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2. a- . El Exammador argumenta las rewmdlcaclones l a 13 se encuentran caractenzadas |

por un tratam1ento terapéutlco y no- pﬂr Ios elementos const:tutlvos de la composmlén

farmacéutica,

:_b* - En respuesta a lo antenor, me permlto anotar que en el Capitulo Reivindicatorio
Modificado, las composwlones se encuentran correctamente definidas mediante sus

constltuyentes y la proporclén de los mlsmos en la mezcla

3. a En su anéhsxs de mvel mventwo el Exammador argumenta que los documentos
CA2252898 (Dl) y Prakash et al. (D2) afectan el nivel mventlvo de la presente invencién, El
objeto reivindicado, que es una composwlén para tratar un’ trastorno psuqulétnco, que comprende
una cantidad de S-metll-dlhldrozxpramdona 0. una de sus sales y un vehiculo fannacéutwamente
aceptable, se derivaria de los documentos mencwnados antenormente, por cuanto D1 ya habla
divulgado composxclones para uso parenteral de la sal de mesﬂato de Ziprasidona junto con un
vehiculo, y D2 habia revelado la ex1stencxa del metabohto de Z:prasxdona, denominado S-metil-
dﬂudrompramdona ] |

b- Llamo respetuosamente la atencmn del Exammador al hecho que D1 no contempla-
formulacmnes de S-meul»-dxlndrozxprasidona, en las que el prmmplo activo se encuenira en las

proporciones de las composwlones relvmdlcadas en el Capltulo Rewmdlcatono Modlﬁcado Una

persona versada. en la materia no podria, a partlr de las enseﬁanzas de D1 o D2, establecer que las

composwlones, con actlvos en las proporclones especlficamente remndlcadas presentaran o

efectos satlsfactonos

Ahora bien, toda persona medlanamente Versada en la matena sabe que cambios en la
formulacién pueden conducir a efectos mejorados, por e_]emplo en su farmacocmétlca Por lo
tanto, a partlr de los conocnmentos proporclonados por D1 Y Dl tanto individualmente como en
combinacién, es unpomble que una persona medlanamente versada en la materia hublera podido

llegar exactamente a las composwlones aqui relvindlcadas

Por lo tanto, la presente mvenmén resulta mvenuva ﬁente al arte previo citado por el
Examinador, dado su carécter unprew51ble e mesperado Blen exphca el Manual Andino de

Patentes que el nivel inventivo se debe cons1derar como el proceso creativo que conlleva a

resultados que no pueden deducirse del estado de la técmca en forma ewdente

10.1.

' Manual Andino de Patentes Secretaria General de la, CAN OMPI EPO 2004 ISBN 9978—43-855—6 Seccn’m
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por aclarar, ruego se emita un_segundo examen de fondo con el fin de brindar la oportunidad al

solicitante de proporcionar las eXpli_caciones pertinentes.

Atentamente,

R. OLARTE

%.C. No. 79.782.747 de Bogota

T.P. 74.295

Anexos: ‘
e Capitulo Reivindicatorio Modificado.

o Recibo de pago correspondiente a la tasa de modificacion.

I%égina 3 ‘dc 3
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Examen de fondo

CAPITULO REIVINDICATORIO MODIFICADO

. Una composicién farmacéutica para el tratamiénto de trastornos

psiquistricos y/o oculares caracterizada por que. comprende 6-cloro-5-
(2-{4- [1mmo-(2-metllsulfamlfeml)-metzl]plperazm— -il}-etil)-1,3-
dihidro-indol-2-ona o una de sus sales farmacéuticamente aceptables,
junto con un vehiculo farmacéuticamente aceptable, donde la relacién
en peso de ingrediente activo:vehiculo varfa en. el intervalo de 1:6 a
2:1. -

. La composicién segin la Reivindicacién 1, donde el compuesto activo

6-cloro-5-(2-{4-[imino- (2-meti1sulfaniifenil)-metil]piperazin- -il}-
etil)-1 3-d1hldro-1ndol-2-ona, se encuentra en una proporcmn en entre
5%-70% en peso.

. La composicién segin la Reivindicacion 1 donde la relacién en peso

de ingrediente activo:vehiculo sé,encuent;a de 1:4a1:1.

. La composici6én segin la Reivindicaicén 1 que se administra por via

oral, parenteral, rectal, intranasal o tépica en dosis diarias entre 0,5 a
500 mg por dia; mas eSpeciﬁcamente en cantldades de 10mg a 80 mg
por Kg de peso corporal/dla

. La composicién segl’m la Reivindicacién 1 donde los vehiculos se

escogen entre ¢l grupo constituido por diluyentes o cargas solidas,
medios acuosos estériles y diversos. dlsolventes organicos no téxicos y
sumlares ‘

. La composicién segiin la Reivindicacién 1 donde los trastornos a tratar

se seleccionan entre esqulzofrema, trastorno de answdad generalizada,
fobia, trastorno blpolar, trastomo de estrés post-traumatlco demencia,
manifestacion en el comportamwnto de retraso mental, manifestacion
en ¢l comportamiento de un trastorno de la conducta, autismo,
glaucoma y retinopatia isquémica.
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Characterization of the Novel Benzisothiazole Ring-Cleaved Products of the
Antipsychotic Drug Ziprasidone

ABSTRACT:

