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METHODS FOR PREPARING N-(4-FLUOROBENZYL)-N-(1-METHYLPIPERIDIN-
4-YL)-N’-(4-2-METHYLPROPYLOXY)PHENYLMETHYL)CARBAMIDE AND ITS
TARTRATE SALT AND POLYMORPHIC FORM C

BACKGROUND
Field
[001] The present disclosure relates to the fields of medicine and chemistry. More
particularly, the present disclosure relates one or more methods of obtaining N-(4-
fluorobenzyl)-N-(1-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)-phenylmethyl)

carbamide, its tartrate salt, and polymorphs, intermediates and syntheses and uses thereof.

Description of the Related Art
[002] N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)-

phenylmethyl)carbamide, also known as pimavanserin, is described in WO 2004/064738,
WO 2006/037043, WO 2007/124136 and WO 2008/144326, each of which is incorporated
herein by reference in its entirety. These publications describe routes to prepare
pimavanserin. Although the routes described are sufficient to produce pimavanserin, there

may be other routes providing other opportunities.

SUMMARY
[003] Disclosed herein include methods of preparing pimavanserin.
[004] Disclosed herein are also intermediate products obtainable from the methods
of preparing pimavanserin.
[005] Disclosed herein are methods of preparing pimavanserin comprising

contacting an intermediate according to Formula (A),
O
)J\ Ra
Y T/

Rs (A,

or a salt thereof, with an intermediate according to Formula (B).
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Ret (B),
or a salt thereof, to produce pimavanserin.
[006] In certain embodiments, Y is selected from -OR; or -NR,,Ryy,.
[007] R Ry, Rap, independently of each other are selected from the group

consisting of hydrogen, substituted or unsubstituted C,.¢ alkyl, substituted or unsubstituted
aryl or Ry, and Ry, taken together with the nitrogen to which they are attached form a
substituted or unsubstituted heteroalicyclyl, substituted or unsubstituted aryl or a substituted

or unsubstituted heteroaryl.

[008] R; is selected from hydrogen or substituted or unsubstituted heteroalicyclyl.
[009] Ry is selected from substituted or unsubstituted aralkyl.

[010] X is selected from the group consisting of -OR;; and —NR3R 4.

[011] Ry, 1s selected from —OCH,CH(CHs;), or F.

[012] Ry, 1s selected from hydrogen and substituted or unsubstituted C, alkyl.
[013] One of Rys and Ry 1s hydrogen and the other of Ry3 and Ry4 is

N-methylpiperidin-4-yl, or both Ry3 and R4 are hydrogen.

[014] In some embodiments, R; is substituted or unsubstituted heteroalicyclyl; Ry is
—OCH,;CH(CHs;),; Ry3i1s hydrogen; and Ry4 is hydrogen.

[015] In other embodiments, R3 is hydrogen; R 1s F; and one of Ry3 and R4 is
hydrogen and the other of R,3; and R4 is N-methylpiperidin-4-yl.

[016] In certain embodiments of the methods provided herein, R, is selected from
the group consisting of methyl, ethyl, propyl, butyl, pentyl, trifluoroethyl and phenyl.

[017] In certain embodiments, Ry, and Ry, independently of each other are selected
from the group consisting of hydrogen, methyl, ethyl, propyl, butyl, pentyl, trifluoroethy]l,
p-nitrophenyl and phenyl. In some embodiments, R;, and Ry, taken together with the
nitrogen to which they are attached form a substituted or unsubstituted imidazolyl,
substituted or unsubstituted benzotriazole, substituted or unsubstituted pyrrolyl, substituted

or unsubstituted morpholinyl.
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[018] In some embodiments, the intermediate according to Formula (A) is a

compound according to Formula (A2):

(A2),

and the intermediate according to Formula (B) is a compound according to Formula (B2):

N
F
HN
(B2).
[019] In some embodiments, the intermediate according to Formula (A) is a
compound according to Formula (A3):
)OJ\
Y N
F

(A3),

and the intermediate according to Formula (B) is a compound according to Formula (B3):
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HoN
(B3).

[020] In some embodiments, Y is -OR; and R is selected from the group consisting
of methyl, ethyl, propyl, butyl, pentyl, trifluoroethyl and phenyl. In some embodiments, R;
is phenyl.

[021] In some embodiments, Y is NR;,Ry,, wherein R, and Ry, taken together with
the nitrogen to which they are attached form a substituted or unsubstituted imidazolyl.

[022] Disclosed herein is also a method of synthesizing the compound according to
Formula (1), 7.e., N-(1-methylpiperidin-4-yl)-N-(4-fluorophenylmethyl)-N’-(4-(2-
methylpropyloxy) phenylmethyl) carbamide, i.e., pimavanserin, as a tartrate salt, comprising
reacting N-(1-methylpiperidin-4-yl)-N-(4-fluorophenylmethyl)-N’-(4-(2-methylpropyloxy)
phenylmethyl) carbamide with tartaric acid in the presence of a solvent, e.g., ethanol. In
certain embodiments, the tartrate salt is a hemi-tartrate salt. In some embodiments the
pimavanserin tartrate is a hemi-tartrate having a molecular weight of 1005.2.

[023] In other aspects, provided herein is a compound according to Formula (A):
O
R
P

|

R (M),
or salt, hydrate, solvate, polymorph, or stereoisomers thereof, wherein Y, R3 and Ry are as
defined below.
[024] In some embodiments, Y is selected from -OR; or —-NR,, R,
[025] R Ry, Rap, independently of each other are selected from the group
consisting of hydrogen, substituted or unsubstituted C,.¢ alkyl, substituted or unsubstituted
aryl, substituted or unsubstituted aralkyl, or Ry, and Ry, taken together with the nitrogen to

which they are attached form a substituted or unsubstituted heteroalicyclyl, substituted or

unsubstituted aryl or a substituted or unsubstituted heteroaryl.
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[026] R; is selected from hydrogen or substituted or unsubstituted heteroalicyclyl.
[027] R, is selected from substituted or unsubstituted aralkyl.
[028] In some embodiments, the compound according to Formula (A) is selected

from the group consisting of Formula (C)-(F):

(E), and (),
wherein Ryo, Ry1, Riz, Ri3, Ri4 and R5 are as defined below.
[029] In some embodiments, Rip and Ry, are selected from hydrogen, substituted or

unsubstituted C, alkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
aralkyl.

[030] In some embodiments, Ri,, Ri3, Ri4, and Rys independently of each other are
selected from hydrogen, substituted or unsubstituted C,.¢ alkyl, and substituted or
unsubstituted aralkyl.

[031] In certain embodiments, R;; and R;; taken together with the nitrogen to which
they are attached form a substituted or unsubstituted heteroalicyclyl, substituted or
unsubstituted aryl or a substituted or unsubstituted heteroaryl.

[032] In certain embodiments, R4 and Rys taken together with the nitrogen to which
they are attached form a substituted or unsubstituted heteroalicyclyl, substituted or
unsubstituted aryl or a substituted or unsubstituted heteroaryl.

[033] In some embodiments, Ry 1s selected from methyl, ethyl, trifluoroethyl,
pentyl, and phenyl; Ry is selected from methyl, ethyl, trifluoroethyl, pentyl, and phenyl; Ry,
Ris3, Rus, Rys are hydrogen.

[034] In some embodiments, R, and R;3 taken together with the nitrogen to which

they are attached form an imidazolyl or benzotriazole.
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[035] In some embodiments, Ri4 and R;5 taken together with the nitrogen to which
they are attached form an imidazolyl or benzotriazole.
[036] In certain embodiments, the compound is a compound according to

Formula (C) or (D), wherein Rjpand Ry, are each selected from phenyl.

DETAILED DESCRIPTION
Definitions
[037] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as is commonly understood by one of ordinary skill in the art. All patents,
applications, published applications and other publications referenced herein are incorporated
by reference in their entirety. In the event that there is a plurality of definitions for a term
herein, those in this section prevail unless stated otherwise.
[038] As used herein, any “R” group(s) such as, without limitation, R, Ry R3, Ry,
Rs, Rg, Ry, and Ry, represent substituents that can be attached to the indicated atom. A
non-limiting list of R groups includes but are not limited to hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, and heteroalicyclyl. If two “R”
groups are covalently bonded to the same atom or to adjacent atoms, then they may be “taken
together” or “combined to” as defined herein to form a cycloalkyl, aryl, heteroaryl or
heteroalicyclyl group. For example, without limitation, if R, and Ry, of an NR R}, group are
indicated to be “taken together” or “combined to”, it means that they are covalently bonded

to one another at their terminal atoms to form a ring that includes the nitrogen:

.
\Rb.

[039] Whenever a group is described as being “unsubstituted or substituted,” if
substituted, the substituent(s) (which may be present one or more times, such as 1, 2, 3 or 4
times, valencies permitting) are independently selected from alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl,
heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy, acyl, ester, O-carboxy,
mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, C-amido, N-amido,

S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl, haloalky],
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haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino, including
mono- and di-substituted amino groups, and the protected derivatives thereof.

[040] When a substituent is deemed to be “substituted,” the substituent itself is
substituted with one or more of the indicated substituents. When the referenced substituent is
substituted, it is meant that one or more hydrogen atoms on the referenced group may be
replaced with a group(s) individually and independently selected from alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl,
heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy, acyl, ester, O-carboxy,
mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl, haloalky],
haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino, including
mono- and di-substituted amino groups, and the protected derivatives thereof. The protecting
groups that may form the protective derivatives of the above substituents are known to those
of skill in the art and may be found in Greene and Wuts, Protective Groups in Organic
Synthesis, 3" Ed., John Wiley & Sons, New York, NY, 1999, which is hereby incorporated
by reference in its entirety.

[041] As used herein, “Cp, to Cyp,” “Cp-Cp” or “Cpy” in which “m” and “n” are
integers refers to the number of carbon atoms in the relevant group. That is, the group can
contain from “m” to “n”, inclusive, carbon atoms. Thus, for example, a “C, to C, alkyl”
group refers to all alkyl groups having from 1 to 4 carbons, that is, CHs-, CH3CH,-,
CH;CH,CH;-, (CH3),CH-, CH;CH,CH,CH,-, CH;CH,CH(CH3)-, CH;CH(CH3)CH,- and
(CH3);C-. If no “m” and “n” are designated with regard to a group, the broadest range
described in these definitions is to be assumed.

[042] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
group that is fully saturated (no double or triple bonds). The alkyl group may have 1 to 20
carbon atoms (whenever it appears herein, a numerical range such as “1 to 20” refers to each
integer in the given range; e.g., “1 to 20 carbon atoms” means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and including 20 carbon
atoms, although the present definition also covers the occurrence of the term “alkyl” where
no numerical range is designated). The alkyl group may also be a medium size alkyl having

2

1 to 10 carbon atoms, such as “C.¢”. The alkyl group could also be a lower alkyl having 1
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to 4 carbon atoms. The alkyl group of the compounds may be designated as “C;-C, alkyl,”
“Ci.4 alkyl” or similar designations. By way of example only, “C,-C, alkyl” or “C,4 alkyl”
indicates that there are one to four carbon atoms in the alkyl chain, i.e., the alkyl chain is
selected from the group consisting of methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, and #-butyl. Typical alkyl groups include, but are in no way limited to, methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl, and the like. When an
alkyl is substituted, it can be substituted with one substituent or more than one substituent,
where substituents are individually and independently selected from alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl,
heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy, acyl, ester, O-carboxy,
mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl, haloalky],
haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino, including
mono- and di-substituted amino groups, and the protected derivatives thereof.

[043] As used herein, “alkenyl” refers to an alkyl group that contains in the straight
or branched hydrocarbon chain one or more double bonds. If more than one double bond is
present, the double bonds may be conjugated or not conjugated. The alkenyl group may have
2 to 20 carbon atoms (whenever it appears herein, a numerical range such as “2 to 20” refers
to each integer in the given range; e.g., “2 to 20 carbon atoms” means that the alkenyl group
may consist of 2 carbon atom, 3 carbon atoms, 4 carbon atoms, etc., up to and including 20
carbon atoms, although the present definition also covers the occurrence of the term
“alkenyl” where no numerical range is designated). One or more substituents on a
substituted alkenyl are individually and independently selected from alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl, heteroalicyclyl, aralkyl,
heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy, acyl, ester, O-carboxy,
mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbonyl, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl, haloalky],
haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino, including
mono- and di-substituted amino groups, and the protected derivatives thereof.

[044] As used herein, “alkynyl” refers to an alkyl group that contains in the straight

or branched hydrocarbon chain one or more triple bonds. The alkynyl group may have 2 to



WO 2017/015272 PCT/US2016/042933

20 carbon atoms (whenever it appears herein, a numerical range such as “2 to 20” refers to
each integer in the given range; e.g., “2 to 20 carbon atoms” means that the alkynyl group
may consist of 2 carbon atom, 3 carbon atoms, 4 carbon atoms, etc., up to and including 20
carbon atoms, although the present definition also covers the occurrence of the term
“alkynyl” where no numerical range is designated). An alkynyl group may be unsubstituted
or substituted. When substituted, the substituent(s) may be selected from the same groups
disclosed above with regard to alkenyl group substitution.

[045] As used herein, “hetero” may be attached to a group and refers to one or more
carbon atom(s) and the associated hydrogen atom(s) in the attached group have been
independently replaced with the same or different heteroatoms selected from nitrogen,
oxygen, phosphorus and sulfur.

[046] As used herein, “heteroalkyl,” by itself or in combination with another term,
refers to a straight or branched alkyl group consisting of the stated number of carbon atoms,
where one or more carbon atom(s), such as 1, 2, 3 or 4 carbon atom(s), and the associated
hydrogen atom(s) have been independently replaced with the same or different heteroatoms
selected from nitrogen, oxygen and sulfur. The carbon atom(s) being replaced may be in the
middle or at the end of the alkyl group. Examples of heteroalkyl include, but are not limited
to, -S-alkyl, -O-alkyl, -NH-alkyl, alkyl-O-alkyl, etc.

[047] As used herein, “aryl” refers to a carbocyclic (all carbon) ring or two or more
fused rings (rings that share two adjacent carbon atoms) that have a fully delocalized pi-
electron system. Examples of aryl groups include, but are not limited to, benzene,
naphthalene and azulene. An aryl group may be substituted. When substituted, hydrogen
atoms are replaced by substituent group(s) that is(are) one or more group(s) independently
selected from alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl,
heteroalicyclyl, aralkyl, heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy,
acyl, ester, O-carboxy, mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbony],
C-amido, N-amido, S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl,
haloalkyl, haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino,
including mono- and di-substituted amino groups, and the protected derivatives thereof.
When substituted, substituents on an aryl group may form a non-aromatic ring fused to the

aryl group, including a cycloalkyl, cycloalkenyl, cycloalkynyl, and heterocyclyl.
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[048] As used herein, “heteroaryl” refers to a monocyclic or multicyclic aromatic
ring system (a ring system with fully delocalized pi-electron system), in which at least one of
the atoms in the ring system is a heteroatom, that is, an element other than carbon, including
but not limited to, nitrogen, oxygen and sulfur. Examples of “heteroaryl” include, but are not
limited to, furan, thiophene, phthalazine, pyrrole, oxazole, thiazole, imidazole, pyrazole,
isoxazole, isothiazole, triazole, thiadiazole, pyridine, pyridazine, pyrimidine, pyrazine,
tetrazole, and triazine. A heteroaryl may be substituted. When substituted, hydrogen atoms
are replaced by substituent group(s) that is(are) one or more group(s) independently selected
from alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl,
heteroalicyclyl, aralkyl, heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy,
acyl, ester, O-carboxy, mercapto, alkylthio, arylthio, cyano, halogen, carbonyl, thiocarbony],
C-amido, N-amido, S-sulfonamido, N-sulfonamido, nitro, silyl, sulfenyl, sulfinyl, sulfonyl,
haloalkyl, haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino,
including mono- and di-substituted amino groups, and the protected derivatives thereof.
When substituted, substituents on a heteroaryl group may form a non-aromatic ring fused to
the aryl group, including a cycloalkyl, cycloalkenyl, cycloalkynyl, and heterocyclyl.

