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20 Ziprasidone  (5-(2-(4-(1,2-benzisothiazol-3-yl-1-piperazinyl)-ethyl)-6-chloro-
1,3-dihydro-2-(1H)-indol-2-one) is a potent antipsychotic agent and is useful for
treating various disorders including schizophrenia, anxiety and migraine pain.
Ziprasidone has been approved by the FDA for treatment of schizophrenia and goes
by the brand name Geodon™ in the United States. Ziprasidone has also been

25 indicated as useful for treating Tourefte’s Syndrome (United States Patent
6,127,373), glaucoma and ischemic retinopathy (EP 985414 A2), and psychiatric
conditions including dementia of the Alzheimer's type, bipolar disorders, mood
disorders, panic disorders, agoraphobia, social phobia, panic disorder, post-traumatic
stress disorder, acute stress disorder, substance-induced anxiety disorder, anxiety

30 disorders not otherwise specified, dyskinesias and behavioral manifestations of
mental retardation, conduct disorder, and autistic disorder (United States Patent
6,245,766). The aforementioned United States Patents and European Patent
Application are all incorporated by reference herein in their entireties.

United States Patent 4,831,031 describes a genus of compounds

35 encompassing ziprasidone and the synthesis of such compounds. Another method
for synthesizing ziprasidone is described in United States Patent 5,206,366. A

method for specifically synthesizing ziprasidone hydrochloride monchydrate is
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hal ogens into organi c conpounds e sunmarized in rmany organic text books.
For exanple, J. March, Advanced nic Chemstry, 4th 15 Edition, pp.
587-591, and references cited tgeréin, has a discussion of hal ogenation
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frequently formed by a variety gf_ al so well known to those skilled
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chem stry to add a hal ogen, or nore 20 specificall hl dtpe, to an
aromatic group is thus well known to those ski I&F RiH
10 (H. Howard, et al., “Ziprasidone Hydrochloride”, Drugs of the Future 1994, 19(6):

560-563. As can be seen from the structure above, the compound ziprasidone
comprises a chlorine atom.

Methods of introducing halogens into organic compounds are summarized in
many organic text books. For example, J. March, Advanced Organic Chemistry, 4"

15 Edition, pp. 587-591, and references cited therein, has a discussion of halogenation
chemistry. More specifically, formation of chloro-aromatic compounds are frequently
formed by a variety of methods also well known to those skilled in the art, and again
summarized in J. March, Advanced Organic Chemistry, 4™ Edition, Chapter 11,

“Aromatic Electrophilic Substitution”. The chemistry to add a halogen, or more
20 specifically a chlorine, to an aromatic group is thus well known to those skilled in the
art. It is also known that such chemistry usually results in some mixtures of
molecules, one of which is commonly the unreacted starting material not containing
the chlorine atom. Further, over-chlorination is a problem well known to those skilled
in the art; it is common to form some dichloro-compound impurities when the mono-
25 chloro is desired and some trichloro-compound impurities when the dichloro- is
desired. Over-chlorination is typically controlled by limiting the amount of the
chlorinating reagent used. Unfortunately, control of over-chlorinated analogs in the

drug substance by limiting the amount of chlorinating reagent utilized in the
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20 This invention further relates to a ziprasidone composition comprising low
levels of des-chloro ziprasidone, preferably not greater than about 1000 ppm des-
chioro ziprasidone, more preferably not greater than about 500 ppm des-chloro
ziprasidone, and even more preferably not greater than about 100 ppm des-chloro
Ziprasidone.

25 As used herein and unless otherwise indicated, the term “ziprasidone”
includes ziprasidone free base and pharmaceutically acceptable salts of ziprasidone.
A generic teaching of preparation of pharmaceutically acceptable salts of a genus of
compounds including ziprasidone is provided in United States Patent 4,831,031 (see,
for example, Column 3 thereof), incorporated herein by reference. In one

30 embodiment, the ziprasidone in the composition of the present invention is
ziprasidone free base. In another embodiment, the ziprasidone in the composition of
the present invention is ziprasidone hydrochloride monohydrate. In another
embodiment, the ziprasidone is ziprasidone mesylate dihydrate, and in another

embodiment, the ziprasidone is ziprasidone mesylate trihydrate.
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In one embodiment, the amount of des-chloro ziprasidone in the ziprasidone
20 drug substance is not greater than about 500 ppm. In a preferred embodiment, the
amount of des-chloro ziprasidone in the ziprasidone drug substance is not greater
about 100 ppm des-chloro ziprasidone.
This invention also provides a method for treating in a mammal, including a
human, in need thereof a disorder or condition selected from schizophrenia, anxiety,
25 migraine pain, Tourette’s Syndrome, glaucoma, ischemic retinopathy, dementia of the
Alzheimer’s type, a bipolar disorder, a mood disorder, agoraphobia, social phobia,
panic disorder, post-traumatic stress disorder, acute stress disorder, substance-
induced anxiety disorder, an anxiety disorders not otherwise specified (NOS),
dyskinesias, a behavioral manifestation of mental retardation, conduct disorder, and
30 autistic disorder, which method comprises administering to said mammal an amount
of a ziprasidone drug substance which is a composition comprising ziprasidone and
an amount of des chloro ziprasidone of not greater than about 1000 ppm, which
amount of ziprasidone drug substance is effective in treating said disorder or

