WO 2013/082102 PCT/US2012/066778

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

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority fo U.S. Provisional Application 61/564,537, 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-phenylpyridine compounds, and medical
uses thereof, particularly in the prevention and/or treatment of medical conditions modulated
by the neurokinin (NK,) receptor,

Dieseription of Related Art

Substance P is an 11-amino acid newropeptide present reportedly involved in various
pathological conditions including asthma, inflammation, pain, psoriasis, migraipe, 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 NX1 receptor has been reported fo be mmplicated in various disorders and
diseases, and vartous NK; antagonisis have been developed for the purpose of treating or
preventing such disorders and diseases. For example, Kramer et al. {Science 281 (5383},
1640-1645, 1988) reports clinical trials for NK; recepior antagonists in the treatment of
anxiety, depression, psychosis, schizophrenia and emesis. Gesztesi et al. {Anesthesivlogy
93(4), 931-937, 2000) also reports the use of NK, recepior antagonists in the treatment of
eniesis

U.8. Patent No. 6,297,375 to Hoffmamn-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 $-HT:y receptor antagomist) for the prevention of
chemotherapy-induced-nauses and vomiting {CINV)} by Helsinn Healtheare,
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Mong-N-oxide derivatives of 4-phenyl-pyridine compounds are described in U.S,
Patent No. 6,747,026 to Hoffinann-La Roche. These N-oxide derivatives are reportedly
intended to overcome Hmitations on the parent compounds that would otherwise limit their
chinical usefuluness, 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 ‘8536 patent
does not disclose how the N-phosphoryvioxymethyl molety 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 salis or adducts thereofl

Compounds of formula (1), also known as 4-phenylpyridine derivatives, are
particularly useful for preventing and/or treating diseases that are pathophysiologically
related to the NK; receptor in a subject,  Accordingly, in another embodiment the invention

provides a method of {reating a disease that is 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 pharmaceutical compositions for preventing and/or trealing
diseases which are pathophysiologically related to NK; receptor in a subject, comprising a
therapeutically 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 formuls (1), or a pharmaceutically

acceptable salt or adduct thereof,
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Formula (I}

wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino,
alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, »ORm, ~NR}0}R]02$ —NR!Q!C(O)RM, -
CORY, -COWORY, -CONRYRY?, alyINRORE SORR'E | .gRY
S(O)QTE\TRMRM, aryl, arvialkyl, heterocycloalkyl, beterocycloalkylalkyl, hetercaryl and
heteroarvialkyl, each optionally independently substituted with one or more independent g
substituents;

Ry and R, are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, atkenvl, cycloalkyl, halogen, alkoxvalkyl, ORI GRMRI? L
NRUICOR'E, -CORY, -COOR™, .CONRVR®E, afyINR'ORIY, .SORR'Y | -
SR SSOLNRR'® arvl, arylalkyl, heterocyeloalkyl, heteroovcloalioylalkyl, 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
phenyi ring, form a fused or non-fused mono, bicyclic or tricyclic heterocyelic or carbocyclic
ring which is optionally independently substituted with one or more R'™ substituents; or Ry
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 substitited with one or more R qubstituents;

B
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R; and Ry are independently selected from the group consisting of hydrogen, hydroxy,
hydroxvalkyl, amine, alkyl, alkenyl, cveloalkyl, halogen, alloxyalkyl ORM NRMIR® L
NRUCOR', LR, OO0, -COWNRPR, alkyINRVR'Z, SO)R , -
SR SSOLNRIRM™, aryy, arylalkvl, heterccveloalkyl, heterocycloalkylalkyl, hetercaryl
and hetercarylalkyl, each optionally independently substituted with one or more independent
R'® substituents; or R; and Ry, together with the atomas connecting the same, form a fused or
non-fused mono, bicyclic or tricyclic heterocyclic or carbocychic ring which is optionally
independently substituted with one or more R substituents;

Rs and Rg are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR™!, .NRIUR!® .
NRYICOR'E, (O, -Cmor™, -COMNRYR'®, allpiNRIVR, s(OopRr'™ | -
SRV -S{ORNRIRY™, aryl, arylalkyl, heterocycloalkyl, heterocycloaliylalkyl, heteroaryl
and hetercarylalkyl, each optionally independently substitoted with one or more independent
R substituents;

¥ 15 selected from the group consisting of COWR R, allofl0, -aliyINR'VR'Z
NRYCO) and -NR'Walkyl, each optionally independently substituted with one or more
independent R'™ sabstituents;

Y is selected from the group consisting of NRYR® D NrRWalkylon, -
NR'YUS(Ohalkyl, -NR™SOpphenyl, N=CH-NR™R'™  heterocycicalkyl  and
heterocycloalkylalkyl, each optionally ndependently substituled with one or muore
mdependent R qubstituents;

Z 1s a structural formulda selected from the group consisting of:
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where formula (la) refers fo an oxide;

R ORI R R and R are each independently selected from the group
consisting of hydrogen, c¢yano, ~NOy, ~OR]04, oxide, hydroxy, amino, alkyl, alkenyi,
cycloalkyl,  halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl,  heterccycloalkyl,
heterocycloalkylaliyl, heteroaryl, heteroarvlaliyl, ~C{OR'™, -C{OYOR™, «CHOWRIMRI® .
NRURIS NR'MSOLR'S NRIUCOR™, -SORR™ | -SR'™ and -S(ORNRY™R™, sach
optionally independently substituted with one or more independent R substituents; or R'Y,
R% together with the atoms connecting the same, form a fused or non-fused mono, bicyclic
or tricyelic heterocyclic or carboeyclic ring which is optionally independently substituted
with one or more B'™ substituents; or R'Y, Rm‘}”, together with the atoms connecting the
same, form a fused or non-fused mono, bicyelic or tricyclic heterocyclic or carboeyelic ring
which is optionally independently substituted with one or more R substitaents;

R and R are each independently selected from the group consisting of hydrogen,
cyane, -NO,, hydroxy, oxide, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen,
atkoxy, alkoxyallyl, arvl, arvialkyl, heterocyeloalkyl, heterocycloalkylalkyl, hetercaryl and
heteroarylalkyl;

mis{, 1,2, 3, 0r4;

nis{, 1,2, 3,4o0r5;

pisQorl; and

with a provise that if a non-pyridine N-Oxide (N~ 0"} is present on the compound of
Formula {I}, then the total mumber of N-Oxide on the compound of Formula (I} s more than
one.

in another enmtbodiment 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 manufacture of a medicament which is able fo treal emesis, bladder
dysfunction, depression or anxiety, in a patient in need thereof,

In an alternative embodiment the invention is a method of treating emesis, bladder
dysfunction, depression or anxiety, in a patient in need thereof, comprising administering to

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:
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Gas T - T Ta(5-0-035-
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or a pharmaceutically acceptable salt or adduct thereof,

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 reproduces stability data for various salis of 4-(5-{2-(3,5-bis{iritluoro-
methyDphenyl}-N, 2-dimethylpropasamido j-d-{o-tolybpyndin-2 -y~ T -methyl- I-{{phosphor-

nooxy methvlpiperazin-1-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 o specific synthetic
methods or specific treatment methods unless otherwise specified, or to particular reagents
unless otherwise specified, as such may, of course, vary. It i3 also to be understood that the
terminology used herein is for the purpose of deseribing particular smbodiments only and is

not intended to be hmiting,

Materials
A, Compounds
Diselosed are compounds and pharmaceutically acceptable salts or adducts thereof

represented by formula (I

Formuala (I

wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino,
alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, ort 1, «NR}GIR”"E, —NRK"‘C( Q)RIOZ,
COWRY D coor™, comrPR™) anopRYR'Y, sonpr'® sk, -
S(ORNRR™, arvl, anvlalkyl, heteroeycloalkyl, heterocycloalkylalicyl, heteroaryl and
heterparylalkyl, each optionally independently substituied with one or more independent R
subgtituents;

Ry and R; are independently selected from the group consisting of hydrogen, hydroxy,
hyvdroxvalkyl, amino, alkyl, atkenyl, cycloalkyl, halogen, alkoxy, atkoxyaliyl, ORI -
NRIR NROCOR®, oY, -CEnor, COmRMR'E, _atkyINR'ORI,
SORR'™ SR SSOLNRYIR', arvl, arvialkyl, heterocyeloalkyl, heterooycloalkylalkyl,
heteroarvl and heteroarylalkyl, each optionally independently substituted with one or more
mdependent 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, bicyelic or tricyclic heterocyehic or

8
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carbocychic ring which is optionally independently substituted with one or more R'Y
substituents; or B together with the atoms and/or other substituent(s) on the same phenyl ring
form a fused or non-fused mone, bicyelic or tricyclic hetercoyclic or carbocyclic ring which
is optionally independently substituted with one or more % substifuents;

R and R4 are independently selected from the group consisting of hydrogen, hydroxy,
hydroxvalkyl, amino, alkyvl, alkenyl, cvcloalkyl, balogen, alkoxy, alkoxyalkyl, ORI -
NRVIRPZ NRVCOm™, CorY, (CO0oR', -CIOINRPRY, alkyINR TR,
S(n,RIM | SR ~S(O}2NRWRW} aryl, arvialkyl, heteroeycloalkyl, heterocycloalkylalkyl,
heteroaryl and heteroarylalkyl, each optionally independently substinated with one or more
independent R'™ substituents; or R: and Ry, together with the atoms connecting the sams
form a fused or non-fused mono, bicyelic or tricyche heterocyclic or carboeyclic ning which
is optionally independently substituted with one or more R'" substituents;

B and R are independently selected from the group consisting of hydrogen, hydroxy,
hydroxvaikyl, amine, alicyl, alkenyl, cycloalkyl, halogen, slkoxy, alkoxyalkyl, ORW
NRIUR NRIOCOR'®, LR, CoR, COWRIVRI®, kg INRIVRI®,
SONR'™ | SR BORNRYR arvl, arylaliyl, heterocyeloaliyl, heterveycloalkylalkyl,
hetercaryl and heteroarvialkyl, cach optionally independently substituted with one or more
mdependent R substituents;

X ia selecied from the group consisting of «C(O)NRJ i ~alkylQ, ~alkyﬂ\ﬁ%mRm,
REVC(OY and -NRYMalkyl, each optionally independently substituted with oune or more
independent R’ substituents;

Y is selected from the group consisting of ~NRVR'™ Nm'WalkyiOH, -
NR'WS(Opallyl,  -NRESOYphenyl,  -N=CH-NRYWR'™,  heterocveloalkyl  and
heterocycloalkylalkyl, each optionally independently substiuted with one or ore
independent R’ substituents;

Z i3 a3 structural formula selected from the group consisting of:

—0 (Ta), R (i),
O O

—0-B-OR' 0 =P DR
i . é P
HR100 (fe), £ ORI (13,
O O

— Q_.M«.. C)Ri 0 (16}, WQNﬂWNR‘E 20 R1 ftish (?ﬂ
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O 0O
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where fornula (Ia) refers to an oxide;

RV ORYY ORI 22 and R are each independently selected from the group
conaisting of hydrogen, cyano, -NO;, ORI oxide, hydroxy, amino, alkyl, alkenyl
cycivalkyl,  halogen, alkoxy, alkoxvalkyl, aryl, arylalkyl,  heterocyeloalkyl,
heteroeyeloalkylalkyl, heteroaryl, hetercarylalkyl, ~(OR™, -COOR™, \COINR™R™ -
NRIMRI NRMSOLR'Y, NRIMCORY, LSORR | -8R and -SONRIMR!Y sach
optionally independently substituted with one or more independent R'™ substituents; or R'Y,
R together with the atoms connecting the sarse, form a fused or non-fused mono, bicyclic
or tricyslic heterocyelic or carbocyclic ring which is optionally mdependently substitated
with one or more R'™ substituents; or R, B!, together with the atoms connecting the
same, form a fused or non-fused mone, bicyelic or tricychic heterocyclic or carbocyelic ring
which is optionally independently substituted with one or more R'™ substitaents;

R and R'™ are each independently selected from the group consisting of hydrogen,
cvana, -NO2, bydroxy, oxide, hydroxyalkyl, amino, alkyl, alkenvl, cveloalkyl, bhalogen,
atkoxy, atkoxvallyl, arvl, arvlalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and
hetercarylalkyl;

m s from § to 4; nis from O 0 3 pis from O to 1; and with 3 proviso that if a non-
pyridine N-Gxide (W07 is present on the compound of Formula (1), then the fotal number
of N-Oxide on the compound of Formuula (I} 15 move than one. In another embodiment, the
invention excludes all N-oxide forms,

