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SUBSTITUTED 4-PHENYL-PYRIDINES FOR THE TREATMENT OF NK-1 RECEPTOR RELATED
DISEASES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application 61/564,337, filed
November 29, 2011, and is a continuation in part of U.S. Non-provisional Application

13/478,361, filed May 23, 2012,

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to novel 4-phenyl-pyridine compounds, and medical
uses thereof, particularly in the prevention and/or treatment of medical conditions modulated
by the neurokinin (NX,} receptor,

Description of Related Art

Substance P 15 an 11-amino acid neuropeptide present reportedly involved in various
pathological conditions including asthuna, inflammation, pain, psoriasis, migraine, dyskinesia,
cystitis, schizophrenia, emesis and anxiety, due to its localizations and functions. Substance
P is an agonist for the NK1 receptor, and causes intracellular signal transduction through its
interaction with the NK1 receptor.

The NK1 receptor has been reported to be implicated in various disorders and
diseases, and vartous NK; antagonists have been developed for the purpose of treating or
preventing such disorders and diseases. For example, Kramer et al. {Science 281 (3383},
1640-1645, 1988) reports clinical trials for NK; receplor antagonists in the treatment of
anxiety, depression, psychosis, schizophrenia and emesis. Gesztesi et al. (dnesthesinlogy
93(4), 931-937, 2000) also reports the use of NX, receptor antagonists in the treatment of
emesis

1.8, Patent No. 6,297,375 to Hoffmann-La Roche describes a class of 4-phenyl-
pyridine compounds that are NK; antagonists which are useful for treating CNS disorders,
such as depression, anxiety or emesis. Netupitant is a selective NK; receptor antagonist
among these 4-phenyl-pyridine compounds, and is currently under clinical development in
combination with palonosetron {(a S5-HT: recepitor antagomist) for the prevention of
chemotherapy-induced-nausea and vomiting {CINV} by Helsinn Healthcare.
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Mono-N-oxide derivatives of 4-phenyl-pyridine compounds are described i U.S.
Patent No. 6,747,026 to Hoffimann-La Roche. These N-oxide derivatives are reportedly
intended to overcome limitations on the parent compounds that would otherwise Himit their
chnical usefulness, such as solubility or pharmacokinetic limitations. However, no
physicochemical or biological data of the mono-N-oxide derivatives are reported in the ‘026
patent.

U.S. Patent No. 5,983,856 to the University of Kansas describes water soluble N-
phosphoryloxymethyl derivatives of secondary and tertiary amines, and the use of such
derivatives to improve the solubility profiles of loxapine and cinnarizine. The ‘836 patent
does not disclose how the N-phosphoryloxymethyl moiety would affect other critical
attributes of the drug product, such as prodrug structure(s), prodrug stability, synthetic cost,
and selectivity of the phosphoryloxymethylation protocol.

In view of the above, there is a need to find new derivatives of and methods for
making 4-phenyl-pyridine compounds that are effective NK; receplor antagonists, and that

have enhanced physicochemical and/or biological properties.

SUMMARY
In view of the foregoing, the inventors have developed a novel class of 4-phenyl-
pyridine derivatives that are particularly well-suited for antagonizing the NK, receptor and

that have the following general formula (I):
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and pharmaceutically acceptable salts or adducts thereof,
Compounds of formula (1), also known as 4-phenyl-pyridine derivatives, are
particularly useful for preventing and/or ireating diseases that are pathophysiclogically
related to the NK; receptor in 8 subject. Accordingly, in another embodiment the invention

provides a method of ireating a disease that i3 mediated by the NK, receptor, comprising
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administering to said subject a therapeutically effective amount of a compound of formula (I},
or a pharmaceutically accepiable salt or adduct thereof.

Also disclosed are pharmaceuntical compositions for preventing andfor trealing
diseases which are pathophysiclogically related to NX; receptor in a subject, comprising a
therapeuntically effective amount of a compound of formula (I), or a pharmaceutically
acceptable salt or adduct thereof, and one or more pharmaceutically acceptable excipients.

In one embodiment the invention is a compound of formula (1), or a phanmaceutically

acceptable sall or adduct thereof,
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wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino,
alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, ORY NRUR™ RN CoR™, -
COR™, -COIOR®, ComRMR?, ~allyINR V'R SORRM | LR
S(O)QTE\TRMRM, aryl, arvialkyl, heterocycloalkyl, heterocycloalkylatkyl, hetercaryl and
heteroarylalkyl, cach optionally independently substituted with one or more independent g
substituents;

R; and R; are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyatkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, ORO GGRRIP
NRUCIOR'?, -COR'Y, -C{OYOR, -CONRIVR'™, Al NI S0RR1 | -
SR SSOLNRIR'® arvl, arylalkyl, heterocyeloalkyl, heteroeycloalioylalkyl, heteroaryl
and heteroarylalkyl, each optionally independently substituted with one or more independent
R'® substituents; or R, together with the atoms and/or other substituent(s} on the same
phenyl ring, form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyelic
ring which is optionally independently substituted with one or more R substituents; or By
together with the atoms and/or other substituent(s) on the same phenyl ring, form a fused or
non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring which is optionsily
independently substituted with one or more R qubstituents;
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R and Ry are independently selected from the group consisting of hydrogen, hydroxy,
hydroxvalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, ORY NRPIRME L
NRO'COIR®?, -CORY, -CiojoR"Y, CIOWRIVRIZ _aikyINR ORI, SORR™ .
SR SSOLNRMRM™, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, hetercaryl
and heteroarvlalkyl, each optionally independently substituted with one or more independent
R'% gubstituents; or R; and Ry, together with the atomas connecting the same, form a fused or
non-fused mono, bicyclic or tricyclic heterocyelic or carbocyelic ring which is optionally
independently substituted with one or more R substituents;

R and R are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, atkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, ORI NRIVRI® L
NRPCOR'Y?, -Com'™, . cionoRr™, -CONRYR'?, alkyiNRVRY, SOpR™ -
SR ~S(0}2N'R101sz, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl
and hetercarvlalkyl, each optionally independently substituted with one or more independent
R'% substituents;

X is selected from the group consisting of COWRR'®, ali10, -aliyINR IR
NRYCO) and -NR'Walkyl, each optionally independently substituted with one or more
independent R'™ sabstituents;

Y is selected from the group consisting of NRYR® NRWalkyloH, -
NR'YSO)alkyl, -NR'VS(Opphenyl, N=CH-NR'™RYZ  heterocycloalkyl  and
heterocyeloalkylalkyl, each optionally independently substituted with one or more
mdependent R qubstituents;

Z s a structural formula selected from the group consisting oft
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where formula (Ia) refers to an oxide;

R RO R g and R are ecach independently selected from the group
consisting of hydrogen, cyano, ~N(O, OR' oxide, hydroxy, amino, alkyl, alkenyl,
cycloalkyl,  halogen, alkoxy, alkoxyalkyl, arvl arylalkyl,  heterocycloalkyl,
heterocycloalkylallcyl, heteroaryl, heteroarylalicyl, -C{OR'™, -C{OIOR'™, .CIOWRIMR', .
NRIRIS NRIMSOLRIS, NRIMCOIRY, -SORRY, -SRY and SORNR™R, cach
optionally independently substituted with one or more independent R substituents; or R’
R'®, together with the atoms connecting the same, form a fused or non-fused mono, bicyclic
or tricyele heterocyclic or carboeyclic ring which is optionally independently substituted
with one or more R'™ substituents; or R'Y, R'™ together with the atoms connecting the
same, form a fused or non-fused mono, bicyelic or tricychic heterocyclic or carbocyclic ring
which is optionally independently substituted with cue or more R substituents;

R and R' are each independently selected from the group consisting of hydrogen,
cyane, =N, hydroxy, oxide, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen,
alkoxy, alkoxyalkyl, aryl, arvlalkyl, heterocycloalkyl, heteroeycloalkylalkyl, heteroaryl and
heteroarylalicyl;

mis{, 1,2, 3, ord;

nist 1,2, 3, dor 5

pis{orl; and

with a provise that if a non-pyridine N-Oxide (N Q") is present on the compound of
Formula (I}, then the total mumber of N-Oxide on the compound of Formula (I} is more than
one.

Inn ancther embodiment the invention is the use of a therapeutically effective amount of
a compound of formula (1) as defined above or a pharmaceutically acceptable salt or adduct
thereof, in the manufachure of a medicament which is able to treat emesis, bladder
dysfunction, depression or anxiety, in a patient in need thereof.

In an alternative embodiment the invention is a method of ireating emesis, bladder
dysfunction, depression or amtiety, in a patient in need thereof, comprising adminisiering fo

said patient a therapeutically effective amount of a compound of formula (I} as defined above.
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In still another embodiment the Invention is a compound selected from the group

consisiing of:

4-{5-{2-(3,5-
bia{trifluoromethyDphenyh-N,2-
dimethylpropanamido)-4-{o-
tolylpyridin-2-yi)-l-methyl-1~
{{phosphonooxyimethylpiperazin-1-

ium,

T-{acetoxyraethyl)-4-(53-(2-(3,5
bis{triflioromethylphenyl}-N,2-
dimethylpropanamido)-4-{o-
tolylpyridin-2-viy L-meothylpiperazin-

F-fum,

4{ 823 ,5-
his{irifluoromethyhphenyl}-N,2-
dimethylpropanarnidoj-4-{o-
tolyDipvridin-2-yi)-1-
{{butyrvloxyimethyi}-1-

methylpiperazin-1-ivm,

P-{5-{2-(3,5-
bis{trifluoromethyDpbhenyl}-N,2-
directhylpropanamido}-4-{o-

tobybipyridin-2-y1-d-methylpiperazine

1 A-dioxide,
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bis{triffusromethyipheny-D,2-
dimethylpropanamide)- 1 -oxido-4~{o-
tolylpyridin-2-yh-4-methylipiperazine

1-oxide,
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rum

or g pharmaceutically acceptable salt or adduct thereof,

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 reproduces stability data for various salts of 4-(5-(2-(3,5-bis(irifluoro-

methyliphenyl-N, 2-dimethylpropanamido}-d-{o-tolyDpyridin-2-yi}-1-methyl-1-{{phosphor-
P

nooxy imethyhpiperazin-i-tum.
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DETAILED DESCRIPTION
Before the present compounds, compositions, articles, devices, and/or methods are
disclosed and described, it is to be understood that they are not limited to specific synthetic
methods or specific treatment methods unless otherwise specified, or to particular reagents
unless otherwise specified, as such may, of course, vary. 1t is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only and is

not intended o be himiting.

Materials
A, Compounds
Disclosed are compounds and pharmaceutically accepiable salts or adducts thereof

represented by formula (1)

Rp‘ § \:\ -}}m{RZ}n
2 e P *‘:?Q:‘ ’\»\ o
‘_.1:4\ ,i].\. R.g Ri
&= !\id Rs
{Cl
Formuala (I

wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino,
alkyl, alkenyl, cycloalkyl, halogen, alltoxy, alkoxyalkyl, ort 1, NRICRIE —NRK"‘C( Q)RIOZ,
CEOWR'Y, CoRY, COMNRVR LatanrRRY™, sOpRpr'™ | SsrY,
S(O}gNRW‘Rm, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalicyl, hetercaryl and
hetercarylalkyl, each optionally independently substituted with one or more independent R
substituents;

Ry and R; are independently selected from the group consisting of hydrogen, hydroxy,
hvdroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, SORM -
NRUVR NROCOR'®, o™, -COoR, COOWRIORI? . ey INR ORI,
S{O)ng ,-Spi% —S(O)ZNRI'D}R}OZ, aryl, arylatkyl, heterocycloalkyl, heterooveloalkylatkyl,
heteroaryl and heteroarylalkyl, cach optionally independently substituted with one or more
independent R substimuents: or Ry together with the atoms and/or other substituent(s) on the
same pheny! ring form a fused or non-fused mono, bicyelic or tricyclic heterocychic or

8
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carbocyelic ring which is optionslly independently substituted with one or more R'Y
substititenis; or Ry together with the atoms and/or other substituent{s) on the same phenyl ring
form a fused or non-fused mone, bicyelic or tricyclic heterocyolic or carbosyclic ring which
is optionally independently substituted with one or more R substituents;

R: and Ry are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, ORI
NRVRY NRICCOR, OO, -CO0ORY, CONRPR, -alkyINR PR 12,
Sn,RIM SR ~S(O}2NRWR}02,, aryl, arvialkyl, heterocycloatkyl, heterocycloalkylalkyl,
heteroaryt and heteroarylalkyl, each optionally independently substituted with one or more

03

independent R™ substituents; or Rs and Ry, together with the atoms connecting the same

form a fused or non-fused mone, bicyclic or tricyelic heterocyclic or carboeyelic ring which

03 s
% substituents;

is optionally independently substituted with one or more &

Bs and Ry are independently selected from the group consisting of hydrogen, hydroxy,
hydroxvalicyl, amine, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, opt
NRIRI NROCOR'®, o™, -OoR, COWRIMRI? _alkyINR MR
8¢ O)QRWZ , -8R ~S(O}3NR.1OIR102, aryl, arylalkyl, heterocycloalkyl, heterocycloaltkylalkyl,
hetercary! and heteroaryviatkyl, cach optionally independently substituted with one or more
mdependent R substituents;

X is selecied from the group consisting of @(O)NR“”RM, ~altkyl0, ~alkyﬂ\ﬂ%mRm,
REPICOY and NRalkyl, each optionally independently substituted with one or more
mdependent R substituents;

Y is selected from the group consisting of ~NRVR' NR'VakyIOH, -
NRYS(Ohalkyl,  -NRUS(Opphenyl,  -N=CH-NRYR'™,  heterocyeloalkyl  and
heterocycloatkylalkyl, each optionally independently substituted with one or more
independent R substituents;

Z is a structural formuls selected from the group consisting off

— O° (13) , e OR, oo {ih} s
0 9

—0-P-OR® =P ORY
R0 (e}, ! ORI {1y,
O O

—o-dborm g e O~ NRIORI gy
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g 0
A RRIRI (1), o0 () and
)
/ OR B
! {11},

where formula (Ta) refers to an oxide;

g% RYY R R and R'™ are each independently selected from the group
consisting of hydrogen, cyano, -y, -OR'™ oxide, hydroxy, amino, alkyl, alkenyl,
cyeloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl,  heterocycloalkyl,
heteroeycioalkylalkyl, heteroaryl, heteroarylalkyl, -C(OR'™, -COIOR', -CLONRRP, -
NRIMRIY NRYSOLRY, NRIMCOR'™, SO)R™, -8R™ and -S{ORNRR', sach

a3

optionally independently substituted with one or more independent R substituents; or K'Y,
R together with the atoms connecting the same, form a fused or non-fused mono, bicyelic
or tricyclic beterocyclic or carbocyclic ring which is optionsily independently substituted
with one or more B'™ substitusnts; or R'Y, B!, topether with the atoms connecting the
same, form a fused or non-fused mono, bicyelic or tricyclic heterocyclic or carbocyclic ring
which is optionally independently substituted with one or more B substituents;

R*™ and R'™ are each independently selected from the group consisting of hydrogen,
cvano, -NOg, hydroxy, oxide, hydroxyalkyl, amino, alkyl, alkenyl, cycloslkyl, halogen,
atkoxy, alkoxyalleyl, arvl, arvlalkyl, heterocycloallyl, heterocycloaliylaliyl, heteroaryl and
heteroarylalkyl;

m is from O to 4; n s from O to 5; p is from O to 1; and with a proviso that if a4 non-
pyridine N-Oxide (N> O} is present on the compound of Formula (1), then the total mumber
of N-Oxide on the compound of Formmula {1} is more than one. In another embodiment, the
invention exclades all N-oxide forms.

