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PROCESSES AND | NTERVEDI ATES FOR PREPARI NG 3- ( 1- PI PERAZI NYL) - 1,
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wherein Ar is benzisothiazol-3-yl, in the hemihydrate form (hereafter "the hemlhydrate®).

25 United States Patent 5,312,925 issued May 17, 1934, which is hereby
incorporated by reference in its entirety, refers to the monohydrate hydrochioride sait
of ziprasidone, processes for its preparation, and pharmaceutical compositions and
methods of treating psychotic disorders.

Unlted States Patent 5,359,068, issued October 25, 1994, which is hereby

30 incorporated by reference in its entirety, refers to processes and intermediates for the
preparation of ziprasidone.

United States Patent 5,206,365, issued April 27, 1993, which is hereby
incorporated by reference in its entirety, refers to an aqueous based process for
preparing ziprasidone.

35 United States Patent 4,590,196, issued May 20, 1986, refers to 1-(1,2-
benzisothiazol-3-yl)piperazine, which is the penultimate intermediate made by the
processes of the present invention.
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22- Japanese Patent Publication 6,220,030 published August
9,-1994 refers to the preparation of 3-am no-1, 2-benzi sot hi azol e
derivatives fromthe reaction of bis(2- cyanophenyl ) di sul phi de
derivatives wth netal amdes followed by treatnent wth a I di zi ng
agent . 5 WO9I1733%6 : Summary of the Inventi onrbcmmml% The
present invention relates to a conpound of the formula

[err] 10 wherein Rerr] is 15 - 20 The
present invention also relates to a process @ preparing a conpound of the
formul a 25 “lerr]

Japanese Patent Publication 6,220,030 published August 9, 1994 refers to the
preparation of 3-amino-1,2-benzisothiazole derivatives from the reaction of bis(2-
cyanophenyl)disuiphide derivatives with metal amides followed by treatment with an
oxidizing agent. -

6 Summery of the invention
The present invention relates to a compound of the formula
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with piperazine at a temperature from about 80°C to about 170°C. Preferably, R' is
a group of the formula *c™.  Preferably, the amount of piperazine Is about 2 mole
equivalents to about 15 mole equivalents relative to the amount of the compound of
formula Il. Most preferably, the amount of piperazine is about 10 mole equivalents
relative to the amount of a compound of formula 1l

A preferred embodiment of the present invention relates to a process for
converting a compound of formula Il into a compound of formula | in the presence of
a piperazine clearing agent. Suitable piperazine clearing agents are isopropanol,
pyridine or {-butanol, preferably isopropanol. Preferably about 1.2 volumes (a relative
proportion (mL/gm) to the weight of the compound of formula i) of the piperazine
clearing agent is used. _

A preferred embodiment of the present invention also relates to a process for
converting a compound of formula Ii wherein R' is



b 20 with piperazine at a tenperature from about 80[err]C to about
"170[err]C. Preferably, Rerr] is a group of the fornmula 'c'.
Preferably, the anmount of piperazine is about 2 nole equi valents to
about 15 nole equivalents relative to the anount of the conpound of

formula I1. eferably, the amount of piperazine is aP&H&m |l e
wmﬁ}nﬂ& orrruﬂdgmﬂ). 25

equi val ent s relative to the anmount of a conpound of

A preferred enbodi nent of the present invention relates to a process for
converting a conpound of forrmula Il Into a conpound of fornula | in the
presence of a pi perazine clearing agem® Suitable pi perazi ne cl earing
agents are isopropanol, pyridine or t-butanol, preferably

i sopropanol . Preferably about 1.2 volunes (a relative proportion

(m./gm to the weight of the conpound of fornmula Il1) of the @Nperazine 30
cl earing agent is used. preferred enbg__cf ment pf the present
|

i nvention also relates to r conver a ound of

formula Il wherein R err] WO 97/ 17336

PCT/ | B96/ 01079 N or - 4-

[err] 5 Into a co ouna/of formula I, further conmprising
reacting said conpound of the formula Il with piperazine in the
presence of a thiol oxidizing ggent. Suitable thiol 10 oxi di zi ng agents

are dinmethyl sulfoxide, air, copper(ll) salts, bisulfite, netabisulfite or

hydr ogen peroxi de greferably di net h){l sul foxi de. Preferably, the anmount of
said thi ol inta, &; d 0f Samulaily,furthen camprising racting; said pompound of the

equi val ents rel aforrélatiPwith pipafiieUR the presence bf & MicLibxdditihg agent. Suitable thiot
10 oxidizing agents are dimethyl sulfoxide, alr, copper(ll) salts, bisulfite, metabisulfite or
hydrogen peroxide, preferably dimethyl sulfoxide. Preferably, the amount of sald thiol
oxidizing agent, dimethyl sulfoxide, is 2-4 mole equivalents relative to the compound
of formuia I
The most preferred embodiment of the present invention relates to a process
16 for converting a compound of formula ii, wherein R’ is the group *¢”, into a compound
of the formula |, comprising reacting sald compound of the formula I with piperazine,
a piperazine clearing agent (most preferably isopropanol), and a thiol oxidizing agent
{most preferably dimethyl sulfoxide).
*Piperazine clearing agent," when used herein, refers to a soivent that when
20 refluxing Is capable of dissolving piperazine that has solidified in the head space and
vapor spaces of the reaction vessel. One of ordinary skill in the art will appreciate that
piperazine solidifies at about 108°C and as such will solidify in any area of the reaction
vesse| that is at or below that temperature. One of ordinary skill in the art will also
understand that the areas of the reaction vessel most likely to promote piperazine
25 solidification are those areas above the solution level of the reaction.

The area above the solution in the reaction vessel but confined within the reactor
walls is included within the reaction domain and is called the head space of the
reaction vessel. Vapor space refers to the space in and around the various feeder lines
to and from the reaction vessel :

30 Copper(ll) salts when used herein refers to copper chioride (CuCl,), copper
bromide (CuBr,) or copper sulfate (CuSO,).

