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(57) Abstract: Novel processes, and intermediates, for making alkylated arylpiperazine and alkylated arylpiperidine compounds of
the general formulas (I) and (VII), respectively wherein, R; and R, are individually selected from hydrogen, alkyl, substituted or ai-

o kyl; n=0, 1, or 2; Y = NRsR4, QRs, or SRs, where R; and Ry are individually selected from acyl or su!fonyl, and where R is aryi or

W

heteroaryi, or heterocyclic; and Ar is an aryl, heteroaryl, or heterocyclic compound.
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PROCESSES FOR MAKING ALKYLATED ARYLPIPERAZINE AND ALKYLATED
ARYLPIPERIDINE COMPOUNDS INCLUDING NOVEL INTERMEDIATES

CROSS-REFERENCE TO RELATED APPLICATIONS

{60611  This application claims priority of U.S. Provisional Patent Application No.
82/012,701, filed dune 18, 2014, the disclosures of which are incorporated herein by

refarence in their entireties for all purposes.

FIELD OF THE INVENTION

[0062] Thse present disclosure provides processes for making alkyiated aryipiperazine
and alkylated aryipiperiding compounds as well as novel intermediate compounds
formed during those processes.

BACKGROUND OF THE INVENTION

[0003] The piperazines are a broad class of chemical compounds, many with
important pharmacological proparties, which contain a core piperazine functional group.
Many currently notable pharmaceutical drugs contain a piperazing ring as part of their
molecular structure. Examples include: anfianginals (ranolazine, trimetazidine);
antidepressants {(amoxapine, befuraling, buspirone, fiesinoxan, gepirone, ipsapirone,
nefazodone, piberaling, tandospirone, trazodone, vilazodone, zalospironea);
antihistamines (buclizine, meclozine, cinnarizine, cyclizing, hydroxyzine, cetirizine,
levocetirizine, niaprazing); antipsychotics (fluphenazine, perphenazing, trifluoperazine,
prochiorperazing, thiothixene, flupentixol, zuclopenthixol, amperozide, aripiprazole,
lurasidone, clozapine, olanzapine, perospirong, ziprasidone); urologicals (sildenafil,

vardenafil).

[0004] Piperidine is also widely used building block and chemical reagent in the
synthesis of organic compounds, including pharmaceuticals. Similar o piperazine,
piperiding and its derivatives are ubiquitous buillding blocks in the synthesis of
pharmaceuticals and fine chemicals. For example, the piperidine struciure is found in the
following classes of pharmaceuticals: SSRI {selective serotonin reuptake inhibitors)
{paroxeting); analeptics/nooctropics {stimulanis) {(methyiphenidate, sthylphenidate,

pipradrol, desoxypipradrol)y; SERM {selective estrogen receptor modulators) (raloxifene);
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vasodilators (minoxidil); neurcleptics (antipsychotics) {risperidone, thicridazing,

haloperidol, droperidol, mesoridazine); opioids {psthidine, meperidine, loperamide).

(00051 Considering their prevalence in the formation of a variety of imporiani
pharmacsutical compounds, there is a need for new and improved procasses for making
both piperazine and piperiding compounds, including intermediates and derivatives
thereof, that minimizes the formation of unwanied by-products and eliminates the need

for additional purification steps where product is losi.

SUMMARY OF THE INVENTION
[00066] The present disclosure provides processes for making alkviated aryipiperazine
and alkylated arvipiperidine compounds, including intermediates and derivatives thereof.
More specifically, the present invention provides processes for making a variety of
alkylated aryipiperazine and alkylated aryipiperidine compounds of the general formulas

{hy and (Vil}, respectively,

% (A N NeAr Y}_{{_}]\DA}-
PR
i {2 1 2

{) (Vi)

wherain, R, and R, are individually selected from hydrogen, unsubstituled allyl, and
substituted alkyi, or Ry and R, arg conngecled to form a § to 8 carbon cyclic ring; nis 0, 1,
or 2, Y is NR3Ry, OR;, or SRs, where R; and Ry are individually selected from acyl or
suifonyl, wherein R and R, may be connecled to form a substituted or unsubstituied
cyclic or bicyclic ring, and wherein R; is aryl or heteroaryl, or heterocyclic; and Ar is an

aryl or heteroaryl group.

{00671 Novel intermasdiate compounds, made during the processes described and

claimed herein, are also disclosed.

BRICF DESCRIPTION OF THE DRAWINGS
[0008] No drawings.

DETAILED DESCRIPTION OF THE INVENTION

3]
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Definitions

(800381 Unless otherwiss stated, the following ferms used in this Application, including
the specification and claims, have the definitions given below. It must be noted thal, as

used in the spacification and the appended claims, the singular forms "a", "an,” and "the”

include plural referents unless the context clearly dictates otherwise.

[0010] Al numerical designations, such as, weight, pH, temperature, time,
concentration, and molecular weight, including ranges, are approximations which arg
varied by 10%. 1 is {o be undersiood, although not always explicitly stated, that all
nurmerical designations are preceded by the term “about.” I also is [0 be understood,
although not always explicitly stated, that the reagents described herein are merely

gxaemplary and that equivalents of such are known in the art.

(00111  In reference to the presant disclosure, the technical and scientific terms used in
the descriptions herein will have the meanings commonly understood by one of ordinary
skilt in the art, unless specifically defined otherwise. Accordingly, the following terms are

intended to have the following meanings.

[0012] Compounds described herein can comprise one or morg asymmetric centers,
and thus can exist in various isomeric forms, &.g., enantiomers and/or diastereomers.
For example, the compounds described herein can be in the form of an individual
enantiomer, diastereomer or geomestric isomer, or can be in the form of a mixture of
sierecisomers, including racemic mixiures and mixtures enriched in one or more
sterecisomer. lsomers can be isolated from mixiures by methods known fo those skilled
in the art, including chiral high pressure liguid chromatography (HPLC) and the formation
and crystallization of chiral salts; or preferred isomers can be prepared by asymmaetric
syntheses. The invention additionally encompasses compounds described herein as
individual isomers substantially free of other isomers, and alternatively, as mixiures of

various isomers.

[0013] When a rangs of vaiues is listed, it is intended {o encompass each valug and
sub-range within the range. For exampie "Cs alkyl™ is intended to encompass, Gy, Gy,
CB: C,q., Cﬁa CS; C‘!-Ss C1—5; C'E-4! C'E—Ss C‘:~2: CE-S; C‘Z-Ss 62-41 C?.—Ss CS—E! C3—55 C3-~".s C4-61 C-".—S; and
Cs.g allod,

[0014] As used herain, the term "alkyl® means the monovalent lingar or branched

saturated hydrocarbon molety, consisting solely of carbon and hydrogen atoms, having

[



10

]
o

30

WO 2015/195478 PCT/US2015/035558

from one to twelve carbon atoms. "Lower alkyl” refers o an alkyl group of one o six
carbon atoms, Le., Ci-Cg alkyl. Examples of alkyl groups include, but are not limited to,
methyl, ethyl, propyl, isopropyl, iscbutyl, sec-butyl, tert-butyl, pentyl, n-hex, ociyl,
dodecyl, and the like. "Branched alkkyl" means, for example, isopropyl, ischutyl, and tert-
butyl, Specifically included within the definition of "alkyl” are those aliphatic hydrocarbon

chains that are optionally substituted.

[00158]  As used herein, the term "alkyleng” means a linear saturated divalent
hydrocarbon radical of one o six carbon aloms or a branched salurated divalent
hydrocarbon radical of three 1o six carbon atoms, e.q9., methylene, sthylene, 2,2-

dimethyiethylens, propylene, Z-methvlpropvlene, butvlens, pentylensg, and the like.