In some forms, the compounds as presently disclosed are compounds of formula {I),
or pharmaceutically acceptable salts or adduets thereof, wherein K, Fa, Bz, B3, Ra, Rs and Rg
are each independently selected from the group consisting of hydrogen, hydroxy, amino,
atkyl, alkenyl, cycloalkyl, halogen, cyano, SOR™ and CFs,

In some other forros, the compounds as presently disclosed are compounds of formula
(1), or pharmaceutically acceptable salts or adducts thereof, wherein X is ~'NR§0}C(O). In
somse other forms, the compounds as presently disclosed are compounnds of formula (), or

pharmaceutically acceptable salts or adducts thereof, wherein ¥ is a hetercoycloalkyl or
10
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heterpeyeloalkylalkyl. In some still other forms, the compounds as presently disclosed are
compounds of formula (1), or pharmaceutically acceptable salts or adducts thereof, wherein

the compound of formula (I} has 2 structure of formula (I}

rRoJ O
AR P
{R“}:

Foromila {11}

where (3 and B are sach independenily selected from the group consisting of C, O, 8, and I,
each optionally independently substituted with one or more independent R substituents; Ry
is selected from the group selected from hydrogen, alkoxy, alkoxyalkyl, OR™ hydroxy,
hydroxyalkyl, amine, alkyl, alkenyl, cyeloalkyl and halogen, each optionally independently
substifuted with one or more independent R gubstituents; s is from 0 to 4; and all other
variables are defined as for formula {1},

In some forms, the compounds as presently disclosed are compounds of formula (I3,
or pharmaceutically acceptable salls or adducts thereof, wherein the compound of formula {1}

has a structure of formula (1

- *“f?‘ Ry
NG @

20 e
N 2 i,-R-Y)s

Forprula (1)
where Ry is selected from the group consisting of hydrogen, alkyl, alkenyl and cycloalkyl,
each optionally independently substituted with one or more independent R substituents; Re
is alkyl or cycloalkyl, each optionally substituted with one or more independent R

substituents; and all other radicals are defined as for formula (I} and formula (I}

i1
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In some other forms, the compounds as presently disclosed are compounds of
formula (I}, or pharmaceutically acceptable salts or adducts thereof, wherein the compound of
formula (1) has a structure of formula (V)

.»-“:::‘\(\
3w

vl \’)-N"‘ \aNo" \'\R% - \R§
ot E
.Z“’P?N\" K:; ‘ (O)p CF%
Rele

Foroula (IV)
where p is independently 0 or 1; and all other radicals are defived as for formula (1), formula
{I1} and formula (I,
In some forms, the compounds as presently disclosed are compounds of formula {1},
or pharmaceutically acceptable salts or adducts thereof, wherein the compound of formula (I)

has a structure of formula (V)

PN ENUE- S B
NS _ R
A (O CFs

{‘;‘}p {Rﬂs

Formula (V)
where p 18 independently 0 or 1; and all other radicals are defined as for formula (I}, formula
{ID}, formuda (311} and formula (V)

In some other forms, the compounds as presently disclosed are compounds of
fornmula {1}, or pharmaceutically acceptable salts or adducts thereof, wherein the compound of

formulda (I} has a structure of formula (VIk

12
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where Ruge and Ryg are each independently selected from the group consisting of hydrogen,

alkyl and cycloalkyl, each optionally independently substituted with one or more independent

123 . N o . . . .
g substituents; or Rogo and Rage are each independently an organic or inorganic cation; p 18

independently § or 1; and all other radicals are defined according to formula (I}, formula {1},

foromuta (11}, formula (V) and formula {V).

In some forms, the compounds as presently disclosed are compounds of formula (1),

or phamaceutically acceplable salts or adducts thereof, wherein the compound of formula (I}

is a compound selected from the group consisting of:

4-{5-{2-(3,5-
bis{irifluoromethylphenyl}-N2-
dimethvipropanamido)-4-{o-
tolyDpyridin-2-yl}-1-raethyl-1-

{{phosphonooxyhmethylpiperazin-1-

I -{acetonymethyl-4-{5-(2-(3.3-
bis{trifluoramethyDphenvi}-N,2-
dimethylpropanamido}-4-{c-
tolyDpyridin-2-y)-1-methylpiperazin-

1-ium,
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4-{5-{2~(3,5-
bis{trifhioromethyiiphenyD-N,2-
dimethylpropanamido}-4-{o-
tolyDpyridin-2-y1)-1-methyipiperazine

1-oxide.

A particular preferred compound is the chloride hydrochloride HCI salt of GAJ
having the following chemieal structure which, it has been found, is tremendously resistant to

decoupling of the axo-phosphonomethyl, and reversion of the aclive moiety 10 ils parent state.

Salts and Adducts

The disclosed compositions and compounds can be used in the form of salts derived
from inorgamic or organic acids. Depending on the particular compound, a salt of the
compound can be advantageous due to one or more of the salt’s physical properties, such as
enhanced storage stability in differing temperatures and humidities, or a desirable solubility
in water or o1l In soms instances, a salt of a compound also can be used as an aid in the
isolation, purification, and/or resolution of the compound.

Where a salt is intended to be administered to a patient {as opposed to, for example,
being used in an in vitro condext), the salt preferably is pharmaceutically acceptable. The
term “pharmaceutically acceptable salt” refers to a salt propared by combining a compound,
such as the disclosed compounds, with an acid whose anion, or a base whose calion is
generally considered suitable for human consumption. Pharmaceutically acceptable salis are
particularly useful as products of the disclosed methods because of their grealer agueous
solubility relative to the parent compound. For use in medicine, the salts of the disclosed

compounds are non-toxic “pharmaceutically acceptable salts” Balis encompassed within the

is
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term “pharmacentically acceptable salts” refer to non-toxic salts of the disclosed compounds
which are generally prepared by reacting the free base with a suitable organic or inorganic
acid.

Suitable pharmaceutically acceptable scid addition salts of the disclosed compounds,
when possible inchude those derived from inorganic acids, such as hydrochlorie, hydrobromie,
hydrofluoric, borie, fluorcborie, phosphorie, metaphosphoric, nitric, carbonic, sulfonic, and
sulfuric acids, and organic acids such as acetic, benzenesulfonic, benzois, ciirnic,
sthanesulfonic, fumaric, gluconic, glvoolie, isothionic, lactic, lactobionic, maleic, malic,
methanesulfonic, ifluoromethanesulfonic,  succinie, toluenesulfonie, tartarie, and
wrifluoroacetic acids. Suitable orgamde acids generally include, for example, aliphatic,
cycloaliphatio, aromatic, araliphatic, heterocyelylic, carboxylie, and sulfonic classes of
organic acids,

Specific examples of suitable organic acids include acetate, trifluoroacetate, formate,
propionate, succinate, glyeolate, gluconate, digluconate, lactate, malate, tartaric acid, citrate,
ascorbate, glucuronate, maleate, fumarate, pyruvate, aspariate, ghitamate, benzoale,
anthranilic acid, mesylate, stearate, saloylate, p-hydroxybenzoate, phenylacetate, weandelate,
embonate {pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate, pantothenate,
toluenesulfonate, 2-hydroxvethanesulfonate, sufanilate, cyclohexylaminosulfonate, algenic
acid, [-hydroxybutyric acid, galactarate, pgalactwonate, adipate, alginate, bulyrats,
camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoats,
giveerophosphate, heptanoaie, hexanoate, nicotivate, 2-naphthalesulfonate, oxalate, pabmoate,
pectinate, 3-phenylpropionate, picrate, pivalate, thiccyanate, tosylate, and undecancate.

Furthermore, where the disclosed compounds carry an acidic moiely, suitable
pharmaceutically acceptable salts thereof can include alkali metal salis, e.g., sodiwn or
potassium salis; alkaline carth metal salis, e.g., copper, caleium or magnesium salis; and salts
formed with suitable organic ligands, e.g., quaternary ammomium salts. In some fovms, base
salts are formed from bases which form non-toxic salts, including aluminum, arginine,
benzathing, choline, diethvianune, diclamine, glycine, lysine, meglumine, olamine,
tromethamine and zine salts.

Organic salts can be made from secondary, tertiary or quaternary amdpe salis, such as
tromethamine, diethylamine, NN -dibenzylethylenediamine, chloroprocaine, choline,

dicthanclamine, ethylenediamine, meglumine (N-methylghicamine), and procaine.  Basic
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nitrogen-containing groups can be quaternized with agents such as lower alkyl (C1-C6)
hahides {e.g., methyl, ethyl, propyl, and butyl chiorides, bromides, and lodides), dialkyl
sulfates {e.g., dimethyl, diethyl, dibuytl, and diamy! sulfates}, long chain halides {e.g., decyl,
lauryl, myristyl, and stearyl chlorides, bromides, and iodides}, arylatkyl halides {e.5., benzyl
and phenethyl bromides), and others. In some forms, hemisalts of acids and bases can also be
formed, for example, hemisulphate and hemicalcium salts, The disclosed compounds can
exist i both unsolvated and solvated forms. A “solvate” as used herein is a nonaqueous
solution or dispersion in which there is a noncovalent or easily dispersible combination
between solvent and solnte, or dispersion means and disperse phase.

The disclosed compositions and compounds can be used in the form of adducts
derived by formation of Lewis pairs, covalenily linked adducts e.g. between N atoms and
carbonyl-containing reactants, hydrates and alcoholates, host-guest adducts containing
molecular species not bonded or associated with the medicinal compound, and other
clathrates,

Depending on the particular compound, an adduct of the compound can be
advantageous due to one or more of the adduct’s physical properties, such as enhanced
pharmaceutical stability in differing temperatures and humidities, or a desivable solubility in
water or oil, In some instances, an adduct of a compound also can be used as an aid in the
isolation, purification, and/or resohution of the compound.

Where an addoct is intended to be administered to a patient {(as opposed to, for
example, being used in an in vitro coniext), the addwet preferably is pharmaceustically
acceptable. The term “pharmaceutically acceptable adduct” refers to an adduct prepared by
combining a compound, such as the disclosed compounds, with a gas, water, solvent, Lewis
base, carbonyl-containing molecule, or guest molecule that is generally considered suitable
for human consumpiion. Pharmaceutically acceptable addition species are particularly useful
as products of the disclosed methods because of their greater agueous solubility relative to the
parent compound. For use in medicing, the adduets of the disclosed compounds are non-toxic
“vharmaceutically  acceptable  adduets” Adducts encompassed within  the tenm
“pharmaceutically acceptable salts” refer to non-toxic adducts of the disclosed compounds
which are generally prepared by reacting a compound of the invention with a suttable organic

or inorganic addifion species.
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Suitable pharmaceutically acceptable adducts of the disclosed compounds, when
possible, include those derived from Lewis bases such as boric acid, aluminum hydroxide,
organic suifoxides, organic sulfones, organie sulfonium salts, HaP(Oy;, siloxanes, and other
Lewis bases.

Suitable pharmaceutically acceptable adducts of the disclosed compounds, when
possible, also include those derived from covalent bonding between an oxygen, nifrogen or
sulfur atom of the compound and carbon dioxide, low alkyl aldehyde or ketone, vanillin,
amino acid, or a nueleic acid.

Suitable pharmaceutically acceptable adduciy of the disclosed compounds, when
possible, also include those derived from inclusion of an unbonded gas such as dioxygen,
dinitrogen, carbon dioxide, nitrous oxide, ethyl ether, or other gas, contained within but not
bonded to a crystaliine or amorphous phase of the compound.

Suitable pharmaceutically acceptable adducts of the disclosed compounds, when
possible, alse inchide those derived from association of a molecule of the compound with
water, a pharmaceutically acceptable lower allyl alcobol, or another pharmaceutically
acceptable solvent that is associated in a molecalar ratio with the compound,

In one embodiment the adduct is optionally a clathrate.

General Synthetic Schemes

The compounds of the formula (I} {and other disclosed compounds), or their
pharmaceutically acceptable salis or adducts, can be prepared by the methods as illustrated by
examples described in the “Examples” section, together with synthetic methods known in the
art of organic chemistry, or modifications and derivatisations that are familiar to those of
prdinary skill in the art. The starting materials used herein are conmmercially available or can
be prepared by routine methods known in the art (such as those methods disclosed in standard
reference books such as the Compendium of Organic Synthesis Methods, Vol I-VI
{published by Wiley-Interscience)). Preferred methods include, but are not limited fo, those
described below, During any of the following synthetic sequences it may be necessary and/or
desirable to protect sensitive or reactive groups on any of the molecules concerned. This can
be achieved by means of conventional protecting groups, such as those desernibed in T. W,
Greene, Protective Groups in Organic Chemistry, John Wilsy & 3ons, 1981, T. W, Greene
and P, G. M. Wuts, Protective Groups in Organic Chemistry, Jobs Wiley & Soms, 1991, T. W,
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Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons,
1999, and P. G. M. Wutls and T.W.Greene, Protective Groups in Organic Chemistry, John
Wiley & Sons, 2006, Isolation and purification of the products is accomplished by standard
procedures, which are known to a chemist of ordinary skill.

The invention further provides methods for making suitable prodrugs of the 4-phenyl-
pyridine derivatives, In one embodiment the inventlon provides a one-step, acid-free
synthesis for functionalizing tertiary amines by reaction with chloromethyl dialkyl phosphate
esters to create {phosphooxy)methyl prodrugs that are substrates for phosphatase enzymes.
By conirast the prior art had required multiple synthetic steps for comparable reactions,
including requiring the use of proton scavengers during initial reaction and requiring strong
acid to deprotect the phosphate group in ancther step. In another embodiment the invention
provides methods for making chloromethyl dialkcyl phosphate esters having suilable purity
and economy, because the quality of phosphate ester compositions from conumnercial sources
is too low to provide accepiable vields for reactions according to the invention. In an
additional erabodiment the invention provides a method to stabilize the {phosphooxyimethyl
prodrugs according to the invention by combination with two equivalents of hydrochloric
acid, because whereas the prior art preferred the use of dibasic salis of {phosphooxyimethyl
substituents for quaternary ammonium salts in prodrugs, the present mvention had found that

such salts are unstable and reform the underlying drug during storage.