[049] An “aralkyl” or “arylalkyl” is an aryl group connected, as a substituent, via an
alkylene group. The alkylene and aryl group of an aralkyl may be substituted. Examples
include but are not limited to benzyl, substituted benzyl, 2-phenylethyl, 3-phenylpropyl, and
naphthylalkyl. In some cases, the alkylene group is a lower alkylene group.

[050] A “heteroaralkyl” or “heteroarylalkyl” is heteroaryl group connected, as a
substituent, via an alkylene group. The alkylene and heteroaryl group of heteroaralkyl may
be substituted. Examples include but are not limited to 2-thienylmethyl, 3-thienylmethyl,
furylmethyl, thienylethyl, pyrrolylalkyl, pyridylalkyl, isoxazolylalkyl, pyrazolylalkyl and
imidazolylalkyl, and their substituted as well as benzo-fused analogs. In some cases, the
alkylene group is a lower alkylene group.

[051] An “alkylene” is a straight-chained tethering group, forming bonds to connect
molecular fragments via their terminal carbon atoms. The alkylene may have 1 to 20 carbon
atoms. The alkylene may also be a medium size alkylene having 1 to 10 carbon atoms, such
as “Cis”. The alkylene could also be a lower alkylene having 1 to 4 carbon atoms. The

alkylene may be designated as “C,-C, alkylene”, “C,_4 alkylene” or similar designations.

10
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Non-limiting examples include, methylene (-CH;-), ethylene (-CH,CH;-), propylene
(-CH,CH,CHj;-), and butylene (-(CH,)4-) groups. In the case of methylene, the two
connected fragments are connected to the same carbon atom. A lower alkylene group may be
substituted.

[052] As used herein, “heteroalkylene” by itself or in combination with another term
refers to an alkylene group consisting of the stated number of carbon atoms in which one or
more of the carbon atoms, such as 1, 2, 3 or 4 carbon atom(s), are independently replaced
with the same or different heteroatoms selected from oxygen, sulfur and nitrogen. Examples
of heteroalkylene include, but not limited to -CH,-O-, -CH,-CH,-O-, -CH,-CH,-CH,-O-,
-CH,-NH-, -CH,-CH,-NH-, -CH,-CH,-CH;-NH-, -CH,-CH,-NH-CH,-, -O-CH,-CH,-O-
CH,-CH;-0O-, -O-CH;-CH;-O-CH;-CHj;-, and the like.

[053] As used herein, “alkylidene” refers to a divalent group, such as =CR’R”’,
which is attached to one carbon of another group, forming a double bond. Alkylidene groups
include, but are not limited to, methylidene (=CH,) and ethylidene (=CHCH3;). As used
herein, “arylalkylidene” refers to an alkylidene group in which either R’ or R’ is an aryl
group. An alkylidene group may be substituted.

[054] As used herein, “alkoxy” refers to the group —OR wherein R is an alkyl, e.g.,
methoxy, ethoxy, n-propoxy, 1-methylethoxy (isopropoxy), cyclopropoxy, n-butoxy, iso-
butoxy, sec-butoxy, tert-butoxy, amoxy, fert-amoxy and the like. An alkoxy may be
substituted.

[055] As used herein, “alkylthio” refers to the formula —SR wherein R is an alkyl
defined as above, e.g., methylmercapto, ethylmercapto, n-propylmercapto, 1-
methylethylmercapto (isopropylmercapto), n-butylmercapto, iso-butylmercapto, sec-
butylmercapto, fert-butylmercapto, and the like. An alkylthio may be substituted.

[056] As used herein, “aryloxy” and “arylthio” refers to RO- and RS-, in which R is
an aryl as defined above, e.g., phenoxy, naphthalenyloxy, azulenyloxy, anthracenyloxy,
naphthalenylthio, phenylthio and the like. Both an aryloxy and arylthio may be substituted.
[057] As used herein, “alkenyloxy” refers to the formula —OR wherein R is an
alkenyl as defined above, e.g., vinyloxy, propenyloxy, n-butenyloxy, iso-butenyloxy, sec-

pentenyloxy, fert-pentenyloxy, and the like. The alkenyloxy may be substituted.
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[058] As used herein, “acyl” refers to a hydrogen, alkyl, alkenyl, alkynyl, or aryl
connected, as substituents, via a carbonyl group. Examples include formyl, acetyl,
propanoyl, benzoyl, and acryl. An acyl may be substituted.

[059] As used herein, “cycloalkyl” refers to a completely saturated (no double
bonds) mono- or multi- cyclic hydrocarbon ring system. When composed of two or more
rings, the rings may be joined together in a fused, bridged or spiro-connected fashion.
Cycloalkyl groups may range from Cs to Cjo, in other embodiments it may range from Cs to
Cs. A cycloalkyl group may be unsubstituted or substituted. Typical cycloalkyl groups
include, but are in no way limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
the like. If substituted, the substituent(s) may be an alkyl or selected from those indicated
above with regard to substitution of an alkyl group unless otherwise indicated. When
substituted, substituents on a cycloalkyl group may form an aromatic ring fused to the
cycloalkyl group, including an aryl and a heteroaryl.

[060] As used herein, “cycloalkenyl” refers to a cycloalkyl group that contains one
or more double bonds in the ring although, if there is more than one, they cannot form a fully
delocalized pi-electron system in the ring (otherwise the group would be “aryl,” as defined
herein). When composed of two or more rings, the rings may be connected together in a
fused, bridged or spiro-connected fashion. A cycloalkenyl group may be unsubstituted or
substituted. When substituted, the substituent(s) may be an alkyl or selected from the groups
disclosed above with regard to alkyl group substitution unless otherwise indicated. When
substituted, substituents on a cycloalkenyl group may form an aromatic ring fused to the
cycloalkenyl group, including an aryl and a heteroaryl.

[061] As used herein, “cycloalkynyl” refers to a cycloalkyl group that contains one
or more triple bonds in the ring. When composed of two or more rings, the rings may be
joined together in a fused, bridged or spiro-connected fashion. Cycloalkynyl groups may
range from Cg to C1p. A cycloalkynyl group may be unsubstituted or substituted. When
substituted, the substituent(s) may be an alkyl or selected from the groups disclosed above
with regard to alkyl group substitution unless otherwise indicated. When substituted,
substituents on a cycloalkynyl group may form an aromatic ring fused to the cycloalkynyl

group, including an aryl and a heteroaryl.
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[062] As used herein, “heteroalicyclic” or “heteroalicyclyl” refers to a 3- to 18
membered-ring which consists of carbon atoms and from one to five heteroatoms selected
from the group consisting of nitrogen, oxygen and sulfur. The heteroalicyclic or
heteroalicyclyl groups may range from C; to Cyo, in other embodiments it may range from C;
to Co and in other embodiments it may range from C; to Cs. The “heteroalicyclic” or
“heteroalicyclyl” may be monocyclic, bicyclic, tricyclic, or tetracyclic ring system, which
may be joined together in a fused, bridged or spiro-connected fashion; and the nitrogen,
carbon and sulfur atoms in the “heteroalicyclic” or “heteroalicyclyl” may be oxidized; the
nitrogen may be quaternized; and the rings may also contain one or more double bonds
provided that they do not form a fully delocalized pi-electron system throughout all the rings.
Heteroalicyclyl groups may be unsubstituted or substituted. When substituted, the
substituent(s) may be one or more groups independently selected from the group consisting
of alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl,
heteroalicyclyl, aralkyl, heteroaralkyl, (heteroalicyclyl)alkyl, hydroxy, oxo, alkoxy, aryloxy,
acyl, ester, O-carboxy, mercapto, alkylthio, arylthio, cyano, halogen, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, isocyanato, thiocyanato, isothiocyanato, nitro, silyl,
haloalkyl, haloalkoxy, trihalomethanesulfonyl, trihalomethanesulfonamido, and amino,
including mono- and di-substituted amino groups, and the protected derivatives thereof.
Examples of such “heteroalicyclic” or “heteroalicyclyl” include but are not limited to,
azepinyl, azetidinyl, dioxolanyl, imidazolinyl, imidazolinolyl morpholinyl, oxetanyl,
oxiranyl, piperidinyl N-oxide, piperidinyl (e.g. 1-piperidinyl, 2-piperidinyl, 3-piperidinyl and
4-piperidinyl) , pyrrolidinyl, (e.g. 1-pyrrolidinyl, 2-pyrrolidinyl and 3-pyrrolidinyl),
piperazinyl, pyranyl, 4-piperidonyl, tetrahydrofuranyl, tetrahydropyranyl, pyrazolidinyl, 2-
oxopyrrolidinyl, thiamorpholinyl, thiamorpholinyl sulfoxide, and thiamorpholinyl sulfone.
When substituted, substituents on a heteroalicyclyl group may form an aromatic ring fused to
the heteroalicyclyl group, including an aryl and a heteroaryl.

[063] A “(cycloalkyl)alkyl” is a cycloalkyl group connected, as a substituent, via an
alkylene group. The alkylene and cycloalkyl of a (cycloalkyl)alkyl may be substituted.
Examples include but are not limited cyclopropylmethyl, cyclobutylmethyl,
cyclopropylethyl, cyclopropylbutyl, cyclobutylethyl, cyclopropylisopropyl,
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cyclopentylmethyl, cyclopentylethyl, cyclohexylmethyl, cyclohexylethyl, cycloheptylmethyl,
and the like. In some cases, the alkylene group is a lower alkylene group.

[064] A “(cycloalkenyl)alkyl” is a cycloalkenyl group connected, as a substituent,
via an alkylene group. The alkylene and cycloalkenyl of a (cycloalkenyl)alkyl may be
substituted. In some cases, the alkylene group is a lower alkylene group.

[065] A “(cycloalkynyl)alkyl” is a cycloalkynyl group connected, as a substituent,
via an alkylene group. The alkylene and cycloalkynyl of a (cycloalkynyl)alkyl may be

substituted. In some cases, the alkylene group is a lower alkylene group.

[066] As used herein, “halo” or “halogen” refers to F (fluoro), Cl (chloro), Br
(bromo) or I (iodo).
[067] As used herein, “haloalkyl” refers to an alkyl group in which one or more of

the hydrogen atoms are replaced by halogen. Such groups include but are not limited to,
chloromethyl, fluoromethyl, difluoromethyl, trifluoromethyl and 1-chloro-2-fluoromethyl, 2-
fluoroisobutyl. A haloalkyl may be substituted.

[068] As used herein, “haloalkoxy” refers to a RO-group in which R is a haloalkyl
group. Such groups include but are not limited to, chloromethoxy, fluoromethoxy,
difluoromethoxy, trifluoromethoxy and 1-chloro-2-fluoromethoxy, 2-fluoroisobutoxy. A
haloalkoxy may be substituted.

[069] An “O-carboxy” group refers to a “RC(=0)O-" group in which R can be
hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl, aryl, heteroaryl,
heteroalicyclyl, aralkyl, or (heteroalicyclyl)alkyl, as defined herein. An O-carboxy may be
substituted.

[070] A “C-carboxy” group refers to a “-C(=0)OR” group in which R can be the
same as defined with respect to O-carboxy. A C-carboxy may be substituted.

[071] A “trihalomethanesulfonyl” group refers to an “X3CSO;-" group” wherein X
is a halogen.

[072] A dashed bond, z===- , represents an optional unsaturation between the atoms

forming the bond. This bond may be unsaturated (e.g., C=C, C=N, C=0) or saturated (e.g.,
C-C, C-N, C-O). When a dashed bond is present in a ring system it may form part of an
aromatic ring system.

[073] A “nitro” group refers to a “-NO,” group.
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[074] A “cyano” group refers to a “~-CN” group.

[075] A “cyanato” group refers to an “~-OCN” group.

[076] An “isocyanato” group refers to a “-NCQO” group.

[077] A “thiocyanato” group refers to a “-SCN” group.

[078] A “carbonyl” group refers to a “—C(=0)-" group.

[079] A “thiocarbonyl” group refers to a “—~C(=S)-" group.

[080] An “oxo” group refers to a “ =0 group.

[081] An “isothiocyanato” group refers to an “ -NCS” group.

[082] A “sulfinyl” group refers to an “-S(=0)-R” group in which R can be the same

as defined with respect to O-carboxy. A sulfinyl may be substituted.

[083] A “sulfonyl” group refers to an “SO,R” group in which R can be the same as
defined with respect to O-carboxy. A sulfonyl may be substituted.

[084] An “S-sulfonamido” group refers to a “-SO,NRaRg” group in which R4 and
Rg independently of each other can be the same as defined with respect to the R group as
defined for O-carboxy, or combined to form a ring system selected from the group consisting
of substituted or unsubstituted Cs.g cycloalkyl, substituted or unsubstituted C;.g cycloalkenyl,
substituted or unsubstituted Cs. cycloalkyl, substituted or unsubstituted C;.g cycloalkenyl,
substituted or unsubstituted heteroalicyclyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. An S-sulfonamido may be substituted.

[085] An “N-sulfonamido” group refers to a “RSO,N(R4)-" group in which R and
Ra independently of each other can be the same as defined with respect to the R group as
defined for O-carboxy. An N-sulfonamido may be substituted.

[086] A “trihalomethanesulfonamido” group refers to an “X3CSO,N(R)-" group
with X as halogen and R can be the same as defined with respect to O-carboxy. A
trihalomethanesulfonamido may be substituted.

[087] A “C-amido” group refers to a “-C(=O)NRaRg” group in which R4 and Ry
independently of each other can be the same as defined with respect to the R group as
defined for O-carboxy, or combined to form a ring system selected from the group consisting
of substituted or unsubstituted Cs.g cycloalkyl, substituted or unsubstituted C;.g cycloalkenyl,
substituted or unsubstituted Cs. cycloalkyl, substituted or unsubstituted C;.g cycloalkenyl,
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substituted or unsubstituted heteroalicyclyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. A C-amido may be substituted.

[088] An “N-amido” group refers to a “RC(=0)NRx-" group in which R and Ra
independently of each other can be the same as defined with respect to the R group as
defined for O-carboxy. An N-amido may be substituted.

[089] An “ester” refers to a “—C(=0)OR” group in which R can be the same as
defined with respect to O-carboxy. An ester may be substituted.

[090] A lower alkoxyalkyl refers to an alkoxy group connected via a lower alkylene
group. A lower alkoxyalkyl may be substituted.

[091] An “amino” refers to “RNH,” (primary amines), “R,NH” (secondary
amines), and “R3N” (tertiary amines). An amino group may be substituted.

[092] An aminoalkyl refers to an amino group connected via a alkylene group. A
aminoalkyl may be substituted.

[093] Any unsubstituted or monosubstituted amine group on a compound herein can
be converted to an amide, any hydroxyl group can be converted to an ester and any carboxyl
group can be converted to either an amide or ester using techniques well-known to those
skilled in the art (see, for example, Greene and Wuts, Protective Groups in Organic
Synthesis, 3" Ed., John Wiley & Sons, New York, NY, 1999).

[094] As used herein, the abbreviations for any protective groups, amino acids and
other compounds, are, unless indicated otherwise, in accord with their common usage,
recognized abbreviations, or the [UPAC-IUB Commission on Biochemical Nomenclature
(See, Biochem. 11:942-944 (1972)).

Herein are thus described methods of obtaining pimavanserin as well as novel compounds
used as intermediates in the preparation of pimavanserin. Pimavanserin, salts and
polymorphs thereof, as well as methods of obtaining pimavanserin has previously been
described in for example WO 2004/064738, WO 2006/037043, WO 2007/124136 and WO
2008/144326.

