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PROCESS FOR PREPARING N-ARYL-PIPERAZINE DERIVATIVES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application clalms priority to t).S. Application No. flled March
17, 2005, which claims the beneft of U.S. Application No. 80/554,666 flled March
19, 2004, the entire disciosures of which are herein Incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to proceases for preparing N-aryl-piperazine
derivatives, particularly the large-acale production of N-aryi-piperazine derivatives
ussful, inter alia, as 5-HT1a receptor modulators.

BACKGROLUND OF THE INVENTION

[0003] Coertain N-aryl-piperazine derivatives possess pharmaceutical activity. In
particular, certaln N-arfl piperazine derivatives act on the central nervous system
(CNS) by binding to 5-HT recepiors. In pharmacological testing, 1t has been shown
that the certain N-aryl-piperazine derivaiives bind to receptors of the 5-HT44 type.
Many of the N-aryt piperazine derivatives exhibit activity as 5-HTs antugonists.
Ses, for example, US-A-8,127,357, WO 97/03882, US-B-8,4680,007, and US-B-
6,588,436, the diaciosures of which are incorporated herein by reference.

[0004] Certain N-aryl-pipsrazine derivatives are ussful to treat a subject suffering
from central nervous systermn {CNS) disorders such as achizophrenia, (and other
psychotic disorders such as parancia and mano-depressive liness), Parkinson's
disease and other moior disorders, anxlely (6.g., genemalized amdety disorders,
panic attacks, and obeesalve compulsive disorders), depression (such as by the
potentiation of sarotonin reuptake Inhibitors and serotonin norepinephrine reuptake
inhibltors), Toureite's syndroma, migraine, autism, eitention deficit disorders and
hyperaciivity dieorders. These compounds may also be useful for the treatment of
sieep disorders, soclal phoblas, pain, thermoregulatory disorders, endocrine
disorders, urinary Incontinence, vasospasm, stroke, eafing disorders such as for

SUBSTITUTE SHEET (RULE 26)
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example obesily, anorexia and bulimla, sexual dysfunction, end the treatment of
alcohol, drug and nicotine withdrawal. In addition, theee compounds are useful for
the treatment of cognltive dysfunction and may be useful for the ireatment of
cognitive dysfunction associated with mild cognitive impalrment (MC!)) Alzhelmer's
disease and other dementias, including [ewy Body, vascular, and post stroke
dementias. Cognitive dysfunction assoclated with surgical procedures, traumatic'
brain Injury or stroke may also be treated with such compounds. Further, these
compounds may be useful for the treatment of diseases In which cognitive
dysfunction ls a co-morbidity such as, for example, Parkinson's disease, autism, and
attention deficit disorders.

[0005] A multl-step synthesis of certain N-aryl-piperazing darivetives of formuta I:

e

including (R)4-cyano-N-{2-{4-(2,3-dilydro-1,4-benxodioxan-5-v)-1-plperazinyl-
propyl-N-{2-pyridinyl)}-benzamide Is disciosed In U.S. Published Application No.
20030204087. The reaction ascheme for {R)}-4-cyano-N-{2-{4-(2,3-dhydro-14-
benzodloxan-5-yi)-1-piperazinyl-propyl-N-(2-pyridinyl}-benzamide is shown in
Schame 1, where benzodioxane aniline 2 is dialkylated with chloroethanol or ethyl
bromoacetate. The diol intermediate 3 Is elther prepared directly or it Is reduced
from the comreaponding diester 4. The diol molety is activated as the dimeeylate 3
followed by coupling with the aminosulfonic acid 8. Hydrolysis of the sulfonic acld
molety of compound 7 gives {2-[4-{2,3-Dihydro-benzo[1,4]dloxin-5-yi}-piperazin-1-yi]-
propyl}-pyridin-2-yl-amine) 8. Acylation of compound 8 with p-cyanobenzoyl chlquda
gives the desired N-aryl-piperazine derivative, (R)4-cyano-N-[2-{4-(2,3-dihydro-1,4-
benzodioxan-5-yi}-1-piperazinyl-propyl}-N-{2-pyridinyl}-benzamide 1.

SUBSTITUTE SHEET (RULE 26)
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[0006] Although useful for laboratory preparations, the above conditions of the
(R)-4-cyano-N-[2-{4-(2,3-dlhydro-1.4-benzodioxan-5-yi)-1-piperazinyl-propyl-N-(2-

pyridinyl}-benzamide are lese sultable for a commerclal scale process.
Disadvantages Include the requirement for the purification of intermediates and the
difficuft isolation of the final product. Polyalkylation by-products form from alkylation
of banzodioxane anliine 2 and by-products form during plperazine formation from
dimesylate § and aminosulfonic acld 8 accumulate and make the crystallization of
the piperazine salt difficuit. This consequently affects the yield and purity of the final

product.

Scheme 1

SUBSTITUTE SHEET (RULE 26)
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SUMMARY OF THE INVENTION

fo007] The present invention la directsd fo processes for preparing N-ary-

piperazine derivatives, compositions comprising N-aryl-piperazine derivatives and a
low level of common Impurities, and the products produced by the Improved

processes.
[oo08] In one embodiment, the present inventlon is directed to procassas for
preparing a compound of formula |: .

7

T
e

or pharmacsutically acceptable sait thereof:

wherain

R is Cy-Cy alkyh;

Ar' is Co-Cya aryl optionally substituted with up to three substivents
independently selected from the group consisting of halo, alkyl, alkoxy,
alkoxycarbonyl, nitro, emino, alkylamino, dialkylamino, haloalkyl, dihatoaikyl,
trihaloalkyl, cyano, and amido substituenis, each alkyl having no more than aix
carbon atoms; and

AP is dihydrobenzodioxinyl, benzodioxinyl, or phenyl optionslly substiuted
with up to three substituents independently selected from the group consisting of
halo, methaxy, halomethyl, dihalomethyl and trihalomethyl;

comprising the steps of:-

(@) diakylating an amino-substituted aryl compound or amino-substitutad
heteroaryl compound of formula
ArNH;

SUBSTITUTE SHEET (RULE 26)
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wherein Ar* Is as defined above,
with 2-haloethana! to form a compound of formula l:

RS

and forming a salt of the compound of formula i,
(b) activating the salt of the compound of formula 1l o form a comesponding

compound of formula il
LI /rl.

E—-—z

Ar?

wharein L [a & leaving group:
(c) . coupling the compound of formula Iti with an aminoalkyi{pyridine-2-yi)sulfamic
acid of formuia

wherein R le as defined abovs, to form a compound of formula IV:

SUBSTITUTB SHEET (RULE 26)
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\n ﬂ/ﬂ
@
v - ;

wherein R I8 C4+-C; alkyl and Ar? is as defined above;
(d) hydrolyzing the compound of formula 1V to form a compound of formula V:

Dy
.

A

Vv

and forming a salt of the compound of formuta V; and

() acylating the salt of compound of formula V with a compound of formula Vi:
0

A

N

X

v
whereln X Is halo and Ar' Is as defined above;
to form a compound of formula | as defined above.

SUBSTITUTE SHEET (RULR 26)
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[00089] in another ambodiment, the present invention is directed to tHe product
produced by the process described above.
[0010] In yet another embodiment, the preasnt invention is directed to
composliiona, comprising:
at lsast one compound of formuia I:

e

o

or pharmacsutically accepiable salt thereof;

wherein

Ris C1-C4 alkyl;

Ar' 18 Cg-Cia aryl optionally substituted with up to ihres substituents
independently selected from the group consisting of halo, alkyl, alkoxy,
alkoxycarbonyl, nitro, amino, alkylarnino, diatkylamino, haloalkyl, dihaloalkyl,
trihaioalkyl, cyano, and amido subetituents, each alkyl having no more than six
carbon atoms;

A |s dihydrobenzodiondnyl, banzodioxinyl, or pheny! optionally substituted
with up to three subsiituents independently selected from the group consisting of
heio, methoxy, halomethyl, dihalomethyl, and trihalomethyl;

Jass than about 0.5% by weight, based on the weight of the composition, of @
dimer of the compound of formuia {; and

leas than about 0.5% by weight, based on the welght of the composition, of a

polyalkytation impurity.

DETALED DESCRIPTION OF THE INVENTION

SUBSTITUTE SHEET (RULE 26)
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[0011] The present invention is direcied to processes for prepsfing N-aryl-
piperazine derivatives, compositions comprising N-aryl-piperazine derivatives and
low ievels of common impurities, and products produced by the Improved processes.
[0012] The following definitions are provided for the full understanding of terma
and.abbreviations used in this spodﬂuaﬁon.
[0013] As used hersin and in the appended clalms, the singular forms “a,” “an,”
and "the" Include tha plural reference unless the context cleatly indicatea otherwiee.
Thus, for example, a reference o "a compound” |8 a raference to one or more
compounds and equivalents thereof known to those skilled In the art, and so forth.
[0014] The sbbraviationa In the specification cormespond to units of measure,
" techniques, properties, or compounds as follows: “min” means minuiss, *h” means
hour(s), “yl." means microliter(s), "mL" means milliltar(s), "mM" means millimolar,
"M” means molar, "mmole” means milimole(s), “cm" meens cantimeters, "SEM"
means standard error of the mean and “U” maans international Units. “A°C" and A
*EDap value™ means dose which results in 50% alleviation of the observed condition
or effect (50% mean maximum endpoint).
[0015] In the contaxt of this dieclosure, a number of tarms shall be utiiized. The
tarm “treatment” as used herein includes preventative {(s.g., prophyfactic), curative or
palijative treatment and “treating® as used herein also includes preventative, curative
and pailiative treatment. .
[0016] The tarms "component’, “drug” or "pharmacociogically active agent” or
"active agent” or “medicament® are used Interchangeably herein to refer to a
compound or compounds or composition of matier which, when administered to an
organism (human or nﬁimar) induces & desired phannmacologic and/or physiciogic
effect by local and/or systemic action.
[0017] The term "modulation” refers to the capacity to alther enhance or Inhiblt a
functional property of a biological activity or process, for example, receptor binding
or signaling activity. Such enhancement or Inhibition may be contingent on the
occumrence of a specific event, such as activation of a signal tranaduction pathway
and/or may be manifest only in particular cell types. The modulator is intended to
comprise sny compound, e.g., antibody, small molecule, peptide, oligopeptide,
polypeptide, or protein, prefarably small molecule, or peptide.

SUBSTITUTE SHEET (RULR 26)
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[o018]  As used herein, “amino-substiuted aryl compound® means @ phenyi or
naphthyl compound substituted with at least one amino substituent and optionally
substituted with up to three substituents independently selected from the group
coneisting of halo, methoxy, halomethyl, dihalomethyl, and trthalomathyl. Such
amino-substituted aryl compounds Include phenylamine (aiso known as aniline) and
naphthalenylamine.

[0019] As used herein, "amino-substituted hetercaryl compound” means a
dihydrobenzodioxiny! or benzodiadnyl compound substiiuted with at least one amino
substituent and optionally substituted with up to thres substituents independently
selected from the group consisting of halo, methoxy, halomathyl, dihalomethyl and
trihalomethyl. Such amino-substituted heteroaryl compounds include benzodiaxane
anlline and dihydrobenzodioxane anlline, espacially, 2,3-dihydro-benzo[1,4)dinxin-5-
ylamine.

[0020] Within the present invention, the compounds of formula | may be prepared
in the form of pharmaceutically acceptable salte. As used herein, the term
“pharmaceutically acceptable salts refers to salts prepared from phamaceuticaity
acceptable non-toxic aclds, Including Inorganic salts, and organic salts. Sultable
non-organic salts Include Inormganic and organic aeclds such as acetic,
benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfonic, fumaric, gluconic,
glutamic, hydrobromic, hydrochioric, lsethionic, laclic, mafic, maleic, mandelic,
methanesulfonic, mucie, nitric, pamoic, pantothenie, phosphoric, succinic, sulfuric,
tartaric acikd, p-toluenesulfonic and the like. Particularly prefemmed are hydrochloric,
hydrobromic, phosphoric, end sulfurlc acikds, and most preferably Is the
hydrochioride satt. '

[0021] The term “subject” or "patient” refers to an animal Including the human

species that is treatable .wlth the compositions, and/or methods of the present

Invention.

[0022] “Alkyl" as used hersin, refers fo an aliphatic hydrocarbon chain and
Includes straight and-branched chains such as methyl, ethyl, n-propyl, Isopropyl, n-
butyl, isobulyl, secbutyl, tbutyl, n-pentyl, isopentyl, neo-pentyl, n-hexyl, and
isohexyl. L.ower alkyl refers to alkyl having 1 to 3 carbon atoms.

SUBSTITUTE SHEET (RULE 26)
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[0023] “Alkoxy,” as used herein, refars to the group R-O- where R is an afkyl group
of 1 to 6 carbon atoms.
[0024] “Alkoxycarbonyl,” as used herein, refers fo the group R-O-C(=0)- where R
is an alkyl group of 1 to 8 carbon atoms.
_ [0025] “Halogen® (or,"haio”), as usad herein, refers to chiorine, bromine, fluorine,
and lodine.
[0026] In one embodiment, the present Invention Is directed to processes for
preparing a compound of formula |:

K
)

or pharmaceutically acceptable salt thereof,

wherein

R is C4-Cy alkyl;

A' s CeCyz aryl optionally eubstiuted with up to three substituents
independenty selected from the group consisting of halo, salkyl, alkoxy,
alkoxycarbonyl, nltto, amino, alkylamino, dialkkylamino, haloalkyl, dihaloalkyi,
trihaloalkyl, cyano, and amido substiituents, each alkyl having no more than six
carbon atoms; and

A2 is dihydrobenzodioxdnyl, benzodicadmyt, or phenyl optionally substituted
with up 1o three substituents independently selected from the group consisting of
halo, methoxy, halomethyl, dihalomethyl and trihalomethyi:

comprising the steps of.

(a) dialkylating en amino-substituted aryl compound or emino-substituted
heteroaryl compound of formula
ArNH,

SUBSTITUTE SHEET (RULE 26)
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Lo b
whereln A Is as defined above,

with 2-halosthanol io form a compound of formula 11

hva

A

and fnnﬁllngaaanof.me compound of formula I,
(b) activating the aalt of the compound of formula I} fo form a comesponding

compound of formuia Hll:
L\L J/ L
N

AR

whereln L. Is a leaving group;
(c) coupling the compound of formula lll with an aminoalkyl(pyridine-2-yl)sulfamic
acld of formula

whenrein R is as defined above, to form a compound of formula IV:

SUBSTITUTE SHEET (RULE 26)
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e

A

v ;
whisrein R Is C4-Cy alkyl and Ar* is as defined above;
(d) hydnolyzing the compound of formula IV to form a compound of formula V:

\N I H/\'!l/"
,

A

A

and forming a salt of the compound of formula V; and
(e) acylating the salt of compound of formula V with a compound of formula Vi:

PN

Vi
wherein X is halo gnd Ar’ Is a8 defined above;
to form a compound of formula 1 as defined above.

At X

SUBSTITUTE SHEET (RULE 26)
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[0027] In preferred embodiments, the aminoalkyl(pyriiine-2-yl)sulfamic acid s 2-
aminopropyl(pyridine-2-yl)sulfamic acid, more preferably, (2R)-2-
aminopropyl(pyridine-2-yl)sulfamic acld. In cerlain prefered embodiments, the
aminoalkyi(pyridine-2-yi}eulfamic acid is formed from fs 2-{5-alkyl-2,2-dioxo-2A°-
(1,2, 3loxathiazolidin-3-yi)-pyridine precursor, preferably, 2-(5-methyi-2,2-dloxa-2A%-
[1,2,3]axathlazolidin-3-yl)-pyridine precursor.
[0028] In certain preferad embodiments, R is methyl.
[0028] In certain preferred embodiments, Ar' Is a substiuted phenyl, prefarably, a
cyano substiiuted phenyl, more preferably, p-cyanophenyl.
{0030] In certain preferred embodiments, Ar? Is dihydrobenzodioxinyl.
[0031] In eertain prefermed embodiments, L Is halo, togylate, mesyfate, ar p-
bromophenyisulfonyloxy, preferably, mesylate or halo (especially chloro or bromo),
most preferably, mesylate.
[0032] in certain preferrad embodiments, X Is chioro.
[0033] In certain preferred embodiments, the amino-substituted aryl compound Is
anlline or naphthalenylamine. In other preferrad embodiments, the amino-
substituted heteroaryl compound ls benzodioxane anlline or dihydrobenzodioxane
aniline, preferably dihydrobenzodioxane aniline.
[0034] In certain preferved embodiments, step (b) Is carried out In the presence of
a tertiary amine, preferably, the tartiary amine is triethylamine.
J0035] In certain preferred embodiments, the 2-haloosthanol is 2-chiorosathanol.
[0036] In certain preferred ambodiments, the dlalkylating step is camied out In the
presence of at least one inorganic base in aprotic solvent.
{0037] in certain preferred embodiments, the salt of the compound of formula Il Is
an Inorganic salt, preferably a hydrogen chioride sait.
[0038] In certain preferrad embodiments, the salt of the compound of formula V is
an inomganic salt, preferably 2 hydrogen chioride sait. .
[0038] in certain preferred embodiments, the proteciing step or the activating etep
s camled at a temperature of from about 0°C to about 25°C, preferably, at a
temperature of from about 0°C to about 15°C, more preferably, at a2 temperature of
from about 0°C to about 10°C.
[0040] The process of the invention is particularly useful for the praparation of the
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compounds of formula | of formuia IA: ""/(8
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_ or pharmaceutically acceptable saft thereof.
[0041] The process of the invention is particularly useful for the preparation of 4-
cyano-N-{2-{4-(2,3-dlhydro-benzo[1,.4]dlaxin-5-yi)-piperazin-1-yl}-propyl}-N-pyridin-2-
yl-benzamide or pharmaceutically acceptable sait thersof, including especially, (R)-
4~cyano-N-2-J4-(2,3-dihydro-1,4-benzodioxan-5-yi)-1-piperazinyi-propyl}-N-(2-
pyridinyl}-benzamide or phamaceutically acceptable sait thereof.
[0042]} The Improved process of the Invention fs characterized by improved
product purity, higher ylelds, iower costs, and technical convenience relative to
synthetic route disciosed In U.S. Published Application No. 20030204087. For
example, with respect to the formation of 4-cyano-N-{2-|4-(2,3-dihydro-
benzoi1 ,4)dioxin-5-yi)-piperazin-1-yfl-propyl}-N-pyridin-2-yl-benzamide, dialkylation
of benzodloxane anline with 2-chloroethanol Is catalyzed with inorganic bases In
aprotic solvent. Polyalkylation ia minimized under these conditions. Furthermore,
simple fittration of the Inorganic salt formed duing the reaction avoids the need for
multiple extractions of the highly water-soluble diol. Subsequent sait formation of
diol gives a stable solld that can be readfy Isolated In high yield and purity.
[0043] Yield and rate of aminosulfonic acid formation from ammonia opening of
suifamate {3 improved with a higher concentration and molar equivalent of smmonla
used. A highly pure and crystalline product was Isolated and purified simply from
solvent exchange with acatoniirie. The solld aminosulfonic acid product 8 Is readily
Isolated by filtration.
[0044] The diol salt may be telescoped to the piperazine salt in high yleld and
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purity. Activation of the diol can be accomplished using methanés{itifS (meeyl)
anhydride or methanesulfonyl (meay!) chioride, preferably methanesulfonyl chioride.
Dimesyiate s formed directly from the diol salt The reaction may be carried out at
low temperatures, for example, In the range of about 0°C to about 25°C, preferably,
about 0°C to about 25°C, more prsferably about 0°C to about 10°C to prevent
chloride displacement of the mesylate. The dimesylate formed ls then added to a
wam mixture of aminosulfonic acid and Hinig's base In butyronitrle to give
piperazine sulfonic acid. The sulfonic acld molety of piperazine is then hydrolyzed
using a 3 N HC! solution. The piperazine Is purified and Isclated by filtration as the
plperazine salt. The salts formed allow for easy Isolation and purification of the
plperazine. '
‘[0045] The dlall:ylation ‘of benzodioxane anfline with chioroethanol is preferably
carmied out In an aprotic solvent, such as xylene, foluene, proplonitrile, and
butyronitrile, preferably high bolling polar, aprotic solvant such as propionitrile, and
butyronitrile, and most preferably butyroniirile, at a temperature of from about 45°C
to about 120°C, preferably at about 50°C, to refiux in the presence of a base,
preferably In an lnorganic bases asuch as potassium carbonate or sodium carbonats,
catalyzed by catalysts such as sodium lodide or t-butylammonium lodide. The use
of inorganic base gives: an inorganic salt by-product that may be easily removed by
fitration. The diol product Is highly water-soluble and the use of an Inorganic base
avoids the need for an aqueous work-up. A salt, preferably the hydrochloride of the
anfine diol, can be obtained for easy Isolation in high yield and purity.