Definition of Terms

The term “alkyl” refers to a linear or branched-chain saturated hydrocarbyl substituent
{i.e., a substituent obtained from a hydrocarbon by removal of a hydrogen} contabung from
one to twenty carbon atoms; in one embodiment from one to twelve carbon atoms; in another
embodiment, from one to ten carbon atoms; in another embodiment, from one to six carbon
atoms; and in another embodiment, from one to four carbon atoms. Examples of such
substituents include methyl, ethyl, propy! (nchuding n-propyl and isopropyl), butyl (including
n-butyl, isobutyl, sec-butyl and tert-butyl), pentyl, iso-amyl, hexyl and the like.

The term “alkenyl” refers to a lnear or branched-chain hydrocarbyl substituent
containing one or more double bonds and from two to twenty carbon atows; in another
embodiment, from two to twelve carbon atoms; in another embodiment, from two {o six

carbon atoms; and in another embodiment, from two to four carbon atoms. Examples of
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alkenyl include ethenyl {also known as vinyl), allyl, propenyl (mcluding ¥-propenyl and 2-
propenyl) snd butenyl (inclirding -butenyl, 2-butenyl and 3-butenyl). The term “alkenyl”
embraces substituents having “cis” and “trans™ orientations, or alterpatively, “E” and “Z7
orieniations,

The term “beneyl” refers to methy! radical substitsted with phenyl.

The term *carbocyelic ring” refers 0 a saturated cyelie, partially saturated cyclic, or
aromatic ring containing from 3 to 14 carbon ring stoms (“ring atoms” are the atoms bound
together o form the ring). A carbocyclic ring typically contains from 3 fo 10 carbon ring
atoms. Examples include cyclopropyl, cyclobutyl, coyclopeniyl, ecyclopentenyi,
cyclopentadienyl, cyelohexyl, eyclohexenyl, cyvclohexadienyl, and phenyl. A “carbocychic
ring system” alternatively may be 2 or 3 rings fused together, such as naphthalenyl,
tetraliydronaphthaleny!  {also  known as  “tetraliny!l™), indenyl, isoindenyl, indanyl,
bicyelodecanyl, anthraceny!, phenanthrene, benzonaphtheny! {also known as “phenalenyl”),
fluorenyl, and decalinyl.

The term “heterocyelic ring” refers to a saturated cyslic, partially saturated cyclic, or
aromatic ring containing from 3 to 14 ring atoms (“ring atoms™ are the atoms bound together
o form the ring), in which at least one of the ring atoms is a hetercatom that is oxygen,
nifrogen, or sulfur, with the remaining ring atoms being independently selected from the
group consisting of carbon, oxygen, nitrogen, and salfur.

The term “cyeloalkyl” refers to a saturated carbocyelic substitient having three to
fourteen carbon atoms. In one embodiment, a cycloalkyl substituent has three to ten carbon
atoms, Examples of cycloalkyl include cyclopropyl, eyclobutyl, cyclopentyl and cyciohexyl.

The term “cycloalkyl” also includes substituents that are fused to a Cy-Cp aromatic
ring or to a 5-10-membered hetercaromatic ring, wherein a group having such a fused
cycloalkyl group as a substituent is bound to a carbon atom of the cycloalkyl group. When
such a fised cycloalkyl group is substituted with one or more substituents, the one or more
substituents, unless otherwise specified, are each bound to a carbon atom of the cycloalkyl
group. The fused Ce-Cyy avomatic ving or 1o a 3-10-membered heteroaromatic ring may be
optionally substituted with halogen, U alkyl, Ti-Ciy cycloalkyl, or =0,

The term “cycloalkenyl” refers to a partially unsatwrated carbocyclic substitvent
having three to fourteen carbon atoms, typically three to ten carbon atoms. Examples of

cycloatkenyl include cyclobutenyt, cyclopentenyl, and cyclohexenyl
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A cyeloalkyl or cycloalkenyl may be a single ring, which typically contains from 3 to
& ring astoms. Examples include cyclopropyl, cyclobuityl, cyclopentyl, cyclopentenyl,
cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclohexadienyl, and phenyl. Alternatively, 2
or 3 rings may be fused together, such as bicyclodecanyt and decalinyl.

The term “aryl” refers to an aromatic substituent containing one ring or two or three
fused rings. The aryl substitueni may have six to sighteen carbon atoms. As an example, the
aryl substitient may have six to fourteen carbon atoms. The term “aryl” may refer to
substituenis such as phenyl, naphithy! and anthracenyl.  The term “aryl” also includes
substituents such as phenyl, naphthyl and anthracenyl! that are fused to a Cy-Cyp carboryelic
ring, such as a Cs or a U carbocyelic ring, or to a 4-10-membered heterocyclic ring, wherein
a group having such a fused aryl group as a substituent is bound to an aromatic carbon of the
aryl group. When such a fused aryl group is substituted with one more substituenis, the one
or mare substituents, unless otherwise speeified, are each bound to an aromatic carbon of the
fused aryl group. The fused Ci-Cyp carbocyelic or 4-10-membered heterocyclic ring may be
opticnally substituted with halogen, ;- alkoyl, Ca-Cho cyeloalkyl, or =0. Examples of aryl
groups include accordingly phenyl, naphthalenyl, tetrabydronaphthalenyl {(also known as
“tetralinyl™}, indenyl, isoindenyl, indanyl, anthracenyl, phenanthrenyl, benzonaphthenyl (also
known as “phenalenyl™), and fluorenyl,

In some instances, the munber of carbon atoms m & hydrocarbyl substituent {e.g.,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, etc.} is indicated by the prefix “C-Cp)7
wherein % is the nuninum and v is the maxinmum number of carbon atoms in the substituent.
Thus, for example, “C-Ce-alkyl” refers o an alkyl substituent containing from 1 to 6 carbon
atoms. Hhustrating further, C3-Cycycloalky! refers to saturated cycloalkyl containing from 3
to & carbon ring atoms.

In some instances, the mumber of atoms in a cyclic substituent containing one or more
heteroatoms {e.g., heteroaryl or heterocycloaliyl) is indicated by the prefix “X-¥Y-membered”,
wherein X is the minimum and v is the maximum number of atoms forming the cyclic moety
of the substituent. Thus, for example, 5-8-membered heterocycloalkyl refers o a
heterpoycloalkyl containing from 5 to § atoms, fnchiding one or more heteroatoms, in the
eyelic moiety of the heterocycloalkyl.

The term “hydrogen” refers to hydrogen substituent, and may be depicted as -H.
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The term “hydroxy” refers to ~OH. When used in combination with another term{s},
the prefix “hydroxy” indicates that the substiuent to which the prefix s attached is
substituted with one or more hydroxy substituents. Compounds bearing a carbon to which
one or more hydroxy substituents include, for example, aleohols, enols and phenol.

The term “hydroxyalkyl” refers to an alkyl that is substituted with at least one
hydroxy substituent. Examples of hydroxyalkyl include hydroxymethyl, hydroxyethyl,
hydroxypropyi and hydroxybutyl.

The term “nitro” means -NOs.

The term “cyano” (also referred to as “nitrile”y -CN,

The term “carbony!” means ~C{()-.

The term “amino” refers to ~NH;,

The term “alliviaming” refers to an amino group, wherein at least one alkyl chain s
bonded io the aminc nitrogen in place of a hydrogen atorn.  Examples of alkylamino
substituents include monocalkylamine such as  wethylaming  {(exemplified by the
formula ~-NH{CH;)}, and dialkylamino such as dimethylamivo.

The term “amanocarbonyl” means -C{O)-NH,.

The term “halogen” refers to fluorine {which may be depicted as -F), chlorine {which
may be depicted as -Cl), bromine {(which may be depicted as -Br), or iodine {which may be
depicted as -I}. In one embodiment, the halogen is chiorine. In another embodiment, the
halogen is a fluorine.

The prefix “hale” indicates that the substiuent to which the prefix is atiached is
substitited with one or more independently sclected halogen substituents.  For example,
haloalky! refers to an alky! that is substituted with at least one halogen substituent. The term
“oxo” refers to =0,

The term “oxv” refers to an ether substituent, and may be depicted as -0

The term “alkoxy” refers to an alkyl linked to an oxygen, which may also be
represented as ~(-R, wherein the R represents the alkyl group. Examples of alkoxy include
methoxy, ethoxy, propoxy and butoxy.

The term “alkvithio” means -S-alkyl. For example, “methylthio” s -S-CHa. Other
examples of alkylthio inclade ethylthio, propyithio, butylthio, and hexylihio,

The term “alkylcarbonyl” mesns -C{O-alkyl.  Examples of alkylearbonyl include

methylearbonvl, propylearbonyl, butvlcarbonyl, pentylcabonyl, and hexylearbonyl.
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The term “aminoalkylcarbonvl” means ~C{O)-alkyl-NH,.

The term “alkoxycarbonyl” means -C{O)}-G-alkyl, Examples of alkoxycarbonyl
inchude methoxycarbonyi, sthoxyearbonyl, propoxycarbonyl, butoxyearbonyvi,
pentoxyearhonyl, and hexyloxycarbonyl Tn another embodiment, where the carbon atom of
the carbonyl is attached to 8 carbon atom of a second alkyl, the resulting functional group is
an esier,

The terms “thio” and “thia” mean a divalent sulfor atom and such a substituent may
be depicted ag -S-. For example, a thiogther is represented as “slkyk-thic-alkyl” or,
abternatively, alkyl-S~alkyl

The term “thiol” refers to a sulflydryl substituent, and may be depicted as -3H.

The term “thione” refers o =5,

The term “sulfonyl” refers to -S{0h-. Thus, for example, “allyl-sulforyl-alkyl”
refers to alkyl-8(Oh-alkyl, Examples of alkyisalfonyl inchude methylsulfonyl, ethylsulfonyl,
and propyisulfonyl.

The term “aminosulfony!” means -S{0)-NH;.

The tfemmt  “sulfiny?” or “sulfoxide” means -8{O)-. Thus, for example,
“allylsulfinyvlaliyl”  or  “alkvisulfoxidoalkyl” refers to  alkyb-S(O)-alkyl.  Exemplary
alkyisulfiny! groups include methylsulfinyl, ethylsulfinyl, butylsulfinyl, and hexylsulfinyl.

The term “heterceycloalkyl” refers 1o a saturated or partially saturated ring structure
containing & total of 3 {0 14 ring atoms. At least one of the ring atoms is 2 heteroatom (1.8,
oxygen, nitrogen, or sulfur), with the remaining ring atoms being independently selected
from the group consisting of carbon, oxygen, mitrogen, and sulfur, A heterocycloalkyl
alternatively may comprise 2 or 3 rings fused together, wherein at least one such ring
contains a heteroatom as a ring atowm {e.g., mitrogen, oxygen, or sulfur). Ina group thathasa
heterocycloaliyl substituent, the ring atom of the heterocycloalkyl substituent that 1s bound o
the group may be the at least one heteroatom, or it may be 3 ring carbon atom, where the ring
carbon atom may be in the same ring as the at least one heteroatom or where the ring carbon
atom may be in a different ring from the at lcast one hetercatom.  Simularly, if the
heterocyeloalkyl substituent is in turn substituted with 3 group or substituent, the growp or
substituent may be bound o the at least one heteroatom, or it may be bound to a ring carbon
atom, where the ring carbon atom may be in the same ring as the at least one heteroatom oy

where the ring carbon atom may be in a different ring from the at least one heteroatom.
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Fxamples of heterocyeloalky! include, but not limited to, azacyclobutane, 1,3-
diazatidine, pyrrolidine, Z-pyrroline, 3-pyrroline, 2-imidazeline, imidazcliding, 2-pyrazoling,
pyrazolidine, piperidine, 1,2-diazacyclohexane, 1,3~diazacyclohexane, 1,4-diazacyclohexane,
octahydroazocine, oxacyclobutane, tetrahydrofuran, tetrabydropyran, 1,2-dioxacyclohexane,
1,3-dioxacyclohexane, 1,4~-dioxacyclohexane, i, 3-dioxolana, thiacyclobutane,
thiocyelopentane, 1,3-dithiolane, thiacyclohexane, 1,4-dithiane, 1,3-oxathialane, morpholine,
1,4-thiaxane, 1,3, 5-trithiane and thiomorpholine.

The term “heterooyeloalkyl” alse includes substituents that are fused 10 a Cs-Cye
aromatic ring or to a 5-10-membered heteroaromatic ring, wherein a group having such a
fused heterocyeloalkyl group as a substituent 15 bound to a heteroatom of the
heterocyelocalky! group or fo a carbon atom of the heterocycloalkyl group. When such g
fused heterocyeloalkyl group is substituted with one more substituents, the one or more
substituents, unless otherwise specified, are each bound to a heteroatom of the
heterocvelocalkyl group or to a carbon atom of the heterocycloalkyl group. The fused Cy-Cyg
aromatic ring or to a 5-10-membered heleroaromaiic ring may be optionally substituted with
halogen, C-Cg alkyl, C5-Cig eveloalkyl, or =0,

The term “heteroaryl” refers to an aromatic ring structure containing from S to 14 ning
atomms inn which at least one of the ring atoms is a heteroatom (i, oxygen, mirogen, of
sulfur), with the remaining ring atoms being independently selected from the group
consisting of carbon, oxygen, nitrogen, and sulfur. A heteroaryl may be a single ring or 2 or
3 fused rings. Examples of hetercaryl substifuents include S-membered ring subsiituents
such as pyridyl, pyrazyl, pyrimudiny!, and pyridazinyl; S-membered ring substituents such as
trinzolyl, imidazolvl, furanyl, thiophenyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 1,23~
1,.2,4-, 1,25, or 1,3,4-oxadiazolyl and isothiazolyl; &/S-membered fused ring subatituenis
such as benzothiofuranyl, isobenzothicfiranyl, benzisoxazolyl, benzoxazolyl, purinyl, and
anthranilyl; and &/6-membered fused rings such as quinolinyl, isoguinolinyd, cinnolmyl,
quinazolnyl, and 1,4-benzoxazinyl. The term “heteroaryl” also inchudes pyridyl N-oxides
and groups containing a pyridine N-oxide ring.