{0016] As used herein, the term "aryl” refers to a radical of a monocyclic or polycyclic
{e.g., bicyclic or tricyclicy 4n+2 aromatic ring system {e.g., having 8§, 10, or 14w
electrons shared in a cyclic array) having 6-14 ring carbon atoms and zero heteroatoms
provided in the aromatic ring system ("Cs.q4 aryl™). In some embodiments, an aryl group
has six ring carbon atoms ("Cs arv”; e.g., phenyl). In some embodiments, an aryl group
has ten ring carbon atoms ("Cqp aryi™; e.g., naphthyl such as 1-naphthyl and Z-naphthyl).
In some embodimenis, an aryl group has fourteen ring carbon atoms ("Cyy aryl™; e.g.,
anthracyl). "Aryi" also includes ring systems wherein the aryi ring, as defined above, is
fused with one or more carbocyclic or heterocyclic groups whersin the radical or point of
attachment is on the aryl ring, and in such instances, the number of carbon aloms
continue o designate the number of carbon atoms in the aryl ring system. Typical aryi
groups include, but are not limited to, groups derived from aceanthrylene,
acenaphthylens, acephenanthrvlene, anthracene, azulene, benzens, chrysene,
coronene, fluoranthenes, fluorens, hexacene, hexaphense, hexalene, as-indacene, s-
indacens, indans, indene, naphthalens, octacene, octaphens, octalens, ovalene, penta-
2 4-diene, pentacens, pentalene, pentaphene, peryiene, phenalene, phenanthrene,
picene, pleiadene, pyrene, pyranthrene, rubicene, triphenyiene, and trinaphthalsne.
Particularly aryl groups include phenyl, naphthyl, indenyl, and tetrahydronaphthyl.
Unless otherwise specified, each instance of an aryi group is independently optionally
substituted, L.e., unsubstituted (an "unsubstituted aryt”) or substituted (g "substituted
aryl™ ) with one or more substituents. in certain embodiments, the aryl group is

unsubstituted Gy, arvl. In certain embodiments, the aryl group is substituted Cqyy aryl.
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(80171 As used herain, the term “helercaryl” refers to a radical of a 5-1( membersd
monogyclic or bicyclic 4n+2 aromalic ring system {(&.9., having 6 or 10 1 elecirons
shared in a cyclic array) having ring carbon atoms and 1-4 ring heleroatoms provided in
the aromatic ring system, wherein each hetercatom is independently selected from
nitrogen, oxygen and sulfur ("5-10 membered heteroaryl®). in helercaryi groups that
contain one or more nitrogen atoms, the point of altachment can be a carbon or nitrogen
atomn, as valency permils. Heteroaryl bicyclic ring systems can include one or more
hetgroatoms in ong or both rings . "Heteroaryl” includes ring systems wherein the
heteroaryl ring, as defined above, is fused with one or more carbocyclic or heterooyclic
groups wherein the point of attachment is on the heleroaryl ring, and in such instances,
the number of ring members continue to designate the number of ring members in the
heteroaryl ring system. "Heteroaryl” also includes ring systems wherein the heleroary
ring, as defined above, is fused with one or maore aryl groups whersin the point of
attachment is either on the aryl or heteroaryl ring, and in such instances, the number of
ring members designates the number of ring members in the fused {aryl/heteroaryi) ring
system. Bicyclic heteroaryl groups wherein one ring does not coniain a heleroatom (e.q.,
indolyl, quinolinyl, carbazohyl, and the like) the point of attachment can be on sither ring,
i.e., either the ring bearing a heleroatom (e.q., 2-indolyl) or the ring that does not contain

a hetercatom {e.g., 5-indolyl).

[0018] In some embodiments, a hetercaryi group is a 510 membered aromatic ring
system having ring carbon atoms and 1-4 ring heleroatoms provided in the aromatic ring
system, wherein each heteroatom is independently selected from nitrogen, oxygen, and
sulfur ("5-10 membered heteroaryl”). In some embodiments, a heteroaryl group is a 5-8
membered aromatic ring system having ring carbon atoms and 1-4 ring heleroatoms
provided in the aromatic ring systemn, wherein each heteroatom is independently
selected from nitrogen, oxygen, and sulfur ("5-8 membered heteroaryl®). In some
embodiments, a heteroaryl group is a 5-8 membered aromatic ring system having ring
carbon atoms and 1-4 ring heteroatoms provided in the aromatic ring sysiem, wherein
each heleroatom is independently selected from nitrogen, oxygen, and sulfur ("5-6
membered heteroaryl™). In some embodiments, the 5-8 membered hsteroaryl has 1-3
ring hetercatoms selected from nitrogen, oxygen, and sulfur. In some embodiments, the
5-6 membered hetercaryl has 1-2 ring heteroatoms selected from nitrogen, oxygen, and
suifur, In some embodiments, the 5-6 membered hetercaryl has 1 ring heteroatom

sgiected from nitrogen, oxygen, and sulfur. Unless otherwise specified, each instance of
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a hetercaryi group is independently optionally substifuted, i.e., unsubstituted (an
"unsubstituted heteroaryl”) or subsliluted (g "substiluled heteroaryl™} with one or more
substituents. in certain embodiments, the heteroaryl group is unsubstituted 5-14
membered hetercaryl. In cerfain embodiments, the heteroaryl group is substiluted 5-14

membered hetercaryl.

(00181 Exemplary S-membered hetercaryl groups containing one hetercatom include,
without limitation, pyrrolyl, furanyl and thiophenyl. Exemplary 5-membered heteroaryl
groups containing two hetercatoms include, without Hmitation, imidazolyl, pyrazolvl,
oxazolyl, isoxazolyl, thiazolvl, and isothiazolvl. Exemplary 5-membered heleroaryl
groups containing three heteroatoms include, without limitation, triazolyl, oxadiazolyl,
and thiadiazolyl. Exemplary S-memberad heleroary! groups containing four heteroatoms
include, without limitation, tetrazolyl. Exemplary 6-membered heteroaryl groups
containing one heteroatom include, without limitation, pyridinyl, Exemplary 8-membered
heteroary! groups containing two hetercatoms include, without limitation, pyridaziny,
pyrimidinyl, and pyrazinyl. Exemplary 8-membered heteroaryl groups containing three
or four hetercatoms include, without limitation, triazinyl and tetrazinyl, respeciively.
Exemplary 7-membered heteroaryl groups containing one heteroatom include, without
limitation, azepinyl, oxepinyl, and thiepinyl. Exemplary 5,6-bicydlic hetercaryl groups
include, without limitation, indolyl, iscindolyl, indazolyl, benzotriazolyl, benzothiophenyl,
isobenzothiophenyl, benzofuranyl, benzoisofuranyl, benzimidazolyl, benzoxazolyl,
benzisoxazolyl, benzoxadiazolyl, benzthiazolyl, benzisothiazolyl, benzthiadiazolyl,
indolizinyl, and purinyl. Exemplary 6,8-bicydclic hetercaryl groups include, without
lirnitation, naphthyridinyl, pteridinyt, guinclingd, isoquinolinyl, cinndlinyl, quinoxaliny,

phthalazinyl, and guinazolinyl.

[B0207 As used herein, the term "helerocydlic” refers 1o a radical of a 3 10 10
membered non-aromatic ring systemn having ring carbon atoms and 1 1o 4 ring
hetgroatoms, wherein each heteroatom is independently selected from nitrogen, oxygen,
sulfur, boron, phosphorus, and silicon ("3-10 membered hetercoydlic”). In heterocyclic
groups that conlain one or more nitrogen atoms, the point of attachment can be a carbon
or nifrogen alom, as valency permits. A heterocyclic group can either be monocyclic
{"monogcyclic heterocyclic™ or a fused, bridged or spiro ring system such as a bicyclic
system ("bicyclic heterocyclic™), and can be saturated or can be partially unsaturated.