[0048] Yield and conversion rats of the ammonla opening of sulfamate was
improved with Increased molar equivalent of ammonia used. This step Is
“characterized by easy isolation of product from solvent exchange with CHsCN.
[0047] Piperazine formation step Is camied out from coupling of the activated diol
and aminogulfonic ackd.  Importantly, the piperazine may be prepared from the
diof sait and aminosulfonic acid without isolation of Intermediates, without changing
the solvent (preferahly bityroniirlie), and with high yield and purity.

[0048] Furthermore, the modifications of the present process are less labor- and
time-intensive than the synthetic route disclosed In U.S. Published Application No.
20030204087, |
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[0048] I other embodiments, the invention is directad to the produdis piéddbed by
the improved pmcasat?atmrhln Iawarle\‘als of common impurities, including the
dimer of the compound of formula | and the polyalkylation products. The dimer
impurities of the compound of formula | include the compounds of formula A:

A
- whereln Q Is H, -CHj, -CH(CHa), CH{CH2)zCHs, or CH(CH2)sCHa.

[0050] In yet other embodiments, the invention [s directed to compositions,
comprising:

the product producad by the improved process; and

at least one pharmacsutically acceptable carier.
[00541]) In another embodiment, the Invention is directed to compositions,

comprising:

at lsast one compound of formula |:

7

R N
\i/:/lr‘m "

ol

or phamaceitically acceptable sait thereof;
wherein

Ris Ci-C, aliyl; " -
Ar' I8 Cg-Ciz aryl optionally substituted with up to thres substituenis

Independently selected from the group consisting of halo, alkyl, alkoxy,
alkoxycarbonyl, nitro, amino, alkylamino, dialkylamino, haloalkyl, dihaloalkyi,
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trihaloalkyl, cyano, and amido substituents, each alkyl having no than six
carbon atoms;

Ar? |s dihydrobenzodiaxinyl, benzodlaxinyl, or phenyl optionally substituted
with up to three substituents independently selectad from the group consisting of
halo, methoxy, halomethyl, dihalomethyl, and trihalomethyi;

_ less than about 0.5% by weight, based on the weight of the composition, of a
dimer of the compound of formula I; and

less than about 0.5% by weight, based on the weight of the composition, of a
polyalkylation impurity.

[0052] in certaln preferred embodiments, the composition further comprises at
least one pharmaceutically accaptable carier.

[0053] In certain preferred embodiments, R is methyl.

[0054] In ceriain preferred embodiments, Ar' Is & substituted phenyl, prefarably,
cyano substituted phenyl, more preferably, p-cyanophenyl.

[0055] [n certain preferred embodiments, Ar is dihydrobenzodloxinyl.

[0056] In certaln preferred embodiments, L is a mesylate or halo, especlally chioro
or bromo, preferably, mesylata.

[p057] in certain preferred embodiments, the compound of formula | Is a
compound of fqnnula IA:

he

VAR
\_/

1—

IA
or a pharmaceutical acceptable salt thereof.
[0058] In certein prefarred embodiments, the compound of formula | Is 4-cyano-N-

{2-}4~(2,3-dihydro-benzo{1,4)dloxin-5-yi)-piperazin-1-yil-propyl}-N-pyridin-2-yi-
benzamide or phammaceutically acceptable salt thereof, preferably (R)-4-cyano-N-
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[2-{4-(2 3-ditrydro-1 4-benzodioxan-5-yi)-1-piperazinyl-propyll-N-(2-pyridiriyl)-
benzamide or pharmaceutically acceptable salt thereof.
[0058] Some of the compounds of the present Invention may contain chiral centers
and such compounds may exist in the form of aterecisomers (Le. enantiomers). The
present invention includes afl such sterecisomers and any mixiures thersof including
racemic mixiures. Racemic mixtures of the stereclsomers as well as the
substantially pure stersclsomers are within the scopa of the Invention. The term
“substentially pure,” as used hereln, refers to et lsast about 80 mole %, more
preferably at least about 85 mole %, and most preferably at jeast about 88 mole % of
the desired sterecisomer I8 present reiagtive to other possible stersolsomers.
Prefermed enantiomers may be isolated from racemic mixiures by any methad known
to those skilied in the art, including high performance liquid chromatography (HPLC)
and the formation and crystalitration of chiral salts or prepared by methods
described hereln. See, for example, Jacques, et al., Enanflomers, Racemates and
Resolutions (Wihiey interscience, New York, 1081); Wien, S.H., ef al,, Tetrahedron,
33:2725 (1877); Ellel, E.L. Stereochemistrty of Carbon Compounds, (McGraw-ill,
NY, 1982); Wilen, S.H. Tebles of Resolving Agents and Optical Resoiutions, p. 268
(E.L. Ellel, Ed., Universily of Notre Dame Press, Notre Dame, IN 1872).
{0060] The present invention includes prodrnugs of the compounds of formula |.
‘Prodrug,” as used herein, means a compound which is convertible in vivo by
metabolic means (e.g. by hydrolysis) to & compound of formula . Various forms of
prodrugs are known In the art, for example, as discussed in Bundgaard, (ed.),
Design of Prodrugs, Elsevier (1985); Widder, of al. {ed.), Methods in Enzymology,
vol. 4, Academic Press (1885); Krogsgaard-Larsen, et al., (ed) "Design and
Application of Prodrugs,” Textbook of Drug Design and Deveiopment, Chapter 5,
" 113-191 (1991), Bundgaard, et al., Journal of Drug Defiver Reviews, 1902, 8:1-38,
Bundgaard, J. of Pharmaceutical Sclences, 1988, 77:285 ef seq.; and Higuchl and
Stella (eds.) Prodrugs as Novel Drug Delivery Systems, American Chemical Society
(1975).
[0061] Further, the compounds of formula | may exst In unsolvated as wsll as in
solvated forms with pharmaceutically acceptable soivents such as water, ethanol,
and the like. In general, the solvated forms are coneldered equivalent to the
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[o082] The compounds can be syntheatzed, for example, by the methods
deacribed balow, or variations thereon as appreciated by the skiled artisan. All
procasses disclosed in association with the present invention are contempiated to be
practiced on any scale, including mifiigram, gram, muitigram, kilogram, multikiogram
or commercial Industrial scale.

[0083] As will be readily understood, functional groups present may contein
protecting groupe during the course of synthesls. Protecting groups are known per
se as chemical functional groups that can be seleclively appended to and removed
from functionalities, such as hydroxyl groupe and carboxyt groups. These groups
are present in 8 chemical compound to render such functionality nert to chemical
reaction conditions to which the compound'is exposed. Any of a varlely of protecting
groups may be employed with the present invention. Proteciing groups that may be
employed in accordance with the present Invention may be described in Greene,
TW. end Wuts, P.G.M., Profective Groups in Omanic Synihesis 2d. Ed., Wiley &
Sons, 1991. -

[0084] Compounds of the present invention are sultably prepared In accordance
with the following geneml description and specific examples. Variablies used are as

defined for Formula |, uniess otherwise notad. The reagents used In the preparation

of the compounds of this Invention can be elther commercially obtained or can be
prepared by standard procedures deacitbed in the literature.

{0085] The procass described above may be carried out to give a compound of
formula | In the form of a free base or as an acld addition salt. If the compound of
formula | Is obtained as an acld addition salt, the free base can be obtained by
basHylng a solution of the acld addiflon salt Conversely, ¥ the product of the
process Is a free base an acld addiion salf, particularly a pharmeceutically
acceptable acld addiion saft, may be obialned by dissolving the free base in a
suitable organic soivent and treating the sclution with an acld, in accordance with
conventional procedures for preparing ackl addition salts from base compounds.
[0088] Examples of acid addition salts are those formed from inorganic and
organic acids, such as sulfurlc, hydrochioric, hydrobromic, phosphoric, tartaric,
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succinic acids.

[0087]1 The compounds of formula | may contain one or more asymmetric carbon
atoms, so that some compounds can exist in different sterecisomeric forms. The
compounds can be, for axample, racematss or optically active forms. The optically
active forms can be obfained by resolution of the racemates or by asymmetric
synthesis. -

[0068] The compounds of formula | possess phamacological activity. In
particular, they act on the central nervous system (CNS) by binding to 5-HT
raceplors. In phamacological testing, it has been shown that the compounds
particularly bind io receptors of the 5-HTs4 type. In general, the compounds
selectively bind to receptors of the 5-HT14 type to a much greater extent than they
bind to other receptors, such as a4 and D2 receptors. Many exthibit activity as 5-HT s,
antagonists In pharmacological testing.

[0060] The compositions and products produced by the process of the present
invention comprising compounds of formula | are useful to treat a subject suffering
from central nervous system (CNS) disorders such as schizophrenia, (and other
psychotic disorders such as parancia and meano-depressive finess), Parkinson's
disease and other motor disorders, andety (e.g., genenallzad ardety disordera,
panic attacks, and obsessive compulsive disorders), depression (such as by the
potaentiation of serotonin reuptake inhibliors and serotonin norepinephrine reuptake
Inhibltors), Toursite’s syndrome, migralne, autism, attention deficlt disorders and
hyperactivity disorders. These compositions and products produced by the process
of the present Invention may also be usseful for the treatment of slesp disorders,
soclal phoblas, pain, themmoregulastory disorders, endocrine disorders, urinary
incontinence, vascepasm, etroke, sating disorders such as for axample obesity,
anorexda and bulimia, sexual dysfunction, and the treatment of alcohol, drug and
nicotine withdrawal. in addition, thees compasitions and products produced by the
procass of the present invention are useful for the treatment of cognitive dysfunction
and may be useful for the treatment of cognitive dysfunction assoclated with mild
cognitive impalment (MCI)) Alzheimer's disease and other dementlas, including
Lewy Body, vascuier, and post stroke dementias. Cognitive dysfunction assoclated
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- with surgical procedures, traumatic brain Injury ar stroke may also be treated with
the compositions and products produced by the process of the present invention.
Further, these compositions and products produced by the process of the present
invention may be useful for the treatment of diseases in which cognitive dysfunction
is a co-morbidity such as, for example, Parkinson's disesse, autism, and attention
deficht disorders.
[0070] In other embodiments, the Invention is directed to compositions,
comprieing: '
a. at least compound of formula | or phamlacautlca!ly acceptablae salt thareof:
b. less than about 0.5% by weight, besad on the welght of the composition, of a
dimer of the compound of formula |;
c. leas than about 0.5% by weight, based on the weight of the compoeition, of a
polyalkylation impurity; and
d. optionsilly, at least one pharmaceutically accaptable carrler.
[0071] Generally, the compound of formula { or a pharmaceutically accaptable salt
thereof will be present at a level of from about 0.1%, by weight, to about 90% by
weight, basad on the total welght of the composition, based on the total weight of the
composition. Preferably, the compound of formula | or a pharmacsutically
acceptable sait thereof will be present at a level of at least about 1% by welght,
based on the total weight of the composition. More preferably, the compound of
formula { or a pharmaceutically acceptable salt thereof will be present at a level of at
least about 5% by weight, based on the total weight of the compaosition. Even more
preferably, the compound of formula | or a pharmaceutically acceptable salt thereof
will be present at a level of at least about 10% by weight, based on the total weight
of the composition. Yet aven more preferably, the compound of formula | or &
phamaceutically acceplable esit thereof will be present at a level of at least about
- 25% by welight, based on the total weight of the composition.
[o072) Preferably, the compositions of the invention comprise iess than about
0.2% by welight of the dimer of the compound of formule |, based on the total weight
of the composition. More preferably, the compasitions of the Invention comprise ieas
than about 0.2% by weight of the dimer of the compound of formula |, based on the
total weight of the composition. Even more preferably, the compositions of the
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Invention is substantially free of the dimer of the compound of formuia I,
[0073] Preferably, the compositions of the invention comprise less than about
0.2% by weight of the polyalkylation impurity, based on the total weight of the
composition. More preferably, the compositions of the Invention comprise less than
about 0.1% by welight of the polyalkylation impurity, based on the total weight of the
composition. Even more preferably, the composltions of the Invention is
substantiaily free of the polyalkylation Impurity.
100741 Such compositions are prepared In accordance with acceptable
pharmmaceutical procadures, such as described In Remingfons Pharmaceutical
Sclences, 17th edition, ed. Alfonocso R. Gennaro, Mack Publishing Company,
Easton, PA (1985). Pharmaceutically acceptabie camiers @gre those that are
compatible with the other ingredients in the formulation and biologically accaptable.

[0075] The compounds and compositions of this Invention may be -

administered orally or parenterally, neat or In combination with conventional
pharmaceutical carlers. Applicable sofid camiere can Inciude one or more
subatances that may aiso act as flavoring agents, lubricants, solubilizers, suspending
agents, fillers, glidants, compreasion akis, binders or tablet-disintegrating agents or
an encapsulating material. In powders, the camier Is a finely divided solid that Is In
admixture with the finely divided active ingredient. In tablets, the active ingredient is
mixad with a camier having the neceesary compression properties in suitable
proportions and compacted in the ashape and size desired. The powders and tablets
preferably contain up to 99% of the active ingredient. Sultable solid carriers include,
for example, calclum phosphate, magnesium stearate, talc, sugars, lactose, dextrin,
starch, gelatin, celiuiose, methyl ceilulose, sodium carboxymethyl celiulose,
polyvinylpymmolkiine, low meiting waxes and lon exchange resins.

[0078] Liquid cariers may be used In preparing solutions, suspensions,
emuisions, syrups, and elbkrs. The aclive ingredient of this invention can be
dissolved or suspended in a pharmaceutically accepiable liquid carler such as
waler, an organic solvent, a mixture of both or pharmaceutically acceptabile ofis or
fat. The Hquid carrler can contain other sultable pharmacesutical additives such as
solubliizers, emuisifiers, buffers, preservatives, sweetsners, flavoring agents,
suspending agents, thickening agents, colors, viscosity regulators, stabillzers, or
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osmo-regulators.  Sultable examples of liquid caniers for oral and bgml
administration include water (particuladly containing addiives as above, ag.
cellulose derivatives, preferably sodium carboxymethyt celiulcse solution), alcohols
(including monchydric aicohols and polyhydiic alcohols e.g. glycols) and their
derivatives, and olis (e.g. fractionated coconut oll and arachis off). For parenteral
administration, the carer can also be an olly ester such as ethyl oleats and
isopropyt myristate. Sterlle liquid caniers are used in sterlle liquid form compositions
for parenteral administration.

[0077] Liquid pharmaceutical compositions, which are sterfle solutions or
suspensions, can be administered by, for example, intramuscular, intraperitoneal or
subcutaneous injection. Sterlle sclutions can also be administerad intravencusly.
Oral administmation may be elther liqeid or sofid compaoslilon form.

[0078] Praferably the pharmaceutical compoeltion is In unit dosage form, e.g. as
tablets, capsules, powders, solutions, suspensions, emuisions, granules, or
supposhiories. in such form, tha compoasition ls sub-divided in unit dose containing
appropriate quantities of the active Ingredient; the unit dosage forms can be
packaged compositions, for exampie packeted powders, vials, ampoules, prefiiled
syringes or sachets containing liquids. The unit dosage form can be, for example,
capaule or tablet ltself, or it can be the appropriate number of any such compositions
in package form.

[0079] In another embodiment of the present invention, the compositions and
" producta produced by the process of the present invention may be administered to &
mammal with one or more other phannaceutical active agents, such as thoss agents
being used to traat any other medical condition present in the mammal. Examples
of such pharmaceutical active agents Inciude pain relieving agents, antl-anglogenic
agents, ant-neoplastic agents, anti-dlabelic agents, anti-infective agents, or
gasirointestinal agents, or combineations thereot.

[0080] The one or more other pharmaceutical active egents may be administerad
in a therapeutically effective amount simultaneously (such as indvidually at the
same time, or together in & pharmaceutical composition), and/or successively with
one or more compounds of the present Invention.

[0081] The term "combinetion therapy” refers to the administration of two or more
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therapeutic agents or compounds to treat a therapeutic condition or or
described in the present disclosurs, for example depression, anxlety, hypotenalion,
sleeping disorders, eating disorders, sexual dysfunction, or other condition or
disorder. Such administration includes use of each type of therapeutic agent in a
concurrent manner. [n elther case, the treatment regimen will provide beneficlal
effects of the drug combination In treating the conditions or disorders described
herain.
[0082] The route of administration may be any route, which effectively traneports
the active compound of formula | to the appropriate or desired site of action, such as
oral, nasal, puimonary, transdermal, such as passive or lontophoretic delivery, or
parenteral, e.g. rectal, depot, subcutanesous, intravenous, intraurethral,
intramuscular, intranasal, ophthaimic solution or an ointment. Furthermore, the
administration of compound of formula | with other active ingredients may be
concurrent or simultaneous.

EXAMPLES

[0083] The present invention ls further defined in the following Examples, in which
all parts and percentagas are by weight and degrees are Calslus, unlesa otherwise
stated. It should be understood that these examples, while Indicating preferred
embodiments of the invention, are given by way of lllustration only. From the above
discussion and these examples, one skifled In the art can ascertain the essential
characteristics of this invention, and without departing from the spirit and scope
thereof, can make varlous changes and modifications of the iInvention to adapt k to
various usages and condiiions. The reagents and intermediates used herein are
either commerclally available or prepared eccording to standard Mersture
procedures,

[0084] The synthasls of (R)4-cyano-N-{2-{4-(2,3-dihydro-1,4-benandioxan-5-yi)-1-
piperazinyl-propyl}-N-(2-pyridinyt-benzamide Is shown iIn Scheme 2, as described in
more detall below. '
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[0085] EXAMPLE 1 E}i}g{
PREPARATION OF THE HYDROGEN CHLORIDE SALT OF 2-{(2.¥DIHYDRO-
BENZO[1,4]DIOXIN-5-YL}{2-HYDROXY-ETHYL)- AMINO-ETHANOL

[00B8] A solution of benzodioxane aniiine (50 g, 0.331 mol) in butyronitrlle (150
mL) t room temperature was added sodium carbonate (70.2 g, 0.882 mole), sodium
lodide (5 g. 0.033 mole), and chioroethanol (160 g, 133 mL). The reaction mixiure
was heeted to reflux (115 1 §°C). After 16 hours, it was cooled to room temperature
then the suspension was filtered through a Bchner funnel. The solids were washed
with ethyl acetats (2 x 100 mL). The combined filtrates were concentrated to 1/4 of
its original volume. Toluene (150 ml) was added followed by the addition of 10 N
HCJ In EtOH (68 mL). The feaction mhdure was etirmed at 23-25°C ovemnight for 16
hours and then cooled to 0-5°C for 2 hours. The product was filtered through

Buchner funnel, washed with toluene (2 x 50 mL), drled in @ vacuum oven o give 79

g {86%) of diol HCI as a light purple solii.

H NMR (CDCly) & 6.83-8.70 (m, 3H), 4.26-4.20 (m, 4H), 3.54 (t, J = 5.1 Hz, 4H),
3.20 (t, J = 5.1 Hz, 4H), 3.09 (br 9, 2H) (free base).

mp: 145-148°C

Potassium carbonate has besn substitted for the sodium carbonats and t-
butylammonium lodide has been substitutad for the sodium lodide.

