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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to 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

[0002] The present invention relates to novel 4-phenyl-pyridine compounds, and medical uses thereof, particularly in the
prevention and/or treatment of medical conditions modulated by the neurokinin (NK1) receptor.

Description of Related Art

[0003] Substance P is an 11-amino acid neuropeptide present reportedly involved in various pathological conditions including
asthma, inflammation, pain, psoriasis, migraine, dyskinesia, cystitis, schizophrenia, emesis and anxiety, due to its localizations and
functions. Substance P is an agonist for the NK1 receptor, and causes intracellular signal transduction through its interaction with
the NK1 receptor.

[0004] The NK1 receptor has been reported to be implicated in various disorders and diseases, and various NK4 antagonists

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 NKq receptor antagonists in the treatment of anxiety, depression,

psychosis, schizophrenia and emesis. Gesztesi et al. (Anesthesiology 93(4), 931-937, 2000) also reports the use of NK receptor

antagonists in the treatment of emesis

[0005] U.S. Patent No. 6,297,375 to Hoffmann-La Roche describes a class of 4-phenyl-pyridine compounds that are NK4
antagonists which are useful for treating CNS disorders, such as depression, anxiety or emesis. Netupitant is a selective NK1
receptor antagonist among these 4-phenyl-pyridine compounds, and is currently under clinical development in combination with
palonosetron (a 5-HT 3 receptor antagonist) for the prevention of chemotherapy-induced-nausea and vomiting (CINV) by Helsinn
Healthcare.

[0006] Mono-N-oxide derivatives of 4-phenyl-pyridine compounds are described in U.S. Patent No. 6,747,026 to Hoffmann-La
Roche. These N-oxide derivatives are reportedly intended to overcome limitations on the parent compounds that would otherwise
limit their clinical usefulness, such as solubility or pharmacokinetic limitations. However, no physicochemical or biological data of
the mono-N-oxide derivatives are reported in the '026 patent.

[0007] U.S. Patent No. 5,985,856 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
‘856 patent does not disclose how the N-phosphoryloxymethyl moiety would affect other critical attributes of the drug product,
such as prodrug structure(s), prodrug stability, synthetic cost, and selectivity of the phosphoryloxymethylation protocol.

[0008] 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 NK1 receptor antagonists, and that have enhanced physicochemical and/or biological properties.

SUMMARY

[0009] In view of the foregoing, the inventors have developed a novel class of 4-phenyl-pyridine derivatives that are particularly



DK/EP 2785706 T3

well-suited for antagonizing the NK4 receptor and that have the following general formula (1):

/ 1
~ T (R)m
R “ 3 R
RG X ~ ( Z)n
g
R4+ R
z-Y \rsll Ry
(O)p
Formula (T)

and pharmaceutically acceptable salts or adducts thereof.
The invention is directed to the subject matter as defined in the claims; any description going beyond the scope of the claims is
reference disclosure.

[0010] Compounds of formula (I), also known as 4-phenyl-pyridine 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 medical use in treating a disease that is mediated by the NK{ receptor, comprising administering to said
subject a therapeutically effective amount of a compound of formula (1), or a pharmaceutically acceptable salt or adduct thereof.

[0011] Also disclosed are pharmaceutical compositions for preventing and/or treating diseases which are pathophysiologically
related to NK4 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.

[0012] In one embodiment the invention is a compound of formula (1), or a pharmaceutically acceptable salt or adduct thereof,

’d DR
R ~ I ( 1)m
Re_J\_X ~ 7 (Ra)n
-~ | R4 R3
Z-Y \ Rs
(0)p
Formula (I)
wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -
OR101, -NR101R102, -NR101C(O)R102, _ C(O)R101, -C(O)OR101, -C(O)NR101R102, -alkleR101R102, -S(O)2R102, -SR101, _
S(O)2NR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and heteroarylalkyl, each optionally

independently substituted with one or more independent R103 substituents;

R4 and Ro are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
cycloalkyl, halogen, alkoxyalkyl, -OR101 _-NR101R102 _NR101c(O)R192, _c(O)R101, -c(0)OR10T, -Cc(O)NR10TR102,

alkyINR101R102, -S(O)2R102,-SR101, -S(O)2NR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and
heteroarylalkyl, each optionally independently substituted with one or more independent R103 supstituents; or R1 together with
the atoms and/or other substituent(s) on the same phenyl ring, form a fused or non-fused mono, bicyclic or tricyclic heterocyclic

or carbocyclic ring which is optionally independently substituted with one or more R103 substituents; or Ro together with the atoms

and/or other substituent(s) on the same phenyl ring, form a fused or non-fused mono, bicyclic or fricyclic heterocyclic or

carbocyclic ring which is optionally independently substituted with one or more R103 substituents;

R3 and R4 are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
cycloalkyl, halogen, alkoxyalkyl, -OR101  -NR101R102 _NR101c(O)R102, .c(O)R101, -c(0)OR101, -C(O)NR1OTR102,

alkyINR101R102, -S(O)2R102,-SR101, -S(O)2NR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and
heteroarylalkyl, each optionally independently substituted with one or more independent R103 substituents; or R3 and Ry,
together with the atoms connecting the same, form a fused or non-fused mono, bicyclic or fricyclic heterocyclic or carbocyclic ring

which is optionally independently substituted with one or more R103 substituents;

Rs and Rg are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
cycloalkyl, halogen, alkoxyalkyl, -OR101  NR101R102Z_NR101C(O)R102, _c(O)R101, -c(0)OR101, -c(O)NR1OTR102
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alkyINR101R102, -S(O)2R102,-SR101, -S(O)ZNR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and

heteroarylalkyl, each optionally independently substituted with one or more independent R103 substituents;

X is selected from the group consisting of -C(O)NR10TR102 _gikyi0, -alkyNR101R102 _NR101C(0) and -NR'0%alkyl, each

optionally independently substituted with one or more independent R103 substituents;

Y is selected from the group consisting of -NR101R192, .NR10151kyIOH,-NR1015(OYalkyl, -NR1018(0)ophenyl, -N=CH-NR10TR102,

heterocycloalkyl and heterocycloalkylalkyl, each optionally independently substituted with one or more independent R103
substituents;

Zis a structural formula selected from the group consisting of:

o (Ia),
-OR100 (Ib),
2 2
—O—I';‘—OR“’“ /_0_|I:_OR100
OR100" (lc), DOR100" (ld),
(o] (0]
—o-or™® (Te), —o-L Nr1oogroo (16),
0 0
Ul nproogror (Ig), OR100 ()

and

o}
/_LL OR100
(1,

where formula (la) refers to an oxide;

R100 R100" R101 R102 gng R103 gre each independently selected from the group consisting of hydrogen, cyano, -NO», -OR104,
oxide, hydroxy, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl, heteroarylalkyl, -C(O)R1%, -C(0)OR1%, -c(O)NR104R105 _NR104R105  _NR1045(0),R105, -NR104C(0)R105, -
S(O)2R104, -SR104 ang -S(O)2NR104R105, each optionally independently substituted with one or more independent R103

substituents; or R101, R102, together with the atoms connecting the same, form a fused or non-fused mono, bicyclic or tricyclic

heterocyclic or carbocyclic ring which is optionally independently substituted with one or more R103 substituents; or R100, R100,
together with the atoms connecting the same, form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring

which is optionally independently substituted with one or more R103 substituents;

R104 and R195 are each independently selected from the group consisting of hydrogen, cyano, -NO9, hydroxy, oxide,

hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl and heteroarylalkyl;

mis 0,1, 2, 3, or 4;
nis0,1,2,3,4o0r5;

pis0Oor1;and

with a proviso that if a non-pyridine N-Oxide (N—O™) is present on the compound of Formula (1), then the total number of N-Oxide
on the compound of Formula (l) is more than one.

[0013] In another embodiment the invention is the use of a therapeutically effective amount of a compound of formula (I) as
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defined above or a pharmaceutically acceptable salt or adduct thereof, in the manufacture of a medicament which is able to treat
emesis, bladder dysfunction, depression or anxiety, in a patient in need thereof

[0014] In an alternative embodiment the invention is a medical use in 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
() as defined above.

[0015] In still another embodiment the invention is a compound selected from the group consisting of:
GA1 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-

4-(o-tolyl)pyridin-2-yl)-1-methyl-1-((phos phonooxy)methyl)piperazin-
| 1-ium,
AN CFa
I
(NN °
CF3

LN+\/|

|
GA2 1-(acetoxymethyl)}-4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-

dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-methylpiperazin-1-
|
AN CF3
o ~ <J 0
J_o N N
\—'T“\) CFa

ium,
GA3 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-

4-(o-tolyl)pyridin-2-yl)-1-((butyryloxy)methyl)-1-methylpiperazin-1-
ium,
4 LT%@CFS
0 >N o]
0 NN

GA4 1-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-4-methylpiperazine 1,4-dioxide,

2
HO-P-0
OH

GA5 1-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
1-oxido-4-(o-tolyl)pyridin-2-yl)-4-methylpiperazine 1-oxide,

GA6 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
1-oxido-4-(o-tolyl)pyridin-2-yl)-1-methylpiperazine 1-oxide,

GA7 5-(2-(3,5-bis(trifluoromethyl)phenyl)}-N,2-dimethylpropanamido)-2-
(4-methylpiperazin-1-yl)-4-(o-tolyl)pyridine 1-oxide, and
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GA8 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-

4-(o-tolyl)pyridin-2-yl)-1-methylpiperazine 1-oxide.
2 |l| CF
N SN ©
r|4+ CF3

or a pharmaceutically acceptable salt or adduct thereof.

[0016] In a further embodiment the invention is a compound of formula GA1,

formula 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-
GA1 dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-methyl-1-
((phosphonooxy)methyl)piperazin-1-ium
HO— - ;
\—N\)

or a pharmaceutically acceptable salt or adduct thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGURE 1 reproduces stability data for various salts of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-1-methyl-1-((phosphor-nooxy)methyl)piperazin-1-ium.

DETAILED DESCRIPTION

[0018] Before the present compounds, compositions, articles, devices, and/or methods are disclosed and described, it is to be
understood that they are not limited to specific synthetic methods or specific medical uses unless otherwise specified, or to
particular reagents unless otherwise specified, as such may, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only and is not intended to be limiting.

Materials

A. Compounds

[0019] Disclosed are compounds and pharmaceutically acceptable salts or adducts thereof represented by formula (l):
/ 1
R ~ |_(R1)m _
Rg X

> | R4R3
Z-Y7 SN Ry

(O)

Formula (1)

i (Ran

wherein:

R is selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy,
alkoxyalkyl, -OR101, NR101R102 NR101G(0)R102, -c(0)R101, -c(0)OR101, -C(OINRTOTR102, _5kyINRTOTR102, _5(0)2R102, -
SR101, S(O)QNR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and heteroarylalkyl, each optionally

independently substituted with one or more independent R103 substituents;

R1 and Ro are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
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cycloalkyl, halogen, alkoxy, alkoxyalkyl, -OR101-NR101R102, _NR101C(O)R192, _c(0)R101, -c(0)OR!01, -c(O)NRTOTR10Z, .
alkyINR101R102,-S(O)2R102, -SR101, -S(O)QNR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and

heteroarylalkyl, each optionally independently substituted with one or more independent R103 substituents; or Rq together with

the atoms and/or other substituent(s) on the same phenyl ring form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or

carbocyclic ring which is optionally independently substituted with one or more R103 substituents; or Ro together with the atoms
and/or other substituent(s) on the same phenyl ring form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or

carbocyclic ring which is optionally independently substituted with one or more R103 substituents;

R3 and R4 are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
cycloalkyl, halogen, alkoxy, alkoxyalkyl, -OR101 -NR101R102 _NR101C(0)R102, -c(O)R101, -c(0)OR101, -C(O)NR1OTR102, .
alkyINR101R102,-S(O)2R102, -SR101, -S(O)2NR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and

heteroarylalkyl, each optionally independently substituted with one or more independent R103 substituents; or R3 and Ry,
together with the atoms connecting the same form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring

which is optionally independently substituted with one or more R103 substituents;

Rs and Rg are independently selected from the group consisting of hydrogen, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl,
cycloalkyl, halogen, alkoxy, alkoxyalkyl, -OR101 -NR101R102 _NR101c(0)R102, .c(O)R101, -c(0)OR101, -C(O)NR1OTR102, .
alkyINR101R102,-S(O)2R102, -SR101, -S(O)2NR101R102, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl and

heteroarylalkyl, each optionally independently substituted with one or more independent R103 substituents;

X is selected from the group consisting of -C(O)NR19TR102, _alkylO, -alkyINR101R102 _NR191c(0) and -NR19%alkyl, each

optionally independently substituted with one or more independent R103 substituents;

Y is selected from the group consisting of -NR101R102 .NR10Ta1kylOH,-NR101S(O)alkyl, -NR101S(0)ophenyl, -N=CHNR10TR102,

heterocycloalkyl and heterocycloalkylalkyl, each optionally independently substituted with one or more independent R103
substituents;

Zis a structural formula selected from the group consisting of:

-O° (la),
-OR100 (Ib),
Icl) I
_O_IIJ_ORWO /_0_e_OR1OU
0R1OD" (IC)ﬂ OR100" (]d)ﬂ
o} 0
—o-LL grioo (o), —o-lLnRroogioo gy
(0} (o}
_U_NRqumu" (Ig), —LLOR“J“ (Ih)
and
o}

OR100
(I,

where formula (la) refers to an oxide;

R100 R100" R101 R102 gng R103 are each independently selected from the group consisting of hydrogen, cyano, -NO», -OR104,
oxide, hydroxy, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl, heteroarylalkyl, -C(O)R'%, -C(0)OR1%, -c(O)NR104R105 _NR104R105  _NR1045(0),R105, -NR104C(0)R105, -
S(O)2R104, -SR104 ang -S(O)QNR104R105, each optionally independently substituted with one or more independent R103

substituents; or R101, R102, together with the atoms connecting the same, form a fused or non-fused mono, bicyclic or tricyclic
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heterocyclic or carbocyclic ring which is optionally independently substituted with one or more R103 supstituents; or R100, R100",
together with the atoms connecting the same, form a fused or non-fused mono, bicyclic or tricyclic heterocyclic or carbocyclic ring

which is optionally independently substituted with one or more R103 substituents;

R104 and R105 are each independently selected from the group consisting of hydrogen, cyano, -NO9, hydroxy, oxide,
hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl, heterocycloalkyl, heterocycloalkylalkyl,
heteroaryl and heteroarylalkyl;

m is from 0 to 4; n is from 0 to 5; p is from 0 to 1; and with a proviso that if a non-pyridine N-Oxide (N"—0O™) is present on the
compound of Formula (I), then the total number of N-Oxide on the compound of Formula (l) is more than one. In another
embodiment, the invention excludes all N-oxide forms.