Heterocyclic bicydlic ring systemns can include one or more heteroatoms in one or both

6
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rings. "Heterocyclic® also includes ring systems wherein the heterocydlic ring, as defined
above, is fused with one or more carbocyclic groups wherein the point of attachment is
either on the carbocyclic or heterocyelic ring, or ring systems wheregin the heterocyclic
ring, as defined above, is fused with one or more aryl or heteroaryt groups, wherein the
point of altachment is on the heterocyclic ring, and in such instances, the number of ring
members continue o designate the number of ring members in the heterocyclic ring
system. Unless otherwise specified, gach instance of heterocydlic is independently
optionally substituted, i.e., unsubstifuted (an "unsubstituted heterocydlic™) or substituted
{a "substituted hetsrocydlic”) with one or more substituents. In certain embodiments, the
heterocyclic group is unsubsiituled 3-10 membered hetercocyclic. In certain

embodiments, the helerocyclic group is substituted 3-10 membered heterocyclic.

(00211 In some embodiments, a helerocyclic group is a 5-10 membered non-aromatic
ring system having ring carbon atoms and 1-4 ring heteroatoms, wheregin each
heteroatom is independently selected from nitrogen, oxygen, sulfur, boron, phosphorus,
and silicon {"5-10 membered heterocyclic™). In some embodiments, a heterocyclic group
is a 5-8 membered non-aromatic ring system having ring carbon atoms and 1-4 ring
heteroatoms, wherein each heteroatom is independently selected from nifrogen, oxygen,
and sulfur ("5-8 membered hsterocyclic™). In some embodiments, a hsetercoyclic group
is a 5-6 membered non-aromatic ring system having ring carbon atoms and 1-4 ring
heleroatoms, whergin each hetercatom is independently selectad from nitrogen, oxygen,
and sulfur ("5-6 membered heterocychc™). in some embodiments, the 5-6 membered
heterocyclic has 1-3 ring hetercatoms selected from nitrogen, oxygen, and sulfur. In
some embodimaents, the 5-6 memberad heterocyclic has 1-2 ring helercatoms selectad
from nitrogen, oxygen, and sulfur. in some embodiments, the 5-6 membered

heterocyclic has one ring heterogiom selecled from nitrogen, oxygen, and sulfur.

[0022] Exemplary 3-meambered heterocyclic groups containing one heteroatom
include, without limitation, azirdinvl, oxiranyl, and thiiranyl. Exemplary 4-membered
heterocyclic groups containing one hetercatom include, without imilation, azetidinyl,
oxetanyi and thislanyl. Exemplary S-membered helerocydlic groups comntaining one
heleroatom include, without limitation, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothiophenyl, dihydrothiophenyi, pyrrolidinyl, dihydropyrroivl and pyrrobl-2,5-
dione. Exemplary 5-membered helerocydlic groups containing two heteroatoms include,

without limitation, dioxolanyl, oxasulfuranyl, disulfuranyl, and oxazolidin-2-one.
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Exemplary S-membered heterccydlic groups containing three heteroatoms include,
without limitation, triazclinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered
heterocyclic groups containing one heteroatom include, without Himitation, piperidinyl,
tetrahydropyranvi, dihydropyridinyl, and thianyl. Exemplary 8-membered heterocyclic
groups containing two hetercatoms include, without limitation, piperazinyl, morpholiny,
dithianyl, dioxanyl. Exemplary 8-membered heterocyclic groups containing two
heteroatoms include, without limitation, triazinanyl, Exemplary 7-membered heterocyclic
groups containing one hetsroatom include, without limitation, azepanyl, oxepanyl and
thispanyl. Exemplary 8 memberad hetsrocyclic groups containing ong helercatom
include, without limitation, azocanyl, oxecanyl and thiccanyl. Exemplary 5-membered
helerocyclic groups fused 1o a Cq aryl ring (also referred 1o herein as g 5,8-bicyclic
heterocychic ring) include, without limitation, indolinyl, isoindolinyl, dihydrobenzofuranvi,
dihydrobenzothienyl, benzoxazolinonyl, and the like. Exemplary 6-membered
heterocyclic groups fused {0 an aryl ring {also referred o herein as a 6,8-bicyclic
heterocychic ring) include, withoul iimitation, tetrahydroquinoliny, tetrahydroisoquinolinyl,

and the like.

{00231 As used herein, the term "acyl” refers {o a radical —-C(OR®, where R is
hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituled alkynyl, substifuted or unsubstituted carbooyclic, substituted
or unsubstituted heterocyclic, substituted or unsubstituted aryl, or substituted or
unsubstitvted heteroaryl, as defined herein. Representative acyl groups include, but are
not limited to, formyl (~CHO), acetyl (—-C(=0}CH;), cyclohexylcarbonyi,
cyciohexyimethylcarbonyl, benzoyl (—C(=0)Ph), benzylcarbonyt (—-C{(=0)CH,Ph), ~-C(O)-
~C4-Cq alkyl, ~C{Oy~{TH W Ce-Cyg arvl}, ~~C{O}-(CH{B-10 membered heteroaryl), -
C{O}-{CHC3-Cyp cycloalkyl), and ~C{O - (CH){4-10 membered heterocyclic),

wherein {is an integer from 0 to 4.

100241  As used herein, the term "alkoxy" refers to the group —<OR® where R® is
substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or
unsubstituted alkynyl, substituted or unsubstituted carbocyctic, substituled or
unsubstifuted heterocyciic, substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. Particular alkoxy groups are methoxy, ethoxy, n-propoxy,

isopropoxy, n-butoxy, tert-butoxy, sec-butoy, n-penioxy, n-hexoxy, and 1,2-

s}
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dimethyibutoxy. Particular alkoxy groups are lower alkoxy, Le., with betwsen 1 and 8

carbon aloms. Further particular alkoxy groups have between 1 and 4 carbon atoms,

(00251 As used herein, the term "halo”™ or "halogen” refers to fluore (F), chioro (Cl,

bromo (Br}, and iodo ().

[0028] Alkyl, heterocyclic, aryl, and heteroaryl groups, as definad herein, are optionally
substituted (8.q., "substituted” or "unsubstituted” alkyl, "substiiuted” or "unsubstituted”
heterocyclic, "substituted” or "unsubstituted” aryl or "substituted” or "unsubstituted”
hetercary! group). in general, the term "substituted”, whether preceded by the term
“optionally” or not, means that al least one hydrogen present on a group {8.9., a carbon
or nitrogen atom) is replaced with a permissible substituent, e.q., a substituent which
upon substitution resulls in a stable compound, e.g., a compound which does not
spontaneaously undergo transformation such as by rearrangement, cydlization,
elimination, or other reaction. Unless otherwise indicaled, a "substituted” group has a
substituent at one or more substitutable positions of the group, and when more than one
position in any given siructure is substituted, the substituent is either the same or
different at each position. The term "substiiuled” is contemplated {0 include substitution
with all permissible subsiituenis of organic compounds, any of the substituents
described herein thatl results in the formation of a stable compound. The present
invention contemplates any and all such combinations in order o arrive ai a stable
compound. For purposes of this invention, hetercatoms such as nitrogen may have
hydrogen substituents and/or any suitable substituent as described herein which satisfy

the valencies of the heleroatoms and results in the formation of a stable moisty.

(00277 Optional substituents Tor alkyl, alkenyl, aryi, heteroaryl, or heterccycle groups
are well known 10 those skilled in the arl. These substituents include alkyi, alkoxy,
arvioxy, hydroxy, acetyl, cyano, nitre, glyceryl, and carbohydrats, or two substituents

taken together may be linked as an -alkylene-group o form a ring.