Examples of single-ring  heteroaryls  include  furanyl,  dihydrofuranyl,
tetradydrofuranyl, thiophenyl (also  known as  “thicfuranyl”), dibydrothiophenyl,
tetrabydrothiophenyl, pyrrolyl, isopvirolyl, pyrralinyd, pyrrolidinyl, imidazolyl, isoimidazolyl,

imidazolinyl, inmidazolidinyl, pyrazelyl, pyrazolinyl, pyrazolidinyl, triazelyl, tetrazolyl,
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dithiolyl, oxathiolyl, oxazolyl, isoxazolyl, thiazolyl, iscthiazolyl, thiazolinyl, isothiazolinyl,
thiszolidinyl, isothiazolidinyl, thiaediazolyl, oxathiazolyl, oxadiazolyl {including oxadiazolyl,
1,2 4-oxadiazolyl (also known as “azoximyl™)y, 1,2,5-oxadiazolyl (also known as “furazany!”},
or 1,3,4-oxadiszoly}), oxatriazolyl (including 1,23 4-oxatriazolyl or 1,2.3,5-oxatriazolyl),
dioxazolyl  {(including  1,2,3-dioxazolyl 1.2, 4-dioxazolvl, 1,3, 2-dioxgeolvl,  or
1,3,4-dioxazolyl), oxathiazolyl, oxathiolyl, oxathiolanyl, pyranyl {(including 1 2-pyrauyl or
1,d-pyranyl), dihydropyranyl, pyridinyl {also known as “azinyl”), piperidinyl, diazinyl
{mchuding pyridazinyl (slso known as “1,2-diazinyl”), pyrimidinyl {(also known as
“1,3-diazinyl” or “pyrimidyl™), or pyrazinyl (also known as “14-diazinyl”)), piperazinyl,
triazinyl (nclhuding s-irfazinyl (also kesown as “1.3 5-iazinyl™), as-triazinyl {also known
1.2, 4-triazinyl), and v-triazinyl {also kpown as “1,2,3-traziny!™)), oxazinyl (including
1.2, 3-oxazinyl, 1,3,2-0xazinyl, 1,3,6-oxazinyl {alse known as “pentoxazolyl™), 1.2,6-oxazinyl,
or 14-oxazinyh), isoxazinyl {including o-isoxazinyl or p-isoxazinvl), oxazolidinyl,
isoxazolidinyl, oxathiszinyl (including 1,2,5-oxathiazinyl or 1,2 6-oxathiazinyl), oxadiazinyl
{including  1,4,2-oxadiazinyl or 1,3,52-oxadiazinyl), morpholinyl, azepinyl, oxepinyl,
thispinyl, and diazepinyl.

Examples of 2-fused-ring hetercaryls include, indolizinyl, pyrindinyl, pyranopyrrolyl,
4H-quinolizinyl, purinyl, naphthyridinyl, pyridopyridinyt (ocluding pyrido{3,4-b}-pyridinyl,
pyridof3,2-bl-pyridinyl, or pyrido{4,3-bl-pyridinyl), and pteridinyl, indolyl, isoindolyl,
indoleninyl, isoindazolyvl, benzazinyl, phthalazinyl, quinoxalinyl, guinazolinyl, benzodiazinyl,
benzopyranyl, benzothiopyranyl, benzoxazolyl, indoxazinyl, anthranilyl, benzodioxolyl,
benrodioxanyl, benzoxadiazolyl, benzofuranyl, 1sobenzoturanyl, benzothienyl,
isobenzothienyl, benzothiazolyl, benzothiadiazolyl, benzinudazolyl, benzotriazolyl,
benzoxazinyl, benzisoxazinyl, and tetrahydroisoquinolinyl.

Examples of  3-fused-ring  heteroaryls  or  heterocycloalkyls  include
5,6-dihydro-dH-imidazo[4,5,1-ij lquinoline, 4, 5-dihydrotmuadarol4,5, 1-hijindole,
4,5,6, 7-strahydroimidazof4,5,1-{k]{ 1 Jbenzazepine, and dibenzofuranyl.

The term “heteroaryl” also includes substifuenis such as pyridyl and quinolinyl that
are fused to a Cs-Cyp carbocoyelic ring, such as a Cs or a G carboceyelic ring, or to a 4-10-
membered heterocyelic ring, wherein a group having such a fused aryl group as a substituent
is bound to an aromatic carbon of the hetercaryl group or 1o a heteroatom of the heteroary!

group. When such a fused heteroary! group is substituted with one more substituents, the one
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or more substituents, unless otherwise specified, are each bound to an aromatic carbon of the
heteroaryl group or to a heteroatom of the heteroaryl group. The fused Cy-Cio carbocyclic or
4-10-menbered heterocyelic ring may be optionally substituted with halogen, C€-Cs alkyl,
C3-Cyp oycloalkyl, or =0,

The term “ethylene” refers 1o the group ~CHy~CH;- The term “ethynelene” refers to
the group ~CH=CH- The term “propylene” refers to the group —CHy-CHy-CHz- The term
“butylene” refers to the group ~CHp-CHo-CH:-CHp- The term “methylenoxy” refers to the
group ~CHp=0-  The term “methylenethioxny” vefers to the group ~CHp-8- The term
“methylenaming” refers o the group ~UH-N(H)- The term “ethylenoxy” refers to the group
~OHy-CH-O- The term “ethylenethiony” refers to the group — CHy-CH:-S- The term
“ethylenaming” refers to the group ~CH—CH-N(EH)-

A substituent is “substitutable™ if it comprises at least one carbon, sulfur, oxygen or
nitrogen atom that is bonded to one or more hydrogen atoms. Thus, for example, hydrogen,
halogen, and cyano do not fall within this definition. If a substituent is described as being
“substituted,” a non-hydrogen substituent is in the place of a hydrogen substitient on a
carbon, oxygen, sulfur or nitrogen of the substituent. Thus, for example, a substituted alkyl
substituent is an alkyl substituent wherein at least one norrhiydrogen substituent is in the
place of a hydrogen substituent on the alkyl substient,

3

If a substituent is described as being “optionally substituted,” the substituent may be
either {1} not substituted, or (2) substitited. When a substituent is comprised of multiple
moieties, unless otherwise indicated, it 13 the intention for the final moiety to serve as the
point of attachiment io the remainder of the molecule. For example, in a substituent A-B-C,
moiety C is attached to the remainder of the molecule. If substituents are described as being
“independently selected” from a group, cach substituent 15 selected independent of the other.

Each substituent therefore may be identical to or different from the other substituent{s}.

Pharmaceutical Compositions

Pharmaceutical compositions for preventing and/or treating a subject are further
provided comprising a therapeutically effective arsount of 2 compound of formula (), or 8
pharmaceutically acceptable salt or adduct thersof, and one or more pharmaceuntically

acceptable excipients.
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A “pharmaceuntically acceptable” excipient is one that is not biologically or otherwise
undesirable, ie., the material can be administered to 8 subject without causing any
undesirable biclogical effecis or interacting in g deleterious maunner with any of the other
components of the pharmaceutical composition in which it is contained. The carrier can be
selected to minimize any degradation of the active ingredient and to minimize any adverse
side effects in the subject, as would be well known 1o one of skall in the art. The carrier can
be a solid, a liguid, or both

The disclosed compounds can be administered by any suitable route, preferably in the
form of a pharmaceutical composition adapted to such a route, and in a dose effective for the
freatment or prevention intended. The active compounds and compositions, for example, can
be administered orally, rectally, parenterally, octlarly, inhalationaly, or topically. In
particular, adminisiration can be epicutaneous, inhalational, enema, conjunctival, eye drops,
ear drops, alveolar, nasal, intranasal, vaginal, intravaginal, transvaginal, ocular, ntraccular,
transocular, enteral, oral, imtraoral, transoral, intestinal, rectal, intrarectal, transrectal,
injection, infusion, intravenous, Intraarierial, mivamuscular, intracerebral, intraventricular,
intracershroventricular, intracardiac, subcutaneous, infraosseous, infradermal, intrathecal,
intraperitoneal, intravesical, intracavernosal, intrameduliar, intraccular, intracramial,
transdermal, transmucosal, transnasal, mbalational, intvacisternal, epidural, peridural,
mtravitraal, ete.

Suttable carriers and their formulations are described in Remingfon. The Science and
Practice of Pharmacy {19th ed.} ed. AR, Gennaro, Mack Publishing Company, Easton, PA,
1995, Oral administration of a solid dose forn can be, for example, presented in discrete
units, such as hard or soft capsules, pills, cachets, lozenges, or tablets, each containmg a
predetermined amount of at least one of the disclosed compound or compositions. In some
forms, the oral administration can be in g powder or gramile form.  In some forms, the oral
dose form is sub-lingual, such as, for example, a lozenge. In such solid dosage foarms, the
compounds of fornmila 1 are ordinarily combined with one or more adjuvants. Such capsules
or tablets can contain a controlled-release formulation. In the case of capsules, tablets, and
pills, the dosage forms also can comprise buffering agents or can be prepared with enteric
coatings,

in some forms, oral adminisiration can be in a Hquid dose form. Ligquid dosage forms

for oral administration include, for example, pharmaceutically acceptable emulsions,
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solutions, suspensions, syrups, and elixirs containing nert diluents comwnonly used in the art
{e.g., water). Such compositions also can comprise adjuvants, such as wetting, emulstfying,
suspending, favoring {e.g., swestening), and/or perfuming agents.

in some forms, the disclosed compositions can comprise a parenteral dose form.
“Parenteral administration” includes, for sxample, subcutanecus injections, inravenous
injections, intraperiloneally, inframuscular injections, intrasternal injections, and infusion.
Injectable preparations {e.g., sterile injectable agueous or oleaginous suspensions) can be
formulated according 1o the known art using suitsble dispersing, wetting agents, and/or
suspending agents. Typically, an appropriate amount of a pharmacentically acceptable carrier
is used in the formulation to render the formulation isotonic.  Examples of the
pharmacentically acceptable carer include, but are not linited to, saling, Ringer’s solution
and dextrose sohition. Other acceptable excipients inchude, but are vot lnited to, thickeners,
diluents, buffers, preservatives, surface active sgenis and the like.

Other carrier materials and modes of administration known in the pharmaceutical art
can also be used. The disclosed pharmaceutical compasitions can be prepared by any of the
well-known technigues of pharmacy, such as effective formmlation and admupistration
procedures. The above considerations in regard to effective formulations and administration
proceduores are well known in the art and are described m standard textbooks. Formulation of
drugs is discussed in, for example, Hoover, John E., Remington's Pharmaceutical Sciences,
Mack Poblishing Co., Baston, Pennsylvania, 1975; Liberman, «t al,, Eds,, Pharmaceutical
Dosage Forms, Marcel Decker, New York, N.Y., 1980; and Kibbe, et al,, Bds., Handbook of
Pharmacentical Excipients { 3 Fd.), American Pharmaceutical Association, Washington,
1999,

The disclosed compounds can be uged, alone or in combination with other therapeutic
agenis, in the treatment or prevemtion of various conditions or disease states. The
adwministration of two or more compounds “in combination” means that the two compounds
are administered closely encugh in time that the presence of one alters the biological effects
of the other. The two or more compounds can be administered simuliansously, concurrently
or sequentially.

DHgelosed are pharmaceotical compositions comprising an effective amount of a
compound of the invention or a pharmaceutically aceepted salt, solvate, clathrate, or prodiug

thereof; and 2 pharmaceutically acceptable carrier or vehicle. These compositions may further

2
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comprise additional agents, These compositions are useful for modulating the activity of the
nevrokinin {(NK;) receptor, thus to improve the prevention and freatment of NK; receptor
associated diseases such as nausea and vomiting, bladder dysfunction, depression or anxisty.
in some forms, disclosed are pharmaceutical compositions for preventing and/or
treating a subject comprising a therapeutically effective amount of a compound aceording o
formula (I}, and one or more pharmaceutically acceptable excipients. In some other forms,
disciosed are pharmaceutical compositions, further comprising one or more therapeutic
agents or a pharmaceutically acceptable salt thersof. In some forms, said therapeutic agent is
a 5-HT; antagonist, a NE, antagonist or dexamethasone. In some other forms, said $-HT;
andagonist is ondansetron, palonosetron, granisetron or tropisetron, or a pharmaceutically

acceptable salt thereof.

Methods
All of the methods of the mvention may be practiced with a compound of the

mvention alone, or in combination with other agents.

Treating

The above-described compounds and compositions are wusefil for the inhsbition,
reduction, prevention, and/or treatment of diseases which are pathophysiclogically modiulated
by the neurokinin (NK,} receptor. Accordingly, in some forms, disclosed are methods of
preventing and/or treating disesses which are pathophysiclogically modulated by the NK;
recepior, comprising administering to a subject a therapeutically effective amount of a
compound of formula (T) as disclosed above, or a pharmaceutically acceptable salt or adduct
thereof.

Suitable subjects can include manunalian subjects. Mammals include, but are not
Hmited to, canine, feline, bovine, caprine, equine, ovine, porcine, rodents, lagomorphs,
primates, and the like, and encompass mammals in utero. In some forms, humans are the
subjects. Huwman subjects can be of either gender and at any stage of development.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the WK, recepior, wherein said disease is

nausea and vomiting, bladder dysfunction, depression or anxiety.
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In some other forms, disclosed are methods of preventing andior treating diseases
which are pathophysiologically modulated by the NK, receptor, wherein said nausea and
vomiting is chemotherapy induced nausea and vomiting (CINVY), radiation therapy induced
nausea and vomiting (RINV), or post-operative nauses and vomiting {PONV},

In some other forms, disclosed are methods of preventing andior treating diseases
which are pathophysiclogically modulated by the NK; receptor, wherein saild nausea and
vomiting is induced by moderately or highly emelogenic chemotherapy. In some other forms,
disclosed are methods of preventing and/or treating diseases which are pathophysiclogically
modulated by the WK; receptor, wherein said nausea and vomiting is an scute and/or delayed
phases of CINY.

Acute emesis refers 1o the first twenty-four hour period following an emesis-inducing
event. Dielaved emesis refers to the second, third, fourth and fifth twenty-four hour periods
following an emesis-inducing event. When a treatment is said to be offective during the
delayed phase, it will be understood to mean that the effectiveness of the treatment is
statistically significant during the entire delayed phase, regardiess of whether the treatment is
sffective during any particular twenty-four hour period of the delayed phase. It will also be
understocd that the method can be defined based upon its effectiveness during any one of the
twenty-four hour periods of the delayed phase. Thus, unless otherwise specified, any of the
methods of ireating nausea and/or vomiting during the delayed phases, as described herein,
could also be practiced {0 treat nausea and/or vomiting during the second, third, fourth or
fifth twenty-four hour periods following an emesis inducing event, or an combination thereof.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NK; receptor, wherein said acute and/or
delayed phases of CINV is induced by moderately or highly emetogenic chemotherapy.
“Highly emetogenic chemotherapy” refers to chemotherapy having a high degree of

emeiogenic potential, and includes chemotherapy based on  carmustine, cisplatin,
2

b

cyciophosphamide == 1500 mg/m”, dacarbazine, dactinomycin, mechiorethamine, and
streptozotocin,. “Moderately emetogenic chemotherapy” refers to chemotherapy having a
moderate degree of emetogenic potential, and includes chemotherapy based on carboplatin,
cyclophosphamide < 1500 mg/m?‘, cytarabine > | mgfmz, daunorebicin, doxorubicin,

epirubicin, idarubicin, ifosfamide, irinotecan, and oxaliplatin.
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In a preferred cmbodiment, the methods of the present invention are effective o treat
acute and delayed emesis resulting from moderately and highly emetogenic chemotherapy,
from a single dose of the netupitant derivative administered prior to chemotherapy, optionally
in combination with other active ingredients.