In some forms, the compounds as presently disclosed are compounds of formula {1},
or pharmaceutically acceptable salts or adducts thereof, wherein R, By, By, B3, Re, Rs and Rg
are cach independently selected from the group comsisting of hydrogen, hydroxy, amino,
altkyl, atkenyl, cycloalkyl, halogen, cyang, SOR™ and CFs,

in some other forros, the compounds as presently disclosed are compounds of formula
(1), or pharmaceutically acceptable salis or adducts thereof, wharein X is ~NRWC(O). In
some other forms, the compounds as presently disclosed are compounds of formula (0), or

pharmaceutically acceptable salts or adducts thereof, wherein Y is a heterooycloalkyl or
10



WO 2013/082102 PCT/US2012/066778

heterpoyeloalkylalkyl, In some still other forms, the compounds as presently disclosed are
compounds of formula (1), or pharmacentically acceptable salts or adducts thereof, wherein

the compound of formula (I) has a structure of formula (i)

SN

NE .
RN N
R X el

rR_J O
EA R
{R“}:

Foromila {11}

where ¢ and R’ are each independently selected from the group consisting of C, O, 5, and N,
each optionsily independently subsatituted with one or more independent R' substituents; Ry
is gelected from the group selected from hydrogen, alkoxy, alkoxyalkyl, OR™ hydroxy,
hydroxyalkyl, amino, alkyvl, alkenyl, cyvcloalkyl and halogen, each optionally mdependently
substitfuted with one or more independent R'™ substituents: s is from O to 4; and all other
variables are defined as for formula {1}

In some forms, the compounds as presently disclosed are compounds of formula (1),
ot pharmaceutically aceeptable salts or adducts thereof, wherein the compound of formula {1}

has g structure of formula (I

- vl ~y - \‘ 5
| g iR
- P L N
TN R, ;
e N

z\-"g?j\w;\c (O)D
K 2 {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; Ry
18 alkyl or cyeloalkyl, each optionally substituted with one or mwre ndependent R

substituents; and all other radicals are defined as for formela (83 and formula (1)

i1
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In some other forms, the compounds as presently disclosed are compounds of
forvoula {1}, or pharmaceutically acceptable salis or adducts thereof, wherein the compound of

formoula (I} has a structure of formula IV}

ia" "’aN» i}g R% - s
_Z,..P;@L\;\:; Ok CFy
{Q?)s
Foroula (IV)

where p is independently § or 1; and all other radicals are defined as for formula (1), formula
{I1) and formula ({11,

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 ()

has a structure of formuda (V)

N \\?{\!" ’\QR:\ R:‘
f j ) A
w”;!}}‘\\.—-\(" {0)9 CFS
{‘;* }p- ‘}’} :Es

Formula (V)
where p is independently 0 or 1; and all other radicals are defined as for formula (I}, formula
(11}, formula (III) and formula (V)

In some other forms, the compounds as presenily disclosed are compounds of
formula (1), or pharmaceutically acceptable salts or adducts thereof, wherein the compound of

formula (I} has a structure of formula (V1Ik

12
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Formula (VI)

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

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

03 . N o . N . .
R subgtituents; or Rogo and Rage are each independently an organic or inorganic cation; p 18

independently 0 or 1; and all other radicals are defined according to formula (I}, formula (I},

formula (1T}, formula (IV) and formula (V).

In some forms, the compounds as presently disclosed are compounds of formula {3),

or phamaceutically accepiable salts or adducts thereof, wherein the compound of formula ()

1s & compound selected from the group consisting of!

GAl . 4-{5-{2-(3,5-
,L;\ & bis(iriflooromethyliphenyl}-N2-
- ! A - dimethvipropanamido}-4-{o-
o _,‘N.\Trr‘\,\ ".»-’.::5_ ,.K‘»f"g . o .
3 L | i E E' tolylpyridin-2-yD)-1-methyl-1-
SN e, .
HO-P =0 i NN \‘f” {{phosphonooxy)methylipiperazin-1-
M N CFa :
OH § Nt < ium,
| GA2 s {“(acetonymethyl}-4-(5-(2:(3 3
i\\ i] bis(irifluoromethylphenyl}-N,2-
-~ \’\:.f"‘
L ‘i ‘:yf' " - dimethyipropanamido}-4-{c-
P S ‘,;J. S . "f":‘”‘\ Ty L . .
o N i\f N§Ef \IE \“\I tolyhpyridin-Z-yh-L-methylpiperazin-
) N \? o {3 «"":“-5‘" .
Ao TN T -um,

13
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R —— . N TR
;\( ij his{trifluoromethyDiphenyl}-N,2-
N
L & \Kx' - dimethylpropanamido}-4-(o-
LN N S o T ,
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e
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et P e o R |
o l"' E[ b | ™ | toelylipyridin-2-y1-4-methylpiperazine
PENRE O A e L
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N
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TN
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JP N N QP
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NN pe ER S
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N CFs
GAG | PN 4-{5-(2-(3,5~
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Pl
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"/—:‘ ™ A R ‘x‘:“:\ i 8 . g “ M N
J” ﬂ }E ‘H "I olylipyridin-2-yi}-1-methylpiperazine
g N O R .
N ?}ixx- T 1-oxide,
O - Ni‘\,\ __,«?’i O~ C ng
TGAT s S5-{2-{ 3,5-bi::,(triﬁuorome.thj,fl)phmyi)— |
};(‘ ’\E
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4-{5-{2-{3 5~
his{trithioromethyiiphenyD-N,2-
dimethylpropanamidoi-4-{o-
tolyhpyridin-2-y1)-1-methylpiperazine |

1-oxide.

A particular preferred compound is the chloride hydrochloride HCI salt of GAG
having the following chemical structure which, it has been found, is tremendously resistant to
decoupling of the oxo-phosphonomethyl, and reversion of the active moiety o s parent state.
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Salts and Adducts

The disclosed compositions and cosnpounds can be used in the form of salts derived
from inorgamic o organic ascids. Depending on the particolar 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 femperatures and humidities, or a desirable solubility
i water or o1l In some instances, a salt of a compound also can be used as an axd in the
tsolation, purification, and/or resohution of the compound.

Where 3 salt is intended to be administered to a patient {as opposed to, for example,
being used in an in vire conlext), the salt preferably is pharmaceutically acceptable. The
term “pharmacentically acceptable salt” refers to a salt prepared by combining a compound,
such as the disclosed compounds, with an acid whose anion, or a base whose cation s
generally considered suitable for human consumption. Pharmaceutically acceptable salts are
particolarly useful as products of the disclosed methods because of their greater aqueous
solubility relative to the parent compound. For use in medicine, the salts of the disclosed

compounds are non-toxic “pharmaceutically acceptable salis” Salts encompassed within the
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term “pharmaceutically acceptable salts” vefer to non-toxic salts of the disclosed compounds
which are geverally prepared by reacting the free base with a suitable organic or inorganic
acid.

Suitable pharmaceutically acceptable acid addition salts of the disclosed compounds,
when possible inchide those derived from inorganic acids, such as hydrochlorie, hydrobromie,
bydrotiuoric, borie, flnorchorie, phosphoric, metaphosphorie, nitrie, carbonic, sulfonie, and
sulfuric acids, and organic acids such as acetic, benzenesulfonic, benzois, citric,
cthanesulfonic, fumaric, ghiconic, glveolie, isothionic, lactic, lactobionic, maleic, malic,
methanesulfonie, mifluoromethanssulfonic, succinic, toluenesulfonic, tartaric, and
irifluoroacetic acids.  Suitable organic acids generally include, for example, aliphatic,
cycloaliphatic, aromatic, araliphatic, heterocyelylic, carboxylic, and sulfonic classes of
organic acids,

Specific cxaraples of suitable organic acids include acetate, trifluoroacetate, formate,
propionaie, succinate, glycolate, ghiconate, digluconate, lactate, malate, tartaric acid, cifrate,
ascorbate, ghiwworonate, maleate, fomarate, pyruvate, aspariate, glutamate, benzoate,
anthranilic acid, mesylate, siearate, salicylate, p-hydroxybenzoate, phenyvlacetate, mandelate,
embonate {pamoate), methancsulfonate, ethanesulfonate, benzenesulfonats, pantothenate,
toluenesulfonate, 2-hydroxvethanesulfonate, sufanilate, cyclohexylaminosulfonate, algenic
acid, P-hydroxvbutyric acid, galactarate, galacturomate, adipate, algmate, butyrate,
camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoats,
glycerophosphate, heptanoate, hexanoate, micotinate, 2-naphthalesulionate, oxalate, palmoate,
pectinate, 3-phenyipropionate, picrate, pivalate, thiccyanate, tosylate, and undecanocate.

Furthermore, where the disciosed compounds camry an acidic moiety, suitable
pharmaceutically acceptable salts thereof can include alkali metal salis, e.g., sodiwn or
potassium salts; alkaline sarth metal salis, e.g., copper, calchun or magnesium salts; and salts
formed with suitable orgamie ligands, e.g., quaternary ammoraum salis. In some {orms, base
salts are formed from bases whuch form non-toxic salts, incloding aluminum, arginine,
benzathing, cheling, diethvianmine, diclamine, glycine, lysine, meglumine, olamine,
tromethamine and zinc salts.

Organic salts can be made from secondary, teritary or guaternary amine salts, such as
tromethamine, diethylamine, N, N'-dibenzyvlethylenediamine, chloroprocaine, choline,

dicthanclamine, ethylenediamine, meglumine (N-mothylghicamine), and procamne. Basic
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nitrogen-containing groups can be quaternized with agents such as lower alkyl (C1-C8)
halides {e.g., methyl, ethyl, propyi, and butyl chlorides, bromides, and jodides), dialkyl
sulfates {e.g., dimethyl, disthyl, dibuytl, and diamy! selfates}, long chain halides {e.g., decyl,
lauryl, myristyl, and steary! chiorides, bromides, and iodides), arylalkyl halides {e.g., benzyl
and phepethyvi bromides), and others. In soms 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 iz a noncovalent or casily dispersible combination
between solvent and solute, 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 reactanis, hydrates and alcoholates, host-guest adducts containing
molecular species not bounded or associated with the medicinal compound, and eother
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 desirable 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 resclution of the compound.

Where an adduct is intended to be adminmistered to a patient {as opposad to, for
example, being used in an n vitro conlext), the adduct preferably ia pharmaceutically
acceptable. The tern “pharmaceutically acceptable adduct” refers fo an adduct prepared by
combining a compound, such as the disclosed compounds, with a gas, water, solvent, Lewis
base, carbonyl-contaimng molecule, or guest molecule that is generally considered suitable
for human consumption. Pharmaceutically acceptable addition species are particularly useful
as products of the disclosed methods because of their greater agueous solubility relative to the
parent comppound.  For use 1 medicing, the adducts of the disclosed compounds are non-toxic
“pharmaceutically  acceptable  adducts” Adducts encompassed within  the ferm
“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 addition species.
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Sutiable pharmaceutically acceptable adducts of the disclosed compounds, when
possible, include those derived from Lewis bases such as boric acid, aluminum hydroxide,
organic sulfoxides, organic sulfones, organic sulfonium salts, HaPOy, 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
sulfir atom of the compound and carbon dioxide, low alkyl aldehyde or ketone, vanillin,
amino acid, or a nucleic acid

Suitable pharmaceutically acceptable adducts 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 crysiatiine or amorphous phase of the compound.