[B028] As used herein, the term "leaving group” or "LG" means the group with the
meaning conventionally associated with it in synthetic organic chemistry, i.e., an atom or
group displaceable under substifution reaction conditions. Examples of leaving groups
include, but are not limited to, halogen, alkans- or arylenesulfonyioxy, such as
methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzenesuifonyloxy, tosyioxy,
mesylate, and thienyioxy, dihalophosphinoyloxy, optionally substituled benzyloxy,

isopropyloxy, acvioxy, and the like.

a
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(0029 Preferred Embodiments of the Process of the Invention

(80301 The present invention provides processes for making arvipiperazing and
aryipiperidine compounds, including intermeadiates and derivalives thereof. More
specifically, the prasent invention provides processes or methods for making a variely of
alkylated arvipiperazine and alkylated aryipiperidine compounds of the general formulas

{Iy and (Vil}, respectively.

o {t) ’ (Vi)

wherein, Ry and R, are individually selected from hydrogen, unsubstituted alkyl, and
substituted alkyl, or Ry and R; are connecled to form a 5 {o 8 carbon cyclic ring; nis 0, 1,
or 2; Y is NRgR,, ORs, or SRs, where Ry and Ry are individually selected from acyl or
suifonyl, whersin R; and Ry may be connecled to form a substituted or unsubstituted
cyclic or bicyclic ring, and wherein Ry is aryl or heteroaryl, or heterocyclic; and Ar is an

aryl or heteroary! group.

{80311  Arvipiperazine compounds of formula (1) include, for example, lurasidone,
tiospirone, revospirone, perospirons, brexipirazole, aripiprazole, buspirone, gepirong,

ipsapirons, eplapirong, umespironeg, tandospirone, and zalospirons.

(00321 Arvipiperidine compounds of formula (Vi) include, for example, Hoperidone and

abaperidons.

{00331 The processes for making the alkylated arvipiperazine and alkylated
arvipiperidine compounds disclosed hersin have certain common features and process
steps. For example, as shown, the processes for making the alkylated aryipiperazine
and alkyialed aryipiperidine compounds both comprise the step of alkylating the
compound YH with a cyclic sulfate of formula (1) in the presence of a base toform a

compound of formula (I} whergin Q is hydrogen, a metal, or an ammonium salt.

OO
\:«‘{;"
0"7™0 Yoo {08050
vH+ /P \ O
Ri’/\\g » K, R
R, .
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{0034] In preferred embodiments, R, and R, in formulas (i) and (1) are connecled to

form a § o 8 carbon cyclic ring. Freferably, Ry and Ry arg connected toforma S or 6

carbon cyclic ring and, most preferably a © carbon cyclic aliphatic ring.

(00351 In preferred embodiments, the compound YH is a cyclic imide or cyclic amide

such that Y is NR3Ry, where Rs and/or Ry are acvl, and wherein Ry and Ry are

connacted to form a cyelic or bicyclic ring. Preferred compounds that meet the

requirementis for YH include, for example:

Tabie 1: Represeniative Compounds of Formula YH

O
NN -
N
1 g N
(3a.45,7R 725} hexahydro- . 4“%3’3;;{? j}l
1.4, 7-methanoisoindole- ! “1"‘]16':{: o }-
1.3Q2H)-dione e
o A0
HO l \N O
2 Me(r" 5 10 ¢ NH
1-(3-hydroxy-4- &
methoxyphenvyi) o o
ethan-1-one 3-butyl-9,9-dimethyl-3,7-
diazabicyclo[3.3. 1inonane-
24,6, 8-tetracne
ERD
NH
3 11
(3af 4ak 6a8 7ad). )
; ia 6a.7 . Ta-hexahv 1 H
8-azaspirce[4.5]decane- 135’4’4&‘6“" 7 a h"’x‘?‘}?’ dm K
7 9-diene 4,7-cthenocyelobutal flisoindole-
1,3(2y-dione

11
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O
HO
4 12 O o

benzo{dlisethiazol-
3¢ y.one 1,1-dioxide

3-(hydroxyruethyl)-
T-methoxy-4H
chromen-4-oue

O

e - ] U—
3 all7as y-hexahydro- 147
isomdole-1,3(28) dione

13

quinazoling-
254( i }{53[{)"(={j0n(’)

7-hydroxyquinolin-2¢1/7}-one

14

cd}

00
=

N

7S

2H naphthof1,8-
isothiazole 1,1-dioxide

0?( NTRO
H

15

N {4-hydroxy-3-
methoxyphenyljacetamide

4.4-
TR ST 1,8,8-trimethyl-3-
dimethylpiperidine ) .
2 6-dione azabicyclo[3.2.1]
- : octane-2,4-dione
OH
OMe
I AN
e
3 16
NHAc¢

&-hydroxy-T-methoxy-3,4-
dirpethyl-2f-chromen-2-one

(0836} In a preferred embodimeant of the present invention, YH is;

o~

3aR 48, 7R, 7aS)-hexnahydro- 1H-

4, 7-roethanoisoindole-1,3(2 M-
dione

12
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{00371 In the reaction between compound YH and the cyclic sulfate of formula (i} in
the present invention, compound YH is praferably present in the reaction mixiure in an
amount of from about 1.0 to 2.0 equivalents and, more preferably, from about 1.1 10 1.2

equivalents based on the amount of the cyclic sulfate of formula (i),

[0038] The alkylation reaction according to the present invention is preferably carried
out in a suitable solvent at a temperaturg of from about 20 °C to about 120 °C in the

presence of a base.

(00391 Suitable solvents for this slep include, but are not limited to, hydrocarbons,
halogenated hydrocarbons, aromatic hydrocarbons, esters, ethers, nilriles, ketones, and

mixiures thereof. in preferred embodiments, the solvent is acetonitrile.

(00407 Suitable bases for this step include alkall metal carbonates such as potassium
carbonate, sodium carbonate, calcium carbonate, and magnesium carbonate; alkali
metal bicarbonates such as sodium bicarbonate, and potassium bicarbonate; preferably
an alkall metal carbonate, in particular, potassium carbonate; alkali metal hydroxides
such as sodium hydroxide, potassium hydroxide, magnegsium hydroxide, or calcium
hydroxide; alkall metal phosphates such as sodium phosphate or potassium phosphate;
and organic amine bases such as tristhylamineg, diisopropylethylamine and pyridine.
Ammonium salls of the above bases are also suitable. Solid inorganic bases may be
used aglone or as a mixture of two or more kinds of bases, and may be an anhydrous
form or a hydrate thergof. In preferred embodiments, the base emploved for this step is

potassium carbonate, K,CG0,.

(80411 The amount of the bass used hersin is generally about 0.7 mole or mors,
preferably 1.0 mole or more, per one mole of the total amount of compound YH. The
upper limit amourt of the solid inorganic base used herein is not limited but an excess
amount of base can increase process costs. Accordingly, a practical amount of solid
inorganic base is 10 maole or less, preferably 2.0 mole or less, per oneg mole of the total

amount of compound YH.

[0042] The progress of the alkylation reaction in the present invention can be
monitored by any means known to those skilled in the art such as, for example, gas

chromatography (GC) or high performance liquid chromatography (HPLC).

13
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(80431 The compound of formula (1) may be isolated by any method known 1o those
skilled in the arl. In preferred embodiments, however, the compound of formula (Il is
not isolated from the reaction mixture in which it was formed, but rather is telescoped. In
this regard, the compound of formula (11} may be readied Tor a hydrolysis step by the
addition of water, which generates a clean phase split with, for example, acetonitrile due
to the solubilized base such as, for example, potassium carbonate, without significant
product loss. The organic solvent laver is then preferably washed further with agueous
Nadll in a conventional exiraction process 1o remove any residual carbonats priorfo a

hydrolysis reaction.

