1, Compound
16a was prepared using ethylamine in the place of N,N-dimethylamine
hydrochloride salt, and without using diisopropyl ethyl amine. The crude

5 product was used in the next step without purification.

Step 2.
A g/
“‘Lf e
PA(OH)C, H, o
(71% from CW3) ""'-’o‘r@cﬁ .
/:-.\I compound 13-
B
10 Using the same procedure as that of Example 31, Step 6, the crude
Compound 16a was hydrogenated to give pure Example 16 (yield 70.5%
from Compound 18). MS [M+1]" 600.1.
15 | PREPARATIVE EXAMPLE 17
C/' Step 1:

OMAP, EOC

CFa EtOH, CH,Cl, CF,

20

A solution of Compound 31h (46.3 mg, 0.066 mmeal, 1.0 eguiv.) in

anhydrous dichloromethane (1 mL) was cooled to 0°C. To this solution was

added sequentially DMAP (8 mg, 0.066 mmol, 1.0 equiv.), and ethanol (36
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uL). The reaction mixture was allowed to warm up to room temperature, and
then cor:centrated o dryness. The residue was taken up into EfOAe and
washed with saturated agueous NaHCO; solution. The organic layer was
dried over Na;80,, filfered and concentrated {o give the crude product,

5 Compound 17a, which was used in the next step without purification.

Step 2:

10 Using the same procedure as that of Example 31, Step 6, the crude
Compound 17a was hydrogenated to give pure 17 (yterd 46% from
Compound 31h). MS [M+1]* 601.1.

PREPARATIVE EXAMPLE 18
15
“ “NH
HO‘NDI-., (N"{\Q GRy -
CF,
Campourxi 18
Step A: . . . .
02 fN‘NH . . N,
) N~ ] ¢ NH
o I NH,OH, BIOH HQ“—D"‘- —QO T
HN ———
i, CF, . HN CFS
Compound 19 Gompound 18
20

Compound 19 (10 mg, 0.0175 mmol) in EtOH (1.5 mL) was treated
with HONHz*HCI {12.2 mg, 0.175 mmol) and NaOAgc (7.2 mg, 0.0876 mmo})

at room temperature. The reaction mixture was then stirred at 80°C for 12
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hours. The mixiure was diluted with EtOAc (20 mL) and washed with aqueous
NaHCOj3. The aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with water (10 mL), brine (10 mL), and
dried over MgSQ.. After filtration and concentration, the crude product was
purified by preparative TLC (hexane/EtOAc, viv = 2/3) to give Compound 18
(10 mg, 98%). Electrospray MS [M+1j" 5686.1.

PREPARATIVE EXAMPLE 19

Compound 19

8, Dess-Matln periodinane
b, VinylMgir, THF
¢, Degs-Martin periodinane

Compound 23h

Compound 13a

Dess-Martin Periodinane (0.252 g, 0.595 mmol} was added to a
mixiure of Compound 23h-(0.202 g, 0.297 mmol) and NaHCQOs (0.25 g, 2,97
mmol) in CHzCl, (4.0 mL) at room temperature. The reaction mixture was
stirred for 1 hour before it was diluted with EtOAc {50 mlL) and water (10 mL).
The organic'phase was washed with a saturated Na;S;03 solution (3x16 mL).
The combined aqueous phases were extracted with EtOAc (3 x 15 mL), The
combined organic layers were washed with NaOH solution (15 mL, 1.0 N),
water (10 mL), brine (15 ij, and dried over MyS 0. After filtration and

- . congentration, the crude aldehyde (0.202 g) was taken up in anhydrous THF

(4.0 mL) and was freated with CHaMgBr (1.19 mL, 1.19 mmo}, 1.0 M in THF)

at -78°C. The reaction temperature was slowly increased to room temperature

and the reaction was quenched in 2 hours by the slow addition of saturated
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aqueous NH4Cl solution (10 m.l). The reaction mixture was then diluted with
EtOAc (50 mL) and neutraiized with 0.5 N HCI untii the aqueous phase was
slightly acidic. The aqueous phase was extracted with EtOA¢ (3 x 15 mL). The
combined organic [ayers were washed with water (10 mL), brine (10 mL}), and
dried over MgSQ,. After filtration and concentration, the crude secondary
alcohol (0.21 g) was taken up in CH;Clp (5.0 mL) and freated with Dess-Martin
Periodinane (0.379 g, 0.8%4 mmof) and NaHCO; (0.375 g, 4.47 mmol} at
room temperature. The reaction mixiure was stirred for 1 hour before it was

. diluted with EtOAc (50 mL) and water (10 mL). The organic phase was

washed with saturated Na;Sz03 solution (3x18 mL). The combined aqueous
phases were extracied with EtOAc (3 x 15 mL). The combined organic layers
were washed with aquecus NaOH solution (15 mL, 1.0 N), water (10 mL),
brine (15 mL), and dried over MgS0,. After filtration and concentration, the
crude produce was purified using BIOTAGE chromatography (hexane/EtOAc,
viv = 1/1) io give Compound 19a (90 mg, 43% for 3 steps).

" Hy PAIOH)/C, EOH

) M
o=, ”'% oFs
H

Ftrp et cF,

Compound 19a Gotmpound 19

Compound 18a (57.4 mg, 0.0816 mmol} in EtOH (3.0 mL) was treated
at room temperature with Pd(OH)./C (11.5 mg, 10 wi%) and was
hydrogenated using a Hz balloon for 30 minutes. The reaction mixture was
filtered through a short pad of CELITE and the residue was washed with EtOH
{15 mL}). Solvent was remaved under reduced pressurs and the crude product
was purified using BIOTAGE chromatography (hexane/EtOAG, viv = 2/3) fo
give Compound 19 (41 mg, 88%). Electrospray MS [M+1]" 671.1.

PREPARATIVE EXAMPLE 20

-T78-
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Step A:
N, 8. CHOCO,E1, NaBH(OAG).
! Fs CICH,CHCH > GFa

b. TMSH=C=0, CICH,CH,GI

CFs GF,

Compound 28b Gompound 20a Gompound 20b

NaBH(OAc)s (81.4 mg, 0.384 mmol) was added at room temperature to
a salution of Compound 26b (79.9 mg, 0.128 mmol), CHOCO,E (37.8 ),
0.192 mmol, 45-50% in toluene), and 4 A molecular sieves (30 mg) in .
CICHZCH,QCI (1.0 mL). The reaction mixture was stirred for 12 hours before it
was diluted with E1OAG (20 mL) and washed with aqueous NaHCO; {10 mL),
The agueous phase was extracted with EfQAc (3 x 10 mbL). The combined
organic layers were washed with water (10 mL), brine (10 mL), and dried over
MgSOQ. After filtration and concentration, the crude product (91 mg, 0.128
mimol) was taken up in CICH,CH,Cl (0.5 mL) and treated with TMSN=C=0

(2.5 mL). The reaction mixture was heated at 70°C for 72 hours before the

solvent was removed under reduced pressure. The crude product was purified

using BIOTAGE chromatography (hexane/EtOAc, viV = 1/1) to give a mixture

of Compound 20a and 20b, which was further purified by OD chiral HPLC o -
give pure Compound 20a (30 mg, 33%) and Compound 20b (25 mg, 28%).

. Step B:

-70-
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a

Componnd 20

H, GO,

Hy, PAUOHYE, E1O0

Compound 20a

Compound 20a (23 mg, 0.0325 mmol) in EtOH (2.0 mL) was treated
at room temperature with Pd{OH)2/C (4.6 mg, 10 wt%) and was hydrogenated

~using a Hz balloon for 30 minutes. The reaction solution was filtered through a

short pad of CELITE and the residue was washed with EtOH (15'mL). Solvent
was removed under reduced pressure and the crude product was purified -
using BIOTAGE chromatography (hexane/EtOAc, viv = 1/3 1o 1/9) fo ine
Compound 20 (14.3 mg, 77%). Electrospray MS [M+1]" 574.3

PREPARATIVE EXAMPLE 21 and 22

PYBOP, DIEA
e
MeNH;, CH.Cly

Compound 21a (1.0 g, 1.4 mmol, 1.0 equiv) was dissolved in CHzClz
{18 mL) and the solution was cooled 1o 0°C. Diisopropylamine (0.54 g, 4.2
mmol, 3.0 equiv.) was added to the reaction mixture, followed by PYBOP
(0.88 g, 1.7 mmol, 1.2 equiv.), and the reaction mixture was stirred at 0°C for
5 min., then warmed to room temperature. After 20 min., excess methyl
amine (7.0 mL, 14 mmol, 10.0 equiv.) was added as a 2,0M solution in THF.
The flask became siightly warm, and was stitred at reorn temperature

overnight. The progress of the reaction was monitored by TLC (85/5
EtOAc/MeCH eluent). Upon completion of the reaction, the reaction mixture

-80-
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was diluted with H,O and EtOAc, the organic and agueous layers were
separated, and the organic layer was washed with brine, dried with Na,S0,,
and concentrated to give a crude prbduct {1.9 g) as white solid, Purification
was carried out using BIOTAGE chromatography (1:1 to 2:1 EtOAc/hexans)
to give Compound 21b as a white solid (0.72 g, 72%).

Electrospray MS [M+1] 738.2.

TEA, CHCY,
cr,

2%

Compound 21c (0.7 g, 0.95 mmol, 1.0 equiv) was dissolved in CH,Cl;
(10 mL) under a Nz atmosphere. To the reaction was added excess TFA (2.0
g, 19.4 mmol, 20.0 equiv.), and the reaction mixture was stisred at room
temperature ovemiéht. -The progress of the reaction was monitored by TLC
(1/1 EtOAc/MeOH eluent), which indicated that some starting material was
slill present. Accordingly, 10.0 equiv, of TFA was added and the reaction

mixture was allowed to stir for 3 h. Upon completion of the reaction, the

reaction mixture was cooled fo 0°C, quenched with saturated NaHCO;, and

diluted with EtOAc. The organic and aqueocus layers were separated, and the
organic layer was washed with brine, dried with Na;S0O,, and concentrated to
give Compound 21d (0.6 g, 99%) as a white foam, '

N{l - OF
BocNHNH,, lmCOIm
THF _.”/0 oF,

2
Compound 21c (0.24 g, 0.38 mmol, 1.0 equiv) was dissolved in 5 mL’
of anhydrous THF under a nitrogen atmosphere. The solution was cooled to

0°C. In a separate round-bottomed flask was combined carbonyldiimidazole

(6.15 g, 0.90 mmol, 2.4 equiv) and fert-butyl carbazate (0.1 g, 0.76 mmo), 2.0
equiv) in anhydrous THF (2 mL). The solution was allowed to stir for 30 min
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and added via cannuia ta the solutiTgn of Compound 21;
cannula was Tirsed with anhydrous THF (1x6.8mL).
- was heated io reflux until the start:ﬁg material was con

mixture was then cooled to room témporature and con
5  vacuum to afford a colorless foam. ’i'r'ﬁe crude mixtur

BIOTAGE chromatography (2%-5% 0 MeDHICHZGIz)

(0.22 g, 74%) as a white solid. '

10 °

oF © HOinDiexsne -
e ———

CH.Cl,
CFy

Compound 21d {0.22.9, 028 mmol 1 equiv) was dissolved in 15 mL
of anhydrous CH,Clz under a n}trogen atmosphere The solution was cooled

0°C HCI (1 14{mL 5.6 mmol, 20 equw 4 M solutton in dtoxane) was added .

' overnlght The 'solutuon was cooled to 0°C5 and quenched with saturated

NaHCOs (5 mL) solution and d[luted with é_'.OAc The organic and aqueocus
layers were separated and the orgamc Iay,cr was washed with brine (10 mL),
and dried over Na,S04. The organic lay as.f‘ Itered 2and concentrated under
20 vacuum to give a white solid, The crudé e was purified using BIOTAGE
chromatography (5%-8% MeOH/GHZCIz),:to;gnle‘FCompcund 21e (0.1 g,
79%) as-a white sofid. I - :

i 8 ol R '1.’} ApicH,

LChaN T S
gt ~CFy P

25 - 2le
Compound 2te (0.15 g, 0. 22 mfnol 1.0 equw) was dissolved in

anhydrous DMF (1 mL). Foramfdme acetéte (0.126g, 1.2 mmel, 5.5 equiv.)
followed by acetic acid (0.69 mL, 1, 5 mmol 5 5 equw ) was added and the

82
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reaction mixture was heated to 80°C for 30 min. Residual starting material

was found by TL.C analysis, and accordingly the reaction mixture was refluxed
for an additional 8 h. The progress of the reaction was monitored by TLC (/1
CH2Cl/MeOH eluent). Upon completion of the reaction, the reaction mixture
was cooled to room temperature, quenched with H,Q, and diluted with EtOAc,
The organic and aqueous (ayers were separated and the organic layer was
washed with brine, dried with Na;SQ0,, and concentrated to give a crude
product (0.131 g) as white foam. Purification was carried out using BIOTAGE
chromatography (gradient of 100% CH.Cl, to (95:5) MeOH) to give
Compound 21f as a white solid (0.11g, 72%).