[0087] EXAMPLE 2 .

PREPARATION OF (2R)-2-AMINOPROPYL(PYRIDIN-2-YL)SULFAMIC ACID
{0088] A mixture of sulfamate (25 g, 0.12 mol) in a 7.8 N ammonla in MeOH
solution (270 mL, 2.1 mo!) was stimed at room temperature under N2 for one day.
‘The resulting mixture was concentrated to 1/3 Its original volume then acstonitrile (80
mlL) was edded. The mbdure was concentrated to 1/3 its original volume. Ancther
portion of acetoniirile (80 ml.) was added and the mixiure was again concenirated to
173 s original volumea. The suspension was heated at 4045°C for 10-15 minutes
and then cooled to room temperature. The off-white solids was then filtered, washad
with acetonitrile (60 mL), and dried in a vacuum oven to give 22 g (81%) of the
sulfamic acld as an off-whita solid (88 area% by LG/MS).

'H NMR (DMSO) § 8.17 (d, J=3 Hz, 1H), 7.5-7.9 (m, 5H), 6.82 (1, J=4.5 Hz, 1H), 4.03
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(dd, J=10.8 Hz, 3.6 Hz, 1H), 3.94 (dd, J=10.8 Hz, 5.7 Hz, 1H), 34-3'*8(% 1.18
(d, J=5.1 Hz, 3H);

BC NMR (DMSO) 5 156.1, 148.8, 136.9, 115.7, 114.8, 50.1, 47.9, 18.T;

IR (KBr): vmax 3426, 3137, 3073, 2680, 2518, 1629, 1588, 1520, 1465, 1432, 1368,
1286, 1234, 1197, 1148, 1117, 1083, 1042 cm™';

CHN (calculated) C 41.6 H 5.62 N 18.2, CHN (observed) C 41.1 H 549 N 17.7;

m.p. 175.5-179°C.

[0088] EXAMPLE 3
PREPARATION OF THE HYDROGEN CHLORIDE SALT OF {2423
DIHYQROBENZO[1 4IDIOXIN-5-YL)-PIPERAZIN-1-YL}-PROPYL}-PYRIDIN-2-YL.-

AMINE)

{0090] A mbdure of diol-HCI (50.0 g. 0.18 mal) in butyronitrile (250 mL) was cooclad
to 8-9°C In an Ice-watsr bath. To this mixture, methanesulfonyl chioride (74 g, 0.64
mol) was added followed by addition of triethylamine (TEA) (150 mL, 1.07 mol) over
30 minutes while keeping reaction temperature less than about 25°C. After addition,
the reaction mixture was ailowsd to stir In the ice-water bath for an additional 30
minutes. At the end of this time, cold water (300 mL.) was added. The iwo layers
were separated. The agueous layer was exiracted with butyronitriie (100 mL). The
combinad butyronitrile laysrs was extracted with saturated NaHCO, (300 mL) and
Hz20 (300 mL). This dimesylate In butyroniirile solution was then added over 30
minutes 10 a mixture of aminosulfonic acid (37.4 g, 0.16 mol) and Hinig's base (127
mL, 0.727 mol) in butyronitrile (150 mi.) heated at 80-65°C. The mixture was heated
for 3 houre. During this time, the mixture fumed clear. The mixture was cooled to
room temperature then 3 N HCI (250 ml.) was added. This was stimed at room
temperature for 2 hours then the two iayers were separated. The aqueous layer was
extracted with CHxCl; (2 x 250 mL) then cooled to 4-6°C before ethyl acetate
(EtOAc) (400 ml) was added followed by slow addition of 10 N NaOH (100 mL).
(Note: pH of the aquecus Iayer was ~10-11) The two layers were separatad. The
agueous layer was extracted with EtOAc (150 mL). The combined EtOAc layers was
extractad with H.O (300 mL) then solvent exchanged with foluene (400 mlL). To the
toluene solution, athy! alcohol (2B) (66 mL) was added. This was heated to 80-85°C

SUBSTITUTE SHEET (RULE 26)
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before .54 N HC! In ethanol (88 mL.) was added slowly. The mixture toolegts room
temperature and a solid formed. The mixiure was stimed at mom temperature
overnight then cooled to 0-5°C for 2-3 hours before filtration, obtained 32.6 g, 43%
yleld of the titie compound as an of-white soid.

Re=0.28 (20:1 CHCL:CH;OH) (free base)

"H NMR (CDCl) § 8.37 (m, 1H), 7.30-7.65 (m, 2H), 6.77 (t, J=8.1 Hz, 1H), 6.40-6.80
(m, 1H), 8.40 (d, J=8.3 Hz, 1H), 6.37 (m, 1H), 4.15-4.40 (m, 4H), 3.30 (m, 1H), 2.90-
3.20 (m, 4H), 2.82 (m, 1H), 2.62 (m, 1H), 1.0 (d, J=8.4 Hz, 3H).

[0081] EXAMPLE 4
PREPARATION OF THE HYDROGEN CHLORIDE SALT OF (R}4-CYANO-N-[2-{4-
(2,3-DIHYDRO-1,4-BENZODIOXIN-5-YL)-1 PIPERAZINYL-PROPYL}A-2-
PYRIDINYL)-BENZAMIDE

[0082] To e solution of potasaium carbonate (125.1 g, 908 mmol) In H,O (150
‘mL), EtOAc (500 mL) was added. To the two phase mixture, hydrogen chloride salt
of {2-}4-(2,3-dihydro-benzo{1 Ajdioxin-5-yi)-piperazin-1-yil-propyl}-pyridin-2-yi-amine
(100 g, 216 mmol) In H0 (300 mL) was added. The mixiure was stirred and cooled
to 0-5°C before a solution of 4-cyanobenzoyl chioride {42.8 g, 259 mmol) in EtOAc
{200 mL.) was £.'ded over 30 minutes. The reaction mixture was warmed o 23-25°C
and stirred for an additional 1 hour. H20 (300 mL) was added and stimed the mbdure
for 5 minutes. The two [ayers were separated. The iqueous layer was extracted
with EtOAc (150 mL). The combined organic layars were washed with brine (300
mt) and H20 (300 mlL) then concentrated to ~1/3 its original volume. Additional
EtOAc (~300 mL) wase added to the reaction mbdure. The solution was warmed to
83-87°C. HCI in EtOH (4.8 N, 50 mL) wea added dropwise aver 1 hour. Stirmed at
83-87°C for 10 minutes then cooled to 23-26°C. Off-white solids formed upon
addition. After 1 hour of stiring at room temperature, the reaction mixture was
cooled In a 0-5°C ice-bath and stirred for an additional 4 hour. The solids were
fitered, washed with EtOAc (2x100 mL) and dried under vacuum to give 804 g
(80%) of the titied compound (88.6% by HPLC) as an off-white solid.

SUBSTITUTE SHEET (RULE 26)
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H NMR (DMSO) 8 8.45 (m, 1H), 7.68-7.78 (m, 3H), 7.45 (d, J=B.3 Hz, 2H), 7.28 (m,
1H), 7.20 (d, J=8.0 Hz, 1H), 6.78 (t, J=8.1 Hz, 1H), 8.58 (m, 2H), 4.41 (m, 2H), 4.25
(m, 4H), 3.50-3.90 (m, 8H), 3.38 (m, 1H), 3.19 (m, 1H), 1.40 (d, J=6.7 Hz, 3H).
[0083] The levela of dimer impurity and polyalkylation impurity were measured by
high performance fiquid chromatography (HPLC) with a detection limit of 0.05%, by
weight, based on the weight of the total composition. For Example 4, the %HPLC
showed no dimer impurity or polyalkylation impurity.

[0094] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, alji combinations and
subcombingtions of ranges specific embodiments therein are intended to be
inciuded.

[0095] The disclosures of each patent, patent application and publication cited or
described In this document are hereby incorporated herein by reference, In its
ontirety. .

fooee] Those skilled In the art will appreciate that numerous changes and
modifications can be made to the preferrad smbodiments of the invention and that
such changes and modifications can be made without departing from the spirk of the
invention. It ls, therefore, intended that the appended claims cover all such
équivalent variations as fall within the true spirit and scope of the invention.

SUBSTITUTE SHEET (RULE 26)
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What is claimed is: v

1. A process for preparing & compound of formula I:

m A |
®

or pharmaceutically acceptable salt thersof;

wherein

R is C-C, alkyl;

Ar' Is CgCy2 aryl optionally substituted with up to three subatituents
independently selected from the group consisting of halo, alkyl, alkoxy,
alkoxycarbonyl, nitro, amino, alkylamino, dlalkylamino, haloalkyl, dihaloalkyl,
trihaloalkyl, cyano, and amido substituents, each alkyl having no more than
six carbon atoms; and

A’ is dihydrobenzodioxinyl, benzodioxinyl, or phenyl optionally
substituted with up to three substituents Independently selected from the
group consisting of halo, methoxy, halomethyl, dihalomethyl and

trihalomethyl;
comprising the steps of:

(a) dialkylating an amino-substituted aryl compound or amino-aubstituted
heteroaryl compound of formula

ArPNH;
whereln A Is as defined above,
with 2-haloethanol to form a compound of formula II:
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~31-
IOH 2054

HO

Ar?

{ .
and forming a salt of the compound of formula i,

(b) activating the salt of the compound of formula Il to form a
corresponding compound of formula IIl:

S

Ar

wherein L Is a leaving group;
{¢) coupling the compound of formula Il with an aminoalkyl(pyridine-2-
yh)sulfamic acid of formula

whereln R is as defined above, to form a compound of formuia
v:

NS
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v .

Ar
wherein R is C,-C, alkyl and Ar® is as defined above;
(d) hydrolyzing the compound of formula IV to form a compound of

formula V:
&
X, I u/\l/“
N
N
A

'

and forming a salt of the compound of formula V; and
(e) eacylating the salt of compound of formula V with a compound of
" formula VI

0

PN

Ar X

Vi

ap
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10.

1.

hat 0oe

wherein X Is halo and Ar' is as defined above; '
to form a compound of formula 1 as defined above.

A process according to claim 1, wherein said aminoalkyi(pyridine-2-
Y)sulfamic acid is formed from s  2-(5-alkyl-2,2-dloxo-2A"
[1.2,3]oxathlazofidin-3-yi)-pyridine precursor.

A process according to clalm 1 or claim 2, wherein sald aminoalkyl(pyridine-2-
yl)sulfamic acid is 2-aminopropyi(pyridine-2-yl)sulfamic acid.

A process according to claim 3, wherein sald aminoalkyl(pyridine-2-
yl)sulfamic acid is (2R)-2-aminopropyi(pyridine-2-yl)sulfamic acid.

A process according to claim 2, wherein said 2-(5-alkyl-2,2-dioxo-2A"-
[1.2,3]oxathiazolidin-3-yl)}-pyridine precursor Is 2-(5-methy-2,2-dioxo-2A%
[1.2,3joxathlezolidin-3-yi)-pyridine precureor. )

A process according to claim 1, wherein R is methyl.

A process according to any one of claims 1 to 8, wherein Ar' is a substituted
phenyl.

A process according to clalm 7, whereln Ar' is a cyano substituted phenyt.
A process according to clalm 7, wherein Ar' is a p-cyanophenyl,

A process according to any one of claims 1 to 9, wherein Af is
dihydrobanzodioxinyl.

A process according to any one of claims 1 to 9, wherein said amino-
substituted heteroaryl compound is benzodioxane aniline or
dlhydrobenzodioxane aniline.

¢
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12. A process according to claim 11, wherein sald amino-substituted heteroaryl

13.

14.

15.

18.

17.

18,

19.

20.

21.

compound I8 2,3-dihydro-benzo[1,4]dioxin-5-ylamine.

A process according to any one of claims 1 to 8, wherein said amino-
substituted aryl compound is anliine or naphthalenylamine.

A process according to any one of claima 1 to 13, wherein L is halo, tosylate,
mesylate, or p-bromophenylsulfonylaxy.

A process according to claim 14, wherein L is mesylate.

A process according to claim 14, wherein L is halo.

A process according to claim 16, wherein L Is chloro or bromo. .

A process according to any one of claime 1 fo 17, whereln X is chioro.

A process according to any one of claims 1 to 18, wherein step (b) Is carried
out in the presence of a tertiary amine.

A process ﬁmordlng to claim 18, wherein said tertiary amine Is tristhylamine.

A process according to any one of claims 1 to 20, whereln said 2-
halooethanol Is 2-chloroethanol.

A procass according to any one of claims 1 to 21, whereln said dialkylating
step Is cammled out in the presence of at least one inorganic base In aprotic
soivent.

A process according to any one of claims 1 to 22, whersin said sait of the
compound of formula |l is an inorganic salt.
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24.

26.

27.

29.

30.

S5 . euy{

A process according io ciaim 23, whenein said salt of the compound of
formuia |l is a hydrogen chloride salt.

A process according to any one of claims 1 to 24 wherein said sait of the
compound of formula V Is an Inorganic salt.

A process according to claim 25, wherein said salt of the compound of
formuia V Is a hydrogen chioride salt.

A process according to any one of claime 1 to 26, wherein said activating step
(b) is carriad at a temperature of from about 0°C to about 25°C.

A process according to claim 27, whersin sald activating step (b) ia camed at
a temperature of from about 0°C {o about 15°C.

A process according to claim 1 wherein the compound of formula | prepared
is a compound of formula IA:

7
X

s

;

IA

A process according to claim 1 wherein said compound of formula | prepared
is 4-cyano-N-{2-[4-(2,3-dihydro-benzo[1,.4]dioxin-5-yl)-piperazin-1-yi]-propyl}-
N-pyridin-2-yl-benzamide or pharmaceutically acceptable salt thereof.

A\
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31. A process according to claim 28, whereln said compound of formuta | is (R)-4-

cyano-N-[2-{4-(2,3-dihydro-1,4-benzodioxan-5-yl)-1-piperazinyl-propyl]-N-(2-
pyridinyl)}-benzamide or pharmaceutically acceptable salt thereof.

A product produced by a process according 1o any one of claims 1 to 31.

A composition, comprising:
a product produced by the process of any one of claims 1 to 31; and
at least one pharmaceutically acceptable carier.

A composition, comprising:
at [east one compound of formula I:

Y} -~ |
O

or pharmaceutically acceptable salt thereof;

whenain

R s C1-C, alkyl;

Ar' Is Cg-Ci2 aryl optionally substituted with up to three substituents
independently selected from the group consisting of halo, alkyl, atkoxy,
alkoxycarbonyl, nitro, amino, alkylamino, dialkyiamino, haloalkyl, dihaloalkyl,
trihaloalkyl, cyano, and amido substituents, each alkyt having no more than
six carbon atomns;

A is dihydrobenzodioxinyl, benzodioxinyl, or phenyl optionally
substituted with up to three substituents independently selected from the
group consisting of halo, methoxy, halomethyl, dihalomethyl and °
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trihalomethyl;

36.

less than about 0.5% by weight, based on the weight of the
compoasition, of a dimer of the compound of formula I; and

less than about 0.5% by weight, based on the weight of the
composition, of a polyalkylation impurity.

A compound according to claim 34 wherein sald dimer is a compound of
formula A:

A
whereln Q Is H, -CHa, -CH(CHs)2, CH(CHz)2CHs, or CH(CH2)sCH,.

A compound according to clalm 35, wherein Q is H.

A compound according to claim 35, wherein Q is -CHs, -CH(CHs)s,
CH(CHg)2CHs, or CH{CH)sCHs.

_ A composition according to any one of claims 34 to 37, further comprising at

least one pharmaceutically acceptable carrier.

A composition according to claim 34, wherein sald co'mpound offormula | is a
compound of formula IA:

A\
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40.

41,

or pharmaceutically acceptable salt thereof.
A composlition according to any one of claims 34 to 38, wherein R Is mathyl.

A composition according to any one of claims 34 to 40, wherein Ar' Is a
substituted phenyl.

A composltion according to claim 41, wherein Ar' is a cyano substituted
phenyl.

A composition according to claim 42, wherein Ar' is a p-cyanophenyl.

A composition according to any one of claims 34 to 43, wherein Ar® is
dihydrobenzodioxiny.

A composition according to claim 34, wherein sald compound of formula | is
4-cyano-N-{2{4-(2,3-dIhydro-benzo[1,4]dloxin-5-yl)-piperazin-1-yi}-propyi}-N-
pyridin-2-yl-benzamide or pharmaceutically acceptable salt thereof.

A composition according to claim 34, wherein said compound of formula | is
(R)~4~cyano-N-[2-[4-(2,3-dihydro-1,4-benzodioxan-5-yi)-1-piperazinyl-propyl]-
N-{2-pyridinyl)-benzamide or pharmaceutically acceptable salt thereof.

A
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47. A composition according to any one of claims 34 1o 48, wherein sald dimer is

48.

49.

present at a level of less than about 0.2% by weight, based on the weight of
the compostiion.

A composlition according to claim 47, wherein said dimer Is present at a level
of less than about 0.1% by weight, based on the weight of the composltion.

A composition according to any one of claims 34 to 46, wherein said
composition is substantially fee of sald dimer.

e,
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PROCESO PARA PREPARAR DERIVADOS DE N-ARIL-PIPERAZINA

REFERENCIA CRUZADA LAS SOLICITUDES RELACIONADAS

Esta solicitud reivindica prioridad sobre la solicitud de Estado Unidos
N° presentada el 17 de Marzo de 2005, que reivindica el beneficio de la
solicitud de Estados Unidos N° 60/554.666 presentada el 19 de Marzo de 2004,
cuyas descripciones completas se incorporan a este documento como referencia.
CAMPO DE LA INVENCION

La presente invencion se refiere a procesos para preparar derivados de N-
aril-piperazina, particularmente a la produccién a gran escala de derivados de N-
aril-piperazina utiles, entre otros, como moduladores del receptor 5-HT .
ANTECEDENTES DE LA INVENCION

Ciertos derivados de N-aril-piperazina poseen actividad farmacéutica. En
particular, ciertos derivados de N-aril-piperazina actian sobre el sistema nervioso
central (SNC) uniéndose a los receptores 5-HT. En ensayos farmacologicos, se ha
demostrado que ciertos derivados de N-aril-piperazina se unen a los receptores de
fipo 5-HT4a. Muchos de los derivados de N-aril-piperazina presentan actividad
como antagonistas de 5-HTs. Véase por ejemplo los documentos US-A-
8.127.357, WO 97/03982, US-B-6-489.007, cuyas descripciones se incorporan a
este documento como referencia.

Ciertos derivados de N-aril-piperazina son utiles para tratar a un sujeto que
padece trastomos del sistema nervioso central (SNC) tales como esquizofrenia (y
otros trastomos psicéticos tales como paranoia y enfermedad maniaco depresiva),
enfermedad de Parkinson y otros trastomos motores, ansiedad (por ejemplo
trastomos de ansiedad generalizados, ataques de panico y trastornos obsesivo
compulsivos), depresién (tal como mediante la potenciacion de inhibidores de la
recaptacidn de serotonina e inhibidores de la recaptaciobn de norepinefrina),
sindrome de Tourette, migrafia, autismo, trastomos de déficit de atenciéon y
trastormos de hiperactividad. Estos compuestos pueden ser Utiles también para el
tratamiento de trastomos del suefio, fobias sociales, dolor, trastomos
termormreguladores, trastomos endocrinos, incontinencia urinaria, vasoespasmo,
apoplejia, trastomos de la alimentacion tales como por ejemplo obesidad, anorexia
y bulimia, disfuncién sexual y el tratamiento de la abstinencia de alcohol, drogas y
nicotina. Ademas, estos compuestos son utiles para el tratamiento de la disfuncién
cognitiva y pueden ser (tiles para el tratamiento de la disfunciébn cognitiva
asociada con la deficiencia cognitiva leve (MCI}), enfermedad de Alzheimer y otras
demencias, incluyendo Lewy Body, vascular y demencias post-apoplejla. La
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disfuncion cognitiva asociada con procedimientos quinirgicos, lesién de
traumatismo cerebral o apoplejia puede tratarse también con dichos compuestos.
Ademés, estos compuestos pueden ser Gtiles para el tratamiento de
enfermedades en las que la disfuncion cognitiva es una comorbidad por ejemplo,
la enfermedad del Parkinson, autismo y trastomos del déficit de atencion.