{0044] An unexpecied benefit of employing a cyclic sulfate of formuda (If) in the
process of the present invention is that it leads 1o the advantageous selective
monoalkylation of the cyclic sulfate without the possibility of double alkylation. The
anionic ring-opened sulfate (after initial alkylation) is not prone to further displacement by
nucleophiles. Thus, after conversion of the alcohol 1o a suitable lsaving group, simple
displacemeant chemistry is employed {o provide the final product. In other words, the
process of the present invention produces alkylated aryipiperazine and alkylated
aryipiperidine compounds wherein no bis-imide product is delected in the alicylation of

the cyclic sulfate.

{00481 The process for making the alkylated aryipiperazing and aryipiperiding
derivative compounds according to the present invention also comprises the step of

hydrolyzing a compound of formula (1) to form an aicchol of formula (1V) as shown here.

(il (V)

[0046] In this reaction slep, agueous acid is added lo a washed organic solvent layer
confaining the compound of formula (D) and the mixiure is agilated at a temperaturg of
from about 20 °C to about 100 °C. During this siep, the sulfate ester moiety of the
compound of formula (I} is hydrolyzed {o an alcchol group {(-OH). In some
embodimenis, an additional solvent such as, for example, toluene, may be added to the

mixiure prior 1o the aqueous acid.

14
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{80477 The progress of the hydrolysis reaction in the present invention can be
moniiored by any means Known {0 those skilled in the art such as, for example, high

performance liquid chromatography (HPLC).

[0048] Preferably, once the reaction is complele, the organic phase is cooled and the
organic phase is prepared for ancther step in the process of the present invention. This
preparation ypically involves washing several times with water employing a conventional
extraction process. The organic phase may also be distilled under vacuum followed by
addition of the desired solvent for the next slep of the process. An example of such

solvant is toluens.

[0048] The process of the present invention for making alkylated arylpiperazine and
alkylated arvipiperidine compounds also comprises a step of converting the compound
of formula {1V} o an alkylating agent of formula (V) wherein LG is g leaving group.

v { +OH v { LG

n 1

1 2 1 2

(V) (V)

(00507 In the compound of formula {V), preferably LG is selected from the group
consisting of an aryl sulfonate, alkyl sulfonate, phosphate, phosphonale,

proazaphosphatrang and a halogen. in preferred embodiments, LG is a mesylate.

{00511 The conversion of the hydroxyl group 0 one of the recited leaving groups can
be effected by any means known to one skilled in the art. In preferred embodiments
where LG is a mesylate, for example, it was found that the conversion can occur quickly
and effectively in a mixture of loluene and a base such as, for example, tristhylamina. in
this embodiment, aboutl 1.2 equivalents of methanssulfony! chioride relative 1o the
alcohol is added {o the mixture to initiate the reaction. Other suitable solvents for this
step include, for example, hydrocarbons, halogenated hydrocarbons, aromatic

hydrocarbons, esters, ethers, nilriles, ketones, and midures thereof.

(00521 The progress of the conversion reaction in the present invention can be
monitored by any means known o those skilled in the art such as, for example, HPLC.
Such a reaction typically requires from about 0.5 hours o about 12 hours for compietion,

depending on variables such as, for example, tlemperature, equivalents of activating

-
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agent, and concentration of the reactants. For example, the less solvent employed the

faster the reagction is likely 1o procesd.

[0053] Once the reaction is complele, the mixture is preferably washed with waler.
The agueous layer can then be sgparated and removed following the wash. Preparation
of the organic phase for the next step in the process of the present invention can be

accomplished by vacuum distillation until the desired volume is reached.

[0084] Ths process of making alkylated arvipiperazine compounds according to the
present invention comprises a step of alkylating a piperazine compound of formula (V1)
with an atkylating agent of formula (V) to provide the alkylated aryipiperazine of formula

0

AN NH Y}_‘(g‘).m % ( N NeAr
- R AN
1 2 i 2

(Vi (V) <i>

[0055] in the reaction between the compounds of formula (V) and (V1) in the present
invention, the compound of formuda (V1) is preferably present in the reaction mixiurg in
an amount of from 1.0 {o 10.0 equivalents and, more preferably, from 1.1 10 1.2
equivalents based on the amount of the compound of formula (V). Also present in the
reaction is about 1.5 equivalents of a base. Suitable bases for this step include alkali
metal carbonates such as potassium carbonate, sodium carbonate, calcium carbonats,
and magnesium carbonate; alkall metal bicarbonates such as sodium bicarbonate, and
potassium bicarbonate; preferably an alkali metal carbonate, In particular, potassium
carbonate; alkali metal hydroxides such as sodium hydroxide, potassium hydroxide,
magneasium hydroxide, or caicium hydroxide; alkali metal phosphates such as sodium
phosphate or polassium phosphate; and organic amine bases such as tristhylamineg,
diisopropylethviamine and pyridine. Ammonium salts of the above bases are also
suitable. Solid inorganic bases may be used alone or as a mixture of two or more kinds
of bases, and may be an anhydrous form or a hydrate thereol. In preferred
embodiments, the base employed for this step is potassium carbonate, K,CO,. The
amount of the base used herein is generally about 0.7 mole or more, praferably 1.0 mole

or more, per ons mols of the total amount of compound of formula (V1). The upper limit

16
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amount of the solid inorganic base used herein is not limited, but, in case that the
amount is too much, the process cost increases. Accordingly, a practical amount of the
base is 3 mole or less, preferably 2.0 mole or less, per one mole of the total amount of

compound of formula (V1)

[00568] Ths progress of the reaction can be monitored by any means known o those

skilled in the art such as, for example, HPLC.

{00571 Once complete, the reaction mixiure is preferably cooled followed by addition of
soivent. The agueous layer is removed followed by additional washes of the organic
phase with water. Once the aqueous laver is separated, the organic layer is preferably
distilied under vacuum and an antisolvent is added. Suiiable antisclvents for this step
include, but are not limited to, hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, esters, ethers, nitriles, ketones, and mixtures thereof. To effect
crysiaflization of the aryipiperazine of formula (1), the mixture is preferably successively

heated and cogcled in the mixiure of solvent and antisolvent,

[0058] Ths process of making alikylated arvipiperidine compounds according io the
present invention comprises a step of alkylating an arvipiperidine compound of formula
{(VH1}) with an alkylating agent of formula (V) {o provide the alkylated arylpiperidine of
formula (Vi3

Ar‘OH + Y}—{?{}LG v { A ~Ar
n H
i 2 Il R

(VI (V) (Vi)

(08581 The reaction conditions and product separation are about the same as those

described above regarding the alkylated arvipiperazine compounds.

(00607  As will be undersiood by those of ardinary skill in the art, the processes
described above and herein can be employed o produce a variaty of compounds. For
gxample, as shown in Table 2 below, the following compounds can be made by the

process described herein for making the alkvlated aryipiperazing compound of formula
(.
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(80621 In the process of making the alkylated aryipiperazine and alkylated
arvipiperidine compounds disclosed herein, numerous intermediale compounds are

produced.
[0063] The following examples iliustrate various aspects of the present invention.
EXAMPLES

[0064] Example 1; Telescoped Preparation of (8aR . BaR)-octahvdrobenzoleli1,3.2]

dioxathieping 3.3-digxide

[0085] [(1R,2R)-cyclohexane-1,2-diviidimethanct (mol. wt. 144.21) is added to
acetonitrile providing a reaction mixture in the form of a suspension. The mbdure is
stirred and cooled to §-5°C. Thionyl choride is added {o the mixiure at a temperature of
0-10°C which results in a clear solution. The solution is stirred at 0-5°C and assayed

periodically to confirm completion of the reaction.

[0066] In a separate vessel, an agueous solution of potassium bicarbonale (2.5 8g)is
added prepared and then cooled 10 (-5°C. The complsted reaction solution above s
then gquenched into the aquecus potassium bicarbonate solution. The balch is then
warmed to 20-25°C and the upper acelonilrile layer is separated and collected. The
aqueous layer is exiracted with acetonitrile and the organic layers are combined
resuliing in a solution of (5aR,8aR)-octahydrobenzole][ 1,3, 2]dioxathiepine 3-oxide (mol.
wt. 190.26).