Bisulfite when used herein refers to sodium bisulfite (NaHSO,) or potassium
bisulfite (KHSO,). '
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The nost preferred enbodi ment of the present invention relates to a process

15 for converting a conpound of fornula Il, wherein R is the group "c"
i-nto a conpound of the fornula I, conprising reacting said corrpound
of the formula Il with piperazine, a pi perazine clearing agent (nost
preferably wepyapsnol ), and a thiol oxidizing agent PCTBA6{01079
preferably di nmethyl sulfoxide). "Pi perazine clearing agent,"”

when used herein, refers to a solvent that when 20 refluxing is capable
of dissol ving piperazine that has solidified.g.n the head space and

vapor spaces of the reaction vessel. One of ordinary skilt in the art wll
appreci ate that pi perazi ne solidifies at about 108C and as such w ||
solidify in any of t hdvetabisulfite when used heesis abfetsiiat sodium tmetabibulfite \(Na{$,0,) or
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herein refers to desysten arg as defiped abver o1 | ), copper br oni de
(CuBr[err]) or copper sulfate (CuS(err]). Bi sul fite when used
herein refers to sodiumbisulfite (NaHSOJ err]) or potassium

bisulfite (KHSO err]). WO 97/ 17336
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- Metabisulfite when used herein refers to sodium netabisulfite
(Na[err]S[err](err]) or potassi um netabisulfite
(Na[err]S[err](err]). Det ai | ed
Description The conpounds of the forrmula | and zi prasi done
can be prepared as descri bed 5 in the follow ng reaction schenes and
di scussion. Union otherw se indicated, conpounds of the fornulae I,
Il and Ila, and the group R in the reaction schenmes and di scussi on

are as defined above.
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25 WO 97/ 17336

* PCT/ 1 B96/ 01079 Schene 1 refers to the preparation of
intermedi ates of the fornmula | or la which can- be converted into the
final product, ziprasidone, by the nmethods of Schene 2.

Referring t 1, a conpound of the formula I, wheregf h1579 5
[err] ‘?B%%QP Is coomercially available or can be p?%(%‘ﬁe accordi ng

to the method of Japanese Pat ent Publication 6,220,030, published
August 9, 1994. A conpound of the fornmula Il wherein R is 15
[err] 20 may be prepared by react®ng a conpound of the fornula

[err]

Scheme 1 refers to the preparation of intermediates of the formula | or la which
can be converted into the final product, ziprasidone, by the methods of Scheme 2.
Referring to Scheme 1, a compound of the formula li, wherein R' is

4

10 c

is commercially available or can be prepared according to the method of Japanese
Patent Publication 6,220,030, published August 9, 1994.
A compound of the formula Il wherein R' is

. g_/——\
N N——H
_J

a
20
may be prepared by reacting a compound of the formula
Cl
\
25 /N
S
vV

30 with about 1 to about 10 equivalents of piperazine, preferably about 2 to about 5
equivalents of piperazine is used. The temperature of the aforesaid reaction is between
about 25°C to about 105°C, preferably about 65°C. The reaction time varies from
about 1 hour to about 20 hours, preferably from about 2 to about 6 hours.



25 30 with about 1 to about 10 equival ents of piperazine,

i preferably about 2 to about 5 equi val ents of piperazine is used. The
tenperature of the aforesaid reaction is between about 25C to about
105C, preferably about 65C. The reaction tinme varies from about 1

hour to abouwodMtIeeirs, preferably fromabout 2 to about 6 PiB8601079
WD 97/ 17336
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The conpound of formula V is prepared from angam de of the formula

[err] 10 by reaction with about to about 3 -equival ents of a
chl orinati ng agent such as phosphor ous oxychloride (POCl[err]),

phosphorous trichl or.i dfme Erhddintlof forfilla\'ie répseréd flom an amidé 6f 16 formiulad ©
(PCl[err]) in reaction inert solvent. Preferably about 1.2 equivalents of

phosphorous oxychloride is used as the chlorinat@ng agent. Suitable solvent
i ncl ude di met hyl f or mam de, di net hyl acet ami|gle, or pyridine, preferably
di met hyl f or mam de. The 15 reaction tipm b aforesaid reaction is
fromabout 1 to about 5 hours, preferal 2bout 3.5 hours. The
reaction is pesforned at a tenperature qbout MH[ err] C to about

100[ err] C, preferably about 70[err]C. S/ The conpound of the
formula VI Is cormmercially avail abl e.

VI

10 by reaction with about 1 to about 3 equivalents of a chlorinating agent such as
phosphorous oxychioride (POCI,), phosphorous trichioride (PCl,), or phosphorous
pentachloride (PCl;) in reaction inert solvent. Preferably about 1.2 equivalents of
phosphorous oxychloride is used as the chiorinating agent. Suitable solvents include
dimethylformamide, dimethylacetamide, or pyridine, preferably dimethyiformamide. The

15 reaction time of the aforesald reaction is from about 1 to about & hours, preferably
about 3.5 hours. The reaction is performed at a temperature from about 30°C to about
100°C, preferably about 70°C.

The compound of the formula Vi is commercially available.
Compounds of the formula I, whersin R’ Is

I
N

s

can be prepared by reacting bis(2-cyanophenyi)disulfide with a compound of the
formula '
30



Conpounds of the formula I'l, wherein R is 20 [err] 25 can
"be prepared by reacting bi s(2 cyanophenyl )disulfide with a corrpound of the
formula 30 WD 97/ 17336

PCT/ | B96/ 01079 -10-
[err] In a reaction inert solvent. Suitable rf@ﬁl‘nﬁﬁﬂ ert
sol vent s m‘X?aHé’%opropanol et hanol , or tetrahydrofuran, p?ggferabl y
i sopropanol . The tenperature of the aoresaid reaction is about 50 C
to about 120 [err]C. The reaction time of the aforesaid reaction is about
10 1 hour to about 3 hours, preferably abo#® 2 hours. _ A
conpound of the fornmula Il, wherein Rerr] is
[err]
S—H
& N

In areaction inert solvent. Suitable reaction inert solvents include isopropanol, ethanol,
or tetrahydrofuran, preferably isopropanol. The temperature of the aforesald reaction
is about 50 °C to about 120 °C. The reaction time of the aforesald reaction is about
10 1 hour to about 3 hours, preferably about 2 hours.
A compound of the formula I, wherein R' is

l' \
§-—n N—H
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16 a
CN
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can be converted into a compound of the formula | by reaction with from about 2 to
about 20 equivalents of piperazine (preferably anhydrous). The preferred amount of