Electrospray MS [M+1] 706.4.

o \h"Nl'{ Fy
10%Pd/C, NH,0,CH o +
MeQH Forg OF,

1 .
Compound 21f (0.02 g, 0.028 mmo!, 1.0 equiv.) was dissolved in dry

MeQH (1.0 mL) and was treated with 10% Pd/C (40% wt.) followed by
ammanium forméte (0.09 g, 0.14 mmol, 5.0 equiv.) under an inert
atmosphere. Thé reaction mixture was heated to reflux and was monitored by
TLC (9/1 CHzCly/MeOH eluent). The reaction was completed in1 br. The
reaction mixture was filtered through CELITE, washed using EYOAc, and
concentrated under vacuum. The resulting residue was taken up in EtOAg,
and washed with saturated NaHCQs, followed 'by brine and H,0 to give a
crude praduct (0.019 g} as solid film. Purification was carried out by

- BIOTAGE chromatography {(gradient of 2% to 6% MeOH/CH,Cl2). The de-

aired product was converted to the HCI salt ta give a mixture of Compounds
21 and 22 (0.014 g) as a white solid. .

HRMS (FAB) calculated for CagHzsFsN302 (M+1)572.2098, found
572.2103.

'PREPARATIVE EXAMPLE 23

-83-
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Compound Z3

[+
NaBH,, MeQH, 0°C

N —

CF,

_ 5 Compound 23a Gornpound 23h

NaBH, (2.42 g, 64.1 mmol) was added in 4 portions to a solution of

Compound 23a in MeOH (160 mL} at 0°C. The reaction mixture was stir-red

for 4 hours and the reacion temperature was slowly increased to rt. The

10  reaction was quenched by the slow addition of saiurated aqueous NH4CI
solution (50 mL). The reaction mixture was then diluted with EtOAc (400 mL)
and neutralized with 0.5 N HCI uniil the aqueous phase was slightly acidic.
The aqueous phase was extracted with EtOAc (3 x 100 mL). The combined
organic [ayers were washed with water (100 ml), brine (100 mL.}, and dried

15  over MgSQ,. After filtration and concentration, the crude product was passed
through a short pad of silica gel (hexane/EtOAc, viv = 7/1). Solvent was

o removed under reduced pressure to give Compound 23b, 17.4 g (89%) as a

£,

light yellow syrup. .

20 StepB:

oN

cF )
parafoemaldehyde, TBAF
! Chzley/ THF, &°G
i CFy

Compound 238 ' Compound 23¢ . Compound 234

Gy

CFs CFy

-84 -
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TBAF (2.23 mL, 2.23 mmol, 1.0 M in THF) was added dropwise fo a
mixture of Compound 23b (9.1 g, 14.£9 mmol} and paraformaldehyde (3.85

0) in THF (100 mL) at 0°C. The reaction mixture was stirred at 0°C for 8 hours

before it was quenched with addition of saturated aqueous NH,CI solution (50
mL). The reaction mixture was then diluted with EtOAc (250 mL) and the
aqueous phase was exiracted with EtOAc (3 x 60 mL). The combined arganic
layers were washed with water (50 mL), brine (100 mL), and dried over
MgSQ,. After filtration and concentration, the crude product was purified using
BIOTAGE (CHzCL/EtOAc, viv = 100/0.5) to give Compound 23c (6.0 g, 63%)
and 23d (2.34 g, 24%).

Ho—, MO s
ceN— g 2, HOAG, 50°C
o CF, ~———

Cumpound 23¢

Step C:

CF,

Compound 23p

A mixture of Compound 23c (7.54 g, 11.76 mmol) and Zn dust (7.68 g,
117.6 mmof) in HOAc (120 mL) was heated at 80°C for 2 hours, The reaction
mixture was cooled down and filtered through a short pad of CELITE and the

residue was washed with EtOH (50 mL), Solvent was removed under reduced
pressure and the residue was taken up in EfOAc (250 mL) and washed with

~ NaOH solution (50 mL, 4.0 N). The aqueous phase was extracted with EtOAc

(3 x50 mL.). The combined organic layers were washed with water (50 mL),
brine (100 mL), and dried over MgSO4. After filtrafion and concentration, the
crude product was purified using BIOTAGE chromatography (hexane/EtOAc,
viv = 1/3 and EtOAc/MeOH, viv = 10/1) {o give Compound 23e (6.4 g, 89%).

BnEr, (NHJHS0,, NaoH, THE

CF, CF,

Compound 2ie Compound 231
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BnBr (0.668 mL, 5.58 mmol) was added at rt to a vigorously stirring
mixture of Compound 23e (3.1 g, 5.07 mmol) and Bu,NHSO, (0.334 g, 1.014
mmol) in THF (20 mL} and aqueaus NaOH solution (20 mL, 50 wt%). The
reaction mixture was stirred at room temperature for 12 hours befora it was
diluted with EtOAc (250 mL) and washed with water (100 mL). The agueous
phase was extfacted with EtOAc (3 x 50 mL). The combined organic layers
were washed with water (50 mL), brine (100 mL), and dried over MgSQO,. After

filtration and concentration, the crude product was purified using BIOTAGE

chromatography (hexane/EtOAc, viv = 1/3 to 1/7) to give Compound 23f (2.8
g, 79%).

Step E:

EtQ
=
a N=NHGOD,CH, L EOH
3o

b, NaCQCH,, MeCH, 80°C

CF,y

. Compaund 237

Compound 23g

A solution of Compound 23f (2.72 g, 3.88 mmdl) and reage.nt 310 {ie.
N-sthoxymethylene-hydrazine carboxylic acid methyi ester) (2.83 g, 19.4

mmol) in EtOH (15 ml) was heated at 80°C for 18 hours. The reaction mixture

was diluted with MeOH (15 mL) and then treated with NaOCHg (7.0 mL, 38.8 .

mmol, 30% in MeOH). The resulting reaction mixture was heated at 80°C for 4

hours before it was cooled to raom temperature. The reaction mixture was
diluted with EtOAc (200 mL) and aqueous NH,Cl solution (75 mL). The
aqueous phase was extracted with EtOAc (3 x 50 mL). The combined organic
layers were washed with water (50 mL), brine (100 mL), and dried over
MgSQ,. After filiration and conceniration, the crude product was purified using
BIOTAGE chromategraphy (hexane/FtOAce, viv = 2.5/1 to 1/1) to give
Compound 239 (2.54 g, 85%).

Step F;

-86 -
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Compound 239 ] Compound 23h

BCl3 (3.26 mL, 3.26 mmol, 1.0 M in hexane) was added dropwise {o a
stirring solution of Compound 23g (0.502 g, 0.653 mmol) in CH.Cl, (45 mL)

at -78°C. The reaction was guenched in 1 hour by the addition of aqueous

NaHCOs3 salution (50 ml) at -78°C. The mixture was diluted with EtOAc (100

mL) and vigorously stirred at room temperatufe for 2 hours. The agueous
phase was exiracted with EtOAc (3 X 30 mL). The combined organic layers
were washed with water {50 mL)}, brine (80 mL)}, and dried over MgSQ.. After
filtration and conceniration, the crude product was purified using BIOTAGE
chromatography (hexane/E1OAC, viv = 1/3 to 1/9) to give Compound 23h

(0.39 g, 91%).
Sten G:

CF,

Hy, PALOH),/C, EXOH
CF,

Gompound 231 ) Campound 23

Compotind 23h(100Tg; 0:152 rimol) in EtOH (5.0 mL) was treated
at room temperature with Pd{OH)./C {20 mg, 10 wt%) and was hydrogenated
using a Hz balloon for 30 minutes. The reaction mixture was filtered through a
short pad of CELITE and the resldue was washed with EtOH (16 mL). Solvent

-was removed under reduced pressure and the crude product was purified

using BIOTAGE chromatography (hexane/EtOAe, viv = 1/7) to give
Compound 23 (68 mg, 82%). Electrospray MS [M+1]* 545.1.
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PREPARATIVE EXAMPLE 24

¢ O
NN — CF;

"‘J/OTQGF'

Example 24

CF, 130, CH,Cl,-78C N%’N 5
2) EYOR, NeBH,

F,  BPAOHLG, Hy

{639}
g Example 24

A solution of Compound 31g (83.3 mg, 0.12 mmot, 1.0 equiv.) in

énhydrous dichioromethane (4 mL) was cooled to -78°C. Then Os was

bubbled through the solution until the solufion turned blue. The solution was
then purged with N, to remove excess Os, and the reaction mixture was
concentrated to dryness. The resuiting residue was then taken up in ethanol
(2 mL), and treated with sodium borohydride (46 mg, 1.2 mmol, 10°'equiv.).
The reaction mixture was stirred at room {emperature until TLC (50%
EtOAc/hexanes) showed that the starting material was completely consumed.
The reaction mixture was then concentrated o dryness. Theresiduswas
dissolved in absolute ethanol (4 mL) and treated with Pd(OH)2/C (80 mg, 20
wi%, 0.11 mmol, 0.88 equiv.) before hiydrogenating with a hydrogen balloon.

“The reaction mixture was stirred at room temperature until TLG (5%

MeOH/CHCl) showed that the starting material was completely consumed.
The reaction mixture was again concentrated to dryness. The residue was
taken up into ethyl acetéte, washed with saturated sodium bicarbonate
aqueous solution, and the aqueous and organic layers separated. The
aqueous layer was further extracted with ethyl acetate. The combined
organic layers were dried over anhydrous Naz80,, filttered, concentrated to
give the crude product, which was purified using Prep-TLC (MeOH/CH.Clo
=5%) to give pure Compound 24 (42 mg, vield 63%). MS [M+1]* 559.1.
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PREPARATIVE EXAMPLE 25

PA(OH)IC, H,
EtQH

(84%)

compound 25

To a solution of Compound 31g (83.3 mg, 0.12 mmol, 1.0 equiv.) in
absolute ethanol (3 mL) was added Pd(OH)EIC (20 mg, 20 wt%, 0.028 mmol,
0.88 equiv.) before hydrogenating with a hydrogen balloon. The reaction
mixture was stirred at room temperature until TLC (80% EtOAc/hexanes)
showed that starting material was completely consumed. The reaction
mixture was. then concentrated to dryness. The rasulting residue was taken
up into ethyl acetate, washed with saturated sodium Eicarbonate agqueous
solutiort, and the aqueous and organic layers were separated. The aqueous
layer was further extracted with ethyl acetate. The combined organic layers
were dried over anhydrous Na;S0,, filtered, and concentrated to give the
crude product, which was purified using Prep-TLC (50% EtOAc/hexanes) to

- give pure Compound 25 (15 mg, yield 84%). MS [M+1]" 557.1.

PREPARATIVE EXAMPLE 26

Fy

Compound 26
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Step A:
Ho M CFy Ho— HiHBos CF,
BocD, NEty, dloxane ;
chaN— o ok, T b’ 0 TQCF
Compound 26a Compound 26b
5 EtsN (0.129 mL, 0.93 mmol) was added to a solution of Compound

26a (0.472 g, 0.77 mmol) and BoczO (0.168 g, 0.77 mmol) in dioxane (3.0.ml'.)
at room temperatp re. The resulting solution was stirred for 8 hotrs before it
) was diluted with EtOAc (50 mL). The organic phase was washed with 0.5 N
C/ HCI (10 mL). The aqueous phase was extracted with EtOAc¢ (3 x 16 mL). The
10 combined organic fayers were washed with water (18 mL}, brine (15 mL), and
dried over MgSO0,. After filtration and concentration, the crude product was
purified using BIOTAGE chromatography (hexane/EtOAc, viv = 1/1) to give
éompound 26b (0.465 g, 85%). '

16 Step B:

HO NHEoe CF, HCO NHBHoz CF,

. . GHal, {NH}HBO,, NaOH, THF
Chzi
ZN- ,”’/0 . ChzN ,.r'/o ok,

Compound 26h Compound 26¢

CHal (0.372 mL, 5.98 mmol) was added at rt to a vigorously stirring
20  mixture of Compound 26h (0.425 g, 0.598 mmal) and BusNHSO, (40.6 mg,
T A2 mmol) i THF (5.0 mL) and aqueous NaOH solution (5.0 mL, 50 wi%).
The reaction mixture was stirred at room temperature for 12 hours before it
was diluted with EtOAc (60 mlL.) and washed with water (15 mL). The aqueous .
phase was exfracted with EiOAc (3 x 15 mL). Th_e comhined organic layers
25 were washed with water (158 mL), brine (15 ml.), and dried over MgSO,. After
filration and concentration, the erude product was purified using BIOTAGE
chromatography (hexane/EtOAc, viv = 5/1) to give Compound 26¢ (0.345 g,

80%).