{00671 In 3 separate vessel, 50% ruthenium oxide hydrate (0.1 wi.%) and sodium
periodate (1.1 eq.) are slurried in waler {and EtQAc at 20-25°C. The (5aR,8aR}-
octahydrobenzolel[1,3, 2ldioxathispine 3-oxide solution above is then added 10 the
sodium pericdate/ruthenium oxide slurry while maintaining the temperature at £30°C.
After the reaction is compliete, the batch is then fillered, after which the filter cake is
washed with EtOAc. The upper organic laver is collected and washed with 20%
aqueous scdium chiloride. The organic layer is dislilled to a minimum volume after which
isopropanol is added o the distilate. The resulting slurry is heatled to 40-45°C after
which it is cooled 1o 8-5°C, and then filtered. The solids are washed with isopropanol
and dried in a vacuum oven resulting in {6aR,BaR)-octahydrobenzofe}]1,3,2]
dioxathiepine 3,3-dioxide (mol. wt. 206.28).
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(00681 Example 2: Telescoped Preparation of Lurasidone Free Base

(00631 Aceionitrile is added to a mixture of (8aR,8aR)-octahydrobenzolel{1,3,2]
dioxathieping 3,3-dioxide {mol. wi. 206.26,1 eq.}, (3aR.4s,7R, 7aS-hexahydro-1H-7 4-
methanoisoindole-1,3{2H}-dione {mol. wi. 165.18, 1.2 eq.) and potassium carbonate (2

eq.} and the mbdure is heated {o about 75°C.

(00787 After the reaction is complets, the mixiure is cooled 1o 20-25°C and waler is
added to the mixiure. Alower, aguecus phass is then removed and an upper, organic

phase is washed with aqueous sodium chiorids.

({00711 The aqueous phases are combined and exiracied with acetonitrile. The organic
phases are combined to form a solution of polassium ((1R,2R)»-2 {{({3aR,45,7R,7aS»1,3-
dioxooctahydro-2H-4,7-methanocisoindol-2-yimethyl) cyclohexylimethyl sulfate (mol. wi.
408.54) in acetonitrile which is then distilled to approximately 5 volumes. Tdlueneg is
added to the batch and, separately a solution of sulfuric acid (0.5 eq.) and water (0.6
volumes) is prepared. The sulfuric acid solution is addead to the baich. This mixiure is

then heated to approximately 75 °C and the reaction is moniiored by HPLC.

{00721 Once the reaction is complete, it is cooled to approximately 45 °C and washed
twice with water {4 volumes). The agueous layer is then removed and the organic layer
is washed with 5% aqueous KHCO; (4 volumes) followed by two additional water
washes (4 volumes). The organic solution comprising (3aR,48,7R,7a8)-2-(((1R,2R}-2-
{Hydroxymethvlcyclohexylimethybhexahydro-1H-4, 7methancisoindole-1,3{2H}-dione
{mol. wt. 201.39) is distilied under vacuum to approximately 4 volumes and {oluene is
added to the baich. This solution is dislilled to approximately 4 volumes and toluene is
added. This batch is cooled to about -8 °C, and triethylamine (1.5 eq.) is added after
which methanesulfony! chioride (1.2 eq.) is added. The progress of this reaction is

monitored by HPLC.

{00731 Once the reaction is complete, water (3 volumes} is added. The agusous layer

is removed and the organic laver is washed with water (2 x 3 volumes).

[0074] The toluene solution of ((1R,2R}-2-({{3aR,45,7R,7a5 -1, 3-dioxooctahydro-2H-
4,7-methanciscindol-2-yhmethylicyciohexylimethyl methanesulfonate is distilled to about
4 volumes under vacuum, and this solution is added o a mixture of 3-{piperazin-1-

yhbenzoldlisothiazole (1.1 8q.) and KHCO; (1.5 eq.). Water (1.8 volumes) is added and

]
o
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the mbdures is healed to approxdmately 80 °C. The progress of the reaction is monitored
by HPLC.

[0075] Once the reaction is complete, the baich is cooled to 45 + 5 °C and toluens (4.5
volumes), water {3.25 volumes), and IPA (1.75 volumes) are added. The agueous layer
is removed and the organic layer is washed with water (2 x 2.5 volumes) at 40 2 5 °C.
The organic layer is distilled under reduced pressure to 3.5 volumes at 50-60 °C, then
isopropanct (8 volumes) is added. The batch is distilled to 3.5 volumes, then IFA (2.5
volumes) is added. The slurry is heated to 80 £ 5 °C for 1-2 hours, then cooled 10 0-5 °C
and filtered. The solids are washed with 1PA and dried 1o isolate (3aR,45,7R,7a8)-2-
{{1RZR}-2-{{4-(benzol{dlisothiazol-3-yl)piperazin-1-yimethylcycichexyhimethyi)
hexahydro-1H-4,7-methancisoindole-1,3(2H)-dione (lurasidone free base, mol. wt.
492.68),

[0076] Example 3: Crystaliization of Lurasidone Free Base

[0077] The crude lurasidone free base of Example 2 is slurried in ethyl acstate (10
volumes) and heated uniil a clear solution is oblained. The solution is cooled to 50-85
°C and filtered to remove any particulates in the solution. The solution is further distilled
to approximately 4-5 volumes and then cooled {o approximalely 0-5°C. The raesulling
solid precipitate is filtered, rinsed with ethyl acetate and then dried under vacuum to

provide crystalline lurasidone frege base.

[0078] Example 4: Preparation of Lurasidone Hydrochloride

[0079] The lurasidone fres base of Example 3 is slurried in isopropano! (1 eq. base o
15 volumes of isopropanol). The slurry is then heated until a clear solution resulis. The
solution is fillered to remove any particulates in the solution. A pre-filtered solution of
10% aquecus HCl is then added, and the batch is slowly cocled o approximately 45-70
“C uniil crystals begin to precipitate. The batch is held at this point for several hours,
then further cooled {0 approximately 0 °C. The resulting solid precipitate is filfered and
then washed with isopropanol (3 x 2 volumes). The precipitate is dried to provids

lurasidone hydrochloride.

100807 Dxample 5 Telescoped Preparation of (3-{5-aceivl-Z-methoxvphenoxyipropyt

mathanesulfonate towards Hoperidong

(00811 A midure of 1,3,2-dioxathiane 2,2-dioxide (22.4 g, 160 mmol, 1 eq.), 1-{3

hydroxy-4-methoxyphenyliethan-1-one (26.9 g, 180 mmol, 1 eq.) and potassium
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carbonate (44.8 g, 320 mimod, 2 eg.) in acsionitrile (220 mbL) is heated at about reflux
temperature. The reaction is monitored by HPLC. Upon completion, the batch is cooled
to about 20-25 °C. The reaction mixture is filterad through a Celile pad and the pad is
washed with acetonilrile (180 mL} to give a solution of potassium 3-(5-aceiyl-2-

methoxyphenoxy)propyt sulfate in acetonitrile, which is used in the next step.

{00821 A solution of H,50, (10 mL HyB0, in 80 mb water) is added slowly to the above
acetonitrile solution. The batch is then heated to about reflux; the reaction is monitored
by HPLC. Upon compietion, the reaction mixiure is cooled to about 20-25 °C, and the
rgsulting phases separaied. The organic phase is washed with brine (100 mL x 2} and
divided into 2 portions (80 ml and 320 mbL}.