[0020] In some forms, the compounds as presently disclosed are compounds of formula (1), or pharmaceutically acceptable salts
or adducts thereof, wherein R, R1, Ro, R3, R4, R5 and Rg are each independently selected from the group consisting of

hydrogen, hydroxy, amino, alkyl, alkenyl, cycloalkyl, halogen, cyano, -OR191 ang CFs.

[0021] In some other forms, the compounds as presently disclosed are compounds of formula (), or pharmaceutically acceptable

salts or adducts thereof, wherein Xis -NR101 C(0). In some other forms, the compounds as presently disclosed are compounds of
formula (1), or pharmaceutically acceptable salts or adducts thereof, wherein Y is a heterocycloalkyl or heterocycloalkylalkyl. In
some still other forms, the compounds as presently disclosed are compounds of formula (1), or pharmaceutically acceptable salts
or adducts thereof, wherein the compound of formula (I) has a structure of formula (ll):

~ 2 Ron
R N
Re_ X « 0 Reh
QY l Ro
SR ©O)
(R)s
Formula (1)

where Q and R' are each independently selected from the group consisting of C, O, S, and N, each optionally independently
substituted with one or more independent R103 substituents; R7 is selected from the group selected from hydrogen, alkoxy,
alkoxyalkyl, -OR101, hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl and halogen, each optionally independently

substituted with one or more independent R103 substituents; s is from 0 to 4; and all other variables are defined as for formula (D).

[0022] In some forms, the compounds as presently disclosed are compounds of formula (1), or pharmaceutically acceptable salts
or adducts thereof, wherein the compound of formula (I) has a structure of formula (lll):

~ '—(R
~ [ 1)m
R $8 R3 R4
Re ~ N Z
| 5 (R2)n
N (6] NS
N™ "N” "Rs
NG o)
z7 1~ :
Rg RT)S
Formula (III)

where Rg is selected from the group consisting of hydrogen, alkyl, alkenyl and cycloalkyl, each optionally independently
substituted with one or more independent R103 substituents; Rg is alkyl or cycloalkyl, each optionally substituted with one or more

independent R103 substituents; and all other radicals are defined as for formula (I) and formula (II).

[0023] In some other forms, the compounds as presently disclosed are compounds of formula (I), or pharmaceutically acceptable
salts or adducts thereof, wherein the compound of formula (1) has a structure of formula (IV):
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CFs

R5 R2
CF3

/N*—\,J (d)p
2R,
Formula (IV)

where p is independently 0 or 1; and all other radicals are defined as for formula (I), formula (ll) and formula (lll).

[0024] 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 (l) has a structure of formula (V):

1
Nd ©) CFs
©) R)s
Formula (V)
where p is independently 0 or 1; and all other radicals are defined as for formula (I), formula (ll), formula (lll) and formula (IV).

[0025] In some other forms, the compounds as presently disclosed are compounds of formula (I), or pharmaceutically acceptable
salts or adducts thereof, wherein the compound of formula (1) has a structure of formula (VI):

Formula (V1)
where Rogg and R3pp are each independently selected from the group consisting of hydrogen, alkyl and cycloalkyl, each

optionally independently substituted with one or more independent R103 substituents; or Rogo and R3gg are each independently

an organic or inorganic cation; p is independently 0 or 1; and all other radicals are defined according to formula (1), formula (ll),
formula (lll), formula (IV) and formula (V).

[0026] In some forms, the compounds as presently disclosed are compounds of formula (1), or pharmaceutically acceptable salts
or adducts thereof, wherein the compound of formula (I) is a compound selected from the group consisting of:

GA1 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-1-methyl-1-((phos phonooxy)methyl)piperazin-
| 1-ium,
AN CF3
Q sd 0
HO-P-0 N= °N
OH \—’f\) CFs
GA2 1-(acetoxymethyl)}-4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-
dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-methylpiperazin-1-
jum,
y rln CF3
Jo_ oy S
o) N N
N CFs
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GA3 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-1-((butyryloxy)methyl)-1-methylpiperazin-1-
jum,

oz h|| CF3
S
fo) N N
¥|T|+ CF;
GA4 1-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-4-methylpiperazine 1,4-dioxide,
y |l| CF;3
o |
NN ©
'o—lTl*\) CFs
GAS5 1-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
1-oxido-4-(o-tolyl)pyridin-2-yl)-4-methylpiperazine 1-oxide,
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4-(o-tolyl)pyridin-2-yl)-1-methylpiperazine 1-oxide.
z rll CF3
|
(N SN ©
’o—le’\) CFs

[0027] A particular preferred compound is the chloride hydrochloride HCI salt of GA1 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

to its parent state.
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[0028] The disclosed compositions and compounds can be used in the form of salts derived from inorganic or organic acids.
Depending on the particular compound, a salt of the compound can be advantageous due to one or more of the salt's physical
properties, such as enhanced storage stability in differing temperatures and humidities, or a desirable solubility in water or oil. In
some instances, a salt of a compound also can be used as an aid in the isolation, purification, and/or resolution of the compound.

[0029] Where a salt is intended to be administered to a patient (as opposed to, for example, being used in an in vitro context),
the salt preferably is pharmaceutically acceptable. The term "pharmaceutically 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 is generally
considered suitable for human consumption. Pharmaceutically acceptable salts are particularly useful as products of the
disclosed medical uses 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 salts." Salts encompassed within the term
"pharmaceutically acceptable salts" refer to non-toxic salts of the disclosed compounds which are generally prepared by reacting
the free base with a suitable organic or inorganic acid.

[0030] Suitable pharmaceutically acceptable acid addition salts of the disclosed compounds, when possible include those
derived from inorganic acids, such as hydrochloric, hydrobromic, hydrofluoric, boric, fluoroboric, phosphoric, metaphosphoric,
nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such as acetic, benzenesulfonic, benzoic, citric, ethanesulfonic,
fumaric, gluconic, glycolic, isothionic, lactic, lactobionic, maleic, malic, methanesulfonic, trifluoromethanesulfonic, succinic,
toluenesulfonic, tartaric, and trifluoroacetic acids. Suitable organic acids generally include, for example, aliphatic, cycloaliphatic,
aromatic, araliphatic, heterocyclylic, carboxylic, and sulfonic classes of organic acids.

[0031] Specific examples of suitable organic acids include acetate, trifluoroacetate, formate, propionate, succinate, glycolate,
gluconate, digluconate, lactate, malate, tartaric acid, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate, aspartate,
glutamate, benzoate, anthranilic acid, mesylate, stearate, salicylate, p-hydroxybenzoate, phenylacetate, mandelate, embonate
(pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate, pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate,
sufanilate, cyclohexylaminosulfonate, algenic acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate, butyrate,
camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate, glycoheptanoate, glycerophosphate, heptanoate,
hexanoate, nicotinate, 2-naphthalesulfonate, oxalate, palmoate, pectinate, 3-phenylpropionate, picrate, pivalate, thiocyanate,
tosylate, and undecanoate.

[0032] Furthermore, where the disclosed compounds carry an acidic moiety, suitable pharmaceutically acceptable salts thereof
can include alkali metal salts, e.g., sodium or potassium salts; alkaline earth metal salts, e.g., copper, calcium or magnesium salts;
and salts formed with suitable organic ligands, e.g., quaternary ammonium salts. In some forms, base salts are formed from bases
which form non-toxic salts, including aluminum, arginine, benzathine, choline, diethylamine, diolamine, glycine, lysine, meglumine,
olamine, tromethamine and zinc salts.

[0033] Organic salts can be made from secondary, tertiary or quaternary amine salts, such as tromethamine, diethylamine, N,N'-
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine (N-methylglucamine), and
procaine. Basic nitrogen-containing groups can be quaternized with agents such as lower alkyl (C1-C8) halides (e.g., methyl,
ethyl, propyl, and butyl chlorides, bromides, and iodides), dialkyl sulfates (e.g., dimethyl, diethyl, dibuytl, and diamyl sulfates), long
chain halides (e.g., decyl, lauryl, myristyl, and stearyl chlorides, bromides, and iodides), arylalkyl halides (e.g., benzyl and
phenethyl bromides), and others. In some forms, hemisalts of acids and bases can also be formed, for example, hemisulphate
and hemicalcium salts. The disclosed compounds can exist in both unsolvated and solvated forms. A "solvate" as used herein is a
nonaqueous solution or dispersion in which there is a noncovalent or easily dispersible combination between solvent and solute,
or dispersion means and disperse phase.

[0034] The disclosed compositions and compounds can be used in the form of adducts derived by formation of Lewis pairs,
covalently linked adducts e.g. between N atoms and carbonyl-containing reactants, hydrates and alcoholates, host-guest adducts
containing molecular species not bonded or associated with the medicinal compound, and other clathrates.

[0035] 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 resolution of the compound.

[0036] Where an adduct is intended to be administered to a patient (as opposed to, for example, being used in an in vitro
context), the adduct preferably is pharmaceutically acceptable. The term "pharmaceutically acceptable adduct" refers to an
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adduct prepared by combining a compound, such as the disclosed compounds, with a gas, water, solvent, Lewis base, carbonyl-
containing molecule, or guest molecule that is generally considered suitable for human consumption. Pharmaceutically acceptable
addition species are particularly useful as products of the disclosed medical uses because of their greater aqueous solubility
relative to the parent compound. For use in medicine, the adducts of the disclosed compounds are non-toxic "pharmaceutically
acceptable adducts." Adducts encompassed within the term "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 suitable organic or inorganic
addition species.

[0037] Suitable 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, H3PO3,

siloxanes, and other Lewis bases.

[0038] Suitable pharmaceutically acceptable adducts of the disclosed compounds, when possible, also include those derived
from covalent bonding between an oxygen, nitrogen or sulfur atom of the compound and carbon dioxide, low alkyl aldehyde or
ketone, vanillin, amino acid, or a nucleic acid.

[0039] 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 crystalline or amorphous phase of the compound.

[0040] Suitable pharmaceutically acceptable adducts of the disclosed compounds, when possible, also include those derived
from association of a molecule of the compound with water, a pharmaceutically acceptable lower alkyl alcohol, or another
pharmaceutically acceptable solvent that is associated in a molecular ratio with the compound.

[0041] In one embodiment the adduct is optionally a clathrate.

General Synthetic Schemes

[0042] The compounds of the formula () (and other disclosed compounds), or their pharmaceutically acceptable salts or
adducts, can be prepared by the methods as illustrated by examples described in the "Examples” section, together with synthetic
methods known in the art of organic chemistry, or modifications and derivatisations that are familiar to those of ordinary skill in the
art. The starting materials used herein are commercially available or can be prepared by routine methods known in the art (such
as those methods disclosed in standard reference books such as the Compendium of Organic Synthesis Methods, Vol. I-VI
(published by Wiley-Interscience)). Preferred methods include, but are not limited to, those described below. During any of the
following synthetic sequences it may be necessary and/or desirable to protect sensitive or reactive groups on any of the
molecules concerned. This can be achieved by means of conventional protecting groups, such as those described in T. W.
Greene, Protective Groups in Organic Chemistry, John Wiley & Sons, 1981; T. W. Greene and P. G. M. Wuts, Protective Groups
in Organic Chemistry, John Wiley & Sons, 1991, T. W. Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John
Wiley & Sons, 1999, and P. G. M. Wuts 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.

[0043] The invention further provides methods for making suitable prodrugs of the 4-phenyl-pyridine derivatives. In one
embodiment the invention provides a one-step, acid-free synthesis for functionalizing tertiary amines by reaction with chloromethyl
dialkyl phosphate esters to create (phosphooxy)methyl prodrugs that are substrates for phosphatase enzymes. By 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 dialkyl phosphate esters having suitable purity and economy, because the quality of
phosphate ester compositions from commercial sources is too low to provide acceptable yields for reactions according to the
invention. In an additional embodiment the invention provides a method to stabilize the (phosphooxy)methyl prodrugs according to
the invention by combination with two equivalents of hydrochloric acid, because whereas the prior art preferred the use of dibasic
salts of (phosphooxy)methyl substituents for quaternary ammonium salts in prodrugs, the present invention had found that such
salts are unstable and reform the underlying drug during storage.

Definition of Terms
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[0044] The term "alkyl" refers to a linear or branched-chain saturated hydrocarbyl substituent (i.e., a substituent obtained from a
hydrocarbon by removal of a hydrogen) containing from one to twenty carbon atoms; in one embodiment from one to twelve
carbon atoms; in another embodiment, from one to ten carbon atoms; in another embodiment, from one to six carbon atoms; and
in another embodiment, from one to four carbon atoms. Examples of such substituents include methyl, ethyl, propyl (including n-
propyl and isopropyl), butyl (including n-butyl, isobutyl, sec-butyl and tert-butyl), pentyl, iso-amyl, hexyl.