25 piperazine is the amount of piperazine that minimizes bis substitution of the free amine
of the piperazine group of the compound of the formula 1. The preferred R' is



20 can be converted Into a conpound of the formula | by reaction

‘'With fromabout 2 to about 20 equival ent of piperazine (preferably

anhydrous). The preferred anount of 25 piperazine is the anount of

pi perazine that mnimnzes bis substitution of the free am ne of the

p| peri ne growWPA7TBee conpound of the fornmula |I. The pref erPCKABRGRIOTY | S
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5 When Rlerr] is a group of the forggula "c", as depicted above,

t he preferred anount of -

-4

C

When R' is a group of the formula *c”, as depicted above, the preferred amount of

10 piperazine is about § to 10 equivalents, most preferably about 10 equivalents. The
temperature of the aforesaid reaction is between about 76°C and 200°C, preferably
about 120°C. The reaction time varies depending on the temperature at which the
reaction is run. As the reaction temperature is increased the reaction time is
decreased. When the reaction is run at about 80°C, only small amounts of productare

15 formed after 2 days. When the reaction is run at about 200°C, the vessel must be
pressurized to prevent loss of the piperazine and the clearing agent and the ensuing
reaction time is about 1 hour. When the reaction is performed at high temperatures,
the internal reaction vessel pressure is between about 50 to 60 psi and as such Is well
within the standard pressure capacities for commercial reactors. When the reaction s

20 performed at the ideal temperature of about 120°C the reaction time is about 24 hours.

The reaction between a compound of the formula i, wherein R' is

CN

25 N

s~
b | (

, and piperazine generates a thiol by-product of the formula



10 piperazine is about 5 to 10 equival ents, nost preferably about 10

equi val ents. The tenperature of the aforesaid reaction is between
about 76C and 200C, preferably about 120C. The reaction tine varies
depending on the tenperature at which the reaction is run. As the

reaction t e is increased the reaction tine is ?ﬂﬁﬁﬁﬁﬁﬁ?d' VWhen
t he reactigﬂaﬁ?@%§% at about 80[err]C, only small anobunts 5 product are 15
formed after 2 days. Wien the reaction is run at about 200C, the vessel

nmust be pressurized to prevent |oss of the piperazine and the clearing
agent and the ensuing reaction tine is-1@bout 1 hour._ When the reaction
Is perforned at high tenperatures, the internal reaction vesse
pressure is between about 50 to 60 psi and as such is well wi thin the
standard pressure capacities for co twal reactors. When the reaction is
20 perfornmed atthe ideal tenperat X labout 120[err] C the reaction

time i s about 24 hours. T a¢t i on between a conpound of the
formula I'l, wherein Rerr] is
[err] 25 and pi perazi ne gengrat es_szk'thi ol by-product of the
formul a 30 WD 97/ 17336
PCT/ | B96/ 01079 N . -12-
[err] 5

VII

A preferred embodiment of the reaction involves the |n _situ oxidation of the
10 compound of formula Vil into a compound of the formula i, wherein R is

-

18 N

C

This in_situ oxidation is faciiitated by adding from about 1 to about 10 equivalents,
20 preferably 4 equivalents, of an oxidant to the reaction vessel. Suitable oxidants include
dimethyl sulfoxide, air, copper (il) salts, bisuliite, metabisulfite or hydrogen peroxide,
preferably dimethyl sulfoxide. When dimethyl sulfoxide is the oxidant, preferably about
2 to & equivalents are used in the reaction.
in another preferred embodiment of the reaction about 0.5 to about & volumes
25 of a piperazine clearing agent is added to the reaction vessel so as to prevent
piperazine from solidifying in the head space and \iapor lines of the reaction vessel.
Sultable piperazine clearing agents have bolling points in the range of about 70°C to
about 130°C, such as isopropanol ort-butanol, pyridine, toluene or diglyme , preferably
isopropancl. Preferably about 1.2 volumes (a relative proportion (mL/gm) to the weight
30 of the compound of formula I} of the piperazine clearing agent is used.
A compound of the formula | can be converted to the more stable
pharmaceutically acceptable salts of the formuia la, wherein R is a pharmacsutically
acceptable anion conjugate of a pharmaceutically acceptable acid, by treatment of the



A preferred enbodi mrent of the reaction involves the in situ oxidation of

t he 10 compound of fornmula VII Into a conpound of the formula |1, wherein
Rierr] is 15 - [err]

This in situ oxidation is facilitated by adding from about 1 to about 10
equi val ent s, wo30n1733pr ef erabl y 4 equival ents, of an oxi dant POTAE9&0102®Ct i ON

vessel . SU|tabIe oxi dants i ncl ude dlnethyl sul foxi de, air, copper
(I'l) salts, bisulfite, nmetabisulfite or hydrogen peroxide, preferably
di met hyl sul f oxi de. When di net hyl sul foxide i,g the oxidant, preferably
about 2 to 5 equivalents are used in tH& reaction. - In

anot her preferred enbodi rrent of the reaction about 0.5 to about 5 vol unes

25 of a piperazj oSt S
to prevent e bty o plarhlaBitcaf) St 6 Rifga it
li nes of the reacpolamnsoentcBSuitable acids qmomnmmmmwwamgomm
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such as isopropan‘fdﬂ!)arhtﬁﬂﬁ’t a% °°| to uene or lejﬁ%e%%

i sopropanol . Pref @ !"'('EP?’M‘NP@PBPWQ‘P Wo
the \tNel ght gos W&WGMA mdfmf ké\trhbth brmﬁ:ﬁutwl ﬂb&ﬂt@bﬁmhﬁﬁ&uﬂt i
agent is use ogpound o e fornu can be converted to
the more stable 9'"“%%&@&5%'? ﬁ“&ﬁ!‘g‘ pamente {iigo 151smethylens:,
wherein Ris a pmwwxmm»te)] mcmmmmﬂém.f Sditable

pharmaceutically a t.a CI d treatnent of ih WD 97/ 17336
P ' Boe 01070~ SoMents if et alcblols, 33 5E Metrancf, sthanol, Isopropanal 9§ +outandl,

free base of for noluane, stheis wcbkwm-abﬂpmwu&l or abxtdres fof ithe above

Lhose whi ch 1 A9 Soivente, Wieflaei/phk Sehvnt it bl of opfophe! 8 gidy. * ™ 1 ©

cont ai ni ng phar macol oMﬁeoobmmmmd)nﬁmﬁMImamﬁpmkbmmmﬁ
broni de, iodide, fbbésdbs deddiibbd s Unkted g{?& 6,359,068 ,
C|trate or _aci C|trate ‘e or

phosphat e, 5 T"acetate, lactate, tartrate
bitartrate, succiiehissued emMay 16,1R89cARr 27, 1993 and October 26, 1984 respectively.