Characterization of two novel benzisothiazole ring cleaved metah-
olites of the antipsychotic drug, ziprasidone (Z!P), in rat has been
described. Meiabolites designated M&.and-M9 were isolated fromy
urine.and bila of the rat dosed with radiplabeled ZIP and purified by
reversod - phase HRLL, The chemical structures of these metabo-
lites were assigned based on tandem mass spectrometry in com-
bination with chemical derivatization fechniques. M6 and M9 were
unaffected upon treatment with N-{tert-butyldimethylsilyl)-N-
methyltrifluoroacetamide. Reaction of M9 with aqueous TiCl; also
did not change the HPLGC retention time or the CID spectrum of

metabolite M9. These data excluded the possibility that these me-
tabolites were owing to N-oxidation and/or aromatic hydroxylation.
M6 and M3 were generated only when in vifro incubations of ZIP
were conducted with human liver $-9 fraction in the presence of
S-adenosyl-L-methionine. Basedon-thess dats, metabolites M6

and-- Mo were identifisd as - Sumethyt-diydro-ZIPs and S-methyl-

dihylro-ZIP-sulfoxide, respectively, The structure of M9 was unam-
biguously confirmed by comparing the LC/MS retention tirme and
mass spectral data with synthetic standard. A mechanism for the
formation of these metabolites from ZIP is proposed.

ZIP' (fig. 11 is a substituted benzisothiazolylpiperazine that exhibits
potent and highly selective dopamine D, and serotonin 5-HT, recep-
tor antagonistic activities (1, 2). It is undergoing clinical trials for the
treatment of schizophrenia, Its preclinical and clinical pharmacolog-
ical profiles suggested that ZIP should be an efficacious antipsychotic
with little or no [iability for motor side effects (3). Previous studies
have shown that ZIP is extensively metabolized in rats (4) and dogs,
and in humans® after oral administration of radiolabeled ZIP. Only a
very small amount of administered radicactivity (<1%) was excreted
in urine as unchanged drug. Approximately 41% of the administered
radivactivity was excreted in the urine and bile of rats (4). The major
metabolites were due to oxidation on the benzisothiazole ring and
N-dealkylation of the ethyl side chain attached to the piperazinyl
nitrogen atom. Metabolismn of benzisothiazoles typically involves
oxidation at the sulfur, resulting in formation of sulfoxides and sul-
fones (5, 6). But, in addition to ZIP-50 and ZIP-S0,, two additional
metabolites of ZIP were detected in the urine and bile of rats that seem

gl 10 be modified on the benzisothiazole ring at sites other than sulfur

€

wwgoxidation (4}. These metabolites accounted for 31 and 34% of the total
" radioactivity excreted in rat urine and bile, respectively. This short

commubnication describes the characterization of these two novel
metabolites of ZIP, resulting from the reductive cleavage of the

Received October 30, 1996; acceptsd March 5, 1997.

' Abbreviations used are: ZIP, ziprasidone (5-j2-{4-(1,2-benzisothiazol-3-
ylipiperazin-1-yltethyl]-6-chloro-1,3-dihydro-indol-2-one} hydrachloride hydrate;
5-HT, 5-hydroxytryptaming; ZIP-SO, ziprasidone sulfoxide; ZIP-SQO,, ziprasidone
sulfone; MTBSTFA, N-(tert-butyldimethylsilyl)-N-methyitrifluoro-acetamide; SAM,
S-adenogyl-methioning; dihydro-ZIP, 6-chlore-5-(2-[4-[imino-(2-mercapto-phe-
nyl)-methyl]-piperazin-1-yl}-ethyl}-1,3-di-hydro-indol-2-one;  S-methyl-dihydro-
ZIP,  G-chloro-5-(2-{4-[imino-(2-methylsutfanyl-phenyl)-methyl}-piperazin-1-yl)-
ethyl)-1,3-dihydro-indol-2-one; CID, collision-induced dissociation; TMT, thipl
methyltransferase; TPMT, thiopurine methyliransferase.

2 C. Prakash et al., manuscript in preparation.

Send reprint requests to: Dr. Chandra Prakash, Department of Drug Metab-
olism, Geniral Research Division, Pfizer, inc., Groton, CT 06340.

benzisothiazole ring. Metabolites were isolated from rat yrine and bile .,
ang purified by HPLC, and characterized by: [) LC/MS and LC/MS/
MS; 2) derivatization with MTBSTFA or diazomethane; 3) treatment
with aqueous TiCl;; and ¢) comparison of chromatographic and
spectral behaviors with the metabolites obtained from an in vitro
incubation of '“C-ZIP with human liver homogenate (S-9) in the
presence of SAM. The structure of one metabolite was unambignously
confirmed by coelution on HPLC with synthetic standard.

Materials and Methods. '*C-ZIP, ZIP-S0, ZIP-S0,, dihydro-ZIP,
and S-methyl-dihydro-ZIP were synthesized at Pfizer Central Re-
search (Groton, CT). "*C-ZIP showed a specific activity of 9.0 mCi/
mmol (21.8 xCi/mg) and a radiochemical purity of =98%, as deter-
mined by radio-HPLC. MTBSTFA and TiCl, were purchased from
Aldrich Chemical Co. (St. Louis, MO) and Fisher Scientific (Spring-
field, NJ), respectively. SAM and *H-SAM were purchased from
Sigma Chemical Co. (St. Louis, MO) and NEN-Research Products
(Boston, MA), respectively. Diazomethane was generated just before
use from AN-methyl-N-nitroso-p-toulens sulfonamide obtained from
Aldrich (Milwaukee, WI).