[095] Pimavanserin has the chemical formula (I)
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O (D).
Optionally pimavanserin can be referred to as (N-(4-fluorophenylmethyl)-N-(1-
methylpiperidin-4-y1)-N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide).
[096] The compound of formula I can be obtained by the methods described herein
in high purity and yields. High purity is herein defined as a purity of at least 70 %, such as at
least 80 %, such as at least 90 %, such as at least 92 %, such as at least 94 %, such as at least
96 %, such as at least 98 %, such as at least 99 %. According to some embodiments herein
pimavanserin is obtained as a tartrate salt. According to some embodiments the
pimavanserin tartrate is pimavanserin hemi-tartrate. According to some embodiments the
pimavanserin tartrate is polymorphic Form C.
[097] In some embodiments pimavanserin tartrate is obtained in a purity of at least
96%, e.g. at least 98 % based on HPLC (high performance liquid chromatography).
[098] In some embodiments pimavanserin tartrate in polymorphic Form C is
obtained in a purity of at least 98%, e.g. at least 99 % based on HPLC.
[099] According to methods disclosed herein pimavanserin is possible to produce in
large scale. Some of the routes described herein have shown particular usefulness when it
comes to producing pimavanserin in large scale manufacturing, i.e., suitable for preparing
pharmaceutical compositions of pimavanserin.
[0100] Pimavanserin has previously been synthesized according to the method

disclosed in Scheme L.
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Scheme I: Previous Synthesis of Pimavanserin
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[0101] As demonstrated in the examples provided herein, there are other methods
suitable to prepare pimavanserin. Such methods may, for example, result in an improved
manufacturing process, e.g., scalability for large scale production, improved purity, improved

sourcing of materials, and/or improved environmental profile, etc.

18



WO 2017/015272 PCT/US2016/042933

[0102] In some aspects disclosed herein, methods of preparing pimavanserin use
starting materials that differ from those in Scheme 1.
[0103] For instance, starting materials used in the methods described herein, such as
those designated as SM1 (N-(4-fluorobenzyl)-1-methylpiperidin-4-amine) and SM2 ((4-
isobutoxyphenyl)methanamine), may be obtained by any route and thereafter, e.g., as
disclosed herein, converted in one or more steps into pimavanserin. Some useful routes for
preparing SM1 and SM2 are disclosed in the exemplary section.
[0104] Examples of methods of producing pimavanserin are summarized below.
[0105] Pimavanserin (1) may be manufactured by reacting SM1 with a carbamate
derivative of SM2, as depicted in Scheme II.

Scheme II: SM1 plus SM2 Carbamate Pimavanserin Synthesis
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[0106] Alternatively, pimavanserin may be manufactured by reacting SM2 with a

F

carbamate derivative of SM1, as depicted in Scheme III.
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Scheme I1I: SM2 plus SM1 Carbamate Pimavanserin Synthesis
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[0107] More specifically, pimavanserin may be manufactured via activation of a
dialkyl carbonate or a diaryl carbonate, e.g., by reacting SM1 and SM2, or the freebase of
SM2b with a suitable carbonate such as dimethyl carbonate, ethylmethyl carbonate, diethyl
carbonate, disuccinimidyl carbonate, dimethyl 2,2'-(carbonylbis(oxy))dibenzoate or diphenyl
carbonate in order to obtain, and optionally isolate a carbamate of either SM1 or SM2, e.g.,

as shown in the following structures (where “Me” is methyl and “Ph” is phenyl).
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[0108] I1,11.1, 12, 12.1, 12.3 or another suitable carbamate is then reacted with SM2
or SM1 respectively to obtain pimavanserin. In addition to the carbonates mentioned above,
other suitable carbonates may be used. In some embodiments dimethyl carbonate (DMC) is
used. DMC is useful as it generates methanol as by-product and the catalyst may be recycled

resulting in an environmentally beneficial route. Additionally, a route employing DMC
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could be preferred compared to the conventional process both economically and for process
safety reasons. In some embodiments diphenyl carbonate is used, in which case the easily
separated co-product is phenol. In some embodiments the reaction is run using the carbonate
as a solvent and in some embodiments another suitable solvent is used, e.g., toluene and
THF. To improve yields and conversions, catalysts such as NaO'Bu and Zr(O'Bu), are used.
In some embodiments co-catalysts such as 2-hydroxypyridine and 4-methyl-2-
hydroxyquinoline are used. In some embodiments the carbamate of SM1 or SM2 (or free-
based SM2b) may be prepared by reacting SM1 or SM2 respectively with a slight excess
(e.g., 1.1 to 2 eq) of diphenyl carbonate in a suitable solvent such as toluene or acetonitrile.
The mixture may then be stirred for at suitable time such as 1-24 h at a suitable temperature
such as room temperature. In one embodiment SM2 or SM2b (which may be freebased) is
converted to a carbonate according to any of the methods described above.

[0109] Pimavanserin may also be manufactured via a chloroformate reagent, e.g., by
reacting either SM1 or SM2 (or free-based SM2b) with a suitable chloroformate such as an
alkyl chloroformate (e.g., methyl chloroformate, ethyl chloroformate, trifluoroethyl
chloroformate), or an aryl chloroformate (e.g., phenyl chloroformate) in order to obtain, and

optionally isolate a carbamate of either SM1 or SM2, as shown above (I1, I1.1, 12, and 12.1)

O/
17
O)\OCHchg

F
and 12.2

and in the following structures:
X
© 1.2

[0110] I1,11.1,11.2, 12, 12.1 12.2 or another suitable carbamate is thereafter reacted
with SM2 or SM1 respectively to obtain pimavanserin. The carbamate of SM1 may for
example be prepared by dissolving SM1 in a suitable amount of toluene or THF and adding a
suitable base such as potassium carbonate (e.g., dissolved in water) or sodium hydride
suspended in THF. Suitable equivalents of base are for example 1-2 eq. To the mixture
containing SM1 a suitable chloroformate such as phenyl chloroformate (e.g., 1-2 eq)

whereafter the mixture for example may be stirred at a suitable temperature, such as room
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temperature, for a suitable time such as 6-36 h. The carbamate of SM2 or SM2b may for
example be prepared by adding a slight excess of phenyl chloroformate to SM2 or SM2b
(which is free-based, e.g., using sodium hydroxide in toluene) dissolved in a suitable solvent
such as toluene or THF, wherein the mixture additionally comprises an excess (e.g., 1-2 eq)
of a suitable base such as triethyl amine, sodium hydroxide or sodium carbonate. The
mixture is for example maintained at a low temperature, such as -3 to 10 °C, or at
temperature of about 20-50 °C (depending on what base is used) for about 1 hour or longer in
order to generate the carbamate of SM2 or SM2b in high purity (e.g., > 90 %). In addition to
the chloroformates mentioned above other suitable chloroformates may be used.

[0111] In one embodiment the formed carbamate is the carbamate of formula I1.1,

J e
O

1.1

The carbamate of formula I1.1 is characterized for example by a DSC melting point at 99 °C
and an exothermic event of 48 J/g at about 191 °C, which were determined using a DSC822¢
Differential Scanning Calorimeter (Mettler Toledo, Columbus OH) following the
manufacturer’s recommended standard procedures and conditions.

[0112] In one embodiment, SM2 or SM2b is synthesized by one of the routes
depicted in Scheme IV. These routes have the advantage of using isobutyl alcohol as a
reagent instead of the previously used isobutyl bromide (e.g., Scheme 1), which is an
alkylating agent known to be a health hazard and a potential genotoxin. In one embodiment
SM2 or SM2b is synthesized using the starting materials isobutyl alcohol and

4-fluorobenzonitrile.
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Scheme IV: Alternative Synthesis of SM2 Intermediates
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[0113] In some embodiments the conversion into I1.1 is complete and in some

embodiments minor amounts (e.g., less than 5 %, such as less than 3 %, such as less than 1
%, such as less than 0.5 %) of the impurity 1,3-bis(4-isobutoxybenzyl)urea, and less than 10
%, such as less than 5 %, such as less than 3%, such as less than 1 % of the impurity phenol
are observed. Typically the yield of 1.1 is at least 85 %, such as at least 88 %, such as at
least 90 %.

[0114] One of I1, I1.1, I1.2, 12, 12.1 12.2 (carbamate intermediates) is thereafter
reacted with the appropriate SM1, SM2 ( SM2b or the freebase of SM2b), to obtain
pimavanserin.

[0115] The carbamate routes, i.e., those routes forming pimavanserin via a carbamate
intermediate provide benefits such as facilitated sourcing, improved environmental profile,
reduced cost and require less complicated handling of reagents as compared to the
conventionally used route currently used to form pimavanserin. In contrast to the prior
syntheses of pimavanserin (e.g., Scheme 1), the use of carbamate intermediates avoids the
direct employment of phosgene, which is a toxic reagent. Phosgene in GMP production is
generally to be avoided as known to those skilled in the art. The carbamates routes, for
example, the route described herein where SM2 or SM2b, generated from 4-

fluorobenzonitrile and isobutanol, and brought in contact with phenyl chloroformate to
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generate [1.1, which thereafter is converted to pimavanserin, or a salt thereof, such as a
pharmaceutically acceptable salt thereof, e.g. a hemi-tartrate salt, have several advantages
already mentioned and result in a cheaper and shorter process , and avoid toxic starting
materials. The process can be run as a single operation, or multiple operations and hence
provide further flexibility in view of potential production sites. For example, using 4-
fluorobenzonitrile as starting material provides a facilitated process as it is possible to
generate SM2 and SM2b in “one pot”. As mentioned there is no need for isobutyl bromide
and the process requires less process steps to generate SM2 and/or SM2b compared to other
disclosed routes of preparing pimavanserin. The process can be run to generate pimavanserin
tartrate as polymorph C without isolating any intermediate product prior to the salt and/or
polymorph generation.

[0116] Examples of suitable solvents for generating the carbamate intermediates are
polar and non-polar aprotic solvents. More specific examples are acetonitrile,
tetrahydrofuran, 2-methyl tetrahydrofuran, dimethylformamide, hexane, chloroform,
dichloromethane, ethers (e.g., diethyl ether, diisopropyl ether, methyl zerz-butyl ether), ethyl
acetate, toluene, ethyl acetate, isopropyl acetate, and water. According to some aspects the
solvent should be less than 50 vol% compared to the other constituents in order to obtain
improved conversion of the starting materials. In some embodiments toluene or isopropyl

acetate is selected as the solvent. .

[0117] Although the reaction may be run without an additional agent, such as a
catalyst, some embodiments include one or more additional agent(s) such as a base, e.g.,
triethyl amine, diisopropyl amine, pyridine or alkali metal carbonates, such as sodium
carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide, sodium phosphate
or potassium phosphate. The agent(s) may provide improved conversion time.

[0118] Although the reaction may be run without the above listed additional agent(s)
at room temperature, it is generally considered that an increased temperature provides a faster
completion rate, however additional amounts of impurities may be generated. Examples of
suitable agents are a base, such as triethyl amine or alkali metal salts, such as sodium

carbonate or potassium carbonate. The agent when used in suitable amounts such as 0.1-5
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eq, for example 0.5-1.5 eq, such as 1 eq improved the conversion time and resulted in
improved yield. In some embodiments potassium carbonate is selected as the catalyst as it
has shown to reduce the amount of the impurity 1,3-bis(4-isobutoxybenzyl)urea. In some
embodiments the potassium carbonate is used in 0.4-1 eq. In some embodiments the
temperatures used to carry out the formation of the carbamate intermediate are from -3 °C to
50°C, for example between 5-25 °C, such as between 15-23 °C. Additionally, heating is used
in some embodiments in order to achieve phase separation, and suitable temperatures are
above 40 °C, 50 °C, 60 °C, 70 °C, 80 °C, 90 °C, 100 °C or 110 °C. In some embodiments the
temperature is kept at about 65 °C, 85 °C, or 105 °C. In some embodiments room
temperature is used.

[0119] In some embodiments coupling of the carbamate intermediates with a second
starting material is carried out using a slight excess of one of the starting materials, for
example a 1:1.1 to 1:1.5 ratio. In some embodiments disclosed herein an excess of either
starting material is used, Alternatively a 1:1 ratio of the carbamate intermediate and the
second starting material is used in order to limit formation of impurities, as well as unreacted
starting materials in the crude product. The carbamate may be an isolated intermediate or an
intermediate generated in-situ (i.e. not isolated).

[0120] In some embodiments conversion of the starting materials into pimavanserin ,
using the above described conditions, is completed within 24 h, such as within 3-8 hours,
such as within 4-6 hours.

[0121] In one embodiment, I1.1 (e.g., obtained via reacting SM2 with phenyl
chloroformate or diphenyl carbonate) was mixed (1:1) with SM1 in toluene and about 0.5 eq
potassium carbonate (K,COs) in order to generate pimavanserin. The HPLC purity of the
obtained pimavanserin can be above 99 %, such as above 99.5 %, such as about 99.6 %, such
as about 99.7 %, such as about 99.8 %, such as about 99.9 %; and the yield can be above 90
%, such as above 92 %, such as about 94 %, such as about 96 %. Additionally, pimavanserin
obtained via phenyl chloroformate or diphenyl carbonate routes are above 85 % or about 90
% or more.

[0122] In one embodiment the carbamate intermediate is obtained using a carbonate
reagent, for example diphenyl carbonate. In one embodiment the carbamate intermediate is

obtained using a chloroformate reagent, for example phenyl chloroformate.
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[0123] Generating pimavanserin using any of the above described carbamate routes
(i.e., those employing a carbamate intermediate) may be done by mixing the carbamate with
SM1 or SM2 (depending on what carbamate intermediate is used). Generally the reaction
can be carried out at a temperature of up to 100 °C. In some embodiments the temperature is
50-60 °C. In some embodiments one or more additional agent(s), for example a base such as
an alkali metal carbonate (e.g., sodium carbonate or potassium carbonate), or an organic base
such as triethyl amine is used. In some embodiments potassium carbonate is used as it
reduces the conversion time. Generally the reaction is carried out within 24 hours, but using
an alkali metal carbonate such as potassium carbonate as an additional agent has made it
possible to reduce the reaction time to about 4-6 h.

[0124] Examples of suitable solvents for generating pimavanserin are polar and
non-polar aprotic solvents. More specific examples are acetonitrile, tetrahydrofuran, 2-
methyl tetrahydrofuran, dimethylformamide, hexane, chloroform, dichloromethane, ethers
(e.g., diethyl ether, diisopropyl ether or methyl tert-butyl ether), ethyl acetate, toluene, ethyl
acetate, isopropyl acetate or water. In some embodiments toluene or isopropyl acetate is
used as solvent.

[0125] Pimavanserin may also be manufactured via reaction of SM2 or SM1 with
carbonyldiimidazole (CDI) or 1,1’ carbonylbisbenzotriazole, forming intermediates 14, 14.1,
16 and 16.1 respectively. The intermediates may be isolated and characterized and

accordingly have the following formulas:

.
N%NJLNA@ v
\4’ E N” N o} )J\
~ O by OO
| (14), (14.1), o =~ (16), and

O
Oy
AT
a6.1).
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[0126] 14, 14.1, is reacted with SM1; alternatively 16 or 16.1 is reacted with SM2 to
obtain pimavanserin. In some embodiments the process to produce pimavanserin goes via
the formation of 16. The intermediate 16 may for example be prepared by dissolving SM2b
in water containing sodium hydroxide (about 30%), and adding toluene, followed by heating
the mixture to obtain separated layers and then separating the layers, e.g., by distillation. To
CDI (slight excess, e.g., 1.2-1.8 eq) in toluene was added the previously obtained SM2 while
the temperature was kept around room temperature. Layer separation was performed once
the reaction had gone to completion by addition of water at a temperature below 15°C, and 16
obtained from the organic phase by conventional methods. The intermediate may be isolated
or telescoped directly into the next step where it is converted into pimavanserin by adding
SM1 and heating (e.g., at about 50°C) the mixture in toluene followed by aqueous work-up
and collecting pimavanserin in the organic phase.

[0127] Advantages using CDI, are for example operational safety and surprisingly a
simplified process (e.g., fewer impurities) making the route preferred compared to the

conventional process shown in Scheme 1.