-90 - .
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Step C:
a. TFA
ElC
. L EN;:JI—ICO,CH, JE10H oF,
c
ctng o &, NaDCH,, MeOH, 80°C + Ch
e GF; CFa
Compound 26¢ Gompound Compound 262

264

A solution of Compound 26¢ (0.345 g, 0.476 mmol) in TFA (3.0 mL)
was stirred at room temperature for 20 minutes before the selvent was
removed under reduced pressure. The residue was taken up in EtOAc (50
mL) and washed with NaOH solution (4.0 N, 15 ij. The aqueous phase was
extracted with EfOAc (3 x 10 mL). The combined organic layers were washed
with. water (15 mL), .brins (15 mL), and dried over MgSO,. After filtration and
concentration, the crude amine (f].29 g, 0:464 mmol} was dissolved in EtOH-
(3.0 mL) and treated with reagent 31c (0.4.6 g, 2.78 mmol). The resulting

solution was heated at 60°C for 18 hours. The reaction mixture was diluted

with MeOH (3.0 mL) and then treated with NaOCHs (0.672 mL, 3.712 mmol,

30% in MeOH). The resulting reaction mixture was heated at 80°C for 4 hours

before it was cooled to room temperature, The system was diluted with
addition of EtOAc (50 mL) and aquecus NH;Cl solution {15 mL). The aqueous
phase was extracted with EtOAc (3 x 15 mL.}. The combined organic layers
were washed with water {15 mL), brine (15 mL), and dried over MgSQy, After
filtration and concentration, the crude product was purified using BIOTAGE
chromatography (hexane/EtOAc, viv = 1/3) to give a mixture of Compounds
26d and 26e (0.275 g, 83% for 3 steps) which were separated with OD chiral
HPLC (hexanefisopropanol viv = 95/5) to give pure Compounds 26d and

26e.

Step D:.
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o, 5 W
H,, Pd(OH}GC, EIOH
CF, R CF
Compound 26d Compound 26

Compound 26d (38 mg, 0.0548 mmol)in EtOH (3.0 mL} was treated
at room temperature with Pd(OH)./C (7.6 mg, 10 wi%) and was hydrogenated
5 using a Hz ballogn for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with E{OH (15 mL). Solvent
. was removed under reduced pressure and the crude product was purified
C using BIOTAGE chromatography (hexane/EtOAc, viv = 1/4) to give
Compound 26 (25 mg, 82%). Electrospray MS [M+1]" 559.1.

10
PREPARATIVE EXAMPLE 27
oF,
CF,
Compound 27
15
Step A:
@,
cF,
- H,, PA{OH)IC, EIOH
COF,
Compound 26c Gompound 27
20 Compound 26e (41 mg, 0.0592 mmol) in EXOH (3.0 mL) was treated

at room temberature with Pd{OH),/C (8.2 mg, 10 wi%) and was hydrogenated
using a Hz ballaon for 30 minutes. The reaction solution was filiered through a
short pad of CELITE and the residue was washed with EtOH (15 mb). Salvent
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was removed under reduced pressure and the crude product was purified
using BIOTAGE chromatography (hexane/EIOAg, viv = 1/4) to give
Compound 27 (26 mg, 79%). Elecirospray MS [M+1]* 559.1.

5 PREPARATIVE EXAMPLE 28

CF,

NHBocF,c

' Bot-a- methyl alanine
HN~ 0
. e CFy HA'ru EDC, DIEA

10 .Compound 445 Gompound 28a

In a 25 mL round-bottomed flask, Compound 44b (0.2 g, 0.45 mmol,
1.0 equiv) was dissolved in DMF (5.0 mL). HATU (0.342 g, 0.90 mmol, 2.0
equiv), EDC (0.172 g, 0.90 mmol, 2.0 equiv), and DIEA {0.118 mL, 0,68

15  mmol, 1.5 equiv) were added. The reaction mixture was cooled fo 0°C and

C\? Boc-a-methyt alanine (0.109 g, 3.54 mmol, 1.2 equiv) was added. The
reaction mixture was allowed to stir overnight. The reaction mixture was then
quenched w.ith saturated NaHCO;3 (6 mL), diluted with EtOAc (10 mL), and
extracted with EtOAe (2 x 5 mL). The organic layer was washed with brine (10

20 mL), dried over MgS0,, and concentrated. The resulting residde was purified
by preparative TLC (9/1 hexanes/EtOAS) to give 0.12 g (43%) of Compound

- . 28a.

Step B:
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5
N
S
10
— 15
\os
20

o 0
HN>\ ?:NHBucF;G HNS i':"N}-I=l FC
TEA, DOM
————
Hi=flu, oFs HN—,, O ks
Compound 28a Compound 28b

Compound 28b was prepared by a method similar tothatthe
compound 45¢, described below, in which a DCM solution of Compound

28a was reacted with TFA to remove the Boc protecting group.

Siep C:

)
HNHNH, EG
HGIOMa),
CF,

HN—, CHCOH

Compound 285 Compound 28

In a 10 mL. round-bottomed flask, compound 28b (0.050 g, 0.094
mmol, 1.0 equiv) was dissolved in tojuene (1 mL), and then
trimethylorthoformate (0.012 mL, 0.113 mmol, 1.2 equiv) and 1 drop of acetic

acid were added. The solution was heated at 60°C. The reaction mixiure was

allowed to stir for over 48 hours. The reaction mixture was then taken up in
EtQAc (5 mL) and washed with saturated NaHCOj3 (5 mL). The organic layer
was washed with brine (6 mL), dried over MgSOy, and concenirated. The
crude product was purified by preparative TLC tEtOAc) {o yield 0.010 g of
Campound 28. HRMS calculated for CzyHasFsNaQO2 (M+H) 542.2242, found
5422222,

PREPARATIVE EXAMPLE 29 -
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1) EIDC{O)C), BN
NH,, GRCh

CFy  2) PA{OH),/C, H, CF,

. 3w {57% for 2 steps) Example 20
A solution of Compound 31h (39 mg, 0.055 mmal, 1.0 equiv.) in

anhydrous dichloromethane {1 mL) was cooled to -20°C. Then triethylarﬁine

(10 mL., 0.088 mmol, 1.25 equiv.) and ethyl chloroformate (6.5 ml., 0.066
mimol, 1.2 equiv.) were added. The resulting pale green solution was stirred

at -15°C for 30 minutes. Ammonia gas was bubbled through the solution for

20 minutes. TLC (EtOAc) indicated that the reaction was complete. The
reaction mixture was diluted with ethyl acetate, washed sequentially with 1N
HCI {1 mL), saturated sodium carbonate aqueous solution, and brine. The
organic layer was dried over NagSOs, filtered, and concentrated. The
resulting residue was dissolved in absolute ethanol (6 mL), to which was
added Pd{OH),/C (17 mg, 20 wt%, 0.024 mmol, 0.43 equiv.) before attaching
a hydrogen balloon to the reaction flask. The reaction mixture was stirred at
room temperature until TLC (5% MeOHIEtOAc) showed that the starting
material was completely consumed. The reaction mixture was concentrated
to dryness, and the residue was taken up into ethyl acetate, washed with
saturated sodium bicarbonate aqueous solution, and the organic and équeous_
layers were separated. The agueous layer was further extracted with ethyl
acetate, The combined organic layers were dried over anhydrous Na;S0,,

filtered, and concentrated to give the crude product, which was purified using

Prep-TLC (5% MeOH/EtOAC) to give pure Example 28 (18 mg, yield 57%).
MS [M+1]” 572.1.

PREPARATIVE EXAMPLE 30
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Step 1:

HATY, MeONHMeCl

CF, DIEA, DMF

(43.6%)

31h

To a solution of Compound 31h (450 mg, 0.64 mmol, 1.0 equiv.) in
anhydrous DMF (3.5 mL), was added, sequentially, HATU (290.5 mg, 0.764
" mmol, 1.2 equiv.), MN~dimethylamin§ hydrochioride salt (99 mg, 1.01 mmol,
1.6 equiv.) and diisopropy! sthylamine (0.50 pL, 2.87 mmol, 4.5 equiv.). The
40 resulting orange solution was stirred at room temperature until TLC (5%
MeOH/EtOAc) showed that stgrting material was completely consumed. The
reaction mi:&ure was poured into dichloromethane (200 mi.), washed
sequentially with half—séturated citric acid aqueous solution, saturated
NaHCO;, and brine. The organic layer was dried over anhydrous NazS0q,
16 filtered, and concentrated to give the crude product, which was purified using
. BIOTAGE chromatography (EtOAc/Hexane =3:1) to give Compound 30a as
o/ a brown solid (208 mg, vyield 43.6%).

Step 2:

20

Méthy[magnesium bromide (1.65'mt., 1.0 M in t-butylether, 1.65 mmol,
6.0 equiv.) was added dropwise to a solution of Compound 30a (206 mg,
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0.275 mmol, 1.0 equiv.) in anhydrous THF (3 mL). TLC (EtOAc) showed that
the starting material was totally gone after the reaction mixture was stirred at
room temperature for 30 minutes. The reaction mixture was then diluted with
ethyl acetate, quenched with a saturated aqueous NH;C| solution, and

5 exiracted with E{OAc. The combined organic layers were dried over Na,S0,,
filtered and concentrated to give the ctude product, Compound 30b.
Compound 30b was used in the next step without purification,

Step3:

B0
o, LS P -

Pd{OH),/C, H,

CFa

HN

e CF,

{96% from 308)

10 30
Using the same procedure as that of Example 31, Step 6, the crude
Compound 30b was hydrogenated to give pure Example 30 (150 mg, yield
95.6% from Compound 30a). MS [M+1]" 571.1.
15 _
PREPARATIVE EXAMPLE 31
_‘\—COZMG cF;
CF;
Step 1:
. 85C EWE .
HNNHCIO)OCH, +  (EI0),CH NHN‘g(OJocH,
20 Ma 31b pestt) 312

Compound 31b (32 mL) was added to a solution of Compound 31a -
(1.0 g, 1.1 mmol, 1.0 equiv.) in triethylorthoformate. The solution was

heated at 88°C for 36 hours, and then concentrated o dryness under vacuum,

25  The resulting residue was recrystallized from EtOAg, to give Compound.31c
(0.24 g, vield 58%).
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Step 2:

CF,

1) MSDYQA
2}
A1y, 0 oF, Pd(PPhy,

2) HPLC separafion

23 aid He

, To a solution of Compound 23b (2.5 g, 4.1 mmol) in THF (20 mL) was
added allylmethylcarbonate (0.465 mi, 8.2 mmol), and Pd(PPhs)s (236 mg,
0.205 mmol}). The reaction vessel was purged three times with nitrogen, and
then the solution was allowed to stir for 16 hours. The solvent was then

10 removed and the residue was filtered through a short silica column using 20%
EtOAC /hexanes as eluent. The filtraie was concentrated and Compounds
31d and 31e were separated using prep-HPLC. MS [M+1]* 651.1 for both
compounds. . B

15
Step 3:

ON, </

<. s Zwmome
"0 CF,

{825}
1 3¢

A round-bottomed flask was charged with Compound 31d (3.84 g,
20 590 mmol, 1.0 equiv.) and glacial acetic acid {20 mL). Te theresulting

yellowish solution at 0°C was added as several small portions of Zinc dust

{3.86 g, 59.0 mmol, 10 equiv.). The reaction mixture was stirred at room
temperature for 6 hours until TLC (30% EtOAc/hexane) showed that the
starting material Compound 31d was totally consumed. The reaction mixture

25  was then diluted with ethyl acetate, and passed through a CELITE pad in a
funnel. The GELITE pad was thoroughly washed with ethyl acetate, and the
combined with the filtrate. The filtrate was concentrated to provide a criude
product, which was purified using BIOTAGE chromatography (30%
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10

15

("‘\_: 20
25

EtOAc/hexanes) to give a pure colorless oil product, Compound 31f (3 g.
yietd 81.8%).

E. b \=N-NH
CF, }
e CO,Me

EiOH
CFs [ MeDH, MeONa, 70°C

CF,

CF,

{EiY)

To a solution of Compound 31f (33.4 mg, 0.054 mmo!, 1.0 equiv.) in
ethanol (0.4 mL) was freated with reagent 31c (67.5 mg, 0.46 mmol, 5 equiv.)
and stirred at room temperature overnight. It was then diluted with
anhydrous methanol (1 mL) and treated with sodium methoxide, then heated

at 88°C until TLC (EtOAc) showed only product. It was concentrated to

drﬁrness, and then taken up into ethyf acetate, washed with saturated scdium _
hicarbonate solution and the layers were separated. The aqueous layer was
further extracted with ethyl acetate. The combined organic layer was dried
over anhydrous Na;S0y, filtered, and concentrated to get the crude product,
which was purified via BIOTAGE chromatography (25-40% EtOAclhexanes)
to get pure compound 319 (22.4 mg, vield >80%).

