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PIPERIDINE DERIVATIVES AS NK1 ANTAGONISTS

Thié application claims the ‘béneﬁt of U.S. Provisional Application No.
60/584,502, filed July 1, 2004,
FIELD OF THE INVENTION | |
The presentinvention relates to novel neurokinin-1 (NK; or NK-1}
rece;ﬁor antagonists, pharmaceutical compositions comprising such
compounds, and _méthods of treatment using such compounds, fo treat NK;

" receptor mediated diseases and conditions, including, for exampie, emesis,

-depression, anxiety and cough.

BACKGROUND OF THE INVENTION _

Tachykinins are peptide ligands for neurbkihin receptors. ‘Neurakinin
receptors, such as NKs, NKz and NKj, are involved in a variety of biological
processes, -Tht;.fy can be found in & mammal's nervous and circulatory

. syétems, as well as in peripheral tissues. Consequently, the modulation of

{hiese types of recép.tors has been studied to potentially treat or prevent
varicus mammalian disease states. For instance, NK1 receptors have been
reported to be invalved in microvascular leakage and mucus secretion.
Representative types of neurokinin receptor antagonists and the disorders
that can be treated with them include, for example, sleep, pain, migraine,
emesis, nociception ang inflammation; see, fof example, U1.S, 6,329,401, U.S.
5,760,018, U.S. 5,620,989, WO 9519344, WO 94/13639, WO 84110165, Wu
et al., Tetrahedron, 56, 6279-6290 (2000), Rombouts etal., Tetrahedron, 59,

47244731 (2003), and Roglers et al., Tetrahedron, 57, 8971-8981 (2001). -

It would be beneficial to provide a NK, antagonist that is potent,
selective, and possesses beneficial therapeutic and pharmacological
propetties, and good metabolic stability. It would further be beneficial to

" provide a NK; antagonist'that is effective for treating a variety of physiological

disorders, symptoms and diseases, while minimizing side effects. This

invention provides such NK; antagonisis.



SUMMARY OF THE INVENTION
In one embodiment, the present invention is directed to a compound of

Fonnula |;
Rl RZ
Ar?
R4/N hn /L
' Ar! -0~ - TR®
5 )

or pharmaceutically acceptable salts and/or solvates thereof, wherein:
R' and R? are each independently selecied from the group consisting
of H, alkyl, haloalkyi, alkyl substituted with cne or more hyaroxyl groups; -CN,
alkynyl, -N(R%)q, -N(R®)-S(0,)-alkyl, -N(R%)-C(O)-N(R®),, -alkylene-CN,
10  -cycloalkylene-CN, -alkylene-O-alkyl, -C(O)-alky!, -C(=N-OR%-alkyl,
~C{0)-N(R®)2, -C(O)-O-aliyl, -alkylene-C(O)-alkyl, -alkylene-C(0)-O-alkyl,
-alkylene-C(O)-N(R®)s,

D ) 9
.’ixi_’,oi ,:i,m

Y,

X D,

N
with the proviso that at least one of R' and R? is —CN, J\Iru ;

Z“h{s HN»\N =N N
PO GRS
- .J\'U“ . © l.}\f", S or

15
W is =C(RY- or =N-;
X is =C{O}-or -S(Oz)-'
Y Is selected from the group consisting of -CHz-, -0-, and
N(R®-C(O)-, with the proviso that:
20 ) (a) the nitrogen atom of -N(R®)-C(0)- is bonded to X, and
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PA?

X

%

N

(b) if R! and/or R?is m'fh and Y is -O-, X is not -S(0z)-;
Z is =C(RNa-, -N{R®)-, or ~O~;
R?is selected from the group consisting of H, -CH,ORS, and alkyl;
R*is selected from the group consisting of H, alkyl, cycloalkyl,

heterocycloalkyl, heteroaryl, aryl, acyl, aroyl, alkylsulfonyl, 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

hv e

!

m

attached, form a cycloalkylene ring;

R? is selected from the group consisting of H, alkyl, alkyt substituted
with one or mare hydroxyl groups, -N(R%)z, -N(R®)-S(0,)-alkyl,
-N(R%)-8(02)-aryl, -N(R®)-C(O)-alkyl, ~-N(R®)-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' and AF? are each independently selected from the group consisting
of unsubstituted aryl and aryl substituted with 0 to 3 substituents selected
from the group consisting of halogen, alkyl, alkoxy, haloalkyl, haloalkoxy,l -CN,
-0OH, and -NO;

nisQ, 1, or2; and

mis 1, 2,or3.

In-another embaodiment, the present invention is d:rected toa -
pharmaceutlcal composition comprising a therapeutically effechve amount of
at least one compound of Formula ), or a pharmaceutically acceptable sait

. and/or solvate thereof, and at least one pharmaceutically acceptable carrier,

In another embediment, the present invention is dlrected to a kit
comprising two or mere 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
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of Formula !, or a phanmaceutically acceptable salt and/or solvate thereof in a
pharmaceutically acceptable carrier, and at least one other container of the
package comprises another therapeutic agent in a pharmaceutically
accepmble 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 ﬁhe patient an effective amount of at least one compound of

- Fonmula | or a pharmaceutically acceptable salt and/or solvate thereof.

In ancther embodiment, the present invention is directed to a method
for treating an NK; receptor mediated condition or disease (i.e., a disease
associated with an NK, recaptor, or a disease involving an NK, receptor in
part of the disease procass} in a patient in need of such treatment. The
method comprises administering to the patient an effective amount of at least
one compound of Formula | or a phannaceutically acceptable salt and/or
solvate 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 directed to a compound

of Fomnula |, or a solvate and/or salt thereof, as describéd herein.

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

(1A)
In yet another embodiment of the compotinds of Formula |, R*is G4
alkyl;
R*is H;
Ar' is phenyl;



Ar? is a phenyl substituted with 1 to 3 substituents selected from the
group consisting of halogen, Cq5 alkyl, Ci.¢ alkoxy, Ci.s haloalkyl, C1.s
haloalkoxy, -CN, and -NQ3; and

nis 1.

5 In yet another embodiment of the compounds of Fonnula |, R?is alkyl;

RYis H;

Ar'is phenyl;

Ar* Is phenyl substituted with 1 to 3 substituents selected from the
group consisting of halogen, Cy.s alkyl, C4 atkoxy, Crs haloalkyl Cis

10  haloalkoxy, -CN, and -NO»; and :

nis1.
In yet another embodiment, the compounds of Formula | have the

following structure 1A

15

. R%is Ci1¢ alkyl;
R*is H;
‘Ar' is phenyl; : ‘
) Ar* is phenyl substituted with 1 to 3 substituents selected from the
20 group bonsisting of halogen, Cy.g alkyl, C1.g alkoxy, Ci.s haloall;yl, Cis
haloalkoxy, -CN, and NOz; and
S nis 1, - .
in_yet ancther embodiment, the compounds of Formula | have the

folowing structure |A:
R1

2
.\\R
Ar2

B ) 1] A
""/__._ @) R3

(1A)
wherein R’ and R? are each independently selected from the group
consisting of H, -CHa, -CH2CH2CHj3, ~-CH,C!, -CHzF, -CHCla, ~CHFF2, -CF3,

R4’N
o5 Art

-5
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-CH20H, -CH2CH,0H, -CH;CH(OH)CH3, -CH2C(OH)(CHs)2, -CN, ~CH,CN ,
-NHz, -NH-8(0g)-CHs, -NH-C(0)-NHz, -CH,OCHa, ~C{O)-CHs ,
-C(0)-CHzCHs, -C(=N-OH)-CHj, -C(=N-OH)-CH,CHg, -C(=N-OCH3)-CHa,
-C(0)-NHz, -C(0)}-NH(CHg}, -C(0)-0-CHj3 or -C{O)-O-CH;CHj,
~CH2-C(0)-CHa, -CHz-C(0)O-CHj, -CH,-C({0)O-CHzCHs,

%"Nj/sj "%——N? ‘arﬂ/z;})

W\
~CH2C(0)-NH(CH;CHg), -CH2C(0)-NHz, o 0, o

. .
/=N S::\:
N N

*zfrw? N w;ﬁa N
0

R®is —CHa; .
RYisH, =~
Artis phenyl;

. Ac%is phenyl substituted with 1 to 3 substituents selécted from the
group consisting of halogen, Cy.¢ alkyl, Cy.¢ alkoxy, C1_5 haloalkyl, C1 8
haloalkoxy, -GN, and -NGs; and

nis . )
In yet another embodiment of the compounds of Formula I, Ar' is
unsubstituted phenyl or phenyl substituted with 1 to 3 substituents selected

1
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from the group consisting of CI, F, Br, -OH, Cys alkyl, C;.5 alkoxy, Cis
haloalkyl, C1s haloalkoxy, -CN, and -NQa.

In yet another embodiment of the compounds of Formula I, Art is
unsubstituted phenyl,

In yet another embodiment of the compounds of Formula |, A is
unsubstituted phenyl or phenyl substituted with 1 to 3 substituents selected
from the group consisting of Cl, F, Br, -OH, C1.g alkyl, Cs.s alkoxy, Cis
haloalkyl, C1.5 haloalkoxy, -CN, and -NO2.

In yet another embodiment of the compounds of Formula I, A Is
substituted phenyl. '

In yet another embediment of the compounds of Formula I, A% is 3,5-
bis(trifluoromethy)phenyl.

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

In yet another embodiment of the compounds of Formula ), R'is a Cy.5
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-blityl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl. ‘ .

In yet another embodiment of the compounds of Formula |, R'is a Cj.s
haloalkyl, for example -CHzClI, -CHzF, -CHClg, -CHF3, -CFs. '

In yet another embodiment of the compounds of Formula |, R! is a Cas
alkynyl, for example -G=C-H, -G=C-CHj, -C=C-CH,CHs, etc.

'In yet another embodiment of the compounds of Formula ), R'is a Cy.
alkyl substituted with one or more hydroxy groups, for example ~CH,OH,
-CHzCHzOH, -CHzCH(OH)CHj3, or -CH2C(OH)(CHa)>.

In yet another embodiment of the compounds of Formula I, R'is —-CN
or -Ci.galkylene-CHN, for example ~CHzCN,

Inyet another.embodiment of the compounds of Formula j, R is ~NH;.

In yet another embodiment of the compounds of Formuia |, Rtis
-NH-8(02}-C1.5 alkyl, for example -NH-S(0z}-CHs.

In yet another embodiment of :[he compounds of Formula I, R is

" -NH-C(O)-NHa.

In yet another embodiment of the compounds of Formula |, R is -Cy.
alkylene-O-Gr.s alkyl, for example CHOCH;.

In yet another embodiment of the compounds of Formula |, R? is
<C{0)-C.5 alkyl, for example —C(0)-CHz or -C{0)~-CH2CHs.

aT



10

15

20

in yet ancther embodiment of the compounds of Formula I, R' is
-C(=N-0OH)-C1.s alkyl or -C(=N-0-C1.5 alkyl)-C1.¢ alkyl, for example
-C(=N-0H)-CHj3, -C{=N-OH)-CH>CHjs, or -C{=N-OCHg)-CHs.

In yet another embodiment of the compounds of Formula |, R'is
-G(O)-NH(C1.¢ alkyl), ~C(O)}-N(C1.5 alkyl)z, -C(0)-NH(Cs.10 aryl), -C(O)-N(Ce-10
aryljz, -C(O}-N(Q.s alkyl)( Ca.1q aryl), or —C(O)-NHj, for example --C(O)-NH,
or ~C({O)-NH(CHjz).

In yet another embodiment ofthe compounds of Formula |, R} is
-C(0)-0-C1g alkyl, for example -C(0)-O-CHj3 or -C{O}-0-CHzCHs.

In yet another embodiment of the compounds-of FormuIa'l, Rlis-Cis
alkylene-C(0O)-Cy.¢ alkyl, for example ~CHs-C(0O)-CHa.

in yet another embodiment of the compounds of Formula |, R'is-Ci.s
alkylene-C(0)-0-Cy alkyl, for example -CH2-C(O)O-CHs or
-CHz-C(O)O-CH2CHs.

[n yet another embodiment of the compounds of Formula i, R'is —Cis
alkylene-C(0)-NHy, --Cy.g alkylene-C(O)-NH(C1.¢ alkyl), ~C1.6
alkylene-G(O)}-N(C1.s alkyl)z, ~C1.s alkylene-C(O)-NH{Ce.10 aryl)~C1.s
alkylene-C(O)-N(Cg 1q aryl)z, or —Cy.5 alkylene-C(O)-N(C1.¢ alkyl)(Ce.1 aryl),
forexample ~CH;C(0)-NH(CH,CH) or ~CH,C(O)-NHz.

In yet another embodiment of the compounds of Formula |, R* is one

zf:;s:,\ “erh@ w?o arn?afw

of:

o, o, O, o, &
OH OCH3
TSN S S
FN =N =N . =
sz-—u”};‘fH e weCh sl
s , o© , 6 , o , o |,



10

16

20

HN .
=N N=n /=N =N =N
%N N YN I}\IH-‘?‘[’N}H(CH:’. ﬁzfn))/\v C!J/ \%
7f CHy
1 O ] r o ] J"J\Jl
O
‘zr—Nf:hf HN I§

Cq , 'er\f’gJ. oS M

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

In yet another embodiment of the compounds of Formula |, R%is a C1s
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl.

In yet another embodiment Iof' the compounds of Formula |, R?is a Cy.s
haloalky), for example -CH,C), <CHyF, -CHClz, -CHF5, -CFs.

- In yet another embodiment 6f the compounds of Formula [, R?is aCzs
alkynyl, for example -C=C-H, -C=C-CH,, -CEC-CH:CHa, ete.

In yet another embodiment of the compounds of Formula |, R?is a C1.s
alkyl substituted with one or more hydroxy groups, for example ~CH,OH,
-CHzCH;0H, -CH,CH(OH)CHs, or -CH2C(OH}CHa)a.

In yet another embodiment of the compounds of Formula |, R? is ~CN
or-C1; alkylene-CN, for example ~CHzCN or —b(CHa)zCN.

In yet another embodiment of the compounds of Formula I, R? is ~Cg.¢

3—CG—CN

. - eycloalelene-GN-forexample—-£.\.

In yet another embodiment of the compounds of Formula I, R? is =NHa.
. In yetanother embodiment of the compounds of Formulall, R_2 is
NH-8(0;)-Cs.5 alkyl, -N(C1.5 alkyl)-$(02)-C1.5 alkyl or —‘-I_\I(Ce.w aryl}-8(02)-Cis
alkyl for exampte -NH-S(0,)-CHs. _ ' ‘
In yet another embodiment of the compounds of Formula I, R%is
-NH-C(O)-NH..
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In yet another embodiment of the compounds of Formula 1, R? is -Cs.g
alkylene-O-Cy.g alkyl, for example -CH20CHa.

In yet another embodiment of the compounds of Formula |, R? is
-C(0)-C1 alkyl, for example ~C(O}-CH; or =C(0)-CHzCHs.

In yet another embodiment of the compounds of Formula I, R? is
-C(=N-OH)-C1.§,aIkyI or -C(=N-0-C1.; alkyl)-C15 alkyl, for example
-C(=N-OH)-CHa, -C(=N-OH)-CH2CHg, or -C(=N-OCHa3)-CHj.

In yet another embodiment of the compounds of Formula I, R? is
-C(O)-NH(C1.¢ a_licyl), -C(0)-N(Ci.5 alkyl)z, -C(O)}NH(Cg.19 aryl), -C{O)-N(Cg.10 -
aryl}s, -C(Q)-N(C1.g alkyl)( Ce.to aryl), or —C(O)-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-C14 alkyl, for example -C(O)-0-CHjs or -C(0)-O-CHzCHjs.

In yet another embodiment of the compounds of Formula I, R? is -C1.e
alkylene-C(0)-C1.q alkyl, for example ~CHz-C(O)-CHs,

In yet another embodiment of the compounds of Formula |, R*is -C+.q
alkylene-C(0)-O-C1.s alkyl, for example —CHz-C(0)O-CHs or
-CHz-C(O)O-CHcha

In yet another embodiment of the compounds of Formula LR is -—C,.s :
alkylene-C(O)-NH3, ~C1. alkyléne-C(0)-NH(C 1.5 alkyi), -—C{.a
alkylene-C(0)-N(C.g alkyl)z, -C1.5 alkylene-C(0)-NH(Cg.10 aryl},~C1.q
alkylene-C(O)-N(Cs.10 aryl)s, of ~Cy.s alkylene-C(O)-N(Cr. alkyl)(Ca.1o aryi),
for example —CH2C(O)-NH{CH;CHj3) or ~CH2C({O)-NHa.

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

~

o J sl b w@
o? \\ |

of:

-10 -
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In yet another embodiment of the compounds of Formula |, RiisaCis
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
n-pentyl, or n-hexyl,

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

In yet another embodiment of the compounds of Formula I, R*is Cy.5
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 I, R*is Cas
cycloalkyl, far example cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.

In yet another embodiment of the compounds of Formula ), R%is Cag
heterocycloalkyl, for example pyrrolidinyl, tetrahydrofuranyl,
tetrahydrothiophenyl, tetrahydropyranyl, azetidinyl, morpholinyl, piperazinyl, or
piperidinyl. '

In yet another embodiment of the compounds of Formula I, R* is Cs12
heteroaryl, for example benzimidazolyl, benzofuranyl, benzothiophenyl,

“turanyl, indolyl, isoquinelyl, pyrazinyl, pyridinyl, pyrimidinyl, pyrrolyl, quinoclinyl,

quinoxalinyl, quinazolinyl, thiophenyl, isoxazolyl, triazolyl, thiazolyl, or
thiadiazolyl,

In yet another embodiment of the compounds of Formula I, R*is Ca.10”
aryl, for example phenyl or naphthy!. ' '

In yet another embodiment of the compounds of Formula I, R*is Cy.g
acyl, for example -C(O)CH3, -C(O)CH,CHa, ~C(O)CH2CH;CHs,
-C(O)CH(CHz)z, -C(O)C(CHa}s, or -C{O)CH2CH(CHs)a.

-11 -
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In yet another embodiment of the compounds of Formula i, R*is Cs.10
aroyl, for example benzoyl or naphthoyl.

In yet another embodiment of the compounds of Formula |, R*is Ci.s
alkylsulfonyl, for example —-S{0;)CHj; or -5{02)CHzCHs.

in yet another embodiment of the compounds of Formula !, R is Ce.0
arytsulfonyl, for example —S(0z)-phenyl or ~S(02)-naphthyl.

In yet another embodiment of the compounds of Fermula |, R&is H.

In yet another embodiment of the compounds of Formula |, R%is Cy.g
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 I, R®is Cy.¢
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyi,
n-pentyl, or n-hexyl. '

fn yet another embodiment of the compounds of Formula |, R%is Cas
cycloalkyl, for example cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyt,

In yet another embodiment of the compounds of Formula I, R® is Ca1o
aryl, for example phenyl or naphthyl.

In yet another embodiment 01; the compounds of Formula |, R is H.

In yet another embodiment of the compounds of Formula |, R7 is Cy.5
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 R7,
together with t_he carbon alom to which they are shown attached, form a Cag

IRt e )
| 3 51
cycloalkyl ring, for example rss?f . . G , of ] .

In yet another embodiment of thé compounds of Formula {, R%is H.

In yet another embodiment of the compounds of Formula I, R? is C1.s.
alkyl, for example methyl, ethyl, n-propyl, iscpropyl, n-butyl, seé-butyl, t-butyl,
n-pentyl, and n-hexyl.

-12 -
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In yet another embodiment of the compounds of Formula I, R® is
-NH-5(02)-C1.6 alkytl, -N(C+.a alkyl)-S(0O2)-C1.¢ alkyl or ~N{Ceg.10 aryl}-S(0z)-C1.g
alkyl for example -NH-S(03)-CHs.

In yet another embodiment of the compounds of Formula i, R¥is
-NH-8(02)-Ce-10 atyl, -N(C1.g alkyl)-S{02)-Cs.10 aryl or
~N{(Cag.19 aryl}-S(05)-Cg.1q aryl, for example -NH-S(02)-phenyl or -NH-8(0;)-4-
methylphenyl.

In yet another embodiment of the compounds of Formula I, R® is
-NH-C(0)-C1.5 alkyl, -N(Cy.5 alky!)-C(0)-Cy.g alkyl or —N(Cg.10 aryl)}-C(0)-Cx.s
alkyl for example -NH-8(02)-CHa.

In yet another embediment of the compounds of Formula I, R® is
-NH-C({0)-Cg.1p aryl, -N(C1.g alkyl)-C(O)-Cs-10 aryl or
—N(Ce.10 aryl}-C{0)-Cg.19 aryl, for example -NH-C(O)-phenyl or -NH-C({0)-4-
methylphenyl,

In yet another embodiment of the compounds of Formula [, R® is -Cys
alkylene-O-Cy.g alkyl , for esample -CH;OCHa.

In yet another embodiment of fhe éompounds of Formula |, R®isa Cy.6
alkyl substituted with one or more hydroxy groups, for example —CH,0H, .
~CH;CH20H, -CH,CH(OH)CHj, or -CHzC(OH){(CHz)2.

In yet another embodiment of the compounds of Formula |, R%is -CN.

"In yet another embodiment of the compounds of Farmuta I, R? is —~NH,,
-N(C1.5 alkyl)z, -NH(C1.5 alkyl), -N(Cs.10 aryl)z, -NH(Co.10 aryl}, -N(Cs.5
cycloalkyl)z, -NH(Cs.¢ cycloalkyl), -N(C1.s alkyl)(Cs.1o aryl), -N(C1¢
cycloalkyl)(Cs.10 aivl), or -N(Cy5 cycloalkyl}(Cy.s alkyl).

" In yetanother embodiment of the compounds of Formula I, R is H,

In_yet apother emhodiment :
alkyl, for example methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, {-butyl,
n-pentyl, or n-hexyl.