Suitable pharmaceutically acceptable adducts of the disclosed compounds, when
possible, also tnchude those derived from association of a molecule of the compound with
water, a pharmacentically acceptable lower alkyl alechol, or another pharmaceutically
acceptable solvent that is associated in a molecular 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 thewr

pharmaceutically acceptable salts or adducts, can be prepared by the wethods as illustrated by

examples described in the “Examples” section, together with synthetic methods known in the

art of organic chemistry, or meodifications and derivatisations that are familiar to those of
ordmary skill in the art. The starting materials used berem are conmunercially available or can

be prepared by rouiine methods known in the art {such as those methods disclosed in standard

reference books such as the Compendium of Crganic Synthesis Methods, Vol VI

{published by Wiley-Interscience)). Preferred methods include, but are not Bmited to, those

described below, Dhuring 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 described in T. W,

Greene, Protective Groups in Organic Chemistry, John Wiley & Sons, 1981 T. W, Greene

and P. G. M. Wuls, Protective Groups in Organic Chemistry, Jobn Wiley & Sons, 1991, T. W,
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Greene and P, G. M. Wuts, Protective Groups i Organie Chemistry, John Wiley & Sons,
1999, and P. G. M. Wuls 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 inveniion provides a one-siep, acid-free
synthesis for finctionalizing tertiary amines by reaction with chloromethyl dialkyl phosphate
esters o create {phosphooxy)ymethyl prodrugs that are substrates for phosphatase enzymes.
By contrast 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 another step. In another embodiment the invention
provides methods for making chloromethyl diallyl phosphate esters having suitable purity
and economy, because the quality of phosphate ester compositions from comgercial sources
is too low to provide acceptable vields for reactions according to the invention. In an
additional embodiment the invention provides a method to stabilize the {phosphooxyimethyl
prodrugs according to the invention by combination with two equivalents of hydrochdoric
acid, because whercas the prior ant preferred the use of dibasic salis of {phosphooxyimethyl
substitients for quaternary anunonium salts in prodrugs, the present invention had found that

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

Definition of Terms

The term “alkyvl” refers to a linear or branched-chain saturated hydrocarbyl substituent
(i.e., a substituent obtained from a hydrocarbon by removal of a hydrogen) containing from
one to twenty carbon atoms; in one embodiment from one to twelve carbon atoms; in another
ambodiment, from one to ten carbon atoms; in another embodiment, from one to six carbon
atoms; and in apother embodiment, from one to four carbon atoms. Examples of such
substituents include methyl, ethyl, propyl (nchiding n-propy! 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 linear or branched-chain hydrocarbyl substituent
containing one or more double bonds and from two to twenty carbon atorns; in another
embodiment, from two to twelve carbon atoms; I ancther 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 “beney?l” refers to methy! radical substinsted 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 {0 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 “carbocyclic
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 stoms is a hetercalom 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, cyclobutyl, cyclopentyl and cyciohexyl.

The term “cycloalkyl” also includes substituents that are fused to a Cy-Cyp aromatic
ring or © a 5-10-membered betercaromatic 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 fused 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 unsaturated carbocyclic substituent
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 stoms. Examples include cyclopropyl, cyclobuiyl, evclopentyl, cyclopentenyl,
cyclopentadienyl, evclobaxyl, cyclohexenyl, cyclohexadienyl, and phenyl. Alternatively, 2
or 3 rings may be fused together, such as bicyclodecanyt and decalinyl,

The term “aryl” refers (0 an aromatic substituent containing one ring or two or three
fused rings. The aryl substituent may have six to sighteen carbon stoms. As an example, the
aryl substituent may bave six to fourteen carbon stoms. The ferm “aryl” may refer to
substituents such as phenyl, naphthyl snd anthracenyl, The term “aryl” also includes
substituents such as phenyl, naphthyl and anthraceny! that are fused to a Ci-Cyp carboeyelic
ring, such as a Cs or a Cg carbocyelic ring, or to a 4-10-membered heterocyolic ring, wherein
a group having such a fused aryl group as a substituent is bound o an aromatic carbon of the
aryl group. When soch 8 fused aryl group is substituted with one more substituents, the one
or more substituents, unless otherwise specified, are each bound to an aromatic carbon of the
fused aryl grovp. The fused Ci-Cyp carbocyehe or 4-10-membered heterocyclic ring may be
optionally substituted with halogen, C;-Cg alkyl, C4-Cyy cyeloalkyl, or =0, Examples of aryl
groups mclude asccordingly phenyl, naphthalenyl, tetrabydronaphthaleny! {(also known as
“tetralinyl”}, indenyl, isoindenyl, indanyl, anthracenyl, phenanthrenyl, benzonaphthenyi (also
known as “phenaleny?™), and finorenyl,

In some instances, the mumber of carbon atoms in & hydrocarbyl substituent {e.g.,
alkyl, alkenyl, cycloalkyl, cycloalkenyl, aryl, etc) is mdicated by the prefix “C-(,-”
wherein x I8 the minimoum and v is the maximum number of carbon atoms in the substituent.
Thus, for example, “C-Ce-allyl” refers 1o an alkyl substituent containing from | o 6 cartbon
atoms. Hlustrating futher, Ci-Co-cycloalky! refers o saturated cycloalkyl containing from 3
0 & carbon ring atoms.

In some instancas, the mumgber of atoms in a cyclic substituent containing ong or more
heteroatoms {e.g., heteroaryl or heterocycloalkyl) is indicated by the prefix “X-Y-membered”,
wherein X 1§ the minimum and v 13 the maximoem number of atoms forming the cyclic moiety
of the substituent. Thus, for example, 3-8-membered heterocycloalkyl refers o a
heterocyeloalkyl condaining from § to § atoms, jnchiding one or more heteroatoms, in the
cyelic 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 combimmation with another ternys}),
the prefix “hydroxy” indicates that the substituent to which the prefix s atlached is
substituted with one or more hydroxy substituents. Compounds bearing a carbon o which
one or more hydroxy substiuents include, for example, aleohols, enols and phenol.

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

The term “nitro” means -NO»y.

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

The term “carbonyl” means ~C{O)-,

The term “amino” refers to ~NH;,

The term “alkylaming” refers to an amino group, wherein at least one alkyl chain 18
bonded to the aminoe mitrogen in place of a hydrogen atom.  Examples of alkylamino
substituents  inchude monocalkylamine such  as  methyvlaminoe  {(exemphfied by the
formula ~-NH{CH;}, and dialkylamino such as dimethylamivo.

The term “aminocarbonyl” means <C{ORNH,,

The term “halogen” refers to fluorine (which may be depicted as -F), chlorine {which
may be depicted as -CH), bromine (which may be depicted as -Br), or todine {whick may be
depicted as -I}. In one embodiment, the halogen is chloring. In another embodiment, the
halogen s a fluonne.

The prefix “hale” indicates that the substituent to which the prefix is atlached is
substituted with one or more independently selected halogen substituents. For example,
haloalkyl refers to an alkyl that is substituted with at least one balogen substituent. The term
“oxo” refers to =0,

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

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

The term “alikvithio” means -S-alkyl. For example, “methylthio” i3 -§-CHa. Other
examples of alkylthio inclode ethyithio, propyithio, butylihio, and hexylthio.

The tenm “alkylcarbonyl” means -C{O-alkyl.  Examples of alkylearbonyl include

methylearbonyl, propylearbonyl, butvicarbonyl, pentyicabonyl, and hexylearbonyl.
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The term “aminoalkylcarbonvl” means ~C{O)-alkyl-NH,.

The term “alkoxycarbonyl” means -C{O)-G-alkvl, Examples of alkoxycarbonyl
inchade methoxycarbonyi, sthoxycarbonyl, propoxycarbonyl, butoxyearbonyl,
pentoxycarbonyl, and hexyloxyearbonyl. In another embodiment, where the carbon atom of
the carbonyl is attached to a carbon atom of a second alkyl, the resulting fonctional group is
an esier,

The terms “thio” and “thia” mean a divalent sulfur atom and such a substituent may
be depicted as -5-. For example, a thioether is represented as “alkvi-thic-alkyl” or
abicrnatively, atkyl-S-atkyl

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

The term “thione” refers o =5,

The term “sulfonyl” refers to -S{{Th-. Thus, for example, “alkyl-sulfonyi-alkyl”
refers o alkyl-S{Oh-alkyl, BExamples of alkylsalfonyl inchide methylsulfonyl, sthylsulfonyl,
and propyisulfonyl.

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

The temt “sulfiny?” or ‘“selfoxide” wmeans -S{O)}. Thus, for example,
“alicylsulfinvialkyl!”  or “alkylsulfoxidoalkyl” refers o alkyb-S(O)-alkyl  Exemplary
alkylsulfiny! groups include methyisulfioyl, ethylsulfinyl, butylsulfinyl, and hexvisulfinyl

The term “heterooycloalkyvl” refers 1o a saturated or partially saturated ring structure
contaiming & total of 3 to 14 ring atoms. At least one of the ring atorms is a heteroatom (i.e.,
oxygen, nitrogen, or sulfur), with the remaining ring atoms being independently selected
from the group consisting of carbon, oxygen, nitrogen, and sulfur, A heterocycloalkyl
slterpatively may comprise 2 or 3 rings fused together, wherein at least one such ring
contains a heteroatom ag a ving atom {e.g., nitrogen, oxygen, or sulfur). In a group that has a
heterocycloalkyl substituent, the ring atom of the heteroeycloalkyl substituent that is bound to
the group may be the at least one heteroatom, or i may be a 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
ator may be in a different ving from the at least one hetercatom.  Similarly, if the
heterocyeloalkyl sobstituent is in tum substituted with a group or substituent, the growp or
substituent may be bound to 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 or

where the ring carbon atom may be in a different ring from the at least one heteroatom.
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Examples of heterooycloalky!l include, but not lmited to, azacyclobutane, 13-
diazatidine, pyrroldine, 2-pvrroline, 3-pyrroling, 2-tmidazoline, imidaroliding, 2-pyrazoline,
pyrazolidine, piperiding, 1,2-diazacyclohexane, 1.3-diazacyclohexane, 1,4-diazacyclohexane,
octahydroazocine, oxacyclobutane, tetrahydrofuran, fetrabydropyran, 1,2-dioxacyelohexane,
1,3-dioxacyclohexane, 1,4-dioxacyclohexane, 1,3-dioxolane, thiacyclobutane,
thiocyclopentane, 1,3-dithiclane, thiacyclohexane, 1 d-dithiane, 1,3-oxathialane, morpholine,
1,4-thiaxane, 1,3,5-trithiane and thiomorpholine.

The term “heterocyeloalkyl” also includes substitvents thai are fused to a Cs-Cig
aromatic ring or to a S-10-membered heteroaromatic ring, wherein a group having such a
fused heterocyeloalkyl growp as a substituent 15 bound to a helerostom of the
heterooyclocalkyl group or 1o a carbon atom of the heterocyveloalkyl group. When such a
fused heterocyeloalkyl group is substitated with one more substituents, the one or more
substituents, unless otherwise specified, are each bound to a hetercatom of the
heterocyelocalkyl group or (o a carbon atom of the heterocycloalkyl groop, The fuged Co-Cyg
aromatic ring or to a 5-10-membered helercaromatic ring may be optionally substituted with
halogen, C-Cq altkyl, 3-Cy6 oveloalkyl, or =0,

The term “hetercaryl” refers (o an aromatic ring structure containing from § to 14 ning
atorns i which at least one of the ring aloms i3 3 hetercatom (1.2, oxygen, mitrogen, Of
sutfur}, with the remaining ring atoms being mdependently selected from the group
conaisting of carbon, oxygen, nitrogen, and sulfur. A beleroaryl may be a single ring or 2 or
3 fused rings. Examples of hetercaryl substitents include S-membered ning subsiituents
such as pyridyl, pyrazyl, pyrinudinyd, and pyridazinyl; 3-membered ring substituents such as
triazolyl, imidazolyl, furanyl, thiophenyl, pyvrazolyl, oxazolyl, isoxazolyl, thiazelyl, 12,3+,
1,2,4-, 1,2,5-, or 1,3 4-oxadiazolyl and isothiazolyl; &/S-membered fused ring substituents
such as benzothiofuranyl, isobenzothicfiranyl, benzisoxazolyl, henzoxazolyl, purinyl, and
anthranilvi; and &/6-membered fused rings such as quinelinyl, isoquinolinyl, cimnolinyl,
quinazolinyl, and 1,4-benzoxazinyl. The term “heteroaryl” also imclndes pyridyl Neoxides
and groups containing a pyridine N-oxide ring,

Examples of singlening  heteroarvls  include  furanyl,  dihydrofuranyl,
tetradvdrofuranyl, thiophenvl {also  known as  “thiofiwanyl”), dibydrothiophenvi,
tetrabhydrothiophenyl, pyrrolyl, isopyrrolyl, pyrrolinyd, pyrrolidinyl, imidazolyl, isoimdazolvl,

imidazolinyl, imidarolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl,
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dithiolyl, oxathiolyl, oxazolyl, isoxarolyl, thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl,
thiazolidinyl, isothiazolidiny, thisediazolyl, oxathiazolyl, oxadiazolyl (including oxadiazolyl,
1,2 4-oxadiazolyl (aleo known as “azoximyl™), 1,2,5-oxadiazolyl (also known as “furazany!”™),
or 1,3 4-oxadiazolyl), oxatriazolyl (ncluding 1,23 4-oxatniazolyl or 1,2,3,5-oxatriazolyvl),
dioxazolyl  {(imcluding  1,2,3-dioxazolvl, 1.2, 4-dioxazolvl, 1,3 2-hoxazolvl, or
1,3, 4-dioxazolyl), oxathdazolyl, oxathiolyl, oxathioclanyl, pyranyl {including 1, 2-pyramyl or
Ld-pyranyly, dihydropyranyl, pyridinyl {also known as “azimyl”), piperidinyd, diazinyl
{including pyridaziny! (slso known as “12-diazinyl”), pyrimidinyl (also known as
“1,3-diazinyl” or “pyrimidyt™), or pyrazinyl {also known as “14-diazinyl”}), piperazinyl,
triazinyl (including s-iriazinyl (also known as “1.35-triazinyl™), as-triazinyl {(also known
1,2 d-triazinvl), and v-triazinyl (alse known as “1,2,3-triazinyl”)), oxazinyl (including
1,2, 3-oxazinyl, 1,3,2-0xazinvi, 1,3,6-oxazinyl {also known as “pentoxazolyl™), 1,2,6-oxazinyl,
or 1d-oxazinyl), dsoxazinyl {including o-isoxazinyl or p-isoxazinyl), oxazolidinyl,
isoxazolidinyl, oxathiazmyl {inclading 1,2,5-oxathiazinyl or 1,2 6-oxathiazinyl), oxadiazinyi
{including 1,4, 2-oxadiazinyl or 1,3,32-oxadiazinyl}, morpholinyl, azepinyl, oxepmnyl,
thiepinyl, and diszepinyl.