Step 4:

1)0,, CH,C
Mucite

2) HQ,, HCO,H

{80,6% )

Compound ‘319 (306 mg, 0.44 mmol, 1.0 equiv.) was dissolved in
anhydrous dichloromethane (5 mL). The resuiting colorless solution was

cooled to -78°C, then Oy was bubbled through until the solution turned purple.

The solufion was then purged with Nz o remove excess Os. The solution was
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then concentrated to dryness. The resuiting white foam was dissolved in
formic acid (1.5 mL) and treated with hydrogen peroxide (1.5 mL, 30%

aqueous solution) to form a white suspension, which was heated to 80°C

overnight. LCMS analysis showed only the product peak. The solvent was
5 removed under vacuum, and the residue was dissolved in ethyl acetate and
washed with half saturated Na,5,03 adqueous solution. The resulting two
layers were separated, and the aqueous layer was further extracted with ethyl
acetate. The combined organic layers were dried over anhydrous Na:SQ,,
“filtered and goncentrated to give the Compound 31h (284.2 mg, yield 90.6%).
10  Compound 31h was used in the next step without purificaﬁon. '

Step 5:
&

N, —COH cF,

TMSCHN,

CbzN—. 0 cr, Benzens

CF.
MsOH o

#h

15 :
To a solution of Compound 31h (104 mg, 0.147 mmol, 1.0 equiv.) in

benzene (4 mL) and methano! (1 mL), was added dropwise a 2.0M solution of -
trimethylsilyl diazomethane in hexanes (88 pl., 0.177 mmol, 1.2 equiv.). TLC
(10% MeOH/CH,Cl,) showed that the starting material was gone completely

20  after stiring the reaction mixture at room tefnperature for 30 minutes. The
solvent was removed to give the crude produet, which was used in the next
step without purffication.

Step &:

Rogo ‘
N‘§»N ~—COMe CF, +—COMe CF,
PdioH)y/C .

ChaN-; ) .
i CF, e CF,
o EXOH

25 ant e from 319) compound 31

The crude product from Step 5, Compound 31, was dissolved in
absolute ethanol (4.6 mL). To this solution was added Pd(OH)./C (46.7 mg,
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20 wi%, 0.067 mmol, 0.45 equiv.), and then the reaction mixture was
hydrogenated with a hydrogen balloon. The hydrogenation reaction was
stopped when TLC (10% MeOH/CH,Cl;} showed that the starting material
was consumed, The diluted reaction mixture was carefully passed through a

5 CELITE packed funnel, and the CELITE pad was washed thoroughly with
methanol. The filtrate was concentrated o dryness. The resulting residue
was purified by prep-TLC (10% MeOH/CH,Cl2) fo give the pure Compound
31 (56.2 mg, yield 65% from Compound 31g), MS {M+1]" 587.1.

40 . PREPARATIVE EXAMPLE 32

CF,

CF,

15  Step 1:

CF,

H.N, CN £, Q.0
N
ChzN~ r . . W
K N, {C
3 Rl CF,

42

In a 25 m! round-bottomed flask, Compound 42b (0.142 g, 0.23 mmoal,

20 1.0 equiv} was taken up in 3 mL of dichloroethane under a Nz atmosbhere and
the reaction mixture was treated with EtzN (0.0.48 ml, 0.34 mmol, 1.5 equiv)
followed by 3-chlorasulfonyl propyl chloride (0.037 mi, 0.3 mmol, 1.2 equiv).
The reaction mixture was stirred at room temperature overight. The
‘progress of the reaction was monitored by TLC (60:40 EtOAc/hexane) and

25 MS, which indicated no desired product was formed. Accordingly, the
reaction mixture was then heated to reflux. After one hour of heating the
reaction was complete. The reaction mixture was then cooled and diluted
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with CHzCl, and quenched with 1N HCI. The organic layer was dried over
Naz 50, and concentrated to give crude Compound 32a (0.11 g), which was
used in the next step without further purification.

5 Stepz;

Fs

In a flame dried 15 ml round-bottomned flask, Compound 32a (0.11 g,
0.23 mmol, 1.0 equiv) was taken up in dry DMF. To this reaction mixturs,

10 1,8-diazabicyclo[5.4.0Jundec-7ene (0.044 g, 0.29 mmol, 1.2 equiv) was added
and the reaction mixiure was stirred at room ternperature overnight. The
progress of the reaction was monitored by TLC (30:70 EtOAc/hexane) and
MS. Upon completion of the reaction, the reaction mixture was diluted with
EtOAc and quenched with Hz0. The organic layer was dried over Na,SO4 and

15 concentrated to give crude Compound 32b (0.1g). Purification was carried
out using BIOTAGE chromatography (30/70 EtQAc/hexane) to give purified
Compound 32b (0.0;129). '

Electrospray MS [M+1] 710.2.

20 Step3:

O

20% PaoH,
MaDH, Hyta)

Compound 32b (0.072 g, 0.1 mmol, 1.0 equiv) was dissolved in dry
25 MeOH (1.5 ml) and was treated with 20% Pd(OH)z (60% wt.) under an inert
atmosphere. The reaction was hydrogenated at atmospheric pressure and

the progress of the reaction was monitored by TLC (40:60 EtOAc/hexane).
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The reaction was completed in 45 min, and was filtered through CELITE,
washed with EtOAc, and concentrated to give a crude product. The crude
product was purified using preparative chromatography {60/40 EtOAc/hexane)
to give Compound 32 (0.04g, 70%).

Elecirospray MS [M+1]5786.2.

HRMS (FAB) calculated for CasHagFeNaO2 (M+1) 576.17586, found
576.1764.

PREFPARATIVE EXAMPLE 33

s}
Clr JCN Fs
. et OT@CFa

Example 33

Step 1:

HiN, BN CF,

£ 0 .

42b

In a 25 ml round-bottomed flask, Compound 42b (0.322 g, 0.53 mmo!,
1.0 equiv) was taken up in 5 mi of CH,Clz and the reaction mixture was cooled

to 0°C in an ice bath. EtN (0.111 mL, 0.79 mmol, 1.5 equiv) followed by 4-

chlorobutyryl.chloride (0.072 mi, 0.64 mmol, 1.2 .equiv).was-then added-o the
reaction mixture, which was siowly warmed to room temperature and stirred
for 14 hrs. The progress of the reaction was monitored by TLC (60:40
EtOAc/hexane eiuent) and MS. Upon conipletion of the reaction, the reaction

" ‘mixture was diluted with CHzC), and quenched with saturated NaHCOs

followed by brine. The organic layer was dried over Na,S04 and concentrated
to give crude Compound 33a (0.32 g), which was used in the next step

without further purification.
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Step 2:

oF,

CFa

In a flame dried 25 ml round-bottomed flask, Compound 33a (0.32 g,

~0.45 mmol, 1.0 equiv) was taken up in dry THF. To this solution, 60% NaH

(0.025 g, 0.68 mmol, 1.5 equiv) was added, and the reaction mixture was
stirred at room temperature for 2 hrs. The progress of the reaction was
monitored by TLGC (60:40 EtOAc/hexane) and MS. Upon completion of the
reaction, the reaction mixture was diluted with EtOAc and quenched with
saturated NaHCO;. The organic layer was dried over Na;SO, and
concentrated to give Compound 33b (0.4 g}, in the form of a yellow oil, which
was used in the next step without further purification. '

Step 3:

aF, 20% POH, Cf_\cp C R

MeOH, Hylg)

‘ Compound 33

Compound 33b (0.4 g, 0.592 mmol, 1.0 equiv) was dissolved in dry
MeQH (4.0 mL) and was treated with 20% Pd(OH), (60% wt.) under an inert
atmosphere. The reaction was hydrogenated at atmospheric pressure and
the progress of the reaction was monitored by TLC {40:60 EtOAc/hexane
eluent). The reaction was campleted in 46 min, was filtered through CELITE
and washed using EtOAc and concentrated to give a crude product.

- Purification of the crude product was carried out using BIOTAGE

chromatography (60/40 EtOAc/hexane) to give Compound 33 (0.18 g, 59%).
HRMS (FAB) calculated for CzeHaaFeN2O2 (M+1) 540.2086, found
540.2078. :

PREPARATIVE EXAMPLE 34
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Examplo 34

CF, CF,

CFy

In a 25 mi round-bottomed flask, Compound 42¢ (0.23 g, 0.38 mmol,
1.0 equiv) was _téken up in 3 mL of CHzCl, and the reaction mixture was

cooled to 0°C in an ice bath. EtsN (0.078 ml, 0.57 mmol, 1.5 equiv) followed

by 4-chlorobutyryl chloride (0.651 ml, 0.45 mmol, 1.2 equiv) was then added
to the reaction mixture, which was slowly warmed to room temperature and
was stirred for 14 hrs. The progress of the reaction was monitored by TLC
(60:40 EtOAc/hexane eluent) and MS. Upon completion of the reaction, the
reaction mixture was diluted with CH,Cl> and quenched with saturated
NaHCQ; followed by brine. The organic layer was dried over NazSO; aﬁd
concentrated to give crude Compound 34a (0.23 g), which was used in the
next step without further puriﬁéation.

“Step 2:

CF,

50% NaH,
THF

CFR
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In a flame dried 25 mi round-bottomed flask, Compound 34a (0.23 g,
0.38 mmol, 1.0 equiv} was taken up in dry THF (1 mL). To this reaction
mixture, 60% NaH (0.022 g, 0.57 mmol, 1.5 equiv) was added and the
reaction mixture was stirred at room temperature for 2 hrs. The progress of
the reaction was monitored by TLC (60:40 EtOAc/ hexane eluent) and MS.
Upon completion of the reaction, the reaction mixture was diluted with EtOAc
and quenched with saturated NaHCQs. The organic layer was dried over
Na»S0; and concenirated to give Compound 34b (0.21 g} in the form of a
yellow oil, which was used in the next step without further purification,

Electrospray MS [M+1] 674.2.

Step 3:

OF, 20% PACH,
. MsCH, H,fg)

rr—————
CFy

Compound 34b (0.21 g, 0.31 mmol, 1.0 equiv) was dissolved in dry
MeOH (2.0 ml) and was treated with 20% Pd(OH);z (40% wt.) under an inert
atmosphere. The reaction mixture was hydrogenated at atmospheric
pressure and the progress of the hydrogenation was monitored by TLC (40:60
EtOAc/hexane eluent), After 45 min, the reaction mixture was flltered through
CELITE, washed with EtOAc, and concentrated to give a crude product. The
crude product was purified using BIOTAGE chromatography (60/40 EtOAc/
hexane), to give Compound 34 (0.10 g, 59%). ‘

HRMS (FAB) calculated for CasHasFsNaO2 (M+1)540.2086, found
540.2078. '

PREPARATIVE EXAMPLE 35
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NH
L £,
HN
a0 CF,
Compound 3§
gFs cf,
Zn, HOAc, GO-*C
CF,
Fy
Compound 23d
. Compound 352
5
Compound 35 was prepared using a procedure similar to procedure
for preparing Compound 23e in Example 23.
: CF, . sno\ JM OF
BnBr, (NH)HE0,, NaOH, THF Chzk .
"’f/o\l/gcpa .-"/0 CFy
Campound 36a Gompound 35h
10 _
Likewise, Compound 35b was prepared by a procedure simiiar to the
procedure used fo prepare Compound 23f in Example 23.
Elo
¢F, o “SN-NHGOOH, oy
- - M
b. NaQCH,, MeDH, 80°C
CF,
Compound 15b

15 ) Compaund 35¢

Compound 35c was prépared by a procedure similar to the procedure
- used to prepare Compound 23g in Example 23.
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PA(OH), H,

CF, MeOH Fa

Compound 38¢ Gompound 35d

Compound 35d was prepared by a procedure similar to the procedure
for preparing Compound 23 in Example 23,

5
'r’f{gn
GFy e, N OF,
() CY,, DCK "o o
] CFa “78°C L0 CF,
Gompaond 38d Compound 35e
) Compound 35e was prepared by a procedure sirmilar to the procedure
10 for preparing Compound 23h in Example 23.
N
¢ NH . ) Mot
Ho -N“go fa o :;"&0 CF,
y Dess-Martin perlodinans
P CFa - HN 1ep 20 CF.
C . ccmpuund'ssa Compound 35F
15 Compound 35f was preparing by a procedure similar to the procedure

__forpreparing Compound 42¢. in Example 42. ... ... .

N,
H S—QH ]
O + 0 P GFy
NH;OH.HCH NaQAo
HN~" &
4 CFy EOH CFy
Componnd 351 . Compound 359
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Compound 35g was prepared by a procedure similar to the procedure
for preparing Compound 42g in Example 42,

Benzene CFy

5 Compotnd 35g Compound 36

Compound 35 was pre;ﬁared by a procedure simiiar to the procedure
O for preparing Gompound 42 in Example 42. HRMS calculated for
~ CasHaaF sNsOz (M+H) 540.1834, found 540.1822.