In yet another embodiment of the compounds of Formula 1, R® is Ce.40
aryl, for example phenyl or naphthyl. ]

In yet another embodiment of the compounds of Formula |, each R®
together with the nitrogen atom to which they are shown attached, forma Ci.g

-13 -
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heterocycloalkyl ring. For example ~N(R?), forms one of é Nﬂ, g ,

OO, O
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In yet ént_)ther embodiment of the compounds of Formula §, X is ~C{O)-.
In yet another embodiment of the comp;aunds of Formulal, Xis
5 -5(0)- '
In yet another embodiment of the compounds of Formula |, Y is ~CHz-.
In yet another embodiment of the compountis of Formula |, Y is ~O-.
In yet another embodiment of the compounds of Formula |, Y is
-N(H)-C(O)-, -N(C1.g alkyl)-C(O}-, or-N(Cs.1g aryl)-C(O)-, for example
10 -N(H)-C(O)-, -N{CH3}-C(O)~, or -N{phenyl)-C(O)-.
In yet anotherembodiment of the compounds of Formula |, Z is ~GHaz-.
In yet another embodiment of the compounds of Formula |, Zis ~C(C1s
alkyl}z or —-CH(C, 3 alkyl), for example ~C(CHs)2- or -CH(CHg)-. ‘
in yet another embodiment of the compounds of Formula |, Z is —-NH-,
15 In yet another embodiment of the compounds of Formulal, Z is ~N(C+s
alky!)-, for example ~N(CH)- or —N(CH2CHa)-, |
In yet another embodiment of the compounds of Formula 1, Z is -N(Cs.
10 aryl)-, for example —N(phenyl)- or ~N(naphthyi)-.
In yet another embodiment of the compounds of Formula |, Z is ~O-,
20 In yet another embodiment of the compounds of Formulal, nis 0. -
in yet another embodiment of the compounds of Formula . n is 1.
In yet anothe; embodiment of the compounds of Formula |, n is 2.
In still yet another embodiment, the compounds of Formula | have the
following structure IB:

1 2 '

-~ CF3

© 25 _
(B ;

wherein each of R* and R2 are as shown in the following Table I:

-4 -
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In still an additional embodiment, the present invention is directed to a
method of treating a disease (or disorder or condition) in a 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, allergy, cough and bronchospasmy), (2) inflammatory diseases (e.g.,
arthritis and psoriasis), (3) skin disorders (e.q., atopic dermatitis and contact
dermatitis), (4) ophthalmalogical disorders (e.g., retinitis, ocular hypertension
and cataracts), (5) central nervous system conditions, such as depressions
(e.g., neurotic depression), anxieties (e.g., general anxiety, social anxiety and
panic anxiety disorders), phobias (e.g., social phebia), and bipolar disorder,
{6) addictions (e.g., alcohol dependence and psychoactive substance abuse),
(7) epilepsy, (8) nociception, (9) psychosis, (10) schizophrenia, (11)
Alzlieimer'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, (18)
premenstrual syndrome, (20} gastrointestinal disorders (e.g., irritable bowel
syndrome, Crohn's disease, colitis, and emesis), (21) alhe'rosclerosis, (22)
fibrosing disorders (e.g., pulmonary ﬁbroéis), (23) obesity, (24) Type
diabetes, {25) pain related disorders (e.g., headaches, such as migraines,
neuropathic pain, post-operative pain, and chronic pain syndromes), (26)

"bladder and genitourinary disorders (e.g., inter_stitial 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,
comprising administering to the patient an effective amount of atleast one
(e.g., one) corﬁpoun,d of Formula | or a pharmaceutically acceptable sait
and/or.solvate thereof.

~ Instili an additional embodiment, the present inventioh is directed to a
meth.od of treating a disease (or disorder or condition) in a patient in need of
such treatment, wherein the disease is selected from the group consistitig of:
respiratory diseases {e.g., cough), depression, anxiety, phobia, bipolar
diéorder, alcohol dependence, psychoactive substance abuse, nociception,
psycﬁbsis, schizophrenia, stress related disorders, obgessive/compulsive
disorder, buiimia, anorexia neivosa, binge eating, ‘sleep disorders, mania,
premenstrual syndrome, gastrointestinaldisordens; obesity, 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 Formuia i 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
microvascuiar Iegkage and mucus secretion in a patient in need of such .

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

least one compound of Formula lora pharmaceuiically acceptable salt andfor
solvate thereof.

In still an additional embodiment, the present inventicn also is directed
to a method of treating asthma, emesis, nausea, depressions, anxieties,
cough and pain 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 and/or solvate
thereof, ‘

In still an additional embodiment, the presént 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 pharmacedutically

acceptable salt and/or solvate therecf.
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
receptor site ifi a patient in need of stch treatment, comprising administering
to the patient at least one compound of Formuia | or a pharmaceutically

acceptable salt andfor solvate thereof, .
In still an additional 'embodir_nent, the present invention also is directed

" to amethod 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 salt and/or solvate thereof.

In still an additional embodiment, the present invention also is directed
to.a method for treating depression and/or anxiety in a patient in need of such
treabment comprising administering to the patient an effective amount of one
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or more compounds of Formula | or a pharmaceutically acceptable salt andfor
solvate thereof, in combination with an effective amount of one or more anti-
depressant agents and/or one or more anti-anxiety agents.

In still an additional embodiment, the presentinvention 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 one or more compounds of Formula { or a
pharmaceutically acceptable salt and/or solvate thereof, in combination with
an effective amount of one or more seleciive serotonin reuptake inhibitors
("SSRIs").

In still an additional embodiment, the present invention also is directed
to 2 method of treating depression andfor anxiety in a patient in need of such
treatment comprising administering to the patient an efiective amount of one
or more compounds of Formula { or a pharmaceutically acceptable salt and/or
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 Foqmula tora
pharmaceutically acceptable salt and/for solvate thereof, in combination with at
‘least one therapeutic agent selected from the group consisting of: other types
of NK; receptor antagonists (e.g., NK; receptor antagonists other than those
according to Farmula | of the present invention), prostanoias, Hy receptor
antagonists, e-adrenergic receptor agonists, dopamine receptor agonists,

—melanocortin receptor agonists, endothelin receptor-antagonists, endothelin
converting enzyme inhibitors, angiotensin I receptor antagonists, angiotensin
converting enzyme inhibitors, neutral metalloendopeptidase Inhibitors, ETa
antagonists, renin inhibitors, serotonin 5-HT3 receptor antagonists {e.g.,

" ondansetron), serotonin 5-HTz. réceptor agonists, nociceptin receptor

agonists, glucoconrticoids {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 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 a compound of Formula | or a pharmacsutically
acceptable salt and/or solvate thereof, in combination with at least one
therapeutic agent selected from the group consisting of; prostanoids, such as
prostaglandin E1; a-adrenergic agonists, such as phentolamine mesylate;
dopamine receptor agonists, such as apomorphine; angiotensin II
antagonists, such as losartan, irtbesartan, valsartan and candesartan; ETy
antagonists, such as bosentan and ABT-627; serolton'in’ 5-HT3 receptor
antagonists, such as ondansetron; and glucocorticoids, such as
dexamethasone.

In vet an additional embodiment, the invention also is directed toa
method for treating an NK, mediated disease {or disorder or condition) in a
patient in need of such treatment comprising administering tojthe 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, SSRIs, dopamine receptor
agonists, serotonin 5-HTj receptor antagonists, serotcnin 5-HTx receptor
agonists, nociceptin receptor agonlsts, ghicocorticoids and inhibitors of multi-
drug resistance protein 5.

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

—ai—least--anecampeund—of:Eormula-I-er- a-phanmaceutically-acceptable salt
and/or solvate thereof, in combination with an effective amount of at least one
serotonin 8-HTs, receptor antagonist (e.g., ondansetron) and/or at least one
glucocorticoid (e.g., dexamethasoné).

In still yet an additional embodiment, the bresent inverition also is
directed to é kit comprising, in separate containers in a single package,
pharmaceutical compositions for use in combination to treat an NK4 recepior
mediated disease (or disorder or condition), wherein one container comprises
a pharmaceutical composition comprising an effective amount of a compound
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of Formula | or a pharmaceutically acceptable sait and/or solvate thereof, ina
pharmaceutically acceptable carrier, and wherein, a separate container
comprises a pharmaceutical composition comprising another therapeutic
agent in a pharmaceutically acceptable carrier, the therapeutic agent being
selected from the group consisting of: SSRIs, other types of NK; receptor
antagonists, prostanoids, Hy receptor antagonists, a-adrenergic receptor
agonists, dopamine receptor agonists, melanocortin receptor agonists,
endothelin receptor antagonists, endothelin converting enzyme inhibitors,
angiotensin Il receptor antagonistg, angiotensin converting enzyme inhibitors,
neutral metalloendopeptidase inhibitors, ETa antagonists, renin inhibitors, -
serotonin 5-HT; receptor artagonists, serotonin 5-HTz, receptor agonists,
nociceptin receptor agonists, glucocorticoids, tho kinase inhibitors, potassium
channel modulators and inhibitors of multi-drug resistance protein 5.
in still yet an additional embodiment, the present invention also is
directed to a kit comprising, in separate containers in a singie 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 Formula t or a
phanmaceutically acceptable salt and/or sclvate thereof, in a pharmaceutically
acceptable carrier, and wherein, a separate container comprises a
pharm-aceutical cbmposition comprising an antidepressant agent ina
pharmaceu‘tically acceptable carrier, and/or wherein a separate container
comprises a pharmaceutical composition comprising an antianxiety agentin a
pharmaceutically acceptable carrier.
In still yet an additionalembodiment, the prés_ent invention also is

«eiireeted-te—a-kit—oampﬁsing;—in—separateeentainers—in a~single-paeka§e,-
phafmaceutical compositions for use in combination to treat an NK; recepter '
mediated disease, wherein one container comprises a pharmaceutical '
composition comprising an effective amount of a compound of Formulaiora

' phamaceutically acceptable salt and/or solvate thereof, in a pharmaceutically - A

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
directed to 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 Formula | ora
phammaceutically 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.

In still yet an additional embodiment, the present invention aiso is
directed to a kit compn'sihg, in separate containers in a single package,
pharmaceutical compositions for use in combination to treat emesis and/or
nausea, wherein one container comprises a pharmaceutical composition
comprising an effective amount of a compound of Formula ! ora
phamaceutically acceptable salt and/or solvate thereof, in a pharmaceutically
acceptable carrier, and wherein, a separate container comprises a
pharmaceutical composition comprising a serotonin 5HT; re'ceptor antagonist
in a pharmaceutically acceptable carrier, and/or wherein a separate container
comprises a phamaceutical 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 emesis andfor
nausea, wherein one container comprises a pharmaceutical composition
comprising an effective amount of a compound of Formula! or a

-bhannaceutically--acceptab!e-salt-a ndfor. solvaia-thereof,.in.a.phammaceutically
aocéptab!e carrier, and wherein a separate container comprises ondansetron,
and/or wherein a separate container comprises dexamethasone.

Another aspect of the invention is to provide a kit comprising, in
separate cont_sliners ina single package, pharmaceutical compasitions for use
in combination to treat an NK; receptor mediated disease, wherein one
contaiﬁef comprises a phammaceutical composition comprising an effective
amount of a compound of Formula | in a pharmaceutically acceptable 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 5-
HT 3 receptor antagonists, serotonin 5-HTz. raceptor agonists, nociceptin
receptor agonists, glucocorticoids and inhibitors of multi-drug resistance
protein 5.

Except where siated otherwise, the following definitions apply
{hroughout the specification and claims. When any variable occurs more than
one #ime 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 is 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," “haloakyl,” "alkoxy," etc.

Ac mieans acetyi.

AcOH (o\[ HOAc) means acetic acid.

Boc means tbutoxycarbonyl.

Bumeans butyl,

{-Bu or Bu means ferifary-butyl.

Bn means benzyl.

Cbz means carbobenzoxy (i.e., Ph-CHg-O-C(O)—j.

DCM means dichloromethane.

DIEA means diisopropyiethyl amine.

DMF means dimethylformamiae.

DMAP means dimethylaminopyridine.

DMPLU means N,N H ~dimethyl propylene urea.

DMSO means dimethylsulfoxide.

DPPA means diphenylphosphorazide.

Et means ethyl,

EDClmeans 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride.

FAB means fast atom bombardment.

HOTs means p-toluene suifonic acid.
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HATU means O-(7-azabenzotriazol-1-yl)-N,N,N"N'-

tetramethyiuroniumhexafluorophosphate.

HPLC means High Performance Liquid Chromatography.
HRMS means high resolution mass spectroscopy.

LCMS means liquid chromato§raphy/mass spectroscopy
LIHMDS means lithium hexamethyldisilazide.

Me means methyl.

MeOH means methanol.

M S means mass spectroscopy.

Ms or mesyl means methane sulfonyl.

Ni {(Ra) means Réney Ni.

OD means oplical density.

Ph means phenyl

-PA (or IPA oriPA) means iso-propyl.

PPTS means pyridinium p-toluenesulfonic acid.

PTSA means p-foluene sulfonic acid. )

PYBOP means (benzotriazol-1-yloxy)tripyrrolidino phdsphonium

hexaftuorophosphate.

RT or-rtmeans room temperature.
TBAF means tetrabutylammonivm fluoride. = -

“TBA! means tetrabutylammonium iodide.

TFA means trifluoroacetic acid.

THF means tetrahydrofuran.

TLC means Thin Layer Chromatography.

TMS means trimethylsilyl.

TMSClmeans frimethylsilylclaloride,

*Tosyl” means toluene sulfonyl.

"Patient” includes both human and animals.

"Mammal” means humans and other mammalian animals.
Portions of chemical formulae enclosed in parentheses and/or brackets

denote pendant groups. For example, -C(O); refers to a carbonyi group (i.e.,
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9]

i
~C—), -N(alkyl)- refers to a divalent amine group with a pendant alkyl group
OCH3

-

?lkyl N
(i.e., —N~) and --C{(=NOCH3;)-CHj refers to —C-CHs .

"Alkyl" means an aliphatic hydrocarbon group, which may be straight or
branched and ‘comprising about 1 to about 20 carbon atoms in the chain,
Preferred alkyl groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups centain 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 alkyl” means a
group having about 1 to about 8 carbon atoms in the chain that may be
straight or branched. The term "substituied alkyl" means that the alkyl 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 halo, alkyl, aryl, cycloaikyl, cyano, hydroxy, alkoky, alkyithio,
amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl}z, carboxy and --C(O)Q-alkyl. Non-
limiting examples of suitable alkyl groups include methyl, ethyl, n-propyl,
isopr"opyl and t-butyl, |

“Alkylene® means a divalent aliphatic hydrocarbon group, which may be
straight or branched and cémprising about 1 to-about 20 carbon atoms in the
chain, Preferred alkylene groups contain about 1 o about 12 carbon atoms in
the chain. More preferred alkyl groups contain about 1 to about 6 carbon -
atoms in the chain. Non-limiting examples of an alkylene group inc]ude
methyiene (Le., -CH;-} and ethylldene (-CHzCHz- or --CH(CHz)-).

"Alkenyl” means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprisfng about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and mc;re
preferably about 2 to about 6 carbon atoms in the chain. Branched means that
one or more lower alkyl groups such as methyi, ethyl or propyi, are attached
to a linear alkeny! chain. "Lower alkenyl" means about 2 to about 6 carbon
atoms in the chain, which may be straight or branched. The term "alkenyl‘;
in_cludes substituted alkenyl which means that the alkeny! 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, cycloalkyl, 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,

YAlkynyl" means an aliphatic hydrocarbon group containing atleast one
carbon-carbon triple bond and which may be straight or 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 methyl, ethyl or propy|, are attached
to a linear alkynyl chain. "Lower alkynyl" means about 2 to about 6 carbon
atomns in the chain that may be straight or branched. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl, 2-butynyl and 3-
methylbutynyl. The term "substituted alkynyl* means that the alkyny! 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 muiticyclic ring system

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

carbon atoms. 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 naphfhyl.

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
complising.about § to.about 14 ring.atoms, preferably about 5 to about 10 ring
atoﬁ)s, in which one or more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone or ir{ 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 correspondiné N-oxide. Non-
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imiting examples ot suttable heteroaryis include pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridone (including N-substituted pyridones), [soxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazoly), furazanyl, pyrrolyl, pyrazolyl,
triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl, phthalaziny|,
oxindolyl, imidazo[1,2-alpyridiny!, imidazo{2,1-bjthiazolyl, benzofurazanyl,
indolyi, azaindglyl, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl,
thienopyridyl, quinazolinyl, thienopyrimidy!, pyrrolopyridyl, imidazopyridyl,
isoquinolinyl, benzoazalndolyl, 1,2,4-triazinyl, benzothiazolyl, tetrazolyl and

. thelike. The term "heteroaryl” also refers to partially saturated heteroaryl

moieties such as, for example, tetrahydroispquinolyl, 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 alkyl
group. Non-limiting examples of suitable aralkyl 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 alkyl and aryl are as
previously described. Preferred alkylaryls comprise a lower alkyl group. A
non-limiting example of a suitable a[kylaryl group is tolyl. The bondtothe ~
parent moiety is through the aryl.

"Cycloalkyl" means a non-aromatic mona- 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-limiting examples of suiteble monocyclic cycloalkyls include
cyclopropyl, cyclopentyl, cyclohexyl, ¢ycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloalkyls include 1-decalinyl, norbornyl,
adamantyl and the like, as well as paitially saturated species such as, for
example, indanyl, tetrahydronaphthyf and the lik®.. ’

“Cycloalkylene” means a divalent cycloalkyl ring system, comprising
about 3 to about 10 carbon atoms, preferably about 5 to about {0 carbon
atoms, Preferred cycloalkylene rings contain abdut 5 to about 7 ring atoms,
The cycloalkylene can be optionally substituted with one or more "ring system
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Non-limiting example of suitable monocyclic cycioalkylenes includes

X
L) o
cyclopropylene (i.e,, K or \?/ ).

"Halogen" means fluorine, chlorine, 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
fiuorine, chlorine, bromine, and/or iodine atoms.

"Ring system substituent" means a substituent attached to an aromatic
or non-aromatic ring system, which, for example, replaces an available
hydrogen on the ring system. Ring systern substituents may be the same or
different, each being independently selected from the group consisting of
alkyt, alkenyl, alkynyl, aryl, hetercaryl, aralkyl, alkylaryl, heteroaratkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryt, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aratkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkyithio, arylthio, heteroarylthio, aralkylthio,
heteroaralky!tﬁio, cycloalkyl, heterocycloalkyl, -C(=N-CN)-NHa, -C{=NH)-NH2,
-C{=NH)-NH(alkyl), Y1Y2N-, Y4Y2N-alkyl-, Y1Y2oNC(O}-, Y1Y2NSO;- and
-S0,NY;Y3 wherein Y4 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
mo'iety which simultaneously replaces two available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring system. Examples of
such mdiety are methylene dioxy, éthylenedioxy, ~C{CH3}z- and the !ike which

.25- form-moleties-such-as-forexampliér

30

Q A
0 By
‘ s and .
"Heterocycloalkyl" means & non-aromatic saturated monocyclic or
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 nitrogen, oxygen or
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sulfur, alone or in combination, There are no adjacent oxygen andfor sulfur
atoms present in the ring system, Preferred heterocycloalkyls contain about 5
to about 8 ring atoms, The prefix aza, oxa or thia before the heterocycloalkyl
root name means that at least a nitrogen, oxygen or sulfur atomn respectively
is present as a ring atom. Any-NH in a heterocycloalkyl ring may be present
in protected form such as, for example, an -N{Boc), -N(CBz), -N(Tos) group
and the like; st;g:h protected functional groups are also considered part of this
invention. The heterocycloalkyl can be optionally substituted by one or more

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

defined herein. The nitrogen or sulfur atom of the heterocycloalkyl c'an‘be
optionally oxidized to the corresponding N-oxide, S-oxide or §,5-dioxide. Non-
limiting examples of suitable monocyclic heterocycloalkyl rings include
piperidyl, pyrrolidinyl, plperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, 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

8, as well as there are no N or S groups on carbon adjacent to another

heteroatom. Thus, for example, in the ring:
3
2
i
H
there is no -OH attached directly to carbons marked 2 and 5. _
It should also be noted that tautomeric forms such as, for example, the

)
I;I Q
H

moieties:

P

and N on
are considered egquivalent in certain embodiments of this invention.
‘Alkynylalkyl” means an alkynyl-alkyl- group'i-n which the alkynyl and
alkyl are as previously described. Preferred alkynylalkyls'contain a lower
alkynyl and a lower alkyl group. The bond to the parent moiety.is through the
alkyl. Non-limiting examples of suitable alkynylalky! groups include

propargylmethyl.
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"Hetercaralky!” means a heteroaryl-alkyl- group in which the heteroary!
and alkyl are as previously described, Preferred heteroaralkyls contain a
lower alkyl group. Non-limiting e)iamples of suitable aralkyl groups include .
pyridylrethyl, and guinolin-3-ylmethyl, The bond to the parent moigty is
through the alkyl.

,"Hy'droxyalkyl" means a HO-alkyl- group in which alky! is as previously
defiried. The "alkyl® portion ofthe hydroxyalkyl is preferably a lower alkyl.
Non-limiting examples of suitable hydroxyalkyl groups include hydroxymethyl
and 2-hydroxyethyl.

"Acyl" means an H-C(0}-, alkyl-C(O)- or cycloakyl-C(O)-, group in
which the various groups are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls contain a lower alkyl. Non-
limiting examples of suitable acyl groups include formyl, acetyl and propancyl,

"Aroy!" means an aryl-C{O}- group in which the aryl group is as
previously described. The bond to the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include benzoyl and 1~ naphthoyl.

"Alkoxy" means an alkyl-O- group in which ;the alky! group is as
previously described. Non-limiting examples of suitable alkoxy groups include
methoxy, ethoxy, n-propoxy, isopropoﬁcy 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.

"Aralkylbxy"'means an aralkyl-O- group in which the aralkyl group is as

. —previously. described, Nendiniting examples of suitable aralkyloxy groups

include benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent
moiety is through the ether oxygen.