Scheme 2 refers to the preparation of ziprasidone from compounds of the

15 formulal or la according to the processes described in United States Patent 4,831,031,
issued May 16, 1989. Specifically, a compound of the formula | or la is reacted with
a compound of the formuia lil wherein Hal is fluoro, chloro, bromo or iodo. This
coupling reaction is generally conducted in a polar solvent such as a lower alcohol, for
instance ethanol, dimethylformamide or methyl isobutyl ketone, and in the presence of

20 2 weak base such as a tertiary amine base, for instance tristhylamine or
diisopropylethylamine. Preferably, the reaction is performed in the further presence of
a catalytic amount of sodium iodide, and a neutralizing agent for hydrochloride such
as sodium carbonate. The reaction is preferably conducted at the refilux temperature
of the solvent used.

25 Alternatively, Scheme 2 elso refers to the conversion of compounds of formula
| or la into ziprasidone by the methods of United States Patent 5,208,366, Issued April
27, 1993. Specifically, a compound of formula | or la is reacted with a compound of
formula lll, wherein Hal is flucro, chloro, bromo or iodo. This coupling reaction Is
conducted in refluxing water with a hydrohalic acid nettralizer.

30 Alternatively, compounds of the formula | can be converted to ziprasidone by
the methods described in United States Patent 5,359,068, issued October 25, 1994.

Specifically, compounds of the formula | may be reacted with a compound of

the formula



gl uconat e, saccharate, benzoate, nethanesul fonate and panpate [i.e.,

1;1' - met hyl ene- bi s- (2- hydr oxy- 3-napht hoate)]salts. Preferably the
acid is hydrochloric acid. Suitable sol vents include | ower alcohols,
such as net hanol, ethanol, isopropanol or t-butanol, t ol uene, ethers

such as dieth et her or tetrahydrofuran or mxtures of the above

sol vents. &’r y the solvent is a m xture of |soproparrcﬁr’l§?ﬂf’ ds uene
The conver5| on of the conpound of fornulas | or la to ziprasidone follows

t he processes described in United States Patents 4,831, 031,

5, 206, 366 or 5,359, 068, whi ch i ssuedyg@n May 16, 1989, April 27, 1993
and COctober 25, 1994 respectively. Schene 2 refers to the
preparation of ziprasidone from conpounds of the 15 formula | or la
according to the processes descrthgd in United States Patent 4,831, 031,

i ssued May 16, 1989. Specificall a conmpound of the formula | or lais
reacted with a conpound of | LClwherein Hal Is fluoro,

chl oro, bronmo or iodo. Thi i(l} daction is O] Ef fl | y conduct ed
in a polar solvent such as qovver or | nst'ance et hanol,

di et hyl f or ram de or net hyl |sobutyk; &7 ajoLn the presence of 20 a
weak base suéh as a tertiary anine z}se, for instance triethylam ne or

di i sopropyl et hyl am ne. Preferably, the reaction is performed in the further

resence of a cat al C of, s ide, and a neutralizin
ggent for hydrolth8 m&%dﬂ@@y'@‘eﬂ@%@g gﬂ"ﬁg sempound.of the farmule | s )

preferably conducted at the ef | uy—t—egperat ure of the solvent used.
25 Alternatively, & al s Nrefes to the ver si on of
conpounds of fornul a he net hods of
United Statel® Patent 5,206 1993. i$pecifically,
a conpound of fornula I 's reacted w t h_&_cgasound of formul a

[11, wherein Hal is fluor Al oro, brono dIli odd” NDzoupling reaction
IS conducted in refluXing water with a hydrohalic acid neutralizer.

30 Alternativ corhPIHA-oF |treafid ohtdo

zi prasi done by . ﬂtwhe net hods%eggp%?é%%?fed St a‘?g‘s Pat %P%

5, 359, 068, i ssulimdpe gpmpound ofthe jormula Specifically, conpounds of
the fornul a 48 may be reactgd w t?—a—\corrpound of the formul a
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Ao
X
Cl NO,

20 The compound of the formula X can then be treated with a compound of the formula
R2-CH,-CO,R*® wherein R? is CO,R® or CN and R? Is (C,-C,)alkyl to form a compound
of formula '

.
Xy—N N |
25 \__/ CO,R?
cl NO,

wherein R? is CN or CO,R® and R? is (C,-C,)alkyl.
30 ~ The compound of formula Xi can then be treated with an acid at an elevated
temperature to form the compound of formula XI wherein R? and R?® are both hydrogen.



5 ' In the presence of a (CJerr]-Clerr]) alkanoic acid to formthe
‘conpound of the formul a ' [err] 10

The conpound of the formula I X can then be treated with a reducing agent to
formthe conmpound of the fornmula 15

[err] 20woldrarmeénpound of the fornula X can then be treRCEABIHOLT o
conmpound of the formula - Rerr]-CHerr]-COerr]R err] wherein Rerr] is
CJerr]Rerr] or CNand Rerr] is (Cerr]-Cerr])alkyl to forma conpound
of formula 15 [err] 25
,Wherein Rlerr] is CNor CJerr]Rerr] and Rerr] is (C(Jerr]-Clerr])alkyl.
30 The conmpound of formula Xl can then be treated with an acid at an
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R? is hydrogen and R? is (C,-C,)aliyl.
The compound of the formula XI, wherein R? is hydrogen, CN or CO,R® and R*
6 s hydrogen or (C,-C,)alkyl, can then be treated with a reducing agent with the proviso
that when R? is CN or CO,R® and R? Is (C,-C,)alkyl the product of the reduction is
heated with an acid to form ziprasidone.