10
PREPARATIVE EXAMPLE 36
Nq,.' NHSO,Ma CF,
GFy
Compourd 36
15 .
Step A:
CF,
. MsCl, TEA
Compound 42b - Zompound $6a

. Compound 36a was prepared by a procedure similar fo the procedure
20 for preparing Compound 47 in Example 47.

Siep B:
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NG, s Me G, ) NC,, HSO,Me GF,
Hg, PA{OH):

CF, MeCH CF,

Compound 362 Compound 36

Compound 36 was prepared by a procedure similar to the procedure
for preparing Campound 23 in Example 23. HRMS calculated for
5 CasHasFelN:03S (M+H) 550.1588, found 550.1603.

PREPARATIVE EXAMPLE 37
NC, _,\NHsonQ GF,
10
Step A:
Compound 426 - Compourd 37a
15 Compound 3'{'3. was prepared by a procedure similar to the procedure
( for preparing compound 47 in Example 47.
Step B
NHSOMe  op
H,, PA(CH),
CbzN~—s" o
s Fy MaOH
20 Gompound 37a . Gompound 3¢
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Compound 37 was prepared using a procedure similar to the
procedure for preparing Compound 23 in Exampie 23. HRMS calculated for
Ca4HasFsN30sS (M+H) 550.1599, found 550.1603.

PREPARATIVE EXAMPLE 38

U o
Nawr 1) 0, TBAI
ohatlort 2) NH,0H, NaGAe
. CFy ) (Im).CO

g 38a

‘CF,

Step 1:
To a solution of Compound 31g (640 mg, 0.93 mmol) in 10 mL CH.Cl,

maintained at -78°C was bubbled O3 gas until the reaction mixture turn blue.

The reaction mixture was then pﬁrged with nitrogen until it became colorless.
TBAI (412 mg, 1.11 mmiol) was then added and the reaction mixture was

stifred at 20°C for 2h. The reaction mixture was diluted with diethyl ether,

washed with saturated équeous NazS20,, water and brine, and the dried and
concentrated. The resulting residue was dissolved in EtOH (22 rﬁL) and
NaOAc (262.7 mg, 3.2 mmol) and hydroxylamine hydrochloride salt (222 mg,
3.2 mmol) were added, and the mixture was stirfed overnight. The reaction
mixture was then concentrated and the residue was partitioned between 20
ml EtOAc-and water, The organic layer was dried and concentrated. The
crude intermediate was dissolved in toluene (8.8 mL) followed by the addition
of 1,1-oxallyldiimidazole (165 mg, 1.8 mmol) and the mixture was heated at

80°C for 2h. After cooling the reaction mixture to 23°C, the toluene solution

was loaded to a silica gel column and eluted with 20-100% EtOAc/hexanes to

give product Compound 38a. MS [M+1]" 688.1.
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) PA(OH),/C, H2
. cF, Mkl il

3ea compound 38
Step 2;
Using a 'p'rocedure simitar to that of Example 31, Step 6, Compound
38a was hydragenated to give Compound 38, MS [M+1]" 554.1.

5
PREPARATIVE EXAMPLE 39 and 40
I ,
{/} Crs ne, S
TF,
Cempound 3%
10 Slep A
' GF, oF,
., CF,
Compound 42b ' Hy PA{CH), Gampound 40
+ MeOH - +
GCF, NG, NH2 CFy
CF,; CFy
A
Ry Compourd 420 . Compound 39

Compotmnds 39 and 40 were prepared using a procedure similar to
the procadure for preparing Compound 38. HRMS calculated for
15 CasHoaFsN3O (M+H) 472.1824, found 472,1820.

PREPARATIVE EXAMPLE 41 .
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NG, HCONH, CF,
For CF,
Compound 41
Step A:
NG, NHz F, NG, NHCONH, cF,
TMSNG
o O Ey OCE cF,
Compound 42b Compopnd 41a
5 . .

10

16

20

in a 25 mL round-bottomed flask Compound 42b (0.15 g, 0.248 mmol,
1.0 equiv) was dissolved in 6 mL of DCE. Trimethy!sily!l isocyanate {0.51 mL,
3.72 mmol, 15.0 equiv} was added and the reaction mixture was refluxed at

80°C overnight. The reaction mixture was cooled and quenched with

saturated NaHCOe, (10 mL). The aqﬁebus phase was extracted with EtOAc (2
x 10 mL). The organic réyers were washed with brine (5 mL), dried over
MgSQ,, and conceﬁtrated. The crude product was purified by preparative TLC
(11 EtOAc:hexapes) to yield 0.060 g (37%) of Compound 41a.

NG, NHCONH:  op NC, NHCONH, e
CF, ) D CF;

Gompound 41a Compound 41

Step B:

Hy, PE(OH),
MeOH

‘Eompound4t-was prepared by a proceduresimilarto procedure for
preparing Compound 23 in Example 23. HRMS calculated for Ca4H24FgN4O2
(M+H) 615.1882, found 515.1874.

PREPARATIVE EXAMPLE 42
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Compound 42

Steg Al

CFy

: NC,,
NaGh, NH, 0, NH, H,0
“rrp oF, T ChaNey

5 Caompound 412 42b Commpound 42c

CF,

CFy

Compound 41a (6.87 g, 11.86 mmol) in E1OH {7 mL) was added to a
solution of NaCN (0.767 g), NH,C! (0.889 g) and NH3*H,0 (3.84 mlL) in EtOH
(7.0 mL) and waier (7.0 mL) at room temperature in a sealed iube. The sealed

10  tube was then heated at 60°C for 12 hours before it was cooled down 1o room

temperature, The reaction mixture was diluted with EtOAc (200 mlL) and
washed with water (50 mL). The aqueous phase was extracted with EtOAGC (3
x 30 mL). The combined organic layers were washed with brine (30 mL), and
dried over MgS0O,. After filtration and concentration, the crude product was

16  purified using BIOTAGE chromatography (hexane/EtOAc, viv = 7/2 fo 5/2) to
give Compound 42b (2.6 g, 36%) and Compound 42c¢ (1.8 g, 25%).

Step B:
. " HN~RrHcHO
R °='d
Ne., fita CF, BOCLNAHEO,
* then NHRHG(OMPY tic, M oF,
g ) CF, Y /O oF,
20 Gomyound 42 - Gompotmd 424

Phosgene (6.67 mL, 12.4 mmol, 20% in toluene) was added dropwise
to a vigorously stirred mixture of Compound 42b (1.5 g, 2.48 mmol) in CH,CL

(30 mi.} and a saturated NaHCOs solution (30 mL) at 0°C. The mixture was
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stirred at 0°C for 3 hours before it was diluted with CHaCl, (50 mL) and the

agueous phase was separated from the organic phase. The organic phase
was washed with a cold agueous NH4CI solution, brine, and dried over
MgS0,. The solvent was reduced to a volume of about 5 mL under reduced
5 pressure, at room temperature, to remove excess phosgene. The residue was

dissolved in CH.Clz (15 mL) and treated with NHNHC(O)H (0.4486 g, 7.44 '
mmol) and pyridine (1.2 mL, 14.88 mmol) at room temperature. The resulting
solution was stirred at room temperature for 12 hours. The reaction mixture
was then diluted with EtOAc (200 mL) and washed with HCI (50 mL, 0.5 N).

10  The agqueous bhase-was extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine (30 mL), and dried over MgS0Q,. After
filtration and concentration, the crude product was purified using BIOTAGE
chromatography eluted with hexane/EtOAc (viv = 1/2 to 1/7) fo give
Compound 42d (1.1 g, 84%).

15
Step C:
HN—NHcQo . N
o] ¢ *NH .
Ne, S OF; HMOSTMECILR NG, N”&0 ¢k
GhzlN—r o cF, © a0 ' Forg CF,
Compound AZ4 Compound 42
20 TMSCI (50 pL) was added to a stirring mixture of Compound 42d (15

mg, 0.0217 mmol) and LIl (2.9 mg, 0.0217 mmol} in HMDS (0.5 mL) at room
. . —— temperature. The resulting reaction mixture was.heated.at-1402C_(bath

temperature) for 30 hours before it was cooled down to room.temperatuvre.
The reaction mixture was diluted with EtOAc (256 mL) and washed with HC! (5

25 mi, 1.0 N). The agueous phase was extracted with EOAc (3 X 10 mL). The
combinad organic layers were washed with brine (10 mL), and dried over
MgSQ,. After filtration and concentration, the crude product was purified using
preparative TLC (hexane/EtOAc, viv = 6/4) to give Compound 42 (4 mg,
34%).
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ALTERNATE PROCEDURE FOR EXAMPLE 42

Alternatively, Compound 42 can also be prepared from Compound
23y as follows

5 StepA:

CbzN A .,

Compound 23g

Compound 42e

in a 10 mL round-bottomed flask, Compound 23g (0.02 g, 0.037
mmol, 1.0 equiv) was dissolved in DCM (3 mL) and the reaction mixture was

10 cooled to 0°C. Dess-Martin periodinane (0.02 g, 0.048 mmol, 1.3 equiv) was

added and the reaction mixture was stirred under nitrogen at room
temperature for 45 minutes. The progress of the reaction was monitored by
TLC (9/1 EtOAC/MeOH eluent), and the reaction was quenched after 1.5 hrs,
by pouring the reaction mixture into separatory funnel coﬁtaining saturated

15 NagS8;03/NaHCOj3 solution (1:1) (5 mL). The mixture in the separatory funnel
was shaken vigorously, and the aqueous layer was extracted with Et;O (2 x 5}
and dried over MgS0, and concentrated o give crude Compound 42e (0.02
g), which was used in the next step without further purification.

~
(_,—J 20 Step B:

NH,OH.HC), NaoAe

GF, EtOH

F

Campoisd 42f Compound 4n

In a 25 mL round-botiomed flask, Compound 42f (0.09 g, 0.13 mmol,
25 1.0 equiv) and sodium acetate (0.032 g, 0.39 mmol, 3.0 equiv) were dissolved
in EtOH (6 mL), to which hydroxylamine Rydrochloride (0.056 g, 0.080 mmol,
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8.0 equiv) was added. The reaction mixture was stirred under nitrogen at
room temperature overnight. The reaction mixture was then diluted with
EtOAc (18 ml), quenched with saturated NaHCO;3 (5 mL), and the organic
layer was washed using brine (5 mL) and dried aver MgSQ, to give crude
Compound 42g (0.95 g), which was used in the next step without further
purification.

Step C:

1,7-exalyidimidazole
——— e r—— e
£y Banzene

Compound d2g

Compaund $2h

In & 50 mL round-botiomed flask, Compound 42g (1.1 g, 0.52 mmol,
1.Dequiv) was dl’ssqlved in benzene (25 mL). 1, 1*-oxalyldiimidazole {0.302 g,
1.89 mmol, 1 5 equiv) was added to the solution, and the reaction mixture was

heated to 75°C under nitrogen for 4 hrs. The reaction mixiure was then
quenched with water (20 mL), diluted with EtOAc (30 mL), dried over MgSO4
and cancentrated {o give a crude product.  The crude product was purified
using BIOTAGE chromatography (1/1 EtOActhexanes) to give Compound
42h (0.7 g, 66% over three steps).

Step D, -

Compound 421

Comprund 42

in a 50 mL round-bottorned flask, Compound 42§ (0.5 g, 0,742 mmol,
1.0 equiv) was taken up in acetoniirile (9 mL.). The reaction mixture was

cooled to 0°C, and TMSI (0.742 mlL, 5.19 mmol, 7.0 equiv) was added

dropwise via syringe. The reaction mixture was stirred overnight at room
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femperature. The progress of the reaction was honitored by M8, which
indicated some starting materia) was still present. The reacticn mixture was
quenched using saturated Na,S:0/NaHCO; (1:1) (10 mL) and diluted with
EtOAc (20 mL). The organic layer was washed with brine {10 mL), dried over

5 MgS0s, and concentrated to yield a crude product. The crude product was
purified using BIOTAGE chromatography (60/40 EtOAc/hexanes) to give
Compound 42 (0.4 g). HRMS calculated for CasHz3FsNsO2 (M+H) 540.1834,
found 540.1813,

10 PREPARATIVE EXAMPLE 43
o
S F,
HN foy SO oF,
Compound 43
16 Step A:
. O Q .
BN HN !'\IHBoc Fg
Elno-am'lnncvcloproﬂ'l '
" / T@ urbuﬂlmacf Ry ..N/Q Fy
CF, HATY, EDC, DIEA
. Compound 44b Compaund 43a

Compbund'tiaa was preparet] by a procedure similar to the procedure

for preparing Compound 28a.
20
. StepB. -

° R
EC R
HI}—EHBnn * B i *

) TFA. DEM
i |/° o5 HN e s

Compoond 432 Gompound 434
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Compound 43b was prepared by a procedure similar to the procedure
for preparing Compound 45c.