Urine and bile (024 hr) from a previous study (4) were used for
the isolation and purification of metabolites. The mixture of metabo-
lites was subjected to chromatography on an HPLC system, Chroma-
tography was conducted on a YMC basic HPLC column (4.6 mm X
250 mm, 5 pm) with a binary mixture of 20 mM ammonium acetate
(pH 5.0, solvent A) and methanol (solvent B), as described previcusly
(4}). Several injections were made, and the radioactive fractions cor-
responding to metabelites M6 and M9 (with retention times of ~32.2
and —40.1 min, respectively) were collected and concentrated on a

H
_7\'; Cl
O £ —
N N .S
N/ N

F16. 1. Structure of ZIP.

Asterisk indicates position of the "*C-label.
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nitrogen evaporator, Derivatization of the purified metabolites M6
and M9 (each ~5000 dpm and 100 ng) was conducted by reaction
with MTBSTFA or diazomethane using standard procedures (4, 7).
The reaction with TiCl, was performed as described (8).

In vitre incubations of ZIP with human liver microsomes or 5-9
were conducted using standard procedures, The typical incubation
mixture (1 ml total volume) contained 100 mM potassium phosphate
buffer (pH 7.4), 0.5 uM cytochrome P450 (microsomes) or protein
equivalent to 32 mg/ml of liver (S-9), "*C-ZIP (50 puM, 0.2% dim-
ethylsulfoxide), SAM or "H-SAM (50 uM), and an NADPH-
generating system (9 mM MgCl,, 0.54 mM NADP™, 6.2 mM pL-
isocitric acid, and 0.5 units/ml isocitric dehydrogenase). The reactions
wetg initiated by addition of an NADPH regenerating system after a
S-min preincubation period. Reactions were incubated at 37°C for 30
min and were stopped by addition of methanol (2 ml).

Analysis of metabolites was performed on a SCIEX APIIIT HFLC/
MS/MS system using ion spray. The ion spray interface was cperated
at 6000 V, and the mass spectrometer was operated in the positive ion
mode. CID studies were performed using argon gas at a collision
energy of 25-30 eV and a collision gas thickness of 3.5 x 10"
moleculesiem?.

Results and Discussion. Representative reversed-phase HPLC
tracings showing the metabolite profiles from rat urine and bile are
shown in fig. 2,a and b, respectively. The presance ofiwo wmeiabolites
designated M6 and M9, along with several additional metabolites of
Z1P, was established in both urine and bile (4). Metabolite M9 showed
a protonated molecular ion at m/z 429, 16 mass units higher than the
parent drug. Its CID spectrum (m/z 429) showed fragment ions at m/z
280, 263, 219, 194, 150, and 123 (fig. 3a4). The ion at w4z 280
corresponds to a charge initiated fragmentation of the piperazinyl
nitrogen— benzisothiazole carbon bond with the expulsion of the
benzisothiazole +16 amu moiety as a neutral molecule. The ion at m/z
150 resulted from the cleavage of the same nitrogen— carbon bond
with charge retention on the benzisothiazole +16 amu moiety and
suggested the addition of one oxygen atom to the benzisothiazole ring.
The presence of other characteristic fragment ions at m/z 194 and 263
further sugpested that the addition of an oxygen atom had occurred
remote from the oxindole part of the molecule. The assignment af
these ions was confirmed by a parallel CID spectrum of m/iz 431
(MH™, **CI), which gave fragment jons at m/z 282, 265, 196, 150, and
123. These results strongly suggested that the oxidation had occurred
at the benzisothiazole moiety. However, the retention time of M9 was

a different from that of the synthetic ZIP-SO standard, suggesting a

medification of the benzisothiazole other than sulfur oxidation.

Based on addition of 16 mass units to the benzisothiazole moiety,
three structures were originally considered for M9 (fig. 4): oxidation
at the nitrogen of the benzisothiazole ring to form N-oxide 1; aromatic
hydroxylation of the benzisothiazole moiety 2; and reductive cleavage
of the benzisothiazole followed by methylation of the resulting thio-
phenol to form 3.

Treatment of the purified metabolite M9 with aqueous TiCl; did
not change the HPLC retention time, the molecular ion, or the CID
spectrum of metabolite M9, This-eliminated an N-oxide 45 a possiblen

weture for M9, Reaction of the purified metabolite M9 with MT-
BSTFA or diazomethane also resulted in no change in the retention
time or MS data, suggesting that a free hydroxyl group was not

present. Based on these data, MS.wsssieatatively-identified as 8 &

waibiybilryiro-ZHR. Boidis. <)

Metabolite M6 showed a protonated molecular ion at m/z 445, 32
mass units higher than the parent drug. Its CID spectrum showed
fragment ions at m/z 280, 263, 209, 194, 177, 166, and 109, suggesting

PRAKASH ET AL.
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Fic. 2. HPLC radiochromatograms of ZIP metabolites from (a) rat urine,
(h) rat bile, and (c) human liver homogenate (5-9).

that the 32 mass units were added on the benzisothiazole moiety (fig.
35). M6 did not coelute with synthetic ZIP-S80, on HPLC and thus
sulfur dioxygenation of the intact molecule was eliminated as a
possible structure. Treatment of Mé with MTBSTFA or diazomethane
did not change the HPLC retention time, or the molecular jon of
metabolite M4, indicating the absence of a free hydroxyl group.
Treatment of M6 with aqueous TiCl; resulted in the disappearance of
M6 and the appearance of a new peak that had a retention time and
MS data similar to those of M9. Based on these results, redox
relationship between metabolite M6 and M9 was established. It was
thus concluded that M6 was a sulfur oxidation product of M9 and was
tentatively identified as S-methyl-dihydro-ZIP-sulfoxide.