"Alkyithio" means an alkyl-S- group in which the alkyl group is as
pre\)iously described. Non-limiting examples of suitable alkylthio groups

* include methylthio and ethylthio. The bond 1o 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 phenytthio and naphthylthio. The bond to the parent moiety is through
the suffur.

"Aralkylthio" means an aralkyl-S- group in which the aralky! group is as
previously described. Non-limiting example of a suitable aralkylthio group is
henzylthio. The bond to the parentmoiety is through the sulfur.

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

"Aryloxycérbonyl" means an aryl-O-C(Q)- group. Noh-limiting examples
of suitable aryloxycarbonyl groups include phenoxycafbonyl and
naphthoxycarbonyl, The bond to the parent moiety is through the carbonyl.

"Aralkoxycarbonyl” means an aralkyl-O-C(0}- group. Non-limiting
example of a suitable aralkoxycarbony! group is benzyloxycarbonyl. The bond
to the parent moiety is through the carbonyl.

"Alkylsulfonyl” means an alkyl-S(Oz)- group. Preferred groups are
those in which the alkyl group is lower alky.l. The bond to the parent moiety is
through the sulfonyl.

"Arylsulfonyl" means an aryl-8{0;)- 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 seleclion from the indicated group,
provided that the designated atom’s normal valency under the existing
circumstances is not exceeded, and that the substitution results in a stable
compound. Combinations of substituents and/or variables are pemissible
only if such combinations result in stable compounds. By “stable compound’
or “stable structure” is meant a compdund that is sufficiently robust to survive
isolation.to a useful degree of purity from a reaction mixture, and formulation
into an efficacious therapeutic agent.

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

The term "isolated" or "in isolated form" for a compound refers to the
physical s¥ate of said compound after being isolated from a snjmhetic process
or natural source or combination thereof. The term "purified” or "in purified
form" for a compound sefers to 'the 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 also be noted that any heleroatom with unsatisfied valences
in the text, schemes, examples and Tables herein is assumed to have one or,
more hydroget atoms to satisfy the valences.

When a ring system (e.g., cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl) Is substituted with a number of substituents varying within an
expressly defined range, itis understood that the total niimber of substituents
does not exceed the normal available valencies under the existing conditions.
Thus, for example, a phenyl ring substituted with “n" substituents {where “n”
ranges from 0 to 5) can have 0 to 5 substituents, whereas it is understood that
a pyridinyl ring substituted with "n" substituenis has a number of substituents
ranging from 0 to 4. _ '

When a functional group in a compound is termed "protected”, this
means that the group is in modified farm to preclude undesired side reactions
at the protected site when the compound is subjected to a reaction. Suitable
protecting groups wil be recoénized by those with ordinary skill-in the art as
i;veu as by reference to standard texthooks such as; for example, T. W. '
Creerie el al, Protective Groups in Organic Synthesis (1991), Wiley, New
York, herein incorporated by reference.

When any variable (e.g., aryl, heterocycloalkyl, R?, etc.) occurs more
than one time in any constituent or in Formuta {, its definition on each
ocourrence fs independent of its definition at every. other occurrence.

As nsed herein, the.term “camposition” is.intended to_encompass a
product comprising the specified ingredients in the specified amounts, as well
as any product which results, directly or indirectly, from combina”tion_ of the
speciﬁed ingredients in the specifisd amounts.

“Alkylheteroaryl” means an alkyl group atlached to a parent moiety via
a ‘hett_aroaryl group.

"Alkylsulfinyl” means an alkyl-S{O)- group. Preferred groups are those
in which the alkyl 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. N on-limiting examples of suitable aralkenyl groups include 2-
phenetheny! and 2-naphthylethenyl. The bond to the parent moiety is through
the alkenyl. |

"Aralkylthio” means an aralkyl-S- group in which the aralkyl group s as
previously described. Non-limiting example of a suitéble aralkyithicgroup is
benzylthio, The bond to the parent moiety is through the sulfur.

"Aryloxycérbonyl' means an aryl-0-G(0)- group. Non-limiting examples
of suitable aryloxycarbonyl groups include phenokycarbonyl and
naphthoxycarbonyl. The bond to the parentmoiety is through the carbonyl.

*Arylsulfinyl" means an aryl-S(0)- group. Non-limiting examples of
suitable arylsulfinyl groups include phenylsulfinyl and naphthylsulfinyl, The
bond to the parent moiety is through the sulfinyl.

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

HiC

H5C N ch
H 4G g #7’ é\“/

HiG :
HaC T Nt Q\/OTN b H 307/0\((@,(
- HSC’J;\H?HS HaC
“Cycloalkenyl" means a non-aromatic mono or multicychc ring system
comprisiag-about.3-to-about-10-carbon.atoms, preferably about 5 to about 10
carbon atoms, which contains at least one carbon-carbon double bond.
Preferred cycloalkenyl rings contain about 5 to about 7 ring atoms. The

" cycloalkeny! 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 monocyclic cycloalkenyls include
cyciopentenyl, cyclohexenyl, cycloheptenyl, and the like. Non-limiting exampie

of a suitable multicyclic cycloalkenyl Is norbomylenyl.
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"Cycloalkylamino™ means a cycloalkyl group as defined herein attached
to the parent moiety through a nitrogen atom.

“Cycloalkylaminocarbonyl” means a cyclic alkyl group attached i a
nitrogen atom, which is attached to a carbonyl group; the whole may be
referred to as a substituted amide.

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

“Heteroaralkenyl” means a heteroaryl-alkeriyl- group in which the
heteroaryl and alkenyl are as previously described. Preferred heteroaralkenyls
contain a lower alkenyl group. Non-limitlné examples of suitable
heteroaralkenyl groupsinclude 2-(pyrid-3-yljethenyl and 2-(quinolin-3-
yhethenyl. The bond to the parent moiety is through the alkenyl.

“Heteroaralkyl” means a heteroaryl-alkyl- group in which the heteroaryi
and alkyl are as previously described. Preferred heteroai'alkyls contain a
lower alkyl group. Non-limiting examplés of suitable aralkyi grotips include
pyridylmethyl, 2-(furan-3-yljethyl.and quinolin-3-ylmethyl. 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 moiety through the sulfur. ‘

“Heteroarylsulfinyl” means a heteroaryl-S{O}- group whérein the
heteroaryl is as defined herein and the he¥rearylsulfinyl group is attached to
theiparent moiety through the sulfinyl.

*Heteroarylsulfonyl” means a heteroaryl-S{Q5) - group wherein the
heteroaryl is as defined herein and the heteroarylsulfonyl group is attached to

the-parent-meiety-through-the -sulfony).-

“Heteroarylthio™ means a heteroaryl-S- group wherein the heteroarylis '
as defined herein and the heteroarylsulfinyl group is attacf:led 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 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 nitrogen, oxygen or sulfur atom,
alone or in combination, and which contains at least one carbon-carbon
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double bond or carban-nitrogen double bond. There are no adjacent oxygen
andfor sulfur atoms present in the ring system. Preferred heterocycloatkenyl
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 optionally s_qbstituted by one or morg ring system substituents, wherein
“ring system substituent" is as defined above. The nitrogen or sulfur atom of
the heterocycloalkenyi can be optionally oxidized to the corresponding N-

. oxide, S-oxide or 5,S-dioxide. Non-limiting examples of suitable monocyelic

azaheterocycloalkenyl groups include 1,2,3,4- tetl‘ahydropyridiné, 1,2-
dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine, 1,4,5,6-
tetrahydropyrimidine, 2-pyirolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazofinyl,
and the like. Non-limiting examples of suitable oxaheterocycloatkenyl groups
include 3,4-dihydro-2H-pyran, dihydrofuranyl, flucrodihydrofuranyl, and the
like. Non-limiting example of a suitable multicyclic oxaheterocycloalkenyl
group is 7-oxabicyclo[2.2.1]heptenyl. Non-limiting examples of suitable
monocyclic 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,
S and/or N atom interrupting a carboeyclic ring structure that consists of one
ring or two fused rings, wherein each ring is 5-, 6- 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 to 6 carbon atoms, e.g., 2-or
3-piperidinyl, 2- or 3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-

Jthiomarpholinyd.

*Sulfonamide” means a sulfonyl group attached to a parent maiety
through an amide.

Asis well knownin the art, a bond drawn from a particular atom
wherein no maoiety is depicted at the terminal enid of the bond'indicates a
methylgroup bound through that bond to the atom. For example:

-30_



10

15

20

‘%,N/% %,N[;(CHS
CHy
O represents 0 .

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

With reference to the number of moieties (e.g., substituents, groups or
rings} in a compound, unless 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
well within the knowledge of those skilled in the art.

The wavy line wwnn as a bond generally indicates a mixture of, or
either of, the possible isomers, e.g., containing (R)- and (S})- stereochemistry.

For example,

OH OH ~OH
OF means conbeining both (j, and O
N b L

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
indicated connectivity (e.g., all possible enantiomers or diastereomers), as
wellas mixturés 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 line {(bond) may be attached to any of the
substitutable ring carbon atoms.

Prodrugs and solvates of the compounds 6f the invention are also
contemplated herein. The term "prodrug”, as employed herein, denotesa
compound that is a drug precursor which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical processes to yield a
compound of F omula | or a sait and/or solvate thereaf. A discussion of
prodrugs is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivary
Systems (1987) Volume 14 of the A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed,,
American Phamaceutical Association and Pergamon Press, both of which
are incorporated herein by reference thereto. . ‘

"Solvate" means a physical association of a compound of this invention
with one or more solvent molecules. This physicél association involves '
varying degrees 6f 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 thé crystal lattice of the
crystailine solid. "Solvate” encor:npasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates include ethanolates,
methanolates, and the like. A "hydrate" is a solvate wherein the solvent
melecule is Hp 0.

"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 salis that are also within the scope

" ofthis invention. Referencetoa ¢ompound of Formula | herein is understood

to include reference to'salts thereof, unless otherwise indicated. The term
“salt(s)", as employed herein, denotes acidic salts formed with inorganic
and/or organic acids, as well as basic salts formed with [norganic and/or
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organic bases. In addition, when a compound of Formula [ contains both a
basic moiety, such as, but not limited to a pyridine or imidazcle, 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 "salt(s)" as used herein.
Pharmaceutically 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 example, by reacting 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 salt precipitates of in an aqueous medium
followed by lyophilization. ' '

Exemplary acid addition salts include acetates, adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citratas, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates,

fumarates, gluccheptanoates, glycerophosphates, hemisulfates, heptanoates,

hexanoates, hydrochlorides, hydrobromides, hydroiodides,

_2-hydroxyethanesulfonates, lactates, maleates, methanesulfonates, methyl

sulfates, 2-napﬁtha!enesu!fonatés, nicotinates, nitrates, cixalates‘ pamoates,
pectinates, ﬁersulfates, 3-phenylpro‘pionates. phosphates, picrates, pivalates, '
propionates, salicylates, succlnates, sulfates, sulfonates (such as those
mentioned h_erein), tartarates, thiocyanates, toldenesulfonates (also known as
tosylates,) undecanoates, and the like.

Exemplary basic salts include ammonium salts, alkali metal salts stich
as sadium, lithium, and potassium salts, alkaline earth metal salts such as
calcium and magnesiurﬁ ‘salts, aluminum salts, zinc salts, salfs with organic
bases (forexample, organic amines) such as benzathines, diethylamine,
dicycichexylamines, hydrabaminés (formed with
N,N-bis(dehydroabietyljethylenediaming), N-méthyl-D-glucamines, -

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

choline, tromethamine, and salts with amino acids such as arginine, lysine
and the like. Basic nitrogen-containing groups may be quarternized with
agents such as fower alkyl halides (e.g. methyl, ethyl, propyl, and butyl
chlorides, bromides and iodides), dialkyl-sulfates' (e.j. dimethyl, diethyl,
dibutyl, and diamyl sulfates), long chain halides (e.g. decyl, lauryl, myristyl
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and stearyl chlorides, bromides and iodides}, aralkyl halides (e.qg. benzy! and
phenethyl bromides), and others. Acids {and bases) which are generally
considered suitable for the formation of pharmacautically useful salts from
basic (or acidic) pharmaceutical compounds are discussed, for example, by S.
Berge et al, Joumal of Pharmaceutical Sciences {1977) 66(1) 1-19; P. Gould,
Intemational J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The
Practice of Medicinal Chemistry (1998), Academic Press, New York; in The
Crange Book (Food & Drug Administration, Washington, D.C. on their
website); and P. Heinrich Stahl, Camille G, Wermuth (Eds.), Handbook of
Pharmaceutical Salts: Properties, Selection, and Use, {2002) Int'l. Union of
Pure and Applied Chemistry, pp. 330-331, each of which is incorporated
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
are considered equivatent to the free forms of the corresponding compounds
for purposes of the invention, '

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

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

All stereoisomers (for example, geometric isomers, optical isomers and
the like) of the present compounds (including those of the salts, solvates and
prodrugs of.the.compounds.as.well as_the salts and s'ojuates.nf.the.brodrugs),
such 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

" diastereomeric forms, are contemplated within the scope of this invention.

Individual stereocisomers of the compolinds of the invention may, for example,
he substantially free of other isomers, or may be admixed, for example, as
racemates or with all other, or other selected, ster.eoisomers. The chiral
centers of the present invention can have the SorR configuration as defined
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by the ILUPAC 1374 Recommendations. The use of the terms "salt", "solvate”
"prodrug” and the like, is intended to equally apply to the salt, solvate and
predrug of enantiomers, sterecisomers, rotamers, tautomers, racemates or
prodrugs of the inventive compounds. “At least one”, examples include 1-3,
12o0r1.

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

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

The in vitro and in vivo NKy, NK; and NiKs activities of the compounds
of Formula | can be determined by varicus procedures known in the art, such
as a test for their ability to inhiBit the activity of the NK4 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)
{dpm of totel binding) ~ (dpm ef ncnspecific binding)

% MSB = X 100
The concentration at which the compound produces 50% inhibition of bindiﬁg ‘
is then used to determine an inhibition constant C‘K:"j using the Chang-Prusoff
equation. 4 ‘

in vivo activity may be measured by inhibition of an agonist-induced
foot tapping in a gerbil, as described in Science, 281, 16401695 (1998),
which is herein incorporated by reference in iis-entirety. 1t will be }eoognized
that compounds of Formula | can exhibit NK4 antagonist aciivities of varying
‘dE'g'ré“éS‘."i-‘&rirnstah‘cé‘rﬁeﬂain'crm'p'dunds'c‘an-exhibit'stronger NK+
aniegonist activities than others, _ )

The compounds of the present invention exhibit potent affinities for the
NK1 receptof as measured by K; values (in nM). _Thé activities (potencies) for
the compounds of the invention are determined by measuriné 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 Formuila | generally range from
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0.61 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 nM being 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 NK1
average K; values of from 0.1 nM to about 1 nM. Even more especially
preferred compounds have NK; average K values of from 0.1 nM to about 0.3
nM. Compounds 2, 9, 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, NK1 receptors in a mammal, such as a human. As
such, they may be useful in treating and prevenling one or more of a variety of
mammalian {human and animal) disease states (physiological disorders,
symptoms and diseases) in a patientin need of such treatment, wherein the
disease states are selected from the group consisting of: (1) respiratory
diseases (e.g., chronic lung disease, bronchitis, pneumonia, asthma, allergy,
cough and bronchospasm), (2) inflammatory diseases (e.g., arthritis and
psoriasis), (3)skin disorders {e.g., atopic dermalitis and contact dermatitis),
(4) ophthalmologic disorders (e.g., retinitis, 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 disoders), phobias (e,g., social phobia), aﬁd bipolar disorder, (6)
addictions (e.g., aleohol dependénce‘and psychoactive substance abuse), (7)
epilepsy, (8) nociception, (9) psychosis, (10) schizophrenia, (11)

Alzbeimer’s.disease, . (12)-AlDs.related.dementia, .(13) Towne's dicease, .

(14) stress related disorders {e.g., post traumatic stress discrder), (15)
obsessive/compulsive disorders, (18) eating discrders (e.g., bulimia_, anorexia
nervosa and binge eating), (17) sleep disorders, (18} mania, (19)

" premenstiual syndrome, (20) gastrointestinal disorders {e.g., irritable bowel

syndrome, Crohn’s disease, colitis, and emesis), (21) atherosclercsis, (22)
fibrosing disorders {e.g., pulmonary fibrosis), (23) obesity, (24) Type Il
diabetes, (25) pain related disorders (e.g., headaches, such as migraines,
neuropathic pain, post-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, doxocrubicin, 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
need 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, gastrointestinal
disorders, obesity, pain related disorders, bladder disorders, genitourinary
disorders, emesis and nausea. !n particular, the compounds according to
Formula | are useful for treating disease states related to microvascular
leakage and mucus sectetion. Consequently, the compounds of the invention
are especially useful in the-treatment and prevention of asthma, emesis, -
nausea, depressions, anxieties, cough and pain related disorders, more
especially, emésis, depression, anxiety and cough. _

in another aspect, the invention relates to pharmaceutical compositions
comprising at least one compdund (e.g., one to three compounds, preferably,
one compound) represented by Formula | and at least one pharmaceutically
acceptable excipient or carrier. The invention also relates tothe use of such
pharmaceutical compositions in the treatment of mammalian (e.g., human)
disease states, such as those listed above. ‘ ’

In stili another aspect of the invention, a method is provided for
antaganizing.the.effecis of.a.Substance 2.at a.neurckinin-1 receptor site or for
the blockade of one or more neurokinin-1 receptors in a mammal (i.e., 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 [.
In another aspect of the Invention, an effective amount of one or more

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

In still another aspect of the invention, an effective amount of one or
more (e.g., one) of the inventive NK4 receptor antagonists may be combined
with an effective amount of one or more (e.g., one) selective serctonin
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 serotc;nin.v .S. 6,162,805 (2000), #he disclosure of which is
incorporated herein by reference, discloses a method for treating obesity with
a combination therapy of a NK; recepior antagonist and an SSRi. Cne or
more inventive compound(s) of the Farmula 1 car be combined 1o§ether with
an SSRI(s) in a single phamaceutical composition, or it can be administered
simultaneously, concurrently or sequentially wik: an SSRI. Thié 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 Ieast one (e.g., one) compound having thé Formuia i, alone or
together with an effective amount ¢f at least one (é.g., one) selective
serotonin_reuptake inhibitor, can be ugeful in the treatment and prevention of
depiession, and/or anxiety.

Numerous chemical substances are known to alter the synaptic
availability of serotonin through their inhibition of presynaptic reaccumulation

-of neuronally released serotonin. Represeniative SSRIs include, without

limitation, the following: fluoxetine, fluoxetine hydroch!bride (e.g., Prozac®),
fluvoxamine, fluvoxamine maleate (e.g. Luvox®), paroxetine, paroxetine
hydrochloride {e.g., Paxil®), sertraline, sestraline hydrochloride (e.g., Zolof®),
citalopram, citalopram hydrobromide (e.g., Celexa™), duloxetine, duloxetine
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hydrochioride, venlafaxine, and venlafaxine hydrochioride (e.g., Effexor®).
Further S8SRis include those disclosed in U.8S. 6,162,805 (2000). Gther
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 kaving the Formula |, at least one (e.g., one) SSR, and at least
one pharmaceuticaily acceptable excipient or carrier. Another aspect of the
invention relates to a method of treating the above identified mammalian (e.g.,

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

need of such treatment an &ffective amount of a pharmaceutical composition
comprising at least one (e.g., one) NK4 receptor antagonist having the
Formuia | in combination with at least one (e.g., one) SSRI, such as one of
those recited above, and at least one pharmaceutically 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 patlent in
need of such treatment an effective amount of at least one (e.g., one) NKx
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 administration toa
patientin need of such treatment, the two active ingredients ¢an be
administered simultaneously, consecutively (one after the other within a
relatively shart 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 NK, receptor
antagooist (s, preferably, administered before the.administration of the SSRI.

Itis another embodiment of the invention to treat a patient suffering
frem multiple ailments with a cps'nbinatio'n therapy, the therapy comprising
administering to a patient (e.g., a mammal, preferably a human) in need of
such treatment at least one cohpound of Formula {, and at least one other
active ingredient (i.e., drug) used for treating cne or more of the aliments
being suffered by the patlent. The compounds of Formula | and the other
active ingredients can be administered sequenﬁélly, concurrently and/or
simultaneously. The compounds of Formula | and the other active ingredients
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can be administered separately in any suitable dosage form. Preferably,
administration is accomplished using an oral dosage forms or using a
transdermal patches. The compounds of Formula | and the other active
ingredients can be formulated together and administered in one 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 to 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 following: other types of
NK.1 receptor antagonists (e.g., those that are disclosed in neurokinin receptor
antagonist patents cited above), prostancids, Hs feceptor antagonists, o~
adrenergic receptor agonists, dopamine receptor agonists, melanocortin
receptecr agonists, endothelin receptor antagonists, endothelin converting
enzyme inhibitors, angiotensin |l receptor antagonists, angiotensin converting
enzyme inhibitors, neutral metalloendopeptidase inhibitors, ETa antagonists,
renin inhibitors, serotonin 8-HT 3 receptor antagonists {e.g., ondansetron,
ondansetron hydrochloride (e.g., Zolfran®), palonosetron, granisetron, and
granisetron hydrochloride (e.g., Kytri®), serotonin 5-HTz receptor agonists,
nocice'ptin receptor agonists, glucocorticoids (e.g., dexametha;.sone). rho
kinase inhibitors, potassium channel modulators and/or inhibitors of multi-drug
resistance protein 5, '

Particularly useful therapeutic agents for caombination theraby with
compounds of the invention are the following: prostanoids, such as
prestaglaridin-£y;,-e-adrenergic-agenists;-stich as phentolamine mesylate;
dopamine receptor agonists, such as apomorphine; angiotensin il
antagonists, such as losarlan, irbesartan, valsartan and candesartan: ETa
antagonists, such as bosentan and ABT-527; serotonin 5-HTz receptor

'antagonish, such as ondansetron; and glucocarticoids, such as

dexamethasone. In préferred embodiments of the invention, the inventive
compounds can be combined with: other types of NK; receptor antagonists,

88Rls, dopamine receptor agonists, serotonin 5-HTs receptor antagonists,
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glucocorticoids and/or inhibitors of mutti-drug resistance protein 5.