[0128] Pimavanserin may also be manufactured via reaction of SM2 with di-ferz-
butyl dicarbonate (Boc,0), forming intermediate 7. The intermediate may be isolated as a

compound having the formula:

i
~
ASARe
H
)
17 .

[0129] Intermediate 17 thereafter may be reacted with SM1 with catalytic amounts of
DMAP (4-dimethylaminopyridine) to obtain pimavanserin.

[0130] Pimavanserin may also be manufactured via reaction with a suitable urea
derivative or carbamate derivative. SM1 or SM2 may be reacted with a urea derivative such
as urea and thereafter optionally isolated or reacted with SM2 or SM1 respectively in order to

obtain pimavanserin. A similar option would be to react SM2 with urea and 3-methylbutan-
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1-ol to give isopentyl (4-isobutoxybenzyl)carbamate (I8) which can be converted to an
isocyanate intermediate, 1-isobutoxy-4-(isocyanotomethyl)benzene (I19), by distillation at
temperature 160-180°C. The isocyanate I9 can be reacted with SM1 to obtain pimavanserin.
[0131] Pimavanserin may also be manufactured via treatment of SM1 or SM2 with a
suitable carbamate. Examples of suitable carbamates are alkyl carbamates such as methyl
carbamate, and ethyl carbamate. Consequently intermediates of for example formulae (110)

and (I11) may be isolated or directly reacted with SM2 or SM1 respectively in order to obtain

111

pimavanserin.

i
o
0 N
110 |

[0132] Intermediates [10 and I11 can then be reacted with a suitable aldehyde or
hydroxyl moiety.

[0133] Publications such as J. Am. Chem. Soc., 1923, 45, 1816; Chem Ber 1965, 98,
1097; and Org Prep Proc 1986, 18, 149, in general, disclose reactions conditions and
procedures suitable to generate ureas and carbamates.

[0134] The methods described above to generate pimavanserin may be further
complemented by obtaining pimavanserin in different salt forms, such as tartrate salt. Of
general interest are routes for obtaining SM1 and SM2 respectively. For example obtaining
SM1 and SM2 respectively from different starting material would be of interest and within
the capacity of those skilled in the art. For example obtaining SM1 as a salt such as a
hydrochloric or tartaric salt may confer benefits. A described advantages in view of sourcing
and toxicity may also impact the selection of raw materials and for example
(4-isobutoxyphenyl)methanamine may be prepared using different raw materials, for
example 4-fluorobenzonitrile and isobutanol, or 4-hydroxybenzaldehyde and isobutyl
bromide, or isobutyl methanesulfonate, or 4-fluorobenzaldehyde and isobutanol. In some
embodiments the 4-fluorobenzonitrile and isobutanol is used to generate
(4-isobutoxyphenyl)methanamine which may be used in preparing pimavanserin according to

many of the routes described herein.

28



WO 2017/015272 PCT/US2016/042933

[0135]

Some embodiments described herein relate to a method of preparing

pimavanserin (N-(4-fluorophenylmethyl)-N-(1-methylpiperidin-4-yl)-N'-(4-(2-

methylpropyloxy)phenylmethyl)carbamide), the method comprising:

[0136]
[0137]

contacting an intermediate according to Formula (A),

O
Y)kT/R“

ARGV
or a salt thereof, with an intermediate according to Formula (B), or a salt thereof,
H
X
H

R21 (B),
or a salt thereof, to produce pimavanserin, wherein Y, R3, R4, X and Ry, are as defined
below.
Y is selected from -OR | or —NR;,,Rzp.

R Ry, Rap, independently of each other are selected from the group

consisting of hydrogen, substituted or unsubstituted C,.¢ alkyl, substituted or unsubstituted

aryl; or Ry, and Ry, taken together with the nitrogen to which they are attached form a

substituted or unsubstituted heteroalicyclyl, substituted or unsubstituted aryl or a substituted

or unsubstituted heteroaryl.

[0138]
[0139]
[0140]
[0141]
[0142]
[0143]

R; is selected from hydrogen or substituted or unsubstituted heteroalicyclyl.
Ry is selected from substituted or unsubstituted aralkyl.

X is selected from the group consisting of -OR;; and —NR3R 4.

Ry, 1s selected from —OCH,CH(CHs;), or F.

Ry, 1s selected from hydrogen and substituted or unsubstituted C, alkyl.
One of Ry3 and Ry4 is hydrogen and the other is N-methylpiperidin-4-yl, or

both R;; and R4 are hydrogen.
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[0144] Some embodiments relate to a method wherein R; is selected from the group
consisting of methyl, ethyl, propyl, butyl, pentyl, trifluoroethyl and phenyl.

[0145] Some embodiments relate to a method wherein Ry, and Ry, independently of
each other are selected from the group consisting of hydrogen, methyl, ethyl, propyl, butyl,
pentyl, trifluoroethyl, p-nitrophenyl and phenyl, or R, and Ry, taken together with the
nitrogen to which they are attached form a substituted or unsubstituted imidazolyl,
substituted or unsubstituted benzotriazole, substituted or unsubstituted pyrrolyl, substituted
or unsubstituted morpholinyl. The substituted or unsubstituted imidazolyl may according to
some embodiments be selected from 1A*-imidazole and 1-methyl-11",3A*-imidazole.

[0146] Some embodiments relate to a method wherein the intermediate according to
Formula (A)is a compoun% according to Formula (A2)

' T
H

O/\(
(A2),

and the intermediate according to Formula (B) is a compound according to Formula (B2)

N
F
HN
(B2).
[0147] In some embodiments, the intermediate according to Formula (A) is a

compound according to Formula (A3)
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(A3),

and the intermediate according to Formula (B) is a compound according to Formula (B3)

A

(B3).

HyN

[0148] Some embodiments relate to Y being -OR, for example R; is methyl, ethyl,
propyl, butyl, pentyl, trifluoroethyl and phenyl. In some embodiments R, is phenyl In some
embodiments the compound according to Formula (A2) or (A3) (where Y is —O-phenyl) is
obtained using diphenyl carbonate or phenyl chloroformate.

[0149] Some embodiments relate to Y being NR,,R,, wherein R,, and Ry, taken
together with the nitrogen to which they are attached form a substituted or unsubstituted
imidazolyl. In some embodiments the compound according to Formula (A2) or (A3) (where
Y is NR;,Ry) is obtained using CDIL

[0150] Some embodiments described herein relate to a method of preparing
pimavanserin (N-(4-fluorophenylmethyl)-N-(1-methylpiperidin-4-yl)-N'-(4-(2-
methylpropyloxy)phenylmethyl)carbamide), the method comprising forming a an

intermediate according to Formula (A),
@]
)k Re
Y T/
s @),

or salts, hydrates, solvates, polymorphs, and stereoisomers thereof, wherein Y, R3 and Ry are

as defined below:
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Y is selected from -OR ;| or —NR3,,Rzp;

R;. Ry, Ry, independently of each other are selected from the group consisting of
hydrogen, substituted or unsubstituted C;.¢ alkyl, substituted or unsubstituted aryl or R,, and
Ry taken together with the nitrogen to which they are attached form a substituted or
unsubstituted heteroalicyclyl, substituted or unsubstituted aryl or a substituted or
unsubstituted heteroaryl;R; is selected from hydrogen and substituted or unsubstituted
heteroalicyclyl, and Ry is selected from substituted or unsubstituted aralkyl.

[0151] In some embodiments the compound according to Formula (A) is selected
from a compound according to Formula (C)-(F)

O

(),
wherein Ry and R;; independently of each other are selected from hydrogen, substituted or
unsubstituted C, alkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
aralkyl; and Ry, Ri3, Ri4, and R;s independently of each other are selected from hydrogen,
substituted or unsubstituted C,.¢ alkyl, and substituted or unsubstituted aralkyl.

[0152] In certain embodiments wherein compound according to Formula (A) is a
compound according to Formula (E), Ry, and R;3 taken together with the nitrogen to which
they are attached form a substituted or unsubstituted heteroalicyclyl, or a substituted or
unsubstituted heteroaryl.

[0153] In certain embodiments wherein compound according to Formula (A) is a
compound according to Formula (F), R4 and R;5 taken together with the nitrogen to which
they are attached form a substituted or unsubstituted heteroalicyclyl, or a substituted or

unsubstituted heteroaryl.
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[0154] In some embodiments R is selected from the group consisting of methyl,
ethyl trifluoroethyl, pentyl, and phenyl. In some embodiments R,; is selected from the group
consisting of methyl, ethyl, trifluoroethyl, pentyl, and phenyl. In some embodiments R,
Ris, Ris, Rys are hydrogen. In some embodiments R, and Ri3 taken together with the
nitrogen to which they are attached form an imidazolyl or benzotriazole. In some
embodiments R4 and R;s taken together with the nitrogen to which they are attached form an

imidazolyl or benzotriazole.

[0155] In some embodiments the intermediate is a compound according to
Formula (C) or (D).
[0156] In some embodiment Ry is phenyl. In some embodiments the intermediate is

a compound according to Formula (C) and Ry is phenyl.

[0157] In some embodiments Ry; is phenyl. In some embodiments the intermediate
is a compound according to Formula (D) and Ry; is phenyl.

[0158] In some embodiments the method comprises contacting 4-fluorobenzonitrile
and isobutyl alcohol to provide 4-isobutoxy-benzonitrile, converting 4-isobutoxy-
benzonitrile to (4-isobutoxyphenyl)methanamine, contacting (4-
isobutoxyphenyl)methanamine with phenylchloroformate, or diphenylcarbonate, to give
phenyl (4-isobutoxybenzyl)carbamate, and contacting the phenyl (4-
isobutoxybenzyl)carbamate with N-(4-fluorobenzyl)-1-methylpiperidin-4-amine providing
N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N"-(4-(2-
methylpropyloxy)phenylmethyl)carbamide. In some embodiments N-(4-fluorobenzyl)-N-(1-
methylpiperidin-4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)carbamide is obtained as a
tartrate salt.

[0159] Accordingly the intermediate compounds described herein are used in the
preparation of pimavanserin and/or pimavanserin tartrate.

[0160] The compound of formula I (pimavanserin) has a low solubility in water.
Accordingly, in some embodiments, salt forms of the compound are provided that are water
soluble and hence have enhanced bioavailability and improved processing characteristics for
the preparation and formulation of drug compositions. Examples of suitable salts are tartrate,

citrate, fumarate, maleate, maliate, phosphate, succinate, sulphate, and edisylate.
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[0161] It was found that a hemi-tartrate of N-(4-fluorobenzyl)-N-(1-methylpiperidin-
4-y1)-N’-(4-(2-methylpropyloxy)phenylmethyl)carbamide is particularly suitable.
Accordingly, one embodiment provides N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N’-
(4-(2-methylpropyloxy) phenylmethyl carbamide hemi-tartrate (pimavanserin tartrate)

according to the formula IV,

_ C|:H3 -

H<nt CHs HO co,

F o, ,CH=CH,
Q/ -
: N\ N NH .
CH;3 \ﬁ/ \CHQ HO CO,
o}
L - 2
(IV).

[0162] Accordingly, some embodiments disclosed herein relate to preparing a

compound of formula IV (pimavanserin tartrate) by the methods described herein.

[0163] The compound of formula IV may be prepared as an integrated part of the
process for synthesizing the compound of formula I as described above by using tartaric acid
as the salt forming acid. Alternatively, the tartrate salt may be formed by reaction of the
isolated compound of formula I with tartaric acid.

[0164] In one embodiment, N-(4-fluorobenzyl)-N-(1-methylpiperidin-4-yl)-N"-(4-(2-
methylpropyloxy) phenylmethylcarbamide hemi-tartrate is formed by adding tartaric acid to
the compound of formula I, and isolating the hemi-tartrate of the compound of formula I.
The hemi-tartrate may be isolated through precipitation by cooling, solvent removal, adding
an anti-solvent, or a combination of these methods. In one embodiment, one or more
solvents are added in one of the steps in the reaction that have a low solubility for the hemi-
tartrate, such as isopropyl acetate, a ketone (such as acetone or 2-butanone or MEK), and/or
tetrahydrofuran. The hemi-tartrate precipitates and forms a suspension, which may be stirred
for up to 3 days before filtering off the solid from the reaction mixture preferably at ambient
conditions. The solid residue may be washed, and then dried at temperatures up to 50 °C, if
desired, under vacuum.

[0165] The hemi-tartrate of formula IV is obtained in high yields and purity. The

mother liquors can be used to isolate more hemi-tartrate of formula IV in the usual manner.
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The hemi-tartrate may be further purified by conversion to the free base of formula I and
isolating a solution of the base, which is then used to re-precipitate the hemi-tartrate by the
addition of tartaric acid.

[0166] In some embodiments pimavanserin tartrate is obtained in a purity of at least
96%, e.g. at least 98 % based on HPLC (high performance liquid chromatography). A
suitable HPLC method is for example using a Waters system such as Waters alliance LC-
System / Agilent 1100, 1200, 1260 and a detector 2487, PDA (2996) / DAD , VWD. A
suitable column is Waters XBridge C18, 15 cm x 4.6mm, 5 um. A, or equivalent, suitable
test solution can be a 100 ug/ml solution containing the sample dissolved in 50 vol% aqueous
solution (pH 9.0) (eluent A) and 50 vol% of a solution of acetonitrile and 20 vol% methanol
(eluent B). Additional setup parameters may for example be the following: Flow rate: 1.0
ml/min, Temperature of column oven: 40 °C, Temperature of auto sampler: 5 °C,
Wavelength: 210 nm. A mixture of eluent A (90 vol%) and eluent B (10 vol%) may for
example be used. As a standard pimavanserin tartrate (or polymorphic Form C whichever is
appropriate) may be used. The purity may be directly obtained from the software
accompanying the equipment.

[0167] In some embodiments, the hemi-tartrate of the compound of formula I is
obtained by reaction with tartaric acid where both reagents are dissolved in ethanol. It was
surprisingly discovered that efficient removal of impurities can be obtained by precipitation
of the tartrate from ethanol.

[0168] Pimavanserin tartrate can be obtained in many polymorphic forms as
described in W0O2006/037043. For example, the procedure described using MEK generates
polymorph C of pimavanserin. Polymorphic Form C has been found to be a thermostabile
form of pimavanserin and is for example characterized by having an endotherm with an onset
of between 167 and 177 C° as obtained by differential scanning calorimetry (DSC) in
accordance with USP <891>. The DSC was obtained using a Mettler-Toledo 822, using a 4-6
mg sample and 40 ul aluminium crucible with a lid and pin hole. The analysis is performed
under nitrogen (10 ml/min) at a heating rate of 10 °C/min between 80°C-210°C. Optionally
polymorphic Form C may be characterized by powder diffraction (pXRD), see Figure 4 of
W02006/037043.
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[0169] In some embodiments polymorphic Form C is obtained in a purity of at least
98%, e.g. at least 99 % based on HPLC, for example using the method described
hereinabove.

[0170] In some embodiments polymorphic Form C is obtained through direct
formation from pimavanserin (as defined in Formula (I). Hence there is no need of isolating
and purifying pimavanserin, or pimavanserin tartrate, as it is possible to form polymorphic
Form C directly. It is possible to obtain polymorphic Form C in a purity of at least 96%, such
as at least 98 %, such as at least 99% via the direct formation from pimavanserin. Obtaining
polymorphic Form C via direct formation from pimavanserin is considered a benefit of the
process disclosed herein.

Stability and Pharmaceutical Formulations

[0171] As mentioned above, the pimavanserin and pimavanserin tartrate are each
suitable as an active pharmaceutical ingredient (API) or pro-drug in pharmaceutical
formulations to inhibit an activity of a monoamine receptor, preferably a serotonin receptor
of the 5-HT2A subclass. Pimavanserin tartrate has very good solubility in aqueous systems
and the free base is deliberated at physiological pH ranges, providing a high bioavailability.
Pimavanserin tartrate possesses high storage stability.