In an attempt to confirm further the structures of M6 and M9, a
serics of in virro investigations were attempied. Incubations of ZIP
with rat or human liver microsomes did not generate these metabolites
(9). However, when microsomes were fortified with SAM, a small
amount of metabolite M9 was detected. Incubation of '*C-ZIP with
5-9 plus an NADPH regenerating system and SAM resulted in the
formation of both metabolites M6 and M9 (fig. 2¢). These metabolites
showed the HPLC retention times and mass spectral characteristics
similar to those of M6 and M9 obtained from rat urine as shown in fig.
3¢ for M9. Additional experiments using *H-SAM and unlabeled ZIP
revealed that the formation of these metabolites required the presence
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FiG. 4. Possible structures for metabolite M9,

of SAM, an essential cofactor for the methylation of thiols, in the by treatment of dihydro-ZIP with diazomethane or CH,I/KOH. M9
incubation medium {10). Attempts to isolate enough amounts of Mé  coeluted with synthetic standard on HPLC and had an identical CID
and M9 for NMR were unsuccessful. Therefore, M9 was synthesized  spectrum.
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FiG. 5. Proposed pathway for the formation of M6 and M9.

Based on these data, metabolites Mé and M9 were identified as
benzisothiazole ring-cieaved products. The formation pathway of
metabolites M6 and M9 js speculated to involve an initial reductive
cleavage of the benzisothiazole moiety to give an intermediate with a
free thiol finction and an amidine. The thiol ¢an be further converted
to a methyl thioether by methylation with TMT or TPMT to form M$
(fig. 5). Confirmation of this hypothesis was obtained by incubation of

. dihydro-ZIP with S-9 in the presence of SAM, resuliing in the

formation of M9. M6 was formed by oxidation of M9 at the sulfur of
the S-methy]l moiety of benzisothiazole ring.

Although there are several investigational pharmaceutical com-
pounds containing a benzisothiazole structure {11-13), aromatic hy-
droxylation, N-oxidation, or cleavage of the benzisothiazole have not
been reported, N-oxides of 1,2-benzisothiazoles have, however, been
prepared by the reaction of 1,2-benzisothiazolium chloride with hy-
droxylamine (14). The commeon pathway for the metabolism of
benzisothiazele analogs involves oxidation at the sulfur resulting in
the sequential formation of sulfoxides and sulfones (5, 6), which
suggests that the benzisothiazole moiety is more susceptible to oxi-
dation at the sulfur than it is to aromatic hydroxylation. We have also
recently demonstrated that oxidation at the sulfur of the benzisothia-
zole was one of the major pathways for metabolism of ZIP in rats (4).
The other pathways involve N-dealkylation of the ethy! side chain
attached to the piperazinyl nitrogen atorm and hydration of C—N
double bond of the benzisothiazole ring. Two metabolites, also mod-
ified on the benzisothiazole ring, were not fully characterized earlier
(4). We have now identified these two novel metabolites of ZIP,
which resulted from the modification of the benzisothiazole ring via a
biotransformation not involving oxidation of the sulfur. These metab-

‘olites were formed by the reductive cleavage of benzisothiazole

moiety. Similar cleavage has been reported for the compounds pos-
sessing a 1,2-benzisoxazole ring structure, risperidone (13), zoni-
samide (16), and iloperidone (17). Reductive cleavage of benzisox-
azoles resulted in the formation of an intermediate imine that is
hydrolyzed nonenzymatically to a stable ketone. But, in ZIP, the
intermediate amidine was not identified due to its instability under
acidic conditions.
Ih&m&mm MY wolves-two steps. that-aye Cataw
. SFREETS k.studies speculate that soluble
TPMT enzyme rmght be mvolved in the methylation of the interme-
diate thiophenol, similar 1o that reported for aromatic sulfhydryl
compounds (18). The trace amount of M9 formed in the incubation of
ZIP with microsomes may be due to the presence of a small contam-
ination of soluble TPMT in the microsomal preparations. But, we do
not presently know which enzymes are involved in reduction of the
benzisothiazele. The opening of the benzisoxazole ring of risperidone
was attributed to the reduction by gut microflora (15). The reductive

ring opening is a reaction of dihydrogenation and as such must
involve transfer of two electrons. It has recently been shown that the
reductive ring opening in zonisamide is catalyzed mainly by a specific
cytochrome P450 enzyme (CYP3A), in human and rat liver micro-
somes undetr anaerobic conditions (19, 20). Because ring-cleaved
metabolites of ZIP were found both in urine and bile, we believe that
the opening of the benzisothiazole ring is also mediated by liver
enzymes. Further studies to determine the enzymes involved in the
formation of these metabolites are currently under investigation. Fi-
nally, the identification of this novel metabolic pathway of ZIP will
have relevance to understanding the metabolism of other benzisothia-
zole-piperazine drugs.
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TABLE 1-continued

Asgay Conditions for Radicligand Binding Studies

a0

Ligand
concen-
Receptor tration Tissue Blank Bufter pH
ketanserin cortex 2 uM TrisHCI ph
4 nM 4+ 1
1 uM 10
prazosin +
500 oM
mepyramine
15
TABLE 2
Receptor Redicligand Binding Resulis
Dz 23 M
D3 58 oM 20
n4 59.2 nM
SHT2 0.35 1M (ICsy)
SET1A 12 nM{ICgp)