[0045] The term "alkenyl" refers to a linear or branched-chain hydrocarbyl substituent containing one or more double bonds and
from two to twenty carbon atoms; in another embodiment, from two to twelve carbon atoms; in another embodiment, from two to six
carbon atoms; and in another embodiment, from two to four carbon atoms. Examples of alkenyl include ethenyl (also known as
vinyl), allyl, propenyl (including 1-propenyl and 2-propenyl) and butenyl (including 1-butenyl, 2-butenyl and 3-butenyl). The term
"alkenyl" embraces substituents having "cis" and "trans" orientations, or alternatively, "E" and "Z" orientations.

[0046] The term "benzyl" refers to methyl radical substituted with phenyl.

[0047] The term "carbocyclic ring" refers to a saturated cyclic, partially saturated cyclic, or aromatic ring containing from 3 to 14
carbon ring atoms ("ring atoms" are the atoms bound together to form the ring). A carbocyclic ring typically contains from 3 to 10
carbon ring atoms. Examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl,
cyclohexenyl, cyclohexadienyl, and phenyl. A "carbocyclic ring system" alternatively may be 2 or 3 rings fused together, such as
naphthalenyl, tetrahydronaphthalenyl (also known as "tetralinyl"), indenyl, isoindenyl, indanyl, bicyclodecanyl, anthracenyl,
phenanthrene, benzonaphthenyl (also known as "phenalenyl"), fluorenyl, and decalinyl.

[0048] The term "heterocyclic ring" refers to a saturated cyclic, partially saturated cyclic, or aromatic ring containing from 3 to 14
ring atoms ("ring atoms" are the atoms bound together to form the ring), in which at least one of the ring atoms is a heteroatom
that is oxygen, nitrogen, or sulfur, with the remaining ring atoms being independently selected from the group consisting of
carbon, oxygen, nitrogen, and sulfur.

[0049] The term "cycloalkyl" refers to a saturated carbocyclic substituent 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 cyclohexyl.

[0050] The term "cycloalkyl" also includes substituents that are fused to a Cg-Cqp aromatic ring or to a 5-10-membered
heteroaromatic 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 Cg-C1g aromatic ring or to a 5-
10-membered heteroaromatic ring may be optionally substituted with halogen, C4-Cg alkyl, C3-C1g cycloalkyl, or =O.

[0051] The term "cycloalkenyl" refers to a partially unsaturated carbocyclic substituent having three to fourteen carbon atoms,
typically three to ten carbon atoms. Examples of cycloalkenyl include cyclobutenyl, cyclopentenyl, and cyclohexenyl.

[0052] A cycloalkyl or cycloalkenyl may be a single ring, which typically contains from 3 to 6 ring atoms. Examples include
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclohexadienyl, and phenyl.
Alternatively, 2 or 3 rings may be fused together, such as bicyclodecanyl and decalinyl.

[0053] The term "aryl" refers to an aromatic substituent containing one ring or two or three fused rings. The aryl substituent may
have six to eighteen carbon atoms. As an example, the aryl substituent may have six to fourteen carbon atoms. The term "aryl"
may refer to substituents such as phenyl, naphthyl and anthracenyl. The term "aryl" also includes substituents such as phenyl,
naphthyl and anthracenyl that are fused to a C4-Cqg carbocyclic ring, such as a Cs or a Cg carbocyclic ring, or to a 4-10-
membered heterocyclic ring, wherein a group having such a fused aryl group as a substituent is bound to an aromatic carbon of
the aryl group. When such a fused aryl group is substituted with one more substituents, the one or more substituents, unless
otherwise specified, are each bound to an aromatic carbon of the fused aryl group. The fused C4-C1qg carbocyclic or 4-10-
membered heterocyclic ring may be optionally substituted with halogen, C1-Cg alkyl, C3-C1g cycloalkyl, or =O. Examples of aryl

groups include accordingly phenyl, naphthalenyl, tetrahydronaphthalenyl (also known as "tetralinyl"), indenyl, isoindenyl, indanyl,
anthracenyl, phenanthrenyl, benzonaphthenyl (also known as "phenalenyl"), and fluorenyl.

[0054] In some instances, the number of carbon atoms in a hydrocarbyl substituent (e.g., alkyl, alkenyl, cycloalkyl, cycloalkenyl,
aryl, etc.) is indicated by the prefix "CxCy," wherein x is the minimum and y is the maximum number of carbon atoms in the
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substituent. Thus, for example, "C4-Cg-alkyl" refers to an alkyl substituent containing from 1 to 6 carbon atoms. lllustrating further,

C3-Ce-cycloalkyl refers to saturated cycloalkyl containing from 3 to 6 carbon ring atoms.

[0055] In some instances, the number of atoms in a cyclic substituent containing one or more heteroatoms (e.g., heteroaryl or
heterocycloalkyl) is indicated by the prefix "X-Y-membered", wherein x is the minimum and y is the maximum number of atoms
forming the cyclic moiety of the substituent. Thus, for example, 5-8-membered heterocycloalkyl refers to a heterocycloalkyl
containing from 5 to 8 atoms, including one or more heteroatoms, in the cyclic moiety of the heterocycloalkyl.

[0056] The term "hydrogen" refers to hydrogen substituent, and may be depicted as -H.

[0057] The term "hydroxy" refers to -OH. When used in combination with another term(s), the prefix "hydroxy" indicates that the
substituent to which the prefix is attached is substituted with one or more hydroxy substituents. Compounds bearing a carbon to

which one or more hydroxy substituents include, for example, alcohols, enols and phenol.

[0058] The term "hydroxyalkyl" refers to an alkyl that is substituted with at least one hydroxy substituent. Examples of
hydroxyalkyl include hydroxymethyl, hydroxyethyl, hydroxypropyl and hydroxybutyl.

[0059] The term "nitro" means -NO».
[0060] The term "cyano" (also referred to as "nitrile") -CN.
[0061] The term "carbonyl" means -C(O)-.

[0062] The term "amino" refers to -NHo.

[0063] The term "alkylamino" refers to an amino group, wherein at least one alkyl chain is bonded to the amino nitrogen in place
of a hydrogen atom. Examples of alkylamino substituents include monoalkylamino such as methylamino (exemplified by the
formula -NH(CHa)), and dialkylamino such as dimethylamino.

[0064] The term "aminocarbonyl" means -C(O)-NHp.

[0065] The term "halogen" refers to fluorine (which may be depicted as -F), chlorine (which may be depicted as -Cl), bromine
(which may be depicted as -Br), or iodine (which may be depicted as -I). In one embodiment, the halogen is chlorine. In another
embodiment, the halogen is a fluorine.

[0066] The prefix "halo" indicates that the substituent to which the prefix is attached is substituted with one or more
independently selected halogen substituents. For example, haloalkyl refers to an alkyl that is substituted with at least one halogen
substituent. The term "oxo" refers to =O.

[0067] The term "oxy" refers to an ether substituent, and may be depicted as -O-.

[0068] The term "alkoxy" refers to an alkyl linked to an oxygen, which may also be represented as -O-R, wherein the R
represents the alkyl group. Examples of alkoxy include methoxy, ethoxy, propoxy and butoxy.

[0069] The term "alkylthio" means -S-alkyl. For example, "methylthio" is -S-CH3. Other examples of alkylthio include ethylthio,
propylthio, butylthio, and hexylthio.

[0070] The term "alkylcarbonyl" means -C(O)-alkyl. Examples of alkylcarbonyl include methylcarbonyl, propylcarbonyl,
butylcarbonyl, pentylcabonyl, and hexylcarbonyl.

[0071] The term "aminoalkylcarbonyl" means -C(O)-alkyl-NHo.

[0072] The term "alkoxycarbonyl" means -C(O)-O-alkyl. Examples of alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, and hexyloxycarbonyl. In another embodiment, where the carbon atom of the
carbonyl is attached to a carbon atom of a second alkyl, the resulting functional group is an ester.
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[0073] The terms "thio" and "thia" mean a divalent sulfur atom and such a substituent may be depicted as -S-. For example, a
thioether is represented as "alkyl-thio-alkyl" or, alternatively, alkyl-S-alkyl.

[0074] The term "thiol" refers to a sulfhydryl substituent, and may be depicted as -SH.
[0075] The term "thione" refers to =S.

[0076] The term "sulfonyl" refers to -S(O)2-. Thus, for example, "alkyl-sulfonyl-alkyl" refers to alkyl-S(O)2-alkyl. Examples of
alkylsulfonyl include methylsulfonyl, ethylsulfonyl, and propylsulfonyl.

[0077] The term "aminosulfonyl" means -S(O)2-NHo.

[0078] The term "sulfinyl" or "sulfoxido" means -S(O)-. Thus, for example, "alkylsulfinylalkyl" or "alkylsulfoxidoalkyl" refers to alkyl-
S(0)-alkyl. Exemplary alkylsulfinyl groups include methylsulfinyl, ethylsulfinyl, butylsulfinyl, and hexylsulfinyl.

[0079] The term "heterocycloalkyl" refers to a saturated or partially saturated ring structure containing a total of 3 to 14 ring
atoms. At least one of the ring atoms 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 alternatively may
comprise 2 or 3 rings fused together, wherein at least one such ring contains a heteroatom as a ring atom (e.g., nitrogen, oxygen,
or sulfur). In a group that has a heterocycloalkyl substituent, the ring atom of the heterocycloalkyl substituent that is bound to the
group may be the at least one heteroatom, or it 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 atom may be in a different ring from the at least one heteroatom.
Similarly, if the heterocycloalkyl substituent is in turn substituted with a group or substituent, the group 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.

[0080] Examples of heterocycloalkyl include, but not limited to, azacyclobutane, 1,3-diazatidine, pyrrolidine, 2-pyrroline, 3-
pyrroline, 2-imidazoline, imidazolidine, 2-pyrazoline, pyrazolidine, piperidine, 1,2-diazacyclohexane, 1,3-diazacyclohexane, 1,4-
diazacyclohexane, octahydroazocine, oxacyclobutane, tetrahydrofuran, tetrahydropyran, 1,2-dioxacyclohexane, 1,3-
dioxacyclohexane, 1,4-dioxacyclohexane, 1,3-dioxolane, thiacyclobutane, thiocyclopentane, 1,3-dithiolane, thiacyclohexane, 1,4-
dithiane, 1,3-oxathialane, morpholine, 1,4-thiaxane, 1,3,5-trithiane and thiomorpholine.

[0081] The term "heterocycloalkyl" also includes substituents that are fused to a Cg-C4g aromatic ring or to a 5-10-membered

heteroaromatic ring, wherein a group having such a fused heterocycloalkyl group as a substituent is bound to a heteroatom of the
heterocyclocalkyl group or to a carbon atom of the heterocycloalkyl group. When such a fused heterocycloalkyl group is
substituted with one more substituents, the one or more substituents, unless otherwise specified, are each bound to a heteroatom
of the heterocyclocalkyl group or to a carbon atom of the heterocycloalkyl group. The fused Cg-C1g aromatic ring or to a 5-10-

membered heteroaromatic ring may be optionally substituted with halogen, C¢-Cg alkyl, C3-C1q cycloalkyl, or =O.

[0082] The term "heteroaryl" refers to an aromatic ring structure containing from 5 to 14 ring atoms in which at least one of the
ring atoms 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 heteroaryl may be a single ring or 2 or 3 fused rings. Examples of
heteroaryl substituents include 6-membered ring substituents such as pyridyl, pyrazyl, pyrimidinyl, and pyridazinyl; 5-membered
ring substituents such as triazolyl, imidazolyl, furanyl, thiophenyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 1,2,3-, 1,2,4-, 1,2,5-, or
1,3,4-oxadiazolyl and isothiazolyl; 6/5-membered fused ring substituents such as benzothiofuranyl, isobenzothiofuranyl,
benzisoxazolyl, benzoxazolyl, purinyl, and anthranilyl; and 6/6-membered fused rings such as quinolinyl, isoquinolinyl, cinnolinyl,
quinazolinyl, and 1,4-benzoxaznyl. The term "heteroaryl" also includes pyridyl N-oxides and groups containing a pyridine N-oxide
ring.

[0083] Examples of single-ring heteroaryls include furanyl, dihydrofuranyl, tetradydrofuranyl, thiophenyl (also known as
"thiofuranyl"), dihydrothiophenyl, tetrahydrothiophenyl, pyrrolyl, isopyrrolyl, pyrrolinyl, pyrrolidinyl, imidazolyl, isoimidazolyl,
imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl, isothiazolidinyl, thiadiazolyl, oxathiazolyl, oxadiazolyl (including oxadiazolyl,
1,2,4-oxadiazolyl (also known as "azoximyl"), 1,2,5-oxadiazolyl (also known as "furazanyl"), or 1,3,4-oxadiazolyl), oxatriazolyl
(including 1,2,3,4-oxatriazolyl or 1,2,3,5-oxatriazolyl), dioxazolyl (including 1,2,3-dioxazolyl, 1,2,4-dioxazolyl, 1,3,2-dioxazolyl, or
1,3,4-dioxazolyl), oxathiazolyl, oxathiolyl, oxathiolanyl, pyranyl (including 1,2-pyranyl or 1,4-pyranyl), dihydropyranyl, pyridinyl
(also known as "aznyl"), piperidinyl, diazinyl (including pyridazinyl (also known as "1,2-diazinyl"), pyrimidinyl (also known as "1,3-
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diazinyl" or "pyrimidyl"), or pyrazinyl (also known as "1,4-diazinyl")), piperazinyl, triazinyl (including s-triazinyl (also known as
"1,3,5-triazinyl"), as-triazinyl (also known 1,2 4-triazinyl), and v-triazinyl (also known as "1,2,3-triazinyl")), oxazinyl (including 1,2,3-
oxaznyl, 1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as "pentoxazolyl"), 1,2,6-oxazinyl, or 1,4-oxaznyl), isoxazinyl (including o-
isoxazinyl or p-isoxazinyl), oxazolidinyl, isoxazolidinyl, oxathiazinyl (including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl), oxadiazinyl
(including 1,4,2-oxadiaznyl or 1,3,5,2-oxadiazinyl), morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl.