Specific details of the reaction steps of converting compounds of the formula

| into Ziprasidone can be found in United States Patent 5,359,088, issued October 25,
10 1994,

Ziprasidone (hemihydrate or monohydrate) may be administered as a
neuroleptic agent as described in above-mentioned United States Patents No.
4,831,031 or 5,312,925 (the hemihydrate and monohydrate respectively). Administration
to a human subject may be alone or, preferably, in combination with pharmaceutically

16 acceptable carriers or diluents in a pharmaceutical composition, in accordance with
standard pharmaceutical practice. The ziprasidone (hemihydrate or monohydrate) may
be administered orally or parenterally including intravenously or intramuscularly.
Suitable pharmaceutical carriers include solid diluents or fillers, and sterile aqueous
solutions and various organic soivents. The pharmaceutical compositions are then

20 readily administered in a variety of dosage forms, such as tablets, powders, lozenges,
syrups, and injectable solutions. These pharmaceutical compositions, if desired, may
contain additional ingredients such as flavorings, binders and exciplents. Thus, for
purposes of oral administration, tablets containing various excipients such as sodium
citrate, calcium carbonate and calclum phosphate may be employed along with various

25 disintegrants such as starch, alginic acid and certain complex silicates, together with
binding agents such as polyvinyipyrrolidone, sucrose, gelatin and acacia. Additionally,
lubricating agents such as magnesium stearate, 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. Preferrad materials for this

80 include lactose or milk sugar and high molecular weight polysthylene glycols. When
aqueous suspensions or elixirs are desired for oral administration, the essential active
ingredient therein may be combined with various sweetening or flavoring agents,



The conpound of fornula Xl can then be treated with a

(dJerr]-(err])al kanol in the presence of an acidic esterification
catalyst to formthe conpound of fornula Xl wherein Rlerr] is

hydr ogen and R[err] is ((err]-Clerr])alkyl. The conpound of

the fornulg Xl . wherein Rerr] is hydrogen, CN or CJerr] R err]
5 is hydr‘ﬁﬂgH"&?‘(C[err] (err])alkyl, can then be trea&%‘t’w’f’ﬂﬂ

reduci ng agent with the proviso that when Rlerr] is CN or
CJerr]Rerr] and Rerr] is ((Jerr]-Cerr])al kyl the product of the
reduction is heated with an acid to f.pg-m zi prasi done.

Specific details of the reaction steps of converting conpounds of the
formul a | into ziprasidone can be found in United States Patent

5, 359, 068, i ssusnlbdmuworaﬂyulﬁ.ﬂdm emuisifying or suspendingmgents togeather with
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m |k sugar and h ecufl ar wel dﬁt poI ye y ene g W@ﬁwsw
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essential acig Vehromatography sdfmadmhbea@%msﬁl Wumﬂm&m
sweet ening or flavori n(ﬂua‘g&nt S 97/ 17336
PCT/ | B96/ 01079 Pressure romatography) conditions. High Pressure Liquid Chromatography

(HPLC) was performed on a LDC Analytical constaMetric® 3200 HPLC (Themo
Separation Products Co.). A Zorbax®C8, 60A, 3.9 x 150 mm column (Mac-Mod
Analytical, inc., Chadds Ford, PA 19317) was used for HPLC analysis (mobile phase:

25 40% acetonitrile, 46% 0.05M potassium phosphate, monobasic (KH,PO,) adjusted to
pH = 6.0 with potassium hydroxide (KOH), 156% methanol; Flow Rate of 1.0 mi/minute;
Detector: UV 229 nm; Injector: 10 ul; Samples are prepared in mobile phase (0.06
mg/mi)). Room temperature refers to 20-25°C.



coloring matter or dyes and, if desired, enulsifying or suspending agents,

together with di luents such as water, ethanol, propylene glycol,
gl-ycerin and conbi nati ons thereof. For parenteral
adm ni stration, a solution or suspension of ziprasidone (hem hydrate

or nonohydr atwg et/fr3sseSane or peanut oil, aqueous propyl ene gcmapdsoiew 5
In sterile aqueous solution my be enpl oyed. Such aqueous sol utions shoul d

be suitably buffered if necessary and the liquid diluent first
rendered isotonic with sufficient saline or glucose. These particul ar
aqueous sol utions are especially suitable f orl?- I nt ravenous,

I ntramuscul ar, subcutaneous and intraperitoneal adm nistration. The sterile
aqueous nedi a enployed are all readily avaﬂ%&by standard t echni ques
known to 10 those skilled in the art. The effective dosage
for ziprasi done (heni hydrate 2 pore Y- e nydrochioridet he i nt ended
route of adm nistration and other factors age and wei ght of the
subj ect, as generally known. | ow ng Exanples illustrate

t he preparatlon of thel mmmmmwﬁ Qﬁhﬁm usipipesazine-(64.2 g,
i nvention. Co r lgi
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constaMetric[err] emmnmmwun!m 18361 rwhidhy rshpwed Uthat; ﬂf!) reactian was
Zor bax[ err] C8, 605&!‘1 , STha soldtiel Wik &idldd e c'Vthieh(polrﬁ"%fﬁ*t iéﬂnl.)

hase:

I nc., Chadds Ford, 19317) was used for HPLC anal ysis
40% acetonitril e, ‘MOWWSAMMW M’lﬁr NH['MTI’Q&#‘F})
adj usted to atYebilioddiPiraéutre WP LE0E0XC @61 10¢iT)