(0083 The 80 mbL portion from the above reaction is worked up 1o provide a reference
marker of 1-(3-(3-hydroxypropoxy-4-methoxyphenybethan-1-one as follows. The
solvent is removed under reduced pressure 1o give the crude product, which is purified
by column chromatography on silica gel (10 x silica gel relative to crude product,
psiroleum ether: ethyl acetats [2:1] to petroleum sther: ethyl acetate [1:1]} to give 1-(3-

{3-hydroxypropoxy )-4-methoxyphenyilethan-1-one in 99% purity (2.3 g, white solid).

(00841 A large portion of the acetoniirile solution of potassium 3-{5-aceiyl-2-
methoxyphenoxy jpropyi sulfate (320 mb) is progressed forward as follows.
Approximately 80% of the solvent is removed, and then sthyl acetate (200 ml) is added.
About 80% of the solvent is removed again 1o give a concentrated solution of 1-(3-(3-

hydroxypropoxy-4-methoxyphenyhethan-1-one in ethyl acelate for the next step.

[G085] Tristhylamine (75 ¢) and sthyl acelate (200 mb) are added 1o the above
solution, then a solution of Ms,0 {40 g} in ethyl acetate (200 ml) is added dropwise at
fess than 15 °C. The mixture is stirred at about 10 °C overnighi. The reaction is
monitored by HPLC. Aqueous sodium hydroxide {(15%, 250 mi)} is added when the
reaction is completed, and the mibdure is stirred at about 20-25 °C for 15 min. The
separated organic layer is then washed with 2 M HCEH {200 mL) and brine (200 mL). The
solvent is removed under reduced pressure o give the crude product {3-{5-aceiyl-2-
methoxyphenoxy propyl methanesulfonate as an off-white solid (15 g, 80% AUC by
HELC).

N9
-~
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(0086 LCxample 6: Preparation of Hoperidone Freg Base

(80871 A mixture of 3-(5-acstyl-Z-methoxyphenoxypropyl methanesulfonate (3 g, 10
mmol, 1 equiy), 6-fluoro-3-(piperidin-4-yhbenzoldlisoxazole (2.42 g, 11 mmaol, 1.1 equiv),
KHCO; (1.5 g, 15 mmol, 1.8 equiv), H,0 (6 g) and {oluene (15 ml) is healed at reflux
temperature for 12-16 h. Once the reaction is complete, the batch is cocled to about 20~
25 °C, and then toluene (15 mb), IPA (10 mbL) and water (10 mi} are added. The
biphasic solution is stirred for about 15 min at about 2025 °C. The organic layer is
separated and washed with water (2 x 10 mL). The balch is concentrated {0 about 3-4
volumes under vacuum at < 50 °C o precipitate an off-white solid. Isopropanol (20 mL)
is added, the batch is concentrated to 3-4 volumes under vacuum at < 50 °C.
{sopropanot (20 ml} is added again, and the batch is concenirated {o 3-4 volumes under
vacuum at < 50 °C. isopropanol {10 mL) is added once again and the balch is heated at
reflinc temperature for 1 h, and then the mixture is coolad 1o 5-8 °C over 4 h. The mixiure
is filtered; the cake is washed with isopropano! {2 x 5 mL) and dried to give lloperidone
free base (3.1 g, 74% vield, 98% AUC by HPLC).

(00881 Example 7 Preparation of Folassium 4-(1 1-dicxido-3-oxobenzoldlisothiazol-

203H)-vhbubyl sulfate fowards Ipsapirone

(00897 A mixiure of benzo[dlisothiazol-3{2H}-one 1,1-dioxide (16.0 g, 87.3 mmol, 1.0
gq.}, 1,3,2-dioxathiepane 2,2-dioxide {15.3 g, 100.5 mmol, 1.2 eq.), K,CO4 (24,1 g, 174.6
mmol, 2.0 eg.) and ACN {240 ml) is heatled at reflux temperature for 20 h. After the
reaction is complete, the mixture is filtered and concentrated under vacuum {o give an
oily product. To the residue is added ACN (200 mL)}, and a solid is precipitated
immediately. The mixture is stirred for 1 h at 20-25 °C, then filtered. Polassium 4-{1,1-
dioxido-3-oxobenzofdlisothiazol-2(3H}-yhbutyl sulfate is collected as a white solid (11.4
0, 35% vield, 88.5% AUC by HPLC): LC-MS, M": 335.6 (sulfonic acid).

(006207 Dxample 8: Preparation of 2-(4-hvdroxybutvlibenzoldlisothiazol-3(Z2H)»one 1,1

dioxide fowards lpsapirone

[0081] A solution of H,804{0.8 g, 8.2 mmal, 0.5 eq.) in H,O0 {2 ml) is added to a
mixiure of potassium 4-(1,1-dioxido-3-oxobenzoldiisothiazol-2(3H)-vhbutyl sulfate (6.1 g,
16.3 mmol, 1.0 eq.} in ACN (90 mL) and H,0 {5 ml) dropwise. The resulling mixtureg is
heated at 75-80 °C until the reaction is deemed complete by HPLC analysis. The

mixture is fillered, and filtrate Is concentrated {o approximaiely to 10 mb. 7o the residue,
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dichioromethane and Dl water are added. The layers are separated and the organic
fayer is washed with saturated NaHCO; solution, dried over sodium sulfate and then
concenirated 1o give the crude product in 84% purity by HPLC. The crude material is
further purified by silica gel column chromatography (petroleum ether: ethyl acetats 4:1
to 3:1) to provide 2-(4-hydroxybutyhibenzo[dlisothiazol-3(2H}-one 1,1-dioxide as a light
yellow oil in (2.3 g, 55% vield, 98% AUC by HPLC); LC-MS, M': 255.8.

(00821 Example 8 Preparation of 4-{1,1-dioxide-3-oxebenzoidlisothiazol-2{3H -yhbutbyl

methanesulfonate towards Ipsapirone

(00831 To a mixture of 2-{4-hydroxvbuivlibenzo{dlisothiazol-3(2H}-one 1,1-dioxide
{(17.2 g, 67.4 mmol, 1.0 eq.}) in ethyl acetate (172 mL, 10 vol}, is added triethviamine
(13.6 g, 134.7 mmol, 2.0 eq.} at < 5 °C, foliowed by dropwise addition of Ms,C (12.8 g,
74,1 mmol, 1.1 eq.} in ethyl acetate (20 mL} at 5-15 °C. The mixture is stirred at 20—
25 °C for 20 h and the reaction is deemed complete by HPLC. The mixture is washed
with H.O twice, then drisd over Na,804 The solvent is removed under reducad pressure
to obtain crude material. The crude product is purifisd by column chromatography on
silica gel {30 x silica gel, petroleum sther: sthyl acetate [10:1] to petroleum ethern ethyi
acetale [4:11) which gives 4-(1,1-dioxido-3-oxebenzoldlisothiazol-2(3H yviibuiv
methanesulfonate as a white solid (8.5 g, 38% vield, 96% AUC by HPLC); LC-MS, M":
355.6.

(00847 Exemple 10: Preparation of Ipsapirone Free Base

[0085] A suspension of {1,1-dioxido-3-oxobenzoldlisothiazol-2(3H -yl butyl
methanesulfonate (4.6 g, 13.8 mmol, 1.0 eq), 2-{piperazin-1-yhpyrimidine (2.8 g, 17.9
mmol, 1.3 eq.), KHCO; (2.1 g, 20.7 mmol, 1.5 eq.) and {oluene (46 mL) is heated at 95~
100 °C for 22 h. Deionized water (35 ml} is added, and the organic phase is separated.
The agueous phase is extracied with ethyl acetate (2x30 mL). The organic phases are
combined and dried over Na.S0,. The solvent is removed under reduced pressure {o
give the crude product, which is purified by column chromatography on silica gel by
elution with 17-33% EiOAc/petroleum ether to offer ipsapirone free base as an off-white
solid {2 g, 27% vield, 96% AUC by HPLC).