[0084] Examples of 2-fused-ring heteroaryls include, indolizinyl, pyrindinyl, pyranopyrrolyl, 4H-quinolizinyl, purinyl, naphthyridinyl,
pyridopyridinyl  (including pyrido[3,4-b]-pyridinyl, pyrido[3,2-b]-pyridinyl, or pyrido[4,3-b]-pyridinyl), and pteridinyl, indolyl,
isoindolyl, indoleninyl, isoindazolyl, benzazinyl, phthalazinyl, quinoxalinyl, quinazolinyl, benzodiazinyl, benzopyranyl,
benzothiopyranyl, benzoxazolyl, indoxazinyl, anthranilyl, benzodioxolyl, benzodioxanyl, benzoxadiazolyl, benzofuranyl,
isobenzofuranyl, benzothienyl, isobenzothienyl, benzothiazolyl, benzothiadiazolyl, benzimidazolyl, benzotriazolyl, benzoxaznyl,
benzisoxazinyl, and tetrahydroisoquinolinyl.

[0085] Examples of 3-fused-ring heteroaryls or heterocycloalkyls include 5,6-dihydro-4H-imidazo[4,5,1-ijJquinoline, 4,5-
dihydroimidazo[4,5,1-hilindole, 4,5,6,7-tetrahydroimidazo[4,5,1-jk][1]benzazepine, and dibenzofuranyl.

[0086] The term "heteroaryl" also includes substituents such as pyridyl and quinolinyl that are fused to a C4-C1q carbocyclic ring,
such as a Cg or a Cg carbocyclic ring, or to a 4-10-membered heterocyclic ring, wherein a group having such a fused aryl group
as a substituent is bound to an aromatic carbon of the heteroaryl group or to a heteroatom of the heteroaryl group. When such a
fused heteroaryl group is substituted with one more substituents, the one or more substituents, unless otherwise specified, are
each bound to an aromatic carbon of the heteroaryl group or to a heteroatom of the heteroaryl group. The fused C4-C1o

carbocyclic or 4-10-membered heterocyclic ring may be optionally substituted with halogen, C4-Cg alkyl, C3-C1g cycloalkyl, or =O.

[0087] The term "ethylene" refers to the group -CHp-CHo-. The term "ethynelene" refers to the group -CH=CH-. The term
"propylene” refers to the group -CHp-CHp-CHp-. The term "butylene" refers to the group -CHp-CHp-CHp-CHo-. The term
"methylenoxy" refers to the group -CHp-O-. The term "methylenethioxy" refers to the group -CHp-S-. The term "methylenamino”
refers to the group -CHo-N(H)-. The term "ethylenoxy" refers to the group -CHp-CHy-O-. The term "ethylenethioxy" refers to the
group - CHp-CHp-S-. The term "ethylenamino” refers to the group -CHa-CHp-N(H)-.

[0088] A substituent is "substitutable" if it comprises at least one carbon, sulfur, oxygen or nitrogen atom that is bonded to one or
more hydrogen atoms. Thus, for example, hydrogen, halogen, and cyano do not fall within this definition. If a substituent is
described as being "substituted," a non-hydrogen substituent is in the place of a hydrogen substituent on a carbon, oxygen,
sulfur or nitrogen of the substituent. Thus, for example, a substituted alkyl substituent is an alkyl substituent wherein at least one
non-hydrogen substituent is in the place of a hydrogen substituent on the alkyl substituent.

[0089] If a substituent is described as being "optionally substituted," the substituent may be either (1) not substituted, or (2)
substituted. When a substituent is comprised of multiple moieties, unless otherwise indicated, it is the intention for the final moiety
to serve as the point of attachment to the remainder of the molecule. For example, in a substituent A-B-C, moiety C is attached to
the remainder of the molecule. If substituents are described as being "independently selected" from a group, each substituent is
selected independent of the other. Each substituent therefore may be identical to or different from the other substituent(s).

Pharmaceutical Compositions

[0090] Pharmaceutical compositions for preventing and/or treating a subject are further provided 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.

[0091] A "pharmaceutically acceptable" excipient is one that is not biologically or otherwise undesirable, i.e., the material can be
administered to a subject without causing any undesirable biological effects or interacting in a deleterious manner with any of the
other components of the pharmaceutical composition in which it is contained. The carrier can be selected to minimize any
degradation of the active ingredient and to minimize any adverse side effects in the subject, as would be well known to one of skill
in the art. The carrier can be a solid, a liquid, or both.

[0092] 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
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compositions, for example, can be administered orally, rectally, parenterally, ocularly, inhalationaly, or topically. In particular,
administration can be epicutaneous, inhalational, enema, conjunctival, eye drops, ear drops, alveolar, nasal, intranasal, vaginal,
intravaginal, transvaginal, ocular, intraocular, transocular, enteral, oral, intraoral, transoral, intestinal, rectal, intrarectal,
transrectal, injection, infusion, intravenous, intraarterial, intramuscular, intracerebral, intraventricular, intracerebroventricular,
intracardiac, subcutaneous, intraosseous, intradermal, intrathecal, intraperitoneal, intravesical, intracavernosal, intramedullar,
intraocular, intracranial, transdermal, transmucosal, transnasal, inhalational, intracisternal, epidural, peridural, intravitreal, etc.

[0093] Suitable carriers and their formulations are described in Remington: The Science and Practice of Pharmacy (19th ed.) ed.
A.R. Gennaro, Mack Publishing Company, Easton, PA, 1995. Oral administration of a solid dose form can be, for example,
presented in discrete units, 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 forms, the
compounds of formula | are ordinarily combined with one or more adjuvants. Such capsules or tablets can contain a controlled-
release formulation. In the case of capsules, tablets, and pills, the dosage forms also can comprise buffering agents or can be
prepared with enteric coatings.

[0094] In some forms, oral administration can be in a liquid dose form. Liquid dosage forms for oral administration include, for
example, pharmaceutically acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly
used in the art (e.g., water). Such compositions also can comprise adjuvants, such as wetting, emulsifying, suspending, flavoring
(e.g., sweetening), and/or perfuming agents.

[0095] In some forms, the disclosed compositions can comprise a parenteral dose form. "Parenteral administration” includes, for
example, subcutaneous injections, intravenous injections, intraperitoneally, intramuscular injections, intrasternal injections, and
infusion. Injectable preparations (e.g., sterile injectable aqueous or oleaginous suspensions) can be formulated according to the
known art using suitable dispersing, wetting agents, and/or suspending agents. Typically, an appropriate amount of a
pharmaceutically acceptable carrier is used in the formulation to render the formulation isotonic. Examples of the pharmaceutically
acceptable carrier include, but are not limited to, saline, Ringer's solution and dextrose solution. Other acceptable excipients
include, but are not limited to, thickeners, diluents, buffers, preservatives, surface active agents.

[0096] Other carrier materials and modes of administration known in the pharmaceutical art can also be used. The disclosed
pharmaceutical compositions can be prepared by any of the well-known techniques of pharmacy, such as effective formulation
and administration procedures. The above considerations in regard to effective formulations and administration procedures are
well 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., Easton, Pennsylvania, 1975; Liberman, et al., Eds., Pharmaceutical
Dosage Forms, Marcel Decker, New York, N.Y., 1980 ; and Kibbe, et al., Eds., Handbook of Pharmaceutical Excipients (3rd Ed.),
American Pharmaceutical Association, Washington, 1999.

[0097] The disclosed compounds can be used, alone or in combination with other therapeutic agents, in the treatment or
prevention of various conditions or disease states. The administration of two or more compounds "in combination" means that the
two compounds are administered closely enough in time that the presence of one alters the biological effects of the other. The
two or more compounds can be administered simultaneously, concurrently or sequentially.

[0098] Disclosed are pharmaceutical compositions comprising an effective amount of a compound of the invention or a
pharmaceutically accepted salt, solvate, clathrate, or prodrug thereof; and a pharmaceutically acceptable carrier or vehicle.
These compositions may further comprise additional agents. These compositions are useful for modulating the activity of the
neurokinin (NK4) receptor, thus to improve the prevention and treatment of NK4 receptor associated diseases such as nausea

and vomiting, bladder dysfunction, depression or anxiety.

[0099] In some forms, disclosed are pharmaceutical compositions for preventing and/or treating a subject comprising a
therapeutically effective amount of a compound according to formula (1), and one or more pharmaceutically acceptable excipients.
In some other forms, disclosed are pharmaceutical compositions, further comprising one or more therapeutic agents or a
pharmaceutically acceptable salt thereof. In some forms, said therapeutic agent is a 5-HT3 antagonist, a NK1 antagonist or

dexamethasone. In some other forms, said 5-HT3 antagonist is ondansetron, palonosetron, granisetron or tropisetron, or a
pharmaceutically acceptable salt thereof.

Methods
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[0100] All of the methods of the invention may be practiced with a compound of the invention alone, or in combination with other
agents.

Treating

[0101] The above-described compounds and compositions are useful for the inhibition, reduction, prevention, and/or treatment
of diseases which are pathophysiologically modulated by the neurokinin (NK1) receptor. Accordingly, in some forms, disclosed are
medical uses for preventing and/or treating diseases which are pathophysiologically modulated by the NK{ receptor, comprising

administering to a subject a therapeutically effective amount of a compound of formula (I) as disclosed above, or a
pharmaceutically acceptable salt or adduct thereof.

[0102] Suitable subjects can include mammalian subjects. Mammals include, but are not limited to, canine, feline, bovine,
caprine, equine, ovine, porcine, rodents, lagomorphs, primates, and encompass mammals in utero. In some forms, humans are
the subjects. Human subjects can be of either gender and at any stage of development.

[0103] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, wherein said disease is nausea and vomiting, bladder dysfunction, depression or anxiety.

[0104] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NKq receptor, wherein said nausea and vomiting is chemotherapy induced nausea and vomiting (CINV),

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

[0105] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysio logically
modulated by the NK1 receptor, wherein said nausea and vomiting is induced by moderately or highly emetogenic chemotherapy.
In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK1 receptor, wherein said nausea and vomiting is an acute and/or delayed phases of CINV.

[0106] Acute emesis refers to the first twenty-four hour period following an emesis-inducing event. Delayed emesis refers to the
second, third, fourth and fifth twenty-four hour periods following an emesis-inducing event. When a treatment is said to be
effective during the delayed phase, it 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 hour period of
the delayed phase. It will also be understood that the medical use can be defined based upon its effectiveness during any one of
the twenty-four hour periods of the delayed phase. Thus, unless otherwise specified, any of the medical uses for treating nausea
and/or vomiting during the delayed phases, as described herein, could also be practiced to treat nausea and/or vomiting during
the second, third, fourth or fifth twenty-four hour periods following an emesis inducing event, or an combination thereof.

[0107] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, wherein said acute and/or delayed phases of CINV is induced by moderately or highly

emetogenic chemotherapy. "Highly emetogenic chemotherapy" refers to chemotherapy having a high degree of emetogenic
potential, and includes chemotherapy based on carmustine, cisplatin, cyclophosphamide = 1500 mg/m2, dacarbazne,
dactinomycin, mechlorethamine, and streptozotocin. "Moderately emetogenic chemotherapy" refers to chemotherapy having a
moderate degree of emetogenic potential, and includes chemotherapy based on carboplatin, cyclophosphamide < 1500 mg/m2,

cytarabine > 1 mg/m2, daunorubicin, doxorubicin, epirubicin, idarubicin, ifosfamide, irinotecan, and oxaliplatin.

[0108] In a preferred embodiment, the medical uses of the present invention are effective to treat acute and delayed emesis
resulting from moderately and highly emetogenic chemotherapy, from a single dose of the netupitant derivative administered prior
to chemotherapy, optionally in combination with other active ingredients.

[0109] A particularly preferred regimen for treating emesis, especially emesis induced by chemotherapy, involves a netupitant
derivative of the present invention, a 5-HT3 antagonist such as palonosetron or a pharmaceutically acceptable salt thereof, and a
corticosteroid such as dexamethasone. A suitable fixed regimen for treating acute and delayed CINV includes a single
administration of the netupitant derivative on day one (preferably before chemotherapy), a single administration of the 5-HT3
antagonist on day 1 (preferably before chemotherapy). A corticosteroid is optionally added to the combination on day one and,
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when highly emetogenic chemotherapy is administered, on days 2, 3 and 4 as well. A preferred intravenous dose of palonosetron
HCl is 0.25 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.

[0110] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK1 receptor, wherein said bladder dysfunction is selected from urgency, frequency, pollakiuria, nocturia, low

deferment time, suboptimal volume threshold, and neurogenic bladder, or a combination thereof.

[0111] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK1 receptor, wherein said compound or a pharmaceutically acceptable salt or adduct thereof, is administered

by one or more routes selected from the group consisting of rectal, buccal, sublingual, intravenous, subcutaneous, intradermal,
transdermal, intraperitoneal, oral, eye drops, parenteral and topical administration.

[0112] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK¢ receptor, wherein said administration is accomplished by intravenously administering a liquid form of said

compound or a pharmaceutically acceptable salt or adduct thereof.