Fl Rat f tect 2 I :
Sanpl s ar e p#gpaﬁé Lo clilisa. Tytieliae s roatsd wits Figach J‘&%&ﬁem%e#avm
Ing'/elr 392/0058755[ e(DNIS]. Drager tubed¥(QDPEgeiwetRCAg Libeck, Germany), which m;ﬂoclivo for
3-(1-Pi perazinyl)- T’?’“ﬁ@ﬁ&ﬂ'&?&fﬁﬁ%@'ﬂ&%’éﬁm%”m“&‘mm
Met hod A containectlesy than \ippopresidual) DMS. UA saniple(at theOcryde eactibnmixiure was
anhydrous pi per aZpfihz6d %y’ HPLC. The crude reaction mibxiure contained 3-(1-piperezinyi)-1.2-

20 benzisothiazole (80%), 3,3’-(1,4-piperazinyl)-bis-1,2-benziscthiazole (4.6%), and 2-(1-
piperazinyl)pyrazine (4%). After isopropanol (28 mL) and water (71 mL} were added,
the siurry was cooled to 30°C, granulated for 0.5 hour, and then filtered through
diatomaceous earth, e.g., Celite®, to remove 3,3-(1,4-piperazinyl)-bis-1,2-
benzisothiazole. The filter cake was washed with 56 mL of an isopropanol/water (1:1)

25 solution. Toluene (170 ml) was added to the warm (32°C) filtrate, and then the
separated aqueous layer was washed with fresh toluene (100 mL). The combined
toluene layers were washed with water (100 mL) and then treated with decolorizing
carbon, e.g., DARKO KB-B®, (2 g). The Cellte® cake was rinsed with toluene (60 mL),
and the combined wash and filirate were concentrated at reduced pressure to 90 mL.

30 Isopropanol (220 mL) was added to the concentrate and the yellowish solution was
cooled to 20°C. The pH of the solution was slowly adjusted to 3.5-4.0 with 9.8 mL of
concentrated hydrochioric acid. The resulting slurry was cooled to 0-5°C, granulated
for 1 hour, and then filtered. The product cake was washed with cold isopropanol (80



5 745 mmol ), dinmethyl sulfoxide (12.8g, 164 mol ), and isopropanol (24 nl)

Wer e added to a 500 nmL round bottom fl ask equi pped with a nechani cal
stirrer, thernoneter, condenser topped with a nitrogen inlet and a
connector |eading to a bleach scrubber. After the flask was purged

with nitrogen, the reactants were nelted (at approximately wLerr]C)
and then heaWO®™B36 f | ux (110-126[err]C). After 24 hours aPCTEIHBIE? t he
reddish 10 solution was sanpled for thin-layer chromatography (el ution
wi th et hyl ene chl oride/i sopropanol /triethlam ne, 15:5:1) which
showed that the reaction was conpl et e..4ghe solution was cooled to
85-90[err] C, at which point water (130 nL) was added. The resulting
slurry was cooled to 30-35C. The reaction m xture was then

concentrated at midmnstithen cred incvaclio ab409CDfor 24 hGumst Thiditlaxpmpound:(43.2g) was

bl each 1o dett roi‘%"ﬁ&' S 3o Yohbly ol 776 vl fop i ., A bltbdcdpic

(Dragerweck Ag Lapd@hysicalpropariies ofithe solid werscidentical to sryauthentic sagnple: (Gaution:
ppm | evel s of di igg I *ﬁyﬁglﬁmgﬁd NN rs
cont ai ned | ess thla_tlg lwﬁujem ual H ?rf‘pbls‘e ?)?Ht(hg Hﬁud g‘??’o%@m

mxture was & 1 42 (m )erude reacti on mxture contal ned
3 (1 pi perazinyl)-1, 2"cmn{d PRI fiftbie) Zshez(rﬁ@&no 128,15, 127.09, 124.63, 124.12,

- (1, 4- pi perazinyl ) -bi s ben2|soth|azoe( .6%, and 2-(1-
p| pera2| nyl )pyraﬂ?}ré -(4&/38 ‘N‘ﬂ&‘ 1 sopropanol (28 nl) and water (71 mL) were
added, the slurry was cool ed to 30CExgagg ated for 0.5 hour, and
thenfllteredthrough . itelerr], to
renove - (1, 4- pi per azi ny eREre® The filter

cake was washmzl with B&(Mpwmndmw wasenméll. ahhydrdbs plpoiaumqa.oag.

ceparat et aqueoulSEayadl e ebolbind(h ) vielsShinked uhad rlson i ndefffh vl

combi ned t 115263 Thayellowschitionwss berted atirefiuc (810 1880 C)ior 23 holrs and then
treated wth decebgledid 8§cC. Watu({ﬁ{iﬂ? W éq&g ,,% 3&9
Celite[err] cake was rinsed wwth_to enez EgrrL the conbi ne
wash and fi Itrat@ﬁéré and fitered; Thafl mé tmL ob

i sopropanol (820 sohlionea1 WQRCH aaded ﬁ"lﬁotebﬁlb]tﬁmmsdhd filtrate.

drishglerie(50 L)
sol ution was ol e to 20C The Hué)the soluéﬂon &@s slo y
adj usted to 3. 5- 2{"6
The resulting sl MQMMMWWMWMMMMMLLW
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PCT/ | B96/ 01079 reduced pressure (42°C at 700 mm Hg) to 12 mL. isopropancl (30 miywas added to

M), and thernpgr iRFledridedtidtsl and %&m @w
(43.2 g) was I sol at ed as aﬁ%sﬁ“ﬁ{ w sode in 77.5%vyie 98. 5%
hplc purity). Thacldpcthe sy Wy i &FC, granyiated fos 10\‘°‘-l’h!"%mmd
were identi cal tma

irritant). [err]H NVR g‘gggﬂd&.eéz%zs‘ Owwwﬂ)dﬂ1ﬁmﬁ2-b&f lo

Tho product was a single spot by thindayer chromatography.
25 The pH of the aquecus layer was adjusted to 4.0 with concentrated hydrochloric

acid, and then extracted with methylene chioride {40 mL). The mathylena chioride
solution was concentrated at reduced pressure to an oil which was then dissoived In
methanol (19 mL). The solution was cooled in an ice bath and 10% aqueous hydrogen
peroxide solution (7 mL) was added with stirring. After stirring for 10 mimutes, thin-layer

30 chromatography showed that the reaction was complete. Water (12 mL) was added
and the slurry was granulated for 1.5 hours. Product was filtered and dried_in vacuo
at 40°C to recover 1.64 grams (33% recovery) of bis{2-cyanophenyl)disulfide for
recycle.