[0172] The amount of pimavanserin tartrate required in a formulation substantially
depends on type of formulation and desired dosages during administration time periods. The
amount in an oral formulation may be from 0.1 to 500 mg, preferably from 0.5 to 300 mg,
and more preferably from 1 to 100 mg, such as 10 to 60 such as 20 to 40 mg. Oral
formulations may be solid formulations such as capsules, tablets, pills and troches, or liquid
formulations such as aqueous suspensions, elixirs and syrups. Solid and liquid formulations
also encompass incorporation of the compound of formula I'V into liquid or solid food.
Liquids also encompass solutions of pimavanserin tartrate for parenteral applications such as
infusion or injection.

[0173] Pimavanserin may be formulated as a powder (e.g., micronized particles),
granules, suspensions or solutions, or may be combined together with other pharmaceutically
acceptable ingredients in admixing the components and optionally finely dividing them, and

then filling capsules, composed for example from hard or soft gelatine, compressing tablets,
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pills or troches, or suspending or dissolving them in carriers for suspensions, elixirs and
syrups. Coatings may be applied after compression to form pills.

[0174] Pharmaceutically acceptable ingredients are well known for the various types
of formulations and may be for example binders such as natural or synthetic polymers,
excipients, lubricants, surfactants, sweetening and flavouring agents, coating materials,
preservatives, dyes, thickeners, adjuvants, antimicrobial agents, antioxidants and carriers for
the various formulation types.

[0175] Examples for binders are gum tragacanth, acacia, starch, gelatine, and
biological degradable polymers such as homo- or co-polyesters of dicarboxylic acids,
alkylene glycols, polyalkylene glycols and/or aliphatic hydroxyl carboxylic acids; homo- or
co-polyamides of dicarboxylic acids, alkylene diamines, and/or aliphatic amino carboxylic
acids; corresponding polyester-polyamide-co-polymers, polyanhydrides, polyorthoesters,
polyphosphazene and polycarbonates. The biological degradable polymers may be linear,
branched or crosslinked. Specific examples are poly-glycolic acid, poly-lactic acid, and
poly-d,l-lactide/glycolide. Other examples for polymers are water-soluble polymers such as
polyoxaalkylenes (e.g., polyoxaethylene, polyoxapropylene and mixed polymers thereof),
poly-acrylamides and hydroxylalkylated polyacrylamides, poly-maleic acid and esters or -
amides thereof, poly-acrylic acid and esters or -amides thereof, poly-vinylalcohol and esters

or -ethers thereof, poly-vinylimidazole, poly-vinylpyrrolidon, and natural polymers like

chitosan.
[0176] Examples for excipients are phosphates such as dicalcium phosphate.
[0177] Examples for lubricants are natural or synthetic oils, fats, waxes, or fatty acid

salts like magnesium stearate.

[0178] Surfactants may be anionic, cationic, amphoteric, or neutral. Examples for
surfactants are lecithin, phospholipids, octyl sulfate, decyl sulfate, dodecyl sulfate, tetradecyl
sulfate, hexadecyl sulfate and octadecyl sulfate, sodium oleate or sodium caprate, 1-
acylaminoethane-2-sulfonic acids, such as 1-octanoylaminoethane-2-sulfonic acid, 1-
decanoylaminoethane-2-sulfonic acid, 1-dodecanoylaminoethane-2-sulfonic acid, 1-
tetradecanoylaminoethane-2-sulfonic acid, 1-hexadecanoylaminoethane-2-sulfonic acid, and
1-octadecanoylaminoethane-2-sulfonic acid, and taurocholic acid and taurodeoxycholic acid,

bile acids and their salts, such as cholic acid, deoxycholic acid and sodium glycocholates,
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sodium caprate or sodium laurate, sodium oleate, sodium lauryl sulphate, sodium cetyl
sulphate, sulfated castor oil and sodium dioctylsulfosuccinate, cocamidopropylbetaine and
laurylbetaine, fatty alcohols, cholesterols, glycerol mono- or di-stearate, glycerol mono- or
di-oleate and glycerol mono- or di-palmitate, and polyoxyethylene stearate.

[0179] Examples for sweetening agents are sucrose, fructose, lactose or aspartam.
[0180] Examples for flavouring agents are peppermint, oil of wintergreen or fruit

flavours like cherry or orange flavour.

[0181] Examples for coating materials are gelatine, wax, shellac, sugar or biological
degradable polymers.
[0182] Examples for preservatives are methyl or propylparabens, sorbic acid,

chlorobutanol, phenol and thimerosal.

[0183] Examples for adjuvants are fragrances.

[0184] Examples for thickeners are synthetic polymers, fatty acids and fatty acid salts
and esters and fatty alcohols.

[0185] Examples for antioxidants are vitamins, such as vitamin A, vitamin C, vitamin
D or vitamin E, vegetable extracts or fish oils.

[0186] Examples for liquid carriers are water, alcohols such as ethanol, glycerol,
propylene glycol, liquid polyethylene glycols, triacetin and oils. Examples for solid carriers
are talc, clay, microcrystalline cellulose, silica, alumina and the like.

[0187] The pharmaceutical formulation may also contain isotonic agents, such as
sugars, buffers or sodium chloride.

[0188] Pimavanserin or pimavanserin tartrate may also be formulated as effervescent
tablet or powder, which disintegrates in an aqueous environment to provide a drinking
solution.

[0189] A syrup or elixir may contain the pimavanserin or pimavanserin tartrate,
sucrose or fructose as sweetening agent, a preservative like methylparaben, a dye, and a
flavouring agent.

[0190] Slow release formulations may also be prepared from the compound of
pimavanserin or pimavanserin tartrate in order to achieve a controlled release of the active
agent in contact with the body fluids in the gastro intestinal tract, and to provide a substantial

constant and effective level of the active agent in the blood plasma. Pimavanserin or
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pimavanserin tartrate may be embedded for this purpose in a polymer matrix of a biological
degradable polymer, a water-soluble polymer or a mixture of both, and optionally suitable
surfactants. Embedding can mean in this context the incorporation of micro-particles in a
matrix of polymers. Controlled release formulations are also obtained through encapsulation
of dispersed micro-particles or emulsified micro-droplets via known dispersion or emulsion
coating technologies.

[0191] Pimavanserin or pimavanserin tartrate is also useful for administering a
combination of therapeutic effective agents to an animal. Such a combination therapy can be
carried out in using at least one further therapeutic agent which can be additionally dispersed
or dissolved in a formulation. The pimavanserin or pimavanserin tartrate and its
formulations respectively can be also administered in combination with other therapeutic
agents that are effective to treat a given condition to provide a combination therapy

[0192] One embodiment is a method of delivering pimavanserin to a host, comprising
administering to the host an effective amount of pimavanserin. A further embodiment is the
use of the pimavanserin or pimavanserin tartrate for the manufacture of a medicament useful
in the inhibition of an activity of a monoamine receptor, preferably a serotonin receptor of
the 5-HT2A subclass.

EXAMPLES

Experimental Procedures and Instrumentation

[0193] Examples of instrumentation and methods used to assist in the preparation of
compounds described herein are:

[0194] NMR Equipment: VARIAN INOVA 400 mhz.

[0195] GC-MS Equipment: TRACE GC THERMO FINNIGAN (Method: Column:
ZB-5MS, 30 x 0.25 mm, 0.25 pm. Temp gradient: 50 °C for 2 min then to 320 °C at 20
°C/min. Hold time: 15 min. Flow: 1.0 ml/min, Split: 1:50, Inj. Temp.: 200 °C. Injection vol:
1 pL. Diluent: Acetonitrile).

[0196] LC-MS Equipment: AGILENT 6530 ACCURATE-MASS Q-TOF (Method:
Column: ACQUITY UPLC BEH C18, 100 x 2.1 mm, 1.7 um. Eluent A: 0.1% HFo in
Acetonitrile. Eluent B 0.1% HFo in H,O. Gradient 10% A 90% B at O min, 95% A 5% B at
15 min, 95% A 5% B at 20 min. Flow: 0.25 ml/min, Temp: 40 °C. Injection vol: 1 uL.
Diluent: Acetonitrile.); or LCQ ADVANTAGE THERMO FINNIGAN (Method: Column:
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Symmetry Shield RP18, 150 x 3.0 mm, 3.5 pm, Eluent A: 0.05% TFA in Acetonitrile. Eluent
B 0.058% TFA in H20. Gradient 5% a 95% B at 0 min, 95% A 5% B at 30 min, 95% A 5%
B at 36 min, 5% a 95% B at 36.5 min, 5% a 95% B at 42 min. Flow: 0.6 ml/min, Temp. 40
°C. Injection vol: 4 uL. Diluent: Acetonitrile).

[0197] HPLC Equipment: WATERS 2695 (Method: Column: WATER XBRIDGE
C18, 5 um, 150 mm * 4.6mm. Eluent A: pH 9.0 Ammonium (50mM) Buffer, Eluent B:
Acetonitrile:Methanol 1:1. Gradient: 10% B at 0 min, 100% B at 30 min, 10% B at 30.1
min, 10% Bat 36 min. Flow: 1 ml/min, Temp. 40 °C. Injection vol: 20 uL. Diluent:
Acetonitrile:H,0 (8:2)).

[0198] Unless otherwise stated, starting materials were obtained from commercial

sources such as (but not limited to) Sigma-Aldrich and Acros.

Example 1a: Preparation of N-(4-fluorobenzyl)-1-methylpiperidin-4-amine
(starting material 1 (SM1):

oy
JOR
F (SM1)

[0199] Sodium triacetoxyborohydride (6.5 kg) was added over 1.5 h to a solution of
N-methylpiperid-4-one (3.17 kg) and 4-fluorobenzylamine (3.50 kg) in methanol (30 L)
maintaining the temperature under 27 °C. The reaction mixture was stirred for 15-24 h at 20-
40 °C. The residual amine was checked by HPLC gel chromatography (4-
fluorobenzylamine: < 5%). A solution of 30% sodium hydroxide (12.1 kg) in water (15-18
kg) was added over 1-2 h maintaining the temperature under 20 - 30°C. Methanol was
distilled off to a residual volume of 26 liters. Ethyl acetate was added (26 L), the solution was
stirred for 15 — 30 min, the phases were separated over 15-20 min and the lower aqueous
phase was discarded. Ethyl acetate was distilled under reduced pressure from the organic
phase at 70-80 °C. At this stage the residue was mixed with a second crude batch prepared
according to this method. The combined products were then distilled at 139-140 °C / 20
mbar to yield 11.2 kg product (> 82%).

40



WO 2017/015272 PCT/US2016/042933

Example 1b: Scaled-up preparation of SM1
[0200] The reaction step was performed in three batches, which were each
manufactured on the same scale as described below and the resulting products combined for
further use in the next step.
[0201] N-Methylpiperidone (33.0 kg) and 4-fluorobenzylamine (35.4 kg) were
dissolved in methanol (220.1 kg) at 15-19°C (exothermic dissolution), and a suspension of
5% palladium on charcoal (1.2-1.3 kg) in methanol ( 17-18 kg) was added under nitrogen and
the line rinsed with methanol (5.6 kg). The bulk was heated to 20-30°C and hydrogenated at
the same temperature and ~5 bar until the hydrogen absorption stopped (~12 h). The residual
starting material was checked by GC, and the bulk was clarified on a Lens filter equipped
with a thin CELTROX pad and 2 x G92 filter papers. The line was rinsed with methanol
(9.8 kg). The solvent was distilled under reduced pressure (265-60 mbar; 35-40°C) and the
oily residue was purified by fractional distillation under vacuum at ~135-140°C at 8-0.5
mbar. Impure fractions of the three batches were combined and redistilled.
[0202] Total yield (combined three batches and redistilled fractions): 147.4 kg
(78.1%).

Example 2a: Preparation of (4-isobutoxyphenyl)methanamine

(starting material 2 (SM2)):

Preparation of

[0203] 4-Hydroxybenzaldehyde (4.0 kg) and ethanol (20 L) were added to a
solution of isobutyl bromide (9.0 — 10 kg) in ethanol (15-18 L). Potassium carbonate (13-14
kg) was added and the suspension was refluxed (74-78 °C) for 5 days. The residual
4-hydroxybenzaldehyde was checked by HPLC (< 10%). The suspension was cooled to

20 °C and used in the next step.

41



WO 2017/015272 PCT/US2016/042933

Preparation of

YOQ}L "

[0204] Hydroxylamine (50% in water, 8-9 kg) was added to the aldehyde
(4-isobutoxybenzaldehyde) obtained in the previous step (174 L, 176 kg) and ethanol (54 L).
The suspension was refluxed (77 °C) for 3-5 h. Unreacted residual aldehyde was checked
by HPLC (< 5%). The suspension was cooled to 30 °C, filtered and the filter was washed
with ethanol (54 L). The solution was concentrated by distillation under reduced pressure at
30 °C to a residual volume of 65 - 70 liters. The solution was cooled to 25 °C and water
(110 L) was added. The suspension was concentrated by distillation under reduced
pressure at 30 °C to a residual volume of 100-105 liters. Petroleum ether (60-90 fraction,
90-100 L) was added and the mixture was heated to reflux (70-80 °C). The solution was
cooled to 40 °C and crystallization was initiated by seeding. The suspension was cooled to
0-5 °C and stirred for 3-6h. The product was centrifuged and the cake was washed with
petroleum ether (60-90 fraction, 32 L). The wet cake was dried at about 40 °C to yield 15-
18kg product (60-70%) used in the next step.

Preparation of

AT

[0205] The product from the previous step (15.7 kg) was dissolved in ethanol
(120-130 L). Acetic acid (8.0-9.0 kg) and palladium on charcoal 5% wet (1.0-1.5 kg) were
added. The oxime was hydrogenated at 22 °C and 1.5 bar for 3-6h. Consumption of oxime
was checked by HPLC. The catalyst was filtered and the solvent was distilled under reduced
pressure at 36 °C to a final volume of 30-32 L. Ethyl acetate (60-70 L) was added and the
mixture was heated to reflux (75 °C) until dissolution. The solution was cooled to 40-50 °C
and the crystallization was initiated by seeding. The suspension was cooled to 0--10 °C and

stirred for 2-4h. The product was centrifuged and the cake was washed with 2 portions of
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ethyl acetate (2 x 0.8 L). The wet cake was dried at a temperature of about 40 °C to yield 8-9
kg (40-50%). The obtained material is treated with sodium hydroxide in toluene to generate

about quantitative yield of SM2.

Example 2b: Alternative preparation of SM2

Yoﬁ i

[0206] The reaction step was performed in two batches. 4-Hydroxybenzaldehyde

Preparation of

(141 kg) was dissolved in dimethylformamide (335 kg) at 15-25°C, then solid potassium
carbonate (320-330 kg) and potassium iodide (19-20 kg) were added portion wise at <30°C
and the suspension was heated up to 70-90°C. The temperature of the condenser was fixed to
0 -10°C and isobutylbromide (315-320 kg) was added to the suspension over 4-6 h at 75-
90°C. At the end of the addition, the mixture was stirred for 2-4 h at 75-90°C and residual
starting material was checked by HPLC. The suspension was cooled to 20-30°C, diluted
with 100% ethanol (500-550 kg, denatured with isopropanol), stirred for 15-30 min at 20-
30°C and centrifuged (3 loadings) to remove the excess of carbonate and potassium bromide.
The line and the cake were washed with 100% ethanol (2 x 32 kg/loading). The solution is

used as such in the next step.