En la Solicitud Publicada de Estado Unidos N° 20030204087 se describe
una sintesis multietapa de ciertos derivados de N-aril-piperazina de férmula I

Y} N |
.

incluyendo (R)}4-ciano-N-[2-[4-(2,3-dihidro-1,4-benzodioxan-5-il)-1-piperazinil-
propil]-N-(2-piridinil)benzamida. El esquema de reaccién para (R)-4-ciano-N-[2-[4-
(2,3-dihidro-1,4-benzodioxan-5-il)-1-piperazinil-propil]-N-(2-piridinil)benzamida se
muestra en ol Esquema 1, donde la benzodioxanoanilina 2 se dialquila con
cloroetanol o bromoacetado de etilo. El intermedio diol 3 se prepara directamente
o se reduce a partir del diéster 4 correspondients. El resto diol se activa como
dimesilato 5 seguido de acoplamiento con el acido aminosulfénico 6. La hidrdlisis
del resto acido sulfénico del compuesto 7 da {2-[4-(2,3-dihidro-benzo[1,4]dioxin-5-
il)piperazin-1-il}-propil}-piridin-2-il-amina) 8. La acilacién del compuesto 8 con
cloruro de p-cianobenzollo da el derivado de N-aril-piperazina deseado, (R)4-
ciano-N-[2-{4-(2,3-dihidro-1,4-benzodioxan-5-il}-1-piperazinil-propit]-N-(2-piridinil)-
benzamida 1.

Aunque son Utiles para preparaciones de laboratorio, las condiciones
anteriores de la (R)}-4-ciano-N-[2-[4-(2,3-dihidro-1,4-benzodioxan-5-il}-1-piperazinil-
propil]-N-(2-piridinil}-benzamida son menos adecuadas para un proceso a escala
comercial. Las desventajas incluyen la necesidad de la purificacion de los
intermedios y el diflcil aislamiento del producto final. Los subproductos de
polialquilacién procedentes de la alquilacién de la benzodioxanoanilina 2 y los
subproductos formados durante la formacion de piperazina a partir del dimesilato 5
y el acido aminosulfénico 8 se acumulan y hacen que la cristalizacion de la sal
piperazina sea dificil. Esto afecta en consecuencia al rendimiento y a la pureza del
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producto final.

SUMARIO DE LA INVENCION

La presente invencién se refiere a procesos para prepara derivados de N-
aril-piperazina, a composiciones que comprenden derivados de N-aril-piperazina y
a un nivel bajo de impurezas habituales y a los productos producidos mediante
procesos mejorados.

En una realizacién, la presente invencién se refiere a procesos para
preparar un compuesto de férmula I:

m M N |
O

o una sal farmacéuticamente aceptable del mismo;
en la que
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R es alquilo C4-C;

Ar' es arilo Cg-Ci2 opcionalmente sustituido con hasta tres sustituyentes
seleccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,
haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no
mas de seis atomos de carbono; y

A es dihidrobenzodioxinilo, benzodioxinilo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupoc compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

que comprenden las etapas de:

(a) dialquilar un compuesto de arilo sustituido con amino o un compuesto
de heteroarilo sustituido con amino de férmula

ArNH?

en la que Ar? es como se ha definido anteriormente,

con 2-haloetanol para formar un compuesto de férmula 1:

{—'—Z

y formar una sal del compuesto de fémula I,
(b) activar la sal del compuesto de férmula |l para formar un compuesto
de formula Il correspondiente:

s

%

en la que L es un grupo salients;
(c) acoplar el compuesto de férmula lil con un dcido aminoalquil(piridina-
2-il)sulfamico de fébrmula
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\l R
N '.‘/\(
50H

He

en la que R es como se ha definido anteriormente, para formar un
compuesto de formula IV:

\lzo:\l/n
.

v

5 en la que R es alquilo C+-C4 y Ar es como se ha definido anteriormente;
(d) hidrolizar el compuesto de formula IV para formar un compuesto de
férmula V:

i
X I R
N "/\|/
N
([
At
\ ;
y formar una sal del compuesto de f6rmula V; y

10 () acilar la sal del compuesio de fédrmula V con un compuesto de
férmula VI:

Ab
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X

Ar!  {

vi .
en la que X es halo y Ar' es como se ha definido anteriorments;
para formar un compuesto de férmula | como se ha definido anteriormente.
En otra realizacién, la presente invencién se refiere al producto producido
mediante el proceso descrito anteriormente.
En otra realizacién mas, la presente invencién se refiere a composiciones
que comprenden:

al menos un compuesto de férmula I:

P
e

o una sal farmacéuticamente aceptable del mismo;

en la que

R es alquilo C¢-Cy;

Ar' es arilo Cg-Cy2 opcionaimente sustituido con hasta tres sustituyentes
selaccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,
haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no
mas de seis atomos de carbono; y

A? es dihidrobenzodioxinilo, benzodioxinilo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupo compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

menos de aproximadamente el 0,5 en peso, basado en el peso del la
composicién, de un dimero del compuesto de férmula |; y

menos de aproximadamente el 0,5% en peso, basado en el peso de la
composicioén de una impureza de polialquilacion.
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DESCRIPCION DETALLADA DE LA INVENCION

La presente invencién se refiere a procesos para preparar derivados de N-
aril-piperazina, a composiciones que comprende derivados de N-aril-piperazina y a
bajos niveles de impureza habituales y a productos producidos mediante procesos
mejorados.

Se proporcionan las siguientes definiciones para el mejor entendimiento de
los términos y abreviaturas usadas en esta memoria descriptiva.

Como se usa en este documento y en las reivindicaciones adjuntas, las
formas singulares “un®, “una®, “el’, y “la" incluyen la referencia plural a menos que
ol contexto claramente Indique otra cosa. Por ejemplo, una referencia a “un
compuesto® es una referencia a uno 0 més compuesto y equivalentes del mismo
conocidos por los especialistas en la técnica y asl sucesivamente.

Las abreviaturas en la memoria descriptiva corresponden a unidades de
medida, técnicas, propiedades o compuestos de la siguiente manera: “min”
significa minutos, “h" significa hora(s), "ul* significa microlitros(s), “ml® significa
mililitros(s), “mM" significa milimolar, "M" significa molar, "mmol® significa
milimol(es), “cm" significa centimetros, "SEM” significa error tipico de la media y
“JU" significa unidades interacionales. "A°C" y A “valor EDsp” significa dosis que
da como resuttado el alivio del 50% de Ia afeccién o efecto observado (50% de la
media méxima de punto final).

En el contexto de esta descripcion, se utilizardn numerosos térmminos. El
término “tratamiento” como se usa en este documento incluye el tratamiento
preventivo (por ejemplo profilactico), curativo o paliativo y “tratar” como se usa en
este documento incluye también el tratamiento preventivo, curativo y paliativo.

Los términos “componente”, “fArmaco” o "agente farmacoldgicamente
activo™ o “agente activo” o "medicamento® se usan de manera intercambiable en
este documento para referirse a un compuesto 0 compuestos 0 a una composicién
de materia que, cuando se administra a un organismo (humano o animal) induce
un efecto farmacolégico y/o psicoldgico mediante accién local y/o sistémica.

El término “modulacién” se refiere a la capacidad para potenciar o inhibir
una propiedad funcional de una actividad o proceso biolégico, por ejemplo, la
actividad de uni6n al receptor o actividad de sefializacién. Dicha potenciacién o
inhibicién puede ser representativa de la aparicidon de un suceso especifico tal
como la activacion de una ruta de transduccién de sefiales y/o puede manifestarse
solo en tipos de células particulares. Se pretende que el modulador comprenda
cualquier compuesto, por ejemplo, anticuerpo, molécula pequefia, péptido,
oligopéptido, polipéptido o protelna, preferiblemente moléculas pequefias o
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péptidos.

Como se usa en este documento, “compuesto de arilo sustituido con amina”®
significa un compuesto de fenilo o naftilo sustituido con al menos un sustituyante
amino y sustituido opcionalmente con hasta 3 sustituyentes seleccionados
independientemente entre el grupo compuesto por halo, metoxi, halometilo,
dihalometilo y trihalometilo. Dichos compuestos de arilo sustituidos con amino
incluyen fenilamina (conocida también como anilina) y naftalenilamina.

Como se usa en este documento, "compuesto de heteroarilo sustituido con
amino” significa un compuesto de dihidrobenzodioxinilo o benzodioxinilo sustituido
con al menos un sustituyente amino y opcionalmente sustituido con hasta tres
sustituyentes seleccionados independientemente entre el grupo compuesto por
halo, metoxi, halometilo, dihalometilo y trihalometilo. Dichos compuestos de
heteroarilo  sustituidos con amino incluyen benzodioxanoanilina vy
dihidrobenzodioxanoaninilina, especiaimente  2,3-dihidro-benzo[1,4]dioxin-5-
ilamina.

En la presente invencién, los compuestos de fdrmula | pueden prepararse
en forma de sales farmacéuticemente aceptables. Como se usa en este
documento, el término “sales farmacéuticamente aceptables” se refiere a sales
preparadas a partir de A&cidos no toxicos farmacéuticamente aceptables,
incluyendo sales inorganicas y sales orgénicas. Las sales inorgénicas adecuadas
incluyen 4&cidos inorgénicos y organicos tales como 4&cido acético,
bencenosulfénico, benzoico, canforsulfénico, cltrico, etenosulfdnico, fumarico,
glucodnico, glutdmico, bromhidrico, clorhidrico, isetidnico, lactico, malico, maleico,
mandélico, metanolsulfénico, mugcico, nitrico, pamoico, pantoténico, fosférico,
succinico, sulfiiico, tartdrico, p-toluenosulfénico y similares. Se prefieren
particularmente los acidos clorhidrico, bromhidrico, fosférico y sulfiirico, y més
preferiblemente la sal clorhidrato.

El término “sujeto” o “paciente” se refiere a un animal incluyendo la especie
humana que puede tratarse con las composiciones y/o métodos de la presente
invencion.

"Alquilo® como se usa en este documento, se refiere a una cadena de
hidrocarburo alifatico e incluye cadenas lineales y ramificadas tales como metilo,
etilo, n-propilo, isopropilo, n-butilo, isobutilo, sec-butilo, t-butilo, n-pentilo,
isopentilo, neopentilo, n-hexilo e isohexilo. Alquilo inferior se refiere a un alquilo
que tiene de 1 a 3 Atomos de carbono.

“Alcoxi” como se usa en este documento, se refiere al grupo R-O- donde R
es un grupo alquilo de 1 a 6 atomos de carbono.
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“Alcoxicarbonilo” como se usa en este documento, se refiere al grupo R-O-
C(=0) donde R es un grupo alquilo de 1 a 6 &tomos de carbono.
"Halégeno® (o "halo®) como se usa en este documento, se refiere a cloro,
bromo, fiGior y yodo.
5 En una realizacién, la presente invencibn se refiere a procesos para
preparar un compuesto de férmula I:

Y:i M < |
O

o una sal farmacéuticamente aceptable del mismo;

en la que
10 R es alquilo C4-Cy;

Ar' es arilo Cg-Cy2 opcionaimente sustituido con hasta tres sustituyentes
seleccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,
haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no

15 mas de seis 4tomos de carbono; y

A’ es dihidrobenzodioxinilo, benzodioxinilo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupo compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

que comprenden las etapas de:

20 (a) dialquilar un compuesto de arilo sustituido con amino o un compuesto
de heteroarilo sustituido con amino de formula
ArPNH?

en la que Ar? es como sa ha definido anteriormente,
con 2-haloetanol para formar un compuesto de férmula Il:
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L

y formar una sal del compuesto de férmula 11,
(b) activar la sal del compuesto de féormula Il para formar un compuesto

de férmula 111 correspondiente:
Ll /(L
I

R
| :
5
en la que L es un grupo saliente;
(c) acoplar el compuesto de férmula Ill con un &cido aminoalquil(piridina-
2-il)sulfamico de férmula
7 |
N R
Y
80+
NHp
10 oen la que R es como se ha definido anteriormente, para formar un

compuesto de fébrmula IV:
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&
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e

en la que R es alquilo C+-C4 y Ar? es como se ha definido anteriormente;
(d) hidrolizar el compuesto de férmula |V para formar un compuesto de

férmula V:
g

N, | "/\,,rn
)

~l
5 v ’
y formar una sal del compuesto de férmula V; y
(e) acilar la sal del compuesto de formula V con un compuesto de
férmula Vi:
0
Ar‘Jl\x
Vi,
10 en la que X es halo y Ar' es como se ha definido anteriorments;

para formar un compuesto de férmula | como se ha definido anteriormente.
En las realizaciones preferidas, el dcido aminoalquil{piridina-2-il)sulfamico
es acido 2-aminopropil{piridina-2-il)sulfdmico, mas preferiblemente, acido (2R)-2-
aminopropil(piridina-2-il)sulfamico. En ciertas realizaciones preferidas, el acido 2-
15 aminopropil(piridina-2-il)sulfamico se forma a partir de su precursor 2-(5-alquil-2,2-
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dioxo-21%[1,2,3]oxatiazolidin-3-il}-piridina, preferiblemente el precursor 2-(5-metil-
2,2-dioxo-21.%-[1,2,3]oxatiazolidin-3-il}-piridina.

En ciertas realizaciones preferidas, R es metilo.

En ciertas realizaciones preferidas Ar' es un fenilo sustituido,
preferiblemente un fenilo sustituido con ciano, més preferiblemente p-cianofenilo.

En ciertas realizaciones preferidas, Ar* es dihidrobenzodioxinilo.

En ciertas realizaciones preferidas, L es halo, tosilato, mesilato o p-
bromofenilsulfoniloxi, preferiblemente mesilato o halo (especiaimente cloro o
bromo), més preferiblemente mesilato.

En ciertas realizaciones preferidas X as cloro.

En ciertas realizaciones preferidas, el compuesto de arilo sustituido con
amino es anilina o naftalenilamina. En otras realizaciones preferidas, el compuesto
de  hetercarilo sustividko con amino es Dbenzodioxanoanilina o
dihidrobenzodioxanoanilina, preferiblemente dihidrobenzodioxanoanilina.

En ciertas realizaciones preferidas, la etapa (b) se realiza en presencia de
una amina terciaria, preferiblemente la amina terciaria es trietilamina.

En ciertas realizaciones preferidas, el 2-haloetanol es 2-cloroetanol.

En ciertas realizaciones preferidas, la etapa de dialquilacién se realiza en
presencia de al menos una base inorganica en un disolvente aprético.

En ciertas realizaciones preferidas, la sal del compuesto de férmula Il es
una sal inorgénica, preferiblemente una sal de cloruro de hidrégeno.

En ciertas realizaciones preferidas la sal de compuesto de férmula V es una
sal inorgénica, preferiblemente una sal de cloruro de hidrégeno.

En ciertas realizaciones preferidas, la etapa de proteccién o la etapa de
activacion se realiza a una temperatura de aproximadamente 0°C a
aproximadamente 25°C, preferiblemente a una temperatura de aproximadamente
0°C a aproximadamente 15°C, més preferiblemente una temperatura de
aproximadamente 0°C a aproximadamente 10°C.

El proceso de la invencién es particularmente Gtil para la preparacién de
compuestos de fdrmula | A:
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0 una sal farmacéuticamente aceptable del mismo.

El proceso de la invencién es particularmente Gtil para la preparacién de 4-
ciano-N-{2-{4-(2,3-dihidro-benzo[ 1 ,4]dioxin-5-il}-piperazin-1-il}-propil}-N-piridin-2-il-
benzamida o una sal farmacéuticamente aceptable del mismo, incluyendo
especiaimente (R)-4-ciano-N-[2-[4-(2,3-dihidro-1,4-benzodioxan-5-il)-1-piperazinil-
propil}-N-(2-piridinil}-benzamida o una sal farmacéuticamente aceptable del
mismo.

El proceso mejorado de la invencibn se caracteriza por una pureza
mejorada del producto, mayores rendimientos, menores costes y conveniencia
técnica respecto a la ruta sintética descrita en la Solicitud Publicada Estados
Unidos N° 200330204087. Por ejemplo, con respecto a la formacién de 4-ciano-N-
{2-[4-(2,3-dihidro-benzo[1,4]dioxin-5-il}-piperazin-1-il}-propil}-N-piridin-2-il-
benzamida, la dialquilacién de benzodioxanoanilina con 2-cloro etanol se cataliza
con bases inorganicas en un disolvente aprético. La polialquilacién se minimiza en
estas condiciones. Ademads, la filtracién simple de la sal inorganica formada
durante la reaccién evita la necesidad de extracciones multiples del diol muy
soluble en agua. La formacién posterior de sal de diol da un sdlido estable que
puede aislarse faciimente con un elevado rendimiento y pureza.

E! rendimiento y la velocidad de formacion de Acido aminosulfénico a partir
de amoniaco procedente de sulfamato se mejoran usando una mayor
concentracién y equivalente molar de amoniaco. Se aislé un producto muy puro y
cristalino y se purificé simplemente por intercambio de disolvente con acetonitrilo.
EL producto acido aminosulfénico sélido 6 se alsla faciimente por filtracién.

La sal de diol puede transformarse a sal de piperazina con un alto
rendimiento y pureza. La activacién del diol puede conseguirse usando anhidrido
metanolsulfénico (mesilo) o cloruro de metanosulfonilo (mesilo) preferiblemente
cloruro de metanosulfonilo. El dimesilato se forma directamente a partir de la sal
de diol. La reaccién puede realizarse a bajas temperaturas, por ejemplo el
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intervalo de aproximadamente 0°C a aproximadamente 25°C, preferiblemente de
aproximadamente 0°C a aproximadamente 25°C, més preferiblemente de
aproximadamente 0°C a aproximadamente 10°C para evitar el desplazamiento del
cloruro del mesilato. El dimesilato formado se aflade después a una mezcla
templada de acido aminosulfénico y base de Hilnig en butironitrilo par dar acido
piperazinasuifénico. El resto acido sulfénico de la piperazina se hidroliza después
usando una solucion de HCl 3 N. La piperazina se purifica y se alsla por filtracion
como sal de piperazina. Las sales formadas permiten el facil aislamiento y
purificacién de la piperazina.

La dilaquilacibn de benzodioxanoanilina con cloroetanol se realiza
preferiblemente en un disolvente apnrdtico, tal como xileno, tolueno, propionitrilo y
butironitrilo, preferiblemente en un disolvente aprético polar de alto punto de
ebullicién tal como propionitrilo y butironitrilo y méas preferiblemente butironitrilo a
una temperatura de aproximadamente 45°C a aproximadamente 120°C,
preferiblemente a aproximadamente 50°C, a reflujo en presencia de una base,
preferiblemente en una base inorganica tal como carbonato potasico o carbonato
sddico, mediante catalizadores tales como yoduro sddico o yoduro de t-
butilamonio. El uso de una base inorgéanica da un subproducto de sal inorganica
que puede retirarse faciimente por filtracién. El producto diol es muy soluble en
agua y el uso de una base inorganica evita la necesidad de un tratamiento acuoso.
Puede obtenerse una sal, preferiblemente e! clorhidrato de la anilina diol, para
facilitar el aislamiento con alto rendimiento y pureza.

El rendimiento y velocidad de conversién del amoniaco procedente de
sulfamato se mejord con el aumento del equivalente molar del amoniaco usado.
Esta etapa se caracteriza por un facil aislamiento del producto a partir del
intercambio de disolvente con CHaCN.

La etapa de formacion de piperazina se realiza a partir del acoplamiento del
diol activado y &cido aminosulfénico. Es importante, que la piperazina pueda
preparase partir de la sal diol y 4cido aminosulfénico sin aislamiento de
intermedios, sin cambiar el disolvente {(preferiblemente butironitrilo) y con alto
rendimiento y pureza.