Another embodiment of this invention is directed to a method for
treating 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 I, 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
agonlsts, serotoﬁin 5-HT 3 recepter antagonists, serotonin 5-HT 2. receptor
agonists, nociceptin receptor agonists, glucocorticoids and inhibitors of
multidrug resistance protein 5, wherein the physiological disorder, symptom or
disease is selected from the group consisting of: a respiratory disease,
depression, anxiety, phobia, bipolar disorder, alcohol dependence,
psychoactive substance abuse, nociception, psychosis, schizophrenia, stress
related disorder, obsessive/compulsive disorder, bulimia, anorexia pervosa,
binge eating, sleep disordar, mania, premenstrual syndrome, gastrointestinal
disorder, obesity, headache, neuropathic pain, post-operative pain, chronic
pain syndrome, bladder disorder, genitourinary disbrder. cough, emesis and
nausea. )

Pharmmaceutical compositions may contain from about 0.1 to about 99.9
weight percent, or from about 5 to about 85 wei-ght percent, or from about 20
to about 80 weight percent of active ingredient (compound of the Formula I).
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 compr-ised 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 farm preparations include solutions, suspensions and emulsions,
for example, water or water-propylene glycol solutions for parenteral injection
or addition of sweeteners and opacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations may also include solutions for intranasal
administration,

Aerosol preparations suitable for inhalation may include solutions and
solids in powder form, which may be in combination with a pharrnaceutically
acceptable carrier, such as an inert compressed gas, e.9. nitrogen,

Alsoincluded are solid form preparations, which are intended to be
converfed, shortly before use, {o liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions
and emulsions.

The compounds of the invention may also be deliverable transdermally.
The transdermal compositions 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 conventional in the art for this purpose.

Preferably the cgimpound 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 pombonent, e.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., two) 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 dosage unit can contain fixed amounts of the
aforesaid "more than one pharmaceutically active agents”. The term "bulk
composition” means material that has not yet been formed into individuat

’ dosage units. An lllustrative 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 pharmaceutical composition of the present
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invention ts also intended 10 encompass the administration of the aforesaid
bulk composition and individual dosage units,

The guantity 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 g to about
530 mg, and most preferably from about 0.04 mg to about 250 mg according
to the particular. application. .

The actual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition being treated.
Determination of the proper dosage regimen for a particular situation 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 salis thereof will be
regulated according to the judgment of the attending clinician considering
such factors as age, condition and size of the patient as well as severity of the
symptoms being treated. Atypical recommended daily dosage regimen for
oral administration can range from about 0.02 mg/day to about 2000 mg/day,
in two to four divided doses,

The pharmaceutical compositions of the invention may be administered
from about 1 to about 5 times per day, or altemétivgly, as a continuous
infusion. Such administration can be used as a chroqic'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 NK; rer.:‘eptor antagonist combined with from

-about-10-to-abowt-1004mg-0f-5SRI.In-another combination.the.quantity of

NK receptor antagonist in combination with a SSRI in a unit dose of
preparation may be from about 50 to about 300 mg of NK4 receptor antagonist
combined with from about 10 to about 100 mg of SSRI. In another |
combination the quantity of NK1 receptor antagonist in combination with SSRI .
in a unit dose of prepafation may be from about 50 to about 300 mg of NK{
receptor antagonist combined with from about 20 to about'SO‘mg of SSRI.
The actual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition being 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 daily 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 to the
desired level, treatment shouid 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 variety of factors, inciuding the activity of the
specific compound employed, the age, body weight, general health stafus,
sex and diet of the patient, the time of administration, the rate of excretion, the
specific drug combination, the severit;' 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 particular situation is within the skill 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 di§6l05qre. Alternative mechanistic pathways and analogous structures

may be apparent to those skilled inthe art.
PRERARATIVE EXAMBLE 1

Step 1:
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a5k ia
in a 25 mL round-bottomed flask, Compound 42b (0.253 g, 0.42
mimol, 1.0 equiv) was taken up in 5 mL of CHzCly, and the resuiting reaction

mixture was copled to 0°C in an ice bath. EisN (0.088 mL, 0.63 mimol, 1.5

. equiv) followed by 4-chlorobutyryl chioride {0.065 mL, 0.5 mmol, 1.2 equiv)

was then added to the reaction mixture, which wag subsequently slowly
warmed to room temperature and was stirred for 14 hrs, The progress of the
reaction was monitored by TLC (80:40 EtOAc/hexane) and MS, Upon
completion, the reaction mixture was diluted with CH»Clz, quenched with
saturated agueous NaHCOj3, followed by brine, The organic layer was dried
over Na;S0O4 and coneentrated to give critde Compound 1a (0.3 g}, which
was used in the next step without further purification. ' A

Electrospray MS [M+1]724.4.

Step 2:

i

In a flame-dried 25 n;z. round-bottomed flask, Compound 1a (0.3 g,
0.4 mmol, 1.G equiv) was taken up in . dry THF. ‘T o this reaction mixture, 60%
NaH (0.025 g, 0.62 mmol, 1.5 equiv) was added, and reaction mixiure was
stirred at room temperaturé for 2 firs. The progréss of hie reaction was
monitored by TLC (60:40 EtOAthexéne) and MS. Upon compietion, the
reaction mixture was diluted with EtOAc and quenched with saturated
aqueous NaHGQOa. The organic layer was dried over Na,S0, and
concentrated to give Compound 1b {0.25 g), which was used in the next step

without further purification,

Step &
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Lompound 1b (0.25 g, 0.37 mmol, 1.0 equiv) was dissolved in dry
MeOH (2.0 mL) and was freated with 20% Pd{(OH}z (60% wt.) under an inert
5 atmosphere. The reaction mixfure was hydrogenated at atmospheric
pressure and was monitored by TLC (60;40 EtOAc/hexane). The reaction
was completed in 45 min, and the reaction mixture was then fitered through
CELITE (diatomaceous earth), washed with EtOAc, and concentrated to give
a crude preduct. 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) caloulated for CagHzeFehs02 (M+1) 554.2242, found

| 554.2249. L -
15
-PREPARATIVE EXAMPLE 2
o )
Cﬁ( LM CFy
"'fﬂ‘p‘cﬁ
E;ump!ez .
20
Step 1:
Ci
o
GE, g g CF,
ey ,.EL]QGF‘ Eight, THi S, = or,
- 2a
25 in a 25 ml round-bottomed flask, Conipound 42h{0.3264 g9, 0.44

mmo].' 1.0 equi\i) was taken up in § mL of THF, and the reaction mixture was

cooled to 0°C inan ice bath. EtsN {0.073 mL, 0.44 mmol, 1.2 equiv) folic:)wed
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by 2-chloroethy! cntorotormate (0.054 mi, 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
(40:80 EtOAc/hexane) and MS. The reaction did not go to completion, and
hence was diluted with EtOAc¢ and quenched with saturated NaHCO; followed
by brine. The prganic layer was dried over NazSO, and concentrated to give
(0.3 g) crude product, which was subjected to BIOTAGE chromatography
(40:60 EtOAc/hexane) to give Compound 2a (0.125 g).

E!ectrospfay MS [M+1] 712.4.

Step 2;

In a flame-dried 25 mi round-bottomed flask, Compound 2a (0.125 g,
0.175 mmol, 1.0 equiv) was taken up in dry THF, To #his reaction mixture,
60% Nak {(0.10 g, 0.26 mmo), 1.5 equiv) was added and reaction mixture was
stirred at room temperature overnight. The progress of the reaction was
monitored by TLG (40:60 EtOAc/hexane) and MS. Upon compietiori of the
reaction, thé reaction mixture was diluted with E1OAc and guenched with
saturated aquecus NaHCO3a. The organic layer was dried over NaS0,4 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:

CFy

CF,y

Cofpourd2
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Compound 2b (0.11 g, 0.16 mmol, 1.0 equiv) was dissolved in dry
MeOH (2.0 mL) and was treated with 20% Pd{OH); (60% wi.) under an inert
atmosphere. The reaction mixture was hydrogenated at atmospheric
pressure and the progress of the reaction was monitored by TLC (40:60
EtOActhexane). The reaction was completed in 45 min, filtered through
CELITE, washed with EtOAc, and concentrated to 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,

HEMS (FAB) calculated for GagHzeFgNsOs (M+1) 542.1897, found
542.1878.

PREFARATIVE Example 3- and Example 4

NaBH, (60 mg, 1.53 mmol, 8 equiv.) was added in portions to a
solution of Compound 30 (1DQ mag, ~0.19 mmol, 1 equiv.}in absoluté ethanol
(2 mL) at 0°C. After stirring at 0°C for 30 minutes, TLC (MeOH!CHZC!_z =10%)
analysis of the reaction mixture showed only product, The product was
purified by BIOTAGE chromatography (2-10% Me&CH in CH:Ck), to provide a
pure mixture of two diastereomers. The two diastereomers were sebarated
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 §
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Compound &

Step A:

Hon\ B opy

2. MsCh NEY
b. KGN, DRF
ChzN~ ¢
o 'CF,

. Compoumd 28x Carmpomnntt Bh

MsCI (0.102 mL, 1.32 mmol) was added to a solution of Compound
26a(0.375 g, 0.528 mmol} and EtaN (0.368 ml., 2.64 mmol) in CHa2Cl; {5.0

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

minutes and then diluted with CHzCl; (50 mL). The resulting aqueous phase
was extracted with CH.Clz (3 x 10 mL}. The combined organic Iayers were
washed with water (10 mL.), brine (10 mL), and dried cver MgSO4 Aﬂer
filtration and concentration, the crude mesylate was taken up in DMF (3.0 ml.)
and treated with KCN (0.344 g, 5.28 mmol). The resutting mixture was heated

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

mixture was diluted with EtOAc (100 mL) and washed‘with water (3 x 15 mL).
The organic fayer was then washed with brine (25 mL), and dried over
MgSO.. After fiitration and concentration, the crude product was purified by
BIOTAGE chromatography (hexane/EtOAc, vy = 7/1) to give Compound 5b
{0.14 g, 37% for 2 steps).

~

Step B
R+ > Fy .
a TFA
Chzi c\b\ B HE{OWHNHC(OMH, TMSC! B4, ey gﬁ) T&
e CFy
r/ c;:‘

compaud Sb
compaundﬁu

A sclution of Compound 5% (0.14 g, 0.195 hmol) 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 agueous 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 MgS Q4. After filtration
and concentration, the crude product was passed through a short pad of silica
gel with EtOAc/MeOH (viv = 10/1) as eluent, to provide an amine (90 mg)
after solvent removal. The amine was taken up in pyridine (1.0 mL) and
treated with HC(O)NHNHC(O)H (38.3 mg, 0.435 mrholj, TMSCI(0.276 mL,
2,175 mmol) and EtsN (0.152 mL, 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 o room temperaturs. The mixture was then diluted
with EtOAc (40 mL) and washed with HCi (10 mL, 2.0 N). The resulting
agueous phase was extracted with EtOAc (3 x 15 mL). The combined organic
layers were washad with water (15 mL}, brine (25 mL), and dried over MgSO..
After filfration and concentration, tha erude product was purified using
BIOTAGE chromatagraphy (EtOAcMeOH, viv = 10/1) to give Compound 5¢
(40.mg, 31% for 2 steps).

Step C:
M
¢n .
N = A f—’fu

Hy PROHM/C, EYOH NG,
Chy! " N ——
" Fy AN

Compound Be

Ry

. bR NG
+
A CF,
Campaunds Compound §d

Compotnd 5¢ (40mg, 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 a Ha 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 grude 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 (8 mg, 19%,
Electrospray MS [M+1]* 538.1.).
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PREPARATIVE EXAMPLE 6

OF,

Step A:

Compound 234 Compousd Ga

MsCl (75 mL, 0.969 mmol) was added to a solution of C'ompound 23d
{0.248 g, 0.388 mmol) and E&N (0.27 mi., 1.24 mmol) in CHzCl» (3.0 mL) at
room temperature. The reaction was quenched with water (10.0 mL) after 30
minutes and diluted with CH.Cly (30 mL). The aqueous phase was sxtracted
with CH:Cl» {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 mesyiate was taken up in anhydrous DMSO (3.0mL)
and treated with NaBH, (58.0 mg, 1.552 mmol). The reaction mixfure was -

heated at 85°C for 48 hours before it was eooled down to room temperature.

The mixture was then diluted with- EtOAc (50 mL) and washed with aqueous
HCi (10 mL, 1.0 M). The resulting aqueous phase was extracted with EtOAc
1{5 '_15 mL). The combined organic layers were washed with water (3 x 15
ml.), brine (15 mL), and dried over MgSO,. After filtration and coni:ent’raﬁon,.
the crude product was purified‘using BIOTAGE chromatography
(hexane/EtCAc, viv = 5/1) to give Compound 6a{0.11 g, 45% for 2 steps).

Step B
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oM, H, CF, v,

ey

cFl

Compaphd Ba Compaund 8b

A mixture of Compound 6a (0,11 g, 0.176 mmol) and Zn dust (0.114 g,
1.76 mmol) in HOAgc (1.5 mL) was heated at 80°C for 2 hours. The reaction

mixfure was cooled down and filtered through a short pad of CELITE and the
residue was washed with EtOH (1158 mL), Solvent was removed under reduced
pressure and the tesidue was'taken up in EtOAc (25 mL) and washed with a
NaOid solution (4.0 N, 10 mL). The resulting aqueous phase was extracted
with EtOAc {3 x 10 mL). The combined organic layers were washed with
water (15 mL), brine (15 mL), and dried over MgSO,. After filtration and
concentration, the crude amine (67.1 mg, 0.113 mmol) was taken up in
pyridine (1.0 mL.) and treated with HC(ONHNHC(O)H (29.8 mg, 0.339 mmof),
TMSCI (0.214 mL, 1.69 mmol) and Et;N (0.118 h’ll‘., 0.847 mmdil) 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 then
diluted with EtOAc (40ml.) and washed with HCI {10 mL, 2.0 N). The resulting
aqueous phase was exiracted 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
EIOTAGE‘chromatography {EtOAc/MeOH, viv = 20/1) to give Compound &b
(37 mg, 33% for 2 steps).

Si‘ég C:

Gomgound Bb Compoting #

-B2 -
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LOMpoung ob (3.5 mg, 0.0565 mmol) in EtOH (2.0 mL.) was treated
at room temperature with Pd{OH)2/C (7.3 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 preparative TLC (EtOAc/MeOH/EtN, viviv = 40/1/0.1} to give
Compound 6 {20 mg, 69%). Electrospray MS [M+1]" 513.1.

PREPARATIVE EXAMPLE 7

/N‘N
«.Des-MotnPerodivane o, N0 cF
bHONH, HGY, NeQAs, E1CH . b
& 11" -oxmyidimidazele, PhH

Th

Compound i2a | Gompourdra

Dess-Martin Periodinane (0.114 g, 0.268 mmol) was added toa '
mixture of Compound 12a (70.5 mg, 0.107 mmol) and NaHCO; (0.112 g,
1.34 mmol} in CH2Clz (3.0 mL) at room temperature, The reaction was stirred
for 1 hour before # was diluted with the addition of EtOAc (30 mL) and water
(10 mL). The organic phase was washed with saturated Na2S5203 solution (3 x
10 mL). :I'he combined acueous phases were exiracted 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 MgSOa. 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 mmol) at room temperature. The reaction
mixture was stirred for 12 hours before it was diluted with EtOAc (20 mL) and
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washed with aqueous NaHCQ3 (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 MgS0O.. After filtration and
concentration, the crude oxime was obtained (63 mg, 0.093 mmol) which was
taken up in benzene (2.0 mL) 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 temperatura and diluted with EtOAc¢ (20 mL) and
washed with aqueous HCI (0.5 N, 5 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 MgSQ,. After filtration and
concentratjon, the crude product was purified using BIOTAGE
chromatography (EtOAc) to give Compound 7a (39 mg, 55% for 3 steps).

Compotind 7a : Compow 7

:Compound 7a (39 mg, 0.059 mmol) in EtOH (2.5 mL) was ireated at
room temperature with Pd(OH)#/C (7.8 mg, 10 wi%) and was hydrogenated
using a Hz balloon for 30 minutes. The reaction solution was filtered through a
short pad of CELITE and the r'esidue was washed with EtOH (15 mL). Solvent
was removed under reduced pressure and the crude product was purified
using preparative TLC {EtOAC/Et;N, 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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8. Dess-Yartn Perded viane o) i’N;N

b.2msthbzduiene. NaCIO, ) o ¥ N4
Nali PO, lent-usane! s £,

& TMSCHIN,, MeOH, FnH

CFs

0 "CF,

Compoutd 12a Coiymound $a

Dess-Martin Periodinane (0.325 g, 0.767 mmol) was added to a
mixture of Compound 12a (0,202 g, 0.306 mmol) and NaHCO3 (0.322 g, 3.83
mmol) in CH4Cl, (5.0 mL) atroom temperature, The reaction was stirred for 1
hour before it was diluted with E,tOA-r.: {50 mL.) and water (10 rL). The organic
phase was washed with saturated NazS.04 solution (3 x 15mL). The
combined aqueous phases were extracted with EtOAc (3 x 15 mL). The
combined organic fayers were washed with NaOH solution (15 mlL, 1.0 Nj, .
water (10 mL), brine (15 mL), and dried over MgS O,. After filtration and
concentration, the crude ‘alﬁdehyde {0.202 g) was taken up in fert-butanol (4.0
mL) and water (1.0 mL) and treated with NaH,PQ4H0(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 agueous NH4Cl. The resulting
aqueous phase was extracted with EtOAc (3 x 10 mL). The combined orgatic
fayers were washed with water (10 mL), brine (10 mL), and dried over MgS0Os.
After filtration and concentration, the crude acid was dissolved in benzene
(4.0 mL) and MeOH (1.0 mL). The resulting solution was treatéd with
TMSCHN; (0.306 mL, 0.612 mmol) at raom temperature and stirred for 20
minutes. Solvent was removed under reduced pressure and the crude product
was purified using BIOTAGE chromatography (hexanef/EtOAc, viv=5/11o
1/3) to give Compound 8a (62 mg, 29% for 3 steps). .
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Compound 8a (62 mg, 0.090 mmol) in EtCH (3.0 mL) was treated at
room temperature with Pd{OH)./C (12.4 mg, 10 wt%) and was hydrogenated
using é Haz 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
Compound 8 (42 mg, 84%). Electrospray MS [M+1]* 557.3.

PREPARATIVE EXAMPLE 9

Ina 25 ml round-bottomed flask, Compound 42b (0.21 g, 0.35 mmol,

. 1.0 equiv) was taken up in 2 mL of toluene. 3-chlorcpropionyl chloride (0.037

mL, 0.38 mmol, 1.1 equiv} was then added to the reaction mixture, which was
stirred at rocom temperature for five hrs, The progress of the reaction was
monitored by TLC (80:40 EtOAc/hexane) and MS, which showed some
starting material was still present. The reaction mixture was thus heated to
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80°C. Upon sompletion 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 nex{siep without further purification,

Step 2 . ,
e}
Rr&' oN oF oF,
. 8C5 Harln
° o CHLLDHE
ey CFy 240 OF,

™ ot
In a flame-dried 25 ml round-bottomed flask, Compound 9a (0.2 g,

0.287 mmol, 1.0 equiv) was taken up in a 0.5 M solution of dry CH.ClL/DMF
(4/1) ratio (4.59 mL/1.16 mL). To this mixture a 0.5 M solution of 60% NaH
{0.012 g, 0.318 mmal, 1.1 equiv) in dry CH2Clo/DMF (4/1 ratio; 5.06 mLf1.26

’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 ovemigﬁt. Thé& progress

of the reaction was monitored by TLC (40:60 EtOA’thexane) and MS. The

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

quenched with saturated agqueous NH4Cl. The organic layerwas dried over

Na,S04 and concentrated fo give crude product (0.18 g), which was purified

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

gb (0.125 g). '
Electrospray MS [M+1] 660.2.

Step 3:

Fy

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). (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 monitored by TLC (60:40
EtOAc/hexane). The reaction was completed in 20 min, and the reaction
mixture was filtered through CELITE, washed using EtOAc, and concentrated
to give crude product. Purification was carried out using prep plate
5 chromatography (45/55 EtOAc/ hexane) to give Compound 9 (0.071g, 71%).
Electrospray M8 [M+1) 526.3.
HRMS {FAB) calculated for CagHzsFsN302 (M+1) 526.1932, found

526.1929.
10 PREPARATIVE EXAMPLE 10
Compound 10
Step A:

[+

t iy, beQi
e} . o, [,

Compoud 3 Compound 19

A.solution of Compound 8 (35 mg, 0.063 mmol) in ammonia methanol

solution (3.0 mL, 7.0 M} in a Parr bomb was heated at 80°C for 5 days. The

20 system was cooled to room temperature and solveint was removed under
reduced pressure. The crude product was purified using BIOTAGE
chromatography (EtOAc/MeOH, viv = 10/1) to give Compound 10 (268 mg,

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

25 PREPARATIVE EXANMPLE 11

-~ 68 -



Step 1: .