[0113] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, particularly by derivatives of netupitant, wherein said administration is accomplished by orally
administering said compound or a pharmaceutically acceptable salt or adduct thereof. In some other forms, disclosed are medical
uses for preventing and/or treating diseases which are pathophysiologically modulated by the NK{ receptor, wherein said
netupitant derivative is orally administered at a dosage of from about 50 mg to about 500 mg, from about 100 mg to about 400
mg, from about 150 mg to about 350 mg, or about 300 mg, based on the weight of the netupitant component of the molecule.

[0114] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, particularly by derivatives of netupitant, wherein said compound or a pharmaceutically acceptable
salt or adduct thereof is intravenously administered at a dosage of from about 10 mg to about 200 mg, from about 50 mg to about
150 mg, from about 75 mg to about 125 mg, or about 100 mg, based on the weight of the netupitant component of the molecule.

[0115] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK1 receptor, particularly by derivatives of netupitant, wherein said compound or a pharmaceutically acceptable
salt or adduct thereof, is formulated to have a concentration of from about 1 to about 20 mg/ml, from about 5 to about 15 mg/ml,
from about 7 to about 2 mg/ml, or about 10 mg/ml, based on the weight of the netupitant component of the molecule.

[0116] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK1 receptor, wherein said compound or a pharmaceutically acceptable salt or adduct thereof, is administered
in a single dosage per day, a single dosage during a multi-day course of therapy (e.g., a five-day therapeutic regimen for delayed
emesis), or in multiple dosages per day. In some other forms, disclosed are medical uses for preventing and/or treating diseases
which are pathophysiologically modulated by the NK1 receptor, wherein said multiple dosages are from 2 to 4 dosages per day.

[0117] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, further comprising administering one or more therapeutic agents or a pharmaceutically

acceptable salt thereof. In some other forms, said therapeutic agent is a 5-HT 3 antagonist, a NK{ antagonist or dexamethasone.
In some other forms, said 5-HT3 antagonist is ondansetron, palonosetron, granisetron or tropisetron, or a pharmaceutically
acceptable salt thereof. In some still other forms, said 5-HT3 antagonist is palonosetron or a pharmaceutically acceptable salt

thereof. In some other forms, the oral dosage of palonosetron or a pharmaceutically acceptable salt thereof is from about 0.1 mg
to about 2.0 mg, from about 0.25 mg to about 1.0 mg, from about 0.5 mg to about 0.75 mg, or about 0.5 mg. In some other forms,
the intravenous dosage of palonosetron or a pharmaceutically acceptable salt thereof is from about 0.05 mg to about 2.0 mg,
from about 0.075 mg to about 1.5 mg, from about 0.1 mg to about 1.0 mg, from about 0.25 mg to about 0.75 mg, or about 0.25
mg. In some other forms, said palonosetron or a pharmaceutically acceptable salt thereof is formulated to have a concentration of
about 0.25 mg/5 mL.

[0118] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, further comprising administering one or more therapeutic agents or a pharmaceutically

acceptable salt thereof, wherein said therapeutic agent is a NK4 antagonist which is 2-(3,5-bis(trifluoromethyl)phenyl)-N,2-
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dimethyl-N-(6-(4-methylpiperazn-1-yl)-4-(o-tolyl)pyridin-3-yl)propanamide (netupitant). In one embodiment, the netupitant is
administered in combination with GA8, and the ratio of GA8 to netupitant is greater than 1:200 or 1:100.

[0119] In some other forms, disclosed are medical uses for preventing and/or treating diseases which are pathophysiologically
modulated by the NK4 receptor, wherein the subject is a human. In some other forms, disclosed are medical uses for preventing

and/or treating diseases which are pathophysiologically modulated by the NK4 receptor, wherein the subject has been identified

as needing treatment for the disease or the administration.

[0120] 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, to ascertain a therapeutically effective amount of a compound of
Formula | for a given disease. In some other forms, disclosed are medical uses for preventing and/or treating a subject, further
comprising one or more therapeutic agents.

More Definitions of Terms

1. A an, the

[0121] As used in the specification and the appended claims, the singular forms "a," "an" and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to "a pharmaceutical carrier" includes not only single
carriers but also mixtures of two or more such carriers.

2. Abbreviations

[0122] Abbreviations, which are well known to one of ordinary skill in the art, may be used (e.g., "h" or "hr" for hour or hours, "g
or "gm" for gram(s), "mL" for milliliters, and "rt" for room temperature, "nm" for nanometers, "M" for molar, and like abbreviations).

3. About

[0123] The term "about," when used to modify the quantity of an ingredient in a composition, concentrations, volumes, process
temperature, process time, yields, flow rates, pressures, and like values, and ranges thereof, employed in describing the
embodiments of the disclosure, refers to variation in the numerical quantity that can occur, for example, through typical measuring
and handling procedures used for making compounds, compositions, concentrates or use formulations; through inadvertent error
in these procedures; through differences in the manufacture, source, or purity of starting materials or ingredients used to carry
out the methods. The term "about" also encompasses amounts that differ due to aging of a composition or formulation with a
particular initial concentration or mixture, and amounts that differ due to mixing or processing a composition or formulation with a
particular initial concentration or mixture. Whether modified by the term "about" the claims appended hereto include equivalents to
these quantities.

4. Comprise

[0124] Throughout the description and claims of this specification, the word "comprise” and variations of the word, such as
"comprising" and "comprises," means "including but not limited to," and is not intended to exclude, for example, other additives,
components, integers or steps.

5. Publications

[0125] 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 in their entireties for the material contained in them that is discussed in the sentence in which the reference is
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relied upon.

6. Subject

[0126] As used throughout, by a "subject" is meant an individual. Thus, the "subject" can include, for example, domesticated
animals, such as cats, dogs, etc., livestock (e.g., cattle, horses, pigs, sheep, goats, etc.), laboratory animals (e.g., mouse, rabbit,
rat, guinea pig, etc.) mammals, 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

[0127] The following examples are put forth so as to provide those of ordinary skill in the art with a complete disclosure and
description of how the compounds, compositions, articles, devices and/or methods claimed herein are made and evaluated, and
are intended to be purely exemplary and are not intended to limit the disclosure. Efforts have been made to ensure accuracy with
respect to numbers (e.g., amounts, temperature, etc.), but some errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature, and pressure is at or near atmospheric.

Example 1

Preparation of compounds of formula ()

[0128] The following are examples of preparation of compounds of formula (I). This example is intended to be purely exemplary
and is not intended to limit the disclosure.

General Scheme of Preparing Compounds of Formula (l)

[0129]
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[0130] Other general procedures of preparing similar compounds to intermediate 1 of Scheme 1 are also disclosed in U.S.
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Patent Nos. 6,303,790, 6,531,597, 6,297,375 and 6,479,483, which are referenced individually, specifically and in their entireties
for the material contained in them that is relevant to the preparation of intermediate |.

Synthesis of methyl-[6-(4-methyl-piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-amine

[0131]

Step 1:

[0132] 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-tolylmagnesium
chloride solution (1M in THF) were added over 45 minutes. The solution obtained was further stirred 3 hours at 0°C and overnight
at room temperature. It was cooled to -60°C and 103.8 ml (1.8 Mol) acetic acid were added, followed by 35 ml THF and 44.24 g
(165 mMol) manganese(lll) 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 partitioned between water and dichloromethane and
extracted. The crude product was filtered on silica gel (eluent: ethyl acetate/toluene/formic acid 20:75:5) then partitioned between
200 ml aqueous half-saturated sodium carbonate solution and 100 ml dichloromethane. The organic phase was washed with 50
ml aqueous half-saturated sodium carbonate solution. The combined aqueous phases were acidified with 25 ml aqueous HCI 25%
and extracted with dichloromethane. The organic extracts were dried (Na2SO4) and concentrated under reduced pressure to yield

10.4 g (51%) of 6-chloro-4-o-tolyl-nicotinic acid as a yellow foam. MS (ISN): 246 (M-H, 100), 202 (M-CO2H, 85), 166 (36).

Step 2:

[0133] To a solution of 8.0 g (32.3 mMol) 6-chloro-4-o-tolyl-nicotinic acid in 48.0 ml THF were added 3.1 ml (42.0 mMol)
thionylchloride and 143 .mu.l (1.8 mMol) DMF. After 2 hours at 50°C, the reaction mixture was cooled to room temperature and
added to a solution of 72.5 ml aqueous ammonium hydroxide 25% and 96 ml water cooled to 0°C. After 30 minutes at 0°C, THF
was removed under reduced pressure and the aqueous layer was extracted with ethyl acetate. Removal of the solvent yielded 7.8

g (98%) 6-chloro-4-o-tolyl-nicotinamide as a beige crystalline foam. MS (ISP): 247 (M+H*, 100).

Step 3:

[0134] 1.0 g (4.05 mMol) 6-Chloro-4-o-tolyl-nicotinamide in 9.0 ml 1-methyl-piperazine was heated to 100°C for 2 hours. The
excess N-methyl-piperazine was removed under high vacuum and the residue was filtered on silica gel (eluent: dichloromethane)
to yield 1.2 g (95%) 6-(4-methyl-
100), 254 (62).

iperazin-1-yl)-4-o-tolyl-nicotinamide as a light yellow crystalline foam. MS (ISP): 311 (M+H™,

Step 4:

[0135] A solution of 0.2 g (0.6 mMol) 6-(4-methyl-piperazin-1-yl)-4-o-tolyl-nicotinamide in 1.0 ml methanol was added to a
solution of 103 mg (2.6 mMol) sodium hydroxide in 1.47 ml (3.2 mMol) NaOCI (13%) and heated for 2 hours at 70°C. After
removal of methanol, the aqueous layer was extracted with ethyl acetate. The combined organic extracts were dried (NapSOy),

concentrated under reduced pressure and the residue filtered on silica gel (eluent: dichloromethane/methanol 4:1) to yield 100
mg (70%) 6-(4-methyi-piperazin-1-yl)-4-o-tolyl-pyridin-3-ylamine as a brown resin. MS (ISP): 283 (M+H", 100), 226 (42).
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Step 5:

[0136] 2.15 ml (11.6 mMol) Sodium methoxide in methanol were added over 30 minutes to a suspension of 0.85 g (4.6 mMol) N-
bromosuccinimide in 5.0 ml dichloromethane cooled to - 5°C. The reaction mixture was stirred 16 hours at -5°C. Still at this
temperature, a solution of 1.0 g (3.1 mMol) 6-(4-methyl-piperazin-1-yl)-4-o-tolyl-nicotinamide in 5.0 ml methanol was added over
20 minutes and stirred for 5 hours. 7.1 ml (7.1 mMol) Aqueous HCI 1N and 20 ml dichloromethane were added. The phases were
separated and the organic phase was washed with deionized water. The aqueous phases were extracted with dichloromethane,
brought to pH=8 with aqueous NaOH 1N and further extracted with dichloromethane. The latter organic extracts were combined,
dried (NapS0O4) and concentrated to yield 1.08 g (quant.) [6-(4-methyi-piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-carbamic acid ethyl

ester as a grey foam. MS (ISP): 341 (M+H*, 100), 284 (35).

Step 6:

[0137] A solution of 0.5 g (1.4 mMol) [6-(4-methyl-piperazin-1-yl)-4-o-tolyl-pyridin-3-yl]-carbamic acid methyl ester in 3.0 ml
dichloromethane was added over 10 minutes to a solution of 1.98 ml (6.9 mMol) Red-Al.RTM. (70% in toluene) and 2.5 ml toluene
(exothermic, cool with a water bath to avoid temperature to go >50°C). The reaction mixture was stirred 2 hours at 50°C in
CHoClp, extracted with ethyl acetate and cooled to 0°C. 4 ml Aqueous NaOH 1N were carefully (exothermic) added over 15
minutes, followed by 20 ml ethyl 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 (Na2SO4) and concentrated under reduced
pressure to yield 0.37 g (89%)

(M+H*, 100).

ridin-3-yl]-amine as an orange resin. MS (ISP): 297

Synthesis of 2-(3,5-bis-Trifluoromethyl-phenyl)-2-methyl-propionyl Chloride

[0138]

Cl

Mn

[0139] 15.0 g (50 mmol) 2-(3,5-bis-trifluoromethyl-phenyl)-2-methyl-propionic acid were dissolved in 127.5 ml dichloromethane in
the presence of 0.75 ml DMF. 8.76 ml (2 eq.) Oxalyl chloride were added and after 4.5 hours, the solution was rotary evaporated
to dryness. 9 ml Toluene were added and the resulting solution was again rotary evaporated, then dried under high vacuum
yielding 16.25 g (quant.) of 2-(3.5-bis-trifluoromethyl-phenyl)-2-methyl-propionyl chloride as a yellow oil of 86% purity according
to HPLC analysis. NMR (250 MHz, CDClg): 7.86 (br s, 1H); 7.77, (br s, 2H, 3 Harom); 1.77 (s, 6H, 2 CHg).

Synthesis of 2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dime thyl-N-(6-(4-methylpiperazin-1-yl)-4-(o-tolyl)pyridin-3-
yl)propanamide (Netupitant)

[0140]

/N\) CFs
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[0141] A solution of 20 g (67.5 mmol) methyl-[6-(4-methyl-piperazn-1-yl)-4-o-tolyl-pyridin-3-yl]-amine and 17.5 ml (101 mmol) N-
ethyldiisopropylamine in 200 ml dichloromethane was cooled in an ice bath and a solution of 24 g (75 mmol)2-(3,5-bis-
trifluoromethyl-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 ml saturated sodium bicarbonate solution.
The organic layer was separated and the aqueous phase was extracted with dichloromethane. The combined organic layers were
dried (magnesium sulfate) and evaporated. The residue was purified by flash chromatography to give 31.6 g (81%) of 2-(3,5-
bis(trifluoromethyl) phenyl)-N, 2-dimethyl-N-(6-(4-methylpiperazin- 1-yl)-4-(o-tolyl) pyridin-3-yl) propanamide as white crystals. M.P.
155-157°C; MS m/e (%): 579 (M+H*, 100).