Ademés, las modificaciones del presents proceso son menos laboriosas y
necesitan menos tiempo que la ruta sintética descrita en la Solicitud Publicada de
Estados Unidos N° 20030204087.

En otras realizaciones, la invencién se refiere a los productos producidos
mediante el proceso mejorado que contiene menores niveles de impurezas
habituales, incluysndo el dimero del compuesto de férmula | y los productos de
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polialquilacion. Las impurezas del dimero de formula | incluyen los compuestos de

formula A:

A

on la que Q es H, -CH,, -CH(CHa)2, CH(CHz)2CH3, 0 CH(CH2)sCHs.
5 En otras realizaciones mas, la invencion se refiere a composiciones que
comprenden:
el producto producido mediante el proceso mejorado; y
al menos un vehiculo farmacéuticamente aceptable.
En otra realizacién, la invencibn se refiere a composiciones que
10 comprenden:
al menos un compuesto de férmula |:

\]/) N |
O

o una sal farmacéuticamente aceptable del mismo;

en la que
15 R es alquilo C1-Cy;

Ar' es arilo Ce-C12 Opcionalmente sustituido con hasta tres sustituyentes
seleccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,
haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no

20 mas de seis atomos de carbono; y

AP es dihidrobenzodioxinilo, benzodioxinilo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupo compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

menos de aproximadamente el 0,5 en peso, basado en el peso del la

A
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composicion, de un dimero del compuesto de formula |; y

menos de aproximadamente el 0,5% en peso, basado en el peso de la
composicion de una impureza de polialquilacion.

En ciertas realizaciones preferidas, la composicion comprende
adicionalmente al menos un vehiculo farmacéuticamente aceptable.

En ciertas realizaciones preferidas, R es metilo.

En ciertas realizaciones preferidas, Ar' es un fenilo sustituido,
preferiblemente fenilo sustituido con ciano, méas preferiblemente p-cianofenilo.

En ciertas realizaciones preferidas, Ar; es dihidrobenzodioxinilo.

En ciertas realizaciones preferidas, L es un mesilato o halo, especialmente
cloro o bromo, preferiblemente mesilato.

En ciertas realizaciones preferidas, el compuesto de férmula | es un
compuesto de formula IA:

he

An

1A .-

o una sal farmacéuticamente aceptable del mismo.

En ciertas realizaciones preferidas, el compuesto de férmula | es 4-ciano-N-
{2-]4-(2,3-dihidro-benzo[1,4]dioxin-5-il }-piperazin-1-il]-propil}-N-piridin-2-il-
benzamida o una sal farmacéuticamente aceptable del mismo, preferiblemente
(R)-4-ciano-N-[2-[4-2,3-dihidro-1,4-benzodioxan-5-il)-1-piperazinil-propil]-N-(2-
piridinil-benzamida o una sal farmacéuticamente aceptable del mismo.

Algunos de los compuestos de la presente invencién pueden contener
centros quirales y dichos compuestos pueden existir en forma de esterecisémeros
(es decir, enantibmeros). La presente invencion incluye todos estos
esterecisdmeros y mezclas de los mismos incluyendo mezclas racémicas. Las
mezclas racémicas de los esterecisOmeros asl como los esterecisdmeros
sustanciaimente puros estian dentro del alcance de la invencién. El término
"sustancialmente puro® como se usa en este documento, se refiere a que esta
presente al menos aproximadamente el 80% en moles, més preferiblemente al
menos aproximadamente el 95% en moles y mas preferiblemente alin al menos
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aproximadamente el 98% en moles del esterecisdémero deseado con respecto a
otros esterecisdbmeros posibles. Los enantiomeros preferidos pueden aislarse a
partir de mezclas racémicas por cualquier método conocido por los especialistas
en la técnica, incluyendo cromatografia liquida de alta resolucion (HPLC) y la
formacién y cristalizacion de sales quirales o preparadas mediante los métodos
descritos en este documento. Véase, por ejemplo, Jacques, ef al., Enantiomers,
Racemates and Resolutions (Wiley Interscience, New York, 1981); Wilen, S.H. ef
al., Tetrahedron, 33:2725 (1997); Eliel, E.L. Stereochemistry of Carbon
Compounds, (McGraw-Hill,NY, 1962); Wilen, S.H. Tables of Resolving Agents and
Optical Resolutions, p 286 (E.L. Eliel, Ed., University of Notre Dame Press, Notre
Dame, IN 1972).

La presente invencion incluye profdrmacos de los compuestos de fdrmula |.
“Profarmaco” como se usa en este documento significa un compuesto que puede
convertirse in vivo mediante medios metabdlicos {por ejemplo por hidrdlisis) en un
compuesto de formula |. En la técnica se conocen diversas formas de
proférmacos, por ejemplo, como se analiza en Bungaard, (ed), Design of Produgs,
Elsevier (1985);, Widder, et al. (ed), Methods in Enzymology, vol. 4, Academic
Press (1985); Kroggaard-Larsen, et al., (ed). "Design and Application of Produgs”,
Textbook of Drug Design and Development, Chapter 5, 113-181 (1191),
Bundgaard, et al., Journal of Drug Deliver Reviews, 19982, 8:1-38, Bundgaard, J. of
Pharmaceutical Sciences, 1998, 77:285 et seq.; y Higuchi and Stella {eds.)
Prodrugs as Novel Drug Delivery Systems, American Chemical Society (1975).

Ademaés, los compuestos de formula | pueden existir en formas no
solvatadas asl como solvatadas con disolventes farmacéuticamente aceptables
tales como agua, etanol y similares. En general, las formas solvatadas se
consideran equivalentes a las formas no solvatadas para el propésito de la
presente invencion.

Los compuestos pueden sintetizarse, por ejemplo, mediante los métodos
descritos a continuacién, o variaciones de los mismos como apreciaran los
especialistas en la técnica. Se contemnpla que todos los procesos descritos junto
con la presente invenciébn pueden practicarse a cualquier escala, incluyendo
miligramos, gramos, multigramos, kilogramos, multikilogramos o escala industrial
comercial.

Como sera facil de entender, los grupos funcionales presentes pueden
contener grupos protectores durante el transcurso de la sintesis. Los grupos
protectores se conocen per se como grupos quimicos funcionales que pueden
unirse y retirarse selectivamente de las funcionalidades tales como grupos
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hidroxilo y grupos carboxilo. Estos grupos estan presentes en un compuesto
quimico para hacer que dicha funcionalidad sea inerte a las condiciones de
reaccién quimica a las que se expone el compuesto. Puede emplearse cualquier
variedad de grupos protectores con la presente invencion. Los grupos protectores
que pueden emplearse de acuerdo con la presente invencidén pueden describirse
en Greene, T.W. and Wuts, P.G.M., Protective Groups in Organic Synthesis 2° Ed.
Wiley & Sons, 1991.

Los compuestos de la presente invencion se preparan adecuadamente de
acuerdo con la siguiente descripcidn general y ejemplos especificos. Las variables
usadas son con como se definen para la fédrmula |, a menos que se indique otra
cosa. Los reactivos usados en la preparacion de los compuestos de esta invencion
pueden obtenerse comercialmente o pueden prepararse mediante procedimientos
estandar descritos en la bibliografia.

El proceso descrito anteriormente puede realizarse para dar un compuesto
de férmula | en forma de una base libre 0 como sal de adicion de &cidos. Si el
compuesto de férmula | se obtiene como sal de adicion de é&cidos, la base libre
puede obtenerse basificando una solucién de la sal de adicién de &cidos. A la
inversa, si el producto del proceso es una base libre, puede obtenerse una sal de
adicibn de A4cidos, particularmente una sal de adicibn de éacklos
farmacéuticamente aceptable disolviendo la base libre en un disolvente organico
adecuado y fratando la solucién con un écido, de acuerdo con procedimientos
convencionales para preparar sales de adicién de écidos a partir de compuestos
béasicos.

Los ejemplos de sales de adicién de acidos son aquellas formadas a partir
de 4&cidos inorganicos y organicos tales como &cido sulfarico, clorhidrico,
bromhidrico, fosférico tartarico, fumaérico, maleico, cltrico, acético, férmico,
metanosulfénico que p-toluenosulfénico, oxalico y succinico.

Los compuestos de fdrmula | pueden contener uno o mas atomos de
carbono asimétrico de manera que los compuestos pueden existir en diferentes
formas esterecisoméricas. Los compuestos pueden ser, por ejemplo, recematos 0
formas Opticamente activas. Las formas oOpticamente activas pueden obtenerse
por resolucién de los recematos o por sintesis asimétrica.

Los compuestos de férmula | poseen actividad farmacologica. En particular,
actian sobre el sistema nervioso central (SNC) uniéndose a los receptores 5-HT.
En ensayos farmacolégicos, se ha demostrado que los compuestos se unen
particularmente a los receptores de tipo 5-HT«a' En general, los compuestos se
unen selectivamente a receptores de tipo 5-HTa en una extensién mucho mayor
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de lo que se unen a otros receptores, tales como receptores o+ y D2. Muchos
presentan actividad, antagonistas de 5-HTa en el ensayo farmacolégico.

Las composiciones y productos producidos mediante el proceso de la
presente invencién que comprende compuestos de férmula | son (tiles para tratar
a un sujeto que padece de trastomos del sistema nervioso central (SNC) tales
como esquizofrenia, (y otros trastornos psicoticos tales como paranoia y
enfermedad maniaco depresiva), enfermedad de Parkinson y otros trastomos
motores, ansiedad (por ejemplo trastomos de ansiedad generalizados, ataques de
panico y trastomos obsesivo compulsivos), depresién (tal como mediante la
potenciacion de inhibidores de la recaptacién de serotonina e inhibidores de la
recaptacién de norepinefrina), sindrome de Tourette, migrafia, autismo, trastomos
de déficit de atencién y trastomos de hiperactividad. Estas composiciones y
productos producidos mediante el proceso de la presente invencién pueden ser
(tiles también para el fratamiento de trastomos del suefio, fobias sociales, dolor,
trastomos termormeguladores, frastomos endocrinos, incontinencia urinaria,
vasoespasmo, apoplejla, trastomos de la alimentacién tales como por ejemplo
obesidad, anorexia y bulimia, disfuncién sexual y el tratamiento de la abstinencia
de alcohol, drogas y nicotina. Ademés, estas composiciones y productos
producidos mediante el proceso de la presente invencion son dtiles para el
tratamiento de la disfuncién cognitiva y pueden ser Gtlles para el tratamiento de la
disfuncién cognitiva asociada con la deficiencia cognitiva leve (MCl)), enfermedad
de Alzheimer y otras demencias, incluyendo Lewy Body, vascular y demencias
post-apoplejla. La disfuncién cognitiva asociada con procedimientos quirtrgicos,
lesibn de traumatismo cerebral o apoplejla puede tratarse también con dichas
composiciones y productos producidos mediante el proceso de la presente
invencién. Ademas, estas composiciones y productos producidos mediante el
proceso de la presente invencién pueden ser (tiles para el tratamiento de
enfermedades en las que la disfuncién cognitiva es una comorbidad por ejemplo,
la enfermedad del Parkinson, autismo y trastomos del déficit de atencién.

En otras realizaciones, la invencién se refiere a composicionas que
comprenden:

a. al menos un compuesto de férmula | o una sal farmacéuticamente
aceptable del mismo;

b. menos de aproximadamente el 0,5% en peso, basado en el peso de
la composicion de un dimero del compuesto de férmula I;

c. menos de aproximadamente el 0,5% en peso, basado en el peso de
la composicién de una impureza de polialquilacion;
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d. opcionalmente al menos un vehiculo farmacéuticamente aceptable.

Generalmente, el compuesto de férmula | 0 una sal famacéuticamente
aceptable del mismo estarad presente a un nivel de aproximadamente el 0,1% en
peso a aproximadamente el 80% en peso, basado en el pesa total de la
composicidn. Preferiblemente, el compuesto de fébrmula | o una sal
farmacéuticamente aceptable del mismo estard presente a un nivel de al menos
aproximadamente el 1% en peso basado en el paso total de la composicién. Mis
preferiblemente, el compuesto de férmula | o una sal farmacéuticamente aceptable
del mismo estard presente a un nivel de al menos aproximadamente el 5% en
peso, basado en el peso total de la composicion, Incluso méas preferiblemente, el
compuesto de formula | o una sal farmacéuticamente aceptable del mismo estaré
prasente a un nivel de al menos aproximadamente el 10% en peso basado en el
peso total de la composicién. Incluso mas preferiblemente, el compuesto de
féormula | o una sal farmacéuticamente aceptable del mismo estara presente a un
nivel de al menos aproximadamente el 25% en peso, basado en el peso fotal de la
composicion.

Preferiblemente, las compaosiciones de la invencién comprenden menos de
aproximadamente el 0,2% en peso del dimero del compuesto de férmula |, basado
en el peso total de la composicion. Mas preferiblemente, las composiciones de la
invencién comprenden menos de aproximadamente el 0,2% en peso del dimero
del compuesto de férmula |, basado en el peso total de la composicion. Incluso
mds preferiblemente, las composiciones de la invencién estdn sustancialmente
libres de! dimero del compuesto de férmula |.

Preferiblemente, las composiciones de la invencién comprenden menos del
aproximadamente le 0,2% en peso de la impureza de polialquilacién, basado en el
peso total de la composicion. Mas preferiblemente, las composiciones de la
invencién comprenden menos de aproximadamente el 0,1% en peso de la
impureza de polialquilacion, basado en el peso total de la composicién. Incluso
mas preferiblemente, las composiciones de la invencién estdn sustancialmente
libres de la impureza de polialquilacidn.

Dichas composiciones se preparan de acuerdo con procedimientos
farmacéuticos aceptables tales como los descritos en Remington’s Pharmaceutical
Sciences, 17* edicion, ed. Alfonoso R. Gennaro, Mack Publishing Company,
Easton, PA (1985). Los vehiculos farmacéuticamente aceptables son aquellos que
son compatibles con los otros ingredientes en la formulacibn y que son
biolégicamente aceptables.

Los compuestos y composiciones de esta invencién pueden administrarse
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por via oral o parenteral, puros 0 en combinacién con vehiculos farmacéuticos
convencionales. Los vehlculos sélidos aplicables pueden incluir una o més
sustancias que pueden actuar como agentes aromatizantes, lubricantes,
solubilizantes, agentes de suspensién, cargas, emolientes, adyuvantes de
compresién, aglutinantes o agentes de disgregacion de comprimidos o como
material de encapsulaciéon. En los polvos, el vehiculo es un sélido finamente
dividido que estd mezclado con el ingrediente activo finamente dividido. En los
comprimidos, el ingrediente activo se mezcla con un vehiculo que tiene las
propiedades de compresién necesarias en las proporciones adecuadas y se
compacta en la foorma y tamafio deseado. Los polvos y comprimidos contienen
preferiblemente hasta el 99% del ingrediente activo. Los vehiculos sdlidos
adecuados incluyen, por ejemplo, fosfato célcico, estearato magnésico, talco,
azicares, lactosa, dextrina, almidén, gelatina, celulosa, metilcelulosa,
carboximetilcelulosa sédica, polivinilpirrolidina, ceras de bajo punto de fusién y
resinas de intercambio i6nico.

Pueden usarse vehiculos liquidos en la preparacién de soluciones,
suspensiones, emulsiones, jarabes y elixires. El ingrediente activo de esta
invenciéon puede disolverse o suspenderse en un vehiculo liquido
farmacéuticamente aceptable tal como agua, un disolvente orgénico, una mezcla
de ambos o aceites o grasas farmacéuticamente aceptables. El vehiculo liquido
puede contener otros aditivos famacéuticamente adecuados tales como
solubilizantes, emulsionantes, tampones, conservantes, edulcorantes, agentes
aromatizantes, agentes de suspensidn, agentes espesantes, colorantes
reguladores de viscosidad, estabilizadores o osmo-reguladores. Los ejemplos
adecuados de vehiculos liquidos para administracion oral y parenteral incluyen
agua (particularmente conteniendo aditivos como los anteriores, por ejemplo
derivados de celulosa, preferiblemente solucién de carboximetilcelulosa sédica),
alcoholes (incluyendo alcoholes monohlidricos y alcoholes polihidricos por ejemplo
glicoles y sus derivados y aceites (por ejemplo aceite de coco y aceite de manl
fraccionado). Para la administracién parenteral, el vehiculo puede ser también un
éster oleoso tal como oleato de etilo y miristato de isopropilo. Se usan vehiculos
liquidos estériles en composiciones de forma liquida estéril para administracién
parenteral.

Las composiciones farmacéuticas liquidas, que son soluciones o
suspensiones estériles pueden administrarse por ejemplo por inyeccién
intramuscular, intraperitoneal o subcuténea. Las soluciones estériles pueden
adminisirarse también por via intravenosa. La administracién oral puede ser
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mediante una forma de composicién liquida o sélida.

Preferiblemente, la composicién farmacéutica estd en forma de dosificacion
unitaria, por ejemplo, comprimidos, capsulas, polvos, soluciones, suspensiones,
emulsiones, granulos o supositorios. En dicha forma la composicion se subdivide
en dosis unitarias que contienen las cantidades apropiadas de ingrediente activo;
las formas de dosificacién unitaria pueden ser composiciones empaquetadas, por
ejemplo polvos, viales, ampollas, jeringas prerrellenas o sellos empaquetados que
contienen liquidos. La forma de dosificacion unitaria puede ser, por ejemplo, la
propia capsula o comprimido o puede se un numero apropiado de cualquiera de
dichas composiciones en forma empaquetada.

En otra realizacion de la prasente invencién, las composiciones y productos
producidos mediante el proceso de la presente invencion pueden administrarse a
un mamifero con uno o mas agentes farmacéuticos activos, tales como aquellos
agentes usados para tratar cualquier otro estado médico presente en el mamifero.
Los ejemplos de dichos agentes farmacéuticos activos incluyen agentes para el
alivio del dolor, agentes antiangiogénicos, agentes antineoplasicos, agentes
antidiabéticos, agentes antiinfecciosos o© agentes gastrointestinales o
combinaciones de los mismos.

El uno o méas agentes farmacéuticos activos distintos pueden administrarse
en una cantidad terapéuticamente eficaz simultdneamente (tal como
individualmente al mismo tiempo o juntos en una composicién farmacéutica) yfo
sucesivamente con uno o méas compuestos de la presente invencién.

El termino “terapia combinada” se refiere a la administracién de dos o méas
agentes terapéuticos o compuestos para tratar una afeccion o trastomo
terapéutico descrito en la presente descripcién, por ejemplo depresion, ansiedad,
hipotensién, trastomos del suefio, trastornos de la alimentacion, disfuncion sexual
u otra afeccién o trastomo. Dicha administracién incluye el uso de cada tipo de
agente terapéutico de una manera concurrente. En cualquier caso, el régimen de
tratamiento proporcionara efectos beneficiosos de la combinacién de farmacos en
el tratamiento de las afecciones o trastomos descritos en este documento.

La via de administracién puede ser cualquier via que trasporte eficazmente
el compuesto activo de férmula | a un sitio de accién apropiado o deseado tal
como la via oral, nasal, pulmonar, transdémica, tal como administracidn pasiva o
iontoforética, o parenteral, por ejemplo rectal, por depésito, subcutdnea,
intravenosa, intraurefral, intramuscular, intranasal solucién oftdlmica o un
unglento. Ademads, la administracién del compuesto de férmula | con otros
ingredientes activos puede ser concumrente o simultanea.
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EJEMPLOS

La presente invencién se define adicionaimente en los siguientes ejemplos,
en los que todas las partes y porcentajes estan en peso y los grados con grados
centigrados a menos que se indique otra cosa. Debe entenderse que estos
ejemplos, aunque indican realizaciones preferidas de la invencién, se daran solo a
modo de ilustracibn. A partir del andlisis anterior y de estos ejemplos, un
especialista en la técnica puede deducir las caracteristicas esenciales de esta
invencion, y sin alejarse del espiritu y alcance de la misma, puede realizar
diversos cambios y modificaciones de la invencién para adaptaria a diversos usos
y condiciones. Los reactivos e intermedios usados en ese documento estin
disponibles en el mercado o pueden prepararse de acuerdo con procedimientos
bibliograficos estandar.