A solution of methylmagnesium bromide In tert-butylether (0.42 mi,,
1.0M, 0.42 mmol, 6.2 equiv.) was syringed into a seclution 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 temperature. After TLC (EtOAc
10  eluent) showed that the reaction was complete, the reaction mixture was
diluted with ether and washed with saturated agueous NH,Cl solution. The
combined organic layers were drled over MgSOy, filtered and concentrated to
give crude product, Compound 11a, which was used in the next step without
purification. |
15
Step 2:

fl o g |
’ O X H
AR _1( GFs PUOHNIG, H, "o -‘"_KJ Fa
""/GY'@\F: ‘-.-.».« A
{53% from 80b)

11a 1

Using the same procedure as that of Example 31, Step 6, the crude
20 Compound 11a was hydrogenated {o give pure Ekample 30 (yleld 52.6%
from Compound 11). MS [M+1]" 587.1.
PREPARATIVE EXAMPLE 12

-89 -



10

15

20

Compaund {2

Step A

. N
"
Ho 0 G HE ;J -,
3
et ] CHONHNHGHO, TMSE), B4, Py ok
" Cry O oF,

Copnpound 234

Gomppund 172

HC{O)NHNHC{O)H (0.28 g, 3.18 mmoi), TMSC} (2.0 mL, 15.9 mmol)
and EtsN (1.1 mi, 7.95 mmol) were added successively to a solution of
Cbmpound 23d (0;647 g. 1.06 mmol) in pyridine (5.0 mL) at room

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

hours hefore it was cooled down to room temperature. The mixture was then
diluted with EtOAG (100 mL) and washed with HC! (35 mL, 2.0 N). The
agueous pﬁase was extracted with EtCAc (3 x 25 mt), and the combined
organic Jayers were washed withwater (15 mL‘), byine (25 mL), and dried over
MgS0O.. After filtration and concentration, the crude product was purified using
BIOTAGE chromatography (EtCAc/MeOH, viv = 5/1) to give Compound 12a
{0.48 g, 68%).

Step b:
N =
N ) N
Ho J(:J e SN-—”N .

. ¢ Ry, PAIOHHE, BIOH HO NS Fa

ChzN e/ . ’ Y
'q/ﬁ/@%g’ HN er, R
Compound 12a Compound 12
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Compound 12a (326 mg, 0.049 mmol) in EtOH (2.0 mL) was treated
at room temperature with Pd{OH)z/C (6.5 mg, 10 wit%) and was hydrogenated
using a Hz balloon for 30 minufes. The reaction mixture was then filtered
through a short pad of CELITE and the residue was washed with E{OH (15
mL). The solvent was removed under reducad pressure and the crude product
was purified using BIOTAGE chromatography (EtOAc/MeOH eluent, v/v = 6/1)
to give Compound 12 (17.2 mg, 66%). Electrospray MS [M+1]* 529.1.

PREPARATIVE EXAMPLE 13 and 14

Compoundi3 Conmpound 14
Step A: .
' ey
H, ba ) HiCO oF,
HC{OINHAHC(OM, TMBO), SN, Py 2
; chzi i
GFa e = CF,
Campound 26a . ) ' Compound 14a

HC(C)NHNHC(O)H (67.1 mg, 0.762 mimol), TMSCI (0.484 mL, 3.81
mmol) and Et3N (0.266 mL., 1.905 mmol) were added successively toa

-solution of Compound 26a (0.155 g, 0.254 mno)) 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 EtOAC (40 mL) and washed with HC! (15 mL, 2:0 N). The
aqueous phase was extracted with EtOAc (3x 15 mL). The oorﬁbined organic
layers were washed withwater (15 mL), brine (25 mL}, and drled over MgSO..
Alfter filtration and concentration, the ¢rude product was purified using
BIOTAGE chromatography (EtOAc/MeOH, vfv = 10/1) eluentto give
Compound 14a (0.129 g, 756%).
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Gompound 14a

Compoont! 13 Compound 14

5 Compound 14a {129 mg, 0.19 mmol) in EtOH (4.0 mL) was treated at

room temperature with Pd{OH},/C (25.8 mg, 10 wit%) and 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

10 preparative TLC (EtOAC/ELzN, 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+1]" 543.1.}.

15 PREPARATIVE EXAMPLE 15

CF,

b.p-MeOENNH,, NaBH{OAR),
GIGH,CH,C!

Gompaund 18a

Dess-Martin Periodinane (5§7.7 mg, 0.136 mmol) was added to a
mixture of Compound 23y (46 mg, 0.0678 mmol) and NaHCO3 (57 mg, 0.678
mmol} in CH,C!z (2.5 mL) at room temperature. The reaction mixture was
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stirred for T hour before it was diluted with EtOAc (20 mL) and water (10 mL).
The organic phase was washed with saturated NazS;05; solution (3x10mL).
The combined aqueous phases were extracted with EtOAc (3 x 10 mL). The
combined crganic layers were washed with NaOH solution {10 mL, 1.0 N),
water (10 mL), brine (15 mL), and dried over MgSO,. After filtration and
concentration, the crude aldehyde (46 mg, 0.0678 mmol) was taken up in
CICH,CH:Cl (1.0 mL) and treated with 4A molecular sieves (15 mg) and para-
methoxybenzyl amine (26.7 p), 0.204 mmcl), followed with addition of
NaBH(OAc): (86'.4 mg, 0.408 mmol). The resblting reaction mixture was
stirred at room temperature for 12 hours. The systém was then diluted with
EtOAc (20 mL) and washed with aqueous NaHCOj3 (10 mL). The agqueous
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 mg,
70% for 2 steps).

Step B:

Compound 18a Compovnd 15b

A mixture of Compound 16a (46.6 mg, 0.0584 mmol), Pd/C (48.6 mg,

10 wit%), and NH,COzH (36,8 mg, 0.584 mmol)} In MeOH (2.'0 mL) v;ras 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), Sclvent was removed under reduced pressure to give a crude product,
which was taken up with EtOAc (20 mL) and washed with aqueous NaHCO3
(10 mL). The aqueous phase was extracted with EtOAc (3 x 10mL). The
combineq organic [ayers were washed with water (10 mL}), brine {10 mL), and
dried over MgSOs. After filtration and concentration, the crude product was
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purified using preparative TLC (MeOH/EtOAc, viv = 1£10) to give Compound
15b (18 mg, 57%).

Step C;

Compound 15b

MsCl (2.5 uL, 0.0324 mmo!} was added ta a solution of Compound
15b (8.8 mg, 0.0162 mmol) and EtsN (5.4 pid, 0.0388 mmo!} in CHyCl2 (1.0
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 extrécted with EtOAc (3
x 10 mL). The combined organic layers were washed with water (10 mL),
brine (10 mL), and drled over MgSQy4. After filtration and concentration, the
crude product was purified using preparative TLG (hexane/EtOAc, viv = 15}
15  togive Compound 15 (7.2 mg, 72%). Electrospray MS [M+1]* 622.3.

PREPARATIVE EXAMPLE 16

20 ' comfousd1s
Step 1:
DR S
Ly
HATH, EINH,
CFz | OMF

oT4-



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 nextstep without purification.

Step 2:

i0 Using the same procedure a s that of Example 31, Step 6, the crude
Compound 16a was hydrogenated to give pure Example 16 {yield 70.5%
from Compound 16). MS [M+1]*600.1.

15 ' PREPARATIVE EXAMPLE 17

oo o/
"\\:rf- '“‘—'{‘o oFs
Hi~, ! -

Exampls 17

Step 1:

Fy EDH, CH,

47e

20

A solution of Compound 31h (46.3 mg, 0.066 mmol, 1.0 equiv.} in

anhydrous dichioromethane (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 -

=75



pL). The reaction mixture was aflowsd to warm up to room temperature, and
then concentrated to dryness. The residue was taken up into EtOAc and
washed with saturated agueous NaHCO; solution. The crganic layer was
dried over Na;SO,, fitered and concentrated to give the crude product,

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

Step 2.

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

PREPARATIVE EXAMPLE 18

15

mley

HR~

e F_,
Caompound 18
Step A: . . .
Y& NH-OH, Et0H " "’;Z G
oF, -
“CF
Compatind 18 . Cerhpound 18

20

Compound 13 (10 mg, 0.0175 mmol) in EtOH (1.5 mL) was treated
with HONHz=HC! (12,2 mg, 0.175 mmol) and NaOAc (7.2 mg, 0,0876 mmol)

at room temperature. The reaction mixture was then stirred at 80°C for 12
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hours. The mixiure was diluted with EtOCAc (20 mL) and washed with agueous
NaHCQ3s. The aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with water (10 mL), brine (10 mbL), and
dried over MgSQ,. After fittration 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+1]* 586.1.

PREPARATIVE EXAMPLE 19

CFy 8. Less-Martin pariodinane

b. VinylkigByr, THF
¢, Daxs-Marlin perodinana
]

Compound 23h

Dess-Martin Periodinane (0.252 g, 0.595 mmol) was added toa
mixture of Compound 23h.(0.202 g, 0.297 mmol) and NaHCOj3 (0.25 g, 2.97
mmol) in CHzCly (4.0 mL) at room temperature. The reaction mixture was
stirred for 1 hour before it was diluted with EtOA¢ (50 mL) and water (10 mL).
The organic-phase was washed with a saturated NazS20; 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 mL); brine (15 ij, and dried over MgS0a. After filtration and

- . conceniration, the ¢rude aldehyde (0.202 g) was taken up in anhydrous THF

(4.0 mbL) and was treated with CHsMgBr {1.18 mL, 1.19 mmol, 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 NH,CI solution {10 mL). The reaction mixture was then diluted with
EtOAc (50 mL) and neutralized with 0.5 N HCI until the aqueous phase was
slightly acidic. The aqueous phase was exiracted with EtOAgc (3 x 15 mL). The
combined organic layers were washed with water (10 mL), brine {10 mL), and
dried over MgSQO,. After filtration and concentration, the crude secendary
alcohol (0.21 g) was taken up in CHzCl,,(5.0 mi.) and treated with Dess-Martin
Periodinane {0.379 g, 0.894 mmol) and NaHCO; (0.375 g, 4.47 mmol) at
room temperature. 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 Na;5:05 solution (3x15 mL). The combined aqueous
phases were extracted with EXOAc (3 x 15 mlL). The combined organic layers
were washed with aqueous 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 = 11} to give Compound 19a (20 mg, 43% for 3 steps).

Step B:

g7,

% N.
W

Compound 192 Compound 19

Compound 19a (57.4 mg, 0.0816 mmol) in EtOH (3.0 mL) was treated
at room temperature with Pd(OH),/C (11.5 mg, 10 wt%} and was
hydrogenated using a H; 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 (hé:éaneIEtOAc, viv=2/3)to
give Compound 49 (41 mg, 88%). Electrospray MS [M+1]* 671.1.

PREPARATIVE EXAMPLE 20
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Compound 20

Step A:

#.CHOBO,Ex, NaBHOAC),,

CICH,CH,CH R,CO""
b, TMSN=C=0, CICH,CH,CI
Chzt... o
K gt OF,

Compound 28k Compaund 2da Cumpound 20p

NaBH{OCAc)s {81.4 mg, 0.384 mmol) was added at room temperature fo
a solution of Compound 265 {79.9 mg, 0.128 mmol), CHOCO:Et (37.8 l,
0.192 mmol, 45-50% in toluene), and 4 A molecular sieves (30 mg)in ‘
CICHZCH,CI {1.0 mL). The reaction mixture was stirred for 12 hours before it
was diluted with EtOAc (20 mt) and washed with aqueous NaHCQ; (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..;. A_ft_er filtration and concentration, the crude- product (91 mg, 0.128
mmol) was taken up in CICH2CH2CI (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 presstre, The crude product was purified

using BIOTAGE chromatography thexane/EtOAc, viv = 1/1) to give a mixiure

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

. Step B:
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CF, CF,

Campound 10a Compound 2

Compo'u'nd 20a (23 mg, 0.0325 mmol) in EtOH (2.0 mL) was treated
at room temperature with Pd(OH)z/C (4.5 mg, 10 wit%) and was hydrogenated

_using a Hz ballogn 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, vfv = 1/3 to 1/9) to give
Compound 20 {14.3 mg, 77%). Electrospray MS [M+11" 574.3

PREPARATIVE EXANPLE 21 and 22

' o
P

LNH/ CFy

PYBOP, DIEA

——— ——— F.
Ty Kt CH.CY 3

Compound 21a (1.0 g, 1.4 mmol, 1.0 equiv) was dissalved in CH.Cl2
(18 mL) and the solution was cooled to 0°C. Diisopropyla_mfne {(0.564g,4.2
mmol, 3.0 equlv.) 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. Affer 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 slightly warm, and was stirred at room temperaiue

overnight. The progress of the reaction was monitored hy TLC (95/5
EtOAc/MeOH eluent), Upon completion of the reaction, the reaction mixture
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was diluted with H20 and EtOAc, the organic and aqueous layers were
separated, and the crganic layer was washed with brine, dried with Na;S0,,
and concentrated to give a crude product (1.9 g} as white solid. Purification
was carried out using BIOTAGE chromatography (1:1 to 2:1 EtOAc/hexane)
to give Compound 21b as a white solid {0.72 g, 72%).

Electrospray MS [M+1]738.2.

TFA, CH,OY,
GEy

2 21

Compound 21¢ (0.7 g, 0.85 mmol, 1.0 equiv) was dissclved in CH,Cla
{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 stifred at room
temperature ovemigjht. -The progress of the reaction was monitored by TLC
(111 EtOAc/MeOH eluent), which indicated that some starting material was
still 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 to 0°C, quenched with saturated NaHC O3, and
diluted with EtOAc. The organic and aqueous layers were separated, and the

organic layer was washed with brine, dried with Na,50,, and concentrated to
give Compound 21d (0.6 g, 99%) as a white foam. '

E ]
?F EocNHNH,, ImGCim
THF
“ur 0 CF

Fy

fe * ' 21
Compound 21¢ (0.24 g, 0.38 mma), 1.0 equiv) was dissolved in 5 mL’
of anhydrous THF under a nitrogen atmosphere. The sclution was cooled to

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

{0.15 g, 0.90 mmol, 2.4 equiv) and fert-buty] carbazate (0.1 g, 0.76 mmol, 2.0
equiv) in anhydrous THF (2 mL). The solution was allowed to stir for 30 min
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and added via cannula to the SO|LIlILf)I‘I of Compound 21

cannula was rinsed with anhydrous THF (i x0.8 mL)
- was heated to refiux untri the S,tarhﬁg matenaf was co'

10
\\ N P

1 A .ﬁ i

© Helin Ciexane : -
OH,ClL”

Compound 21d (0.22.g, 0.28 mmo{ 1 equiv) was dissolved in 15 mL
of anhydrous CHzCh under a nltrogen atmosphere The solution was cooled

e to 0°C HGH (1 4 mL 5.6 mmol, 20 equw, : M splutron in dloxane) was added

"r'——a'

- 15 and the solutron was aIIDWed fo warm to }oom temperature and stlrred

overnight. The Solutlon was cooled to G‘(“, and quenched with saturated

NaHCOs (5 mL) solution and dlluted wnth Et{)Ac The' organic and aqueous
layers were separated andthe orgamc Iay,er was washed with brine (10 mi),

20 vacuum to give a white solid. The criide

79%) as-a white solid. oo

LN o A '
B 8 W ooE - ) ok m} ne G
o ——————— [4]
Q.. [P =
:op,-- o ! e CF,

-~

25 . | . 2fe 1 . 2t
- Compound 2te (0.15g, 0. 22 mrnol 1.0 equrv) was dissolved in
anhydrous DMF (1 mL). Foramrdlne acetéte (0.126g, 1.2 mmol, 5.5 equiv.)

followed by acetic acid (0.69 ml., 1, 2 mmol 55 equw ) was added and the

.32 .



10

15

20

25

30

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

was found by T}.C analysis, and accordingly the reaction mixture was refluxed
for an additional & h. The progress of the reaction was monitored by TLC (9/1
CHClz/MeOH eluent). Upon completion of the reaction, the reaction mixture
was cooled to room temperature, quenched with H20, and diluted with EtOAc.
The organic and aqueous layers were separated and the organic layer was
washed with brine, dried with Na;S0,, 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 (85:5) MeOH) to give
Compound 21f as a white solid (0.11g, 72%).

Electrospray MS [M+1] 706.4.

Mo
HY )
: 4 o oF,
c%' 4PYC, NH,O;0H
oty J ) B
o CF,

2 :

Compound 21f (0.02 g, 0.028 mmol, 1.0 equiv.) was dissoived in dry
MeOH (1.0 mL) and was treated with 10% Pd/C (40% wt.) followed by
ammonium forméte (0.09 g, 0.14 mmol, 5.0 equiv.) under an inert
atmosphere. The reaction mixture was heated to reflux and was monitored by
TLC (9/1 CHCla/MeOH eluent). The reaction was completed in- 1 hr. The
reaction mixture was filtered through CELITE, washed using EtOAc, and
congentrated under ‘;racuum. The resulting residue was taken up in EtOAc,
and washed with saturated NaHCOs, followed .by brine and HzO to give a
crude product {0.019 g} as solid film. Purification was carried out by

" BIOTAGE chromatography (gradie_nt of 2% to 6% Me_OHlCHzClz). The de-

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

HRMS (FAB) calculated for CasH2sFsN3O2 (M+1)572.2098, found
§72.21083.

'PREPARATIVE EXAMPLE 23
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Compound 23p

Compaund 23b

NaBHg4 (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 stirred

for4 hours and the reaction femperature was slowly increased to rt. The
reaction was quenched by the slow addition of saturated aqueous NH4Cl
solution (50 mL). The reaction mixture was then diluted with EtOAc (400 mL.)
and neutralized with 0.5 N HCI until the aqueous phase was slightly acidic.
The agueous phase was extracted with EtOAc (3 x 100 mL). The combined
organic layers were washed with water (100 mL), brine {100 mL), and dried
over MgSQ.. After filtration and concentration, the ciude product was passed
through a short pad of sillca gel (hexane/EtOAc, viv = 7). Solvent was
removed under reduced pressure to give Compound 23b, 17.4 g (89%) as a

light yellow syrup.

Step B:

Compound 238

parstormaldshyds, TBAF
THF, 0°C.

-~

Compound 23a

-84 -
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TBAF {2.23 mL, 2.23 mmol, 1.0 M in THF) was added dropwise to a
mixture of Compound 23b (9.1 g, 14.88 mmol) and paraformaldehyde (3.85

g} in THF (100 mlL) at 0°C. The reactiort mixture was stirred at 0°C for 8 hours

before it was quenched with addition of saturated aqueous NH4Ci solution (50
mL.). The reaction mixture was then diluted with EtOAc (250 mL) and the
agueous 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,. Aiter filtration and concentration, the crude product was purified using
BIOTAGE (CH:Cl/EtOAc, viv = 100/0.5) to give Compound 23c (6.0 g, 63%)
and 23d (2.34 g, 24%).

HO—, 70 £,
ChitH- 0. Zn, HQAo, 80°C
e CF, -

Coippountt 23c

Step C:

CFy

0F,

. Compound 23p

A mixture of Compound 23¢ (7.54 g, 11.76 mmol) and Zn dust (7.68 g,
1M7.6 mmol) in HOAe (120 mL) was heated at60°C for 2 hours. The reaction
mixture was caoled down and filtered through a short pad of CELITE and the

residue was washed with EtOH (60 mL). Solvent was removed under reduced
pressure and the residue was taken up in EtOAc (250 mL) and washed with

_ NaOH solution (50 mL, 4.0 N). 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 MgSO4. After filtration and concentration, the
crude product was purified using BIOTAGE chromatography (hexane/EtOAc,
vly = 1/3 and EtOAc/MeOH, viv = 10/1) to give Compound 23e (6.4 g, 89%)

CF,

Corupoum 238 Cumpound 231

BinBr, (NH,)HSC, NeOH, THE
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BnBr (0.668 mL, 5.58 mmol} was added atri to a vigorously stirring
mixture of Compound 23e (3.1 g, 5.07 mmol} and BusNHSO4(0.334 g, 1.014
mmol) in THF (20 mL) and aqueous NaOH solution (20 mL, 50 wt%). The
reaction mixture was stirred at room temperature for 12 hours before it was
diluted with EtOAc (250 mL) and washed with water (100 mL). The aqueous
phase was ext;acted with EtOAc (3 x 50 mL). The combined organic layers
were washed with water (50 mL), brine {100 mL), and dried over MgSQ4. Aiter

filtration and concentration, the crude product was purified using BIOTAGE

chromatography (hexane/EtOAc, viv = 113 to 1/7) to give Compdund 23f (2.8
g, 78%).

EIO
a  SNHHCOCH: pin
3o !

b, NaCCH,, MeOH, §0°C

_ Gompound 23¢

Caompound g

A solution of Compound 23f(2.72 g, 3.88 mmdl) and reagent 31c (i.e,
N-ethoxymeihylene-hydrazine carboxylic acid methyl ester) (2,83 g, 18.4

mmol) in EtOH (15 mL) was heated at 60°C for 18 hours. The reaction mixture

was diluted with MeOH (15 mL} and then treated with NaOCHj; (7.0 mL, 38.8

mmol, 30% in MeOH). The resulting reaction mixture was heated at 80°C for4

hours before it was cooled to room temperature. The reaction mixture was
diluted with EtOA¢ (200 mL) and aqueous NH4Cl solution (75 mb.). The
aqueous phase was extracted with EtOAc (3 x 50 mL). The combined organic
layers were washed with water (50 mlL), brine (100 mL), and dried over
MgSC,. After filtration and concentration, the crude product was purified using
BIOTAGE chromatography (hexane/EtOAc, viv = 2.5/1 to 1/1) to give
Compound 23g (2.54 g, 85%).

Sten F;
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WP o
BnG—", Fy CFy
BCl,, OHCL, -78°C
5,0 _
e CFs cF

Compeund 23g . Compound 237

BCls (3.26 mL, 3.26 mmol, 1.0 M in hexane) was added dropwise to a
stirring solution of Compound 23g (0.502 g, 0.653 mmol) in CH2Cls (45 mL)

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

NaHCO3; sofution (50 mL} at -78°C. The mixture was diluted with EtOAc (100

mL) and vigorously stirred at room temperatur'e for 2 hours. The agueous
phase was extracted with EtOAc (3 x 30 mL). The combired organic layers
were washed with water (50 mL), brine (50 mL), and dried over MgSQs. After
filtration and concentration, the crude praduct was purified using BIOTAGE
chromatography (hexane/EtOAg, viv = 113 to 1/9) to give Compound 23h

(0.39 g, 91%).