Synthesis of 5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dime thylpropanamido)-2-(4-me thylpipe razin-1-yl)-4-(o-
tolyl)pyridine 1-oxide
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Step 1:

[0143] The solution of 6-chloropyridin-3-amine (115 g, 0.898 mol) and (Boc)20 (215.4 g, 0.988 mol) in 900 mL of dioxane was

refluxed overnight. The resulting solution was poured into 1500 mL of water. The resulting solid was collected, washed with water
and recrystallized from EtOAc to afford 160 g tert-butyl (6-chloropyridin-3-yl)carbamate as a white solid (Yield: 78.2%).

Step 2:

[0144] To the solution of tert-butyl (6-chloropyridin-3-yl)carbamate (160 g, 0.7 mol) in 1 L of anhydrous THF was added n-BuLi
(600 mL, 1.5 mol) at -78°C under Np atmosphere. After the addition was finished, the solution was stirred at -78°C for 30 min, and

the solution of I2 (177.68 g, 0.7 mol) in 800 mL of anhydrous THF was added. Then the solution was stirred at -78°C for 4 hrs.

TLC indicated the reaction was over. Water was added for quench, and EtOAc was added to extract twice. The combined organic
phases were washed with brine, dried over Na2SOy4, filtered and purified by flash chromatography to afford 80 g of tert-buty! (6-

chloro-4-iodopyridin-3-yl)carbamate as a yellow solid (32.3%).

Step 3:

[0145] To the solution of tert-butyl (6-chloro-4-iodopyridin-3-yl)carbamate (61 g, 0.172 mol) in 300 mL of anhydrous THF was
added 60% NaH (7.6 g, 0.189 mol) at 0°C under N2 atmosphere. After the addition was finished, the solution was stirred for 30

min, and then the solution of Mel (26.92 g, 0.189 mol) in 100 mL of dry THF was added. Then the solution was stirred at 0°C for 3
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hrs. TLC indicated the reaction was over. Water was added for quench, and EtOAc was added to extract twice. The combined
organic phases were washed with brine, dried over NaxSOy, filtered and concentrated to afford 63 g of crude tert-buty! (6-chloro-

4-iodopyridin-3-yl) (methyl)carbamate used into the following de-protection without the further purification.

Step 4:

[0146] To the solution of tert-butyl (6-chloro-4-iodopyridin-3-yl)(methyl)carbamate (62.5 g, 0.172 mol) in 500 mL of anhydrous
DCM was added 180 mL of TFA. Then the solution was stirred at room temperature for 4 hrs. Concentrated to remove the
solvent, and purified by flash chromatography to afford 45.1 g 6-chloro-4-iodo-N-methylpyridin-3-amine as a yellow solid (Yield:
97.3%).

Step 5:

[0147] To the solution of 6-chloro-4-iodo-N-methylpyridin-3-amine (40.3 g, 0.15 mol) and 2-methylbenzene boric acid (24.5 g,
0.18 mol) in 600 mL of anhydrous toluene was added 400 mL of 2 N ag. NapCOg solution, Pd(OAc)2 (3.36 g, 15 mmol) and PPh3

(7.87 g, 0.03 mmol). The solution was stirred at 100°C for 2 hrs. Cooled to room temperature, and diluted with water. EtOAc was
added to extract twice. The combined organic phases were washed with water and brine consecutively, dried over NasSOy,

concentrated and purified by flash chromatography to afford 19 g 6-chloro-N-methyl-4-(o-tolyl)pyridin-3-amine as a white solid
(Yield: 54.6%).

Step 6:

[0148] To the solution of 6-chloro-N-methyl-4-(o-tolyl)pyridin-3-amine (18.87 g, 81.3 mmol) and DMAP (29.8 g, 243.9 mmol) in
200 mL of anhydrous toluene was added the solution of 2-(3,5-bis-trifluoromethyl-phenyl)-2-methyl-propionyl chloride (28.5 g,
89.4 mmol) in toluene under Ny atmosphere. The solution was heated at 120°C for 23 hrs. Cooled to room temperature, poured

into 1 L of 5% aqg. NaHCO 3 solution, and extracted with EtOAc twice. The combined organic phases were washed by water and
brine consecutively, dried over NasSO4, filtered and purified by flash chromatography to afford 35 g 2-(3,5-
bis(trifluoromethyl) phenyl)-N-(6-chloro-4-(o-tolyl) pyridin-3-yi)-N, 2-dimethylpropanamid as a white solid (Yield: 83.9%).

Step 7:

[0149] To the solution of 2-(3,5-bis(trifluoromethyl)phenyl)-N-(6-chloro-4-(o-tolyl)pyridin-3-yl)-N,2-dimethylpropanamide (5.14 g,
10 mmol) in 60 mL of DCM was added m-CPBA (6.92 g, 40 mmol) at 0 °C under N2 atmosphere. Then the solution was stirred

overnight at room temperature. 1 N aq. 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 NapSQy, filtered and concentrated to afford 5.11 g of crude 5-(2-

(3,5-bis(trifluoromethyl)phenyl)-N, 2-dimethylpropanamido)- 2-chloro-4-(o-tolyl)pyridine 1-oxide as a white solid (Yield: 96.4%).

Step 8:

[0150] To the solution of crude 5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-2-chloro-4-(o-tolyl)pyridine 1-
oxide (5.1 g, 9.62 mmol) in 80 mL of n-BuOH was added N-methylpiperazne (7.41 g, 74.1 mmol) under No atmosphere. Then the
solution was stirred at 80°C overnight. Concentrated and purified by flash chromatography to afford 4.98 g 5-(2-(3,5-
bis(trifluoromethyl)phenyl)-N, 2-dimethylpropanamido)-2-(4-methylpiperazin-1-yl)-4-(o-tolyl)pyridine 1-oxide as a white solid (Yield:
87.2%). THNMR (CDCI3, 400MHz) & 8.15 (s, 1H), 7.93 (s, 1H), 7.78 (s, 2H), 7.38 (m, 2H), 7.28 (m, 1H), 7.17 (m, 1H), 7.07 (s, 1H),
5.50 (s, 3H), 2.72 (d, J=4.4Hz, 4H), 2.57 (m, 3H), 2.40 (s, 3H), 2.23 (s, 3H), 1.45~1.20 (m, 6H).

Synthesis  of  4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dime thylpropanamido)-1-oxido-4-(o-tolyl)pyridin-2-yl)-1-
methylpiperazine 1-oxide
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[0152] To a solution of 5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-2-(4-methylpiperazn-1-yl)-4-(o-
tolyl)pyridine 1-oxide (3 g, 5.05 mmol) and NaHCO3 (0.354 g, 12.66 mmol) in 60 mL of MeOH and 15 mL of H>O were added

potassium monopersulfate triple salt (1.62 g, 26.25 mmol) at room temperature during 15 min. After stirring for 4 hrs at room
temperature under No atmosphere, the reaction mixture was concentrated in vacuo and purified by flash chromatography (eluent:
MeOH). The product was dissolved into DCM, the formed solid was filtered off, and the solution was concentrated under reduced
pressure to afford 1.77 g 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N, 2-dimethylpropanamido)- 1-oxido-4-(o-tolyl) pyridin-2-yi)-1-

methylpiperazine 1-oxide as a white solid (Yield: 57.4%). THNVIR (CDCI3, 400MHz) & 8.06 (s, 1H), 7.78 (s, 1H), 7.60 (s, 2H),
7.37~7.20 (m, 4H), 6.81 (s, 1H), 3.89 (s, 2H), 3.74 (m, 4H), 3.31 (m, 5H), 2.48 (s, 3H), 2.18 (s, 3H), 1.36 (s, 6H).

Synthesis of 1-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dime thylpropanamido)-4-(o-tolyl)pyridin-2-yl)-4-
methylpiperazine 1,4-dioxide
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[0154] To the solution of 2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethyl-N-(6-(4-methylpiperazn-1-yl)-4-(o-tolyl)pyridin-3-
yl)propanamide (11.1 g, 19.2 mmol) in 75 ml of Methanol was added sodium bicarbonate (3.38 g, 40.3 mmol) dissolved in 20 ml of
water. Then Oxone (14.75 g, 48.0 mmol) was added to the stirred solution at room temperature in 3-4 portions. The suspension
was heated for 4 h at 50 °C. After filtration of the salts (washed with 3 x 8 ml of methanol), the solvent has been evaporated under
reduced pressure and substituted by DCM (30 ml). The organic phase was washed with water (5 x 30 ml), dried over NapSOy4,
filtered, concentrated and purified by precipitation in toluene to afford 9.3 g 7-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-
dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-4-methyipiperazine 1,4-dioxide as a white solid (Yield: 80%). TH-NMR (CDCI3,
400MHz, at 333K) & 8.27 (s, 2H), 7.75 (s, 1H), 7.63 (s, 2H), 7.26~7.19 (m, 2H), 7.14 (t, 1H, J = 7.4 Hz), 7.09 (d, 1H, J = 7.4 Hz),
4.93 (t, 2H, J = 11.6 Hz), 4.70 (t, 2H, J=11.6 Hz), 4.12 (d, 2H, J = 10.7 Hz), 3.84 (s, 3H), 3.50 (d, 2H, J = 10.3 Hz), 2.47 (s, 3H),
2.12 (s, 3H), 1.40 (s, 6H).

Synthesis (A) of di-tert-butyl (chloromethyl) phosphate

[0155]
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[0156] Di-tert-butyl phospohite (40.36 mmole) was combined with potassium bicarbonate (24.22 mmole) in 35 ml of water. The
solution was stirred in an ice bath and potassium permanganate (28.25 mmole) was added in three equal portions over one
hour's time. 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 vacuum filtered 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 to yield a colorless
solution, which was then evaporated under vacuum to afford crude Di-tert-butyl phosphate potassium salt. Di-tert-butyl phosphate
potassium salt (5 g, 20.14 mmole) was dissolved in methanol (15 g): to this solution at 0 °C a slight excess of concentrated HCl is
slowly added with efficient stirring at 0 °C. The addition of acid causes the precipitation of potassium chloride. The solid is then
filtered and washed with methanol. The compound in the mother liquor is then converted to the ammonium form by adding an
equal molar amount of tetramethylammonium hydroxide (3.65 g, 20.14 mmole) while keeping the reaction cooled by a salt/ice bath
with efficient stirring. The resulting clear solution is placed under reduced pressure to give the crude product. To the
tetramethylammonium di-tert-butyl-phosphate dissolved in refluxing dimethoxyethane is then added 4.3 grams of
chloroiodomethane (24.16 mmole) and stirred for 1-2 hours. The reaction is then filtered and the filtrate is placed under reduced
pressure to concentrate the solution in DME. The chloromethyl di-tert-butyl phosphate 12-16% in DME is used in the synthesis of
4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-methyl-1-

((phosphonooxy)methyl)piperazin-1-ium without further purifications (60% yield): THNVIR (CD30D, 300 MHz) & 1.51 (s, 12H), 5.63

(d, 2H, J=14.8). 3TP-NMR (CD30D, 300 MHz) 5 -11.3 (s, 1 P).

Synthesis (B) of di-tert-butyl (chloromethyl) phosphate
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[0158] Di-tert-butyl phosphate potassium salt (5 g, 20.14 mmole) is dissolved in methanol (15 g): to this solution at 0 °C a slight
excess of concentrated HCI is slowly added with efficient stirring at 0 °C. The addition of acid causes the precipitation of
potassium chloride. The solid is then filtered and washed with methanol. The compound in the mother liquor is then converted to
the ammonium form by adding an equal molar amount of tetrabuthylammonium hydroxide 1 M in methanol (20.14 mmole) while
keeping the reaction cooled at 0 °C with efficient stirring. The resulting clear solution is placed under reduced pressure to give
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the intermediate product. The tetrabuthylammonium di-tert-butyl-phosphate dissolved in acetone is then added dropwise to 53.3
grams of chloroiodomethane (302.1 mmole) and stirred at 40 °C for 1-2 hours. The solvent and excess of chloroiodomethane are
distilled off, the reaction mass suspended in TBME and then filtered. The filtrate is washed by a saturated solution of sodium
bicarbonate and water and then placed under reduced pressure to substitute the solvent by acetone, i.e., to remove the solvent
after which it is replaced with acetone. The chloromethyl di-tert-butyl phosphate 7-20% in acetone is used in the next step without

further purifications (70-80% yield): TH-NMR (CD30D, 300 MHz) & 1.51 (s, 12H), 5.63 (d, 2H, J=14.8). 3'P-NMR (CD30D, 300
MHz) & -11.3 (s, 1P).

Stability studies of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-me thyl-
1-((phosphonooxy)methyl)piperazin-1-ium salts

[0159] In order to further improve the stability and solubility of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-
4-(o-tolyl)pyridin-2-yl)-1-methyl-1-((phosphonooxy)methyl)piperazin-1-ium, a variety of its derivative salts were synthesized and
tested. Their synthesis employed either a) neutralization of the dried diacid phosphate species and its corresponding base salts
or b) a direct acid deprotection starting from the dried di(tert-butyl)-protected phosphate species. Neutralization was performed
with L-histidine, magnesium salt, N-methyl-D-glucamine (dimeglumine), and L-lysine. Both procedures were tried 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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[0161] When the parent acid species was not stored in dry condition it was found to undergo over 8% degradation in the first
week and over 65% degradation in the first six months. When the dried parent acid species was held at 30 °C in air it underwent
0.05% 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 it underwent up to 0.13% degradation in the first 7 days but then was essentially stable for
six months. Results for various derivative salts are shown in Table 1 below.