Pro-drugs of ziprasidone may be administered as a neu-
roleptic agent. Administration to a human subject mayalb];
alore or, preferably, ig.combination, with pbarmacentical
aoea.p;abk.»msﬁezs%»ref-'—iffp&kﬁwmw & pharmaceuticak
composiion, iu-sccordance wah- standard pharmaceutical,
practicg, The pro-drugs of ziprasidone may be administered
orally. or. parenterally including intravencusly or inframus-s3g
cularly. Suitable pharmaceutioal carriers inelude solid dilu-
enis -or -fillers, and sterile agueous . solutions and various
organic solvents. The pharmaceutical compositions are then
readily ,.agministemd in & variety of -dosage forms, such as.
{ablets; powders; Jozenges; syrups;-and injectable sclutions
These pharmaceutical compositions, if desired, may contain
additional ingredients such as davorings, binders and exXcipi-
enfs Thys, for. purposes of oral. administration,. fablets
confaining various -excipients such as sodium citraté, cil-
civm carbonate and caleiurmn phosphate may be employed
along. with various disintegrants-such as-starch, algime seid 4
and certain complex. silicates, together with binding agsnts
such aspolyvinypyilidne, sucrose, gekitin- and acacias
Additionally, lubricating agents such as magnesium stearale,
sodium lauryl sulfate and talc are often useful for tabletting
purposes. Solid compositions of a similar type may also be
employed as fillers in soft and hard filled gelatin capsules. 43
Preferred materials for this include lactose or milk sugar and
high molecular weight polyethylene glycols. When agueous
SUSPEOSIOus, ar-elixics are-desired for-oral administration, the,
essential active ingredient thereln may be combined with
various-sweelening or flavoring agents, coloripg matler of so
dyes .and,., I desired, . emulsifyingor suspenling: agents, n
together with diluents such -as. waier, -ethanol, - propylene
plyeel-plvesria and cembinations thercgf.

Pogparenieral administration, a sclution or suspension <
S g e
propylenc-glyool; or in-stenile aguenus. solution may he
employeds Such. aqueous solutipns should he suitably buff,
ergd if pgcessary and the liquid. diluent first rendered isow
tomic with sufficient saline or .glucose. These particular 4
agueays. solutions are. especially suitable for intzavenous,
intramusculaz, subeufancous and intraperitoneal adrministray
tion. The sierile agueows media employed are all readily
available by standard technigues kaown-to those skilled inv

35

]

Tasaffective: dosage for e prowdmg-of - siprasidones
depands.on.the intended royte of adminisiration and oiher 65
faotorssuak.as.2ge and weight.of.the. subject, as generally
knowi.
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The following Examples illustrate the preparation of the
pro-drugs of the present invention. Commercial reagenis
were utilized without further purification. Melting points are
uncorrected. NMR data are reported in parts per million (8)
and are referenced to the deuterium lock signal from the
sample solvent. Unless otherwise staled, all mass spectrum
were performed using electron impact (El, 70 ¢V) condi-
tions, Unless otherwise indicated, chromatography refers to
column chromatography performed using 32~63, pm silica
gel and execuled under nitrogen pressure (flash
chromatography) conditions. High Pressure Liquid Chroma-
tography (HPLC) was performed on a LDC Analytical
constaMetric® 3200 HPLC (Thermo Separation Products
Co.). A Zorbax®C8, 60A, 3.9x150 mm column (Mac-Mod
Analytical, Inc., Chadds Ford, Pa. 19317) was used for
HPLC analysis (mobile phase: 40% acetonitrile, 45% 0.05M
potassium phosphate, moncbasic (KH,PQ,) adjusted to
pH=6.0 with potassium hydroxide (KOH), 15% methanol;
Flow Rate of 1.0 m¥/minute; Detector: UV 229 nm, Injector:
10 ul; Samples are prepared in mobile phase (0.05 mg/ml)).
Room temperature refers to 20-25° C.

EXAMPLE 1

1-[2-(6-Chloro-2 3-dihydro-2-oxo-1H-indol-5-y1)
ethyl}-4- imino(2-mercaptopheny)methyllpirerazine

A one-liter, 3-neck round botlom flask equipped with a
mechanical stirrer, condenser topped with a nitrogen inlet,
and thermometer was purged and then maintained under an
inert nitrogen atmosphere. 5-[2-[4-(1,2-Benzisothiazol-3-
y1)-1-piperazinyllethyl])-6-chloro-1,3-dihydro-2H-indol-2-
one (60.0 g, 145 mmol), 2-propanol (600 mL), and benzyl
mercaptan (45.1 g, 363 mmol) were added to the flask
affording a pink slurry which was heated to reflux (83° C.).
After 6 hours at reflux, thin layer chromatography (eluted
with methylene chloride/isopropanol 4:1) showed that the
reaction was complete. The slurry was coeled to 25° C. and
then granulated overnight. The shurry was fillered and the
filter cake was washed with isopropanol (two times 90 mL).
The wet cake was suspended in one liter of tetrahydrofuran
(THF) and the resulting slurry was granulated at 25° C. for
7 hours. The slurry was filtered, washed with THF (two
times 100 mL), and then dried in vacuo at 42° C. overnight.
The title compound (54.4 g) was isolated as a tan solid
(mp=224-226° C. with decomposition) in 90.2% yield. **C
NMR (DMSO-d): & 176.25,166.33,159,16,143 28,135.16,
131.84, 131.26, 129.64, 128.65, 126.88, 126.03, 125.21,
116.37, 109.58, 57.65, 51.58, 35.40, and 29.95. Dibenzyl
disulfide was isolated as a reaction by-product from the
mother liguors.