Step G:

Mo

RO, N—& CF;

o i
Ky, PAIOR)/C, EYOH
o Fs

Gomgound 23h

Compotnd 23h (10071 0152 mmol) in EtOH (5.0 mL) was treated
at room temperature with Pd(OH)./C (20 mg, 10 wi%) and was hydrogenated
using a H; balloon for 30 minutes, The reaction mixture was filtered through a
short pad of CELITE and the reSIdue was washed with EtOH (15 mL). So]vent

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

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

Example 24
oo
oF, 10, CHCL78C TSN o— R,
2) E4GH, NaEH,
NPAOHLC H, N oF
bl 3
B
Example 24

A solution of Compound 31g (83.3 mg, 0.12 mmol, 1.0 equiv.} in

anhydraus dichloromethane (4 mL} was cooled to-78°C. Then O3 was

bubbled through the solution until the solution turned blue. The solution was
then purged with Nz to remove excess Qs, and the reaction mixture was
concentrated to dryness. The resulting 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 temperature until TLC (50%
EtOAc/hexanes) showed that the starting material was completely consumed.
The reaction mixture was then concentrated to dryness. The residue was
dissolved in absolute ethanol {4 mL)and treated with Pd(OH)»/C (80 mg, 20
wit%, 0.11 mmol, 0.88 equiv.) before iiydrogenating with a hydrogen balicon.
The reaction mixture was stirred at room temperature until TLC (5%
MeOH/CH:Cl,) 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 &ried over anhydrous NazSO,, filtered, concentrated to
give the crude product, which was purfﬁed using Prep-TLC (MeOH/CH,Cl,
=5%) to give pure Compound 24 (42 mg, yield 53%). MS [M+1]"559.1.
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PREPARATIVE EXAMPLE 25

[
M%:f .-"'"/ CFy

HH

e

sompatiad 25
5
CF N{\JpN -—/ CF,
PHOHLIT, Hy
o0 oF, EfGH e e
(@445}
318 compound 25

Toa solutjon of Compound_ 319 (83.3 mg, 0.12 mmol, 1.0 equiv.)in
absolute ethanol (3 mL) was added Pd(OH)sz (20 mg, 20 wt%. 0.028 mmol,
10  0.88equiv.) before ﬁydrogenating with a hydrogen balloon. The reaction
mixture was stirred at room temperature until TLC (50% EtOAc/hexanes) .
showed that starting material was completely consumed. The reaction
mixture was.ther concentrated to dryness. The resulting residue was taken
up into ethyl acetaie, washed with saturated sodium Eﬁcarbonate aqueous
16  solution, and the agueous 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—_b‘i]" 557.1.
20 ‘ '
PREPARATIVE EXAMPLE 26

s
H,GG"."., Nﬂ'&g GFy

HR: ;
e Fy

Gompound 26
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Step A

H, CF,

H HBes CF,
BoD, NEY,, dloxana
e CF, Gl "y CFy
Compound e Compound 26h

Et:N (0.1'29 mL, 0.93 mmol) was added to a solution of Compound
26a(0.472 g, 0.77 mimol) and Boc0 (0,168 g, 0.77 mmol) in dioxane (3.0'ml'_)
at room temperature. The resulting solution was stirred for 8 hours befora it
waé diluted with [—itOAc (50 mL). The organic phase was washed with 0.5 N
HC{ (10 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 MgS80.. After filtration and concentration, the crude product was
puriﬁed using BIOTAGE chromatography (hexane/EtOAc, viv = 11} to give
Compound 26b (0.465 g, 85%). |

13 CF;

CHsl (0,372 mL, 5,98 mmol)was added at rt toa vigorously stirring
mixture of Compound 26% (0.425 g, 0.598 mmol) and BusNHSO,4 (40.6 mg,
0.2 mmilyin THF (510 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 (50 mL) and washed with water (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 MgSO,, After
filtration and concentration, the crude product was purified using BIOTAGE
chromatography (hexane/EtOAc, viv = 5/1) to give Compound 26¢ (0.345 g,
80%). ’
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Step C:

a.TFA

EQ
oo NH: cr, b \=N;rldHco,clia VEIOH oo, S Ja
. y K
¢ NalCH,, MeOH, 80°C
ComNy chzit Y e
Erd ‘(©\GF, . g e CF, "
Compound 28c Compound
oo Compound 26#

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 solvent was
removed under reduced pressure. The residue was taken up in EtOAc (50
mL) and washed with NaOH solution (4.0N, 15 ij. The aqueous phase was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed
with-water (15 mL}, _Erine (15 mL), and dried over MgS0.. After filtration and
concentration, the crude amine (0.29 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 NaOCHz (0.672 mL, 3.712 mmol,

30% in MeOH}). Ti1e 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 aqueous NH4Cl 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 MgSQ.. 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 (hexanelisopropanol v/v = 95/5) to give pure Compounds 26d and

26e.

Step D::
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RED™, N"Qo cF,

Hy PA(OH}C, EtOH
Chzit gy s, _—

Compound 26d

Compound 36

Compound 26d {38 mg, 0.0548 mmol}in EtOH (3.0 mL) was ireated
at room temperature with Pd{OH)2/C {7.6 mg, 10 wi%) and was hydrogenated
5 using a Hz balioon 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, vv = 1/4) to give
Compound 26 (25 mg, 82%). Electrospray MS [M-+1]" 559.1.

10
PREPARATIVE EXAMPLE 27
=2
CF,
Compound 27
15
Step A
OF,
Hy, PHOH)JG, E10H
GFy -
Corpound 28e Compound 27
20 Compound 26e {41 mg, 0.0592 mmol} in EtOH {3.0 mL) was treated

at room temberature with Pd{OH)./C (8.2 mg, 10 wt%) and was hydrogenated
using a H3 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

-02.



was removed under reduced pressure and the crude product was purified
using BIOTAGE chromatography (hexane/EtOAc, viv = 1/4) to give
Compound 27 (26 mg, 79%). Electrospray MS [M+1]" 559.1.

5 PREPARATIVE EXAMPLE 28

Compouny 23

Step A;
3£
HP;F KHBoeEC
Bosamethy] alankia
—_— e - /D . Fa
HATY, EDG, DIEA )
10 .Compound 445 ) Compound 282

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 mmo}, 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 to 0°C and

Boc-c-methyl alanine (0.109 g, 0.54 mmol, 1.2 equiv) was added. The
reaction mixture was allowed to stir overnight. The reaction mixture was then
.quen'ched with saturated NaHCOj3 (5 mL), diluted with EtOAc (10 L), and
extracted with EtOAc (2 x 5 mL). The organic layer was washed with brine (10
20 mlL), dried aver MgS0,, and cancentrated. The resulting re§id1ie was purified
by preparative TLC (9/1 hexanes/EtOAc) to give 0.12 g (43%) of Compound
- .28a.

tep B:

.93 -
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HN NHBocK G

TFA.OCM
HN m,/o CFs

Compound 28a Compound2sb

CF,

Compound 28k was prepared by a method similar to that the
compound 45¢, described below, In which a DCM solution of Compound
5 2B8awas reacted with TFA to remove the Boc protecting group.

Step C:
[+}
Hb}-]( N, RG
HC{OMe),
H=f,, cf CH,GOH
Compond 280 Gompound 28
10 In a 10 mL round-bottorned flask, compoupd 28b (0,050 g,. 0.084

mmol, 1.0 equiv) was dissolved in toluene (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 80°C, The reaction mixture was

allowed to stir for over 48 hours. The reaction mixture was then taken up in
15 EtOAc (5 mL) and washed with saturated NaHCO3 (5 ml.). The organic layer
was washed with brine (5 mL), dried over MgSOyq, and concentrated. The
crude product was purified by preparative TL.C iEtOAc) to vield 0,010 g of
Compound 28. HRMS calculated for CarHagFeNaO2z (M+H) 542,2242, found
5422222,
20
PREPARATIVE EXAMPLE 29
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Example 29
oo
¥
n (s e
N, COH  oEy 1) BSOGEOYD), ELN i, OO R,
NH,, GHLOL
K CF,  2)PAOHI/C, H, o or,
3tk (57% for 2 steps) Bxanple 29

A solution of Compaound 31h {39 mg, 0.055 mmol, 1.0 equiv.) in

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

(10 mL, 0.069 mmol, 1.25 equiv.) and ethy! chlorcformate (6.5 mL, 0,066
mmol, 1.2 equiv.} were added. The resuiting 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 Iayer’was dried over Na2SO0q, 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% MeOH!EtO}-\c) 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 aqueous layer was further extracted with ethyl
acetate. The combined organic layers were dried over anhydrous Na SO,
fiitered, and concentrated to give the crude product, which was purified using
Prep-TLC (5% MeOH/EtOAC) to give pure Example 29 {18 mg, yield 57%).
MS [M+1]* 572.1.

PREPARATIVE EXAMPLE 30

-95.



HATY, MeONH Mect

CF, DIEA, DMF

{43.8%)

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-dimethyIaming hydrochloride salt (89 mg, 1.01 mmol,
1.6 equiv.) and diisopropyl ethylamine (0.50 L. 2.87 mmol, 45 equiv). The
10 resulting orange solution was stirred at room temperature until TLC (5%
MeOH/E{OAC) showed that starting material was completely consumed. The
reaction mixture was poured i-nto dichloromethane (200 mL), washed ’
sequentially with half-saturated citric acid agueous solution, saturated
NaHCQOs, and brine. The organic layer was dried over anhydrous Na,S0,,
15 filtered, and soncentrated to give the crude product, which was purified using
BIOTAGE chromatography (EtOAc/Hexane =3:1) to give Compound 30a as
a brown solid (208 mg, yield 43.6%).

-

Step 2:
NTO “y-on K o
N‘*‘ o4 cR - . ‘.\\—( CF,
o MeMgbr, THF .
TNy o ————— GbzNe
e CF, . g ¥,
20 Ha dek

Méthyimagnesium bromide (1.65ml., 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 (E{OAc) showed that
the starling 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,4CI solution, and

5 exiracted with EtOAc, The combined organic layers were dried over Naz; SO.,
filtered and concentrated to give the crude product, Compound 30b.
Compound 30b was used in the next step without purification.

Step3:
' i
; o
N\E—;fg__.\"{ GF;

PA{OH)JT, H;

Chrhl/ ——m

O CF,
10 sb {95% from 30s)

Using the same procedure as #hat 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
SCOMe  OF,
3
Step 1 _

E .
HacoIooy ¢ €O —— Rq*_ugwmm
PEg% ) ’

20 a 31 o

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

heated at 88°C for 38 hours, and then concentrated to dryness under vacuum,

25 The resulting residue was recrystallized from EtOAc, to give Compound.31c
(0.94 g, yield 58%).
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2) HPLCsepnaation

20 31d e

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(PPha); (236 mg,
0.206 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
removed and the residue was fitered through a shorst silica column using 20%
EtOAC /hexanes as eluent. The filirate was concentrated and Compounds
31d and 31e were separated using prep-HPLC. MS [M+1]* 651.1 for both

compounds.

Step 3:

CFy

Fs

A round-boftomed flask was charged with Compound 31d (3.84 g,
5.90 mmol, 1.0 equiv.) and glacial agetic acid {20 mL). To theresulting

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

{3.86 g, 59.0 mmof, 10 equiv.). Thereaction 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
was then diluted with ethyl acetate, and passed through a CELITE pad in a
funnel, The CELITE pad was thoroughly washed with ethyl acetate, and the
combined with the filtrate. The filtrate was concentrated to provide a cride
product, which was purifisd using BIOTAGE chromatography (30%

.08 .



EtOAc/hexanes) to give a pure colorless oil product, Compound 31f (3 g,
yield 81.9%).

i} E’QaN—r{H
4 COsMa
EiOH -

F1 §) MaOH, MeONa,70°C

{>B0% )

To a solution of Compound 31 (33.4 mg, 0.054 mmol, 1.0 equiv.) in
ethanol (0.4 mL) was treated with reagent 31¢ (67.5 mg, 0.46 mmol, 5 equiv.)
and stirred at rcom temperature ovemnight. It was then diluted with

10  anhydrous methanol {1 mL} and treated with sodium methoxide, then heated

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

dri,mess, and then taken up into ethyl acetate, washed with saturated sodium .
bicarbonate solution and the layers were separated. The aqueous layer was
further extracted with ethyl acetate. The combined organic {ayer was dried

i5 over anhydrous Na;S0y, filtered, and concentrated to get the crude product,
which was pﬁrifiéd via BIOTAGE chromatography (25-40% EtOAcfhexanes)
to get pure compound 319 (22.4 mg, yield >60%). :

Step 4:
20

10, BRLL
oOH: 750G

2} H,05, HCOH

(80.6% )

b

Compound 319 (306 mg, 0.44 mmel, 1.0 equiv.) was dissolved in
anhydrous dichloromethane (5 mL). The resulting colorless soiution was

25 cooledto-78°C, then Oy was bubbled threugh until the solution turned purple.

The solution was then purged with Nz to remove excess Qs. The solution was
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then concentrated to dryness, The resulting white foam was dissolved in
formic acid {1.5 ml.) and treated with hydrogen peroxide {1.5 mi,, 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
removed under vacuum, and the residue was dissolved in ethyl acetate and
washed with half saturated Na;S,0, aqtieous 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 NazS04,

“filtered and concentrated to give the Compound 31h (284.2 mg, yield 90.6%).

Compound 3th was used in the next step without purification.

Step &:
&

—COH ¢,

¥h

To a solution of Compound 31h {104 mg, 0.147 mmol, 1.0 equiv.)in
benzene (4 mL) and methanol {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 cémpletely
affer stirring the reaction mixture at reom tefnperature for 30 minutes. The
solvent was removed to give the crude product, which was used in the next

step without purification.
Step G:
) B 0
' i‘f J..\.""UC!,’,IE CF, “:\’ 5
PAOHYIC
GhzN- . i
. er,
H,, E10H

a1 {86% fram31g}

The crude product from Step 5, Compour_ld 31, was diéso!ved in
absolute ethanol (4.5 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 ballcon. The hydrogenation reaction was
stopped when TLC (10% MeOH/CH.Cl2) showed that the starting material
was consumed. The diluted reaction mixture was carefully passed through a
CELITE packed funnel, and the CELITE pad was washed thoroughly with
methanol. The filtrate was concentrated todryness. The resulting residue
was purified by prep-TLC (10% MeOH/CH:CI2) to give the pure Compound
31 (56.2 mg, yield 65% from Compound 31g), MS [M+1]" 587.1.

PREPARATIVE EXAMPLE 32

i
Lo

N, CN Fa
. 0 cF

2
Step 1:
o
HNy_ N A -
! ’ C,(}’Sf/\,,m o% Hzon ik
ChzN —_——
e @ F, E4N. (PG ozt 'mfo#lcﬁ'
Aol ?
. o i

In a 25 ml round-bottomed flask, Compound 42h (0.142 g, 0.23 mmol,
1.0 equiv) was taken up In 3 mL of dichloroethane under a N2 atmosbhere and
the rgaction mixture was treated with EtsN (0.0.48 ml, 0.34 mmoi, 1.5 equiv)
followed by 3-chlorasulfonyl propyl chloride (0.037 ml, 0.3 mmol, 1.2 equiv).
The reaction mixture was sftirred at room temperature overnight. The

‘progress of the reaction was monitored by TLC (60:40 EtOAc/hexane) and

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 caomplete. The reaction mixture was then cooled and diluted
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with CHuCl2, and quenched with 1N HCI. The organic layer was dried over
NazS04 and concentrated to give crude Compound 32a (0.11 g}, which was
used in the next step without further purification.

Step 2;

o

N?_ LN CF,
Eozll é ;",OTQCF’
ak

In a flame dried 15 ml round-bottomed flask, Compound 32a (0.11 g,
0.23 mmol, 1.0 equiv) was taken up indry DMF. To this reaction mixture,
1,8-dlazabicyclo[5.4.0Jundec-7ene (0.044 g, 0.29 mmol, 1.2 equiv) was added
and the reaction mixture was stirred at room temperature 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 H;0. The organic layer was dried over Na,SQO,4 and
concentrated to give crude Compound 32b (0.1g). Purification was carried
out using BIOTAGE chromatography (30/70 EtOAc/hexane) to give purified
Compound 32b (0.072g). )

Electrospray MS [M+1] 710.2.

Step 3.

Compound 32b (0.072 g, 0.1 mmol, 1.0 équiv) was dissblved indry
MeOH (1.5 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).
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The reaction was completed in 45 min, and was filtered through CELITE,
washed with EtOAc, and concentrated {o give a crude product. The crude
product was purified using preparative chromatography (60/40 EtOAc/hexane)
to give Compound 32 (0.04g, 70%).

Electrospray MS [M+1}576.2.

HRMS (FAB) cakculated for CagH2aFgN2O2 (M+1} 576.1786, found
576.1764.

PREPARATIVE EXAMPLE 33

Step 1:

Ina 25 mi round-bottomed flask, Compound 42b {0.322 g, 0.53 mmol,
1,0 equiv) was taken up in 5 ml of CH2Cl;and the reaction mixture was cooled

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

chlorobutyoyl chloride {0.07.2 ml, 0.64 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 (60:40
EtOAc/hexane eluent) and MS. Upon corﬁpletion of the reaction, the reaction

" ‘mixture was diluted with CH2Cl, and guenched with satﬁrated NaHCOs

followed by brine. The organic layer was dried over Na;SO4 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:

CFy

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 TLC {60:40 EtOAc¢/hexane) and MS. Upon completion (;fthe
reaction, the reaction mixture was diluted with EtOAc and quenched with
saturated NaHCO3. 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 fur.ther purification. '

Step 3:

. GEmpOUNY 33
Compound 33b (0.4 g, 0.59 mmot!, 1.0 equiv) was dissolved in dry
MeOH (4.0 mL} and was treated with 20% Pd(OH)2 {(60% wt.) under an inert
atmosphere. The reaction was hydregenated at atmospheric pressure and
the progress of the reaction was monitored by TLC (40:60 EtOAc/hexane
eluent). The reaction was completed in 45 min, was filtered through CELITE
and washed using EtOAc and concentrated to give a crude hroduct.

- 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 CpgHaaFsNaO2 (M+1) 540.2086, found

540.2078.

PREPARATIVE EXAMPLE 34
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Step 1.

[:29 CFs

a3
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 CH;Cl3, and the reaction mixture was

cooled to 0°C in an ice bath. EtsN (0.079 ml, 0.57 mmol, 1.5 equiv) followed

)

10 by 4-chlorobutyryl ¢hloride (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 CH2Cl> and quenched with saturated

16 NaHCO; followed by brine. The organic layer was dried over NaxS0, an,d
concentrated to give crude Compound 34a (0.23 g), which was used in the
next step without further puriﬁc.ation.

“Step 2:
20

ogiENal,
THE
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In a flame dried 25 ml round-bottomed flask, Compound 34a (0.23 g,
0.38 mmol, 1.0 equlv) was taken up in dsy 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 raom temperature for 2 hrs. The progress of
the reaction was monitored by TLC (60:40 EtOAc/hexane eluent} and MS,
Upon completion ofthe reaction, the reaction mixture was diluted with EtOAc
and quenched with saturated NaHCO3. The organic layer was dried over
Na»S0. and concentrated 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:

0% PAOH,
MeOH.H (o}

Compound 34b (0.21 g,'0.31 mmiol, 1.0 equiv) was dissolved in dry
MeOH (2.0 mL) and was treated with 20% Pd{OH)2 (40% wt.} underan inert
atmosphere. The reactionmixture was hydrogenated at atmospheric
pressure and the progress ofthe hydrogenation was monitored by TLC (40:80
EtOAc/hexane eluent). After 45 min, the reaction mix’_tufe was filtered 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 CagH2aFgNaOz (M+1)540.2086, found
540.2078. '

PREPARATIVE EXAMPLE 35
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Conpound 35

¥ oF,
e : ro-\ Nt cF,
71 HOAG 80 °C
m/o CF,. Ao Ck: J OTQ
et CF,

Compotnd 23d

Compound J6a
5
Compound 35 was prepared using a procedure sirmilar to procedure
for preparing Compound 23e in Example 23.
Ho—w 3 CF,
ChzN BrEr, (NHLHEC,, NaOH, THF
or, CFa
Compound 352 Compound 35
10 .
Likewise, Compound 35b was prepared by a procedure similar to the
procedure used to prepare Compound 23f in Example 23.
EO
pro—s Mtk ¢z, A \"""‘;”*C":"“t L EOH
N . B
Chefl b. NeOCH, WMeOH, 8a*S
"'!I'o F.
Compopnry 356

15 ’ Compound 35¢

Compound 35¢c was prépared by a procedure similar to #he procedure
- used to prepare Compound 23g in Example 23.
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Compatind 354

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

BCE, DO

Compound 25d

Compeund 15e

) Compound 358 was prepared by a procedure similar to the procedure
10 for preparing Compound 23h in Exampls 23.

N,
¢ "HH .
ﬁ-{o ;.
Hi‘li o ] BDess-Martin perkidinane
or - .

Cu-mpound‘ﬁsu

15 Compound 35f was preparing by a procedure similar to the procedure
__forpreparing Compound 42a in Example.42. .

M.,
e :
.\h CF,
s

NH2OH.HCY, NaOAc
OF;y Etor

Compound 350

g

Compound 45g
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Compound 35g was prepared by a procedure similar to the procedure
for preparing Compound 42g in Example 42.

LT oxotyidimidazols

Eenzene

5 Campourd 38y Compaiand 35

Compound 35 was prepéred by a procedure similar to the procedure
for prepafing Compound 42 in Example 42, HRMS calculated for
CasHzal eNsOz (M+H) 540.1834, found 540.1822.

10
PREPARATIVE EXAMPLE 36
I’ ? GF;
Campound 26 o
16 <
Step A;
CF,
a MsCl, TER
Fa
Compound 42b - Compound 352

Compound 36a was prepared by a procedure simitar to the procedure
20 for preparing Compound 47 in Example 47.

Siep B;
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Ha PHOHY

Fa MeOH TR,

Compound 352

Compound 36 was prepared by a procedure similar to the procedure
for preparing Campound 23 in Examplé 23. HRMS caleulated for
5  CasHasFsN303S (M+H) 550.1599, found 550.1603.