Examples of 2-fused-ring hetercarvls inchude, indohizinyl, pyrindinyl, pyranopyrrolyl,
4H-quinolizinyl, purinyl, naphthyridinyl, pyridopyridiny! (Goeluding pyrido[3,4-bl-pyridiny,
pyridof3,2-bl-pyridinyl, or pyrido{4,3-bl-pyridinyl}, and ptenidinyl, indolyl, isomndolyl,
indoleninyl, lacindazolyvl, benzazinyl, phthalazinyl, quinoxalinyl, quinazoliny, benzodiazinyl,
henzopyranyl, benzothiopyranyl, benzoxazolyl, indoxazinyl, anthramlyl, benzodioxolyl,
benrodioxanyl, benzoxadiazolyl, benzofuranyl, 1sobenzoturanyl, benzothienyi,
isobenzothienyl, benzothiazolyl, benzothiadiszolyl, benzimidazolyl, benzotrazolyl,
benzoxazinyl, benzisoxazinyl, and tetrahydroisoquinolinyl.

Examples  of  3-fused-ring  heteroaryls  or  heterocycloalkyls  include
5,6-dihydro-4H-imidazo{4,5,1-ij jquinoline, 4, 3-dibydrotnudarof4,5, 1 -hilindole,
4,5,6, 7-tetrahydroimidazof4,5,1-{k]{ 1 Jbenzazepine, and dibenzofuranyl.

The term “hetercaryl” alse inclodes substituents such as pyridyl and quinolinyl that
are fused to a Us-Cyp carbocyelic ring, such as a Os or a Gy carbocyelic ring, or to a 4-10-
membered heterocyelic ring, wherein a group having such a fused aryl group a3 a substituent
is bound to an aromatic carbon of the heteroaryl group or {0 a heteroatom of the heteroaryl

group. When such a fused heteroaryl group is substituted with one more substituents, the one
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or more substituents, unless otherwise specified, are cach bound to an aromatic carbon of the
heteroaryl group or to a heteroatom of the heteroaryl group. The fused Cy-Cse carbocyclic or
4-10-membered heterocyclic ring may be optionally substituted with halogen, €-Cs alkyl,
Cs-Cyg oycloalkyl, ar =0,

The term “ethylene” refers to the group ~CH-CH,- The term “ethynelene”™ refers to
the group ~CH=CH- The term “propylene” refers to the group —CHy-CHo-CHy- The term
“butyiene” refers 1o the group ~CH-CHy-CH:-CHy- The term “methylenoxy™ refers to the
group ~CHa-0- The term “methylenethioxy” refers to the group ~CH,-S-  The term
“methylenaming” refers o the group ~CUHy-N(H)- The term “ethylenoxy” refers o the group
~CH-CHp-(3-. The ternm “ethylenethiony” refers to the group — CHy-CH3-S- The term
“ethyvienarning” refers 1o the group ~CH-CH-NEH)-

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 defimition. If a substituent is described as being
“substituied,” 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 subsiitaled alkyl
substituent is an alkyl substituent wherein at least one nonchydrogen substituent is in the
place of a hydrogen substituent on the alkyl subshituent,

3

If a substituent is described as being “optionally substituted,” the snbstituent may be
either {1} not substitited, or (2) substitited. When a substituent is comprised of oudltiple
moietics, unless otherwise indicated, it i3 the intention for the final moiety to serve as the
point of attachment 1o the remainder of the molecule. For example, in a substitient 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 substifuerd is selected ndependent of the other,

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

Pharmaceutical Compositions

Pharmoaceutical compositions for preventing and/or freating a subject are further
provided comprising a therapeutically effective amount of a compound of formula (), or a
pharmaceutically acceptable salt or adduct thereof, and one or more phanmaceutically

acceptable excipients.
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A “pharmaceutically acceptable” excipient is one that is not biologically or otherwise
undesirable, ie., the material can be admunistered to a subject withoul causing any
undesirable biological effects or interacting in 3 deleterious mavner with any of the other
components of the pharmaceutical composition in which it 15 contained. The carrier can be
selected to minimize any degradation of the active ingredient and fo minimize any adverse
stde effects in the subject, as would be well known to 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
treatment or prevention intended. The active compounds and compositions, for example, can
be administered orally, rectally, parenterally, ocularly, inbelationsly, or topically. In
particular, administration can be epicutancous, inhalational, enema, conjunctival, eye drops,
ear drops, alveolar, nasal, intranasal, vaginal, intravaginal, transvaginal, ocular, intraoccular,
transocular, enteral, oral, inmtraoral, transorsl, intestinal, rectal, infrarectal, transrectal,
imjection, infusion, infravencus, intraartevial, miramuscular, ntracerebral, intraventricular,
intracerebroveninicular, infracardiac, subcutancous, infracsseous, infradermal, intrathecal,
intraperitoneal, intravesical, intracavernosal, intrameduliar, intraoccular, intracramal,
transdermal, transmucosal, transvasal, inhalational, intracisternal, epidural, peridural,
mtravitreal, etc.

Suitable carriers and their fornmilations are described in Remington: The Science and
Practice of Pharmacy {19th ed.) ed. AR, Gennaro, Mack Publishing Company, Easton, PA,
1995, QOral administration of a sohid dose form can be, for example, presented in discrete
anits, such as hard or soft capsules, pills, cachets, lozenges, or tablets, each containing a
predetermined amount of at least one of the disclosed compound or compositions. In some
forms, the oral administration can be in a powder or granule form,  In some forms, the oral
dose form is sub-lingual, such as, for example, a lozenge. In such solid dosage forrs, the
compounds of formula T are ordinarily combined with one or more adjuvants. Such capsules
or tablets can contain a controlied-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 liquid dose form. Ligqud dosage forms

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

In some forms, the disclosed compositions can comprise a parenteral dose form.
“Parenteral administration” includes, for sxample, subcutanecous injections, miravenous
injections, intraperitoneally, ntramuscular injections, intrasternal injections, and infusion.
Injectable preparations {e.g., sterile injectable agueous or oleaginous suspensions) can be
forraulated according to the known art using suitable dispersing, wetting agents, and/or
suspending agents. Typically, an appropriate amount of a pharmaceutically acceptable carrier
15 used in the formulation o render the formulation isotonic. Examples of the
pharmaceutically acceptable carrier inchude, but are not limiled to, saling, Ringer’s solution
and dextrose sohution. Other acceptable excipients inchude, but are vot lnited to, thickeners,
diluents, buffors, preservaiives, surface active sgenis and the like.

Other camier materials and modes of administration known in the pharmaceutical art
can also be used. The disclosed pharmaceutical compasitions cau be prepared by any of the
well-known technigques of pharmacy, such as effective formulation and admipistration
procedures. The above considerations in regard to effective formulations and administration
procedures are wall known in the art and are described in standard textbooks. Formulation of
drugs is discussed in, for example, Hoover, John E,, Remington’s Pharmaceutical Sciences,
Mack Publishing Co., Faston, Pennsylvania, 1975, Liberman, et al, Eds, Pharmacentical
Dosage Forms, Marcel Decker, New York, N.Y., 1983; and Kibbe, et al., Eds., Handbock of
Pharmaceutical Bxcipients (3™ Fd)), American Pharmaceutical Association, Washington,
1999,

The disclosed compounds can be used, alone or in combination with other therapeutic
agents, in the treatigent or prevention of various conditions or disease siates.  The
administration 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.

Digclosed are pharmacentical compositions comprising sn effective amount of a
compound of the invention or a pharmaceutically acceptaed salt, solvate, clathrate, or prodrug

thersof; and a 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
neurokinin {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 according fo
formula (1), and one or more pharmaceutically acceptable excipients. In some other forms,
disclosed are pharmaceutical compositions, further comprising one or more therapeutic
agenis or 8 pharmacentically acceptable salt thereof. In some forms, said therapeutic agent is
a 5-H'T; antagonist, a NK,; antagonist or dexamethasone. In some other forms, said S-HT;
antagonist is ondansetron, palonosetron, granisetron or fropisetron, or a pharmaceutically

acceptable salt thereot

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

invention alone, or in combination with other agents.

Treating

The above-described compounds and compositions are useful for the inhibition,
reduction, prevention, and/or treatment of diseases which are pathophysiclogically modulated
by the newrokinin (NKi} recepior. Accordingly, in some forms, disclosed are wethods of
preventing and/or treating diseases which are pathophysiclogically modulated by the NK;
recepior, comprising administering to a subjeoct a therapeutically effective amount of a
compound of formula (1) as disclosed above, or a pharmaceutically acceptable salt or adduet
thereof.

Suitable subjects can inciude manunalian subjects. Mammals include, but are not
hmited o, canine, feline, bovine, caprine, equine, ovine, porcine, rodents, lagomorphs,
primates, and the like, and encompass mammals in uteroc. In some forms, humans are the
subjects. Human 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 pathophysiclogically modulated by the NK; recepior, wherein said disease i

nausea and vomiting, bladder dysfunction, depression or anxiety.
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In some other forms, disclosed are methods of preventing andior treating discases
which are pathophysiojogically modulated by the NK, receptor, wherein said nauses and
vomiting is chemotherapy induced navsea and vomiting (CINV), radiation therapy induced
nauses 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 emetogenic chemotherapy. In some other forms,
disciosed are methods of preventing and/or treating discases which are pathophysiologically
modulated by the NK; receptor, wherein said nausea and vomiting is an acute and/or delayed
phases of CINY,

Acute emesis refers to the first twenty-four howr period following an emesis-inducing
event. Dralaved emesis refers to the second, third, fowrth and ffth twenty-four howr periods
followmg an emesis-inducing event. When a treatrnent is said to be cffective during the
delayed phase, #t will be understood to mean that the effectiveness of the treatment is
statistically significant during the entire delayed phase, regardless of whether the treatment is
effective during any particular twenty-four bour period of the delayed phase. It will also be
understond that the method can be defined based upon its effectiveness during any one of the
twenty-four hour periods of the delaved phase. Thus, unless otherwise specified, any of the
methods of treating nausea and/or vomiting during the delayed phases, as described herein,
eould also be practiced {0 ireat nausea and/or vomiting during the second, third, fourth or
fitth twenty-four hour periods following an emesia indocing event, or an combination thereof.