Step G

Cempound 43

5 ) Compound 43¢

Compound 43 was prepared by a procedure similar to thé procedure
for preparing Compound 28 (step ¢).

10 PREPARATIVE EXAMPLE 44
' R
HO‘/IL"?:o L

L
"‘:/o\lfcilcp Yy

Gompound 44

o TF,

2n, AcOR
HNwy -
50 CF,
o -

1 5 . Compound 442 . Compound 44h

In a 50 mL round-bottomed flask, Compound 44a (1.1 g, 2.31 mmol,
1.0 equiv) was dissolved in acetic acid (20 mi), and the resulting reaction

mixture was cooled to 0°C. Zn powder (1.51g, 23.1 mmol,' 10.0 equiv) was
20- - added and the mixture was refluxed for 2.5 hr. The reaction mixture was then
filterad through CELITE, concenirated, diluted with EtOAc (30 mL), and

neutralized with saturated NaHCOj3 (30 mL). The aqueous phase was
extracted with EtOAc (2 x 10 mL), washed with brine (20 mL), dried over
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MgS0, and concentrated. Tha crude product was purified using a filter
column to yield 1.0 g (98%) of Compound 44b.

Step B:
Q  AHBoc
e
Y@ BocNHNH,, CDF 1@\
————  HN~ o
[+ THF ol OFa
5 Compound 44c
Compound 44¢ was prepared by a procedure similar to the procedure
for preparing Compound 45h.
10 StepC:
€ HHBeo
wf <F,
. 1.TFA, DCM
HN g CF, 2 pyfidine, DCM
Enof\n’cl.
Compound 44¢ 0 Compatind 444
Compound 44d was prepared by a proéedure similar to the procedure
for preparing Compound 45c,
15

2M NaOH, EtOH

H Ld
BnO\/k$=o By G

Compound 44e

Gompound 44d

Compound 44e was prepared by a procedure similar to the procedure
20 for preparing Compound 45d. '

Step E:
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el
=0
Bﬂ.ov ~N HO.
FE PU/C, HCONH,
Hit .,,’,oré\)\ or, MeOHH,0
Compound #e Compound 44

In a 10 mL round-bottomed flask, Compound 44e (0.34 g, 0.54 mmol,
1.0 equiv) was taken up in 5.5 ml. of MeOH/H:0 (10:1). The round-bottomed
.5 flask was degassed, and Pd/C (10 wi%, 0.18 g) was added followed by
HCO2NH, (0.174 g, 2.68 mmol, 5.0 equiv). The resulting heterogeneous
mixture was refluxed overnight, cooled, filtered through CELITE,
concentrated, diluted with EtOAc (10 mL), washed with saturated NaHCO; (10
mL), and dried over Na;SQ,. The crude product was purified by BIOTAGE
10 chromatography (9:1 EtOAc:MeOH) to vield 0.11 g (38%) of Compound 44.
HRMS calculated for CasHzeFsN4O3 (M+H) 545.1987, found 545.1988.

PREPARATIVE EXAMPLE 45 and 46

15
K-
N
Mao\/'\,f:" B
o, HiN~ /OTQG% '
I
Compound 45
Step A:
o ON oF, .
s flﬁ o Raney Ni, H,
THN Loy o N cF, ——— & ) oF
<:§ EtOH (]
Compound 413 Compound 46a
20 h Compound 41a (2.8 g, 4.59 mmol, 1.0 equiv) was taken up In ethanol -

(156 mL). Raney nickel was added fo the solution, and the reaction mixture
was hydrogenated in a Parr shaker at 80 psi. The progress of the
hydrogenation was monitored by TL.C (4/1 EtOAc/hexanes). After 3 hours,
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the reaction mixture was then filiered through CELITE, washed with ethanol
{30 mL}) and concentrated. The crude product was purified by BIOTAGE
chromatography (4/1 EiQAc/hexanes), {o give Compound 45a (1.75 g, 65%).

Step B:

- } NHBoe
W
BochHNH,. DI
e —— T B
THF 20 CF

Compound 43a Compotnd 45h

In a 50 mL round-bottomed flask, Compound 45a (1.0 g, 1.72 mmo,
1.0 equiv) was dissolved in dry THF (20 mL) and cooled to 0°C. A solution of

fert-butyl carbazate {0.228 g, 1.72 mmol, 1.0 equiv} and carbony! diimidazole
(0,335 g, 2.06 mmol, 1.2 equiv), which was previously stirred in dry THF (10
mLﬁ. was added 1o the above cooled solution via cannula. The reaction
mixture was allowed to warm to room temperature and was stirred overnight.
The reaction mixture was then concgntréted and purified by BIOTAGE
chromatography (1/1 EtOAc¢/hexanes) to give Compound 45h (0.85 g, 67%).

Step C:
g o 3 o
[»]
Hi cF, HN H cF,
1. TFA, OCM
Cl ————.
. sy P g, 2 pyidine, DOM TN O CF,
. MeO™ " ol

Carapound 46b Q Compound 45¢

In a 50 mL. round-bottomed flask, Compound.45b (0.39 g, 0.53 mmol,

" 1.0 equiv) was dissolved in CH2Clz (10.0 mL) and cooled to 0°C.

Triflworoacetic acid (1.02 mL, 13.2 mmol, 25.0 equiv) was added to the
sofufion, and the reaction mixture was allowed to stir at room temperature.
The progress of the reaction was monitored by MS (i.e., disappearance of
starting matetial). The reaction mixture was concentrated after 7 h, and was
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used in the next step without any further puriﬁcatian. The crude intermediate

was dissolved in THF (5 ml.) and cooled to 0°C. A 20 % agueous solution of

NaOH (5.0 mL) was added, followed by methoxyacetyl chioride {(0.098 mt,
1.06 mmol, 2.0 equiv). The reaction mixture was allowed to stir at room
temperature overnight, and was then diluted with H20 (10 mL), exiracted with
Et0 (2 x 10 mL), washed with brine (10 mL), dried over MgSO, and
concentrated fo yield crude Compound 45¢ (0.35 g, 95%), which was used in
the next step without any further purification.

Step D:
o] H _{‘OMe ﬁ
HN ]3{ A =0
CFy MeQ N
2 M NaOH, EIOX R
o " CbzN ""’OTQ""=

Compound 45¢ ’ Compound 46d

In a 25 mL round-bottomed flask, Compound 45¢ (0.35 g, 0.49 mmol,
1.0 equiv) was dissolved in EtOH (3.0 mL). 3.0 mL of a 6 M solution of NaOH
was added and the reaction mixture was refiuxed overnight. The reaction
mixture was then concentrated and purified by preparative TLC (EtQAc) to
give 0,145 g (42%) of Compound 45d.

Siep E;
A M
MeCk_)LN>=x o E . MeO\/JLhP: ° Meﬂ\)\r?: °
- . . Hu PROH)

Compound 45d Gompourid 45
Cantpound 46

in a 10 mL round-bottomed flask, Compound 45d (0.125 g, 0.18
mmol, 1.0 equiv) was dissolved in 3 mL. MeOH. Pd(OH); {0.010 g, 0.072
mmol, 40 wit%) was added, and the heterogeneous mixture was hydrogenated
at room temperature. The progress of the hydrogenation was monitored by
MS. The reaction mixture was filtered through CELITE, concentrated and
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purified by preparative TLC (EtOAc) affording a mixture of Compounds 45
and 46 {0.008 g, 8%). HRMS calculated for CaaHagFeN4O3 (M'i'H) 559.2144,
found 569.2146.

5 , PREPARATIVE EXAMPLE 47 and 48

Compound 48

10 Step A:
it :
N p . .
Meo,srrra’]“‘ =3

Compound 47
MeC1, TEA
"
e
MoosHN” T . eF,
h—y
0 o,
N
O
Compound 50 N Gompound 48

in a 10 mi round-bottorned flask, a mixture of Compounds 49 and 50
(0.025 g, 0.047 mmol, 1.0 equiv) was dissolved in 2 mL of DCM and cooled to

15 0°C. Triethylamine (0.0073 mL, 0.052 mmol, 1.1 equiv) was added, followed
by MeSQO,Cl (0.004 mL, 0.052 mmol, 1.1 equiv). The reaction mixture was
alfowed to stir overnight. The reaction mixiure was then diluted with EtOAC
{10 mL) and quenched with saturated NaHCO; (5 mL). The aqueous phase

was extracted with EiOAc (2 x 5 mL), dried over Na;S0., and concentrated.
20 The crude product was purified by preparative TLC (4:1 EtOAc/hexanes) to
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give 0.028 g (100%) of a mixture of Compounds 47 and 48. HRMS
calculated for CasHzrFeNs04S {M+H) 608.1766, found 608.1785.

Compound 49a Compound 49b

5 PREPARATIVE EXAMPLE 49 and 50
N K
N N*
=0 0
H,N)L Ho. CFs H,N)L f‘é_>= CF,
H "o/o\r©\cF AN é"uﬁj/@
Compound 48 Compound 50
10 Step A:
| i
. N‘L =0 . i =0
N CF, aN ' Ch
HNG,
Chz—7 0. oF, ON-ChzN—L o CF.

Compound 49a (0.5C g, 0.77 mmol, 1.0 equiv) was added to a 50 mL

15 round-bottomed flask. Fuming HNO; (3 mL) was then added to the flask, and
the resuiting reaction mixture was allowed to stand for 1 k. After the reaction
was complete, ice (10 g) was added. The reaction mixture was diluted with
EtOAc (25 mL) and neutralized with saturated NaOH (3 mL). The agueous
phase was extracted with EtOAc (2 x 10 mL). The organic layers were

20  washed with brine (10 mL), dried over MgSQ,, and concentrated. The crude
product was purified by BIOTAGE Chromatography (7:3 EtQAc:hexanes) to
give 0.45 g (79%) of Compound 49b.

. Step B:
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XY= 4
on” X GFs N ¢
Zn, AcOH "
ON-ChzR~¢ 0 ————— ! HN~
e el GF, w© CFy e CF,

Compound 50

Compound 48k

Compounds 49 and 50 were prepared by a procedure similar to the
procedure for preparing Compound 44b. HRMS calculated for CpsHasFsNs 02
5 (M+H) 530.1991, found 530.1977.

PREPARATIVE EXAMPLE 51

LR
HN T Q
S e 3‘” Sy oR
NHyteOH
Chah ChzN
A k. _eo"c s : oF,

55 &§la

10

Compound 55 (0.078 g, 0.11 mmol, 1.0 eguiv) was disso}véd in 7 M
ammonia in MeOH (3.0 mL) and was added to a small Parr bomb, which was

15  heaied to 80°C for 2 days. The progress of the reaction was manitored by

TLC (9/1 CHCl/MeQH). Upon completion of the reaction, the reaction
(/ ' mixture was concentrated to g_ive a crude product in the form of a white solid.
The crude product was purified using BIOTAGE chromatography (2:1 to 4:1
EtOAc/Hexane) to give Compound 51a as a white solid (0.48 g).
20  Electrospray MS [M+1] 692.2,

My

x
Y7
”
2

£
=
= S
%’

CF,

Sin Coppound 51
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Compound 51a (0.045 g, 0.065 mmol, 1.0 equiv.) was dissclved in dry
MeOH (2.0 mL) and was treated with 10% Pd/C (40% wt.) followed by "
ammonium formate (0.02¢g, 0.03 mmol, 5.0 equiv.) under an inert atmosphsre.
The reaction mixture was heated to reflux and the progress of the reaction
was monitored by TLC (100% EtOAc). The reaction was completed in 1 hr.
The reaction mixture was filtered through CELITE, washed with EtOAc and
concentrated under vacuum, The resulting residue was taken up in EtOAc,
washed with saturated NaHCO;, foliowed by brine and H20 to give the
desired product, Compound 51 in the form of a white solid, which was
converted to its HCI salt (0.034g, 94%). |

HRMS (FAB) calculated for CzsHzgFsNaO2 (M+1)558.16242, found
558.19398.