En el Esquema 2 se muestra |a sintesis de (R)}4-cilano-N-[2-[4-(2,3-dihidro-
1,4-benzodioxan-5-il)-1-piperazinil-propil]-N-(2-piridinil)benzamida como se
describe con mas detalle a continuacion,

Esquema 2
S
1. Nal (eaL.), hase lnsupiniee N -]
) HOL BeCH

y*\g%

1) M. u%mm
=l e -
EJEMPLO 1

PREPARACION DE LA SAL CLORURO DE HIDROGENO DE 2[-(2,3-DIHIDRO-
BENZO[1,4]DIOXIN-5-IL)-(2-HIDROXI-ETIL)}-AMINOJ-ETANOL

A una solucion de benzodioxanoanilina (50 g, 0,331 mol) en butironitrilo
(150 ml) a temperatura ambiente se le afiadié carbonato sédico (70,2 g, 0,662




10

15

20

25

30

35

L":..-L' .J?

24

mol), yoduro sédico (5 g, 0,033 mot) y cloroetanol (160 g, 133 ml). La mezcla de
reaccién se calentd a reflujo (115 + 5°C) Después de 16 horas, se enfri6 a
temperatura ambiente y después la suspension se filtrd a través de un embudo
Bachner. Los sdlidos se lavaron con acetato de etilo (2 x 100 ml). Los filtrados
combinados se concentraron a 1/4 de su volumen original. Se afiadié tolueno (150
ml) seguido de la adicién de HCI 10 N en EtOH (66 ml). La mezcla de reaccion se
agité a 23-25 °C durante una noche durante 16 horas y después se enfrié a 0-5°C
durante 2 horas. El producto se filtré a través de un embudo Blchner, se lavé con
tolueno (2 x 50 ml), se secod en un homo de vacio para dar 79 g (86%) del diol HCI
en forma de un sélido morado claro.
'H RMN (CDCls) & 6,83-8,70 (m, 3H), 4,29-4,20 (m, 4H), 3,54 (t, J = 5,1 Hz, 4H),
3,20 (t, J = 5,1 Hz, 4H), 3,09 (sa, 2H) (base libre).
pf. 145-148°C
El carbonato potasico se ha sustituido por el carbonato sédico y el yoduro
de t-butilamonio se ha sustituido por el yoduro sédico.
EJEMPLO 2
PREPARACION DE ACIDO (2R)-2-AMINOPROPIL({PIRIDIN-2-IL)SULFAMICO
Una mezcla de sulfamato (25 g, 0,13 mol} en una solucién de amoniaco 7,8
N en MeOH (270 ml, 2,1 mol) se agit6 a temperatura ambiente en atmésfera de N;
durante un dia. La mezcla resultante se concentré a 1/3 de su volumen original y
después se afiadid acetonitrilio (80 ml). La mezcla se concentrd a 1/3 de su
volumen original. Se afiadi¢ otra porcién de acetonitrilo (80 ml) y la mezcla se
concentrd de nuevo a 1/3 de su volumen original. La suspension se calent6 a 40-
45°C durante 10-15 minutos y después se enfri6 a temperatura ambiente. Los
sdlidos blanquecinos se filtraron después, se lavaron con acetonitrilo (50 ml) y se
secaron en un homo de vaclo para dar 22 g (81%) del acido sulfamico en forma de
un sdlido blanquecino (area del 98% por LC/MS).
'H RMN (DMSO) & 8,17 (d, J=3 Hz, 1H), 7,5-7,9 (m, EH), 6,82 (t, J=4,5 Hz, 1H),
4,03 (dd, J=10,8 Hz, 3,6 Hz, 1H), 3,94 (ss, J=10,8 Hz, 5,7 Hz, 1H), 3,4-3,6 (m, 1H)
1,18 (d, J=5,1 Hz, 3H);
3C RMN (DMSO) 5 156,1, 148,8, 138,9, 115,7, 114,6, 50,1, 47,9, 16,7;
IR (KBr): vmax 3426, 3137, 3073, 2980, 2518, 1629, 1588, 1520, 1465, 1432, 1366,
1286, 1234, 1197, 1148, 1117, 1063, 1042 cm™
CHN (calculado) C 41,6 H 5,62 N 18,2, CHN (observado) C 41,1 H 549 N 17,7;
pf. 175,5-179°C.

&
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EJEMPLO 3
PREPARACION DE LA SAL CLORURO DE HIDROGENO DE {2{4-(2,3-
DIHIDROBENZO[1,4]DIOXIN-5-IL)-PIPERAZIN-1-IL]-PROPIL}-PIRIDIN-2-IL-
AMINA)

Una mezcla de diol-HCI (50,0 g, 0,18 mol) en butironitrilo (250 ml) se enfrié
a 8-8°C en un bafio de agua enfriada con hielo. A esta mezcla, se le afiadid
cloruro de metanosulfonilo (74 g, 0,64 mol) seguido de la adicién de trietiiamina
(TEA) (150 mil, 1,07 mol) durante 30 minutos manteniendo la temperatura de
reaccién por debajo de aproximadamente 25°C. Después de la adicién, se dejd
agitar la mezcla de reaccién en un bafio de agua enfriada con hielo durante 30
minutos més. Al final de este tiempo, se afiadié agua fria (300 ml) Se separaron
las dos capas. La capa acuosa se extrajo con butironitrilo (100 ml). Las capas de
butironitrilo combinadas se extrajeron con NaHCO; saturado (300 ml) y H20 (300
ml). Esta solucién de dimesilatc y butironitrilo se afiadié después durante 30
minutos a una mezcla de acido aminosulfénico (37,4 g, 0,16 mol) y base de Hinig
(127 mil, 0,727 mol) en butironitrilo (150 ml) calentado a 80-65°C. La mezcla se
calentd durante 3 horas. Durante este tiempo, la mezcla se hizo transparente. La
mezcla se enfrié a temperatura ambiente y después se afiadié HCI 3 N (250 ml).
Esta se agit6 a temperatura ambiente durante 2 horas y después se separaron dos
capas. La capa acuosa se extrajo con CHzCl> (2 X 250 ml) después se enfrié a 4-
6°C antes de afiadir acetato de etilo (EtOAc) (400 ml) seguido de la adicion lenta
de NaOH 10 N (100 ml). (Nota: el pH de la capa acuosa era de ~10-11). Se
separaron las dos capas. La capa acuosa se extrajo con EtOAc (150 ml). Las
capas de EtOAc combinadas se extrajeron con H20 (300 ml), después se cambi6
el disolvente con tolueno (400 mtl). A la solucién de tolueno se le afiadié acetato de
etilo (2B) (55 ml). Esta se calentd a 60-65°C antes de afiadir lentamente 9,54 N en
etanol (68 ml). La mezcla se enfrié a temperatura ambiente y se formé un sélido.
La mezcla se agitd a temperatura ambiente durante una noche después se enfrié
a 0-5°C durante 2-3 horas antes de la filtracién, obteniéndose 32,8 g, rendimiento
del 43% del compuesto del titulo en forma de un sélido blanquecino.
Re = 0,28 (20:1 CHCI3:CHCl3:CH3OH) (base libre)
HRMN (CDCl3) & 8,37 (m, 1H), 7,30-7,65 (m, 2H), 6,77 (t, J=8,1 Hz, 1H), 6.40-
6,80 (m, 1H), 6,40 (d, J=8,3 Hz, 1H) 5,37 (m, 1H), 4,154,400 (m, 4H), 3,30 (m, 1H),
2,90-3,20 (m, 4H), 2,82 (m, 1H), 2,62 (m, 1H), 1,10 (d, J=6.4 Hz, 3H).
EJEMPLO 4
PREPARACION DE LA SAL DE CLORURO DE HIDROGENO DE (R)4-CIANO-N-
[2-[4-(2,3-DIHIDRO-1,4-BENZODIOXAN-5-IL)-1-PIPERAZINIL-PROPIL]-N-(2-
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PIRIDINIL)BENZAMIDA

A una solucién de carbonato potasico (125,1 g, 9068 mmol) en HzO (159 mil),
se le afiadid EtOAc (500 ml). A la mezcia bifasica, se le afiadié sal de cloruro de
hidrégeno de {2-[4-(2,3-dihidro-benzo[1,4]dioxin-5-il)-piperazin-1-il}-propil}-piridin-
2-il-amina (100 g, 216 mmol) en H20 (300 ml). L mezcla se agit6 y enfrié6 a 0-5°C
antes de afiadir una solucién de cloruro de 4-cianobenzoflo (42,8 g, 259 mmol) en
EtOAc (200 mi) durante 30 minutos. La mezcla de reaccién se calent6 a 23-25°C
se agitd durante 1 hora adicional. Se afiadi6 H20 (300 ml) y se agitd la mezcla
durante 5 minutos. Se separaron las dos capas. La capa acuosa se exirajo con
EtOAc (150 ml). Las capas organicas combinadas se lavaron son salmuera (300
ml) y HzO (300 ml) después se concentraron a aproximadamente 1/3 de su
volumen original. Se afiadié EtOAc adicional (~300 mi) a la mezcla de reaccién. La
solucion se calentd a 63-67°C. Se afladié gota a gota HCl en EtOH (4,8 N, 50 mil)
durante 1 hora. Se agit6é a 63-67°C durante 10 minutos después de se enfrid a 23-
25°C. Se formaron sélidos blanquecinos tras la adicion. Después de 1 hora de
agitacién a temperatura ambiente, la mezcla de reaccién se enfrié en un bafio de
hielo a 0-5°C y se agité durante 1 hora més. Los sélidos se filtraron, se lavaron
con EtOAc (2 x 100 ml) y se secaron al vaclo para dar 90,4 g (80%) del compuesto
del titulo (88,6% por HPLC) en forma de un sélido blanquecino.

'H RMN (DMSO) 5 8,45 (m, 1H), 7.69-7,78 (m, 3H), 7,45 (d, J=8,3 Hz, 2H), 7,28
(m, 1H), 7,20 (d, J=8,0 Hz, 1H), 6,78 (t, J=8,1 Hz, 1H), 6,58 (m, 2H), 4,41 (m, 2H),
4,25 (m, 4H), 3,50-3,90 (m, 8H), 3,39 (m, 1H), 3,19 (m, 1H), 1,40 (d, J=6,7 Hz, 3H).

Se midieron los niveles de impureza de dimero e impureza de
polialquilacién mediante cromatografia liquida de alta resolucién (HPLC) con un
limite de deteccién del 0,05% en peso, basado en el peso de la composicion total.
Para el ejemplo 4, el porcentaje de HPLC no mostrd impureza de dimeros o
impureza de polialquilacion.

Cuando se usan intervalos en este documento para las propiedades fisicas
tales como peso molecular o propiedades quimicas tales como férmulas quimicas,
se pretende incluir todas las combinaciones y subcombinaciones de intervalos de
las realizaciones especificas de los mismos.

Las descripciones de cada patente, salicitud de patente y publicacién citada
0 descrita en este documento se incorporan al mismo como referencia de su
totalidad.

Los especialistas en la técnica apreciar&n que pueden realizarse
numerosos cambios y modificaciones a las realizaciones preferidas de la invencién
y que dichos cambios y modificaciones pueden realizarse sin alejarse del espiritu
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de la invencién. Por lo tanto, se pretende que las reivindicaciones adjuntas cubran
todas estas variaciones equivalentes que se inciuyen dentro del verdadero esplritu
y alcance de la invencion.

REIVINDICACIONES

1. Un proceso para preparar un compuesto de férmula I:

K |
o

o una sal farmacéuticaments aceptable del mismo;

en la que

R es alquilo C4-Cy;

Ar' es arilo Cs-Ci2 opcionalmente sustituido con hasta tres sustituyentes
seleccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,
haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no
mas de seis atomos de carbono; y

A es dihidrobenzodioxinilo, benzodioxinlo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupo compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

que comprende las etapas de:

(a) dialquilar un compuesto de arilo sustituido con amino 0 un compuesto
de heteroarilo sustituido con amino de férmula

APNH?

en la que A es como se ha definido anteriorments,

con 2-haloetanol para formar un compuesto de férmula Il:

~P
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A
i

y formar una sal del compuesto de férmula II,
(b) activar la sal del compuesto de férmula Il para formar un compuesto

v

de férmula Il cormespondiente:

A
1] .
5
en la que L es un grupo saliente;
(c) acoplar el compuesto de férmula Il con un &cido aminoalquil(piridina-
2-il)sulfamico de férmula
7 |
N R
"y
80,H
Hy
10 en la que R o8 como se ha definidlo anteriormente, para formar un

compuesto de férmula IV:

15
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i

N, | mu/n
([
[

en la que R es alquilo C,-C4 y Ar? es como se ha definido anteriorments;

v

(d) hidrolizar el compuesto de férmula IV para formar un compuesto de
formula V:

<Oy
o

AR
5 v =
y formar una sal del compuesto de formula V; y
(e) acilar la sal del compuesto de férmula V con un compuesto de
férmula VI:
(o]
Ar1/“\x
Vi,
10 en la que X es halo y Ar' es como se ha definido anteriormente;

para formar un compuesto de formula | como se ha definido anteriormente.

2. Un proceso de acuerdo con la reivindicacion 1 donde dicho &cido
aminoalquil{piridina-2-il)sulfamico se forma a partir de su precursor 2-(5-alquil-2,2-
15 dioxo-21%]1,2,3]Joxatiazolidin-3-il)-piridina.
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3. Un proceso de acuerdo con [a reivindicacién 1 o la reivindicacién 2, donde
dicho acido aminoalquil(piridina-2-il)sulfamico es &cido 2-aminopropil(piridina-2-
il)sutfamico.

4, Un proceso de acuerdo con la reivindicacion 3, donde dicho acido
aminoalquil(piridina-2-il)sulfimico es &cido (2R)-2-aminopropil(piridina-2-
ilysulfamico.

5. Un proceso de acuerdo con la reivindicacién 2 donde dicho precursor 2-{5-
alquil-2,2-dioxo-21°-[1,2,3]oxatiazolidin-3-il)-piridina es el precursor 2-(5-metil-2,2-
dioxo-22.-[1,2,3]Joxatiazolidin-3-il)-piridina.

6. Un proceso de acuerdo con la reivindicacién 1 donde R es metilo.

7. Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 5
donde Ar' es un fenilo sustituido.

8. Un proceso de acuerdo con la reivindicacion 7 donde Ar' es un fenilo
sustituido con ciano.

9. Un proceso de acuerdo con la reivindicacion 7 donde Ar' es un p-
cianofenilo.

10. Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 9,
donde Ar? es dihidrobenzodioxinilo.

11.  Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 9,
donde dicho compuesto de hetercarilo sustituido con amino es
benzodioxanoanilina o dihidrobenzodioxanoanilina.

12. Un proceso de acuerdo con la reivindicacién 11 donde dicho compuesto de
heteroarilo sustituido con amino es 2,3-dihidro-benzo[1,4] dioxin-5-il-amina.

13. Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 9,
donde dicho compuesto de arilo sustituido con amino es anilina o naftalenilamina.
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Un proceso de acuerdo con una cualquiera las reivindicaciones 1 a 13,

donde L es halo, tosilato, mesilato o p-bromofenilsulfoniloxi.

15. Un proceso de acuerdo con la reivindicacién 14, donde L es mesilato.

16. Un proceso de acuerdo con Ja reivindicacion 14, donde L es halo.

17. Un proceso de acuerdo con la reivindicacién 18, donde L es cloro o bromo.
18. Un proceso de acuerdo con una cualquiera de la reivindicaciones 1 a 17,
donde X es cloro.

19. Un proceso de acuerdo con una cualquiera la reivindicaciones 1 a 18,

donde la etapa (b) se realiza en presencia de una amina terciaria.

20. Un proceso de acuerdo con la reivindicacion 19, donde dicha amina
terciaria es trietilamina.
21. Un proceso de acuerdo con una cualquiera las reivindicaciones 1 a 20,

donde dicho 2-haloetanol es 2-cloroetanol.

22.

Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 21,

donde dicha etapa de dialquilaciéon se realiza en presencia de al menos una base

inorganica en un disolvente aprdtico.

23.

Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 22,

donde dicha sal del compuesto férmula Il es una sal inorganica.

24,

Un proceso de acuerdo con la reivindicacion 23, donde dicha sal del

compuesto de férmula I es una sal de cloruro de hidrégeno.

25,

Un proceso de acuerdo con una cualquiera de las reivindicaciones 1 a 24

donde dicha sal del compuesto de formula V es una sal inorganica.

26,

Un proceso de acuerdo con la reivindicacion 25, donde dicha sal del

compuesto de férmula V es una sal de cloruro de hidrégeno.
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27. Un proceso de acuerdo con una cualquiera las reivindicaciones 1 a 26,
donde dicha etapa de activacion (b) se realiza & una temperatura de
aproximadamente 0°C a aproximadamente 25°C.

28. Un proceso de acuerdo con la reivindicacién 27, donde dicha etapa de
activacion (b) se realiza a una temperatura de aproximadamente 0°C a
aproximadamente 15°C.

29. Un proceso de acuerdo con la reivindicacion 1 donde el compuesto de
férmula | preparado es un compuesto de formula IA:

H\/\N \N
P

>—Z

30. Un proceso de acuerdo con la reivindicacién 1 donde dicho compuesto de
formula | preparado es 4-ciano-N-{2-[4-(2,3-dihidro-benzo[1,4]dioxin-5-il)piperazin-
1-il}-propif}-N-piridin-2-il-benzamida o una sal farmacéuticamente aceptable del
mismo.

31. Un proceso de acuerdo con la reivindicacion 29, donde dicho compuesto de
formula | es (R)4-ciano-N-[2-[4-(2,3-dihidro-1,4-benzodioxan-5-il)-1-piperazinil-
propil]-N-(2-piridinil)benzamida o una sal farmacéuticamente aceptable del mismo.

32. Un producto producido mediante un proceso de acuerdo con una cualquiera
de las reivindicaciones 1 a 31.

33. Una compaosicién que comprende:

un producto producido mediante el proceso de una cualquiera de las
reivindicaciones 1a 31; y

al menos un vehiculo farmacéuticamente aceptable.



ol K

33

34. Una composicién que comprende:
al menos un compuasto de formula I:

"T\JJQ
CL]

© una sal farmacéuticamente aceptable del mismo;
5 en la que

R es alquilo C4-Cy;

Ar' es arilo Cg-Ci2 opcionalmente sustituido con hasta tres sustituyentes
seleccionados independientemente entre el grupo compuesto por sustituyentes
halo, alquilo, alcoxi, alcoxicarbonilo, nitro, amino, alquilamino, dialquilamino,

10 haloalquilo, dihaloalquilo, trihaloalquilo, ciano y amido, teniendo cada alquilo no
més de seis 4&tomos de carbono; y

A% es dihidrobenzodioxinilo, benzodioxinilo o fenilo opcionalmente
sustituido con hasta tres sustituyentes seleccionados independientemente entre el
grupo compuesto por halo, metoxi, halometilo, dihalometilo y trihalometilo;

15 menos de aproximadamente el 0,5 en peso, basado en el peso del la
composicidn, de un dimero del compuesto de férmula |; y

menos de aproximadamente el 0,5% en peso, basado en el peso de la

composicién de una impureza de polialquilacién.

20 35. Un compuesto de acuerdo con la reivindicaciéon 34 donde dicho dimero es
un compuesto de férmula A:

A

en la que Q es H, -CHj, -CH(CHa)z, CH(CH3)2,CHs, 0 CH(CH2)sCH,

25 36. Un compuesto de acuerdo con la reivindicacion 35 en la que Q es H.
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37. Un compuesto de acuerdo con la reivindicacion 35 en la que Q es -CHj, -
CH(CH3)2, CH(CH2).CH3, 0 CH{CHz2)sCHs.