A particolarly preferred regimen for tresting emesis, especially emesis induced by
chemotherapy, involves a netupitant derivative of the present nvention, a 5-HT3 antagowist
such as palonosetron or a pharmaceutically acceptable salt thereof, and a corticostercid such
as dexamethasone. A suitable fixed regimen for ireating acute and delayed CINV includes a
single administration of the netupitant derivative on day one {preferably before
chemotherapy), a single administration of the 5-HT3 antagonist on day 1 {preferably before
chemotherapy). A corticosteroid is optionally added to the combination on day one and,
when highly emetogenic chemotherapy 1 administerad, on days 2, 3 and 4 as welll A
preferred intravencus dose of palonosetron HCI is .25 mg based on the weight of the free
hase, Preferred dexamethasone doses are 12 mg. orally on day 1, followed by 8 myg. orally on
days 2, 3 and 4 for highly emetogemic chemotherapy.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NI receptor, wherein said bladder
dysfonction iz selected from urgency, frequency, pollskiuria, nocturia, low deferment time,
suboptimal volume threshold, snd nevwrogenic bladder, or a combination thereof.

In some other forms, disclosed are methods of preventing andfor treating diseases
which are pathophysiclogically modulated by the NK, receptor, wherein said compound o1 a
phammaceutically acceptable salt or adduct thereof, i3 administered by one or more routes
selected from the group consisting of rectal, buceal, sublingual, intravenous, subcutansous,
mtradermal, iransdermal, intraperitoneal, oral, eve drops, parenteral and  fopical
administration.

In some other forms, disclosed are methods of preventing and/or treating discases
which are pathophysiologically modulated by the NK; receptor, wheremn said administration
is accomplished by intravencusly administering a biquid form of said compound or a
pharmaceutically acceptable salt or adduct thereof.

In some other forms, disclosed are methods of preventing andior tresting diseases
which are pathophysiclogically modulated by the NK; receptor, particularky by derivatives of

netupitant,  wherein said admipistration i3 accomplished by orally administering said
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compound or a pharmaceutically acceptable salt or adduct thereof In some other forms,
disclosed are methods of preventing and/or treating diseases which are pathophysiologically
modulated by the NK; receptor, wherein said netupitant derivative is orally administered at a
dosage of from about 50 mg to about 560 wg, from about 100 myg to about 400 mg, from
about 130 mg to about 350 mg, or about 300 mg, based on the weight of the netupitant
component of the molecule.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NK; receptor, particularly by derivatives of
netupitant, wherein said compound or a pharmaceutically acceptable salt or adduct thereof is
intravenously administered at a dosage of from about 10 mg to about 200 mg, from about 50
mg to gbout 150 mg, from about 75 mg o about 125 mg, or about 100 mg, based on the
weight of the netupitant component of the molecule.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NK; receptor, particularly by derivatives of
netupitant, wherein said compound or & pharmaceutically acceptable salt or adduct thereof, is
formulated 1o have a concentration of from about ¥ to about 20 mg/ml, fron about § to about
1S mg/ml, from about 7 to about 2 rog/ml, or about 10 mg/ml, based on the weight of the
netupitant component of the molecule.

In some other forms, disclosed are methods of preventing and/or trealing diseases
which are pathophysiclogically modulated by the NK; receptor, wherein said compound or a
pharmaceutically acceptable salt or adduct thereof, is administerad in a single dosage per day,
a single dosage during a multi-day course of therapy (e.g., & five-day therapeutic regimen for
delayed emesis), or in oultiple dosages per day. In some other forms, disclosed are methods
of preventing and/or treating diseases which are pathophysiologically modulated by the NK;
receptor, wherein said multiple dosages are from 2 to 4 dosages per day.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the NK; receptor, fiwther comprising
administering one or more therapeutic agents or a pharmaceutically acceptable salt thereol.
In some other forms, said therapeutic agent is a 5-HT; antagonist, a NK; antagonist or
dexamethasone. In some other forms, said 5-HT; antagonist i3 ondansstron, palonoseiron,
granisetron or tropisetron, or a pharmaceutically accepiable salf thereof. In some still other

forms, said 53-HT; antagonist is palonosetron or a pharmaceutically acceptable salt thereof. In
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some other forms, the oral dosage of palonosetron or a pharmaceutically acceptable salt
thereof is from about 8.1 mg to about 2.0 mg, from abowt 0.25 mg to about L0 mg, from
about 0.5 mg to about .75 mg, or about 0.5 mg. In some other forms, the intravencus dosage
of palonosetron or a pharmaceutically acceptable salt thereof is from about 0.05 mg 10 about
2.0 myg, from about 0.075 mg to about 1.5 mg, from about L1 mg to about 1.0 mg, from
about .25 mg to about 0.75 mg, or about .25 mg, In some other forms, said palonosetron or
a pharmaceutically acceptable salt thereof is formulated to have a concentration of about 0.23
mg/S mL.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the NK, recepior, further comprising
administering one or more therapeutic agents or a pharmaceutically accepiable salt thereof,
wherein  said  therapeutic  agent iz a  NK;  antagonist  which 18 2-{3,5-
bis{triftucrorpethypheny)-N,2-dimethyl-N-(6-{4-methylpiperazin-1-yh-4-{o-tolyDpyridin-
J-yljpropanamside (netupitant). In one embodiment, the netupitant is administered in
combination with GAS, and the ratio of GAS {o netupitant is greater than 1:200 or 11100,

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the NK; receptor, wherein the subject 8 a
human. In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the WK, receptor, wherein the subject has been
identified as needing treatment for the disease or the administration,

One of ordinary skill in the art of treating such diseases will be able, without undue
experimentation and in reliance wvpon personal knowledge and the disclosure of this
application, to ascertain a therapeutically effecttve amount of a compound of Formula I fora
given disease. In some other forms, disclosed ars methods of preventing and/or breating a

subject, further comprising one or more therapeutic agents.

More Definttions of Terms
i. A, an, the

42 &6

As used in the specification and the appended claims, the singular forms “a,” “an” and
“the™ inclade plural referents unless the context clearty dictates otherwise. Thus, for example,
reference to “p pharmaceutical carrier” includes not only single carriers but alse mixtures of

two or more such carriers, and the like,
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2. Abbreviations

Abbreviations, which are well known to one of ordinary skill in the art, may be used
{e.g., “W" or “hr” for hour or hours, “g” or “gm” for gram{s}, “mL" for milliliters, and “1t” for
room teroperatore, “nny’” for nanometers, “M” for molar, and like abbreviations).
3. About

The term “about,” when used to modify the quantity of an ingredient in a composition,
concenirations, volumes, process temperature, process time, yiolds, flow rates, pressures, and
like values, and ranges thereof, employed in describing the embodiments of the disclosure,
refers to variation in the numerical quantity that can occwr, for example, tdwough typical
measuring and handling procedures used for making compounds, compositions, concentrales
or use formulations; through inadvertent ervor in these procedures; through differences in the
manufacture, source, or purity of starting materials or ingredients used fo carry out the
methods; and like considerations, The term “about” also encompasses amounts that differ
due to aging of a composition or formulation with a particular initial concentration or muiiure,
and amounts that differ due to mixing or processing a composition or formulation with a
particular initial concentration or mixture. Whether modified by the term “about” the claims
appended hereto include equivalents to these quantities.
4. Comyprise

Throughout the description and clairs of this specification, the word “comprise” and
variations of the word, sach as “comprising” and “comprises,” means “imchading but not
limited to,” and is not intended 1o exclude, for example, other additives, components, imtegers
or steps.
5. Poblications

Throughout this application, various publications are referenced. In order o more
fully document the state of the art o which this invention pertains, the disclosures of these
publications are to be considered as being referenced individually, specifically and m thew
entireties for the material contained in them that is discussed in the sentence i which the
reference is relied upon,
8. Subject

As used throughout, by a “subject” is meant an individual. Thus, the “subject” can
include, for example, domesticated animals, such as cats, dogs, ote, hivestock {e.g., cattle,

horses, pigs, sheep, goats, efc.}, laboratory animals {e.g., mouse, rabbit, raf, géinea pig, efc.)
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manwnals, non-human maminals, primates, non-human primates, rodents, birds, reptiles,
amphibians, fish, and any other animal. The subject can be a manmal such as a primate or a

human. The subject can also be a non-human,

EXAMPLES
The following examples are put forth so as to provide those of ordinary skill in the ant
with a complete disclosure and description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evaluated, and are intended to be purely
exemplary and are not intended to Hmut the disclosure. Efforts have been made to ensure
accuracy with respect to numbers (e.g, amounts, femperature, efe.), but some errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts by weight,

temperature s in °C or is at ambient temperature, and pressure is at or near atmospheric,

Example §
Preparation of compounds of formula (I}
The following are examples of preparation of compounds of formula (I}, Tls

example is intended 1o be purely exemplary and is not intended to limit the disclosure.
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General Scheme of Preparing Compounds of Formala (1)
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Other general procedures of preparing similar compounds to intermediate 1 of

Scheme | are also disclosed in 118, Patent Nos. 6,303,790, 6,331,597, 6,297,375 and

6,475,483, which are referenced imdividually, specifically and in their entiveties for the

material contained in thern that is relevant to the preparation of intermediate |
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Synthesis of

methyi-[6-(4-methyl-piperazin-T-y}-4-o-tolyl-pyridin-3-yi]-amine

\»“"EE\\B
A NH

Step 1

13.0 g {82.5 mMol) 6-Chlore-nicotinic acid in 65 ml THF were cooled to 0°C and
206.3 ml (206.3 mMol} o-tolylmagnesium chioride solution (1M in THF)} were added over 45
minutes. The solution obfained was further stirred 3 howrs at 0°C and overnight at room
temperature. It was cooled to ~60°C and 103.8 mi (1.8 Mol} acetic acid were added, followed
by 35 ml THF and 44.24 g (165 mMol) manganese(ill) acetate dilyydrate, After 30 minutes at
-60°C and one hour at room temperature, the reaction mixture was filtered and THF removed
under reduced pressure. The residue was partitioned between water and dichloromethane and
extracted. The crude product was filtered on silica gel {eluent: ethyl acetate/toluens/formic
acid 20:75:5) then partitioned between 200 ml aqueous half-saturated sodium carbonate
solution and 100 mi dichloromethane. The organic phase was washed with 50 ml agueous
half-saturated sodium carbonate solution. The combined agueous phases were acidified with
25 mi agueous HCI 25% and extracted with dichloromethane. The organic extracts were
g-tofvl-nicotinic acid as a vellow foam. MS (ISN}): 246 (M-H, 100}, 202 (M-CO,H, 85}, 166
{36}
Step 2:

To a sohution of 8.0 g (32.3 mMol} 6-chloro-d-o-tolyl-nicotinic acid in 48.0 mi THF
were added 3.1 ml (42.0 mMol} thionylchloride and 143 mul (1.8 mMol} DMF. After 2
hours at 50°C, the reaction mixiure was cooled to room temperatare and added to a solation
of 72.5 ml aqueous ammonium hydroxide 25% and 96 ml water cooled to 0°C. After 30
minutes at 0°C, THF was removed under reduced pressure and the agqueous layer was
extracted with ethyl acetate. Removal of the solvent yielded 7.8 g {98%) d-chloro-4-o-folyi-

nicotingmide as a beige crystalline foam. MS (I8P): 247 (MHHT, 160).
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Step 3
1.0 g {4.05 mMol} 6-Chloro-4-o-tolylnicotinamide in 9.0 mi -methyl-piperazine was
heated to 100°C for 2 hours. The excess N-methyl-piperazine was removed under high

vacuumn and the residue was filtered on silica gel {eluent: dichloromethane) to yield 1.2 g

{(95%) 8-{4-methyi-piperazin-1-vli-4-o-tolvl-nicotinamide as a light yellow crystalline foam.
MS (ISP 311 (M-HT, 100}, 254 (62).
Step 4

A solution of (.2 g (0.6 mMol) 6-{4-methyl-piperazin-1-yij-4-o-tolyl-nicotinanude in
1.0 mi methanol was added to a solution of 103 mg (2.6 mMol) sodium hydroxide in 1.47 mi
(3.2 mMol} NaOCl (13%) and heated for 2 hours at 70°C. After removal of methavol, the
aquecus layer was extracted with ethyl acetate. The combined organic extracts were dried
{Na; SOy, concentrated under reduced pressure and the residue filtered on silica gel {ehuent:
dichloromethane/methanol 4:1) to yvield 100 mg (70%) 6-(d-methyl-piperazin-{-yii-d-o-telvi-
nyridin-3-vigmine 83 a brown resin, MS (ISP} 283 (M+HT, 100}, 226 (42).
Step 5

2.15 ml (11.6 mMol} Sodivm methoxide in methanol were added over 30 minuies o a
suspension of 0.85 g (4.6 mMol} N-bromosuccinimide in 5.0 mi dichloromethane cooled to -
5°C. The reaction mixture was stirred 16 hours at -53°C. Sl at this temperature, a solution of
1.0 g (3.1 mMol) 6-{4-methyl-piperazin-1-yh-d-o-tolyl-nicotinamide in 5.0 mi methanol was
added over 20 minuies and stirred for 5 hours. 7.1 mi (7.1 mMol) Agueows HCL IN and 20 mi
dichloromethane were added. The phases were separated and the organic pbase was washed
with deionized water. The agueous phases were extracted with dichloromethane, brought to
pH=% with agueous NaOH 1N and firther extracted with dichloromethane. The latter organte
extracts were combined, dried (Na;80,) and concentrated to yield 1.08 g {quant} [6-4-
sethvboiperasin bl débobpvriding 38 hvarbamic_acid shethol gyier as a grey foam.
MS {ISPY: 341 (M+HT, 1003, 284 (35).

Step &

A sohition of 0.5 g (1.4 mMol) [6-{4-methyl-piperazin-1-yh-4-o-tolyl-pyridin-3-vii-
carbamic acid methyl ester in 3.0 ml dichloromethane was added over 10 minutes to &
sofution of 1.98 ml (6.9 mMol } Red-ALRTM. (7% in toluene} and 2.5 ml toluene
{exothermic, cool with a water bath to avoid teraperature to go >30°C). The reaction mixture

was stirred 2 hours at 50°C in CHaCl, extracted with ethyl acetate and cooled to 0°C. 4 ml
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Agueous NaOH IN were carefully (sxothermic) added over 15 minutes, followed by 20 ml
ethy! acetate. The phasses were separated and the agueous phase was extracted with ethyl

acetate. The combined organic extracts were washed with deionized water and brine, dried

(MarS0Qy) and concentrated under reduced pressure to yield 0.37 g (89%) methvl-/o
methvi-piperazin-i-vi-d-p-tolyl-pyridin-3-yij-amine as an orange resin. MS (I8P 297

(M+FT, 100D

Svathesis of

2-(3,5-his-Trifluoromethyl-phenyi}-2-methyl-propionyl Chioride

15.0 g (50 mmol) 2-(3,5-bis-trifluoromethyl-phenyl)-2-methyl-propionic acid were
dissolved in 127.5 ml dichloromethane in the presence of 0.75 mil DMF. 876 ml (2 eq.)
Oxalyl chloride were added and after 4.5 hours, the solution was rotary evaporated to dryness,
9 mi Toluene were added and the resulting solution was again rotary evaporated, then dried

under high vacuum yielding 16.25 g {quant.) of 2-@3, 3-bis-triffucromethyl-phenvi)-Z-methyl-

mropionyl chloride as a yellow oil of 86% purity according to HPLC analysis. NMR (250

MHz, CDCl): 7.86 (brs, 1H); 7.77, {brs, 2H, 3 Huon); 1.77 (5, 64, 2 CH;).