5 1H), 3.58 (m 4H), and 3.42 (m 4H). [err] C NMR (di net hyl
sul foxide): [err] 162.72,152.10, 128. 15, 127. 09, 124. 63, 124. 12, 121. 21,
48. 48, and 42.49. Exanple 2 3-(1-Piperazinyl)-1,2-benzisothiazole [err]
hydr ochl ori de 10 Bi s(2- cyanophenyl ) di sul fide (5.00g, 18.6 mmmol),
anhydrous pi moswisss (8. 029, 93.2 mmol ), and i sopropararmgdsonry wer e
conbi ned under nitrogen and heated to refl ux (115[err]C. The yell ow
solution was heated at reflux (110- 115[err]C)for 23 hours and then

cooled to 95[err]C. Water (30 nlL) was addedTﬁggl the resulting suspension
was cool ed to 25[err]C and filtered. filter cake-was washed with
12 nmL of water/isopropanol 15 solution (2:1). Toluene (50 nL) was then
added to the conbi ned wash and filtrate. Me tol uene | ayer was
separated and t he aqueous | ayer extract ed dltlonal tol uene (25

m.) . The conbi ned t ol uene | aykERRERYN.LRBNZIOPLINZG €9 treated
with activated charco d.@nﬁ .nmwa@oe.wm odton
concentrated at educed pressu err]

i sopf opanol (30 n#y % t'!?mﬁ'b M’Qﬁ%’
aldj usted to 4. |5 V\eddald eAsuP toppets rasuro-eqlﬁllﬂn ghppmgamnu 2qter
slurry was cool e r anu or an

filtered. The pr ﬂ@?aﬁml’ QMMT Fﬂét?p% I A'M)Aaﬁ%‘“"“
dried in v aafiechidro- Z-senzisGthiezolei(18:45g, 0.3 § meh4s t-autancl (10mis)iwis added to the
3-(1-pi perazinyl). o)

by thin-layer chronma %S/% ﬁépl'ﬁw‘y Ew%ueous ayem@g?%
adj usted to 4.0 V\mpdem mﬂnamuvm Onge iadditiom vasicomplete the
extracted with g,.p‘%,“ #‘d ?m %Fﬁiw et

sol uti on was con trgﬁﬁg reduce té preisure 0 an ol |c§ was'?'ﬁgn
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PCT/ 1 B96/ 01079  the aqueous layer was extracted with fresh toluene (100 mL). TheXk®mbiried:talubne 3

Anhydr ol S.Z'p2¥l£z ok i Vgiahl Wl dlter 76 1 aril anoH‘{TS“ o conga,

a dry, 300 Gttp@ﬁ\mn-amm mj-)was:added mm-cqgncsnm end

thermoneter, 5 thﬁ’i’ .S WitH P.B ML ofitoRbentrdtid hydrochloric acid.

pressur e- equal IZI_H% %)r%a funne Aftggc,granulatodforlismh and then filtered. The

filter cake was washed with cold isopropancl (50 mL) and then dried in vacuo at 40°C

1o afford 23.69g (80% yield) of 3-(1-piperazinyl)-1,2-benzisothiazole hydrochioride as an

off white solid.
Example 4
25 ${1-Piperazinyi)-1.2-benzisothiazole

3-(2-Cyanophenyithio)-1,2-benzisothiazole (0.26g, 0.93 mmol), anhydrous

piperazine (0.80, 9.32 mmol), and isopropanol (0.25 mL) were added to a 6 ml. round

bottom fiask equipped with a magnetic stiring bar, reflux condenser topped with a

nitrogen inlet, and thermometer. The flask was purged with nitrogen and then

30 immersed in a 120°C oii bath to give a yeliow refluxing solution. After heating at 116 -

120°C for 25 hour, the reddish solution was cooled to 25°C and § mL of methanol

was added. Thin-ayer chromatography {methylene chioride/isopropancltristhylamine,

15:5:1) showed that the reaction was essentially complete. The crude reaction solution



the flask was purged with nitrogen, it was heated to 100[err]Cin an oil

bath. A solution of 3-chloro-1 ,2-benzisothiazole (19.45g, 0.11 nol)
in-t-butanol (10 nmL.) was added to the addi tion funnel, and then
slowy added to the reaction flask over 20 minutes to noderate an .
exothermc reaction (112 - 118C). Once addition was conplete the 10

yel | ow sol utWOAA336 heated reflux (121 [err]C and then mai b
reflux for 24 hours. Thi n-1ayer chromat ography showed that the
reacti on was conpl ete. The reaction m xture was cooled to 85[err]C
and 120 nL of water was added. The hazy sol ui2pon was filtered and the

filter cake rinsed with 60 nL of t-butanol/water (1:1) solution. The pH
of the conmbined filtrate and wash was adjusted to 122 with 50% aqueous

caustic. The 15 wesnnelyzadbyhigh-pressureliquidchromatography fo show that®(1-pipérasihyi)-1,20he
| ayers were separ, | ayer was extracted with tresh
tol uene (100 nl) %"@@%“Né’&'ﬁ"&'ﬁ%?ﬂ* &é | ayers were washed with water
(75 nL), and then the toluene solution vvasEulmlﬁltrat ed in vacuo at

48[ err]C to 90 nL isopropanol (21Q oncentrate and
then the pH was slowy adjusted t onicent r at ed

hydrochl oric a®id. 2MMW§17%P@W@MW@QMQMW

for 45 mn, and 5@ rolihd batsH fladk equ Wh?n%
I sopr opanol (50 rri nd then dri ed |n vacuo at 40[ er to af wle
23.59g (80% vyi el d9 %‘ﬂ@h&!‘éﬂﬂd’&! dRvrgad and
as an of f WmamwuerWtﬁﬁmanhmmsoocmMamMm