Table 1: Representative Degradation Results for Salts
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Purity
Solvents Additives Yield % A% Comments
HPLC
Degradation:
MeOH L-Histidine, 2 eq. 26.6% § 95.94% +0.70% in 6 days (in air)
+0.46% in 6 days (in argon)
Degradation:
MeOH Mg(OH)p, 2 eq. 48.6% | 94.11% +0.81 % in 6 days (in air)
+0.29% in 6 days (in argon)
MeOH + L .
DCM. 1:1 Citric acid, 2 eq. N.A. 94.40% From protected species.
MeOH 1.HCl dc";)zgnﬁ)’; eq. 2. >90% | 94.50% From protected species.
MeOH HaPOy, 85%, 2 eq. >90% | 98.81% From protected species gnd retains 0.39% of
that species.
MeOH HBr, 48%, 4 eq. 846% | 96.11% From protected sprZ(F:)i%?)./Product degrades
MeOH + From protected species. Product NOT stable:
CH3SO4H % : " !
DCM, 1:4 3o3 NA. 61.54% contains 32.45% decomposition species.
MeOH NaHoPOy, 4 eq NA nd Only 1.27 of parent species formed. Poor
2 h ' o o reaction.
MeOH N-methyl-D-glucamine N.A. 96.88% Degradation: +0.87% in 6 days (in air)
(Meglumine), 2 eq. +1.52% in 11 days (in argon)
. Degradation:
MeOH N'(Ir\”/l‘;m;gr']%';ﬁag‘q'“e >99% | 97.42% +0.77% in 6 days (in air)
+0.83% in 7 days (in argon)
o . Degradation:
Sﬂgﬁ H5_+2 1.NaOH, 3 eqeé' Citricacid, 1 1 g5 50, | 97.49% +0.09% in 2 days (in argon)
+0.59% in 89 days (in argon)
. . Degradation:
[L\Agh(/)l H5_+2 1.NaOH, 3 eﬂ' fq Fumaricacid,{ g3 g0, { 97.46% +1.95% in 14 days (in air)
+1.80% in 12 days (in argon)
Degradation:
MeOH L-lysine, 1 eq. >99% | 97.62% +0.69% in 14 days (in air)
+0.48% in 12 days (in argon)

[0162] A more comprehensive showing of stability results is given in Fig. 1, where the horizontal axis represents number of days
of testing and the vertical axis represents the mass percent of degradation. Alphabetical letters are used to denote data points 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 salts that manifested more desirable results than the disodium salt.

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

Letter Code Salt Ambient gas for storage
a 2 Dimeglumine Air
b 2 Dimeglumine Argon
c Dimeglumine Air
d Dimeglumine Argon
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Letter Code Salt Ambient gas for storage

e Lysine Air

f Lysine Argon
g Fumarate Air

h Fumarate Argon

i Citrate Air

j Citrate Argon
k Bromide Air

| Bromide Argon
m Mesylate Nitrogen
n Phosphate Air

o} Phosphate Argon
p Citrate Nitrogen
q Calcium Air

r Calcium Argon
S Chloride hydrochloride, anhydrous Air

t Chloride hydrochloride, anhydrous Argon
u Disodium salt Air

v Histidine Air

w Histidine Argon
X Magnesium Air

y Magnesium Argon

Synthesis (A) of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dime thylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1 -methyl-1-
((phosphonooxy)methyl)piperazin-1-ium chloride hydrochloride
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[0164] The solution of chloromethyl di-tert-butyl phosphate in DME (250 g from a 10% solution, 96.64 mmole) was evaporated
under reduced pressure until the formation of pale yellow oil, dissolved then at 50 °C with 318 ml of Acetonitrile. 17.2 g (80.54
mmole) of 1,8-bis(dimethylamino)naphtalene and 46.6 g (80.54 mmole) of 2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethyl-N-(6-(4-
methylpiperazn-1-yl)-4-(o-tolyl)pyridin-3-yl)propanamide were added and the solution heated at 90 °C for at least 12h. After the
addition of 75 g of isopropylether, 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 4-(5-{2-
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[3,5-bis(trifluoromethyl)phenyl]-N, 2-dimethylpropanamido}-4-(o-tolyl) pyridin-2-yl)- 1-methyl-1-{[(tert-
butoxy)phosphorylJoxymethyl}piperazin-1-ium as white solid (Yield: 30-50%). TH-NVR (CD30D, 400 MHz) & 7.98 (s, 1H), 7.86 (s,
1H), 7.76 (s, 2H), 7.33-7.10 (m, 4H), 6.80 (s, 1H), 5.03 (d, 2H, Jpy = 8.5 Hz), 4.52 (s, 2H), 4.13 (m, 2H), 3.83 (m, 2H), 3.69 (m,

2H), 3.52 (m. 2H), 3.23 (s, 3H), 2.53 (s, 3H), 2.18 (s, 3H), 1.46 (s, 18H), 1.39 (s, 6H). 3TP-NMR (CD30D, 161 MHz) & -5.01 (s, 1P).
To 20 g (23.89 mmole) of the 4-(5-{2-[3,5-bis(trifluoromethyl)phenyl]-N,2-dimethylpropanamido}-4-(o-tolyl)pyridin-2-yl)-1-methyl-
1-{[(tert-butoxy)phosphoryl] oxymethyl}piperazin-1-ium 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, DCM
and methanol were distilled under reduced pressure until 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 55 °C to
afford 15-17 g of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N, 2-dimethylpropanamido)-4-(o-tolyl) pyridin-2-yl)-1-methyl-1-
((phosphonooxy)methyl)piperazin-1-ium chloride hydrochloride as white solid (Yield: 88-93%)). THNMR (CD30D, 400 MHz) & 7.02
(s, 1H), 7.87 (s, 1H), 7.74 (s, 2H), 7.33-7.40 (m, 2H), 7.27 (m, 1H), 7.21 (s, 1H), 7.16 (d, 1H, J = 8.2 Hz), 5.27 (d, 2H, Jpy = 7.9
Hz), 4.29 (m, 2H), 4.05 (m, 2H), 3.85 (m, 2H), 3.74 (m, 2H), 3.35 (s, 3H), 2.62 (s, 3H), 2.23 (s, 3H), 1.38 (s, 6H). 3TP-NMR
(CD30D, 161 MHz) 6 -2.81 (t, 1P, Jpy =7.9 Hz).

Synthesis (B) of 4-(5-(2-(3,5-bis(trifluoromethyl)phenyl)-N,2-dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-1-me thyl-1-
((phosphonooxy)methyl)piperazin-1-ium chloride hydrochloride
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[0166] To the solution of chloromethyl di-tert-butyl phosphate in Acetone (22.1 g from a 10% solution, 85.58 mmole), 15.5 g
(103.24 mmole) of sodium iodide and 33.0 g (57.00 mmole) 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 in 43.0 g
of methanol and 43.0 g 1,4-dioxane. 12.6 g of HCl 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 5 °C and stirred at 5 °C for at least 2 h at 5 °C. The product was isolated
by filtration, purified by additional slurry in acetone (238 g), and filtered and washed with acetone (47 g) and pentane (2 x 72 g).

[0167] The product was finally dried under reduced pressure at 60 °C to afford 22-30 g of white-yellowish solid (Yield: 50-70%)
TH-NMR (CD30D, 400 MHz) & 7.02 (s, 1H), 7.87 (s, 1H), 7.74 (s, 2H), 7.33-7.40 (m, 2H), 7.27 (m, 1H), 7.21 (s, 1H), 7.16 (d, 1H, J
=8.2 Hz), 5.27 (d, 2H, Jpy = 7.9 Hz), 4.29 (m, 2H), 4.05 (m, 2H), 3.85 (m, 2H), 3.74 (m, 2H), 3.35 (s, 3H), 2.62 (s, 3H), 2.23 (s,
3H), 1.38 (s, 6H). 31TP-NMR (CD30D, 161 MHz) 6 -2.81 (t, 1P, Jpy=7.9 Hz).

[0168] It is to be understood that the product shown in Scheme 6A is illustrative, being just one of several permutations in which
the acidic protons bond to various atoms in 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 to the P atom would bear an anionic charge. The
invention comprises all of the molecular species within that equilibrium and the product shown in the figure is intended to
represent all of them in a generic fashion.
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7. Evaluation of Representative Compounds of Formula (I)

i. Chemical Stability and Solubility

[0169] The chemical stability and aqueous 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 Solubility of Representative Compounds

Compound No. Compound Structure Chemical Solubility (neiral

Stability pH)
1 SN oy medium 10 -15 mg/ml
9 (\ N l (9]
HO-P-0 N "N
on N CFa
2 ; N oy high > 10 mg/ml
|
(\N SNy ©

3 JA oy high > 10 mg/ml
?_ N I (0]
(NEN

* ) CF,

4 N CFs medium ~0.6 mg/ml
4
J, @]
(\

5* y ,L CFs medium ~1 mg/ml
ol |
NN ©
6 P " o, low N/A
(\’{h \'}h' 0]
J o
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Chemical Solubility (neutral
Compound No. Compound Structure Stability oH)
7 y |\|| CF3 low insoluble
So oS ©
o N N
L’f\) CF3
|
8 AN CFs3 Low insoluble
o) |
0 N \N °
\_'I‘Jr\) CF3
* |
NN ) o
/N\) CF3
* Reference Compound

ii. Local Tolerance

[0170] In contrast to netupitant (compound no. 9 in 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. All three compounds exhibited good local tolerability which is
demonstrated by the below findings:

¢ There were minimal signs of inflammation at injection site and there was little edema;

¢ No later stage thrombus was found in any animal studied;

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

¢ No tissue necrosis was observed in any of the tails; and

¢ The inflammation and palethrombus were caused by the needle injection through blood vessels.

iii. Pharmacokinetic Studies

[0171] The pharmacokinetics (PKs) study of three compounds (e.g., compound nos. 1-3 of the above Table 3), as compared to
a reference compound - netupitant (orally administered), on rat and dog was conducted.

[0172] Rat PKs Study: The rats tested in the study were Wistar rats, male, body weight 220 - 240 g, and 5 rats per group. The
dose was 10 mg/kg administered by intravenous (IV) slow bolus injection into the tail vein at a rate of 1 ml/min. The dose was
administered to each animal at a dose volume of 5 ml/kg (the pre-formulation is 5% 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. After 240 min
time point blood was collected, rats were fed. 0.2-0.3 ml blood was collected in tubes contained EDTA/NaF as anticoagulant and
stabilizer at pre-dose and at 0.05, 0.25, 0.5, 1, 2, 4, 6, 8, 24 and 48 hrs after intravenous administration. After centrifugation,
plasma was removed and stored deep-frozen approximately -20 °C until analysis. Prepared quantification standard curve at 2, 10,
40, 100, 200, 1000 and 2000 ng/ml (diluted from methanol stock with methanol containing 1% formic acid). Aliquot 50 ul of
standard solution and spiked into 50 ul of blank rat plasma samples either for standard curve or for QC samples, followed by
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adding 100 ul of acetonitrile (with IS). 50 ul of methanol replaced the compound standard methanol solution was used to spike 50
ul of rat plasma samples, and added 100 ul of acetonitrile (with IS), for the determination of rat plasma samples. Plasma samples
of time points 3, 15 and 30 min after intravenous administration were diluted 10 or 5 fold with blank rat plasma, respectively.
Plasma was pre-prepared with acetonitrile using protein precipitate (PPP). Rat plasma samples were analyzed by using an
API14000 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 quantitation, the LLOQ and the linear range of standard curve were 2 ng/ml and 2 - 2000
ng/ml, respectively.

[0173] Dog PKs Study: the dogs tested in the study were Beagle dogs, body weight 8 - 10 kg, and 3 male dogs per group. The
four PK experiments were performed in 12 naive dogs. The dose was 3 mg/kg administered via intravenous (IV) slow injection into
the left and right cephalic or left and right saphenous veins used in rotation. The dose volume was 2 ml/kg in glucose 5% viv
solution at a fixed injection rate of 4 ml/min using an infusion pump (KDS 220, KD Scientific). 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.
Netupitant 3 mg/kg dose was tested at 2 ml’kg in vehicle (DMSO: Ethanol: Tween80 solution=5:4:1:90, v/v), dependence on its
solubility. Dose was freshly prepared before each single PK experiment. Before administration, dogs were fasted 12 hr, water ad
libitum. After 480 min time point blood was collected, dogs were fed. 0.5 ml blood was collected in heparinised tubes at pre-dose
and at 2,5, 15,30 min, 1, 2, 4, 6, 8, 12, 24, 36, 48 and 72 hr after intravenous administration. Plasma samples would be kept at -
20 degree till analysis. After 2 weeks washout, the same group (IV for Netupitant) was dosed Netupitant 3 mg/kg by gavage
administration, the dose volume was 4 mi/kg in vehicle (Hypromellose 0.5%, Tween-80 0.1%, Sodium Chloride 0.9% in distilled
water). Prepared quantification standard curve at 2, 10, 40, 100, 200, 1000 and 2000 ng/ml (diluted from methanol stock with
methanol 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 QC samples, followed by adding 100 ul of acetonitrile (with IS). 50 ul of methanol replaced the compound
standard methanol solution was used to spike 50 ul of dog plasma samples, and added 100 ul of acetonitrile (with IS), for the
determination of dog plasma samples. Plasma samples of time points 2, 5, 15 and 30 min after intravenous administration were
diluted 5 or 2 folds with blank dog plasma, respectively. Plasma was pre-prepared with acetonitrile using protein precipitate (PPP).
Dog plasma samples were analyzed by using an API4000 MS coupled with HPLC. MRM(+) was used to scan for Netupitant and
compound nos. 1-3 of the above Table 3, respectively. Repaglinide was used as internal standard.