Synthesis of
2-(3,3-bis{irifluoromethyhphenyl}-N,2-dimethyl-N-{6-{4-methylpiperazin- 1 -yl}-4-{o-
tolyDpyridin-3-yhpropanamide (Nempitant)
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A solution of 20 g {675 mmol) methyi-{6-{4-methyl-piperazin-1-yi}-4-o-tolyi-
pyridin-3-yil-amine and 17.5 mi {101 nupoly N-ethylditsopropylamine in 200 ml
dichloromethane was cooled in an ice bath and a solution of 24 g (75 romol)2-(3,5-bis-
trifluoromethyi-phenyt-2-methyl-propiony! chiloride in 30 mi dichloromethane was added
dropwise. The reaction mixture was warmed to 35-40°C for 3 b, cooled to room temperature
again and was stirred with 250 mi saturated sodivm bicarbonate solution. The organic layer
was separated and the agueous phase was extracted with dichloromethane. The combined
organic layers were dried {(magnesium sulfate) snd evaporated. The residue was purified by
flash chromatography o give 31.6 g (81%) of 243 S-bis{trifluovomethyljphenyli-N,2-
dimethvl-N-(6-{4-methylpiperazin-1-yi}-4-fo-tolypyridin-3-ylipropanamide 35 white crystals.
M.P. 155-157°C; MS nv/e (%) 79 (M+H, 100).

Synthesis of
5-{2-{3,5-bis(triflucromethyliphenyh-N, 2-dimethylpropanamido}-2-{4-methylpiperazin-1-

yid-{o-tolyDpyridine T-oxide

! t

e Ny (Bock o AHBoG BBl rjli* Mo NaH, Mel J»:fl“? Ao
PN T o i » N ‘} or \\N’.
o T o N Ale OEOW
TEA
Py
A Gl M Ao N
. (! g P \
Ao L Nt | TN AB{OHR { ;
P B o A o 3
\[ P g il H AL
A -}f\\ L OF 3 f‘»f_j- ¥ E NN “ z
i ~ R e, H N
L\ E} I_§ - . — [S’~ f\r e N 5
o N N A Pd{FPi)
{‘ ¢ }a ’\? ¢ 11 Bi4
CF s
‘ m-CPBA
g:‘:)“\ ,»:“‘f?\
Ex\, ki % [\k ’ﬂ
TN Loy r‘:ii@l—f Y
4 N 1 N F
A N _,yi B NGERY: o - A N _,.\“"(: PN o oS
g 5 T2 e M TN ~,
Lrrn T
oy ‘??5 h a'f\N" ¢ ; N
£ oFy o vj 0 Gy

Scheme 2
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Step 1.

The solution of é-chlovopyridin-3-amine (115 g, 0.858 mol} and (Boe)O (2154 ¢,
0.988 mol) in 900 mL of dioxane was refluxed overnight. The resuliing solution was poured
ito 1500 mb of water. The resulting solid was collected, washed with water and re-
crystallized from FiQAc to afford 160 g fert-buayl (G-chiovepyridin-3-ylicarbamate as a
white solid {Yield: 78.2%:.

Step I

To the solution of tert-butyl (S-chloropyridin-3-ylcarbamate (160 g, 0.7 molin 1 L
of anhydrous THF was added o-Buli (600 mL, 1.5 mob) gt ~78%C under Ny atmosphere. After
the addition was finished, the sohution was stirred at -78°C for 30 min, and the solution of Iz
(177.68 g, 0.7 mol) in 800 mL of anhydrous THF was added. Then the solution was stirred at
278YC for 4 s, TLC indicated the reaction was over. Water was added for quench, and
FtOAe was added to extract twice. The combined organic phases were washed with brine,
dried over NuapBQ,, filtered and purified by flash chromatography to afford 80 g of fers-busyf
{6-chioro-d-iodopyridin-3-vljcarbamare as a yellow solid (32.3%).

Step 3t

To the schition of tert-butyl {6-chloro-4-iodopyridin-3-yhcarbamate (61 g, 0.172 mol)
in 300 mb of anhydrous THF was added 60% WNall (7.6 g, 0.189 moi) at 0°C under Ny
atmosphere. After the addition was finished, the solotion was stirred for 30 muan, and then the
solution of Mel (26.92 g, 0.189 mol) in 100 mL of dry THF was added. Then the solution
was stired at 0°C for 3 hrs. TLC indicated the reaction was over. Water was added for
guench, and EtOAc was added 1o extract twice. The combined organic phases were washed
with brine, dried over NapS3Q,, filtered and concentrated to afford 63 g of crude fert-butvl (6-
chloro-d-iodopyridin-3-yiiimethviicarbamate vsed o the following de-protection without
the further purification.

Step 4:

To the solution of tert-butyl (6-chloro-d-indopyridin-3-y{methylcarbamate {(62.5 g,
$.172 mol} in 500 mL of anhydrous DCM was addad 1830 mL of TFA. Then the solution was
stirred at room temperature for 4 hrs. Concentrated to remove the solvent, and purified by
flash chromatography to afford 45.1 g 6-chioro-d-iodo-N-methylpyridin-3-amine as a yellow

solid (Yield: 97.3%).
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Step 5

To the solution of 6-chloro-d-iodo-N-methylpyridin-3-amine {(40.3 g, 0.15 mol} and
2-methylbenzene boric acld (24.5 g, 0.18 mol) in 600 ml of anhydrous toluens was added
400 mb of 2 N ag. Na,CO; solution, PA{OAc), {3.36 g, 15 mmol) and PPh; (7.87 g, 0.03
munol). The solution was stirred at 100°C for 2 hrs. Cooled to room temperature, and diluted
with water. EiOAc was added to extract twice. The combined organic phasss weare washed
with water and brine consecutively, dried over NagSOy, concentrated and punified by flash
chromatography to afford 19 g 6-chloro-N-methvi-d-(o-tolylipyridin-3-amine as a white sohd
{Vield: $4.6%;.

Step &

To the solution of 6-chioro-N-methyl-4-{o-tolylpyndin-3-amine (18.87 g, 81.3 yumol)
and DMAP (29.8 g, 243.9 mmol} in 200 mL of anhydrous toluene was added the solution of
2-(3,5-bis~trifluoromethyl-phenyl}-2-methyl-propionyl chioride (285 g, 894 mmol} in
toluene under Ny atroosphere. The solution was heated at 120°C for 23 hrs. Cooled 16 room
temperature, poured into 1 L of 5% ag. NaHCO; solution, and extracted with HEtQAc twice.
The combined organic phases wers washed by water and brine consecutively, dried over
Nay 804, fillered and purified by flash clhromatography to afford 35 g 2-3.5-
bistiriffuovomeshyliphenyl}-N-(6-chlorg-4-{o-tolydipyridin-3-yi}-N, 2-dimethylpropanamide as
a white solid (Yield: 83.9%},

Step o

To the solution of 2-(3,5-bis{triffucromethyDphenyD-N-{6-chloro-4-{o-tolyl}pyridin-
3oyh-N,2-dimethylpropanamide (5.14 g, 10 muol} in 60 mi of BCM was added m-CPBA
(6.92 g, 40 mmol} at § °C under Np atmosphere. Then the solution was stired overnight at
roont temperature, 1 N ag. NaOH solution was added to wash twice for removing the excess
m-CPBA and a side product. The organic phase was washed by brine, dried over NapyS0,,
filtered and concentrated to afford 5.11 g of crude 5-{2-(3, 5-his{triffuoromethyliphenyl)-N 2-
dimethyipropanamidol-2-chloro-4-{o-tolylpyridine I-oxide as a white solid (Yield: 96.4%).

Step &

To the soiution  of  crude 3-{2-(3, 5-bis{tmifhuoromethyliphenyl}-N,2-
dimethylpropanamido)-Z-chioro-d-{o-tolyhpyridine 1-oxtde (5.1 g, 9.62 mmol) in 80 mL of
n-BuH was added N-methvipiperazine {7.41 g, 74.1 mmol) under N; atmosphers. Then the

solution was stirred at 80°C overnight. Concentrated and punified by flash clwomatography o
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afford 498 g 5-(2-(3 S-bisttrifluoromethylphenyl-N 2-dimethylpropanamida)-2-(4-
methylpiperazin-1-yl-4-(o-tolvlipyridine I-oxide as a white solid {Yield: 87.2%). "HNMR
{CD{UI3, 400MHz) S 8.15 (s, 1H), 7.93 (s, 1H}, 7.78 (5, 2H), 7.38 (m, 2H}, 7.28 {m, 1H}, 7.17
{m, 1H), 7.07 {s, 1H}, 5.50 (s, 3H}, 2.72 (d, /= 4.4Hz, 4H), 2.57 {m, 3H)}, 2.40 {5, 3H}, 2.23
{s, 3H), 1.45~1.20 {m, 6H).

Syaothesis of
4-{5-(2-{3,5-bis{influoromethyphenyD-N 2-dimethyvipropanamido)-1-oxido-4-{o-

tolyDpyridin-2-yi)-1-methylpiperazine -oxide
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Scheme 3

To a solation of 5-{2-{3,5-bis{iriflacromethylphenyl- N, 2-dimethylpropanamido}-2-
{4-methyipiperazin-1-vl3-4-{o-tolybipyridine 1-oxide (3 g, 5.05 mmol) and NaHCGO: (3,354 g,
12.66 mmol) in 60 mL of MeQH and 15 mL of H.0 were added potassium monopersulfate
triple salt {1.62 g, 26.25 ramol) af room temperature during 15 min. After stirring for 4 hrs at
room teraperature under Ny atmosphere, the reaction mixture was concentrated i vacuo and
purified by flash chromatography {eluent: MeOH). The product was dissolved into DCM, the
formed solid was filtered off, and the solation was concentrated under reduced pressure fo
afford 1.77 g 4-(5-(2-£3, S-bistirifluoremethyliphenyl}-N, 2-dimethyipropanamidoj- 1-oxido-4-
{o-talylipyridin-2-yi}- l-methylpiperazine I-oxide as 3 white sohd {Yield: 57.4%;). THINMR
{CDCI3, 400MEz) & 8.06 {5, 1H), 7.78 (s, 1H), 7.60 (s, 2K}, 7.37~7.20 (m, 41}, 6.81 {5, 1H),
3.8% {s, 2H), 3.74 {m, 4H}, 3.31 {m, SHY, 2.48 (s, 3H), 2.18 (5, 3H)}, 1.36 (s, 6H).
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Synthesis of
1-{5-02-(3,5-bis{trifluoromethyliphenyD-N, 2-dimethylpropanamido}-4-{o-tolylipyridin-2-y1}-

4-methylpiperazine 1,4-dioxide
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Scheme 4

To  the solution of 2-3,3-bis{influoromethylpheny}-N, 2-dimethyl-N-{6-{4-
methylpiperazin-1-yi-4-(o-tolyDpyridin-3-yhpropanamide (11,1 g, 192 monol) in 75 wl of
Methanol was added sodiom bicarbonate (3.38 g, 40.3 mmeol} dissolved in 20 md of water.
Then Oxsone {14.75 g, 48.0 mmol) was added to the stirred solution at room temperature inn 3+
4 portions. The suspension was heated for 4 h at 50 °C. After filtration of the salts {washed
with 3 x €& mi of methanol}, the solvent has been evaporated under reduced pressure and
substituted by DCM (30 mi). The organic phase was washed with water (§ x 30 ml}, dried
over NagSQ,, filtered, concentrated and purified by precipitation in tohuene to afford 83 g I-
(5-02-{3, 5-bis(riflucromethylphenyi-N, 2-dimethylpropanamido)-4-{o-tolyljpyridin-2-yii-4-
methylpiperazine 1, 4-dioxide as 8 white solid {Yield: 80%). "HNMR {(CDCI3, 400MHz, at
333K 8 827 s, H), 775 {s, 1H), 7.63 {5, 2D, 7.26-7.19 {m, 2H}, 7.14 {4, 1H, J= 7.4 Hz),
FO9 (L, IH, J=74He), 493 (4, 2H, /=116 Hn), 470 (4, 2H, J= 116 Hz}, 412 (4, 2H, J =
1.7 Hzp, 3.84 {5, 3H), 3.50 {d, 25, .7 = 10.3 Hz}, 2.47 {5, 3H)}, 2.12 (5, 3H), 1.40 {5, 6}
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Synthesis (A} of di~tert-butvl {chloromethyl) phosphate
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Scheme 5

Dictert-buly! phospohite (40.36 mmole) was combined with potassium bicarbonate
{(24.22 mwmole) in 35 wl of water, The solution was stirred in an ice bath and potassinm
permanganate {28.25 mmole} was added in three equal portions over one howr's Ume. The
reaction as then allowed to continue at room temperature for an additional half hour.
Decolorizing carbon (600 mg) was then incorporated as the reaction was heated to 60°C for
15 minutes, The reaction was then vacuoum filiered to remove solid magnesium dioxide. The
solid was washed several times with water, The filtrate was then combined with one gram of
decolorizing carbon and heated at 60°C for an additional twenty minutes. The solution was
again filtered o vield g colorless solution, which was then evaporated under vacoum to afford
crude Di-tert-butyl phosphate potassium salt,  Di-tert-buty! phosphate potassium salt (8 g,
2814 munole) was dissolved in methanol {15 g} to this sohution at § °C a shight excess of
concentrated HCI is slowly added with efficient stirring at ¢ “C. The addition of acid causes
the precipitation of potassiom chloride. The solid is then filtered and washed with methanol.
The compound in the mother lHguor is then converted to the anwnonium form by adding an
equal molar amount of tetramethylampmoniom hydroxide (3.65 g, 20.14 nunole) while
keeping the reaction cocled by a salt/ice bath with efficient stirring. The resuliing clear
solution is placed under reduced pressure to give the crude product. To the
tetramethyviammoniom di-tert-butyl-phosphate dissolved in refluxing diroethoxyethane is then

added 4.3 grams of chloroiodomethane (24,16 mmole) and stirved for 1-2 hours. The reaction
45
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15 then filtered and the filtrate is placed under reduced pressure to concentrate the solution
DME. The chloromethyl di-tert-butyl phosphate 12-16% in DME is used in the synthesis of
454203, 5-his{irifluoromethyphenyl)-N, 2 -dimethylpropanamido}-4-{o-tolylpynidin-2-yi}-