38. Una composicién de acuerdo con una cualquiera de las reivindicaciones 34
a 37, que comprende adicionalmente al menos un vehiculo farmacéuticamente
aceptable.

39. Una composiciébn de acuerdo con la reivindicaciéon 34, donde dicho
compuesto de férmula | es un compuesto de férmula IA:

™

P

§

z-/_\

1A

o una sal farmacéuticamente aceptable del mismo.

40. Una composicién de acuerdo con una cualquiera de las reivindicaciones 34
a 39, donde R es metilo.

41. Una composicién con una cualquiera de las reivindicaciones 34 a 40 donde
Ar' es un fenilo sustituido.

42. Una composicién de acuerdo con la reivindicacion 41, donde Ar' es un
fenilo sustituido con ciano.

43, Una composicién de acuerdo con la reivindicacién 42, donde Ar' es un p-
cianofenilo.

44. Una composicion de acuerdo con una cualquiera de las reivindicaciones 34
a 43, donde Ar es dihidrobenzodioxinilo.

45. Una composicién de acuerdo con la reivindicacion 34, donde dicho
compuesio de formula | es 4-ciano-N-{2-[4-(2,3-dihidro-benzo[1,4]dioxin-5-

X7
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il)piperazin-1-il}-propil}-N-piridin-2-il-benzamida o una sal farmacéuticamente
aceptable del mismo.

35

46. Una composicion de acuerdo con la reivindicaciébn 34, donde dicho
compuesto de formula | es (R)-4-ciano-N-[2-[4-(2,3-dihidro-1,4-benzodioxan-5-il)-1-
piperazinil-propil]-N-{(2-piridinil)benzamida o una sal farmacéuticamente aceptable
del mismo.

47. Una composicidn de acuerdo con una cualquiera de las reivindicaciones 34
a 46, donde dicho dimero esta presente a un nivel de menos de aproximadamente
0,2% en peso, basado en el peso de la composicién.

48 Una composicion de acuerdo con la reivindicacién 47, donde dicho dimero
astd presente a un nivel de menos de aproximadamente el 0,1% en peso, basado
en el peso de la composicion.

49. Una composicion de acuerdo con una cualquiera de las reivindicaciones 34
a 48, donde dicha composicion esta sustancialmente libre de dicho dimero.

Ad
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1. [x] The apolicant is hereby notified that the International search rapart and the writtsn opinion of the Intemational Searching
Authority have bean estabished and are transmitted herewith.

FHing of amendments and stetement under Article 18:
The applicant Is entited, if he 8o wishes, to amand the claims of the Intemetional Application (sse Flule 48):

When? The time limit for filing such amandments Is normally 2 months from the date of tranamtttal of the
Intemational Search Raport: however, for more detalle, sae the notes on the accompanying sheet.

Where? Diractly to the Imemational Buraau of WIPO, 34 chemin des Colombettes
1211 Genava 20, Switzerland, Fascimile No.: (41-22) 740.14.35

For more detalled instructions, 908 the notes on the accompanying ahaat.

2 D The applicant is hereby notifled that no Intarnational asarch report will be established and that the declaration under
Ariicle 17(2){a) o that effect and the written opinion of the Intemational Searching Authority ane tranemitied herewith.

3. D With regard io the protest againet payment of (an) addiional fee{s) under Rule 402, the applicant is notified that:

D the profast together with the detision thereon has bean transmitted 1o the Intemational Bureau together with the
applicant's request to forward the 18xts of both the protest end the decision thareon to tha designated Offices.

[[] rodeciaion has been made yet on the protest: the applicant wifl be natified as soon as a decislon is made.

4. Raminders

Shorily after tha expiration of 18 months from the priority daie, the International application will be published by the
Intsmational Buresu. I the applicant wishas o avoid or postpons publication, a notice of withdrawal of the intamational
spplication, or of the priority clalm, must reach the intemetional Bureau as provided in Rules S0bis.1 and 80bis.3, respactively,
bafors the complation of the technical preparations for imemational publication.

The applicant may submit comments on an Informal basis on the writhen opinion of the Intemational Searching Authority to the
intemational Bureau. The Intsmational Bureau will send a copy of such comments to all designataed Offices uniess gn
inrmational preiiminary axamination report has been or I o be estabiehed. Thess comments would also be mads avaliable to
the public but not belore the expiration of 30 months from the priority dats.

Within 19 months irom the priority date, but only In respect of soma designated ONices, a dernand for intemational prefiminary
examination must be fiad ¥ the applicant wishes to postpons the entry into the national phase untl 30 montha from the priority
daie (in some OMces aven iater); otheiwise, the applicant must, within 20 months rom the priority date, parform the prascribed
acts for entry nfo the national phase befors thoes desaignated Offices.

in respect of other dasignated Officas, the time limit of 30 manths (or later) will apply sven If no damand ie flled within 18
moaths.

Ses the Annex 1o Form PCT/B/301 and, for detalis about the applicable time limha, Office by Office, see the PCT Applicant’s
Guide, Volume |I, Nalional Chapters and the WIPO Intemet she.

Name and malling address of the intemational Searching Authortty | Authorized officer

T = Eurcpean Patent Office, P.B. 5818 Patentiaan 2 . .

NL~2280 HV Rijewijk Federico Bonomelli

. Tel. {+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+81-70) 340-3016

Form PCTASA/220 (January 2004) {See notss on accompanying sheet)
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Thess Notes are interxied to give the basis insiruations concaming the filing of smendments under artiola 19. The
Notss are based on the recuiremants of the Patenl Cooperstion Trealy, the Regulstions and the Adminisirative (nstructions
uncr that Treaty. In cass of discrapancy betwesn thess Noies and thoss requirements, the latter are applioable, For more
dalailed mformation, ase also the PCT Applicants Guide, a publication of WIPO.

in these Notes, "Artids”, “Rules”, and "Seclion” reler o theprovisions of the PCT, he PCT Regulations and the PCT
mﬂ-lmw

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having recsived the intemationsl ssarch report, one opportiumity to amand the olaims of the
inlemalional epplication. It should howsver be emphasired thal, sincs sl paris of the intemational applicaiion (cisims,
description and drewings) may be amended during the inlernational preliminary examination procedure, them is uwsuslly
no need to fils amendments of the alaims under Artisle 19 axcepl whers, 0.¢. the appiicant wanis the latter io be publishad
for the purposss of provisional protsclion or has another resson lor smending the claims before inlemationsl pbuliosation.
Furthermore, it shouid be emnphasized that provisional protection is availshle in some States only.

What parts of the intermnationsal sappiostion may be amended?
Undar Article 19, anly the clainte may be amehded,
the intamational phase, the clsims may alsc be amended (or further smencdad) undar Article 34 before

the intemational Preiminary Examining Authorily. The deseriplion and drawings may only be amended under
Articls 34 before the iIntemalional Examining Authorily.

Lhnmmhnmm-.lmdhm applicslion may be amended under Article 28
or, where appliosbls, Article

When? Within 2 months from the dais of traremittal of the intemational ssarch report or 18 manthe from the priority
dats, whichever time imit sxpirss luder. k should be noled, however, that the amandmenis will be conaidersd
a8 having besn recsived on time # they are recsived by the Inlemational Bureau after the expirslion of the
applinable time Gmi but balore the eompistion of the technical preparsiions for inlemalional publication
(Rule 48.1).

Whare not te file the asmendmenis?

Tha amendments may only be fled with the inlemational Bureau snd not with the recsiving Offios or the
inlemational Ssarching Authorlly (Fule 46.3).

Where & damand for intemational preliminary sxzamination has been /s fled, see below.

How? Either by canoeliing one or more antire claims, by adding ane or mors new claims or by smanding the text of
ane or more of the daims as fled.

A replacement shast must be subnilied for each shest of the csims which, on aseount of an amendment or

All the olalme sppeming on & replsssment sheet must be numbared in Arabio numerals. Where a dlaim s
asnoafied, no emmmbering of the ather elaims is required. in all ames whare olaime are renumbered, they must
e renumbsred corssoulively (Administrative insinmtions, Seation 205(h)).

The amendmenis muat be made In the language in which the intermnational application ls %o be published.

What documents must/may acoompany the amendments?
Latter (Sastion 208(b)):
The amenciments must be submitted with & lettar.

The lstter will not be published with the intsmalional appliostion snd the smended olaims. it should not be
confused with the "Staternent under Article 19(1)" (sae below, under “Ststernant under Article 19(1)7).

The laiter st be In F ot the cheoloa of the However, H th of the
intemational mmm" _:'-.'III-' musi be In Enﬁm langusge oll:lwm.’.
is Franch, the lstter must be In Franch.

Notes to Form PCTASA/220 (frd sheet) (January 1994)
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The lstter must incdicate the difisvensss batween the claimz 38 filed and the claima as amandad. i must, in
partioular, indicate, in conneation with each olaim appearing in the intsmational applostion (it being undemboad
that identiaal indicslions conceming asveral claims may be grouped), whether

{) the olaim is unchanged,

(8) the claim s cancelied;

(E) the olaim s naw;

(v) the olaim repiscss one or more deims =s filed;

(V) the claim s the resull of the division of a olsim s Sed.

The following exampies Kustrate the manner in which amendments must be sxplained In the
accompanying letter:

1. [Where originally there were 48 alaims and aftar amendment of some clxims there are B1]:
“Claims 1 10 28, 31, 32, 34, 35, 37 io 48 eplaced by amended olaima bearing the same numbars;
clairs 30, 33 and 36 unchanged; naw cdlasims 46 o 51 addad.”

2. [Where originally there were 15 claima and afier amendmend of sll alaime there are 11]:
"Cisims 1 to 15 replaced by amandad claims 1 t0 11.°

3. [Where ariginally thare wers 14 claima and the amendmants sonsist in cancsiing soma alaima and in adding
now alaimme|:
“Claima 1 Io & and 14 unchanged; aleima 7 to 13 canoslied; new claims 15, 18 and 17 azded.” or
“Glaims 7 1o 13 cancefied; new olaime 15, 18 and 17 ackied; all other claims unchanged.”

4. [Where various kinds of amendments are made]:
“Claima 1-10 unchanged; olaims 11 ta 13, 18 and 19 cancalled; alaims 14, 15 and 16 replaced by smended
olsim 14; alaim 17 subdivided into amended daima 16, 16 and 17; naw claims 20 and 21 added *

"Statement under articie 18(1)" (Rule 48.4)

The smendments may be acocompanied by a statemant explaining the smandmaenis and indicaling any impact
u-fm?mmhMmhm-unmmmhmm

The slalemant will bs published with the inlemationsl appiicstion and the amended claims.
R sauat be In the language in which the inlematienad appplication ks to be published.
R munt be brisf, not excesding 600 words it iIn English or ¥ rarslated into English.

& shouild not be confussed with and doss not eplany the fetier indioating the difisrences between the alaims
an Ned and a8 amended. ik must be ad on a separaie shest and must ba ideniified as such by a eading,
profersbiy by using the words “Blaterment under Article 15(1)."

2 may not cordain any disperaging commenis on the inlernationa! ssarch report or the relevance of skations
soniained in that reposrt. Raferanse (o cilslions, relavent 1 « given olaim, coniained in the international asareh
report may be made only in connection with an amandment of that olaim.

Censsauence il & demand for intemationsl preliminesry sxaminstion has alremdly beuh fled

i, at the tims of {fing any amendments urcier Artisle 19, a demand for inlarnational preliminary sxamination
MMMW“#MMM at the same time of iing the amendmenis with the
intsmational Sureay, also fils a copy of such amendments with the intsmational Prefiminary Examining
Authorily (ase Fule G2 3(a}, first sentercs).

Conassuence with regard to trunsistion of the iInterationsal appliication for entry into the national phase

The spglicants attention ls drawn to the fact thal, whers upon entry into the national phase, a tramalation of tw
dlaims as amanded under Asticls 19 may have to be fumished to the designaied/siected Offiows, instead of, or
in addition to, the ransistion of the dsim as fled.

For fusther details on the requirementa of sach designaisd/eisctad Office, ses Volume II of the PCT Applicant's

Noles ta Form PCTASA/220 (sscand sheat) (Jarmsary 1994)
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Thie International Search Report consists of a total of 7 shaets.
[X] s also accompanied by a copy of each prior art document cited In this report.

This iIntemnational Search Report has been prepared by this inlemational Snn':hqu Autharity and is tranamitted to the applicant
according to Article 18. A copy Is being transmitied ¥ the intemational Burasu

1. Basis of the report

this Authority (Rule

4. With regard 10 the ttle,

5. With regard io the abstract,

6. With regard to the drawings,

23.1(b)).

2. [] Certainclaims wers found unsesrchable (See Box ).

3. [] unityof invention Is lacking (sec Box ).

[X] thewxtis approved as submitted by the applicant.
[[]  the text has been established by this Authority 1o read as folows:

[X] the textis approved as submittnd by the applicant.

[J theext has been established, according to Rule 38.2{b), by this Authority as It appears in Box No. IV. The appiicant
may, within one month wom the date of maling of thia inlemaltional search report, submit comments to this Authority.

a. the figure of the dwings to be published with the abstract Is Figure No.
[C] assugpested by the appiicant
[C]  esselected by this Authortty, because the applicant falled 1o suggest a figure.
[[] aseelectad by this Authorty, bacause this figure batter characterizes the invention.
b. []  none of the figures is & be published with the abetract.

a. With ragard to the languags, the Intemational ssarch was carriad out on the basis of the intamational application in the
language in which it was fllad. uniass otharwise incicalad under this ltem,

[[] Theinwernational search was caried out on the basis of a tranalalion of the intemationel epplication fumished to

b. D With regard 1o any nudoolld_o andjor amino acid sequance disciossd In the intemational application, see Box No. 1.

Form PCTASA/210 (first sheet) {(January 2004)
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Category ¢
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|:| No protest accompanied the payment of addiional search fees.
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This International Searching Authority found muttiple (groups of)
inventions in this international application, as follows:

1. claims: 1-31

process for the preparation of a compound of formula I

2. claim: 32

compound of formula I

3. claims: 33-49

composition comprising at least a compound of formula I
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NZ 526150 A 26-11-2004
PL 363219 Al 15-11-2004

Form PCTASA/R10 (putant lamily ariex) (Jnnunry 2004)

page 1 of 2



INTERNATIONAL SEARCH REPORT

tion o bore I intemnational Application No
- on PRy e | <T/US2005/009154
Patent document Publication Paisnt family Publication

cited in search report date mamber(s) dae

WO 0244142 A2 S1 1339406 T1 31-10-2004
TR 200401546 T4 21-09-2004
™ 224102 B 21-11-2004
US 2002107254 Al 08-08-2002
US 2003022901 Al 30-01-2003
Us 2003216408 Al 20-11-2003
ZA 200304994 A 04-10-2004

WO 03078417 Al 25-09-2003 AU 2003220094 Al 29-09-2003
BR 0308377 A 11-01-2005
CA 2477892 Al 25-09-2003
EP 1483255 Al 08-12-2004
US 2003187265 Al 02-10-2003
US 2004230056 Al 18-11-2004

WO 9906382 A 11-02-1999 IT MI971862 Al 01-02-1999
IT MI971863 Al 01-02-1999
AU 9256498 A 22-02-1999
WO 9906382 Al 11-02-1999
EP 1000045 Al 17-05-2000
JP 2001512110 T 21-08-2001
us 6271234 Bl 07-08-2001

Fosm PCTASA/R10 (paiert family srvwax) (Jenupry 2004)

page 2 of 2

T




SATENT COOPERATION TRFATY poo ){ A\

From the
INTERNATIONAL SEARCHING AUTHORITY
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WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY

j (PCT Rule 43bis.1)
! Date of mailing '
; || tdaymonthiaar) seetorm PCTASAZ10 (second sheet) i
" Applcants or agents fil reference FOR FURTHER ACTION |
i see form PCTASA/220 See pamgraph 2 below I
" Intamational appiication No. imemational filing date (daymonthjear) Pricrity dave (daymonthyear) i
| PCTAJS2005009154 18.03.2005 19.03.2004 i
[ International Paten Clasaification (IPC) or both national classification and 1PC :
C07D4D5M2 :
Applicart i

E WYETH .

1. This opinion contains indications relating to the following items:

BoxNo.|  Basis of the opinion

O BoxNo.ll  Priority

O Box No.lll  Non-establishment of opinion with regard 1o novalty, inventive step and industrial applicabliity
Box No. IV Lack of unity of invention

Box No.V  Reasoned statament under Rule 43bis.1(g){l) whh regard to novelty, inventive step or industria)
applicability; citations and explanations supporting such statement

O Box No.Vl Certain documents cited
O Box No. Vil Certain defects in the international application
0 Box No. Vil Certaln observations on the international application

2. FURTHER ACTION

m m e ———— —

if a demand for international preliminary examination s made, this opinion will usually be considered to be a i
wiittan opinion of the International Preliminary Examining Authority (“IPEA"). However, this doas not apply where !
the applicam chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
intemnational Bureau under Rule 6.1 bis{b) that written apinlons of this Intemnational Searching Authority

will not be so considered. ;

If this opinion is, as provided above, considered tn be a writtan oplnion of the |PEA, the applicant Is invited to i
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three

months from the date of mailing of Form PCTASA/Z220 or before the expiration of 22 months from the priority date,
whichever expiras later.

For further options, see Form PCTASAZ220.
3. For further details, sae notes to Farm PCTASAZ220.

Names sd mailing addreas of the ISA: Authorized Officar f"‘*
B Office b
j D.0298 Munich Schuemacher, A { @ }
Tel. +49 B8 2399 - 0 Tx: 523658 epmu d .
Fax: +40 89 2390 - 4465 Telaphone No. +489 B9 2396-7818 "

Form (PCTASA23T) (Cover Sheet) (January 2004)
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WRITTEN OPINION OF THE Intemational application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2005009154
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1. With regard to the language, this opinion has been established on the basis of the interational application in
the language in which it was filed, unless otherwise indicated under this item.

Box No.| Baasls of the opinion

O This opinion has been established on the basis of a trans!ation from the original language into the following
language , which is the language of a translation fumished far the purposes of international search
(under Rules 12.3 and 23.1(b)).

2. With regard 1o any nucleotide andior amino acld sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
[l asequence listing
O table(s) related to the sequence listing
b. format of material:
[0 in written format
O in computer readable form
¢. time of filingfumishing:
[0 contained in the intemational application as filed.
O filed together with the international application in computer readable form.
O tumished subsequently to this Authority for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were fumished.

4. Additional comments:

Form PCTISA/237 (January 2004)
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Box No. IV Lack of unity of invention

1. O In response to the invitation (Form PCTASA/206) to pay additional fees, the applicant has:
O paid additionz! fees.
O paid additional fees under protest.
[0 not paid additional fees.

2. This Authority found that the requirement of unity of invention is not complied with and chose not to invite
the applicant to pay additional fees.

3. This Autharity considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2and 133 is

O complied with
not complied with for the following reasons:
8680 separate sheet
4. Consequently, this report has been established in respect of the following parts of the international application:
& all parts.
O the parts relating to claims Nos.

Box No.V Reasoned statement under Rule 43bis.1(a)(l) with regard to novelty, Inventive step or
industrisi appiicsbility; citations and sxpianstions supparting such statemant

1. Statement
Novelty {N) Yes: Claims
No: Claims 1-49
Inventive step (IS) Yes: Claims
No: Claims 149
Industrial applicability (IA) Yes: Claims 1-49

No: Claims

2. Citations and explanations
soe soparate sheet

Form PCTASA/237 (January 2004)
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Re ltem IV
Lack of unity of invention

The separate inventions are:

Claims 1-31 : process for the preparation of a compound of formula |
Claim 32: compound of formula |

Clalms 33-48 : composition comprising at least a compound of formula |

They are not so linked as to form a single general inventive concept (Rule 13.1 PCT) for the
following reasons:

In order to fulfil the requirements of Rule 13.1 PCT, a group of claimed inventions must be so
linked as to form a single general inventive concept. The single general inventive concept is
only present when each invention possesses the same or corresponding special technical
features. These features are those which distinguish the invention from the prior art.