In some other forms, disclosed are methods of preventing and/or treating diseasss
which are pathophysiclogically modulated by the NK; receptor, wherein said acute and/or
delayed phases of CINV {s indoced by moderately or highly emetogenic chemotherapy.
“Highly emetogenic chemotherapy” vefers to chemotherapy having a high degree of
emeiogenic  potential, and includes chemotherapy based on  carmustine, cisplatin,
cyclophosphamide = 1500 mg/m’, dacarbazine, dactinomycin, mechlorethamine, and
streptozotocin, “Moderately emetogenic chemotherapy” refers to chemotherapy having a
moderate degree of emelogenic potential, and includes chemotherapy based on carboplatin,
cyclophosphamide < 1500 mg/m?‘, cytarabine > | mgfmz, daunorubicin, doxorubicig,

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

A particolarly preferred regimen for tresting emesis, especially emesis induced by
chemotherapy, involves a notupitant derivative of the present nvention, a 3-HT3 antagomist
auch as palonosetron or a pharmaceutically acceptable salt thereof, and a corticostersid such
as dexamethasone. A suitable fixed regiven for ireating acute and dedayed CINY inchudes 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 corticostersid is optionally added to the combination on day one and,
when highly emetogenic chemotherapy 1s adminisiered, on days 2, 3 and 4 as welll A
preferred intravenous dose of palonosetron HCI is .23 mg based on the weight of the free
base. Preferred dexamethasone doses are 12 mg. orally on day 1, followed by 8 mg. orally on
days 2, 3 and 4 for highly emetogenic chemotherapy.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NIK; receptor, wherein said bladder
dysfunction is selected from argency, frequency, pollakiuna, nocturia, low deferment time,
suboptimal volume threshold, and nevrogenic bladder, or a combination thereof.

I some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the NK, receptor, wherein said compound or a
pharmaceutically accepiable salt or adduct thereof, iz administered by one or more routes
selected from the group consisting of rectal, buccal, sublingual, intravenous, subcutansous,
intradermal, iransdermal, intraperitoneal, oral, eve drops, parenteral and  fopical
administration.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NK| receptor, wherein said administration
i accomplished by intravencusly administering a liquid form of said compound or a
pharmaceutically acceptable salt or adduct thereofl

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiclogically modulated by the NK; receptor, particularly by derivatives of

netupitant,  wherein said adoupistration i3 accomplished by orally administering said
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compound or a pharmaceuntically acceptable salt or adduct thersof. In some other forms,
disclosed are methods of preventing and/or treating diseases which are pathophysiologically
moduelated by the NK; receptor, wherein said netopitant derivative is orally administered at a
dosage of from about 50 mg to about 560 mg, fomw about 100 myg to about 400 myg, from
about 130 mg to about 3530 mg, or about 300 mg, based on the weight of the netupitant
component of the moelecule.

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 s
intravenously administered at a dosage of from about 10 mg to about 200 mg, from about 80
myg to about 150 myg, from about 75 mg o about 125 mg, or about 100 mg, based on the
weight of the netupitant component of the melecule.

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 pharmacentically acceptable salt or adduct thereot, is
formmlated 1o have a concentration of from about 1 to about 20 mg/mi, from about § {o about
15 mg/ml, from about 7 to about 2 mgiml, 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 andfor treating discases
which are pathophysislogically modalated by the NK; receptor, wherein said compound or a
pharmaceutically acceptable salt or adduct thereof, 1s administered in a single dosage per day,
a single dosage durning a multi-day course of therapy (e.g., a five-day therapeutic regimen for
delayed emesig), or in multiple dosages per day. In some other forms, disclosed are methods
of preventing and/or treating diseases which are pathophysiclogically 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 modualated by the NK, receptor, fHuther comprising
administering one or more therapeutic agents or a pharmaceutically acceptable salt thereof
In some other forms, said therapeutic agent 15 a S-HT; antagoniat, a NK, antagonist or
dexamethasone. In some other forms, said 5-HTy antagonist i3 ondanseiron, palonoseiron,
granisetron or wropisetron, or a phanwaceotically accepiable salt thereof. In some still other

forms, said 5-HT; antagonist is palonosetron or a pharmaceutically acceptable salt therenf. In
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some other forms, the oral dosage of paloncsctron or a pharmaceutically acceptable salt
thereof is from about 0.1 mg to about 2.0 mg, fron about 0.25 mg io about 1.0 mg, from
about 0.5 mg to about 0.75 mg, or sbout 0.5 mg. In soine other forms, the intravenous dosage
of palonosetron or a pharmaceutically accepiable salt thereof is from about 9.05 mg to about
2.0 mg, from abouwt 8.075 mg to about 1.5 mg, from about .1 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 {s formulated to bave a concentration of ghout 0.23
mg/S mh.

In some other forms, disclosed are methods of preventing and/or treating diseases
which are pathophysiologically modulated by the NKy receptor, further comprising
administering one or more therapeutic agents or a pharmacewtically acceptable sall thereof,
wherein  said  therapeutic  agent is  a  NK;  antagonist  which s 2-(3.5-
bis(inifluoromethyphenyD-N,2-dimethyl-N-{(6-{4d-methvipiperazin- 1 -vi-4-{o-tolylpyridin-
3-yviypropanamide (netupitant),  In one embodiment, the netuptiant is adnunistersd in
combination with GAS%, and the ratic of GAS {0 netupitant is greater than 1:200 or 1100

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

One of ordinary skill in the art of treating such diseases will be able, without undue
experimentation and in reliance upon personal knowledge and the disclosure of this
application, {0 ascertain a therapeutically effective amount of a compound of Formula I fora
given disease. In some other forms, disclosed are methods of preventing and/or ireating a

subject, further coraprising one or more therapeutic agents.

More Definitions of Temmns
i. A, an, the

As used in the specification and the appended claims, the singular forres “a,” “an” and
“the” inclode phural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “a pharmaceutical carmier” includes not ondy single camiers but also mixtures of

two or more such carriers, and the ke,
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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 “n” for hour or hours, “g” or “gm” for gramis}, “ml.” for milliliters, and “¢t” for
room teroperature, “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, yields, flow rates, pressures, and
like values, and ranges thereof, emoployed in describing the embodiments of the disclosure,
refers to variation in the mumerical guantity that can occur, for example, through typical
measuring and handling procedures used for making compounds, compositions, concentrates
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 particnlar initial concentration or mixture,
and amounts that differ due to mixing or processing 8 composition or formulation with a
particular initial concentration or mixture. Whether modified by the term “about” the claims
appended hereto include equivalents o these quandities.
4, Comprise

Throughout the description and claims of this specification, the word “comprise” and
variations of the word, soch as “comprising” and “coroprises,” means “mchading but not
limited to,” and is not intended {0 exclude, for example, other additives, components, integers
or steps.
5. Publications

Throughout this application, various publications are referenced. In order to more
fully document the state of the art to which this invention pertains, the disclosures of these
publications are to be considered as being referenced individually, specifically and m their
entiveties for the material contained in them that 15 discussed in the sentence i which the
reference 1s relied upon,
8. Subject

As used throughout, by a “subject” is meant an individual. Thus, the “subject” can
mclude, for example, domesticated animals, such as cats, dogs, ete,, hvestock {e.g., caitle,

horses, pigs, sheep, goats, etc.), laboratory amimals {e.g., mouse, rabbit, rat, guinea pig, etc.)
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manunals, non-human mammals, primates, non-human primates, rodents, birds, reptiles,
amphibians, fish, and any other animal. The subject can be a mammal 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 fo Hmit the disclosure. Efforts have been made fo ensure
accuracy with respect to numbers {e.g., amounts, temperature, efc.), but some errors and
deviations should be accounted for. Unless indicated otherwise, parts are parts by weight,

temperature is in °C or is al ambient temperatire, 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}. This

example is intended to be purely exemplary and is not intended to it the disclosure.

"
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General Scheme of Preparing Compounds of Formala (1)
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Scheme |

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
6,479,483, which are referenced imdividually, specifically and in their entiveties for the

material contained in therm that is relevant to the preparation of intermediate 1.
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Synthesis of

methyl-{6-(4-methyl-piperazin-1-y}-4~-o-tobyi-pyridin-3-yi}-amine

\»“"EE\\B
e SNH

Step 1

13.0 g {82.5 mMol} 6-Chloro-nicotinic acid in 65 ml THF were cooled to 0°C and
206.3 ml (206.3 mMol) o-tolyimagnesium chloride solution (1M in THF) were added over 48
minutes, The solution obfained was further stirred 3 howrs at 0°C and overnight at room
temperature. It was cooled to -607C and 103.8 mi (1.8 Mol) acetic acid were added, followed
by 35 ml THF and 44.24 g (165 mMol) manganese{{ll} acetate dihydrate. 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 partilioned 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 mi agueous
half-saturated sodmm carbonate solution. The combined aqueocus phases were acidified with
25 ml agueous HCI 25% and extracted with dichloromethane. The organic extracts were
g-tolvi-nicotinic acid as a yellow foam. MS (ISN}: 246 (M-H, 100), 202 {(M-CO,H, 85}, 166
{36}
Step 2:

To a sohution of 3.0 g (32.3 mMol} S-chlorg-d-o-tolyl-nicotinic acid in 48.0 m! THF
were added 3.1 ml (42.0 maMol} thionylchloride and 143 mul (1.8 mMol} DMF. After 2
hours at 50°C, the reaction mixiure was cooled to room temperature and added to a solution
of 72.5 ml aqueous apunopnium hydroxide 25% and 96 ml water cooled to 0°C. After 30
minvtes at §°C, THF was removed onder reduced pressure and the agueous layer was
extracted with ethyl acetate. Removal of the solvent vielded 7.8 g (98%) d-chioro-4-o-tofyi-

nicotinamide as a beige crystalline foam, MS (ISP} 247 (M, 100).
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Step 3

1.0 g (4.08 raMol) 6-Chioro-4-o-tolylmicotinamide in 9.0 mi Lmethyl-piperazine was
heated to 100°C for 2 hours. The excess N-methyi-piperazine was removed under high
vacuun and the residue was filtered on silica gel {eluent: dichioromethane} to vield 1.2 g
{(95%) 8-14-methyi-piperazin-i-vii-4-o-tolvi-nicotinamide as a light yvellow crystalline foarn.
MS (ISP} 311 (M-+HT, 100}, 254 (62).
Step 4

A solution of (.2 g (1.6 mMol} 6-{4-methyl-piperazin-1-vi}-4-o-tolyl-nicotinanude in
1.0 mi methanol was added to a sohution of 103 mg (2.6 mMol} sodiom hydroxide in 1.47 ml
(3.2 mMol} NaQCl (13%) and heated for 2 howrs at 70°C. After removal of methanol, the
aqueous layer was extracted with ethyl acetate. The combined organic extracis were dried
{Na; SOy}, concentrated under reduced pressure and the residue filtered on silica gel {ehuent
dichloromethane/methanol 4:1} to vield 100 mg (70%) 6-(d-methyl-piperazin-{-vii-d-o-folyl-
pyridin-3-viamine a8 a brown resin, MS (I5P): 283 (M+H+3 100}, 226 (42},
Step 5

2.15 ml {11.6 mMol} Sodivm methoxide m methanol were added over 30 minutes o a
suspension of §.85 g (4.6 mMol) N-bromosuccinimide in 5.0 mi dichloromethane cooled to -
5°C. The reaction mixture was stizved 16 hours at ~3°C. S84l at this temperature, a solution of
1.0 g {3.1 mMol} 6-{4-methyl-piperazin-1-yh-4-o-tolyl-nicotinamide in 5.0 m! methanol was
added over 20 minutes and stirred for 3 hours. 7.1 ml (7.1 mMol) Aqueous HCL IN and 20 mi
dichloromethane were added. The phases were separated and the organic phase was washed
with deionized water. The agueocus phases were extracted with dichloromethane, brought to
pH=% with aguecus NaGH 1N and further extracted with dichloromethane. The latter organic
extracts were combined, dried (Na;304) and concentrated to yield 1.08 g {quant) f6-{4-
methvbalbperasio- bavfidenstadvlpyridin. 34 hsarbemic_acid_shethel gyfer as a grey foam.
MS {ISPY: 341 (M+H", 1003, 284 (35).

Step &

A sohition of 0.5 g (1.4 mMob) [6-{4d-methyl-piperazin-1-yh-4-o-tolyl-pyridin-3-yil-
carbamic acid methyl ester in 3.0 mi dichloromethane was added over 10 minutes fo a
sofution of 1.8 ml (6.9 mMol } Red-ALRTM. (3% in toluene} and 2.5 ml toluene
{exothermic, cool with a water bath to avoid teraperature to go >50°C). The reaction mixure

was stirved 2 hours at 50°C in CHUh, extracted with ethyl acetate and cooled to 0°C. 4 ml
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Agueous NalH 1IN were carefully {exothermic) added over 15 minutes, followed by 20 ml
etltyl acetate. The phases were separated and the aqueous phase was extracted with ethyl

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

{(MarS0y) and concentrated under reduced pressure to vield 037 g (89%) methvl-{d
methvi-pipergzin-d-vil-d-o-tolyl-pyridin-3-yi-amine as an orange resin. MS (ISPy 287

(M+HT, 100).