{-methyl-1-((phosphonooxy)methylipiperazin-1-furn - without further purifications {60%
vieldy: "INMR (CD4OT13, 300 MH2) 8 1.51 {s, 12H), 5.63 {d, 2H, F=14.8). SEINMER (D00,
300 MHz)8-11.3 (s, 1 P},

Synthesis (B) of di-tert-butyl {chloromethyl) phosphate
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Scheme 54

DH-tert-buty! phosphate potassium salt {5 g, 20.14 nunole} is dissolved in methanol
{15 g} to this solution at {§ °C a slight excess of concentrated HCI is slowly added with
efficient siirring at 0 °C. The addition of acid causes the precipitation of potassium chlonde.
The solid is then filtered and washed with methanol. The compound in the mother liquor s
then copverted to the ammonhemn form by adding an equal mwolar amount of
tetrabuthylammonium hydroxide 1 M in methanol {20.14 mmole} while keeping the reaction
cooled at 0 °C with efficient stirring. The resulting clear sohution i3 placed under reduced
pressure fo give the intermediate product. The tetrabuthylammonium di-tert-butyl-phosphate
dissolved in acetone is then added dropwise to 53.3 grams of chlomsiodomethane (3071
mnole) and stirred at 40 °C for 1-2 hours, The solvent and excess of chlorotodomethane are
distilled off, the reaction mass suspended in TBME and then filtered. The filtrate 13 washed
by a saturated solution of sodium bicarbopate and water and then placed under reduced
pressure to substitute the solvent by acetone, i, o remove the solvent after which it is
replaced with acetone. The chioromethy! di-tort-butyl phosphate 7-20% in acetone is used in
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the next step withowt further purifications {70-80% yield): 'H-NMR (CER;0D, 300 MHz 8
1.51 (s, 12H), 5.63 (d, 2H, =14.8). " P-NMR (C5:0D, 300 MH2) 5 -11.3 (s, 1P}

Stability studies of
$-{3-{2-(3,5-bis{irifluoromethylphenyl}-N, 2-dimethylpropanamido}-4-{o~tolyDpynidin-2-yi)-

T-methyi-1-{{phosphonooxvimethylipiperazin-1-1um salis

In order to further improve the stability and solubnlity of 4-(5-(2-03,5-
hig{irifluoromethyhpheny-N, 2-dimethylpropanamido}-4-(o-tolyhpyndin-2-yi}-1-methyl-1-
{{phosphonooxy pnethylpiperazin-T-inm, a variety of its derivative salis were synthesized
and tested. Their synthesis employed sither a) neutralization of the dried diacid phosphate
species and its corresponding hase salts or b) g divect seid deprotection starting from the dried
difrert-butyll-protected phosphate species. Neutralization was performed with L-histidine,
magnesium salt, N-methyl-D-ghicamine (dimeglomine}, and L-lysine. Both procedures were
iried in the synthesis of citric derivatives whereas with other acids the direct deprotection

reaction was used. The figures below show the most relevant structures.

Parent acid species
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Dibasic phosphate species Chioride hydrochloride species
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When the parent acid species was not stored in dry condition it was found to undergo

over 8% degradation in the first week and over 65% degradation m the first six months,

When the dried parent acid species was held at 30 °C in air it underwent .05% degradation

in the first 7 days and at total of 7.03% degradation in six months. When the dried parent

acid species was held under argon at room temperature # underwent up to (.13% degradation

in the first 7 dayvs but then was essentially stable for six months.

derivative salts are shown in Table 1 below.

Table 1: Representative Degradation Resulis for Salis

Resulis for various

Drsgradation:
Me(OH L-Histiding, 2 eq. 26.6% § 95.94% +3.70% n & days {in air)
+0.46% in 6 days (in argon)
o Degradation:
MeOH MelOHp 2ea | ypem | oa11% +0.81% in 6 days {in air}
i +0.29% n 6 days {in argon)
i + Yy . . ,
ggﬁﬁl 1 Citric acid, 2 eq. N.A. | 94.40% From protected species,
MaOH - Hi; ?zgng s 90% | 94.50% From protected species.
- MeOH v ' o ; ““““ vy o | From protected species and
HyPOq, 85%, 2eq. > 90% ] 98.81% retains (.39% of that speciss.
MeQH ! o wr Lok 116/ From protected species.
HBr, 48%, 4 eq. B4.6% | 96.11% Product degrades rapidly.
MeOH + From protected speciss.
DOM, CHRSOsH WA, | 61.54% Product NOT stable: containg
1:4 32.45% decompuosition species,
MeOH Na¥,POs, 4 6 NA ad Only 1.27 of parent specics
__________ e ] R formed, Poor reaction.
. N-methyl-B- . .y Degradation:
MeoH glucamine N O L 4087%in 6 days (in ain)
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{Meglumine), 2 eq. +1.52% in 11 days (in argon)
Nemethyl-D- Degradation:
MeOH | glicamme > 09% | 97.42% +0.77% in 6 days {in air)
i {(Meglamine}, 1 eq, +(1.83% in 7 days {in argon)
MeOH + . . ) Degradation:
peM, |, éi‘fj;’ﬁf; d3 fiq 96.5% | 97.49% | +0.09% in 2 days (in argon)
5:2 ' o : +{3.59% in 89 days (in argon}
MeQH + T _ Degradation:
DCM, |, ;ﬁaﬁiis e o, | 938% | 97.46% | +1.95%in 14 days (in air
5.2 T T ’ +1.80% in 12 days {in argon)
‘ Degradation:
MeOH L-lysine, 1 eq. >G9% | 97.62% +0.69% in 14 days {in air)
+{1.48% in 12 days (in argon}

A more comprehensive showing of

stability results is given i Fig. 1, where the

horizontal axis represents number of days of {esting and the vertical axis represents the mass

percent of degradation. Alphabetical letters are used to denote data poinis on the graph that

correspond to degradation percentage values over time for respective salts of the same parent

compound as just described above and in Table 2 below, The drawn lines correspond to

general trends over periods of days for the benchmark salt (the disodium salt) and for the few

salis that manifested more desiragble results than the disodium salt.

Table 2. Identity Codes for Salts and Gases in Figure 1.

T pspeegen
. Salt .
Code for storage

3 2 Dimeglomine Air

b ¢ Dimeglomine Argon

c Dimeghiome Axr

d Dimeghmine Argon

2 Lysine - Alr

£ Lysine ~Argon
g Fumarate Adr

B FPumarate Argon

i Citrate Adr

i | Citrate Argon

k | Bromide Air

; Bromide Argon
m | Mesylate Nitrogen
n Phosphate: Alr

o Phospha’tg ________________________________________ Argon

D Citrate Nitrogen
q Calcium A
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r Calcium Argon

8 Chioride hydrochloride, anhydrous Ajr

t Chioride hydrochloride, anhydrous Argon

u Disodium salt - Afr

v | Histidine AR
w | Histidine Argon

x Magnestum Afr
v Magnesium Argon

Svnthesis (A} of
4-{5-{2-(3,5-bis(trifluoromethyiphenyi}-N, 2-dimethylpropanamidoi-4-{o-tolyDpyridin-2-yi}-
1-methyi-1-{{phosphonooxymethyDpiperazin- 1 -iumn chloride hydrochloride
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Scheme 6

The solution of chloromethyl di-tert-butyl phosphate m DME (250 g from a 10%
sohution, 96.64 mmole) was evaporated under reduced pressure until the formation of pale
yvetow oil, dissolved then at 5O °C with 318 mi of Acetonitride. 17.2 g {80.54 nymole) of 1,8+
bis{dimethylamino)naphtalens and 46.6 g {8(3.54 mmole) of  2-{3,5-
bis{iriffuoromethyphenyl-N, 2-dimethyl-N-{6-{4-methylpiperazin- 1L -y-4-{o-tolyDpyridin-
3-yhipropanamide were added and the solution heated at 90 °C for at least 1Zh. After the
addition of 75 g of sopropylether, the precipitated crude product was cooled at room
temperature, filtered and washed with acetonitrile, isopropylether/acetone, 3:1 and
isopropylether, and dried under reduced pressure to afford 20-33 g of the #-(5-/2-f3 5
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bis(irifluoromethyiphenvi]-N, 3-dimethylpropanamide-4-{o-tolyDpyridin-2-yi}-I-methyl-I-
{tert-butoxyiphosphoryliosymethyl}piperazin-I-ium as white solid {Yield: 30-30%. B
NMR (CD;0D, 400 MHz) 5 7.98 (5, 1H), 7.86 (s, 1H}, 7.76 (s, 2H}, 7.33-7.10 {m, 4H)}, 6.80
{8, 1H), 5.03 (4, 2H, Jey = 8.5 Hzj, 4.52 {5, 2H), 4.13 (o, 2H). 3.83 {m, 2H), 3.65 {m, 2H),
3.52 (m. 2H3, 3.23 {5, 3H), 2.53 (5, 3H), 218 (3, 3H), 1.46 {5, I8H)}, 1.39 (5, 6H). JTpoNMR
(CD,0D, 161 MHz) & -5.01 {5, 1P). To 20 g (23.539 mmole} of the 4-{3-{2-{3,5-
bis(triffluoromethyliphenyi}-N,2-dimethylpropanamide }-4-{o-tolyDpyridin-2-vD- L-methyl-1-
{[{tert-butoxy)phosphoryl] oxymethyvlpiperazin-1-ivm dissolved in 180 g of methanol and
400 g of dichloromethane was added HCE 4M in dioxane (188 g, 71.66 mmole) and the
solution was heated for 3 h at refhix. After the addition of 200 g of dioxane, DUM and
methanol were distilled under reduced pressure uniil precipitation of the product, which was
filtered and washed with isopropylether {100 g), acetone (30 @) and pentane {2 x 60 g). The
product was finally dried under reduced pressure at 53 °C to afford 13-17 g of 4-(3-{2-(3,5-
bisftriffuoromethyliphenvi}-N, 2-dimethylpropanamidol-4-{o-tolylpyridin-2-yl)- I -meihyi-1-
{{phosphonooxyimethylpiperazin-I-ium chloride hydrochioride as white sohid (Yield: 88-
9394y, "H-NMR (CInOD, 400 MHz) 8 7.02 (s, 1), 7.87 (s, 1H), 7.74 (5, ZH), 7.33-7.40 {m,
JHY, 727 (m, ¥H), 7.21 (s, 1HY, 716 (4, TH, J =82 He), 527 (4, 2H, Jpy = 7.9 Hz), 428 (m,
2H), 4.05 (m, 280, 3.85 {m, 2H)}, 3.74 (m, 2H), 3.35 (s, 3H), 2.62 (s, 3H), 223 (s, 3H), 138 (s,
SHY. *'P-NMER {(CDHOD, 161 MHz} § -2.81 {4, 1P, Jpy = 7.9 Hz).
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Svyothesis (B} of
4-{5-{2-(3,5-bis{trifluoromethyhphenyh-N,2-dimethylpropanamido}-4-{o-tolyljpyridin-2-yi}-

1-methyi-1-{{phosphonooxyimethylpiperazin-1-ium chloride hydrochloride
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Scheme 6A

To the sohition of chloromethyl di~tert-butyl phosphate i Acetons (22,1 g from a 10%
solution, 85.58 nunole), 15.5 g (103.24 romole)} of sodium iodide and 33.0 g (57.00 munole}
of netupitant were added and the solution heated at 50 °C for at 6-16 h. The precipitated salts
were filtered off, the acetone distilled under reduced pressure and the crude product dissolved
mn 43.0 g of methano! and 43.0 g 1,4-dioxane. 12.6 g of HC! 4M in dioxans (113.85 mmole)}
were added, and then methanol is distilled off at 40 °C under reduced pressure. The solution
is cooled at 3 °C and stirred at 3 °C for at least 2 h at 5§ “C. The product was isolated by
filtration, purified by additional slurry in acetons {238 g), and filtered and washed with
acetone {47 g) and pentane (2 x 72 g

The product was finally dried under reduced pressure at 60 °C to afford 22-30 g of
white-veHowish solid (Yield: 58-70%)

"H-NMR (CDLOD, 400 MH2) 8 7.02 (s, 1H), 7.87 {s, 1), 7.74 {5, 28}, 7.33-7.40 (m,
2ED, T27 {my 1HG, 721 (5, 1H), 716 (4, 1H, J = 82 Hz), $.27(d, 2H, Jpy = 7.9 Ha}, 4.29 (m,

)
3]



WO 2013/082102 PCT/US2012/066778

28}, 4.08 {m, 2H), 3.85 (m, 2H), 3.74 {m, 2H}, 3.35 (5, 3H), 2.62 {5, 3H), 2.23 (5, 3H), 1.38 (s,
6H). P P-NMR (CD:0D, 161 MHz) 8 -2.81 {t, 1P, Jpy= 7.9 Ha).

It is to be understood that the product shown in Scheme 6A is illustrative, being just
one of several perpmitations in which the acidic protons bond to various atoms im an
equilibrium. For instance depiction of other permutations would show a proton bound to one
or more of the N atoms while one or more of the O atoms bound {o the P atom would bear an
anionic charge. The invention comprises all of the molecular species within that equilibrium

and the product shown in the figure is intended to represent all of them in a generic fashion.

7. Evaluation of Representative Compounds of Formula (I}
. Chemical Stability and Solubility
The chemical stability and agueous solubility of some representative compounds of
Formula (I}, compared to some reference compounds, are reproduced in Table 3 below.

Stability was tested according to ICH guidelines under accelerated conditions (40° C).