The technical problem addressed by claims 1-31 appears to be the development of an
improved process for the preparation of a known compound of formuia L.

The technical problem addressed by claim 32 is the provision of a compound of formula |i.
The technical problem addressed by claims 33-49 is the provision of a composition comprising
at least a compound of formula I.

The common element linking the process of claims 1-31 with the subject-matter of claim 32
and the composition of claims 33-49 is the compound of formula |, which is already known '
from the prior art documents (see e.g. W0O02/44142 or WQ9703982) as well as the
composition comprising such compound and its use as 5-HT,, antagonist. Thus, the
compound of formula | cannot be the special technical feature required by Rule 13.2 PCT.
As neither the technical problems, nor the special technical features are the same or
corresponding, the requirements of unity are not fulfilled.

Be ltem V
Reasoned statement with regard to novelty, inventive step or industrial applicabliity;
citations and explanations supporting such statement

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-January 2004)
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Reference is made to the following documents: *

D1: WO 03/078396 A (WYETH, JOHN, AND BROTHER LTD., USA) (25.09.2003)

D2: WO 95/33725 A (JOHN WYETH AND BROTHER LTD., UK) (14.12.1995)

D3: WO 97/03982 A (AMERICAN HOME PRODUCTS CORPORATION, USA) 6
February 1997

D4: WO 02/44142 A2 (WYETH, JOHN, AND BROTHER LTD., USA) 6 June 2002

D5: WO 03/078417 A (WYETH, JOHN, AND BROTHER LTD., USA) (25.09.2003)

D6: WO 99/06382 A (RECORDATI S.A., CHEMICAL AND PHARMACEUTICAL
COMPANY; RECORDATI INDUSTR) 11 February 1999

1. Novelty, Article 33(2) PCT:

With regard to the prior art disclosed in the documents cited above the different subject-
matters of the present application, the process of claims 1-31, the compound of formuila |
according to claim 32 and the composition comprising at least one of the compound of formula
I in claims 33-49, do not appeatr to fulfil the requirements of noveity, cf. Article 33(2) PCT:
D1 anticipates the subject-matter of claims 1-21 and 25-31 as it discloses on p.2-6:

- the dialkylation of the aniline in the presence of excess chioroethanol followed by the
conversion of the resuiting hydroxyl moiety to a suitable leaving group to get e.g the
dimesylate compound (see also Example 11 of D1 and examples 1 and 2 of D5).

-the coupling of the dimesylate compound with the N-(2-pyridyl)-1,2-propane-diamine sulfamic
acid to form the piperazine compound (see also example 6).

-the acylation of the piperazine compound (Example 8).

-the subject-matter of claims 25 and 26 is disclosed in example 7 of D1.

-the subject-matter of claims 29-31 is disclosed in example 8 of D1.

The processes of D2 and D3 differ from the presently claimed on account of the formation of
the piperazine ring before the coupling of N-(2-pyridyl)-1,2-propane-diamine sulfamic acid. The
processes in D4, D5 and D6 do not use the N-(2-pyridyl)-1,2-propane-diamine sulfamic acid.
The compounds of formula | according to claim 32 are considered to be anticipated by D1-D5:
Claim 32 is a claim for products defined in terms of a process of manufacture : this kind of
claim is admissible only if the products as such fulfil the requirements for patentability, i.e inter
alia that they are new and inventive. (see Guidelines, Part C, Chapter Ill, 4.7b).

As consequence, the composition comprising at least one compound of formula | as claimed

Form PCTASAR37 (Separate Shest) (Sheet 2) (EPO-January 2004)
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in claims 33-49 is, for the same reason, not considered to be novel over D1-D5. Furthermore,
even if the composition is characterised by a certain degree of purity as it is the case in claims
34-49, it cannot be said that this depree of purity could not also be achieved by conventional
methods. Moreover, such kind of claim would consists in defining the same compound as the
compound of the prior art by a degree of purity. Since the level of purity of a compound cannot
entail novelty (T728/98, O.J. EPO 2001, 319 and T990/96, O.J. EPO, 1998, 489), such claim
does not meet the requirements for novelty of Article 33(2) PCT. It should be noticed that this
is also valid in the case of a product-by-process claim where that purity level is the inevitable
result on the preparation process indicated in the claim: even if the process as claimed in
current claims 1-21 would be novel and inventive, the claim for a product defined in terms of
a process of manufacture, or the claim for a composition comprising such compound, would
not be admissible since a product is not rendered novel merely by the fact that it is produced
by means of a new process (see T150/82, OJ 7/1984, 309).

2. Inventive step, Article 33(3) PCT:

According to p.3 of the description, the Applicant appears to have set himself the task to
develop an improved process for the preparation of the compounds | known to be 5-HT1A
antagonists useful in the treatment of CNS disorders.

Document D1 is considered as the closest prior art for the preparation of the compound of
formula .

The only difference between the process of D1 and the one presently claimed is the use of
an inorganic base in aprotic splvent for the dialkylation step (subject-matter of present
claims 22-24).

According to the statement on p.14 and p.15 of the present application, the use of an
inorganic base in aprotic solvent facilitates the purification of the obtained diol and avoids
multiple extraction of the highly water-soluble diol. This modification of the process of D1

should lead to an improved and easily scaled-up process with regard to the process of D1.
ho g ’é\hmangyerthele‘ssc. the present application does not provide any evidence for such alleged

LU ol mprovement

Poog? There is also no appropriate information showing that the use of an inorganic base in the
dialkylation step was not obvious in the view of D1 and provides an improved process. In the

Form PCTASA/237 (Separmie Sheet) (Sheet 3) (EPO-January 2004)
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absence of evidence of such advantage, the subject-matter of the present application cannot
be considered to satisfy the requirements of Article 33(3) PCT.

It is not at present apparent which part of claims 1-21 and 25-49 could serve as a basis for
a new, allowable claim, because no difference of the subject-matter of the claims vis-a-vis
the state of the art could be identified.

The present application is therefore not considered to meet the criteria of Art.33(3) PCT.

Form PCTASA/237 (Separate Sheet) (Sheet 4) (EPO-January 2004)
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BEFORE THE INTERNATI NAL BUREAU OF THE WORLD -
INTELLECTUAL PROPERTY ORGANIZATION
Via Facsimlle and Confirmation Via international Courler

(41-22) 338.82.70
Intemational Application No. PCT/US2005/009154
International Flling Date 18/03/2005

Title Process for Preparing N-Aryl-Piperazine
Derivatives
Applicant Wyeth

RESPONSE REGARDING INFORMAL COMMENTS TO WRITTEN OPINION

Intemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20

Switzerland

Dear Sir, Madam:

In response to the facsimile letter of February 16, 2008 regarding our
facsimile of January 6, 2006 entitied “Letter accompanying Statement under PCT
Article,” please process this document as informal comments. No Chapter i
demand has been filed. A second copy of the original document Is attached.

Date : March 3, 2006
WOODCOCK WASHBURN LLP

One Liberty Place - 46th Floor
Philadelphia, PA 19103

Telephone (215) 568-3100
Facsimile (215) 568-3439

Respe submitted,

Wendy A. Chol

Attomey for Applicant
USPTO Reglstration No. 38,887
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BEFORE THE INTERNATIONAL BUREAU OF THE WORLD
INTELLECTUAL PROPERTY ORGANIZATION
Via Facsimlile and Confirmation Via international Courler

(41-22) 740.14.35
intemational Appilication No. : PCT/US2005/000154
Intemational Flling Date : 18/03/2005
Title : Process for Preparing N-Aryl-Plperazine
Derivatives
Applicant : Wyeth

LETTER ACCOMPANYING STATEMENT
UNDER PCT ARTICLE 34

Intemational Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20

Switzerland

Dear Sir, Madam:
In response to the Intemnational Search Report and Written Opinion malled
June 24, 2005 for the above-ideniified Intemational Patent Application, enclosed is a

Response under Article 34, filed within 22 months of the priority date of the
application.

Status of Claims

Claims 1 to 49 are pending. No claims have been amended. No claims have
been added.
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Response to Written Opinlon

Claims 1 to 48 are deemed to allegedly lack noveity and Inventive step over

WO 03/078396 (D1). Applicant respectfully traverses the conclusion with respect to

claims 1 to 49:

. Claims 1 to 31 are directed to a process for preparing N-aryl piperazine
derivatives.

" Claim 32 Is directed the product produced by any one of claims 1 to 31 (not
necessarily the compound of formula |, as indicated in the continuation of Box
Il of the Intemational Search Report and In the Written Opinion).

. Claim 33 is directed to a pharmaceutical composltion comprising the product
produced by the process of any one of claims 1 to 31.

. Claims 34 to 49 are directed to a composition comprising N-aryl piperazine
derivative compounds of formuia { with maximum levels of two impurities (Le.,
the dimer of compounds of formula | and a polyalkylation impurity).

Novelty of Claimed invention

Claims 1 to 31 are directed to a multi-step process for preparing N-aryl
piperazine derivatives. The first step in the process requires the dialkylation of an
amino-substituted aryl or hetercaryl with a 2-haloethanol to foom a diol and
subsequently forming a salt of the compound of formula i, l.e., a salt of a diol.
As explained in paragraph [0042] of the application, the improved process of the
invention is characterized by improved product purity, higher yields, lower costs, and
technical convenience relative to synthetic route disclosed in U.S. Published
Application No. 20030204087, which Is the U.S, counterpart application of D1,

The reaction of the amino-substituted aryl or heteroaryl compound with 2-
haloethanol to provide the comesponding dialkylated diol compound of formula Il
occurs by nucleophilic replacement of the halo moiety in the 2-halooethanol with the
amino-substituted aryl or heteroaryl compound, resulting in the formation of N, N-
dlalkylated amino-substituted aryl or heteroaryl compound and concurmrent formation
of byproduct salt. Simple filtration of the byproduct salt formed during the reaction



AM101492 PCT/WYNC-rob7 ™ 051 O/f\ é)

(such as byproduct NaCl in Example 1 of the application, formed from the Na* of the
sodium carbonate base and the CI' from the chloroethanol reactant) may be used to
remove the byproduct salt from the solution containing the diol compound of formula
li. Under the reaction conditions, howevaer, It Is likely that the hydroxy group of the 2-
haloethanol replaces the halo group in a second molecule of 2-halooethanol to give
the dimeric alkoxy alcohol, 2-ethoxyethanol, Several Herations of this reaction may
generate an oligomeric byproduct (a polyalkylation impurity) difficult to remove from
the neutral compound of formula If present under the basic conditions of the
reaction. Although the insoluble Inorganic salt byproduct (such as NaCl, for
example) is readily removed from the aprotic solvent solution by filtration, the
oligomer, being soivent soluble would remain with the desired product (l.e., the
compound of formula II). Thus, applicants have unexpectedly discovered that the
subsequent salt formation of the diol from solution (for example, by reaction of HCI
with the compound of formula il In solution to form an adduct that readlly
precipitates) gives a stable solid that can be readlly isolated in high yleld and purity.
The formation of an acid salt of the compound of formula 1l, which is insoluble In the
chosen medium, allows.it to be flltered off while keeping the soluble oligomer In
solution. Hence, purity of the desired material is enhanced and product losses are
lower because complex purification schemes are replaced with simpler, more
elegant ones.

D1 is sllent with respect to forming any salt of the diol compound. On page 4,
llnes 21 to 25 of D1, It Is explained that the diol compound Is formed by the
dialkylation of an aniline in the presence of excess chloroethanol followed by the
direct conversion of the resulting hydroxyl moiety to a sultable leaving group. D1,
therefore, does not disclose the step of forming an inorganic salt of the diol
compound (l.e., the salt of the compound of formula 1l). Therefore, D1 does not
anticipate claims 1 to 31.

Claim 32 |s directad to the product produced by the process of claim 1 (and
its dependent claims 2 fo 31) and claim 32 is directed to a pharmaceutical
composition thereof. The product produced by the process of claim 1 is a mixture
that minimally Includes the compound of formula 1. However, because of the
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improved process, which, inter alia, minimizes polyalkylation and simpiifies QA{
isolation of the salt of the compound of formula Il in step (a), as described in
paragraph [0042], the product has maximum levels of dimer of the compound of
formula | and the dlalkylation impurity. Accordingly, the product Is different than the
product produced by the process of D1. Therefore, D1 does not anticipate claims 32
and 33.

Claims 34 to 49 are directed to a composition comprising N-ary! piperazine
derivative compounds of formula | with maximum leveis of two impurities (/.6., the
dimer of compounds of formula | and a polyalkyiation impurity). As discussed above
with respect to claims 32 and 33, the compositions of D1 are different because the
processes used to make the intermediates are different. Therefore, D1 does not
anticlpate claims 34 to 49.

Inventiveness of Claimed Invention

Forming a salt of the compound of formula Il prior to activating and coupling it
is not disciosed, taught, or suggested by D1. It permits simple filtration of the
byproduct salt formed during the reaction, as discussed with respect to novelty. As
a result, subsequent salt formation of diol gives a stable solid that can be readily
isolated in high yleld and purity, thereby avoiding the need for multiple extractions of
the highly water-soluble diol, as required in the prior art processes. For example, in
Examples 8 and 10 of D1, the benzodioxane dlester is first formed and isolated via
solvent extraction prior to reduction to the diol. There Is simply no suggestion in
these example or elsewhere in D1 to form the salt of the compound of formula Ii. it
Is only in hindsight that it appears that doing so is useful.

As discussed above, however, It is likely that the hydroxy group of the 2-
haloethanol replaces the halo group in a second molecule of 2-haloethanol to give
the dimeric alkoxy alcohol, 2-ethoxyethanol. Several lterations of this reaction may
generate an oligomeric byproduct difficult to remove from the neutral compound of
formula |l present under the basic conditions of the reaction. Although the insoluble
inorganic salt byproduct (such as NaCl, for example) is readily removed from the
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aprotic solvent solution by filtration, the oligomer, being solvent soluble would remain
with the desired product (i.e., the compound of formula ll). Thus, applicants have
unexpectedly discovered that subsequent salt formation of the diol from solution (for
example, by reaction of HC| with the compound of formula il in solution to form an
adduct that readily precipitates) gives a stable solid that can be readily isolated In
high yleld and purity. The formation of an acid salt of the compound of formula I,
which Is insoluble in the chosen medium, aliows It to be filtered off while keeping the
soluble oligomer In solution. Hence, purity of the desired material Is enhanced and
product josses are lower because complex purification schemes are replaced with
simpler, more elegant ones. D1 does not discuss the presence of an oligomeric
byproduct (a polyalkylation impurity) and accordingly a skilled artlsan would have no
motivation to develop an improved process that minimizes the effect of the
oligomeric byproduct, as the claimed process accomplishes. Furthermore, there Is
no suggestion to first remove the inorganic salt formed during the reaction to further
improve the process, as set forth in claim 22.

Based on the foregoing, applicant submits that claims 1 to 49 are novel and
Inventive.

Respectfully submitted,

4 e,

Attomey for Applicant
Date : January 8, 2008

WOODCOCK WASHBURN LLP

One Liberty Place - 46th Floor
Phlladelphla, PA 18103

Telephone : (215) 568-3100
Facsimile : (215) 568-3439
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(54) Thulo: PROCESO PARA PREPARAR DERIVADOS DE N-ARIL-PIPERAZINA

Reivindicacion(es):

1.

Un proceso para preparar un compuesto de formula |: -

1 .
o0 una sal farmacéuticamente acapiable del mismo;
enlaque
R o3 alquilo C+-Cy;

A es arilo Ca-C12 opcionaimante sustituido con hastn tres sustituyentes seleccionados independlsntements enire ol
grupo compuesto por sustituyentss halo, alquilo, alcoxd, alcoxicarbonilo, nifro, amino, alquilamino, dialquilamino, haloalquilo,
dihaloalquilo, trhaloalquilo, clano y amido, tenlendo cada alquilo no més de seis atomos de carbono; y
Ar? g3 dihidrobenzodioudnilo, benzodloxinio o fenllo opclonaimente susiituido con hasta fres sustituyeniss selecclonados
Independisniaments enire el grupo compuesto por halo, metox, halomedilo, dihalometlio y trihalometilo;
que comprende |as eiapas deo:

(a) dialquilar un compussto de arlo sustituido con amino 0 un compuesio de heieroarilo sustituido con amino de
formula

AriNH2

en la que A2 ¢4 como se ha definido antsriorments,

con 2-haloetanol para former un compuesto de formula Il

7

Yy lunnu' una sal del compuesto de formula II,
() activer la sal del compuesto de frmula Il para formar un compuesty de fdrmula (Il comespondiente:

X

en Iat;ueLaungmpoaallenh:
(c) acoplar ol compuesto de firmula [l con un écido eminoalquii{piridina-2-i)sulfamico de rmula

on la que R es como se ha definido anteriormente, para formar un compuesto de fdrmula IV:



N 1
en la que R es alquilo C1-C4 y Ar2 8 como sa ha definido antarlorments;
(d) hidrolizer el compuesin de fdrmula [V para formar un compuesto de formula V:

'yfonnlljnualddmmwulndofumulaV;y
(e) acilar la sal del compuesto de frmula V con un compuesto de férmula Vi:

A X
i

m'laqueXelhdoyAr‘ascomoaohadoﬁnldoanuionmh;
para formar un compuesto de Krmula | como se ha definido anteriorments.

M, Una composicion que comprende:
&l menos un compuesto de férmula I:

! .
o una sal famacéuticaments aceptable del mismo;
on la que
R ee aiquilo C1-Cs;
Ar! es arilo Ce-C1z opcionaiments susiituido con hasta tres sustituyentes seleccionados Independientemeants entre el grupo
compuesto por sustituyeniss haio, aiquilo, aicoxi, sicoxicarboniio, nitro, amino, aiquilamino, disiquliemino, haicaiquiio,
dihaloaiquilo, trihaloelquilo, ciano y amido, tenlendo cada alquilo no més de sels tomoa de carbono; y
Art es dihidrobenzodioxinilo, benzodlaxinlio o fenilo opcionaiments sustituldo con hasta tres sustituyentes seleccionados
independientaments entre el grupo compuesto por helo, metxd, halometilo, dihalomediio y trihalomedlio;
menos de epraxdmadaments el 0,5 en peso, basado en &l peso del la composicion, de un dimero del compuesto de formula |;

y
mences de aproximadaments el 0,5% en peso, basado en &l peso de la composicidn de una Impureza de pollakjullacion.
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CORREA ORDOREEZ ALVARO

REFERENCIA Radicacifn No. 6 94086
Solicitud internacional PCT/US20005/009154
Fecha inicio fase nacional 19/10/2006

Trimite 11
Evento 78
Actuacifn 430

Oficio No. "o __.13574

Como resultado del examen de forma, realizedo con fundamento en el articulo 38 de
la Decisién 486 de la Comislién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Gnica de la Superintendencia de Industria y Comercio, se le comunica que:

1. La eolicitud no contiene la copla del documesnto en que consta la cesidn del
derecho a la patente del inventor al solicitante o a su causanta. (Art. 26-k)
Decisién 48§.

2. La solicitud no contiene ¢l poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subaiguientes del C&digo de
Procedimiento Civil. Adicionalmente, deberd presentar el documento que acredita la
existencia y representaciém legal de la sociedad solicitante, cuando ésta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Declsifn 486, se le
requiera para que dentro del término de dos meses siguientes a la fecha de
notificacisn del presente oficioc, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimienmto al presente reguerimiento, la solicitud se
considerari abandonada y perderf su prelaciétm.

Notifiquese el present icio conforme a lo dispueato en el numeral 5.2, literal
e), del capitulo quintp”’del pitulo primero de la Circular Unica No.l10 de 2001.

ALIX
Jefe de la

SPEDES DE VERGEL
viaisin de Nuevas Creaciones

ant:e.r:l.or to fue notificado por £fijaciém en 1lista de
!echa “m jm

aalvarado