Svathesis of

2-(3,5-bis-Trifluoromethyl-phenyl}-2-methyl-propionyl Chloride

150 g (50 mmol} 2-(3,5-bis-riflooromethyl-phenyl}-2-methyl-propionic acid were
dissolved in 127.5 ml dichloromethane in the presence of 0.75 ml DMF. 8,76 ml {2 eq.)
Oxalyl chlonide were added and after 4.5 howurs, the solution was rotary evaporated to dryness,
¢ mi Toluene were added and the resclting solution was again rotary evaporated, then dried

under high vacuum yielding 16.25 g {quant.) of 2-3 3-bis-sriflucromethyi-phenvij-2-methyi-

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

MHz, CDCls): 7.86 (brs, TH); 7.77, (brs, 28, 3 Han); 177 (s, 65, 2 CHy).

Synthesis of
2-03, S-bis(trifluoromethylphenyl)-IN,2-dimethyl-N-{6-{4-methvipiperazin- 1-y1}-4-{o-
tolyhpyridin-3-viipropanamide (Netpitant)
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A sohuation of 20 g (675 mmol) methyl{6-{4-methyl-piperazin-1-yi}-4-o-tolyl-
pyridin-3-vil-amine and 175 mi (101 puool} N-cthyldiisopropylamine in 200 ml
dichloromethase was cooled in an ice bath and 2 solution of 24 g (75 romol}2-(3,5-bis-
trifluoromethyi-phenyl-2-methyl-propionyl chloride in 50 ml dichloromethane was added
dropwise. The reaction mixture was warmed to 35-40°C for 3 h, cooled to room temperature
again and was stirred with 250 mi saturated sodivm bicarbonate solution. The organic laver
was separated and the agueous phase was extracted with dichloromethane. The combined
organic layers were dried {magnesium sulfate} and evaporated. The residue was purified by
flash chromatography o give 31.6 g (81%) of 2-¢3, S-bis{triffuovomethylphenyli-N, 2~
dimethvi-N-(6-i{4-methylpiperazin- 1-yi}-4-fo-tolyjpyridin-3-ylipropanamide as white crystals.
M.P. 155-157°C; MS nv/e (%) 79 (M+H', 100).

Synthesis of
5-(2-(3,5-bis(triflucromethyDphenyl)-MN, 2-dimethylpropanamido}-2-{(4-methylpiperazin-1-

yiv-d-(o-tolyDpyridine T-oxide
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Step 1

The solution of 6-chloropyridin-3-amine (115 g, 0.858 mol} and (BochO (2154 g,
0.988 mol) in 900 mL of dioxane was refluxed overnight. The resulting solution was poured
into 15300 ml of water. The resulting solid was collected, washed with water and re-
crystallized from FiOAc 1o afford 160 g fere-butyl (S-chioropyridin-3-ylicarbamate as a
white solid {Yield: 78.2%:.
Siep T

vhcarbamate (160 g, 0.7 molj in 1 L

o

To the solution of tert-butyl (G-chloropyridin3-
of anhydrous THEF was added n-Buli (600 mL, 1.5 mob) a¢ <78°C under Ny atmosphere. After
the addition was finished, the sohution was stirred at 278°C for 30 min, and the solution of Iz
(177.68 g, 0.7 mol) in 800 val, of anhydrous THF was added. Then the solution was stirred at
278°C for 4 hrs. TLC indicated the reaction was over. Water was added for quench, and
EtQAc was added to extract fwice. The combined organic phases were washed with brine,

dried over Nap80,, filtered and purified by flash chromatography to afford 80 g of rers-bury!

Step 3t

To the sohution of tert-butyl {6-chloro-4-iodopyridin-3-yhcarbamate (61 g, 0.172 mol)
it 300 mb of anhydrous THF was added 60% NaH (7.6 g, 0.189 mol} at 0°C under N
atimosphere. 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 mb of dry THF was added. Then the solution
was stirred at 0°C for 3 hs. TLC indicaied the reaction was over. Water was added for
guench, and BiOAc was added fo extract twice, The combinad organic phases were washed
with brine, dried over Na; 3O, filtered and concentrated to afford 63 g of crade fers-dunvl (8-
chloro-d-iodopyridin-3-yliimethvijcarbamate used to the following de-protection without
the further purification.

Step 4

To the solution of tert-butyl {6-chioro-d-indopyridin-3-y{methyDearbamate (62.5 g,
0172 mwol) in 500 mL of anhydrous DCM was addad 1830 mL of TFA. Then the solution was
stirred at room femperature for 4 hrs. Concentrated to remove the solvent, and purified by
flash chromatography to afford 45.1 ¢ 6-chloro-d-iodo-N-methylpyridin-3-amine as a yellow

sohid (Vield: 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 acid (24.5 g, ¢.18 mol} in 600 ml of anhydrous toluens was added
400 mL of 2 N ag. MNa,COs solution, PAQAC), (3.36 g, 15 mmol) and PPhy {7.87 g, 0.03
mumol). The solution was stirred at 100°C for 2 hrs. Cooled to room temperature, and diluted
with waler, EiQAc was added to extract twice. The combined organic phases ware washed
with water and brine consecutively, dried over NagSOy, concentrated and purified by flash
chromatography to afford 19 g 6-chioro-Nemethyl-4-(o-tolylipyridin-3-amine a3 a white sohd
{Yield: 54.6%;}.

Step &

To the solution of §-chloro-N-methyl-4-{o-tolyDpyndin-3-amine {18.87 g, 81.3 mmol}
and DMAFP {29.8 g, 243.9 mmel} in 200 miL of anbydrous toluene was added the solution of
2-(3,5-bis~trifluoromethyl-phenyl}-2-methyl-propionyl chioride (285 g, 894 mmol} in
toluene under No atmosphere. The schition was heated at 120°C for 23 hrs. Cooled to room
temperatatre, poured into 1 L of 5% ag. NaHCO; sclution, and extracted with EtOAC twice,
The combined organic phases were washed by waler and brine consecutively, dried over
Na;504, fillered and purified by flash clhromatography to afford 35 g 2435
bistiriffuovomeshyliphenyl}-N-(6-chlorg-4-{o-tolydpyridin-3-yi}-N, 2-dimethylpropanamide as
a white solid (Yield: 83.9%;},

Step o

To the solution of 2-{3,3-bis{triflucromethyDphenyl}-N-{6-chloro-4-{o-tolypyridin-
3vi}-N,Z-thmethylpropanamide (5.14 g, 10 mmol) in 60 mi of DCM was added m-CPBA
{6.92 g, 40 mmol) at § °C under N atmosphere. Then the solution was stirred 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 NaxSO,,
filtered and concentraied to afford 5.11 ¢ of crade 5-(2-03, 5-hisitrifiuoromethyliphenyl}-N, 2-
dimethylpropanamidol-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{tnflucromethyDiphenyl )N, 2-
dimethylpropanamido)-Z-chloro-d-{o-tolyDpyridine 1-oxide {5.1 g, #.62 mmol) in 80 mL of
7-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 purnified by Hash chromatography 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 815 (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{irifluoromethylphenyl- 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
iriple 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%;). THNMR
{CDCI3, 400MEz) & 8.06 {5, 1H), 7.78 (s, 1H), 7.60 (s, 2H}, 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 Oxone {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 Nag8Q,, filtered, concentrated and purified by precipitation in tohuene to afford 83 g I-
(5-02-{3, 5-bis(riflucvomethylphenyi-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, 2, 7.26-7.19 {m, 2H}, 7.14 {4, 1H, J= 7.4 Hz),
FO9 (L, IH, J=74Hey, 493 (4, 2H, /=116 Hn), 470 (4, 2H, J= 116 Hz}, 412 (4, 2H, J =
1.7 Hzp, 3.84 {8, 3H), 3.50 {d, 2H, .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 stivred 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 tetramethylammoniom hydroxide (3.65 g, 206.14 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 dimoethoxyethane is then

added 4.3 grams of chloroiodomethane (24,16 mmole) and stirved for 1-2 hours. The reaction
45
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is then filtered and the filirate is placed under reduced pressure to concenirate the solution w
DME. The chloromethyl di~tert-butyl phosphate 12-16% in DME is used in the synthesis of
4uf 5+{ 203, S-hs{triffucromethyDphenyl-N, 2-dimethylpropanamido)-4-{ o-tolyDpyridin-2-y -

-methyb-1-{((phosphonooxymethylipiperazin-i-tumn  without further purifications  {60%
vield): PINMR (CD,00, 300 MH2) 5 1.51 {s, 12H), 5.63 {d, 2H, J=14.8), > P-NMR (CD;0D,
300 MHz))8-11.3 (5,1 P},

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

Di-tert-buty! phosphate potassium salt {5 g, 20,14 nynole) is dissolved in methanol
{15 g¥ to this sohution at § °C a shight excess of concentrated HCY is slowly added with
effictent stirring at § °C. The addition of acid causes the precipitation of potassnan chlonide.
The solid is then {iliered and washed with methanol The compound m the mother lguor is
then converted to the ammoniime form by adding an egqual molar amount of
tetrabuthylammonium hydroxide 1 M in methanol (20,14 mmeole} while keeping the reaction
cooled at O °C with efficient stirring. The resulting clear sohition i3 placed under reduced
pressure 1o give the intermediate product, The tetrabuthylammonium di-tert-butyl-phosphate
dissolved in acetone is then added dropwise to 533 grams of chlorotodomethane (302.1
munole) and stirred at 40 °C for 1-2 hours, The solvent and exceas of chloroicdometbane are
distilied off, the reaction mass suspended in TBME and then filtered. The filirate is washed
by a saturated sohution of sodium bicarbonate and water and then placed under reduced
pressure to substitute the solvent by acetone, i, o remove the solvent after which 1t s
replaced with acetone, The chioromethyl di-tert-butyl phosphbate 7-20% in acetone is used in
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the next step withowt further purifications {70-80% yield): 'H-NMR {(CE;0D, 300 MHz) 8
1.51 (s, 12H), 5.63 (d, 2H, =14.8). " P-NMR (C5:0D0, 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-methyl-1-{{phosphonooxvimethyl}piperazin-1-1um salis

In order to further improve the stability and solubnlity of 4-(5-(2-03,5-
his{irifluoromethyhpheny-N, 2-dimethylpropanamido}-4-(o-tolyDpyndin-2-yi}-1-methyl-1-
{{phosphonooxy pnethylpiperazin-T-inm, a variety of its derivative salis were synthesized
and tested. Their synthesis employed sither a) neviralization 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. Neuiralization 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 phoaphate species
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Chloride hydrochloride species

T

e \ "‘( * \l\

Faleg RN N BN PRa HC
r IR ¢ O
R, L N S A

[ Yool SR
N OH

When the parent acid species was not stored in dry condition #t was found o underge

aver 8% degradation in the first week and over 5% degradation wn 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 i underwent up to (.13% degradation

in the first 7 davys but then was essentially stable for six mouths.

derivative salts are shown in Table {1 below.