[0086] The foregoing examples and description of the preferred smbodiments should
be {aken as lustrating, rather than as limiting the present invention as defined by the

claims. As will be readily appreciated, numerous varigtions and combinations of the
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features set forth above can be utilized without departing from the present invention as
set forth in the claims. Such variations are not regarded as a depariure from the spirit
and scopse of the invention, and all such variations are intended 1o be included within the
scope of the following claims.
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What is claimed is:

1. A process for preparing an alliylated arvipiperazine compound of formula (Iy:

¥ ( N ONLAT
AN

h

i 2

wherein,

Ry and R, are individuaily selected from hydrogen, unsubstituted aliyl, and substituted
alkyl, or Ry and R, are connecled to form a 5 to 8 carbon cyclic ring;

nis @, 1, 0r2;

Y is NR3Ry, ORs, or B3R5, where R; and R, ars individually selected from acyl or sulfonyl,
wherein R; and R; may be connected {o form a substituted or unsubstituted cyclic or
bicyclic ring, and wherein Rs is aryi or heteroaryl, or heterocyclic; and

Aris an aryl or heleroaryl group;

said process comprising the steps of:

{i) atkylating YH with a cyclic sulfate of formula (I} in the presence of a base o form

a compound of formula (1), wherein (1 is hydrogen, a metal, or an ammonium sal;

N

o0

YH+ R])\TQ )n
R,

) (i
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{if} hydrolysing the compound of formula (1) to form an alcohol of formula (IV);

(i (V)

(i) converting the compound of formula (1V) to form an alkylating agent of formuia

(V) wherein LG is a leaving group; and

{IV) (V)

{iv} alkylating a piperazine compound of formula (V1) with the alkviating agent of

formula (V) to provide the alkylated aryipiperazine of formula {1}

Ar-N  NH + vx'}_?{}m YWN N Ar
71 2 71 2

2.

) (V) {1}
2. The process of claim 1, wherein Ry and R, individually form part of a Cs, Gg, or &y
cyclic ring.
3. The process of claim 1, wherein Ry and Ry individually form part of a Gy, Gy, 0r Gy

cyclic ring.



WO 2015/195478 PCT/US2015/035558

4. The process of claim 1, wherein the leaving group LG is sslected from the group
consisting of an aryi sulfonate, alkyl sulfonate, phosphate, phosphonate,
proazaphosphairang, and a halogen.

5. The process of claim 1, wherein the compound of formula (1) is selectad from the
group consisting of lurasidone, tiospirone, revospirone, perospirone, brexipirazole,
aripiprazole, aripiprazoie  lauroxil, buspirone, gepirone, ipsapirone, eplapirone,
umaeaspirong, tandospirone, zalospirone, pelanserin, fananserin, piricapiron, DU-128530,

OPC-4382, mafoprazine, and enasculin,

8. A process for preparing an alkviated arvipiperidine compound of formula (Vi)
veo AN Near
N AN
, N,
E{; R, {(Vil}
wherein,

R, and R; arg individually selected from hydrogen, unsubstituted alkyl, and substituted
alkyl, or Ry and R, are connecled to form a 5 to 8 carbon cyelic ring;

n=0,1,or2

Y is NR3R,, OR;, or 8R;, where Ry and R, are individually selected from acyl or sulfonyi,
wherein R; and Rs; may be connected to form a substituled or unsubstituted cyclic or
bicyclic ring, and wherein Rq is aryl or heteroaryl, or hetegrocyclic; and

Aris an aryl or heteroaryl group,

said method comprising:

{i) atkylating YH with a cyclic sulfate of formuia (I} in the presence of a base to form
a compound of formula (1), wherein Q is hydrogen, a metal, or an ammonium salt;

G O

e

o0

[F%]
(¥
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{if) hydrolysing the compound of formula () to form an aleohol of formula (IV);
v { 03050
¥ N
(1 (v}
(i) converting the compound of formula (1V) to form an alkylating agent of formuia

{V), wherein LG is 3 leaving group; and

(IV} (V)

{iv} alkylation of a piperidine of formula (Vi) with the alkyialing agent of formula (V}

to provide an alkylated aryipiperadine compound of formula (VI

(VI (V)

7. The process of claim &, wherein R, and R, individually form part of a Cs, G, 0r Gy

cyclic group.

8. The process of claim 6, wherein Ry and Ry individually form part of a Cs, Gg, 0r Cr

cyclic group.

<. The process of claim 8, wherein the leaving group LG is selected from the group
consisting of an aryl sulfonate, an alkyl suifonateg, phosphate, phosphonate,

proazaphosphairang, and a halogen.
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10. The process of claim 8, wherein the alkylated aryipiperadine compound of

formula (Vi) is lloperidone or abaperidone.

11. A compound of formula (1)

Y ( -0505Q
g am,

whereain,

R, and R; arg individually selected from hydrogen, unsubstituted alkyl, and substituted
alkyl, or Ry and R, are connecled to form a 5 to 8 carbon cyelic ring;

n=0,1, or 2

Y is NRGR,, OR;, or 8R;, where R; and R, are individually selected from acyl or sulfonyl,
wherein Ry and Rs may be connected to form a substituted or unsubstituted cyclic or
bicyclic ring, and wherein Rq is aryl or heteroaryl, or hetegrocyclic; and

Q is hydrogen, a metal, or an ammonium salt.

12, A compound having the siructure:
O8050
O O
QS'}‘
¢ "N

whersin Q1 is hydrogen, a melal, or an ammonium salk.

13. A compound having the siructure:
:,OSOHQ

O

(%]
(¥4
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wherein (Q is hydrogen, a metal, an ammonium salf, a3 methyi group, an aryl group, or a
sublituted aryl group, and

whearginn =2 or 3.

14. A process for preparing lurasidone comprising the steps of:

(Y akylating (3aR48,7R,7aS8hexahydro-1H-4,7-methancisoindole-1,3(¢H)-
dione by reacting it with {8aR,8aR)-octahydrobenzofe]1,3,2]dioxathiepine-3,3-dioxide in
the presence of KyC0; to form polassium {((1R2ZR)-2-({({3aR43,7R,7a8)-1,3-
dioxooctahydro-2H-4,7-methanoisoindol-Z-yhimethyhoyciohexyhmaethyl sulfale;

{il} hydrolyzing potassium {{(1R,2R)-2-{{(3aR,4S5,7R,7a 81, 3-dioxooctahydro-2H-
4.7-methanoiscindol-2-yDmesthybicyclohexybhimethyl sulfate to form (3aR48,7R,7a8)-2-
{(1R 2R)-2-(hydroxymethyijcyclohexyhmethyl) hexahydro-1H-4,7-methanocisoindole-
1.3(2H-dions;

(it} reacting {(3aR48,7R 7aS)2-({{1 R 2R)-2-(hydroxymethylcyclohexylimethyl}
hexahydro-1H-4,7-methanocisoindole-1,3(2H)-dione  with methanesuifonyl chioride o
form ((1R.2R-2-({({(3aR 45,7 R, 7aS-1,3-dioxooctahydro-2H-4, 7-methanoisoindol-2-

yhmethyhicyclohexyhmethyl methanesulfonate; and

{iv} reacting 3-{piperazin-1-ylibenzoidlisothiazole with {(1R.2R)y-2-
{{{3aR,48,7R,7a5)-1,3-dioxooctahydro-2H-4, 7-methanocisoindol-2-
yhmethylovolohexyhimethyl methanesulfonate to form (3aR48,7R,7aSr-2-(({(1R.2R)-2-
{{4-{benzoldliscthiazol-3-vhpiperazin-1-yhmethylcyclohexyhmethyhhexahydro-1H-4,7-

methanoisoindole-1,3(2H}-dione (Lurasidone}.
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