PREPARATIVE EXAMPLE 52

N
¢ NH
Hoo, L en

CF;

Compound 52

Step A:
i f’N‘N” f‘N‘NH

0 NH,OCH,, EIOH
e CF, h _"’/Qﬂcﬁ

Compound 52 Compaund 52

Compound 63 (18.1 mg, 0.0325 mmof) in EtOH (2.5 mL) was treated
with MeONHz.HCI (244 mg, 0.292 mmol) and NaOAc (12.0 mg, 0.146 mrriol)

at room temperature. The reaction mixture was stirred at 60°C for 12 hr, then

diluted with EtOAc (20 mL) and washed with aqueous NaHCQs. The aqueous
phase was extracted with EtOAc (3 x 10 mL). The combined organic fayers
were washed with water (10 mL), brine (10 mL), and dried over MgSO.. After
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filtration and concentration, the crude product was purified using preparative
T1.C (hexane/EtOAc, viv = 1/1 ta 1/8) to give Compound 52 (16 mg, 84%).

Electrospray MS [M+1]" 586.1.

5 PREPARATIVE EXAMPLE 53

Compownd 53

Step A
10

¢ -

MO, 1S . Déss-Martin periodinane f—g
© b. MeMgEs, THE °’!"- o §

Chelt . c. Dass-Maithn periadizane

e CFy :

St e

Compound 23h° Compolind 532
Dess-Martin periodinane (0.234 g, 0.553 mmol) was added to a mixture
of Compound 23h (0.25 g, 0.369 mmol) and NaHCO3 (0.232 g; 2.76 mrmol) in
15 CH3Cl; (5.0 mL) at room temperature. The reaction mixtura was stirred for 1
hour before it was diluted with EtOAc (50 mL) and water (10 mL). The organic
(\ phase was washed with saturated Na2S203 solution (3x15 mL). The combined
- aqueous phases were extracted with EtOAc (3 x 15 mL). The combined
organic layers were washed with NaOH solution {15 mL, 1.0 N}, water (10
20 ml:) brine (15 mL), and dried over MgSQ0,. After ﬁltrafion and concentration,
the crude aldehyde (0.25 g) was taken up in anhydrous THF (4.0 mL) and

was treated with MeMgBr (0.49 mL, 1.48 mmol, 3.0 M in Ef;0) at -78°C. The_
~ reaction temperature was élowly increased to room temperature and the
reaction was quenched in 2 hours with the slow addition of saturated aqueous
256  NHyCl solution (10 mL). The reaction mixture was then diluted with EtOAc (50
mlL) and neutralized with 0.5 N HCI until the aqueous phase was slightly
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acidic, The aqueous phase was extracted with EtOAc (3 x 15 mb). The
combined organic layers were washed with water (10 mL), brine (10 mL), and
dried over MgSO.. After filtration and concentration, the crude secondary
alcohol (0.26 g) was taken up in CHzClz (5.0 mL) and treated with Dess-Martin
periodinane {0.468 g, 1.11 mmol) and NaHCOs (0.466 g, 5.55 mmol) at room
tgmperatufe. The reaction mixture was stirred for 1 hour before it was diluted
with EtOAc (50 mL) and water (10 mL). The organic phase was washed with
saturated NayS20j3 solution (3x15 mL). The combined aqueous phases were

' extracted with EtOAC (3 x 15 mL). The combined organic layers were washed

with NaOH selution (15 mL, 1.0 N), water (10 mL), brine (15 mL), and dried
over MgS0,. After filiration and concentration, the grude produce was purified
using BIOTAGE chromatography (hexane/EtOAc, viv = 1/1) to give
Compound 53a (0.11g, 43% for 3 steps).

Step B:

CFy

Compound 53a

Compound 53a (107 mg, 0.155 mmol) in EtOH (5.0 mL) was treated
at room temperature with Pd(OH),/C (21.5 mg, 10 wi%) and was .
hydrogenated with a Hz balloon for 36 minutes. The reaction solution was
filtsred through a short pad of CELITE and the residue was washed with EtOH
(15 mL). The solvent was removed under reduced preéébre and the crude
product u'vas purified using BIOTAGE chromatography {hexane/EtOAc, viv =
1/3 to 1/9) to give Compound 53 (86 mg, 76%). Elactrospray MS [M+1]"
557.3. .

PREPARATIVE EXAMPLE 54
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NHOH, EIOH

—

GF.
! GF,

Compound 53

5 Compound 53 {14.3 mg, 0.0257 mmol) in EtOH (2.5 mL) was treated
with HONH2.HC! (10.7 mg, 0.154 mmol} and NaDAc (6.3 mg, 0.077 mmol) at

room temperature. The reaction mixture was stirred at 60°C for 12 hr, then
diluted with EtOAG (20 mL) and washed with aqueous NaHCOs. The aqueous
phase was extracied with EtOAC (3 x 10 mL). The combined organic layers

10  were washed with water (10 mL), brine (10 mL), and dried over MgSQ,. After
fittration and concentration, the crude product was purified using preparative
TLC (hexane/EtOAc, viv = 1/2) fo give Compound 54 (11 mg, 75%),
Electrospray MS [M+1]" 572.1. :

15 PREPARATIVE EXAMPLE 55

LN
Jio
neo Ny o

CFy

Compound 56
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M.
of NH
. &, Dass-Martin Perlodinane
CF; b.2-melhyl2-butene, NaGio,  HCO ™" Ny Oy
NeH PO, tert-hutenc!
0
€, TMSCHN,, MeOH, PhH ChbzN £,_o.
CFy —- CFy
Compound 23h Compound 553

Dess-Martin Periodinane (0.12 g, 0.284 mmol) was added to a mixture
of Compound 23h (96.3 mg, 0.142 mmol) and NaHCO; (0.12 g, 1.42 mmol)
in CH2Clz (3.0 niL) at room temperature. The reaction mixture was stirred for 1

' hour before it was diluted with addition of EtOAc (50 mL) and water (10 mL).

The organic phase was washed with saturated NapS,0; solution (3x15 mL).
The combined aqueous phases were extracted with EtOAc (3x 15 m'L). The
combined organic layers were washed with NaOH solution (15 mL, 1.0 N},
water (10 mL), brine (15 mL), and dried over MgSOQ.. After filiration and
concentration, the crude aldehyde (96.3 myg) was taken up in fert-butanol (2.0
mL) and water (0.5 mL) and treated with NaH,PO4+H.0 (39.2-mg, 0.284
mmol), NaClO; (44.9 mg, 0.497 mmol) and 2-methyl-2-butene {0.105 mL,
0.894 mmol) successively. The reaction mixture was stirred for 2 hours and
then diluted with EtOAc (20 ml) and washed with agueous NH,Cl. The
aqueous phase was extracted with EtOAc (3 x 10 mL). The combined organic
fayers were washed with water (10 mL), brine (10 mL), and dried over MgSO,.
Aftér filtration and concentration, the crude acid (95 mg) was dissolved in
benzene (2.8 mL) and MeOH (0.7 mL). The resulting solution was treated with
TMSCHNz (82.2 ul., 0.164 mmol) at room temperature and stirred for 20
minutes. The solvent was removed under reduced pressure and the crude
product was purified using BIOTAGE chromatography (hexane/EtOAc, viv =
2/3) to give Compound 55a (70 mg, 35% for 3 steps).

Step B:

CFy H,, PA(OH),IC, EIOH

CF;

Compound §6a Compound 55
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Compound 55a (38 mg, 0.0537 mmol) in E{OH (3.0 mL) was treated
at room temperature with Pd{OH),/C (7.6 mg, 10 wt%) and was hydrogenated
with a Hz balloon for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). The
solvent was removed under reduced pressure and the crude product was
purified using preparative TLC (hexane/EtOAc, viv = 2/3) to g'i.ve Compound
55 (24 mg, 78%). Electrospray MS [M+1]* §73.1.

PREPARATIVE EXAMPLE 66

N\

¢ NN

_§o oF;

s CFa

a’l,"

Gompound 86

a, H, PAOHLIC, E1OH
b, HC), ELO

Compound 56a Compound 6§

Compound 56a (156 mg, 0.0227 mmol) in EtOH (2.0 mL) was treated
at room tergpérature with Pd{OH)./C (3.6 mg, 10 wi%) and was hydrogenated
with a Hx balloon for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with EfOH (15 mL). The
solvent was removed under reduced pressure and the crude product was
taken up in Etz0 (0.5 mL) and treated with HCI in ether (0.23 mL, 0.23 mmol,
1.0'M in ether), The midure was stirred at room temperature for 12 hours.

© The mixture was then diluted with EfOAc (20 mL) and washed with aqueous

NaOH (5 mL, 0.5 N}. The aqueous phase was exiracted with EtOAc (3 x 10
mL). The combined organic layers were washed with water (10 mL), brine (10
mL), and dried over MgSQ,. After fittration and concentration, the crude
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product was purified using preparative TI.C (hexane/EtQAc, viv = 1/1) to give
Compound 56 (8.5 mg, 67%). Electrospray MS [M+1]" 563.1.

6 PREPARATIVE EXAMPLE 57

CF,

Compeund 57

10

CFy 2. MCl, NEY, CH,CI,
b, NaBH,, DMF, 50C

GFy CF;

Compound 23h
Compound 57n Compound 58a

MsCi (11,7 pL, 0.151 mmol) was added to a solution of Compound
23h (42.8 mg, 0.063 mmol) and Ef;N (26.4 ui, 0.189 mmpl), in CHxCl2 (1.0
15 mL) at room temperature, The reaction mixture was quenched with water (5.0
mL) after 30 minutes and diluted with CH,Clz (16 mL). The aqueous phase
was extracted with CH2Clz (3 x 10 mL). The combined organic layers were
o’ washed with water (10 mL), brine (10 mL), and dried over MgSQ,. After
. filtration and concentration, the crude mesylate (44‘ mg, 0.0582 mrﬁol) was
20  taken up in anhydrous DMF (2.0 mL) and treated with NaBH, (11.0 mg, 0.291

—

mmol). The reaction mixture was heated at 90°C for 1 hour before it was

cooled down to rcom te'ml:;erature.' The reaction mixture-was then diluted with
EtOAc (20 mL) and washed with aqueos.is HCI (5 mL, 1.0 M). The aqueous
phase was extracted with EtOAc (3 x 10 mL). The combined organic layers

25  were washed with water (3x10 mL), brine (10 mL), and dried over MgSQ,.
After filtration and concentration, the crude prodtict was purified using
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preparative TLC (hexane/EtOAc, viv = 3/2) to give Compound 57a (18 mg,
43%) and Compound 56a (15 mg, 36%).

Step B:

¢ e N, o
HG, N"&o &F ' HE, ‘:

T Fs
N CE,

Compound 57

Compound §7a

o~ Compound 57a (18 mg, 0.027 mmol) in EtOH (3.0 mL) was treated at
(-f’ room temperature with Pd{OH),/C (3.6 mg, 10 wt%) and was hydrogenated
10 with a Ha bafloon for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). The
solvent was removed under reduced pressure and the crude product was
purified using preparative TLC (hexane/EtOAc, v/v = 1/1) to give Compound
57 (10 mg, 70%). Electrospray MS [M+1]* 520.1.
15

PREPARATIVE EXAMPLE 58

20 -
N.
(f “NH
Q’-. N*&o CF,
HN

NHLOCH;, Et0H
D ————— ]
s CE,

Compound 19 Compound 58

Compound 198 (10.0 mg, 0.0175 mmol) in EtOH (1.5 mL) was treaied
with MeONH2+HCI (14.6 mg, 0.175 mimol) and NaOAc (7.2 mg, 0.0876 mmal)
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at rcom temiperature. The reaction mixture was stimed at 60°C for 12 hir, and

was then diluted with EtCAc (20 mL) and washed with aquecus NaHCOs. The
aqueous phase was extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with water {10 mL), brine (10 mL}), and dried aver MgSO,.
Afier filtration apd concentration, the crude product was purified using
preparative TLC (hexane/EtOAc, viv = 2/3) to give Compound 58 (10.5 mg,
100%). Electrospray MS [M+1]* 600.1.

PREPARATIVE EXAMPLE 59

CF;
AcCl ELN, CGH.Ch

CF,

Compound 5%a

Gompound sk

To a solution of Compound 59a {0.53 g, 0.76 mmal) in CHzClg (4 mlL)
was added Etz:N (0.14 mL, 0.98 mmel). The reaction mixture was cooled fo

-78°C and acetyl chioride (0.065 mL, 0.94 mmol) was added. The reaction
mixture was slowly warmed to room temperature and stirred for 72 hours.
Additional EtsN (0.068 mL) and acetyl chloride (0.033 mL) was added to the
reaction mixture, which was then stirred at room temperature for 4 hours. The
reéction mixture was concentrated and purified with BIOTAGE
chromatography (hexane/EtOAc, viv = 3/2) o give Compound 58b (0.5 g).