EXAMPLE 2

1{2-(6-Chtoro-2.3-dihydro-2-oxo-1H-indol-5-y1)
ethyl}-4-[(imino(2-mercaptophenyl)methyl]
piperazine dihydrochloride

The compound (5.0 g, 12.1 mmol) from Example ] was
suspended in 75 mL of THF at room temperature, and then
1.97 mL of concentrated hydrochloric acid was slowly
added over 30 min affording a gummy solid. Water (5 ml.)
was added and the gummy solids were stirred for 6 hours to
produce a finely divided solid which was granulated over-
night. The mixture was filtered ard the filter cake was
washed with THF (10 mL). The product was dried in vacuo
at 25° C. overnight under a nitrogen bleed 1o give 5.87 g of
the title dihydrochloride compound as a tan solid (mp=
232-240° C. with decomposition). When the dihydrochlo-
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PREPARATION 4
3-(1-Piperazinyl}-1,2-benzisothiazole

3-(2-Cyanophenylthio)-1,2-benzisothiazale (0.25 g, 0.93
mmol), anhydrous piperazine {0.80, 9,32 mmol), and iso-
propanol (0.25 mL) were added to a 6 mL round bottom
flask equipped with a magnetic stirring bar, reflux condenser
topped with a nitrogen inlet, and thermometer. The flask was
purged with nitrogen and then immersed in a 120° C. oil bath
to give a yellow refluxing solution. After heating at
116-120° C. 120° C. for 25 hour, the reddish solution was
cooled to 25° C. and 5 mL of methanol was added. Thin-
layer chromatography (methylene chloride/isopropanol/
triethylamine, 15:5:1) showed that the reaction was essen-
tially complete. The crude reaction solution was analyzed by
high-pressure liquid chromatography to show that 3-(1-
piperazinyl)-1,2-benzisothiazole was formed in 70% yield.

PREPARATION 5
3-(1-Piperazinyl)-1,2-benzisothiazole

Anhydrous piperazine (17.2 g, 0.20 mol) and isopropanol
(3.0 mL) were charged to 2 round bottom flask equipped
wilth a mechanical stirrer, thermometer, condenser topped
with a nitrogen inlet, and an addition funnel. Once the flask
was purged and then maintained under nitrogen, the mixture
was heated to 90° C. to afford a solution. A solution of
1-(2-cyanophenylthio)piperazine (4.38 g, 200 mmol) in
isopropanol (2.0 mL) was slowly added to the warm pip-
¢razine solution over 1 hour. Once the addition was
complete, the solution was heated to reflux (118° C.) for 24
hours. The reddish solution was cooled to room lemperature
and then analyzed by HPLC. 3-(1-Piperazinyl)-1,2-
benzisothiazale was formed in 55% yield by IIPLC assay.

PREPARATION 6

3-{2-Cyanophenylthic)-1,2-benzisothizzole
Method A

Bis{2-cyanophenyldisulfide (1.25 g, 4.66 mmol), ashy-
drous piperazine (4.01 g, 46.6 mmel), and dimethyl sulfox-
ide (0.80 g, 10.3 mmol) in 15 mL of tetrahydrofuran were
added to a 50 mL round bottom flask equipped with a
magnetic stirring bar, thermometer, and condenser topped
with a nitrogen inlet, After the flask was purged with
nitrogen, the mixture was heated at reflux (73° C.) for 25
hours. The reaction mixture was cooled 1o 25° C., and the
tetrahydrofuran was removed at reduced pressure. The
resulting sclid was dissolved in a 40 mL of a methylene
chloride/water (1:1) mixture, the laycrs were separated, and
the organic layer washed with water (20 mL). The methylene
chloride solution was evaporated to afford a crude solid
{0185 g) which was crystallized from isopropanol (17 mL) to
give light yellow crystals. After filtration, the product was
dried in vacuo at 40° C. to give 039 g (31% yield) of
3.(2-cyanophenylthio)-1,2-benzisothiazole. Melting point
115.5-117° C. *H NMR (CDCL): 5 8.03 (m, 1H), 7.92 (m,
1H), 7.77 (m, 1H)Y, 7.70 (m, 1H), 7.57 (m, 2H), and 7.48 (m,
2H). *3C NMR (CDCL): & 154.99, 152.30, 134.83, 134.56,
134.06, 133.24, 129.07, 128.51,125.33,123.29,120.13,
117.13, and 116.95. Analytical calculated for C, H NS, C,
62.66; H, 3.00; N, 10.44; S, 23.90. Found: C, 62.43; H,3.01;
N, 10.68; 8, 24.05. A X-ray crystal structure was also
obtained to confirm structure.

PREPARATION 7
3-(2-Cyanophenylthio)-1,2-benzisothiazole
Method B

Bis(2-cyanophenylidisulfide (0.40 g, 1.48 mumol) and
2-mercaptobenzomitrile (0.20 g, 1.48 mmol) were combined
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in 2 mL of isopropanoi and were heated at reflux (90° C.) for
25 hours under a nitrogen (N,) almosphere. 3-(2-
Cyanophenylthio)-1,2-benzisothiazole was formed in 69%
vield by HPLC assay.