3-(1-P | t hi
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pi per azi ne (0130 mgmmmdﬁmmpipmmmm Libedhe additich
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was purged with rﬂo!uﬁogmmaohuew rqmn tempenahirel and ﬁlﬂlm (DYOHPLGat IG-(ﬂ-o

give a yellow refﬁw ﬁh@ a?ﬂ Olerr]C
for 25 hour, the r so ut1 on vvas cool e t02Can SnEC t hanol

was added. Thi n- | ayer chromat ography (net

chl ori de/i sopsgpanol / tri et hyl angjCyanophenvithic)-1 DibenbispthidzélBat t he reaction
was essentially conplete. The crude react Iﬂgl sg !ut I on - WD 97/ 17336
PCT/ 1 B96/ 01079 - 20-

was anal yzed by hi gh- [Bis(2eysrophenyljditulfide (1225 g .66 1hmol) anhijdrous piperazine (4.01 g,
Exg}m pi perazi Yl )ggls frimol), and difiSthi1F0RidY .60 §50.3 HniBifin' 18 0 Gt Ytfehfdroturan
were added to a 50 mlL round bottom flask oqmppodw!mamagmﬁcsﬁmng bar,
20 thermometer, and condenser topped with & nitrogen inlet. After the flask was purged
with nitrogen, the mixture was heated at refiux (75°C) for 26 hours. The reaction
mixture was cooled to 25°C, and the tetrahydrofuran was removed at reduced
pressure. The resulting solid was dissolved in a 40 mL of a methylene chioride/water
(1:1) mixture, the layers were separated, and the organic layer washed with water (20
25 mL). The methylene chioride solution was evaporated to afford a crude solid (0.85 g)
which was crystaliized from isopropanol (17 mL} to give light yellow crystals. After
filtration, the product was dried |n vacuo at 40°C to give 0.398 g (31% yield) of 3-(2-
cyanophenyithio)-1,2-benzisothiazole. Melting point 115.5-117°C. 'H NMR (CDCl,):
6 8.03 (m, 1H), 7.92 (m, 1H), 7.77 (m, tH), 7.70 (m, 1H), 7.67 (m, 2H), and 7.48 (m,
30 2H). C 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 caiculated for C, H¢N,S,
C, 62.66; H, 3.00; N, 10.44; S, 23.80. Found: C, 62.43; H, 3.01; N, 10.68; S, 24.06.
A X-ray crystal structure was also obtained to confirm structure.
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3-(1-Pi perazinyl)-1, 2- benzi sot hi azol e 5 Anhydr ous pi per azi ne
(17.2g. 020 nol) and isopropanol (3.0 nm.) were charged to a round
bottom fl ask equi pped with a nechanical stirrerr, thernoneter, condenser
topped with a nitrogen inlet, and an addition funnel. Once the flask was
pur ged and wo 97nibs38 nai nt ai ned under nitrogen, the m xturepcugBdsmured t o
90T err]Cto afford a sol ution. A sol ution of

1- (2- cyanophenyl t hi o) pi perazi ne (4.38g, 20.0 mmol) in isopropanol (2.0 10
m.) was slowly added to the warm pi perazi ne g&hutlon over 1 hour. Once the

addi tion was conplete, the solution was“heated to ref-lux (118[err]C
for 24 hours. The reddish sol ution was cooled to roomtenperature and
t hen anal yzed by HPLC. 3-(1- Pi peraz%z benzi sot hi azol e was
formed in 56%yield by HPLC assay. Exanpl

3- (2- Cyanophenyl t hi 0) - 1, 2- benzi s24&¥ANOPACNYIUNO)- | .£-DONZISOUNAZO

Met hod A B| s( 2- cyanophenyl )d| S (1. 25q, 4 66 nmol ) ,
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Exampl e 7 combined toluene layers were concentrated at reduced pressure to about 30 mL. After
20 cooling the solution to 0-6°C, hexanes (50 mL) was siowly added. The resulting

crystals were granuiated 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 6% of 1,4-bis(2-cyanophenyithio)piperazine by

25 NMR analysis. Title sulfenamide was stored at 0 to -10°C to prevent slow conversion

to 1.4-bis{2-cyanophenyithio)piperazine with heating or storage at room temperature.

'H NMR (CDC1,): 4 7.63 (m,1H), 7.56 (m, 3H), 7.21 (m, 1H), 2.96 (m, 4H), and 2.87

(m, 4H). "3C NMR (CDC1,): & 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,S Requires (FAB P+1): 220.0908
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2. A process for preparing a compound of the formula
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20 with piperazine at a temperature from about 80°C to about 170°C.
3. A process according to claim 2, wherein R' is

» =

c

30 4. A process according to claim 3, wherein said piperazine is present in
about 2 mole equivalents to about 15 mole equivalents relative to the amount of a
compound of formula Il
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- A process according to claim 4, wherein said piperazine Is present in
about 10 mole equivalents relative to the amount of a compound of formula .
8. A process according to claim 5, wherein the reaction of the compound
of formula I with piperazine is performed in the presence of a piperazine clearing agent.
6 7. A process according to claim 6, wherein sald piperazine clearing agent
is Isopropanol, pyridine or t-butanol.
8. A process according to claim 7, whersin said piperazine clearing agent
is isopropanol.
9. A process according to claim 8, whersin the amount of said piperazine
10 clearing agent, isopropanocl, comprises 1.2 volumes relative to the weight of the
compound of formula .
10. A process according to claim 2, wherein the reaction of the compound
of the formula Il wherein R’ is

A
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with piperazine Is performed in the presence of a thiol oxidizing agent.
11.  Aprocess according to claim 10, wherein the reaction of said compound
of formula li with piperazine and a thiol oxidizing agent is performed in the presence

of a piperazine clearing agent.
25 12. A process according to claim 11, wherein R! is

s
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about 10 nole equivalents relative to the ambunt of a conpound of fornmula
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of the conpound of formula Il with piperazine is perfornmed in the
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17. A process according to claim 16, wherein the amount of said thiol

10 oxidizing agent, dimethyi sulfoxide, comprises 2-4 mole equivalents relative to the
compound of formula if.

18. A process according to claim 17, wherein the amount of said piperazine

clearing agent, isopropancl, comprises 1.2 volumes relative to the weight of the
compound of formula Ii.
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13. A process according to claim12, wherein said thiol oxidizing
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