Step B:

-135-



WO 2006/0075490 PCT/US2005/023427

NHAC CF,

BCI,, GH,Cl, 78 °C
"0 CF,

Componndsbh Compuund B¢

CF,

.BCl; (3.7 mL, 3.7 mmol, 1.0 M in hexane) was added dropwise to a
stirring solution of Compound 59b (0.55 g, 0.74 mmol) in CHyClz (9 mL) at

5§ -78°C. The reaction was quenched in 1 hour by the addition of aqueous

NaHCOs solution (50 mL.) at -78°C. The reaction mixture was diluted with

EtOAc {200 mL) and washed with saturated aqueods NaHCO; (100 mL), and

dried over NazS0O,. The mixture was filtered and concentrated to give crude

Compound 59¢ (0.4 g), which was used in the next reaction without further
10 purification,

Step C:

HHAG oF, NHAG oF,

HO
. Dess-Martin, NaHCO,, CH.CL, ChzN-
GbzN ".,/0 Y@‘Fs - -.:;;’O GF;

Compound 55d

Compound t9¢

15 - Dess-Martin periodinane (0.12 g, 0.28 mmol) was added to a mixture of
Compound 59¢ (0.12 g, 0.18 mmol) and NaHCQ3 (0.17 g, 2.0 mmol) in
CHLCI; (5.0 mt) at room temperature and stirred for 45 minutes. Additional
Dess-Martin periodinane (50 mg) was added to the reaction mixture and
stirred at room temperature for 2 hours. The reaction mixture was then

20 concentrated and purified with BIOTAGE chromatography (Hexane/EtOAc, viv
= 1/1) to give Compound 59d (0.1 g). '

Step D:
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ToaCH,NG, K,CCy MeDH

CF,

Compound 5%g

Compound 598

A mixture of Compound 59d (0.11 g, 0.17 mimol), potassium
bicarbonate (26 mg, 0.19 mmol), tosylmethyl isocyanide (36 mg, (.19 mmol)

. and methanol (3' mL) was heated at 80°C for 48 hours. The reaction mixture

was then concentrated and diluted with EtOAc (200 mL) and washed with
saturated aqueous NaHCOs (2 x 100 mL). The organic layer was dried over
NazS0Q,, filtered and concentrated. The crude product was purified with
BIOTAGE chromatography (hexane/EtOAc, viv = 2/3 to 0/100) to give
Compound 59e (50 mg).

Siep E:
i - N
€A nwtno J NHA
CF, [a] . c GF,
ChzM o H, PA{OH},/C, MeOH o
e CFy g CF,
_Compound 58d - Gompound 58

Compound 58d (0.31 mg, 0.45 mmol} in MeOH (10.0 mL) was treated
at room temperature with Pd(OH)./C (0.2 g, 20 wi%) and was hydrogenated
with a Hp balloon for 2 hours, The reaction solution was filtered through a
short pad of CELITE and the residue was washed with MeOH (30 mL). The
solvent was removed under reduced pressure and the crude product was
purified with BIOTAGE chromatography (EtOAc/MeOH, viv = 9/1) ta give,
rnixture of two isomers (180 mg), which were further purified by HPLC {chiral
OD column) with hexane/IPA {(v/v = 8/1} to give Compound 59 (80 mg).

PREPARATIVE EXAMPLE 60

- 137 -



N

FaY
1

S’

WO 2006/007540

CFa

Cotnpound 6§
Step A:
HELG

Fy 2. CICOLEL, EyN, GH O,
) -2 H;
Chai Natty, BuNHSO,
0 CF,
bt &, TMSN, toluene, 410°C

GCompound 60z

PCT/US2005/023427

Sompound 80h

To a solution of Compound 60a (0.26 g, 0.43 mmol) in CH2Cls (4 mL)

at 0°C was added EizN (0.071 mL, 0.51 mmol) followed by ethylchioroformate

(0,052 mL, 0.56 mmol), and the reaction mixture was stirred for 1 hour. To
10 the reaction mixture was then added sodium azlde (64 mg, 0.98 mmol) and
tetrabutylammonium hydrogen sulfate (43 mg, 0.13 mmol) and sfirring was
cantinued for 1 hour. The reaction mixture was then diluted with CHCl; (100
mi) and washed with water (1 x 100 mL) and brine {1 x 100 mL). The organic
layer was dried over Na,S0,, filtered and concentrated. The residue was

15 dissélved in dry toluene (4 mi) and heated 1o 80°C for 2 hours and then

cooled to room temperature. TMSN; (0.13 mL, 0.94 mmol) was added and

the reaciion mixture was heated to -110°C for 18 hours. The reaction mixture

was then cooled to room temperature, concentrated and purifled by BIOTAGE
chromatography (hexane/EiOAG, viv=2/1, followed by MEOH/EIOAG, Viv =

20 1/99) to give Compound 60b (0.17 g).

Step B;
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N,
NN by
CF;

N
OJ‘N' CF;
H,. PA(OH),C, MaOH
Fa Hi iy /0 oF,

Caompoungd 50h Caompound §0

Compound 60b (0.17 mg, 0.26 mmol) in MeOH (10.0 mL) was treated
at room temperature with Pd(OH)./C (15 mg, 20 wi%) and was hydrogenated
5  with a Hy balloon for 2 hours. The reaction solution was filtered through a
short pad of CELITE and the residue was washed with MeOH (30 mL). The
solvent was removeéd under reduced pressure and the crude product was
é:\ purified by BIOTAGE chromatography (EtOAc/MeOH, viv = 98/2) to give
Compound 60 (20 mg). '

10 While the present invention has been described in conjunction with the
specific embodiments set forth above, many aliernatives, modifications and
variations thereof will be apparent to those of ordinary skill in ihe art. All such
alternatives, medications and variations are intended to fali within the spirit '
and scope of the present invention,
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CLAIMS

1. A compound of formula I:
R! R?
Ar?
N Un
re” R
@)
Ari

M

or a pharmaceutically acéeptable salt thereof, wherein:

R! and R? are selected from the group consisting of alkyl, haloalkyl, alkyl substituted
with one or more hydroxyl groups, -CN, alkynyl, -N(R®),, -N(R®)-S(0,)-alkyl,

/

N(R®-C(0)-N(R),, -alkylene-CN, -cycloalkylene-CN, -alkylene-O-alkyl,
-C(0)-alkyl, -C(=N-OR*)-alkyl, -C(0)-0-alkyl, -alkylene-C(O)-alkyl,
-alkylene-C(0)-O-alkyl, -alkylene-C(Q)-N(R),,

W is =C(RY- or =N-;
X 15 —=C(0O)- or —S(02)-;
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2.

Y is selected from the group consisting of ~CHz-, -O-, and —-N(R%)-C(0)-, with the
proviso that:
(a) the nitrogen atom of -N(R®)-C(O)- is bonded to X, and
K—Y

I,

(b) if R' and/or R?is '7"1/‘, and Y is —O-, X is not —=S(02)-;

Z is —C(R"),, -N(R®)-, or —O-;

R? is selected from the group consisting of H, and unsubstituted alkyl;

R* is H;

R’ is H or alkyl;

R® is selected from the group consisting of H, alkyl, cycloalkyl, and aryl;

each R’ is independently H or alkyl; or
each R’, together with the ring carbon to which they are shown attached, form a

cycloalkylene ring;

R® is selected from the group consisting of H, alkyl, alkyl substituted with one or more
hydroxyl groups, -N(R®),, -N(R®)-5(0)-alkyl, -N(R®)-S(02)-aryl, -N(R®)-C(O)-alkyl,
-N(Rs)-C(O)-aryl, alkylene-O-alkyl, and —~CN;

R’ is selected from the group consisting of H, alkyl, and aryl, or each R’ together with
the nitrogen to which they are shown attached, form a heterocycloalkyl ring;

Ar' is unsubstituted phenyl;

Ar” is phenyl substituted with 0-3 substituents selected from the group consisting of
haloalkyl;

nis 0, 1, or 2; and

mis1,2or3.

The compound according to claim 1, wherein the compound of formula I has the

following structure:
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and pharmaceutically acceptable salts thereof.

3. The compound according to claim 1, wherein:
R? is unsubstituted alkyl;
Ar? is substituted phenyl; and
nisl,

and pharmaceutically acceptable salts thereof.

4. The compound according to claim 2, wherein:
R? is unsubstituted alkyl;
Ar* is substituted phenyl; and
nis 1,

and pharmaceutically acceptable salts thereof.
5. The compound according to claim 4, wherein:

Ar? is 3,5-bis(trifluoromethyl)phenyl,

and pharmaceutically acceptable salts thereof.
6. The compound according to claim 5, wherein:

R’ is-CH;,

and pharmaceutically acceptable salts thereof.

7. The compound according to claim 6, wherein:
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10.

11.

12.

)|(————Y
/N ( )m
one of R! or R? is \;‘q’lf

and pharmaceutically acceptable salts thereof.

The compound according to claim 6, wherein:

z= N\\
/W
O N\
one of R! or R%is \  wherein W is =C(R%)-

and pharmaceutically acceptable salts thereof.

The compound according to claim 6, wherein:
N
/
B
LN\
1 2 J\N\J
oneof R" and R” is \ s

and pharmaceutically acceptable salts thereof.

The compound according to claim 6, wherein:
one of R' or R? is—CN,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7, wherein:
X i8 =5(02)-;

Y 1s ~CH»-; and

mis 2,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7 wherein:

X is ~C(O)-;
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14.

15.

16.

17.

Y is —CHj-; and
mis 2,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7, wherein:
X is —C(0)-;

Y is —CH;-; and

mis 3,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7, wherein:
X is —C(0)-;

Y is -O-; and

mis 2,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7, wherein:
X is-C(0)~;

Y is —CHj3-; and

mis 1,

and pharmaceutically acceptable salts thereof.

The compound according to claim 7, wherein:
X is -C(0)-;

Y is -NH-C(O)-;

mis 1,

or a pharmaceutically acceptable salt thereof.

The compound according to claim 8, wherein:
Z i1s —NH-; and
RYis H,

and pharmaceutically acceptable salts thereof.
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19,

20.

21.

22,

23.

The compound according to claim 8, wherein:
Z is -=NH-; and
R® is -NH-S(0,)-CH;,

and pharmaceutically acceptable salts thereof.

The compound according to claim 8, wherein:
Z is —NH-;
R%is —-CH,-OH,

and phannaceuticélly acceptable salts thereof.

The compound according to claim 8, wherein:
Zis —-NH-;
R® is ~CH,-O-CHs,

and pharmaceutically acceptable salts thereof.

The compound according to claim 8, wherein:
Z is —NH-;
R® is -NH,,

and pharmaceutically acceptable salts thereof.

The compound according to claim 8, wherein:

vd,q,
Z1is ;and
R¥is H,

or a pharmaceutically acceptable salt thereof.

The compound according to claim 8, wherein:
Z is —C(CH3),-; and

R®is H,

and pharmaceutically acceptable salts thereof.
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24.

The compound according to claim 1, having the formula IB

F3C

CF3

CHs

wherein R! and R? are selected from the group consisting of:

Compound R’ R*
1 -CN
_N
%
8]
2 -CN
0
N
e
O
N -
5 f \ CH,CN
N
N/
s




-CN

-CH,OCH3;

-CN

-CH;

-CN

-C(0)-O-CHs

-CH,OH

-CH,OCH;

12

13

14

32
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33 -CN
%"
Fa
(@]
34 -CN
%
/
O
35 -CN N
— \
’/ NH
“{N\<
Fs
O
36 “NH-8(0,)-CH; -CN
37 -CN -NH-S(0,)-CH;
N .
38 =N CH,CN
NH
/N
(9]
39 -CN -NH;
40 -NH; -CN
41 NH-C(0)-NH, -CN
N -
42 =N CN
NH
/N
O

25. A compound represented by the following formula:
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CF3
CHg
and pharmaceutically acceptable salts thereof.
26. A compound represented by the following formula:
F4C
CFz

CH

and pharmaceutically acceptable salts thereof.

27. A compound represented by the following formula:
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CF3

CH;

and pharmaceutically acceptable salts thereof.
28. A pharmaceutical composition comprising:
at least one compound of claim 1 or a pharmaceutically acceptable salt thereof, and at least one

pharmaceutically acceptable carrier.

29. A pharmaceutical composition comprising a pharmaceutically acceptable carrier, at least

one serotonin reuptake inhibitor, and at least one compound of claim 1.

30. A purified compound according to claim 1 or a purified pharmaceutically acceptable salt

thereof.
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