Table 1 Representative Degradation Resulis for Salts

Reeulis for various

Degradation:
MeOH L-Histiding, 2 eq. 26.6% | 85.94% +3.70% n & days {in air)
_____ +0.46% in 6 days (in argomn)
. Degradation:
MeOH MelOHp 220 | upem | oa11% +0.81% in 6 days (in air)
i +0.29% 0 6 days {in argon)
MeOH + e g ‘ : ,
PCM, 111 {itric acid, 2 eq. N.A&. | 94.40% From protected species.,
1. HC dioxane, 4 eq. 4 .
Me iy > 9(3% 4.50% acted species.
W_\/ELOH 2. CalOHp >90% | 94.50% ‘ ¥y om profected spcies.
Me(OH : o ey or From protected apeciss and
HsPOs, 83%, 2oq. | > 90% ] o8.81% retains ,39% of that speciss.
MeQH ! o YR RPNy From protected species.
HBy, 48%, 4 eq. B4.6% | 96.11% Product degrades sapidly.
MeQGH + From protected species.
DOM, CHRSOsH NA. | 61.54% Product NOT stable: containg
1:4 32.45% decompuosition species,
L DY SN
MeOH NaH PO, deq. | NA. | nd Only 1.27 of parent specics
__________ , formed, Poor reaction.
. N-methyl-D- . .y Diegradation:
MeoH glucamine B OSA  H08T% 0 6 days (im i)
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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 ’ +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 desirgble 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 2 Dimeglomine Argon

c Dimeghiome Arr

d Dimeghmine Argon

2 Lysime 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: Adr

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 - Alr

v | Histidine AR
w | Histidine Argon

x Magnestum Adr
v Magnesium Argon

Svnthesis (A} of
4-{5-{2-(3,5-bis(trifluoromethyiphenyi}-N, 2-dimethylpropanamido-4-{o-tolyDpyridin-2-yi}-

1-methyi-1-{{phosphonooxymethyDpiperazin-1-ium 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{triffuoromethyDphenyl-N, 2-dimethyE-N-{6-{4-methylpiperazin- 1 -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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bistirifluoromethyphenvi]-N, 3-dimethvipropanamide }-4-{o-tolyl pyridin-2-yi)- I-methyl-i -
t{ ert-butaxyiphosphorvijoxymethyl}piperazin-1-ium as white solid {(Yield: 30-30%;). H-
RMR (CD;0D, 400 MHz) 5 7.98 (5, 1H), 7.86 (s, 1H}, 7.76 (s, 2H}, 7.33-7.10 {mm, 4H), 6.80
{s, 1H}, 5.03 {d, 2H, Jey = 8.5 Hz}, 4.52 {5, 2H}, 4.13 {ro, ZH), 3.83 {m, 2H), 3.6% (m, 2H},
3,57 (m. 2HD, 3.23 (s, 3H), 2.53 (8, 3H), 2.18 {5, 3H}, 1.46 (s, 18H), 1.39 (5, 6H). *'P-NMR
{CD:OD, 161 MHBz)y & -5.01 (5, 1P, To 20 g (23.839 mmole} of the 4-{5-{2-{3,5-
bis{trifluoromethyiphenyi N, 2-dimethylpropanamido }-4-{o-tolyDpyridin-2-vi}- l-methyl- 1~
{I{tert-butoxyiphosphoryl] oxymethylipiperazin-1-fum dissolved in 180 g of methanol and
400 g of dichloromethane was added HCI 4M in dioxane (18.8 g, 71.66 mmole} and the
solution was heated for 3 h at reflux. 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 g) and pentane (2 x 60 g}. The
product was finally dried under reduced pressure at 35 °C to afford 13-17 g of 4-(5-72-(3.5-
bisfiriffuoromethyphenyi}-N, 2-dimethylpropanamidoi-4-o-tolylpyridin-2-yl)- I -methyl-1-
{{phosphonooxyimethylpiperazin-i-ium chioride hydrochioride as white sohid (Yield: §8-
932}, 'H-NMR (CTHOD, 400 MHz) § 7.02 (s, 1H), 7.87 {5, 1H), 7.74 {s, 2H), 7.33-7.40 (m,
2HY 7.27 (m, 1H), 7.21 {s, 1H), 716 (4, TH, J =82 Ha), 527 {4, 2H, Jpy = 7.9 Hz}, 429 (m,
ZH), 4.05 (m, 2H), 3.85 {m, 2H), 3.74 (m, 2H), 3.35 (s, 3H), 2.62 (s, 3H), 2.23 (s, 3H), 138 (s,
SH). TIP-NMR (CTHOD, 161 MH2) § -2.81 (4, 1P, Jpy = 7.9 Hx),
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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 in 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 dioxane (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, 130, 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,

)
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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). Y P-NMR (CD:0D, 161 MHz) 8 -2.81 {4, 1P, Jpy= 7.9 Ha).

It is to be understood that the product shown in Scheme 64 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 (o represent all of them in a generic fashion.

7. Evaluation of Representative Compounds of Formula (I}
1. 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 Schubility of Representative Compounds

“Compound Compound Struots Chemical | Solubility
No. Spot HEe Stability {neuiral pH)
AT,
el
#»_.«\\,\ A
LN _
i ;[\ PUNIES N PR medium 10 -15 mp/ml
~ L
i;:? P S NP
HO-B-0_ {0 MW T
e Nt
O R CFs
................. _:;_c:x?
’ i ‘\\ :(,e-
2 S \ET‘“)\-‘ N, ~LFs high > 10 mgiml
ey '_,/[\’f\\. o ] \[ - ]“
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i
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¥ Reference Corapound

1. Local Tolerance

In contrast to netupitant {compound no. 9 i the above table}, seven-day local

tolerability study of three compounds {(e.g., compound nos. 1-3 of the above Table 1) on rat

was conducted.

Al three compounds exhubited good local tolerability which is demonstrated

by the below findings:

&

There were minimal signs of miflammation at njection site and there was
little edema;

Mo later stage thrombus was found in any animal studied;

Severity of inflanynation was similar in compound and vehicle-treated
animals;

No tissue necrosis was ohserved in any of the tails; and

The inflanunation and palethrombus were caused by the needls imjection

through blood vessels.

11, Pharmacokinetic Studies

The pharmacokinetics {PKs) study of thres 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 conductad,

Rat PKs Study: The rats tested in the study were Wistar rats, male, body weight 220 -

240 g, and S rats per group. The dose was 10 mg/kg admunistered by intravenous (IV) slow

bolus intection into the tail vein at a rate of 1 m¥min. The dose was administered {0 each
y

anmimal at a dose volume of § mickg {the pre-formulation is $% Glucose solution). Control

animals received the vehicle alone. The dose was administered to each animal on the basis of

the most recently recorded body weight and the volume administered was recorded for each

animal. Before administration, rats were fasted 12 hr, water ad libitum. Afler 240 min tune

point blood was collected, rats were fed. 8.2-0.3 ml blood was collected i 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/ml {(dibited from methanol stock with
methanol contatning 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 samypes, followed by adding
100 ol of acetomitrile (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, Plasoa was pre-prepared with acetonitrile using protem precipiiate (PPP). Rat
plasma samples were analyzed by using an API000 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 {(IV) 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 sohution at a fixed injection rate of 4 mi/min using 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 collectied i
heparinised tubes at pre-dose and at 2, 5, 15, 30 min, 1, 2, 4, 6, &, 12, 24, 36, 48 and 72 hr
after ntravenouns 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 sanples, 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-prepared 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 orval vetuptiant at the same dose in dog. The data of the

comparative bivequivalence study is reproduced i below Table 4

v PO

Compound 1 Corapound 2 Compound 3 Metupitan®
Drose (mg/kg) 3 3 3 3
Dose (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.

LA
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CLAIMS

What is claimed is:

I, A compound of formoula (1), or a pharmaceutically acceptable salt thereof,

/
" o
R.» P {::‘; ~.
s du iR
l)\( f:: S T v\f“'\

Formuda (I}

wherein:

R 1s selected from the group consisting of hydrogen, hvdroxy, hydroxyalkyl, amino,
alkyt, alkenyl, eycloalkyl, halogen, alkoxyalkyl -OR™L NR'IR™ NRW'COR', -
CIOR, .COoR™Y | LCOINRVRI®, aikyINRIVRI S(ORRY? | g .
S(ORNRIOR'?, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and
beteroarylalkyl, each optionaily independently substituted with one or more independent r'%
substituents;

Ry and R; are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amino, alkyl, alkenvl, cycloatkyl, halogen, alkoxyalicyl, ORY NRIIRME L
NRYCOWR', -COWR®, CHorR™, .cONRTIRY) alkyINRPTRYY goRpR'® | -
SR ~S{{J)2N'1{E°1£{l(}2, aryi, arvialkyl, beterocycloalkyl, heterocyeloalkylalkvl, heteroaryl
and heterocarviatkyl, cach optionally independently substituted with one or more independent
R qubstituents; or Ry iogether with the atoms and/or other substituent{(s) on the same
phenyl ring, form a fused or non-fused mono, bicyelic or wricyclic heterocyclic or carboeyclic
ring which is optionally independently substitoted with one or more R substituents; or Ry
together with the atoms and/or other substituent{s) on the same phenyl ring, form a fused or
non-fused mono, bicyelic or tricyclic heterocyclic or carbocyelic ring which is optionally
independently substituted with one or more R substituents;

Rz and Ry are independently selected from the group consiating of hydrogen, hydroxy,
hydroxyalkyl, aming, alkyvl, alkenyl, cycloatkyl, halogen, alkoxyalkyl, ORWY rYIR®
KRMCORY, oW, -CcemoRr!, -COMNRYIR, LalkyINRPTRT D Sonr™ | -
SR, —S(O};-NR“”RW, aryl, arvialkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryi
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and hetercarviatkyl, each optionally independently substituted with one or more independent
R substituents; or Ri and Ry, together with the atoms conpecting the same, form a fused or
non-fused mono, bicyclic or tricyele heterocyclic or carbooyclic ring which is optionally
independently substituted with one or more R’ % substituents;

Rs and Ry are independently selected from the group consisting of hydrogen, hydroxy,
hydroxyalkyl, amine, alkyl, alkenvl, cycloaikyl, halogen, alkoxyalkyl, -OR'™, -NR'VR'™, -
NROCOR'E, JCOR'Y, -C(O0R ™, L CONRIVRIY, LalyNROR®, _s(0)R1™ | -
SR ~S(O)2N'Rw R aryl, aryialkyl heterocycloalkyl, heterocycloalloylalkyl, hetercaryl
and heteroarylalikyl, sach optionally independently substituted with one or maore independent
R'® substituents;

X is selected from the group consisting of SCOMRIR™, Lo, »alkyiNRmRm,
DR OO and -NRalkyl, each optionally independently substibited with one or more
independent R'™ substiments;

Y is selected from the group consisting of NRPRE D ONRPalkylOH, -
NRYS{Onaliyl, NR S(OYphenyl, N=CH-NRR'% heterocycloalkyl  and
heterocycioalkylalkyl, each optionaily independently substituted with one or more
independent R substituents;

Z 18 a structural fornmula selected from the group consisting of

e 3 {ia), — (R0 ﬁb\ﬁ
a o
m@__ﬁ;_@gmc ir“‘()”??‘“ORwo
ORMG“ (iC), d ORH"OP (Id}
gi:; O
— :E GR‘!OO (Eﬂ), ---Q*-ELNRWGR‘WG“ {ﬁ),
O O
g tcogy oo (ig). JLQR”“"\‘ {(ih} and
O
j}\v“‘“ﬁm‘. OR’? 03
z {h«),

where formaula {Ia) refers to an oxide;
o 0l pia 203 . .
R R RO R and RY are each independently selected from the group

c . - - p ) . .
comsisting of hydrogen, cvano, -NO,, ORI oxide, hydroxy, amino, alkyl, alkenyi,

6}
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cycloalkyl, halogen, alkoxy, alkoxyalkyl, arvl, aryislkyl, hsterocycloaliyl,
heterocyeloalkylalkyl, heteroaryl, heteroarylalkvl, -COR'™, -COORY -.cowR ™R -
NRIVR® NRIMSOLRIY, NRWOORY, SORR™, SR and -SOLNRMR'Y, ench
sptionally independently substituted with one or more independent 2! substituents; or R'Y,
R together with the stoms comecting the same, form a fused or non-fused mono, bicyelic
or tricyclic heterooyclic or carbocyclic ring which is optionally independently substituted
with one or more R'® substituents; or RI% R together with the atoms connecting the
same, form a fused or non-fused mono, bicyelic or iroyelic haterocyelic or carbocyelic ring
which is optionally independently substituted with one or more R’ substitucnts;

R and R are each independently selected from the group consisting of hydrogen,
cyane, ~-NO;, hydroxy, oxide, hydroxyalkyl, amineo, alkyl, alkenvl, cycloalkyl, halogen,
atkoxy, alkoxyalkyi, arvl, arvialkyl, heterocycloalkyl, heterocycloatkvlalkyl, heteroaryl and
heteroarylatkyl;

mis{, |, 2,3, ord;

nis, 1,2, 3,401 5

pisor 1; and

with a proviso that if a non-pyridine N-Gxide (N'—0") ia present on the compound of
Formula (I}, then the total number of N-Oxide on the compound of Formula (I} 15 more than
one.

Z. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein R,
Ry, Ry Rs, Ry, Rs and Ry are cach independently selected from the group counsisting of
hydrogen, hydroxy, aming, alkyl, atkenyl, cveloalkyl, halogen, cyvano, OR'™ and CF;.