PREPARATION 8

1-(2-Cyanophenylthio)piperazine

Anhydrous piperazine (22.5 g, 261 mmol) and tetrahy-
drofuran (100 mL) were combined under a nitrogen atrno-
sphere and then heated to 60--65° C. 3-Chloro-1,2-
benzisothiazole (10.0 g, 59.0 mmol) was slowly added over
ore hour to the warm piperazine solution and then the
resulting reddish solution was heated at 657 C. for 17 houss.
Thin-layer chromatography (ethyl acetate/hexanes/
triethylarmine, 10:10:1) showed that the reaction was com-
plete, The mixture was cooled to room temperature and then
filtered. After toluene (100 ml.) was added, the solution was
congcentrated at reduced pressure (40* C.) to one-half vol-
ume. The toluene solution was washed with water (100 mL),
and the aqueous layer was extracted with fresh toluene (25
mE). The combined toluene layers were concentrated at
reduced pressure Lo about 30 mL. After cooling the solution
to 0-5° C., hexanes (50 mL) was slowly added. The result-
ing crystals were granulated for 1 hour at 0 to 5° C., filtered,
and the cake was washed with fresh hexanes (15 mL}). After
drying the solids for 18 hours at 23° C., 11.51 grams (89%
yield) of a yellow crystalline solid (m.p.=67-71° C.) was
isolated. The crude sulfenamide contained approximately
5% of 1,4-bis(2-cyanophenylthio)piperazine by NMR
analysis. Title sulfenamide was stored at © to -10° C. to
prevent slow conversion to 1,4-bis(2-cyanophenylthio)
piperazine with heating or storage at room temperature. "H
NMR (CDC1,): 8 7.63 (m,1H), 7.56 (m, 3H), 7.21 (i, 1H),
2.96 (m, 4H), and 2.87 (m, 4H). “C NMR (CDC1,): 3
142.69, 133.55, 132.67, 128.14, 126.69, 116.80,110.24,
57.34, and 47.06. HRMS Found: 220.0878; C,,H, N.§8
Requires (FAR P+1): 220.0908.

We claim:
1. A compound of the formula

I

N N
s o0
SH o
a i

or a pharmaceutically acceptable salt thereof.
2. A process for preparing a compound of the formula

HN,

I

™ N
~ -
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comprising, reacting a compound of the formula

cl N

10

with a reducing agent.

3. A process according to claim 2 wherein said reducing
agenl is benzyl mercaptan.

4. A process according to claim 3 wherein said reducing 1
agent benzyt mercaptan comprises 2.2 equivalents relative
to the amount of ziprasidone.

18

5. A process for according to claim 4 wherein said
reaction is performed in the presence of a solvent.

6. A process according 1o claim S wherein said solvent is
isopropanol.

7. A process according to claim 6 wherein said reaction is
run at about 85° C. for about 6 hours.

8. A pharmaceutical composition having neuroleptic
activity comprising the compound according to claim 1 in an
amount effective in the treatment of neuroleptic discases,
and a pharmaceutically acceptable carrier,

9. A method of treating neurcleplic diseases which com-
prises administering to a subject in need of such treatment a

s neuroleplic amount of the compound according o claim 1.

LI I A
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados
1.1. Descripcion: Faolios: 27 a 43 y 48 como se radico inicialmente
1.2. Reivindicaciones:  Folios 44 a 47 como se radicd inicialmente

Folios 76 a 79 modificadas
Folios 92

1.3. Prioridad: Folios: 01
Junio 02 de 2000, Estados Unidos, 60/209,136
Junio 16 de 2000, Estados Unidos, 60/212,172

1.4. Respuesta del solicitante Folios: 89 a 91

2. Analisis de la Prioridad

e |la fecha de prioridad del 02 de Junio de 2000 y su correspondiente
documento, son aceptados para el estudio de patentabilidad.

3. Objeto de la invencion
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sales farmacéuticamente aceptables para el tratamiento de los trastornos
psiguiatricos, tales como esquizofrenia, trastornos de ansiedad, depresién, trastorno
bipolar, trastornos asociados con retraso mental, autismo, conducta, demencia,
discinesias inducidas por droga entre otros; y trastornos ocutares como glaucoma y
retinopatia isquémica.

Reivindicaciones 1-6: Una composicion farmacéutica
El problema planteado en esta solicitud es la necesidad de composiciones
farmacéuticas Utites para tratamientos psiquiatricos y oculares

Para solucionar este problema técnico la solicitud en estudio enuncia de forma
general una composicion farmacéutica que contiene S- Metil-Dihidro-Ziprasidona.

» Clasificacion Internacional de Patentes (IPC): A61 K 31/486
4. De la solicitud de Patente

4.1. Descripcion (articulo 28 D. 486)
« laestructura quimica del compueste S-metil-dihidroziprasidonano es claray
precisa, pues posee un grupo amino y le falta un sustituyente. El grupo imino
no se encuentra presente (Ver folio 26)

s Segun folio 28, la invencion sohc&tada se refiere a un procedimiento para un
trastorno o afeccidon seleccionado de esquizofrenia, trastornos de ansiedad,
entre otros y no a composiciones farmaceuticas.

¢ Segln folio 29, este procedimiento se denominard en lo sucesivo “el
procedimiento de la invencion” y no a composiciones farmacéuticas.

e Ef gjemplo No 1 corresponde a un procedimiento de sintesis v no a
composiciones farmacéuticas.

» No se encontraron datos reportados que presenten el efecto inesperado y
superior de la composicion farmacéutica frente a las previamente divulgadas
para compuestos de ziprasidona.

4.2.  Reivindicaciones (articulo 30 D 486)
s Las reivindicaciones 1 a 5 se encuentran de forma general y amplia al
referirse al “vehiculo™ de la composicion farmacéutica.
+ La reivindicacién 6 se encuentra caracterizada por el método de tratamiento
terapéutico y no por los elementos constitutivos de ia composicién
farmacéutica.