PREPARATIVE EXAMPLE 37

Ne JHSOMe  cp

'CF,

10 Compound 37
Slep A;
MC, ‘,HHz GF,
MLl TEA
Gl
T CF,
Compound 47b - Compound 375
15 Compound 37a was prepared by a procedure similar to the procedure

for preparing compotind 47 in Example 47.

20 Comgtound 378 . Compound 57
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Compound 37 was prepared using a procedure similar to the
procedure for preparing Gompotind 23 in Example 23, HRMS calculated for
C24H2sF sN104S {M+H) 550.1599, found 550.1603.

PREPARATIVE EXAMPLE 38

Slep 1:
To a solution of Compound 31g (640 mg, 0.93 mmol) in 10 mi. CHyCl2

maintained at -78°C was bubbled O3 gas until the reai:tion mixture tum blue.,

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

stir-regi at20°C for 2h. The reaction mixture was diluted with diethy! ether,

washed with saturated équeous Na2820s3, 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 stirred overnight. The reaction
mixture wés then concentrated and the residue was partitioned between 20
mb EtOAcand watér. The organic layer was dried and concentrated. The
crude intermediate was dissolved in toluene (6.8 mL.) foliowed 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 sllica gel column and eluted with 20-100% EtOAc/hexanes to
give product Compound 38a. MS [M+1]" 688.1.
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3da compound 38

Step 2,
Using a ';imcedme similar to that of Exampie 31, Step 6, Compound
38a was hydrogenated to give Compound 38, MS [M+1]* 554.1.

PREPARATIVE EXAMPLE 38 and 40

CF;

CF;

Step A‘,-

compom 4z ©_PaPACHY

e, NH oF

.
o "ﬁﬂMH

Comprind 42¢ Compaound 39

Compounds 39 and 40 were prepared USing a procedure similar to
the procedure for prepatring Compound 38. HRMS calculated for
CaaHaaFeNaO (M+H) 472.1824, found 472.1820.

PREPARATIVE EXAMPLE 41 .
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Step A:

Fa

Compound 42b Compound 41a

Ina 25 mL round-bottomed flask Compound 42b (0.15 g, 0.248 mmol,
1.0 equiv) was dissolved in 6 mL of DCE. Trimethylsilyl isocyanate {0.51 mlL,
3.72 mmol, 15.0 equiv} was added and the reaction mixiure was refiuxed at

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

saturated NaHCOa (10 mL}). The aqﬁebus phase was extracted with EtOAc (2
x 10 mL). The organic léyers were washed with brine (5 mL), dried over
MgSQO4, and conceﬁtrated. The crude product was purified by preparative TLC
(1:1 Et'OAc:hexgpes) to 'yield 0.080 g (37%) of Compound 41a.

Step B:

NG, NHCONH, oo NE, NHCONH, oo

Hy, PE(OHY,
MeOH

Compouid 412 Compounddq

Compound 41 was prepared by = proceduresimilartoprocedure for
preparing Compound 23 in Example 23. HRMS calculated for CasHzgFaN:O2
(M+H} 5165.1882, found 515.1874.

PREPARATIVE EXAMPLE 42
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Step A:

3 sg, s oF, Noo S Fy
NaGR, WH,Q, R HO
T
. o Fs g O oF,. Cha¥: (S oF,

5 Compound41a 120 Compound 426

Compound 41a (6.87 g, 11.86 mmol) in EfOH (7 mL) was added o a
solution of NaCN (0.767 g), NH,CI (0.889 g) and NHxH20 (3.84 m}.) in EtOH
(7.0 ml.) and water (7.0 mL) at room temperature in a sealed _iube. The sealed

10 tube was then heated at 80°C for 12 hours before it was cooled down to room

temperature, The reaction mixture was diluted with EtOA¢ (200 mL} and
washed with water (50 mL). The agueous phase was extracted with EtOAG (3
%30 mL). The combined orgahic layers were washed with brine (30 mL), and
dried over MgSO.. After filtration and concentration, the crude product was

15 purified using BIOTAGE chromatography {hexane/EtOAc, viv = 7/2 fo 512) to
give Compound 42b (2.6 g, 36%) and Compound 42c (1.8 g, 25%).

Step B:
, " HE<RHCHD
cF, £o0NaHED, o= }
i then NHNRC(CRIPY CFy
Ch °'-,/°Y@F,
20 Compound4Zh . Gompotnd 42d

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 mL) and a.saturated NaHCO; 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 CH2Clz (50 mL) and the

aqueous phase was separated from the organic phase. The organic phase
was washed with a cold aqueous NH4C) sotution, brine, and dried over
MgSQ.. The solvent was reduced to a velume of about 5 mL under reduced
5 pressure, at room femperature, to remove excess phosgene. The residue was

dissolved in CH,Clp {15 mL) and treated with NH;NHC(O)H (0.446 g, 7.44 '
mmol) and pyridine (1.2 mL, 14.88 mmof} 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 aqueous bhase-was extracted with EtOAc (3 x 30 mL). The combined
organic layers were washed with brine (30 mL), and dried over MgSO.. After
fiitration and concentration, the crude product was purified using BIOTAGE
chromatography eluted with hexane/EtOAG (viv = 1/2 to 1/7) to give
Compound 42d (1.1 g, 64%).

15
Step C:
HH—NHCE;O
Q
NG, S oF; HMDSITMECULY
CbzN. .,"/O CF, ) 1404C
Compound 42d

20 TMSCI (50 pL) was added to a stirring mixture of Compound 42d (15

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

temperature) for 30 hours before it was cooled down to room-temperatu}e.
The reaction mixture was diluted with EtOAc (26 mL) and washed with HCI (6

25 mL, 1.0 N). The aqueous phase was extracted with EtOAc (3 10 mL). The
combined crganic layers were washed with brine {10 mL), and dried over
MgSO.. After filtration and concentration, the crude product was purified using
preparative TLC (hexane/EtOAc, viv = 6/4) to give Compound 42 (4 mg,
34%).

-116-



ALTERNATE PROCEDURE FOR EXAMPLE 42

Altematively, Compound 42 can also be prepared from Compound
23g as follows

5 SlepA:
M.
S ¢ H¢ N
P A o
chzN Ress-Marin pariodkane
et F, COZN-pr;, -
. ]
Compound 23g

Compound 42a

ina 10 mL round-bottomed flask, Compound 23g (0.02 g, 0.037
mma}, 1.0 equiv) was dissolved it 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 funne! cor;taining saturated

15 NagS5:0:/NaHCOj; solution (1:1) (6 mL). The mixture in the separatory funnel
was shaken vigorously, and the agqueous layerwas extracted with EO (2 x 5)
and dried over MgSO, and concentrated to give crude Compound 42e (0.02
g), which was used in the next step withoutfurther purification.

20 SiepB:

Compound 427

Compuithd42n

in a 25 mL round-bottomed flask, Compound 42f (0.09 g, 0.13 mmoi,
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 hydrochloride (0.056 g, 0.080 mmol,
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B.0 equiv) was added. The reaction mixture was stirred under nitrogen at
rcom temperature overnight. The reaction mixture was then diluted with
EtOAc (15 mL), quenched with saturated NaHCO;3 (6 mL), and the organic
layer was washed using brine (6 mL) and dried over MgSQ;4 to give crude
5 Compound 429 (0.85 g), which was used in the next step without further

purification.

Step C:

Compaund 429 Compaund 42h
10
In a 50 mL round-bottomed flask, Compound 42g (1.1 g, 0.59 mmol,
‘ 1.0equiv) was dissolved in ben'zene'(25 mi). 1, 1'-oxalyldiimidazole (0.302 g,
1.39 mmol, 1.5 eqdiv) was added to the solution, and the reaction mixture was

heated to 75°C under nitrogen for 4 hrs. The reection mixture was then

15 quenched with water (20 mL), diluted with EtOAc (30 mL), dried err MgS0Oy4
and concentrated to give a crude product. The crude product was purified
using BIOTAGE chromatography {1/1 EtOAc/hexanes) to give Compound
42h (0.7 g, 66% over three steps).

20 sStepD; -
’“‘HH
NG, g‘&u CF,
HN. 0 .,

Compound 42

in a 50 mL round-botiomed flask, Compéund 421 (0.5 g, 0.742 mmol,
1.0 equiv) was taken up in acetonitrile {9 mL). The reaction mixture was

25 cooledto Q°C, and TMSI (0.742 mL, 5,19 mmol, 7.0 equiv) was added

dropwise via syringe. The reaction mixture was stirred overnight at room
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temperature. The progress of the reaction was monitored by MS, which
Indicated some starting material was still present. The reaction mixture was
quenched using saturated NazS;0s/NaHCO;s (1:1) (10 mL) and diluted with
EtOAc (20 mL). The organic layer was washed with brine {10 mL), dried over
5 MgSO0., and concenfrated 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 CasHzaF sNsOz (M-+H) 540.1834,
found 540,1813,

10 PREPARATIVE EXAMPLE 43

5o

CF;

CFy

Campaoisid 43

15 Step A:

' : . O?"P EG
htd cF, - - HN  NHBos
: Boc-ominocyclop) :
. JLabonacd | CF,
HN~ HH=4s,,~
- i CF, HATLY, EDC, DIEA
. Compound 44h Compound 43a

Compbund':ﬁa was prepared by a procedure similar to the procedure
for preparing Compound 28a.

Step B: ' .
Q ’ O?J{ . -
m}_ﬁﬁm =g ’ HE{ M, Q
TFA, DT
), CFs H g CFQ :

Compgund 43a Compatd 43H
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Compound 43b was prepared by a procedure similar to the procedure
for preparing Compound 45¢.

Step C:

5o

N

DS ?
"G
N NH, CF,
’ HC{OMe),
Hh—fos, O Fa CHCOM W o .
£ ]
) Compound 430 Compound 43

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

10 . PREPARATIVE EXAMPLE 44
oL
Compound 44
Step A:

CF,

Fs

o LF,
Zn.AcOH
HN: |
o1y F,

15 . Compound 44a . Compound 4%

in a 50 mL round-bottomed flask, Compound 44a (1.1 g; 2.31 mmol,
1.0 equiv) was dissolved in acetic acid {20 mL), 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
filtered through CELITE, concentrated, diluted with EtOAG (30 mL), and

neuiralized with saturated NaHCO3 (30 mL). The agueous phase was
extracted with EtOAc (2 x 10 mL), washed with brine (20 mL), dried over
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MgSO4 and concentrated. The crude product was purified using a fiiter
column to yield 1.0 g {89%) of Compound 44h.

Step B:
NHEac
Fs
BecNHNM,, GOt .
e e
5 Compaund ¢85 Gompaund 44¢

Compound 44¢ was prepared by a procedure gimilar to the procedure
for preparing Compound 45b,

10 StepC:
NHEBce
w0l
. 1 TFA. DCKA
CF; FA pyﬂdinu. ocM
Compound 440 Compotmnd 44d

Compound 44d was ptepared by a proésdure similar to the procedure
for preparing Compound 45¢,

15
Step D:
R
-
B N>=°

Compound 44¢

Caompetnd £44

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

Step E;
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P HEOH,
"/0 \1QCF‘ F Y@c‘

Compound 4a Compound 44

ano\)’\

in a 10 mL round-bottomed flask, Compound 44s (0.34 g, 0.54 mmal,
1.0 equiv) was taken up in 5.5 mi. of MeOH/H20O (10:1), The round-bottomed
flask was degassed, and Pd/C (10 wt%, 0.18 g) was added followed by
HCO>NH;4 (0.174 g, 2.68 mmol, 5.0 equiv). The resulting heterageneous
mixture was refluxed ovemight, cooled, filtered through CELITE,
concentrated, diluted with EtOAc (10 mL), washed with saturated NaHCO3 (10
mL), and dried over Na;S0.. The crude product was purified by BIOTAGE
chromatography (8:1 EtOAc:MeOH) to yield 0.11 g (38%) of Compound 44,
HRMS calculated for CzsHzeFeN4O3 (M+H) 545.1987, found 545.1988.

~ PREPARATIVE EXAMPLE 45 and 46

: v R
MoO\}N‘LN):O " Me_-o\/'ﬂ\,!'ﬁo

Step A:

Comypound 418 Gompound 452

Compound 41a (23 g, 4.58 mmol, 1.0 equiv) wés taken up in ethanol -
(15 mL). Raney nickel was added to the solution, and the reaction mixture
was hydrogenated in a Parr shaker at 60 psi. The progress of the
hydrogenation was monitored hy TLC (4/1 EtOAc/hexanes). After 3 hours,
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the reaction mixture was then filtered through CELITE, washed with ethano!
(30 mbL) and concentrated. The crude product was purified by BIOTAGE
chromatography (4/1 EtOAc/hexanes), to give Compound 45a (1.75 g, 65%).

Step B:
. - S NHBoe .
' N o, : HN»h ﬂ .,
. ; ? BoeNHNH,, GO
- bzt /OT@”’ T- ChaN~r! ’“réLcFa
Compoundf 438 . ’ Compoind 456

In a 50 ml round-bottomed flask, Compound 45a (1.0 g, 1.72 mmol,
1.0 equiv) was dissolved in dry THF (20 mL) and cooled to 6°C, A solution of

teri-butyl carbazate (0.228 g, 1.72 mmo), 1.0 equiv) and carbonyl! diimidazole
{0335 g, 2.06 mmol, 1.2 equiv), which was previously stirred in dry THF (10
mL), was added to 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 concentrated and purified by BIOTAGE
chromatography (1/1 EtOAc/hexanes) to give Compound 45h (0.85 g, 67%).

Step C;

Q e Q o ome
ol g .

3
1 TFA, DEM A
Chatt ————— oy
o O ;, 2 pyidme,0CH e X

ule

Gornpound 46h Canpound 45c

in a 50 mL round-bottomed flask, Compound-4'5b {0.39 g, 0.53 mmol,

" 1.0 equiv) was dissolved in CH;Cl; {10.0 rnl.) and cooled to 0°C.

Trifluoroacetlc acid (1.02 mL, 13.2 mmol, 25.0 eéufv) was addéd tothe
solution, and the reaction mixture wgs allowed to stir at room temperature.
The progress of tha react_ion was monitored by MS (i.e., disappearance of
starting material). The reaction mixture was concentrated after 7 h, and was
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used in the next step without any further purification. The crude intermediate
was dissolved in THF (5 mL} and cooled to 0°C. A 20 % aqueous solution of
NaOH (5.0 mL) was added, followed by methoxyacetyl chioride (0.096 mL,
1.06 mmol, 2.0 equiv). The reaction mixture was allowed to stir at room
temperature overnight, and was then diluted with H2O (10 mL), extracted with
EtO {2 x 10 mL), washed with brine (10 mL), dried over MgS04 and
concentrated fo yield crude Compound 45¢ (0.35 g, 95%), which was used in

the next step without any further purification.

Step D:

N/ CMe |
(SLH‘ { i E}:o

F
? 2 MMaOH, EIGH P
CbeN—s o I
- , b~ o e,

Compound 46¢ ' Compeund £&d

Ina 25 mL round-bottomed flask, Compound 48¢ (0.35 g, 0.49 mmol,
1.0 equiv) was dissolved in EYOH (3.0 mL). 3.0 mL of a 6 M solution of NaOH
was added and the reaction mixture was refluxed ovemight. The reaction
mixture was then concentrated and purified by preparative TL.C (EtOAc) to
give 0.145 g (42%) of Compound 45d.

Siep E;

mo\)x

et
Db, = gf@m gr@.

Compaurd 430 Compound 46
Compound 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 wt%) 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 CagHaaFsN4O3 (M+H) 559.2144,

found 5569.2148,

5 , PREPARATIVE EXAMPLE 47 and 48

M!‘ D, SHN 1] CFy

Coinpound 47 Compabmnd 43

10 StepA:

H '
- N 0 . . :

Fy WO,SHN}\DP: CFy
ufojbcﬁ hR éi"«/OY@cF,

Compound 47

Compound 44
NsCl, TEA
+ +
Lo
H .
or, MocLSHN” X - CF,
HN~
..‘,,07)©\c " gfﬁ\rﬁ ~CF,
Compaund 60 . Compound 45

in a 10 mL round-hottomed flask, a mixture of Compounds 49 and 50
(0.025 g, 0.047 mmo!, 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 MeSO,Cl (0.004 mL, 0.052 mmol, 1.1 equiv). The reaction mixiure was
allowed to stir overnight. The reaction mixture was then diluted with £tOAc
{10 mL) and guenched with saturated NaHCO; (5 mL). The agueous phase

was extracted with EtOAc (2 x 5 mL}), dried over Na,S0Q4, and concentrated.
20  Thecrude product was purified by preparative TLC (41 EtOAc/hexanes) to
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give 0.028 g (100%) of a mixture of Compounds 47 and 48. HRMS
calculated for CasHz7FaN;048 (M+H) 608.17686, found 608.1785.

5 PREPARATIVE EXAMPLE 48 and 50

Hl" ro
HaN CFy

*fg‘ﬂ 0.5,

Compountt 49 Compound 50
10 Siep A

H .

L -

L= - X
CFs ON : Cf B

HND,

e o, ONCtzNf, o5,

Compotmd 432 Campound 496

Compound 49a (0.50 g, 0.77 mmo), 1.0 equiv) was added to a 50 mL
16 round-bottomed flask. Fuming HNO; (3 mL) was then added to the flask, and
the resuiting reaction mixture was allowed to stand for 1 h. After the reaction
was complete, ice (10 g) was added. The reaction mixture was diluted with
EtOAc (25 mL) and neutrallzed with saturated NaOH (3 mL). The aqueous

phase was extracted with EtOAc (2 x 10 mL). The organic layers were

20  washed with brine (10 mL), dried over MgSQj, and concentrated, The crude
product was purified by BIOTAGE Chromatography (7:3 EtOAc:hexanes) to

give 0.45 g (79%) of Compound 48b.

' Step B:
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p) )NL =0 /’ﬁ__ 0
oM GFy HNT N oF, R CE.
By : s
Zn, AcOH +
O,N-CbzN-—, A——_ H H
', CF, ey cF, or, )
Compound 480 Compound 45 Compourd 53

Compounds 49 and 50 were prepared by a pro¢edure similarto the
procedure for preparing Compound 44b. HRMS calculated for CasHasFsNsC2
5 (M+H) 530.1991, found 530.1977.

PREPARATIVE EXAMPLE 51
Nay M
mf)j e o HN,):E 3‘*% A
o NH34e0H ?m
csz "(/0 CF: . 80% !N '."/ . CFd
10 55 51N

Compound 55 (0.078 g, 0.11 mmol, 1.0 eguiv) was dissolvéd in7M
ammonia in MeOH (3.0 mL) and was added to a small Parr bomb, which was

15  heated to 80°C for 2 days. The progress of the reaction was monitored by
TLC {91 CH.Clz/iMeOH). Upon completion of the reaction, the reaction
mixture was concentrated to give 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,
M ) My,
HN \] BN ]
y K QLNHz CF, 16%PUC, MH,0,CH o)" SNy B
o ) T@W = o ]Q\“'
#1a Compound 51
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Gompound 51a (0.045 g, 0.065 mmol, 1.0 equiv.) was dissolved in dry
MeOH (2.0 mL) and was treated with 10% Pd/C (40% wi.} followed by
ammonium formate (0.02¢g, 0.03 mmol, 5.0 equiv.) under an inert atmosphere.
The reaction mixture was heated to reflux and the progress of the reaction

5 was monitored by TLC (100% EtOAc). The reaction was completedin 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;, followed by brine and HzO to give the
desired product, Compound §1 in the form of a white soliid, which was
10 converted toiis HCl salt (0.034g, 94%).
HRMS {FAB) calculated for CasHasFeNaOz (M+1)558.19242, found

558.19398,
PREPARATIVE EXAMPLE 52
15
Gompound 52
Step A
NHOCH,, E{CH
20 Compound 53 ’ Gompound 62

Compound 53 (18.1 mg, '0.0325 mmoel) in EtOH (2.5 mL) was treated
with MeONHz HCI (24.4 mg, 0.292 mmol) and NaCAc (12.0 mg, 0.146 mmot)

atroom temperature. The reaction mixture was stirred at 80°C for 12 hr, then

25  diluted with EtOAc (20 mL} and washed with aqueous NaHCO3z. 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
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filtration atid concentration, the crude product was purified using preparative
TLC (hexane/EtOAc, viv = 1/1 to 1/2) to give Compound 52 (18 mg, 84%).
Electrospray MS [M+1]" 586.1.

PREPARATIVE EXAMPLE 53

8. DessParlln periodinnage
b. MeMgBr, THF
Q. Doss-Mardin pedadinons

Conmpound 53a

Dess-Martin periodinane (0,234 g, 0.553 mmol) was added to a mixture
of Compound 23h (0.25 g, 0.368 mmol) and NaHCOz (0.232 g; 2.76 mmol) in
CH2Cl; (5.0 mL) at room temperature. The reaction mixture was stirred for 1
hour before it was diluted with EtOA¢ (50 mL) and water (10 mL). The organic
phase was washed with saturated Na,S;0s 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
m‘{‘_.). brine {15 mL), and dried over MgSQOa. After filtration 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 Et;0) at-78°C. The.

~ reaction temperature was é]owly increased to room temperature.and the
reaction was quenched in 2 hours with the slow addition of saturated aqueous

NH,Cl soiution (10 mL). The reaction mixture was then diluted with EtOAc (50
mL) and neuiralized with 0.5 N HCI until the aqueous phase was slightiy‘
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acidic. The aqueous phase was extracted with EtOAc (3 x 15 mL). The
combined organic layers were washed with water (10 mL), brine (10 mL), and
dried over MgS0.. After filwation 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 NaHCO3 (0.466 g, 5.55 mmol) at room
t_emperature. 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 Nax8,03 solution (3x156 mL). The combined aqueous phases were

" extracted with EtOAG (3 x 15 mL.). The combined organic layers were washed

with NaOH solution {15 mL., 1.0 N), water (10 mL), brine {15 mL), ahd dried
over MgSQ.. After filtration and concentration, the crude produce was purified
using BiOTAGE chromatography (hexane/EtOAg, viv = 1/1) to give
Compound 53a (0.11g, 43% for 3 steps).