Table 3: Chemical Stability and Schibility of Representative Compounds

“Compound Compound Struotus Chemical | Solubility
MNo. Spot HEe Stability {neuiral pH)
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* Reference Compound

1. Local Tolerance
In contrast {o netupitant {compound no. ¢ i the above table}, seven-day local
iolerability study of three compounds {e.g., compound nos. 1-3 of the sbove Table 1) on rat
was conducted, All thres compounds exhibited good local tolerability which is demonstrated
by the below findings:
e There were minimoal signs of inflammation at injection site and there was
{ittle edema;
& Do later stage thrombus was found in any animal studied;
s Severity of inflanunation was similar in compound and vehicle-treated
animals;
& No tissue necrosis was observed in any of the tails; and
s The inflanunation and palethrombus were caused by the needle gection
through blood vessels.
it Pharmacokinetic Studies
The pharmacokinetics {PKe) study of three compounds {(e.g., compound nos. 1-3 of
the above Table 3}, as compared 10 a reference compound ~ netupitant {orally administered),
on rat and dog was conducted.
Rat PKs Study: The rats tested in the study were Wistar rats, male, body weight 220 -
240 g, and 5 rats per group. The dose was 10 mg/kg admunistered by intravenous (IV) slow
bohus injection into the tail vein at a rate of 1 m¥/min. The dose was adminustered to cach
arimal at a dose volume of § mikg {(the pre-formulation is 5% Glucose solution). Countrol
arimals received the vehicle alone. The dose was adiministered to each animal on the basis of
the most recently recorded body weight and the volume administered was recorded for sach
animal. Befors administration, rats were fasted 12 hr, water ad libitum. After 240 min time

pomt blood was collected, rats were fed. 8.2-0.3 mi blood was collected in tubes contained
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EDTA/MaE as anticoagulant and stabilizer at pre-dose and at 0.05, 025, 0.5, 1, 2, 4, 6, §, 24
and 48 hrs after intravenous administration. After centrifugation, plasma was removed and
stored desp-frozen approximately <20 °C until analysis. Prepared quantification standard
curve at 2, 10, 40, 100, 200, 1000 and 2000 ng/mi (dibited from methanol stock with
methanol containing 1% formic acid), Aliguot 50 ul of standard solution and spiked into 50 4l
of blank rat plasma samples either for standard curve or for QU samyples, followed by adding
100 ol of acetomtrile (with 18}, 30 ul of methanol replaced the compound standard methano!
solution was used to spike 50 ul of rat plasma sanmples, and added 100 ol of acetonitnile {(with
IS}, for the determination of rat plasma samples. Plasma saroples of time poinds 3, 15 and 36
min after intravenous administration were dilwted 10 or § fold with blank rat plasma,
respectively, Plasmoa was pre-prepared with acetonitrile using protem precipiiate (PPP). Rat
plasma samples were analyzed by using an APIO000 MS coupled with HPLC. Repaglinide
was used as internal standard. Using an internal calibration method for compound 1 of the
above Table 1 or Netupitant quantiiation, the LLOGQ and the linear range of standard curve
were 2 ng/mib and 2 — 2000 ng/mol, respectively.

Dog PKs Study: the dogs testad in the study were Beagle dogs, body weight & - 10 kg,
and 3 male dogs per group. The four PK experiments were performed in 12 nalve dogs, The
dose was 3 mg/kg adminisiered via intravenous (V) slow mjection into the left and nght
cephalic or left and right saphenous veins used in rotation. The dose volume was 2 mldkg fo
glucose 3% v/v solhution at a fixed injection rate of 4 mi/min usimg an infusion pump (KIS
220, KI» Scientific). The dose was admunistered to each animal on the basis of the most
recently recorded body weight and the volume adminisiered was recorded for each antmal.
Netupitant 3 mg/kg dose was tested at 2 mb/kg in vehicle {DMSO: Ethanol: Tween80
solution=5:4:1:90, v/v}, dependence on ity solubility. Dose was freshly prepared before each
single PK experiment. Before administration, dogs were fasted 12 hr, water ad libium. After
480 min tume point blood was collected, dogs were fed. 0.5 ml blood was collected in
heparinised tubes at pre-dose and at 2, 5, 15, 30 min, 1, 2, 4, 6, &, 12, 24, 36, 48 and 72 hr
after intravenous admunistration. Plasma samples would be kept at -20 degree till analysis.
After 2 weeks washout, the same group (TV for Netupitant } was dosed Netupitant 3 mg/kg by
gavage administration, the dose volume was 4 mi/kg in vehicle (Hypromellose 0.5%, Tween-
83 1.1%, Sodivm Chioride 8.9% in distilled water). Prepared quantification standard curve at

2, 10, 40, 100, 200, 1000 and 2000 ng/mil {dihited from methanol stock with methanol
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containing 1% formic acid). Aliquot 50 ul of standard solution and spiked into 50 ul of blank
dog plasma samples either for standard curve or for QU samples, followed by adding 100 ul
of acetonitrile {with I8} 50 ul of methano! replaced the compound standard methanol
sohition was used to spike 50 ul of dog plasma saniples, and added 100 ul of aceiominile
{with IS}, for the determination of dog plasma samples. Plasma samples of time poiots 2, 5,
15 and 30 min after intravenous administration were diluted S or 2 folds with blank dog
plasma, respectively. Plasma was pre-propared with acetoniirile using profein precipitate
(PPP). Dog plasma samples were analyzed by using an APHMO00 MS coupled with HPLC.
MEM{+} was used to scan for Netuptiant and compound nos. 1-3 of the above Table 3,
respectively. Repaglinide was used as internal standard.

It was found that all three compounds, when intravenously administered at a dosage
of 3 mg'ky, were efficiently converted to netupitant in rats and dogs. It was also found that
compound no. 1 is bioequivalent 1o oral vetuptiant at the same dose in dog. The data of the

comparative bivequivalence study is reproduced i below Table 4

v PO

Compound 1 Corgpound 2 Compound 3 Metupitan®
Drose (mg/kg) 3 3 3 3
Deose (mg/kyg,
equivalent to 2.31 21.84 284 3
aetupliant)
Mean ALCo, 315627 58732 192730 307285
{ng.min/mi) |
Bicequivalence 103 g 63
{%a)

*Reference Compound
Throughout this application, varicus publications are referenced. The disclosures of
these publications in their entireties are hereby referenced individually and specifically for
the matenal contained in them that is discussed in the semtence in which the reference is
relied upon. It will be apparent to those skilled in the art that various maodifications and
variations can be made in the present mvention without departing trom the scope or spirit of

the invention. Other embodiments of the invention will be apparent to those skilled in the art
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from consideration of the specification and practice of the mvention disclosed herein, It s
intended that the specification and examples be considered as exernplary only, with a true

scope and spirit of the vention being indicated by the following clatms.
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CLAIMS

1. A compound selected from the group consisting of:

GAl

PNCHNCER
bis{triffuoromethyljphenyl)-N,2-

{ dimethylpropanamido)-4-(o-

tolyDpyridin-2-vi)-1-methyi-1-
({(phosphonooxy)methyl)piperazin-1-

inm,

T T-(acetoxymothyl)-4-(3-(2-(3,5-

bis(triffuoromethyl)phenyl)-N,2-
dimethylpropanamido)-4-(o-
tolyl)pyridin-2-y1}- | -methyipiperazin-

{-ium,

GA3

| 4-(5-2-(3,5-

bis(triffocrometbyl)phenyl)-N,2-
dimethylpropanamido)}-4-{o-

i tolyl)pyridin-2-vl}-1-

{(butyryloxy)methyl)-1-
methylpiperazin-1-ium,

GA4

T-G-0-05-
bis{triflucromethyl)phenyl}-N,2-
dimethyipropanamido}-4-{o-
tolyl)pyridin-2-yD)-4-methylpiperazine
1,4-dioxide,

GA

A5G-

1 bis(trifleoromethyllphenyt)-N,2-

dimethylptopananido)- [ -oxido-4-(o-

tolylipyridin-2-yh)-1-methyipiperazine |

1-oxide,

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1 for use in a method of treating emesis, bladder

dysfunction, depression or anxiety, in a patient in need thereof.

3. The compound for the use according to claim 2, wherein said emesis comprises

MCSLLP

chemotherapy induced nausea and vomiting (CINV), radiation therapy induced nausea and
vomiting (RINV), or post-operative nausea and vomiting (PONV).

4. The compound for the use according to either of claims 2-3, wherein said emesis is induced
by moderately or highly emetogenic chemotherapy.



10.

11.

12,

13.

14.

15.

MCSLLP

The compound for the use according to any of claims 2-4, wherein emesis is acute and
delayed emesis induced by moderately or highly emetogenic chemotherapy.

The compound for the use according to any of claims 2-5, wherein said bladder dysfunction is
selected from urgency, frequency, pollakiuria, nocturia, low deferment time, suboptimal
volume threshold, and neurogenic bladder, or a combination thereof.

The compound for the use according to any of claims 2-6, wherein said compound or a
pharmaceutically acceptable salt or adduct thereof, is administered by one or more routes
selected from the group consisting of rectal, buccal, sublingual, intravenous, subcutaneous,
intradermal, transdermal, intraperitoneal, oral, eye drops, parenteral and topical
administration.

The compound for the use according to any of claims 2-7, wherein said compound or a
pharmaceutically acceptable salt or adduct thereof, is intravenously administered at a dosage
of from 10 mg to 200 mg.

The compound for the use according to any of claims 2-8, wherein said emesis is acute and
delayed emesis induced by moderately or highly emetogenic chemotherapy, further
comprising administering a 5-HT; antagonist and corticosteroid.

The compound for the use according to claim 9, wherein said 5-HT; antagonist is
ondansetron, palonosetron, granisetron or tropisetron, or a pharmaceutically acceptable salt
thereof.

The compound for the use according to any of claims 2-10, further comprising administering
2-(3,5- bis(trifluoromethyl)phenyl)-N,2-dimethyl-N-(6-(4-methylpiperazin-1.yl)-4-(o-
tolyl)pyridin-3-yl) propanamide (netupitant).

The compound for the use according to any of claims 2-11, wherein the subject is a human.

A pharmaceutical composition comprising a therapeutically effective amount of a compound
according to claim 1, and one or more pharmaceutically acceptable excipients.

The compound of claim 1, as a chloride hydrochloride salt having the following chemical
formula:

A process of making a compound of formula (I):
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Formula (I}

wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl,
alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR'", -NR'"R'% -NR'”'C(O)R!®, -C(O)R", -
C(O)ORIO], _C(O)NR101R102’ -alkleR]mRmZ, -S(O)2R102 , -SR'!, -S(O)2NR101R’°2, aryl,
arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and heteroarylalkyl, each
optionally independently substituted with one or more independent R'® substituents;

R, and R; are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR'"!, -NR!'R!® .
NRIOIC(O)RIOZ, _C(O)RIOI, -C(O)ORIOI, _C(O)NRIOIRIOZ, _alkleRIOIRIOZ, -S(O)sz -
SR', -S(0),NR'"'R'®?, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl
and heteroarylalkyl, each optionally independently substituted with one or more independent
R'® substituents; or R, together with the atoms and/or other substituent(s) on the same
phenyl ring, form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic
ring which is optionally independently substituted with one or more R'® substituents; or R,
together with the atoms and/or other substituent(s) on the same phenyl ring, form a fused or
non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring which is optionally
independently substituted with one or more R'® substituents;

R; and R4 are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR'", .NR!®'R!%? .
NRIOIC(O)RIOZ, _C(O)RIOI, _C(O)ORIOI’ -C(O)NR’OIRIOZ, -alkleR‘mRm, -S(O)sz -
SR -S(0),NR''R'®?, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl
and heteroarylalkyl, each optionally independently substituted with one or more independent
R!® substituents; or R; and Ry, together with the atoms connecting the same, form a fused or
non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring which is optionally
independently substituted with one or more R'® substituents;

Rs and R4 are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR'"", -NR'"'R!% .
NRIOIC(O)RIOZ’ -C(O)le, _C(O)ORIOI’ -C(O)NRIOlle, _alkleRIOIRIOZ, -S(O)szz -
SR'”, -S(0),NR'"'R'®?, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl
and heteroarylalkyl, each optionally independently substituted with one or more independent
R'® substituents;

X is selected from the group consisting of -C(O)NR'®'R'®?, -alkylO, -alkyINR!“'R'®, .
NR''C(0) and -NR'"alkyl, each optionally independently substituted with one or more
independent R!® substituents;
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Y is selected from the group consisting of NR”'R'2 _NR'""alkylOH, -NR'"'S(0),alkyl, -
NR'%'S(0),phenyl, N=CH-NR'"'R'®, heterocycloalkyl and heterocycloalkylalkyl, each
optionally independently substituted with one or more independent R'® substituents;

Z is a structural formula selected from the group consisting of

—O (1a), —OR1% (Ib),
Q 0
_O_..;lp_ORmO /_O_|':_OR100
OR100“ (IC), 0R100“ (ld),
O 0
_O_“_OR100 (le), ___OJ.l_NR100R100“ (1f),
0 o]
_1l_nR100R100" (Ig), 1l oRrtoo (1h) and

0]
/__J.LORmo
(1),

where formula (Ia) refers to an oxide;

R'® R'" R R'2and R'™ are each independently selected from the group consisting of
hydrogen, cyano, -NO,, -OR'"™, oxide, hydroxy, amino, alkyl, alkenyl, cycloalkyl, halogen,
alkoxy, alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl,
heteroarylalkyl, -C(O)R'*, -C(O)OR'™, -C(O)NR'™R'®, -NR'*R'®, -NR'*S(O),R'”, -
NR'™C(O)R'”, -S(O),R'™ , -SR'™ and -S(0),NR'*R'”, each optionally independently
substituted with one or more independent R'® substituents; or R'Y, Rloz, together with the
atoms connecting the same, form a fused or non-fused mono, bicyclic or tricyclic
heterocyclic or carbocyclic ring which is optionally independently substituted with one or
more R'® substituents; or R'®, R'", together with the atoms connecting the same, form a
fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring which is
optionally independently substituted with one or more R'® substituents;

R'™ and R'®” are each independently selected from the group consisting of hydrogen, cyano,
-NO,, hydroxy, oxide, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy,
alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and
heteroarylalkyl;

mis0,1,2,3,or4;
nis0,1,2,3,4o0r5;

pisOor 1; and
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with a proviso that if a non-pyridine N-Oxide (N—O") is present on the compound of
Formula (I), then the total number of N-Oxide on the compound of Formula (I) is more than
one,

said process comprising:

a) providing a compound of formula (I) wherein Y is a 4-N-methyl-piperazine group and Z
is not present;

b) providing a dialkyl(halomethyl)phosphate;

c) reacting an N atom of the piperazine group with the dialkyl(halomeihyl)phosphate to
obtain a quaternary ammonium methylene phosphate compound,

where said process is performed to obtain the compound GA-1 according to claim 1.

16. The process of claim 15, wherein the reaction is carried out in the presence of an iodide salt
and in the absence of a proton scavenger.

17. The process of either of claims 15-16, wherein the reaction is carried out in the substantial
absence of air and dioxygen.

18. The process of any of claims 15-17, wherein the quaternary ammonium methylene phosphate
compound is obtained with a (phosphooxy)methyl group in dealkylated form without

acidifying the reaction or the product.

19. A process of making a compound of formula (V):

v N
MNeg (O
(G}p '(R‘;‘.':)s

Formula (V)

where p is independently O or 1,

R; is selected from the group selected from hydrogen, alkoxy, alkoxyalkyl, -OR'", hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl and halogen, each optionally independently
substituted with one or more independent R'® substituents; s is 0, 1, 2, 3 or 4

and all other radicals are defined according to formula (I) in claim 15,

comprising:

contacting a compound of formula V wherein p is 0 for the methylated 4-N atom of the
piperazinyl ring, with a compound of formula VII in the presence of an iodide salt, for a
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period of time sufficient to functionalize the methylated 4-N atom on the compound of
formula V with the compound of formula VII and to dealkylate the compound of formula
VIIL:

o
(HsC}sG~O~P=0-CHCl
O~-C{CH3}s

Formula (VII).

where said process is performed to obtain the compound GA-1 according to claim 1.
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