3. The coropound of any of claivas 1-2, or a pharmaceutically acceptable salf thereof,
wherein X is -NR'™ (0.

4, The compound of any of claims 1-3, or a pharmaceutically scceptable salt thereof,
wherein Y 1s a heterocycloalkyl or heterocycloalioviaikyl.

5. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein

the compound of formula (1) bas a structure of formula (1)
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Formula (11}

where @ and R” are each mndependently selected from the group consisting of C, G, §, and N,
each optionally independently substituted with one or more independent R substituents;
R5 is selected from the group selected from hyvdrogen, alkoxy, alkoxyalkyl, ORY hydroxy,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl and halogen, cach optionally independently
substituted with one or more independent R substituents:
sis{h, 1, 2, 3 or 4; and all other radicals are defined according to formula (I}

6. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherein
the compound of formusda (1) has 4 structure of formula (TH):

ST,

=0 ‘
L\ "z‘}" {Ridm

‘]: I : E :5 {Rﬁn
- A S
PN \r:} R ~3
o,

Formnida (31}
where
Rg is sclected from the group consisting of hyvdrogen, alkyl, slkenyl and cyeloalkyl, each
optionally independently substituted with one or more mdependent R’ qubstituents;
Ry s allol or cyclealkyl, each optionally substituted with one or mere independent 155
substifuents; and all other radicals are defined according to formala (3) and formmia (8},
7. The compound of claim 1, or a pharmaceutically acceptable salt thereof, whersin

the compound of formula (1) has a structure of formula (V)

fo)
)
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"‘\
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N B } { E“‘ (A
‘.«""f‘ \Nw o & .

N O N o ey
{ N _\f?;.» \.Rb \T. ;\A‘
NS o CF
L s
Formula {(IV)

where p 18 independently 0 or 1; and all other radicals are defined according to formula (I},
formmula (11} and formula (11}
8. The compound of claim 1, or a pharmacentically acceptable salt thereof, wherein

the compound of formula (1) has a stracture of formula (V)

8 _‘.:,‘.n ., "_J.N L -
QY 1 {L it ] ;\L
.-"\"\?\. R G NG O NS oo
e .;?. %\{» RS \\{ }% >
),‘;\,\: (O CFs
Formula (V)

where p s independently { or 1; and all other radicals are defined according to formula {3},
formuda (17}, formula (111} and formula (IV).
9. The compound of claim 1, or a pharmaceutically acceptable salt thereof, wherem

the compound of formmula (I} has a structure of formula (VI

] ; (R4)m
\% ’ \/ R
. . ;
O Q}ﬁ, [ \[ [
b e \\ ‘.f‘ \ \ ’ ] \}{ |
stoOm;?mQ\ |
R0 N\\“\ (Q)p m 3
| {Ryks
Formula (‘VVI)

where
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Raoge and Rsgg are cach independently selected from the group consisting of hydrogen, altkyl

and cycloalkyl, each optionally independently substituted with one or more independent R'®

substituents; or Ryee and Ragy are each independently an orgame or inorganic cation;

p is independently ¢ or 1; and

all other radicals are defined according to formuds {0}, formula (1), formuls (13}, fornmla

{1V} and foromla {V).

10. A compound selected from the group consisting oft

. GAT

4-{5{3-43 3

P ,t e { bis{trifluoromethyDphenyl-N,2~
y_,-,l\(,,'{*lh :\y\‘: O dimethylpropanamido)-4-{o-
I L i g R ) iolyhpyridin-2-yh- T -methyl-1-
§ .""A‘\ - \*\ e Ny - . .
?i@m?ﬁ”“@\m‘ §_s_ ?? N \Tf {{phosphonoonymethylpiperazin-1-
i 5§\‘\ o OFy -
N fin,
QAT N t-{acetoxymethyl}-4-(5-(2-(3,5-
f,l«:\vfi]‘ bis{tritluoromethylphenyl}-N,2-
j\ ‘,‘-TEL,\, :\g: v CFs dimethylpropanamido}-4-{o-
IS k \I] g E :} tolyDpyridin-2-vi}- | -methyipiperazin-
: S g e e
,fl"“"‘:) oN Y i-fum,
S i o~
| f;‘*\«v«" CFs
L GA3 N 445-2(3,5-
"_,.[\;:\ }] bis{irifluoromethyDphenyh)-N,2-
l X I 5 dimethylpropanamido)-4-{o-
N .»'N\ N T G ¢
9 J o g i \J wlylpyridin-2-yi-1-
i SER Vi Nl N burvrvoryimeth b1 -
i,‘/ O\m{‘t* l éFg {{butyryloxyimethyi)-1
e o ‘ methylpiperazin-{-turg,
GA4 ~ F-{5-{2-(3,5-

biatrifluoromethyDphenyh-1,2-
dimethvipropanamido}-4-{o-
tolyhipyridin-2-y1)-4-methyipiperazine

i, 4-dioxade,
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GAS o N 1-{5-(2-(3,5-
Lk }j - bis(irifluoromethyDphenvi-N,2-
L ;}\g ;\ ¢ N> dimethyipropanamide-1-oxido-4-{o-
e e N
RN N WT i - tolyDpyndin-2-vi)-4-methyipiperazine
gy 0 s |
| lq Wi - 1-onide,
o ?\.‘\& o O.. t\:i’“‘_g
GAG e, | A-{3-{2-(3,5-

bas{trifluoromethyDphenyt}-N,2-
diracthylpropanamido})- | ~oxido~4-{o-
tolylpyridin-2-yi}-1-methylpiperazine

1-oxade,

G £ 7 U

3-2-(3,5-bis(trifluoromethylphienyi}-

L
&,,L»}«__ «.«{E ¥, 2-dimethvipropanamido)-2-{4-
’ o/ . o . .
. N o _CF; methyipiperazin-1-yi}-4-{o-
J\_ { g ‘[i «-] iclyDpyridine f-oxide, and
§ o \N« ’\xi‘:{i:" \Eﬂw
{.,--N S ‘,.-j O CFS
GAS e 4-{5-(2-(3 5~
,«L?e. y] bis(trifluorcraethylphenyh-IN,2-

dimethyipropanamido}-4-{o-
solylipyridin-2-yi)-Lmethyipiperazioe

{-oxide,

or a pharmaceutically acceptable salt thereof

11. A method of treating emesis, bladder dysfunction, depression or anxiety, i a

paiient in need thereof, comprising administering to said patient a therapeutically effective

amount of g compound of formula (1) aceording to any of claims 1-10.

12. The method of claim 11, wherein said emesis comprises chemotherapy nduced

nauses and vomiting {CINV}, radiation therapy induced nausea and vomiting (RINV}, or

post-operative nausea and vomiting (FONV}

13, The method of either of claims 11-12, wherein said emesis s induced by

moderately or highly emelogenic chemotherapy.
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14. The method of any of clamms 131-13, wherein emaesis is acute and delayed emesis

induced by moderately or highly emetogenic chemotherapy.

15. The method of claims 11-14, wherein said bladder dysfunction is selected from
urgency, frequency, pollakiuria, nocturia, low deferment time, suboptimal volume threshold,

and neurogenic bladder, or a combination thereof.

16, The method of any of claims 11-15, wherein said compound or a pharmaceutically
accepiable 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,

17. The method of any of claims 11-16, 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.

18. The method of any of claims 11-17, wherein said emesis is acute and delayed
emesis induced by moderately or highly emetogenic chemotherapy, further comprising

administering a 5-HT; antagonist and corticosteroid.

19. The method of claim 1§, wherein said 5-HT; antagonist is ondansetron,

palonosetron, granisetron or fropisetron, of a pharmaceutically acceptable salt thereof

20. The method of any of claims 11-18, fimther comprising administering 2-(3,5-
bis{trifluoromethyhphenyl)-N,2-dimethyl-N-{6-{4-methylpiperazin-1-yi}-4-(o-tolyDpyridin-
3-yhpropanamide (netupitant).

21. The method of any of claims 11-20, wherein the subject is a human,

22. A pharmaceutical composition comprising a therapeuntically effective amount of a
compound according to any of claims 1-10, and one or more pharmaceutically acceptable
excipients.

23, A compound of formula GAL,

GAL | S 4-{8-(2-(3,3-
.w'LQ\ ii big{ triffucromethyliphenyl3-N,2-
A g 9 \\{ o OF, dimethylpropanamideo)-4-(o-
© - [\: §] g E \,I tolyhpyridin-2-y1}-1-methyl-1-
HO~-P-0 {{‘ \ﬁ N k) {{phosphonooxy)methylpiperazin-1-
G R CFy )
§ fum,
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or a pharmaceutically acceptable salt thereofl
24, The compound of claim 23 as a chloride hydrochloride salt having the following

chenycal formula:

B!
Fal, T} ‘"‘?}{irj"“?i\}”‘]""{“”\ _LHO
. “
\i\‘\T"J )] N Nfr‘l"x. N,»"'\\} C? F( 9
CFy L REHa o

\

25, A method for making a compound of formuda 11

7w

RS Re Ry Ry

R vN ~°’3\ FEAN
g ‘:‘r' 0 ’\\. \f .
f‘[ \W {: b “{Raks

T O N

[y YRS S
PN (G}
§"'\l’3 \U‘%)

Formula (11}

comprising
ay providing a compound of claim 1 wherein Y 18 a 4-N-methyl-piperazine group and
7 is not present;

by providing a dialkyl (halomethvl) phosphate;

¢} reacting an N atom of the piperazine group with the dialkyl (halomethyl)

phosphate to obtain a quaternary aromonium methylene phosphate compound.

26, The synthetic method of claim 25, wherein the reaction 1s carried out in the
presence of an iodide salt and in the absence of a profon scavenger.

27. The method of either of ¢laims 25-26, wheremn the reaction 18 carried oul in the
substantial absence of air and dioxygen,

28. The method of any of claums 25-27, wherein the guaternary anunonium
methylene phosphate compound is oblained with a (phosphooxyimethy! group in deatkylated
form without acidifying the reaction or the product,

29, A method for making a compound of claim 8 comprising: contacting a compound
of formula V wherein p 1s 0 for the methylated 4-N atom of the piperazinyl ring, with a

&7
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compound of formula VI in the presence of an 1odide salt, for a period of time sufficient to
functionalize the methylated 4-N atom on the compound of formula V with the compound of
formula VI and to dealkylate the compound of formula Vik
0
(HgC);;C“'O-"F:mO“CHzCE
O~C{CHala
Formuda (VI

30, A method for making chloromethyl dialkyiphosphate compnsing:

a) contacting a dialkylphosphate salt with an acid in a first low alkyl alcobol
solvent solution at a temperature below room temperature to obiain the corresponding
ester of phosphoric acid, wherein the strength and quantity of the acid is sufficient to
convert essentially all of the salt to the corresponding dialky! ester of phosphorie acid;

b} contacting the dialkyl ester of phosphoric acid with a quaternary ammonium
hydroxide base in a second low alkyl aleohol solvent solution at a temperature below
room temperature, wherein the strength and gquantity of the base 1s sufficient to
convert the dislkyl ester of phosphoric acid to a monobasic salt of the same acid; and

¢) contacting the monobasic salt with chlorotodomethane in a low alkyl ketone
or aldchyde solvent to form the corresponding chloromethyl dialkyl phosphate.

31. The methed of claim 30 wherein the dialkylphosphate salt is a di-(tert-
butyhphosphate salt, the acid is hydrochloric acid, and in each case the temperature below
room temperature is approximately 0°C.

32. The method of either of claims 30-31 wherein both low alkyl aleohol solvent
solutions are methanol solutions and the low alkvl ketone or aldehyde is acetone.

33. The method of any of claims 30-32 wherein following the reaction:

a) the solvent and any remaining chloroiodomethane ave distilled off;

b) the distillation residue is suspended in ters-butyl methyl sther (TMBE) and
then filtered;

¢} the filtrate is washed with agueous base; and

d) the washed filtrate is placed under reduced pressure o substituie the sobvent
with acetone.

34, A method for stabilizing a compound of claim 23, comprising contacting the

compound with two equivalents of hydrochloric acid,
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35, The method of claim 34 wherein a compound of claim 23 is in methanolic
solution and is contacted with 4M hydrochloric acid in dioxane, followed by distillation
under reduced pressure to remove the methancl, dioxane and any excess lydrochlornie acid,

36. The method of sither of ¢laim 34-35 wherein after distillation under reduced
pressure the residue is purified by additional shurying in acetone followed by filtering to

collect the compound and washing it further with acetone and pentane.