Example 2c¢: Preparation of SM3

YOQ}L "

[0207] To the aldehyde solution resulting from Step b, 50% hydroxylamine in water
(110-120 kg) was added at room temperature over ~0.5 h (the addition is slightly
exothermic), the line washed with ethanol (8-10 kg), then the bulk was heated up to 70-77°C
and stirred at this temperature for 2-4 h. The bulk was concentrated under reduced pressure

(250-120 mbar, 45-55°C) to ~850-900 L, the residue quenched with water (900-1000 kg) at
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45-55°C and the residual ethanol distilled under vacuum (270-150 mbar, 45-55°C, residual
volume = 1466 L). The bulk was diluted with petrol ether 60-90 (500-600 kg) and heated at
reflux (~60°C) to reach complete dissolution (~20 min, visual check). The solution was
cooled down to 5-15°C (crystallization occurs at T = ~25-30°C) over ~5-6 h. After 1-2 h
stirring at 10°C, the mixture was cooled to 0-5°C and stirred at this temperature for 2-4 h.
The bulk was centrifuged (3 loadings) and the cake washed with petroleum ether (2 x 23
kg/loading), then dried under reduced pressure at 40°C to afford the crude oxime (210-215

kg).
Recrystallization:
[0208] The crude product (212 kg) was dissolved in hexane (640-650 kg) at 15-25°C

and the suspension heated up to ~ 60-70°C. Charcoal (6-10 kg) in hexane (26-30 kg) was
added and the suspension was stirred for 0.5-1.5 h. After filtration (the filter was washed
with 30-40 kg hexane), the solution was cooled to crystallisation temperature (~50-60°C),
and the mixture was stirred for 1-2 h at this temperature. The suspension was cooled to 10-
15°C. After stirring for ~2-4 h at that temperature, the bulk was centrifuged (3 loadings) and
the cake washed with cold hexane (2 x 13 kg/loading), then dried under reduced pressure at

40°C.

[0209] Yield oxime: 190-200 kg (80-90% over the two steps)
Example 2d: Preparation of 4-iso-butyloxybenzylammonium acetate
NH,
\r\o AcOH
SM2b
[0210] The oxime (198 kg) from Step ¢ was dissolved in ethanol (1140-1150 kg,

denatured with isopropanol). Raney nickel catalyst (25-30 kg) was washed with ethanol
(690-700 kg) until the water content by Karl Fischer was below 3000 ppm, then the
anhydrous Raney-Nickel was added under nitrogen to the oxime solution, the line washed
with ethanol (62 kg) and the suspension cooled down to 0-10°C. Ammonia gas (220-230 kg)
was added under vacuum over ~5-7 h (the addition is exothermic). Then the suspension was
heated to 40-50°C. The internal pressure increased to ~3- 5 bar. The bulk was hydrogenated
at 40-50°C and 3-5 bar until the hydrogen absorption stopped (~6-10 h) and the end of

reaction was checked by HPLC. The suspension was cooled to 10-20°C, the excess of
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ammonia was removed, and the bulk clarified by filtration over Celtrox (4-5 kg). The line
was washed with ethanol (317 kg). The solvent was distilled under reduced pressure (150-10
mbar, 40-50°C) and the residue dissolved in toluene (700-800 kg) at ~40°C. The solution
was transferred to a new reactor (previous reactor washed with 50-60 kg toluene), and cooled
to 20-30°C. Acetic acid (AcOH, 60-70 kg) was slowly added (exothermic reaction) at 20-
30°C and the bulk heated during 20-40 min to ~90-100°C until complete dissolution was
reached. The solution was cooled rapidly to 70-80°C and seeded with amino acetate product
(50 g). The suspension was stirred at the crystallization temperature for 30-60 min, cooled to
0-10°C and stirred for ~1-2 h at this temperature. The bulk was centrifuged (3 loadings) and
the cake washed with cold toluene (2 x 48 L/loading) and finally dried under vacuum at (9-16
mbar) at ~50°C for 28 h.
[0211] Yield: 200-210 kg (80-90%)

Example 2e: Alternative preparation of SM2 (4-iso-butyloxybenzylamine)

/@ANHZ
\ho
(SM2)

[0212] A solution of the aminoacetate (269 kg) from Step c in water (400-500 kg)
was basified with 30% sodium hydroxide solution (300-310 kg) to pH 14 at 20-25°C. Then
the amino base product was extracted with toluene (900-1000 kg) at 40-50°C by stirring for
15 -30 min. The bulk was decanted during 15-30min at 40-50°C; if necessary the pH was
adjusted to >12 with additional 30% NaOH, then the layers were separated. The organic
layer was washed with water (359 kg), then concentrated under vacuum (200-20 mbar) at 45-
50°C to give the aminobase as an oily residue.

Example 2f: Alternatively 4-iso-butyloxybenzylamine (SM2) and 4-iso-
butyloxybenzylamine acetate (SM2b) are prepared according to following scheme.

CN CN Pd/C 0
O™ LT Ly
F OH O \r\o

Acetic acid
SM2b

[0213] To potassium tertbutoxide (KOtBu, 1.4 eq, 77.7 g) 350-400 ml methyl tert-
butylether (MTBE) were added under a nitrogren atmosphere. The mixture was stirred at

ambient temperature and isobutanol (1.6 —2.00 eq, 59 —74.2 g) was added during 2 h while
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keeping a temperature of about 50 -60 °C, and thereafter heated for about 1h at about 50-60
°C. A solution of 4-fluorobenzonitrile (1 eq, 60 g) in about 60 — 80 ml MTBE under
anitrogen atmosphere were added dropwise to the reactor containing the KOtBu while a
temperature of less than about 55-60 °C was maintained, and thereafter the mixture kept at
about 50-60°C for about 1-2 h. The mixture was cooled to about 10 -15 °C and 200 ml water
added while a temperature of about less than 20 °C was maintained. The mixture was
allowed to settle and phase separation occurred, and the aqueous phase separated. The
organic phase was washed with water (2x120 ml) and the solvent distilled off. Thereafter
300-400 ml of methanol was added to the residue at ambient temperature, and the mixture
transferred to an autoclave. Acetic acid (0.8 eq-1.2 eq, 23.8-35.7 g) and palladium (Pd)
catalyst type JM 39 5.5w% Pd WNASS (0.001 eq—0.01 eq, 2.1- 21.0 g) (commercially
available from Johnson and Matthey) were added under nitrogen washing together with
methanol (15-20 ml). The mixture was heated to about 45-50 °C and hydrogenated at 1-5 bar
H; for 3-8h and thereafter allowed to cool to ambient temperature. The mixture was filtered
and the solvent was removed and the remaining residue washed with toluene, and the product
dried to give SM2b.

Example 2g: Alternatively 4-iso-butyloxybenzylamine (SM2) and 4-iso-

butyloxybenzylamine acetate (SM2b) are prepared according to following scheme.

CHO \( OCHO \( /©/\NH2
O "o 0 ©

F OH SM2
o

~oH NH,
T
[0214] KOH (1.36g, 24.2 mmol, 3 eq) was dissolved in water (1.4 ml) and added to
the solution of 4-fluorobenzaldehyde (1.0 g, 8.1 mmol, 1 eq). Isobutanol (0.66 g, 8.9 mmol,
1.1 eq) and tetrabutyl ammonium hydrogensulfate (TBAH, 0.27 g) in toluene (7 ml). The
reaction mixture was vigorously stirred at 50-52 °C overnight and thereafter diluted with
water (5 ml), dried and concentrated in vacuo to give 0.877 g of crude product. The crude

product was purified by column chromatography using ethyl acetate : heptane to give 0.6 g of
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4-isobutoxy benzaldehyde. 4-Isobutoxy benzaldehyde can thereafter be converted to SM2
and SM2b respectively using the procedure outline in example 2b.
Example 2i: Alternatively 4-iso-butyloxybenzylamine (SM2) and 4-iso-

butyloxybenzylamine acetate (SM2b) are prepared according to following scheme.

+ > B —
F~ : OH @) O

‘Acetic acid

0
o
\fo /@”NHZ
SM2b
[0215] To 60% sodium hydride in mineral oil (24.8g —33.00, 1.5 eq-2.0 eq)
suspended in THF (450-500 ml), heated to 50-60 °C isobutanol (45.9 g-61.2 g, 1.5 eq-2.0 eq)
was added over 30-60 min and thereafter stirred for 1 h. 4-Fluorobenzonitrile (50 g, 1 eq) in
THF (30 ml) was added over 1-2 h followed by stirring for about 2-3 h. The mixture was
cooled to room temperature and brine (10%, 300 ml) was added. The reaction mixture was
extracted with MTBE (300 g), organic layer was separated, washed with water (100 ml), and
evaporated to give 4-isobutoxybenxonitrile.
[0216] Alternatively potassium tert-butoxide (KOtBu, 55.5 g-92.5, 1.2 - 2.0 eq) was
suspended in MTBE (250-300 ml) and heated to 50-60 °C. Isobutanol (36.3 -63.0 g, 1.2-2.0
eq) was added over about 30-60 min. After 1 h a solution of 4-fluorobenzonitrile (50 g, 1 eq)
in MTBE (50 ml) was added over about 1 h and the flask was washed with MTBE (10 ml).
The mixture was stirred overnight (about 12-18 h) at a temperature of 50-60°C and thereafter
cooled to room temperature and followed by addition of deionized water (200 ml). The
layers were separated and solvent (200 g) distilled off from the organic layer under vacuum.
MeOH (310-350 ml) was added and solvent (100-150 g) distilled off under vacuum to give a
solution, which was diluted with aqueous ammonium chloride (NH4Cl) and extracted with
ethyl acetate. The separated organic layer was dried over sodium sulphate, filtered and
concentrated to afford crude product which upon column chromatography afforded pure 4-
isobutoxybenzonitrile as an oil.
[0217] To 4-isobutoxybenzonitrile as obtained by any of the described methods (20 g,
1 eq) dissolved in MeOH (75 ml), aqueous 25% NH; (25.4 g, 3 eq) and wet activated Raney-
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Nickel (about 3 g) were added. The mixture was hydrogenated at 4-5 bar and 50 °C for 5 h.
and thereafter cooled to RT and the catalyst filtered off. The solvent (about 70 g) was
distilled off, followed by dilution with toluene (150 ml), which gave separated layers. About
50 ml solvent was distilled off at 50 °C from the organic layer and acetic acid (AcOH, 4.7-
7.8 ml, 0.8 eq-1.2 eq) was added over 15-30 min at 50 °C. The resulting suspension was
cooled to about 20 °C and stirred for 2-4 h and thereafter filtered and washed using toluene
(10-20 ml). Evaporation at 40 °C, <50 mbar, during 12 h gave the 4-iso-
butyloxybenzylamine acetate (SM2b) as a white powder in about 70-80 % yield. The
product was determined to have a high performance liquid chromatography (HPLC) purity of
about 99.5 %.

Example 3a: Preparation of pimavanserin via activation of dimethylcarbonate

(DMC)

Reaction scheme:

Catalyst (0.1 eq)

SM DMC, heat ( neat)
heat (nei’b\l/

O

[0218] Route 1: SM2 (179 mg, 1.00 mmol) and catalyst (Zr(O'Bu),/2-
hydroxypyridine 0.10 equiv.) were added to DMC (99.0 mg, 1.1 equiv.). Zr(O'Bu)y is short
for zirconium tetra tertiary butoxide. The mixture stirred for about 12 h at 80 °C followed by
addition of SM1 (1.10 equiv.) and catalyst (0.10 equiv.). The mixture was stirred at 120 °C
for about 24 h. Yield: 22 % pimavanserin

[0219] Route 2: was performed in accordance with route 1 replacing the route 1

catalyst by Sodium tert-butoxide (NaO'Bu, or optionally potassium tert-butoxide)) and stirred
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at 120 °C for about 72 h. Yield: 20 % pimavanserin. Optionally Route 2 was performed
using 18-crown-6 as co-catalyst (0.1 equiv.). The crown ether was added to SM1 dissolved in
dissolved in toluene (0.3 ml, 2M). Yield: 47 % pimavanserin.

[0220] Optionally I1 may be isolated, and has for example been isolated from route 1
in about 81 % yield. 11 was characterized by NMR: 6y (400 MHz, dmso-d6) 7.58 (t, /= 6.2
Hz, 1H), 7.15 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.09 (d, J= 6.2 Hz, 2H), 3.70 (d,
J=6.5Hz, 2H), 3.53 (s, 3H), 2.04-1.94 (m, 1H), 0.96 (d, J= 6.7 Hz, 6H).

Example 3b: Preparation of pimavanserin via activation of dimethylcarbonate

(DMC)
Reaction scheme:
/©/\H/© 50-100 °C, 25 h )N\ "
F SMA1 F O~ OMe
\( /@NHZ
O
SM2
pSean
()
1 F
[0221] SM1 (222 mg, 1.00 mmol) and catalyst (Zr(O'Bu)y/2-hydroxypyridine 0.10

equiv.) were added to DMC (99.1 mg, 1.10 equiv.). The mixture was stirred for about 25 h at
50-100 °C followed by addition of SM2 (1.10 equiv.) and co-catalyst (0.10 equiv.). The
mixture was stirred at 100 °C for about 25 h to give pimavanserin.

Example 3c: Preparation of pimavanserin using diphenyl carbonate
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o
\(O/QANHZ @\O)OJ\O/Q \(O/QAHJ\O'% 1.1

oy
N
J@f N
F SM1

N/
[0222] Diphenyl carbonate (14.9 -20.31g, 1.1-1.5 eq) in toluene (3 5-50 ml) was

stirred and heated to about 35 °C until a solution was formed. SM2 (11.3 g) in toluene (about
90 ml) was added over 3 h at a temperature of about 30-40 °C. The mixture was maintained
at about 30-40 °C for about 14-24h in order to give phenyl (4-isobutoxybenzyl)carbamate
(I1.1) in 99 %, and some amounts of SM2 (less than 1.0 a%) (checked by HPLC).

[0223] The mixture was cooled to 0 °C and sodium hydroxide (2.25 g) in deionized
water (40 g) was added, and the temperature kept below 10 °C. Upon completed addition the
mixture was stirred and thereafter allowed to settle and the aqueous layer was removed. The
organic layer was heated to about 40 °C, and hydrochloric acid (0.5 vol%, about 50 ml) was
added, and thereafter the mixture maintained for about 10 min before settling for 15 min.
The aqueous layer was removed and the organic layer washed with deionized water (20 g),
stirred and maintained at about 40 °C before settling for 15 min. Again the aqueous layer
was removed and the solvent distilled off from the organic layer under vacuum. The
obtained residue was washed with 95/5 (w%/w%) heptane and ethyl acetate. The mixture
was maintained at an elevated temperature (about 50 °C) before cooling the resulting
suspension to 0-10 °C. The suspension was maintained for 3-5 h before obtaining I1.1 by
filtration. The crude I1.1 was washed with heptane and dried to provide 17.8 g (95%) I1.1.
[0224] 'H NMR of I1.1 (CDCls): 8 1.0 (d, 6H), 2.1 (m, 2H), 3.7 (d, 2H), 4.3 (d, 2H),
5.2 (b, 1H), 6.8 (d, 2H), 7.1 (d, 2H), 7.2 (m, 1H), 7.22 (m, 2H), 7.8 (m, 3H);

[0225] Pimavanserin is obtained as described in examples 4e, 4f, and 4g.
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Example 3d: Preparation of pimavanserin using diphenyl carbonate

oS DD o~

SM1 OPh
hSOA.
O
N/
[0226] SM2 was added over 10 min to a mixture of diphenyl carbonate (DPC, 1.1-1.5

eq) in toluene (20 eq). The mixture was maintained at room temperature for about 3-5h in
order to give phenyl (4-fluorobenzyl)(1-methylpiperidin-4-yl)carbamate (12.1) in 98 %, and
some amounts of 1,3-bis(4-isobutoxybenzyl)urea. To the mixture potassium carbonate (0.5-
1.0 eq) and SM1 (1 eq) were added and heated to 65-80 °C for 5 h followed by cooling to
50°C and addition of sodium hydroxide (1.1 eq) in water, followed by additional water. The
organic layer was separated and solvent was distilled off and heptane:ethyl acetate (95:5) was
slowly added followed by cooling to room temperature, maintained at about 3 h and
thereafter filter washed with heptane:ethyl acetate (95:5) to give pimavanserin in a yield of
about 90 % and about 99% purity. '"H NMR (CDCl3) of 12.1: & 1.6-2.0 (m, 6 H); 2.2 (s, 3H);
2.8 (m, 2H); 4.0 (br m, 1 H); 4.5 (br s, 2H), 7.0-7.40 (m, 9H).
[0227] The step to obtain pimavanserin can be carried out analogous to the
procedures described in examples 4e, 4f, and 4g.