Step B:

Fa

Compound 53a (107 mg, 0.155 mmol) in EtOH (5.0 mL) was {reated
at room temperature with Pd(OH)2/C (2.5 mg, 10 wi%) and was .
hydrogenated with a Hz balloon for 36 minutes, The reaction solution was
filtered through a short pad of CELITE and the residue was washed with EtOH
(15 mL). The solventwas removed under reduced preééure and the crude
product was purified using BIOTAGE chromatography (hexane/EtOAc, viv =
143 to 1/9) ta give Campound 53 (66 mg, 76%). Electrospray MS [M+1]"
557.3.

PREPARATIVE EXAMPLE 84

-129 -



Compotnd 54
NH.OH, EIOH GF
CF;
Fs
Gompound 53
Cotrpotnd 54
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 NaOAc {6.3 mg, 0.077 mmol) at

room temperature. The reaction mixture was stirred at 80°C for 12 hr, then

diluted with EtOAc (20 mL} and washed with agueous NaHCO3. The aqueous
phase was extracted with EtOAc (3 x 10 mL}. The comhined organic fayers
10  were washed with water {10 mL), brine (10 mL), and dried over MgSQO,4. After
filtration and concentration, the crude product was purified using preparative
- TLC (hexane/EtOAG, viv = 1/2) to give Compound 84 (11 mg, 75%).
Electroapray MS [M+1}° 572.1. -

15 PREPARATIVE EXAMPLE 55

Step A:
20
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o {’N'HH

4, Dess-Martn Perledinong AN

b, 2-metht2ndone, NCIC,  HECO™,
HaH#F0,, tart-butane!

& TMBCHN,, MaDH, PRH

Dess-Martin Periodinane (0.12 g, 0.284 mmol) was added to a mixture
of Compound 23h (96.3 mg, 0.142 mmol) and NaHCO3 (0.12 g, 1.42 mmol)
in CHzClz (3.0 nil.) atroom temperature. The reactlon mixture was stirred for 1

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

The organic phase was washed with saturated NazS;0j5 solution (3x15 mL).
The combined aqueous phases were extracted with EtOAc (3 x 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 Mg$0.4. After filtration and
concentration, the crude aldehyde (96.3 mg) was taken up in tert-butanol (2.0
mL) and water (0.5 mL) and treated witl_*a NaH;PO4H,0 {39.2 mg, 0.284
mmol), NaClOz {44.9 mg, 0.497 mmol) and 2-methyl-2-butene (0.105 mL,
0.994 mmol) successively. The reaction mixture was stirred for 2 hours and
then diluted with EtOAc (20 mL) and washed with agueous NHCL. 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
henzene (2.8 mL) and MeOH (0.7 mL). The resulting solution was treated with
TMSCHNz (82.2 L, 0.164 mmol) at room temperature and stirred for 20
minutes. The solvent was removed under reduced pressure and the ciude
product was purified using BIOTAGE chromatography (hexane/EtOAc, viv =
2/3) to give Compound 5§5a (70 mg, 35% for 3 steps).

Step B;

ook

N, X, :
3 Nny
£ n Gh Hy, PA(OH/C, EOH K00, oF,
‘ Hit. rr,o

ChaN-

D s : " CEy

Comprund &5a Compaund 55
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Compound 5§5a (38 mg, 0.0537 mmot) in EtOH (3.0 mL) was treated
at room temperature with Pd(OH)»/C (7.6 mg, 10 wt%) and was hydrogenated
with a H balloon for 30 minutes, The reactjon solution was filtered through a
short pad of CELITE and the residue was washed with EtOH (15 mL). The
solvent was removed under reducad pressure and the crude product was
purified using preparative TLC (hexane/EtOAc, viv = 2/3) to g'iIVe Compound
55 (24 mg, 78%). Electrospray MS [M+1]* 573.1.

PREPARATIVE EXAMPLE 56

2, Hz, PUCHRIC, ELOH

b, HCL 8,0

Compaund 58

Compound 56a (15 mg, 0.0227 mmot) in EtOH (2.0 mL) was treated
at room temperature with Pd(OH)»/C (3.6 mg, 10 wi%) and was hydrogenated
with 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). The
solvent was removed under reduced pressure and the cride broduct was
taken up in Et,0 (0.5 mL) and treated with HCI in ether (0.23 riL, 0.23 mmol,
1.0°M in ether}. The mixture was stirred at room temperature for 12 hours.

* The mixture was then diluted with EtOAc (20 mL) and washed with aqueous

NaOH (6 mL, 0.5 N). The aqueous phase was extracted with E{OAc (3 x 10
mL). The combined organic layers were washed with water ("EO mL), brine (10
mL), and dried over MgSQa. After filtration and concentration, the crude
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product was purified using preparative TLG (hexane/EtOAc, viv = 1/1) togive
Compound 56 (8.5 mg, 67%). Electraspray MS [M+1}" 563.1.

& PREPARATIVE EXAMPLE &7

10

GFs 2 MGGhL NEL, CH, T,
b, HaBH,, DMF,50°C

¥y CFy

Compound 23h
Camgound 87a Compoatnd Biin

MsCl (11.7 pL, 0.151 mmol) was added to a solution of Compound
23h (42.8 mg, 0.063 mmol) and EtaN (26.4 pL, 0.189 mmpl). in CHClz (1.0
15 mL)at room temperature, The reaction [nixtufe was quenched with water (5.0
mL) after 30 minutes and diluted with CHxClz (15 mL). The aqueous phase
was extracted with CHzClz (3 x 10 mL). The combined organic layers were
washed with water (10 mL.), brine (1¢ mL), and dried over MgSQ,. After
fitration and concentration, the crude mesylate (44>mg, 0.0582 mn"'aol) was
20 taken up in anhydrous DMF (2.0 mL} and freated with NaBH, (11.0 mg,' 0.2%

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

cooled down to room te.mp.erature. The reaction mixture was then diluted with
EtOAc (20 mi.) and washed with aqueous HCt (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 MgSO,.
After filtration and concentration, the crude prodlic't was purified using
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preparative TLC (hexane/EtOAGC, viv = 3/2) to give Compound 57a (18 mg,
43%) and Compound 56a {15 mg, 36%).

Step B;

Compoend 57

Compound 57a (18 mg, 0.027 mmo!) in EtCH (3.0 ml.) was treated at
room temperature with Pd(OH),/C (3.6 mg, 10 wt%) and was hydrogenated
10 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 prepérative TLC (hexane/EtOAc, viv = 1/1) to give Compound
57 (10 mg, 70%). Electrospray MS [M+1]* 529.1.

15
PREPARATIVE EXAMPLE 58
Compound 53
20
n S
NM,OCH, EtOH
Comgotnd 19 - Compound 58

Compound 18 (10.0 mg, 0.0175 mmol) in EtOH (1.5 mL) was treated
with MeONHz+HC! (14.6 mg, §.175 mmol} and NaOAc (7.2 mg, 0.0876 mmol)
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at room temperature. The reaction mixture was stirred at 60°C for 12 br, and

was then diluted with EtOAc {20 mL) and washed with agueous NaHCQs3. The
aqueous phase was extracted with EtOAc (3 x 10 mL). The comhined organic
layers were washed with water {10 mL), brine (10 mL), and dried over MgSO,.

5  Afterfiltration and concentration, the cryde product was purified using
preparative TL.C {hexane/EtOAc, viv = 2/3} o give Compound 58 (105 mg,
100%). Electrospray MS [M+1]" 600.1,

PREPARATIVE EXAMPLE 59
10
Step A:
i &nl NHAs Y
{)T@ AcCL BN, GH.Cl -
CF, Coatine! -
15 Wwd 8 Compound Bsh

To a solution of Compound 5§9a (0.53 g, 0.76 mmol) in CHzCl; (4 mL)
was added EfzN {0.14 mi, 0.98 mmol}. The reaction mixture was coaled to

~78°C and acetyl chtoride (0.065 mL, 0.91 mmoal} was added. The reaction

20  mixture was slowly warmed to room temperature and stirred for 72 hours.
Additional EtzN (0.068 mL) aid acetyl chioride (0.033 mL) was-added to the
reaction mixture, which was then stirred at room temperature for 4 hours. -The
reaiction mixture was concentrated and purified with BIOTAGE
chromatography (hexane/EtOAc, vfv = 3/2) to give Compound 59b (0.5 g).

25

Step B:
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BoOr CF,
BCL, CHOE, 7870
[of. 350 e e
kg CF,

Compound3sh Compound 59¢

NHAZ

O oh

.BCls {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 CH2Clz {8 mL) at

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

NaHCOs3 solution (50 mL} at -78°C. The reaction mixture was diluted with

EtOAG (200 mL) and washed with saturated aqueoﬁs NaHCO; (100 mL), and
dried over NazS04. The mixture was filtered and concentrated to give crude
Compound &8¢ (0.4 Q), which was used in the next reaction without further

purification,

Step C:
) H
o A 3 a Hae &Fs
. Dess-Marfin, NaHCO,, CH.LL Chzi-
Gozt . o ],&'Fa g A CF,
, Compound 55d

Conmoumd B3¢

Dess-Mattin periodinane (0.12 g, 0.28 mmof} was added to a mixture of
Compound §9¢ (0.12 g, 0.18 mmol) and NaHCQ3 (0.17 g, 2.0 mmol)in
CH-»Clz {(6.0mL)atroom temperature and stirred for 45 minutes. Additional
Dess-Mattin periodinane {50 mg) was added to the reaction mixture and
stirred at room temperature for 2 hoiirs. The reaction mixture was then
concentrated and purified with BIOTAGE chromatography (HexanelEtOAc, viv
= 171) to give Compound 59d (0.1 g). |

Step D:
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o

Fy
TosCHNG, KGO, MetH
g O 3

Catnpound §5e Compound Sde

A mixture of Compound 5§9d (0.;11 g 6.17 mimol), p.otas'sium
bicarbonate (26 mg, 0.19 mmol), tosylmethyl isocyanide (36 mg, 0.19 mmoi)

. and methanoi (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 NaHCO3 (2 x 100 mL). The organic layer was dried over
NazS0., filtered and concentrated. The crude product was purified with
BIOTAGE chromatography (hexane/EtOAc, v/v = 2/3 to 0/100) to give
Compound 5%9e (50 mg).

Step &;

<
S pse cr,

CiNe! o ‘Q‘m Ha, PAOH)/G, MaGH
3

Compound 690 : . Gompound §9

SR,

CFy

Compound §8d (0.31 mg, 0.45 mmol) in MeOH (10.0 mL) was treated
atroom temperature with Pd(Oi),/C (0.2 g, 20 wt%) and was ﬁydrogenated
with a Hz balloon for 2 hours. The reaction solution was filtered #hrough 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} to give.
mixture of two isomers (190 mg}, which were further purified bg;/ HPLC (chiral
OD column) with hexane/IPA {(v/v = 9/1) to give Compound 59 (S0 mg).

PREPARATIVE EXAMPLE 60
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Compound B0

Step A:
gty
2. CIODEL, BLN. CH,Cly i o
b. Natly, BuNHSO, :
. TMSN,, toluene, 1167 ChxN o . .,
Compaund 60a
Compound 8eb

To a solution of Compound 60a (0.28 g, 0.43 mmol) in CHzC!» (4 mL)
at 0°C was added Et:N (0.071 mL, 0.51 mmol) followed by ethylchloroformate
(0.052 miL, 0.56 mmol); and the reaction mixture was stirred for 1 hour. To
the reaction mixture was then added sodjum azide {64 mg, 0.98 mmol) and
tetrabutylammonium hydrogen sulfate (43 mg, 0.13 mmoi) and stirring was
continued for 1 hour. The reaction mixture was then diluted with CHzClz (100
ral) and washed with water (1 x 100 mL) and brine (1 x 100 mL). The organic
layer was dried over Na;SO,, filtered and concentrated. The residue was

dissolved in dry toluene {4 mi) and heated to 80°C for 2 hours and then
cooled to room temperature, TMSN3 (0,13 mL., 0.94 mmol) was added and
the reaction mixture was heated to ~110°C for 18 hours. The reaction mixture

was then cooled to room temperature, concentrated and purified by BIOTAGE
chromatography (hexane/EtOAc, viv=2{1, followed by MeOH/ELOAC, y/v =
1/99) to give Compound 60b (0,17 g),

Step B:
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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 wit3) and was hydrogenated

‘with a Hz balloon for 2 hours. The reaction solution was filtered through a

shott 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 by BIOTAGE chromatography (EtCAc/MeOH, v/v = 98/2) to give

Gompound 60 (20 mg).

While the present invention has been described in conjunction with the
specific embodiments set forth above, many alternatives, modifications and
variations thereof will be apparent to those of ordinary skill in ihe art. Allsuch
altematives, medications and variations are intended to Tall within the spirit '

and scope of the present invention.
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What is claimed is:

1. A compound of the formula:

Ar2

Ar' o) R®
or pharmaceutically acceptable salts and/or solvates thereof, wherein:

R1 and R2 are each independently selected from the group consisting of H, alkyl, haloalkyl, alkyl substituted
with one or more hydroxyl groups, -CN, alkynyl, -N(R8),, -N(R8)-S(0,)-alkyl, -N(R®)-C(0)-N(R?),, -alkylene-CN,
-cycloalkylene-CN, -alkylene-O-alkyl, -C(O)-alkyl, -C(=N-OR9)-alkyl, -C(0)-N(R9),, -C(0)-O-alkyl, -alkylene-
C(O)-alkyl, -alkylene-C(0)-O-alkyl, -alkylene-C(O)-N(RY),,

%

Y. ~N N N ~N

Z AN — N

x_ D)., w NSy
T o™ N o}\N\ ? \
NV ¥ S Nt YN and J\\f"’,

with the proviso that at least one of R and R? is -CN;

W is =C(R?)- or =N-;

Xis -C(0)- or -S(05)-;

Y is selected from the group consisting of -CH-, -O-, and -N(R&)-C(O)-, with the proviso that:

(a) the nitrogen atom of -N{R€)-C(Q)- is bonded to X, and
(b)ifRTorR2is

Y.

X O,

N

vV
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and Y is -O-, X is not -S(0,)-;

Zis -C(R7)p-, N(R®)-, or -O-;

R3 is selected from the group consisting of H, -CH,OR5, and alkyl;

R4 is selected from the group consisting of H, alkyl, cycloalkyl, heterocycloalkyl, heteroaryl, aryl, acyl, aroyl,
alkylsulfonyl, and arylsulfonyl;

RS is H or alkyl;

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

each R7 is independently H or alkyl; or

each R7, together with the ring carbon to which they are shown attached, form a cycloalkylene ring;

R8s selected from the group consisting of H, alky|, alkyl substituted with one or more hydroxyl groups, -N(RS),,
-N(R8)-S(0,)-alkyl, -N(R®)-S(0,)-aryl, -N(RE)-C(0)-alkyl, -N(R8)-C(O)-aryl, alkylene-O-alkyl, and -CN;

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

Ar! and Ar2 are each independently selected from the group consisting of unsubstituted aryl and ary| substituted
with 0 to 3 substituents selected from the group consisting of halogen, alkyl, alkoxy, haloalkyl, haloalkoxy, -CN,
-OH, and -NO,;

nis 0, 1, or2; and

mis 1,2, or 3.

2. The compound according to claim 1, wherein the compound has the following structure:

Ar?

O R3.
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3. The compound according to claim 1, wherein:
R3is alkyl;
R4is H;
Ar' is substituted or unsubstituted phenyl;
Ar? is substituted or unsubstituted phenyl; and
nis 1.

4. The compound according to claim 2, wherein:
R3is alkyl;
R4is H;
Ar'is unsubstituted phenyl;
Ar2 is substituted phenyl; and
nis 1.

5. The compound according to claim 1, wherein:
R3is alkyl;
R4 is H;
Ar? is monosubstituted phenyl;
Ar? is substituted phenyl; and
nis 1.

6. The compound according to claim 4, wherein:

ArZ is 3,5-bis(trifluoromethyl)phenyl, 3,5-bis(fluoro)phenyl, 3,5-bis(chloro)phenyl, 3,5-bis(methyl)phenyl, or 3,5-
bis(methoxy)phenyl.

7. The compound according to claim 6, wherein:
R3is -CHg.

8. The compound according to claim 7, wherein:
one of R1or R is

~N
4 \>_
N

; A hd
9. The compound according to claim 8, wherein:

Zis -NH-; and
R8is H.

10. The compound according to claim 8, wherein:

Zis -NH-; and
R8s -NH-S(0,)-CHj.

11. The compound according to claim 8, wherein:

Zis -NH-; and
R8s -CH,-OH.
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12. The compound according to claim 8, wherein:

Zis -NH-; and
R8 is -CH,-O-CHj.

13. The compound according to claim 8, wherein:

Zis -NH-; and
R8s -NH,.

14. The compound according to claim 1, having the formula:

RY R?
R CFs
HN
20 CFy
CHj
wherein R1 and R2 are selected from the group consisting of:

Compound R? R2
1 N -CN

@)

)
2 ‘.e. ?]/O -CN
O
7 -CN <?2___ N/\;

—N

9 %2 -CN
O

32 '?2—’ N\S -CN

Z

A\}
%
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(continued)

Compound R1 R2
—N
33 %2 CN
0
—N
34 -CN ‘?2 Q
0
/=N
—N
35 CN Ls NH
@)

36 “NH-S(0,)-CHs CN

37 CN “NH-S(0,)-CH,

39 -CN NH,

40 -NH, CN

41 -NH-C(0)-NH, CN

/=N
—N
42 ‘1& 7]/NH CN
@)

15. The compound according to claim 2, represented by the following formula:

or a pharmaceutically acceptable salt and/or solvate thereof.
16. A pharmaceutical composition comprising:

at least one compound of any one of claims 1-15 or a pharmaceutically acceptable salt and/or solvate thereof,

and at least one pharmaceutically acceptable carrier.

17. A pharmaceutical composition comprising a pharmaceutically acceptable carrier, at least one serotonin reuptake
inhibitor, and at least one compound of any one of claims 1-15 or a pharmaceutically acceptable salt and/or solvate
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18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

thereof.

A compound of any one of claims 1-15 or a pharmaceutically acceptable salt and/or solvate thereof, for use in a
method of treating a physiological disorder, symptom or disease selected from the group consisting of respiratory
diseases, inflammatory diseases, skin disorders, ophthalmological disorders, central nervous system conditions,
depression, anxiety, phobia, bipolar disorder, addictions, alcohol dependence, psychoactive substance abuse, ep-
ilepsy, nociception, psychosis, schizophrenia, Alzheimer’s disease, AIDS related dementia, Towne’s disease, stress
related disorders, obsessive/compulsive disorders, eating disorders, bulimia, anorexia nervosa, binge eating, sleep
disorders, mania, premenstrual syndrome, gastrointestinal disorders, atherosclerosis, fibrosing disorders, obesity,
Type |l diabetes, pain related disorders, headache, neuropathic pain, post-operative pain, chronic pain syndrome,
bladder disorders, genitourinary disorders, cough, emesis, and nausea.

The compound for use of claim 18, wherein the physiological disorder, symptom or disease is emesis, depression,
anxiety or cough.

The compound for use of claim 19, wherein the physiological disorder, symptom or disease is depression or anxiety.
The compound for use of claim 18, wherein the physiological disorder, symptom or disease is emesis and/or nausea.
The compound for use of claim 19, wherein the physiological disorder, symptom or disease is cough.

The compound for use of claim 20, wherein the treatment comprises administering said compound and at least one
anti-depressant agent and/or at least one anti-anxiety agent.

The compound for use of claim 20, wherein the treatment comprises administering said compound and at least one
selective serotonin reuptake inhibitor, and wherein the physiological disorder, symptom or disease is depression.

A compound of any one of claims 1-15 or a pharmaceutically acceptable salt and/or solvate thereof for use in a
method of antagonizing an effect of a Substance P at a neurokinin-1 receptor site or for blocking at least one
neurokinin-1 receptor, in a patient in need of such treatment.

The compound for use of claim 18, wherein the treatment comprises administering said compound and at least one
active ingredient selected from the group consisting of other NK receptor antagonists, selective serotonin reuptake
inhibitors, dopamine receptor agonists, serotonin 5-HT5 receptor antagonists, serotonin 5-HT, receptor agonists,
nociceptin receptor agonists, glucocorticoids and inhibitors of multidrug resistance protein 5; and

wherein the physiological disorder, symptom or disease is selected from the group consisting of: a respiratory
disease, depression, anxiety, phobia, bipolar disorder, alcohol dependence, psychoactive substance abuse, noci-
ception, psychosis, schizophrenia, stress related disorder, obsessive/compulsive disorder, bulimia, anorexia ner-
vosa, binge eating, sleep disorder, mania, premenstrual syndrome, gastrointestinal disorder, obesity, headache,
neuropathic pain, post-operative pain, chronic pain syndrome, bladder disorder, genitourinary disorder, cough,
emesis and nausea.

A compound according to any one of claims 1-15 or a pharmaceutically acceptable salt and/or solvate thereof for
use in a method of treating emesis and/or nausea, wherein the treatment comprises administering said compound
in combination with at least one serotonin 5-HT5 receptor antagonist and/or at least one glucocorticoid.

The compound for use of claim 27, wherein the serotonin 5-HT receptor antagonist is ondansetron and the gluco-
corticoid is dexamethasone.

A kit, comprising:

two or more separate containers in a single package, wherein each container comprises a pharmaceutical
composition;

wherein a first container of said package comprises a first pharmaceutical composition comprising a compound
of any one of claims 1-15 and/or a pharmaceutically acceptable salt and/or solvate thereof in a pharmaceutically
acceptable carrier,

a second container of said package comprises a second pharmaceutical composition comprising another ther-
apeutic agent in a pharmaceutically acceptable carrier, and

-145-