5. Determinacion del Estado de la Técnica

Considerando que fa fecha de presentacién defa ﬁrirﬁera solicifud de patente de la

cual se rewmd:ca prioridad es: 02/06/2000, se encontraron los siguientes
~=dbmrda Ao |la taCrniea rplnmnnﬂrlnr.: siie nTiadan afoartar lea
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and Disposition Benzithiazole Ring-Cleaved
Vol 25 No 7 Products of the Antipsychotic
Drug Ziprasidone”

Prodrugs of 5-(2-(4-(1,2-
benzisothiazol-3-yl-)-1-
piperazinyl)ethyl)-6-chlro-
1,3dihydro-2H-indol-2-one

D2 US 5,935,960 10/08/1999

6. Analisis de patentabilidad (articulo 14 D486)

6.1.  Nivel inventivo (articulo18 D486)

La reivindicacion 1 se refiere a una composicidn farmacéutica para e! tratamiento de
los trastornos psiquiatricos y/o oculares caracterizada porque comprende 6-cloro-5-
(2-{4-[imino-(2-metilsulfanilfenil)-metil] piperazin-1-il}-etil}-1,3-dihidro-indol-2-ona o
una de sus sales farmacéuticamente aceptables, donde ia relacién en peso del
ingrediente activo:vehiculo varia en el intervalo de 1:6 a 2:1

La reivindicacion 2 se refiere al compuesto activo, en una proporcién entre 5-70%
en peso :

La reivindicacion 3 la relacion en peso del ingrediente activo:vehiculo se encuentra
1:4a:1

La reivindicacion 4 se refiere a la dosis diaria de agente activo de 0.5 a 500 mg, en
cantidades de 10mg a 80mg por Kg de peso corporal/dia

La reivindicacion 5 se refiere a los vehiculos constituidos por diluyentes o cargas
solidas, medios acuosos estériles y diversos disolventes organicos no toxicos y
similares

D1 previamente divulgaba el compuesto “S-metil-dihidro-ziprasidona”
caracterizado por ser un producto obtenido del metabolismo del compuesto
ziprasidona. (Ver resumen, columna 2, lineas 5-6) Los metabolitos de ziprasidona
respectivamente fueron aislados de orina de rata y bilis (Ver pagina 897, linea 1)

El metabolito M9 ha sido identificado como S-metil-dihidro-ziprasidona. (Ver
pagina 898, columna 1, lineas 56-57), cuya estructura se encuentra descrita en la
Figura 5 de D1: (Ver pagina 800) ' '
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D2 ensefia previamente pro-farmacos de ziprasidona, sus procesos y sus
composiciones farmacéuticas. (Ver resumen)

El compuesto referido en D2 posee la siguiente estructura quimica segun la
reivindicacion 1 (Ver columna 16):

, N e Cl

i~ O: —
' N N
TPMT

D2 D1

El compuesto de D2 corresponde a la estructura tiol-dihidro-ziprasidona, precursor
del compuesto S-metil-dihidro-ziprasidona, segun D1-Figura 5.

El compuesto S-metil-dihidro-ziprasidona posee un metilo en el grupo tiol.

Los profarmacos de ziprasidona son administrados en soportes o diluentes en una
composicion farmacéutica, los cuales incluyen soluciones acuosas estériles y
varios solventes organicos. Las suspensiones acuosas o elixires pueden
contener ademas agentes saborizantes, colorantes, si se desea agentes
emulsificantes o0 agentes suspensores con diluentes tales como agua, etanol,
propilénglicol, glicerina y sus combinaciones. (Ver columna 11, lineas 63)

La dosis efectiva para un profarmaco de ziprasidona depende de la ruta de
administracién y otros factores como edad y peso del sujeto, generalmente
conocidos (Ver columna 11, lineas 64-67)

Los elementos caracteristicos encontrados en la solicitud son los siguientes y su
relacion con el estado de la técnica es:

Solicitud D1 D2
Compuesto de Sl NO
Ziprasidona (Precursor)
Vehiculo NO ' Sl

El solicitante por lo tanto utiliza un compuesto obtenido por procesos bioldgicos
de la naturaleza tales como el metabolismo humano (D1) en.composiciones
farmacéuticas de compuestos con estructura quimica similar (D2}, y cuya Gnica
diferencia es la presencia de un grupo metilo.

La solicitud no presenta el efecto inesperado y superior de las composiciones
farmacéuticas de ziprasidona, en comparacion con las previamente divulgadas el
estado de la técnica.

El problema técnico planteado en esta solicitud como es “obtener compuestos
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El problema técnico planteado en esta solicitud como es obtener “una
composicion farmacéutica de S-metil-dihidroziprasidona”, seria solucionado
faciimente por el experto en la materia con base en la composicién farmacéutica
divulgada en D2 y el compuesto divulgado en D1, de manera que este lo lograria
facil y obviamente sin necesidad de emplear Habilidad Inventiva.

Por lo tanto las reivindicaciones 1 a 6 carecen de nivel inventivo.
7. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N° Documento N° Re":;; (i'; agz:nes Requisito que afecta
Drug Metabolism
D1 | and Disposition 1-6 Nivel Inventivo
Vol 25 No 7
D2 US 5,935,960 1-6 Nivel Inventivo

8. Respuesta a los argumentos del solicitante:
¢ FElsolicitante no presenta el efecto mejorado y superior de las composiciones
farmacéuticas de la solicitud presentada, como por ejemplo su
farmacocinética comparado con el estado de la técnica.

En cumplimiento del articulo 45 de la Decision 486 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispyesto en elnumeral 5.2, literal €}, del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA £CESPEDES DE VERGEL
Jefe de Divisi{én d Nuevas Creaciones )

El anterior re({uerimiento fue notificado por fijacion en ' lista, de fecha
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