Example 4a: Preparation of pimavanserin using methyl chloroformate

Reaction scheme:
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N _—
/@/\H NEts, DCM, m
F r, 20 h F 0” ~OMe
\( /@/\NHz
M2
o S

SM1 12
L
N N
T
O
1

F
[0228] Methyl chloroformate (0.538 ml, 7.00 mmol) was added dropwise to a stirred
solution of N-(4-fluorophenylmethyl)-1-methylpiperidin-4-amine SM1 (1.11 g, 5.00 mmol)
and triethylamine (0.842 ml, 6.00 mmol) in dichloromethane (20 ml). After 48 h, LCMS
analysis indicated full consumption of starting materials. A 5 ml aliquot of the reaction
mixture was washed with ice-cold sat. aq. NaHCOs; (5 ml) and water (2 x 5 ml), dried
(Na;S0,) and concentrated under reduced pressure. The crude residue was purified by
chromatography on silica gel (1:19 methanol/dichloromethane) to give methyl (4-
fluorophenylmethyl)(1-methylpiperidin-4-yl)carbamate (I12) (43 mg, 11%) as a colourless
syrup; 8y (400 MHz, dmso-d6) 7.28-7.24 (m, 2H), 7.15-7.10 (m, 2H), 4.39 (s, 2H), 3.73 (br
s, 1H), 3.62 (br s, 3H), 2.75-2.70 (m, 2H), 2.09 (s, 3H), 1.83 (td, J=11.7, 2.3 Hz, 2H), 1.63
(qd, J=12.1, 3.9 Hz, 2H), 1.49-1.38 (m, 2H); ¢ (100 MHz, dmso-d6) 161.0, 156.2, 136.0,
128.6, 115.0, 54.8, 54.2, 52.4, 45.6, 45.5, 29.5; LCMS m/z 281.0 (M+H), 109.5, 98.1.
[0229] Intermediate 12 was used to obtained pimavanserin as described in
Example 4a.

Example 4b: Preparation of pimavanserin using methyl chloroformate
[0230] Methyl (4-isobutoxybenzyl)carbamate was prepared by adding methyl
chloroformate (about 1 eq) to SM2 (1 eq) in toluene during 5h followed by heating at 40 °C
followed by layer separation. The solvent was distilled off from the organic layer and
heptane:ethyl acetate (95:5) was added slowly to give the methyl (4-
isobutoxybenzyl)carbamate (I1) after filtering and washing. Yield: about 80%. "H NMR
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CDCls: 6 1.0(d, 6H); 2.0 (m, 1H); 3.7 (s, 3H); 4.28 (s, 3H); 4.3 (s, 2H); 4.9 (br, 1H); 6.8
(d, 2H); 7.2 (d, 2H).
[0231] Methyl (4-isobutoxybenzyl)carbamate (1 eq) was added to methyl (4-
fluorobenzyl)(1-methylpiperidin-4-yl)carbamate (SM1, 1 eq) in toluene and triethylamine
(1.5 eq) and heated to 110 °C for 20h. After conventional phase separation work-up
pimavanserin was obtained in about 4-5% yield.
Example 4c: Preparation of pimavanserin using 2,2,2-trifluoroethyl
chloroformate and bis (2,2,2 trifluoroethyl) carbonate

[0232] 2,2 2-trifluoroethyl (4-isobutoxybenzyl) carbamate was prepared by treating
SM2 with a mixture of bis (2,2,2 trifluoroethyl) carbonate and 2,2,2-trifluoroethyl
chloroformate (prepared as described in Tetrahedron 67 (2011) 3619-3623) to obtain 2,2,2-
trifluoroethyl (4-isobutoxybenzyl) carbamate in about 80% yield. SM2 (1.0 g, 6 mmol, 1
eq,) and the mixture of bis (2,2,2 trifluoroethyl) carbonate and 2,2,2-trifluoroethyl
chloroformate (1.32 g, ~6 mmol, ~1 eq.) and DIPEA (N N-diisopropyiethylanune, 1 ml) in
acetonitrile (3 ml) were heated at 70 - 75°C in a sealed tube for 2 h and allowed to cool to
room temperature. Xylene (0.45 ml) was added to reaction mixture, which was evaporated to
dryness to give 1.66 g of 2,2 2-trifluoroethyl (4-isobutoxybenzyl) carbamate. The crude
product was dissolved in acetonitrile (3 ml) and SM1 (1.49 g, 7 mmol, 1.2 eq.) and DBU
(1.8-Diazabicyclof5 4.0lundec-7T-ene, 0.51 g, 0.5 eq.) added. The mixture was heated at 70 —
75 °C in a sealed tube for 4 h and allowed to cool to room temperature. Chloroform (10 ml)
was added to the reaction mixture and organic was washed with water (3 x 10 ml), dried and
evaporated to dryness to give 2.83 g of crude pimavanserin. After triturating the crude
product with n-heptane the purity increased to 70.5 area%. Yield: about 73%.

Example 4d: Preparation of pimavanserin using p-nitro-phenyl chloroformate
[0233] Analogous to Examples 4b and 4c¢ 4-nitrophenyl (4-
isobutoxybenzyl)carbamate was prepared in a yield of about 80 % and thereafter mixed with
SM1 and converted to pimavanserin using a procedure similar to the procedure described in
Example 4b. Pimavanserin was obtained in about 46 % yield and the by-product 1,3-bis(4-
isobutoxybenzyl)urea was observed in substantive amounts.
[0234] 'H NMR (CDCls): 8 1 (d, 6H), 2.05 (m, 1H), 3.7 (d, 2H), 4.38 (d, 2H), 5.35
(b, 1H), 6.88 (d, 2H), 7.24 (d, 2H), 7.30 (d, 2H), 8.22 (d, 2H).
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Example 4e: Preparation of pimavanserin using phenyl chloroformate

Reaction Scheme:
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[0235] A solution of 4-isobutoxybenzyl amine (1 g, 5.6 mmol, 1 eq) in THF or

toluene (5 ml) was added to a flask containing potassium carbonate (1.5 eq) and phenyl
chloroformate at room temperature and stirred for 1h. The mixture was extracted with
EtOAc (ethyl acetate), and the organic layer washed with NH4Cl solution followed by water,
dried over sodium sulfate and concentrated to afford pure product I1.1 as white solid
(optionally I.1.1 may be isolated as described in the following section). Optionally I1.1 does
not need to be isolated before next step.

[0236] Yield: 1.6 g 95%

[0237] Optionally I1.1 may be prepared by free-basing SM2b by dissolving SM2b in
water and adding about 1 eq of potassium carbonate followed by toluene and thereafter
adding phenyl chloroformate over Sh at a temperature of about 20 °C and optionally isolating
I1.1 by heating to 40 °C followed by layer separation, distillation of the organic phase and
slow addition of heptane:ethyl acetate (95:5) to give I1.1 after filtration and washing.
Optionally, the free-basing of SM2b may be done by sodium hydroxide as base.

[0238] 'HNMR of I1.1 (CDCls): & 1.0 (d, 6H), 2.1 (m, 2H), 3.7 (d, 2H), 4.3 (d, 2H),
52 (b, 1H), 6.8 (d, 2H), 7.1 (d, 2H), 7.2 (m, 1H), 7.22 (m, 2H), 7.8 (m, 3H);
[0239] LC/MS of I1.1 - Column: Symmetry Shield RP18, 150 x 3.0 mm, 3.5 um,

Eluent A: 0.05% TFA in Acetonitrile. Eluent B 0.05% TFA in H20. Gradient 5% a 95% B at
0 min, 95% A 5% B at 30 min, 95% A 5% B at 36 min, 5% a 95% B at 36.5 min, 5% a 95%
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B at 42 min. Flow: 0.6 ml/min, Temp. 40 °C. Injection vol: 4 pL. Sample preparation 1-3
mg in 1 ml Acetonitrile. Retention time: 21.85 min, M+H™ = 299.78
[0240] To a toluene solution of phenyl 4-isobutoxybenzylcarbamate (I1.1) (0.2 g,
0.67 mmol, 1 eq) and SM1 (0.15 g, 0.67 mmol, 1 eq) was added K,COs (0.2 g, 1.34, 2 eq),
and the mixture was heated at 90°C for 24 h. The reaction mixture was cooled to RT, washed
with aq. NH4Cl solution twice to remove phenol, dried over sodium sulfate and concentrated
to afford pimavanserin as white solid.
[0241] Yield: 0.26 g. 92%.

Example 4f: Scaled-up preparation of pimavanserin tartrate via phenyl (4-

isobutoxybenzyl)carbamate

[0242] [.1.1 (87 g, 1 eq) (prepared starting from 4-fluorobenzonitrile via SM2b (see
example 2f and 1) and further prepared in analogy with example 3¢ or 4e) and SM1 (54.7 g, 1
eq) in toluene (453 g) was heated to 65 °C for Sh and thereafter cooled to 50 °C and washed
with a solution of sodium hydroxide (12.9 g, 1.1 eq) in water (348 g) followed by a solution
of sodium hydroxide (6.4 g, 0.55 eq) in water (174 g), followed by 200g water. Solvent was
distilled off (about 300g ) and heptane:ethyl acetate (95:5) added slowly. The mixture was
allowed to cool to room temperature (RT) during 1h and thereafter stirred for another 3h
before filtered wahing with heptane:ethyl acetate (95:5). The obtained product was dried for
12h at 50 °C to give pimavanserin as a white powder in a yield of about 94% and a HPLC
purity of 99.8 a%, 0.11 a% I1.1 and 0.07 a% 1,3-bis(4-isobutoxybenzyl)urea.
[0243] The obtained pimavanserin is thereafter converted into a tartrate salt, for
example as described in Example 7.

Example 4g: Preparation of pimavanserin using phenyl chloroformate
The reaction scheme:
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[0244] A solution of SM1 (1 g, 4.5 mmol, 1 eq) in toluene (5 ml) was added to a

solution of phenyl chloroformate (0.8 g, 5 mmol, 1.1 eq) and potassium carbonate (1.25 g, 9
mmol, 2 eq) in toluene (3 ml). The reaction mixture was stirred for 1 h, then was washed
with aqueous NH4Cl solution. The solvent was evaporated to afford I2.1 as white solid. 'H
NMR (CDCls): 6 1.6-2.0 (m, 6 H); 2.2 (s, 3H); 2.8 (m, 2H); 4.0 (br m, 1 H); 4.5 (br s, 2H),
7.0-7.40 (m, 9H); Yield: 1.4 g, 95%

[0245] Pimavanserin is obtained by heating the solution of intermediate 12.1 obtained
above, with equivalent amount of SM2 in toluene in presence of 2 eq of potassium carbonate,

followed by work-up as described in the previous examples.
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Example 4h: Preparation of pimavanserin using dimethyl 22'-
(carbonylbis(oxy))dibenzoate (bis (methylsalicyl)-carbonate) as shown in the following

scheme

\[ /@/\NHZ
O SM2

[0246] A mixture of SM2 (0.27 g, 1.5 mmol, 1 eq) and bis (methylsalicyl)-carbonate
(0.50 g, 1.5 mmol, 1 eq) in dichloromethane (2 ml) was stirred at room temperature for 1.5 h
to obtain carbamate 12.3. HPLC purity was 48%. The crude product was used as such for
the next step and its yield estimated by HPLC as about 40 % (area%).

[0247] The crude carbamate was dissolved in THF (4 ml) and SM1 (0.34 g, 1.5
mmol, 1 eq) was added, the mixture was heated to 40-50 °C and stirred overnight. The
solvent was evaporated to give crude product which was purified by trituration with heptane
(1 ml) to obtain 0.51 g pimavanserin in 65% purity (63% yield).

[0248] Alternatively, pimavanserin could also be prepared by reacting SM1 with bis
(methyl salicyl) carbonate to give intermediate carbamate (I12.4) as shown in scheme. The
intermediate carbamate was then treated with SM2 to obtain pimavanserin.

O

O)I\N/\©\
o O ﬁj F
T 124
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[0249] Alternatively salicyl chloro 2,2'-(carbonylbis(oxy))dibenzoic acid could be
used instead of bis (methyl salicyl) carbonate.
Example 5a: Preparation of pimavanserin using carbonyldiimidazole (CDI)

Reaction scheme:

O 0 © 0
HN/\©\ N//\NJLN/\\N N/’\NJ\N Mel NN
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[0250] N-(4-fluorobenzyl)-1-methylpiperidin-4-amine (SM1, 120 mg) was treated by

sodium hydroxide to give the freebase which optionally is isolated and thereafter added to
CDI (excess such as 1.1-3 eq, such as 1.5-1.8 eq) in toluene (2 ml). Optionally 14 can be
isolated. Optionally methyl iodide is used to convert I3 to IS and thereafter the mixture was
stirred for about 1 h at room temperature (rt) followed by addition of SM2b in toluene (about
1.1 eq.) and thereafter heated at 50 °C for about 15 h. The reaction resulted in pimavanserin
being obtained in a quantitative yield (using 1.8 eq CDI) aqueous work up.
[0251] Optionally SM2b may be treated with a suitable acid such as HCI, optionally
isolated, and thereafter proceeding in accordance with the procedure described. In order to
obtain pimavanserin an additional trituration of crude pimavanserin was conducted.

Example 5b: Preparation of pimavanserin using carbonyldiimidazole (CDI)

Reaction scheme:

58



WO 2017/015272 PCT/US2016/042933

O
N//\NJ\N/\\N
= N S o
NH Ay
\( N7 Ny
0 H v
O [5
SM2
/@NH
F
SM1 °N
2
EORBQS!
H
@) ﬁj F
N
|
[0252] 4-(2-Methylpropyloxy)-phenylmethylamine SM2 (822 mg, 4.59 mmol) was

added in portions to a suspension of CDI (1.34 g, 8.25 mmol) in toluene (5 ml) at room
temperature. The resulting mixture was stirred at room temperature for 4.5 h. The mixture
was diluted with dichloromethane (45 ml), washed with aqueous 1M NaOH (25 ml) and
water (2 x 50 ml), dried (Na;SO4) and concentrated to give N-(4-(2-methylpropyloxy)-
phenylmethyl)imidazol-1-ylcarboxamide (I6) (1.20 g, 96%) as a colourless, amorphous
powder; 8y (400 MHz, CDCl3) 8.09 (s, 1H), 7.35 (s, 1H), 7.29-7.18 (m, 2H), 7.02 (s, 1H),
6.92-6.83 (m, 2H), 6.52 (br s, 1H), 4.51 (d, J= 5.4 Hz, 2H), 3.71 (d, J = 6.5 Hz, 2H), 2.14-
2.01 (m, 1H), 1.02 (d, J = 6.7 Hz, 6H); 8¢ (100 MHz, CDCl5) 159.4, 148.9, 136.0, 130.6,
129.6, 128.8, 116.2, 115.1, 74.7, 44.7, 28 4, 19.4; LCMS m/z 274.5 (M+H), 107.2, 69.1. 16
can then be brought into contact with SM1 to obtain pimavanserin.