condition.
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10 reactant is a conpoyiobiamingaine ® oloreosamptésnafaine or more 6-chioro-1,3-dihydro-2H-
(6-chl ong- 1, 3- di hyfi-8ordbdipdg! - 2- one) In a nore specific enbodi ment, this
i nvention provides a nethod of ynt hesi zi ng a_zi prasi done conposition that
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or nore 6-chloro léve?’opb)t?ﬁ/o%re ofzrm't greater than about 0.3% based on the measurement or
measurements conducted in (b); and
20 d) using the batch selected in (c) to synthesize said ziprasidone composition.
In one embodiment, step (c) comprises selecting a 6-chioro-1,3-dihydro-2H-
indol-2-one batch that comprises a level of oxindole of not greater than about 0.15%.
In a preferred embodiment, step (c) comprises selecting a 6-chloro-1,3-dihydro-2H-
indol-2-one batch that comprises a level of oxindole of not greater than about 0.03%.
25 Although there are many known routes to 6-chlorooxindole, starting materials
therefore are typically a substituted 4-chlorotoluene or 1,4-dichloro-nitrobenzene
(see, G. J. Quallich and P. M. Morrissey, Synthesis, 1993, 51-53; and references
cited therein; and F. R. Busch and R. J. Shine, “Development of an Efficient Process
to 6-Chlorooxindole”, presented at the 208th ACS National Meeting in Washington
30 D.C. in the Symposium on Technical Achievements in Organic Chemistry, 1994, (talk

#126).). However, the concept of controlling chlorinated isomers, over-chlorination,
or des-chloro impurities for the synthesis of 6-chlorooxindole is not described in the
prior art. G. J. Quallich and P. M. Morrissey, supra, is incorporated herein by

reference in its entirety. Other methods of synthesizing 6-chlorooxindole can be
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6- chlorOOX|ndoIe ove- descr.l his 1 nvention.
Furthernore, a ba&hes® ’iﬁLCGfetYPﬂs%P'Eﬂﬁﬁl"'ﬁHGi % QEEFF'HBa'B%F%i]YW%? purchase from
manuf acturers of orgam speciiemethal Sor derfmiaixgfal ieveéPlofibxaidow, in lat @mpleldfta 6-e

o o oo B IR, Ry 0h88n EMEAF YU B8l
conposi tiBon consithe ‘Patpileddleseiptipapfthe Igyeniort [Segtiop 9kthis @aplisatiofivel®W- conposi ti on
may contain |ow |evel anraf mvérITBh“’éIsId @ﬁw.deaea Qfﬁetrvdai eh sWﬂNeshﬁthEi AplakigoneThe
| evel of oxindole | ? in a sa g A Chlc adadh o>§| nedrqu]aen can
10 be determni ned °ﬂ'§'f’ '°§ 8%{1’%5'33?13 ?/'P?“é‘ PRI cl’( 8 §?an
ordi nary skill i rmbout1000 ppm, which method comprises:
a) acylating a composition comprising 6-chloro-1,3-dihydro-2H-indol-2-one
20 and an oxindole impurity with chloroacetyl chioride by Friedel-Crafts Acylation to
synthesize a composition comprising 6-chioro-5-(chloroacetyl)-1,3-dihydro-2H-indol-
2-one,
b) treating the composition resulting from (a) to reduce of the oxo of the
chloroacetyl group therein to form a composition comprising 6-chloro-5-(2-
25 chloroethyl)-1,3-dihydro-2H-indol-2-one and a 5-(2-chloroethyl)-1,3-dihydro-2H-indol-
2-one impurity;
c) isolating a sample of the composition resulting from (b);
d) measuring the quantity of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one
impurity in the isolated sample from (c);
30 e) determining whether or not the quantity in (d) is not greater than about
0.28%; and
f) purifying by recrystallization and/or reslurry the composition resulting from
(b) if the quantity measured in (d) is greater than about 0.28% until the quantity of the



the art. For exanple, the |level of oxindole inpurity may be determ ned by
normal phase HPLC, reverse phase HPLC, or gas chronmat ography nethods. A
speci fi c wetlhow2ke©r determ ning the | evel of oxindole in &cyaBw/weef a 6-
chl orooxi ndol e batch is referred to herein as "Detection Method B" and is
provided in 15 the "Detail ed Descri ptio? of the Invention" Section of this
application below. This invention also provides a nethod of synthesizing a
zi prasidone conposition that conprises an anmount of des-chloro ziprasi done
of not greater than about 1000 ppm which nethod conprises: a) acylating a

t I 2H i.nd
oyt ndol & i mpuri §y> i PibreBii LB el ot PRy Mok 8Bl pf oD on 1
synt hesi ze a conpadisyntoesizingramifrasidege composition from the composition so purified; or,