[0174] It was found that all three compounds, when intravenously administered at a dosage of 3 mg/kg, were efficiently converted
to netupitant in rats and dogs. It was also found that compound no. 1 is bioequivalent to oral netupitant at the same dose in dog.
The data of the comparative bioequivalence study is reproduced in below Table 4:

Table 4: Comparative Bioequivalence Studies of Netupitant and Related Compounds

v PO
Compound 1 Compound 2 Compound 3 Netupitant*
Dose (mg/kg) 3 3 3 3
Dose (mg/kg, equivalent to netupitant) 2.31 2.84 2.84 3
Mean AUC_t (hg.min/ml) 315627 88732 192730 307285
Bioequivalence (%) 103 29 63
*Reference Compound
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1. Forbindelse valgt fra gruppen bestaende af:

GAl 4-(5-(2-(3,5-bis(trifluormethyl)phenyl)-N,2-
| » Lﬂ:ﬂ dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-
. ’ E’J‘\JJL‘“’&C"?’*T% I-methyl-1-((phosphonooxy)methyl)piperazin-1-
GA2 1-(acetoxymethyl)-4-(5-(2-(3,5-
3 e bis(trifluormethyl)phenyl)-N,2-
. ) {']‘Téf waa dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-
P {x:ff W Ij 1-methylpiperazin-1-ium,
GA3 4-(5-(2-(3,5-bis(trifluormethyl)phenyl)-N,2-
| dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-
v~ L 1-((butyryloxy)methyl)- 1-methylpiperazin-1-
fo g -~
GA4 1-(5-(2-(3,5-bis(trifluormethyl)phenyl)-N,2-
3 1;] dimethylpropanamido)-4-(o-tolyl)pyridin-2-yl)-
T LA e 4-methylpiperazin-1,4-dioxid,
e SRy
oML ek
GA6 4-(5-(2-(3,5-bis(trifluormethyl)phenyl)-N,2-
| xl\;,‘j dimethylpropanamido)-1-oxido-4-(o-
TV e tolyl)pyridin-2-y1)-1-methylpiperazin-1-oxid,
TG
044 0 ey

eller et farmaceutisk acceptabelt salt deraf.
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2. Forbindelse ifglge krav 1 til anvendelse i en fremgangsmade til behandling af

emesis, bleredysfunktion, depression eller angst hos en patient med behov derfor.

3. Forbindelse til anvendelse ifglge krav 2, hvor nevnte emesis omfatter
kemoterapiinduceret kvalme og opkastning (CINV), stralebehandlingsinduceret

kvalme og opkastning (RINV) eller postoperativ kvalme og opkastning (PONV).

4. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-3, hvor nevnte

emesis er induceret af moderat eller svert emetogen kemoterapi.

5. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-4, hvor emesis

er akut og forsinket emesis induceret af moderat eller svaert emetogen kemoterapi.

6. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-5, hvor navnte
bleredysfunktion er valgt blandt urgency, frekvens, pollakiuri, nykturi, lav
udsettelsestid, suboptimal volumentarskel og neurogen blere eller en kombination

deraf.

7. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-6, hvor navnte
forbindelse eller et farmaceutisk acceptabelt salt eller addukt deraf administreres ad
en eller flere veje valgt fra gruppen bestaende af rektal, bukkal, sublingual,
intravengs, subkutan, intradermal, transdermal, intraperitoneal, oral, gjendrabe-,

parenteral og topisk administration.

8. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-7, hvor nevnte
forbindelse eller et farmaceutisk acceptabelt salt eller addukt deraf administreres

intravengst i en dosis pa fra 10 mg til 200 mg.

9. Forbindelse til anvendelse ifplge et hvilket som helst af kravene 2-8, hvor nevnte
emesis er akut og forsinket emesis induceret af moderat eller svaert emetogen

kemoterapi, hvilken fremgangsmade yderligere omfatter administration af en 5-HT5-
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antagonist og kortikosteroid.

10. Forbindelse til anvendelse ifglge krav 9, hvor nevnte 5-HT3-antagonist er
ondansetron, palonosetron, granisetron eller tropisetron eller et farmaceutisk

acceptabelt salt deraf.

11. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-10, som
yderligere omfatter administration af 2-(3,5-bis(trifluormethyl)phenyl)-N,2-
dimethyl-N-(6-(4-methylpiperazin-1-yl)-4-(o-tolyl)pyridin-3-yl)-propanamid
(netupitant).

12. Forbindelse til anvendelse ifglge et hvilket som helst af kravene 2-11, hvor

individet er et menneske.

13. Farmaceutisk praparat, der omfatter en terapeutisk effektiv maengde af en

forbindelse ifglge krav 1 og en eller flere farmaceutisk acceptable hjelpestoffer.

14. Forbindelse ifglge krav 1 som et chloridhydrochloridsalt med fglgende kemiske

formel:
Y
L
sl T
Falo Mo R A JHC
o It 1 o,
3 N
CFs {VN%‘JHS O

15. Proces til fremstilling af en forbindelse ifglge formel (I):

N
3w

oS 5

- w el TR

Ry {ﬁlf&?’,i%,z

i t2 \l‘\
nl:,» ,33\;!?‘"_\.-; R

Formel ()
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R er valgt fra gruppen bestaende af hydrogen, hydroxy, hydroxyalkyl, amino,
alkyl, alkenyl, cycloalkyl, halogen, alkoxyalkyl, -OR'®', -NR'"'R'®, -
NR'"'C(O)R'®, -C(O)R'™, -C(O)OR'", -C(O)NR V'R, -alkyINR'*'R'%*, -
S(0)R'%, -SR'", -S(0),NR'"'R'%  aryl, arylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, heteroaryl og heteroarylalkyl, hver is@r eventuelt
uafheengigt af hinanden substitueret med en eller flere uafhaengige R'*-

substituenter;

R, og R; uathaengigt af hinanden er valgt fra gruppen bestdende af hydrogen,
hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen,
alkoxyalkyl, -OR'", -NR'"'R'*?, -NR"'C(O)R'®, -C(O)R'"", -C(O)OR'"", -
C(O)NR''R'™, _alkyINR''R'®, -S(0),R'™%, -SR'"', -S(0),NR''R'®2, aryl,
arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl og
heteroarylalkyl, hver is@r eventuelt uathengigt af hinanden substitueret med
en eller flere uafhengige R'*-substituenter; eller R, sammen med atomerne
og/eller anden/andre substituent(er) pa samme phenylring danner en
fusioneret eller ikke-fusioneret mono-, bicyklisk eller tricyklisk heterocyklisk
eller carbocyklisk ring, som eventuelt er uathengigt substitueret med en eller
flere R'% -substituenter; eller R, sammen med atomerne og/eller anden/andre
substituent(er) pa samme phenylring danner en fusioneret eller ikke-
fusioneret mono-, bicyklisk eller tricyklisk heterocyklisk eller carbocyklisk
ring, som eventuelt er uafhengigt substitueret med en eller flere R'*-

substituenter;

R3 og R4 uathaengigt af hinanden er valgt fra gruppen bestdende af hydrogen,
hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen,
alkoxyalkyl, -OR'", -NR'"'R'*?, -NR""'C(O)R'®, -C(O)R'"", -C(O)OR'"", -
C(O)NR''R'®, -alkyINR''R'®, -S(0),R'*, -SR'", -S(0),NR'*'R'®, aryl,
arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl og

heteroarylalkyl, hver is@r eventuelt uathangigt af hinanden substitueret med
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en eller flere uafhengige R'*-substituenter; eller R3 og Ry, sammen med de
atomer, som forbinder samme, danner en fusioneret eller ikke-fusioneret
mono-, bicyklisk eller tricyklisk heterocyklisk eller carbocyklisk ring, som

eventuelt er uafhaengigt substitueret med en eller flere R'®-substituenter;

Rs og Re uathaengigt af hinanden er valgt fra gruppen bestaende af hydrogen,
hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl, halogen,
alkoxyalkyl, -OR'", -NR'"'R'*?, -NR"'C(O)R'®, -C(O)R'", -C(O)OR'"", -
C(O)NR''R'®, -alkyINR''R'®, -S(0),R'®?, -SR'", -S(0),NR'"'R'®, aryl,
arylalkyl, heterocycloalkyl, heterocycloalkylalkyl, heteroaryl og
heteroarylalkyl, hver is@r eventuelt uathaengigt af hinanden substitueret med

en eller flere uafhengige R'-substituenter;

X er valgt fra gruppen bestdende af -C(O)NR'*'R'*, -alkylO, -
alkyINR''R'% -NR'”'C(0) og -NR'*'alkyl, hver iser eventuelt uafhzngigt

af hinanden substitueret med en eller flere uvathengige R'®_substituenter;

Y er valgt fra gruppen bestdende af -NR'*'R'%*, -NR'*'alkylOH, -
NR'%'S(0),alkyl, -NR'*'S(0),phenyl, -N=CH-NR'"'R'? heterocycloalkyl og
heterocycloalkylalkyl, hver is@r eventuelt uathangigt af hinanden

substitueret med en eller flere uafhengige R'*-substituenter;

Z. er en strukturformel, der er valgt fra gruppen bestaende af

_O_ (Ia)’ _ORIOO (Ib),
9 9
—0-P-OR'0 0-P-OR'™
6R1UD“ (|C), /_ CI)R1 oo" (Id),
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6
(0] 0
—o-LL oReo (le), — oL NR1ooR100 (i)
0] 0
Il \groogroo (Ig), A gRie (Ih)

0g

o]
/_LOR100
(1),

hvor formel (Ia) henviser til et oxid,

R'® R%" R R 59 R'® er hver iser valgt uafhaengigt af hinanden fra
gruppen bestiende af hydrogen, cyano, NO,, -OR'*, oxid, hydroxy, amino,
alkyl, alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl, heteroarylalkyl, -
C(O)R'™ -C(0)OR'™, -C(O)NR!™R!%, -NR!®R!% _NR!*$(0),R'*, -
NR'™C(O)R'®, -S(0),R'™, SR'™ 0g -S(0),NR'"*R'® hver iser eventuelt
uafheengigt af hinanden substitueret med en eller flere uafhengige R'*-

101 15102 .
, R™°, sammen med de atomer, som forbinder samme,

substituenter; eller R
danner en fusioneret eller ikke-fusioneret mono-, bicyklisk eller tricyklisk
heterocyklisk eller carbocyklisk ring, som eventuelt er uathengigt

substitueret med en eller flere R'®-substituenter; eller R'®, R'%"

, sammen
med de atomer, som forbinder samme, danner en fusioneret eller ikke-
fusioneret mono-, bicyklisk eller tricyklisk heterocyklisk eller carbocyklisk
ring, som eventuelt er uafhangigt substitueret med en eller flere R'*-

substituenter;

R'™ og R'® hver iser er valgt uathangigt af hinanden fra gruppen bestaende
af hydrogen, cyano, -NO,, hydroxy, oxid, hydroxyalkyl, amino, alkyl,
alkenyl, cycloalkyl, halogen, alkoxy, alkoxyalkyl, aryl, arylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, heteroaryl og heteroarylalkyl;

mer0, 1,2, 3 eller 4
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ner0,1,2,3,4eller5;
perOeller 1; og

med det forbehold, at hvis et ikke-pyridin-N-oxid (N —O") er til stede p&
forbindelsen ifplge formel (I), er det samlede antal N-oxid pa forbindelsen

ifglge formel (I) mere end én,
hvilken proces omfatter:

a) tilvejebringelse af en forbindelse ifglge formel (I), hvor Y er en 4-N-

methylpiperazingruppe, og 7. ikke er til stede,
b) tilvejebringelse af et dialkyl(halogenmethyl)phosphat,

¢) omstning af et N-atom af piperazingruppen med
dialkyl(halogenmethyl)phosphatet for at opna en kvaternzer

ammoniummethylenphosphatforbindelse,

hvor naevnte proces udfgres for at opna forbindelsen GA1 ifglge krav 1.

16. Proces ifglge krav 15, hvor reaktionen udfgres i nerverelse af et iodidsalt og 1

fraveer af en proton-scavenger.

17. Proces ifplge et hvilket som helst af kravene 15-16, hvor reaktionen udfgres i det

vasentlige 1 fravaer af luft og dioxygen.

18. Proces ifplge et hvilket som helst af kravene 15-17, hvor den kvaternare
ammoniummethylenphosphatforbindelse opnas med en (phosphooxy)methylgruppe i

dealkyleret form uden forsuring af reaktionen eller produktet.
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19. Proces til fremstilling af en forbindelse ifglge formel (V):

(:{3}5 Frlg

Formel (V)

hvor p vathengigt er O eller 1,

5 R7 er valgt fra den gruppe, der er valgt blandt hydrogen, alkoxy, alkoxyalkyl,
-OR'"", hydroxy, hydroxyalkyl, amino, alkyl, alkenyl, cycloalkyl og halogen,
hver isar eventuelt uafthangigt af hinanden substitueret med en eller flere
uathangige R'®_gubstituenter: s er 0, 1, 2, 3 eller 4, og alle andre radikaler er

defineret ifglge formel (I) i krav 15,

10 hvilken proces omfatter:
etablering af kontakt mellem en forbindelse ifglge formel (V), hvor p er 0 for
piperazinylringens methylerede 4-N-atom, og en forbindelse ifglge
formel (VII) i nerverelse af et iodidsalt, 1 et tidsrum, der er tilstraekkeligt til
funktionalisering af det methylerede 4-N-atom pa forbindelsen ifglge formel
15 (V) med forbindelsen ifglge formel (VII) og til dealkylering af forbindelsen
ifglge formel (VII):

o
DB CH
O-CiCtlals

Formel (VII)

hvor naevnte proces udfgres for at opna forbindelsen GA1 ifglge krav 1.
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