[0253] Optionally 4-(2-Methylpropyloxy)-phenylmethylamine (SM2) (90.0 mg,
0.502 mmol) was added in one portion to a suspension of CDI (146 mg, 0.900 mmol) in
toluene (2 ml) at room temperature. The resulting mixture was stirred at room temperature
for 1 h followed by addition of N-(4-fluorophenylmethyl)-1-methylpiperidin-4-amine (SM1)
(116 mg, 0.522 mmol) and heating at 50 °C for 15 h. The mixture was diluted with
dichloromethane (18 ml), washed with aqueous 1M NaOH (10 ml) and water (2 x 20 ml),
dried (Na,SO;4) and concentrated to give pimavanserin (206 mg, 96%) as a colourless,

amorphous powder.
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Example 5c: Scaled-up  preparation of pimavanserin  using
carbonyldiimidazole (CDI)
[0254] (4-isobutoxyphenyl)methanamine acetate (SM2b, 60 g, 1 eq) was dissolved in

water (96 ml) and aqueous 30 % sodium hydroxide (75 ml) followed by addition of toluene
(300 ml). The mixture was heated to 55 °C and the layers separated. Toluene (105 ml) was
added to the organic layer and solvent distilled off. THF (15 ml) was added and the solution
cooled to 20 °C. The obtained solution was added at a temperature 20-30 °C to CDI (49.2-
57.4 g, 1.2-1.4 eq) in toluene (195 ml) and thereafter maintained for about 1.5h. The mixture
was cooled to 10 °C and deionized water (120 ml) added slowly. The organic layer was
collected and washed with another portion of deionized water. The solvent (about 450-500 g)
was distilled off and heptane: THF (9:1, 240 ml) added slowly. The precipitate was filter
washed at 20 °C using heptane: THF (9:1, 60 ml). The obtained product I6 was obtained in
about 89 % yield and thereafter reacted with SM1 in analogy with the procedures described
in Example 4f, and pimavanserin obtained in about 86 % yield. Optionally 16 does not need
to be isolated but directly used in the next step.
[0255] The obtained pimavanserin is thereafter converted into a hemi-tartrate salt for
example as described in Example 7.

Example 5d: Preparation of pimavanserin via using di-fert-butyl dicarbonate

(Boc,0)

-~

Q|
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[0256] Di-tert-butoxycarbonyl anhydride (Boc,0, 1.46 g, 6.69 mol, 1.2 eq) was
dissolved in CH;CN 10 ml and cooled to -10°C. Dimethylamino pyridine (DMAP, 0.14 g,
1.12 mol, 0.2 eq) was added and stirred for 10 min. After 10 min 4-isobutoxybenzyl amine
(SM2) in 10 ml CH3CN added rinsing it with CH3;CN (10 ml). The reaction was tirred for
15-30 min at -10 °C and diluted with chloroform (50 ml). The reaction mixture was washed
with 5% HCI aqueous solution, dried over MgSO4 and evaporated to dryness to give crude
product which was a mixture of the desired product 4-isobutoxybenzyl isocyanate (60-70%),
20% N-tert-butoxycarbonyl-4-isobutoxybenzyamine and other minor by products. The crude
product was not purified. The analysis is based on the 1H NMR of the crude product mixture.
'H NMR (CDCI3): § 1.0 (d, 6H); 2.0 (m, 1H); 3.7 (d, 2H); 4.3 (s, 2H), 6.9, d, 2H); 7.2 (d,
2H). Optionally I7 may be isolated. The mixture was stirred for about 1 h at room
temperature (rt) followed by addition of a slight excess of SM1 in toluene and the catalyst
added. The mixture stirred at 50 °C for about 15 h resulting in pimavanserin being obtained
in a quantitative yield (using 1.8 eq CDI) upon aqueous work up.
[0257] Optionally SM2b may be treated with a suitable acid such as HCI, optionally
isolated, and thereafter proceeding in accordance with the procedure described. In order to
obtain pimavanserin an additional trituration of crude pimavanserin was conducted.

Example 6a: Preparation of pimavanserin via urea derivative

Reaction scheme:

AT — e

o oS

[0258] SM2 (1 eq) was treated by urea (2 eq) and 3-methylbutan-1-ol (2 eq) in
toluene (10 ml) and heated to 160 °C for 4h to give isopentyl (4-isobutoxybenzyl)carbamate
(I8) (M+H = 385) which was converted to the isocyanate I9 by distillation. I9 is then

61



WO 2017/015272 PCT/US2016/042933

converted into pimavanserin according to already established methods, for example by

reacting 19 with a slight excess of SM1 in THF followed by precipitation from EtOH to give

pimavanserin.

Example 6b: Preparation of pimavanserin via urea derivative

Reaction scheme:

Q 0
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|

[0259] SM2 is brought into contact with a small excess of urea, and thereafter the
mixture stirred at elevated temperature such as 150 °C in order to obtain I10. To 110 in
toluene SM1 was added and the reaction proceeded as described above. The mixture was
stirred until consumption of SM1 in order to give pimavanserin.

Example 6¢: Preparation of pimavanserin via second urea derivative

Reaction scheme:
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[0260] SM1 is brought into contact with a small excess of urea mixed at elevated

temperature such as 150 °C to obtain 111 which thereafter is mixed with SM2. The mixture

was stirred until consumption of SM2 in order to give pimavanserin.

Example 6d: Preparation of pimavanserin using a carbamate reagent

Reaction scheme:

\(g 2 EtO NH, TO”N NH,
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O
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[0261] SM2 is brought into contact with a small excess of ethyl carbamate, and
thereafter the mixture stirred followed by addition of SM1. The mixture was stirred until

consumption of SM1 in order to give pimavanserin.

[0262] Optionally other alkyl carbamates such as methyl carbamate can be used.
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Example 6e: Preparation of pimavanserin using a reversed carbamate reagent

Reaction scheme:
O O

HN
fj/\CLF EtOJ\NHZ HZNJ\N/\©\
N” SM1 ﬁj "

COTLO,

[0263] SM1 is brought into contact with a small excess of ethyl carbamate, and

F

thereafter the mixture stirred followed by addition of SM2. The mixture was stirred until
consumption of SM2 in order to give pimavanserin. Optionally other alkyl carbamates such
as methyl carbamate can be used.

[0264] Optionally I11 (obtained for example as described above) may be reacted with
4-isobutoxybenzaldehyde (described herein) using titanium isopropoxide (slight excess) in
THF and refluxing for 6 h to give pimavanserin followed by treatment by sodium
borohydride; or I11 may be reacted with (4-isobutoxyphenyl)methanol (commercially
available) using (Pentamethylcyclopentadienyl)iridium(III) chloride dimer as a catalyst, in
tert-amyl alcohol and sodium hydroxide at 60 °C for 16h to obtain pimavanserin.

[0265] NMR of 111 (400 MHz, DMSO-dg) § 7.30-7.21 (m, 2H), 7.15-7.04 (m, 2H),
5.97-5.92 (m, 2H), 4.37 (s, 2H), 3.82 (td, J = 11.4, 5.3 Hz, 1H), 2.68 (dq), J = 10.9, 2.6, 1.8
Hz, 2H), 2.08 (s, 3H), 1.87 (td, J =11.6, 2.6 Hz, 2H), 1.59-1.37 (m, 4H).

Example 7 — Process scale preparation of pimavanserin and pimavanserin tartrate

[0266] SM2b (350 g) dissolved in water (700 g) was added to toluene (1780 g),
followed by potassium carbonate (200-220 g) in water (467 g). The vessel containing the
potassium carbonate was washed with 87 g water and added to the mixture containing SM2b.

Phenyl chloroformate (252-260 g) was added over 1.5 h while maintaining a temperature
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between 15 — 30 °C. The vessel containing the phenyl chloroformate was washed with
toluene (47 g) and added to the mixture containing SM2b followed by stirring at about 20-30
°C for 1-2h. The mixture was heated to 50-60 °C and solvent was distilled off (about 940 g)
from the organic layer. The mixture was heated to about 70 °C and heptane (1000-1200 ml)
added at a rate maintaining the temperature at or above 65 °C, and thereafter stirred at 70 °C
for 1h. Thereafter the mixture was cooled to ambient temperature and stirred for 12-18h, and
thereafter filtered. The product was washed, with heptane/ethyl acetate (9:1), and dried to
give about 400 g of I1.1.

[0267] I1.1 (350 g), potassium carbonate (80.0-90 g) were suspended in toluene
(about 1600-2000 g), and SM1 (e.g. prepared as outline in Example 1a or b) (272.9 g) was
added and the vessel containing SM1 was washed with toluene (about 140 g), added to the
mixture containing I1.1. The mixture was heated to about 60-70 °C for 4-8 h. Thereafter the
mixture was cooled to about 50 °C, and washed with 30 % sodium hydroxide (195 g) in
water (1376 g). The organic layer was washed with water (805 g) at a temperature of about
50 °C and thereafter solvent was distilled off (about 1200 g), followed by addition of ethyl
acetate (483 g) and heptane (1931 g). The mixture was heated to about 60 °C for 1h and
allowed to cool to 20 °C at a rate of about 0.2 °C/min, and thereafter stirred for 3-5 h
followed by filtering and washing with 20 w% ethyl acetate in heptane (604 g). The obtained
compound of Formula (I) (pimavanserin) was dried at about 50 °C for 12 h (<50 mbar).
[0268] The compound of Formula (I) can be converted into a hemi-tartrate salt.
Examples of the salt formation are: suspending the compound of Formula (I) (400 g) in
methyl ethyl ketone (MEK, 2368 g), heat to dissolve at about 50 °C and filter into a reactor
through a 1 um filter washing with MEK (95 g). (L)-tartaric acid (70.22 g), dissolved in
MEK (758 g) and methanol (112 g), heated to about 50 °C and filtered through a 1 um filter
into a vessel. Seed crystals (15.7 g) of pimavanserin tartrate form C was added to the mixture
and the (L)-tartaric acid solution added over approximately 2 h while a temperature of above
about 45 °C was maintained. Solvent was distilled off , and MEK (804 g) added and
additional solvent distilled off under vacuum at a temperature between 20 and 50 °C. The
mixture was heated to about 60-75 °C and maintained for 1- 14 h and thereafter cooled to a

temperature of about 5 °C over approximately 6 h, followed by stirring for about 2h, and
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thereafter filter washed with MEK . The product was dried at about 50 °C to give a tartrate
salt of the compound of Formula (I) as polymorphic Form C.

[0269] The formation of the hemi-tartrate salt of the compound of Formula (I), as
well as polymorphic Form C, may be performed as an integrated process step, or as a
separate subsequent process step. Hence Form C can be obtained in a direct formation from
pimavanserin without the need for intermediate isolation.

[0270] Optionally the tartrate salt of the compounds of Formula (I) may be obtained
by a preparing a solution of tartaric acid in ethanol by heating at about 40-50°C, and part of
the solution added the compound of Formula I in ethanol (prepared according to any one of
examples 1-6).The solution was seeded with pimavanserin tartrate, e.g. a mixure of
polymorphic forms, and stirred the slurry for 30-60 min at 40-50°C. Therafter the rest of the
tartaric acid solution was added and the slurry stirred for additional 30 min. The reaction
mixture was cooled to 0-10°C over 5-6 h and stirred at this temperature for 1 h. The product
was isolated by centrifugation and washed with cold ethanol. The crude product thus
obtained was dried under vacuum at 45°C, sieved at 3 mm followed by another drying in
order to obtain pimavanserin as a salt.

[0271] All publications, patents and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Although the
foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in
the art in light of the teachings of this invention that certain changes and modifications may

be made thereto without departing from the spirit or scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method of preparing pimavanserin (N-(4-fluorophenylmethyl)-N-(1-
methylpiperidin-4-y1)-N'-(4-(2-methylpropyloxy)phenylmethyl)carbamide) or a salt thereof,
the method comprising:

contacting an intermediate according to Formula (A),

O
R4
Y T/
R W),
or a salt thereof, with an intermediate according to Formula (B),

H
X
H

Ra1 (B),

or a salt thereof, to produce pimavanserin or a salt thereof wherein

Y is -OR; or —-NR»,,Rop,;

Ri. Rua, Rop, independently of each other are selected from the group consisting of
hydrogen, substituted or unsubstituted C.¢ alkyl, and substituted or unsubstituted aryl; or

Rys and Ry, taken together with the nitrogen to which they are attached form a
substituted or unsubstituted heteroalicyclyl, substituted or unsubstituted aryl or a substituted
or unsubstituted heteroaryl,

R; is hydrogen or substituted or unsubstituted heteroalicyclyl,

R4 is substituted or unsubstituted aralkyl;

X 18 -ORy; or —-NR33R4;

R;,1s -OCH,CH(CH3;), or F;

Ry, 1s hydrogen or substituted or unsubstituted C;.¢ alkyl; and
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one of Ryzand Ryy is hydrogen and the other of Ry3 and Ry4 is N-methylpiperidin-4-yl,
or both R,3 and Ry, are hydrogen.

2. The method according to claim 1, wherein R, is selected from the group consisting of

methyl, ethyl, propyl, butyl, pentyl, trifluoroethyl and phenyl.

3. The method according to any one of claims 1-2, Y is “OR; and R, is phenyl.

4. The method according to any one of claims 1-3, wherein Rj is hydrogen or

N-methylpiperidin-4-yl.

5. The method according to any one of claims 1-4, wherein Rj is hydrogen.

6. The method according to any one of claims 1-5, wherein Ry is 4-fluorobenzyl or

4-isobutoxybenzyl.

7. The method according to any one of claims 1-6, wherein R, is 4-isobutoxybenzyl.
8. The method according to any one of claims 1-7, wherein R, is F.
0. The method according to any one of claims 1-8, wherein X is -NR»3R,4 and one of

Ry3 and Ry, 1s hydrogen and the other of Ry3 and Ry4 1s N-methylpiperidin-4-yl.

10.  The method according to claim 1-, wherein the intermediate according to Formula

(A) is a compound according to Formula (A2)

(A2),
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and the intermediate according to Formula (B) is a compound according to Formula (B2)

HN
(B2).

11. The method according to claim 10 , wherein Y is -OR, and -OR| is.

12. The method according to claim 11, wherein R, is methyl, ethyl, propyl, butyl, pentyl,
trifluoroethyl and phenyl.

13. The method according to claim 12, wherein R, is phenyl.

14. The method of claim 1, wherein
Rj is hydrogen;
R,1is F; and
one of Ry3 and Ry, 1s hydrogen and the other of R,3 and Ry4 is N-methylpiperidin-4-yl.

15.  The method according to any one of claims 1-14, additionally comprising contacting

isobutyl alcohol with 4-fluorobenzonitrile to produce a compound according to Formula (A).
16. The method according to claim 15, wherein the 4-isobutoxybenzonitrile produced by
contacting isobutyl alcohol and 4-fluorobenzonitrile is hydrogenated to produce a compound
according to Formula (A).

17. The method according to claims 15 or 16, wherein the compound according to

Formula (A) is phenyl (4-isobutoxybenzyl)carbamate.
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18.  The method according to any one of claims 1-17, further comprising forming a
tartrate salt of (N-(4-fluorophenylmethyl)-N-(1-methylpiperidin-4-yl)-N'-(4-(2-
methylpropyloxy)phenylmethyl)carbamide).

19.  The method according to claim 18, wherein the tartrate salt is the hemi-tartrate salt.

20.  The method according to any one of claims 1-18, wherein pimavanserin is obtained as
polymorphic Form C characterized by having an endotherm with an onset of between 167
and 177 C°as obtained by differential scanning calorimetry (DSC) in accordance with USP
<891>, using a 4-6 mg sample under nitrogren at a heating rate of 10 °C/min between 80-210

°C.

21. The method according to claim 20, wherein the DSC shows no peak between 120 and
140 °C.

22.  The method according to any one of claims 18-21, wherein (N-(4-
fluorophenylmethyl)-N-(1-methylpiperidin-4-y1)-N'-(4-(2-
methylpropyloxy)phenylmethyl)carbamide) is isolated prior to forming a tartrate salt thereof.

23.  The method according to any one of claims 18-22, wherein (N-(4-
fluorophenylmethyl)-N-(1-methylpiperidin-4-y1)-N'-(4-(2-
methylpropyloxy)phenylmethyl)carbamide) is not isolated prior to forming a tartrate salt
thereof.

24.  The method according to any one of claims 18-22, wherein polymorphic Form C is

obtained by direct formation from (N-(4-fluorophenylmethyl)-N-(1-methylpiperidin-4-y1)-N'-
(4-(2-methylpropyloxy)phenylmethyl)carbamide).
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