6- chl oro-5-(chl or oacetgpr,) T &’haﬂht{/‘yﬂ? -i€ Il P@Qt'er th%n%ut @ka%rwﬂemng he

conposition resulting om(a) tore uce of th e oxo of chl or oacet yl
group therein to ?RS?Sr'H%eE?fﬁﬁﬂﬁ‘é'P‘ﬂf’%thé(?ﬂ‘ﬁﬁ’qsg'?’h@ ® chl or o- 5 (2- 25
chl oroet Byl ) - 1, 3- di hydhoa 2piefeneo| endbodifentartde acomposition of ziprasidone prepared

5- (2- chl or oet hyl )acéorﬁ.{‘?‘t&‘}ﬁ%rrﬂetﬁc%a‘.h'&%%rece%gwg g,gifga o}hénseg)ant%;&hﬁttd s 7y of

sanpl e of the co on resu qua

5- (2-chl or oet hyl )Ch!PFCBZ'GTaWGFQ)DfZthQﬁ%f tQa'bﬁ ut {589 APM; Yith ﬁhft Malug ©b 08
sampl e from (c); pa&ideYH ud@tb&{(@)@hd"'@) ryd“r@téa@rstee@cmmglm YR, 1404 inMa dde | S
not greater than a out %‘E% alﬁ %H%L{ recr s%all atio and/or
esi orry the comEaRITLAMPERTI g Preditop s Psdied FirmEr Hcordad if A

(d) is goeater theethabiodite reclWigpatagiaph kempisash an aylowftom@smr@am@?@@%
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not greater than about O. %nt hesi zing a zi prasi done conposition
fromthe conpositd Hﬁtegacmf?q'vtaabm*b 28B- if the quantity in (d) is not
greater than about 0. 284surenebtha S-(2ichigroathyl}1,pdingdrd@iendobPrones iasiimatebr(dm t he

conposi tion of (h) mgﬁnétmmad S&%E@fnrtﬁéj%r@gga?@i aniaphé 38n Gé)éﬂ?w%ﬁétéd t%téﬁdard

zi prasi done prepared accor precedi ng ‘para
conpri sé§ an ampu@rglyice! ﬂ“@‘é"“"dﬁ?"@ﬁ'&“e‘ft foF sEamphEeveee ﬁB‘"tsed'FPéé:t o qﬁéH'taglﬁ’out

500 ppm Wi th thehkalatographicOnedidys.
However, in a preferred embodiment, the 5-(2-chloroethyi)-1,3-dihydro-2H-
indol-2-one is measured in step (b) by Detection Method A, described below.
In one embodiment, the purification of a composition comprising 6-chioro-5-
20 (2-chloroethyl)-1,3-dihydro-2H-indol-2-one in step (f) is by reslurry. Reslurry is a
process similar to recrystallization, but where all of the material is not completely
dissolved. The composition comprising 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-
indol-2-one in step (f) may however be purified by recrystallization, reslurry, or a
combination thereof. A preferred method of purification of 6-chloro-5-(2-chloroethyt)-
25 1,3-dihydro-2H-indol-2-one is by recrystallization and/or reslurry in an aqueous
miscible solvent, preferably acetonitrile/water.
This invention also provides a HPLC method, called “Detection Method A”
herein, for measuring the quantity of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one in a
composition comprising 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one.
30 More specifically, this invention provides a method, “Detection Method A”,
using HPLC for measuring the quantity of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-
one in a composition comprising 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-

one, which method comprises



provided in steps (e) and (f) being adjusted accordingly to about 0.14% In
a nore preferred enbodi nent, the conposition of ziprasidone prepared

accor di ngvom3nie4dl0 met hod in the precedi ng paragraph conpCraBs/@mm2anount
of des-chloro ziprasidone of not greater than 100 ppm wth the val ue of
0.28% in steps (e) and (f) being adjustgd accordingly to about 0.028%
Measurenent of 5-(2-chloroethyl)-1,3-dihydro-2Hindol-2-one, as in step (d)
in the nethod described in the precedi ng paragraphs, can be conducted by
standard 15 analytical chem stry techni ques, for exanple reverse phase
HPLC or other suitable, chromato

! aglhg.c et hodds. However ﬁ‘%z red
enbodi nent, the 5-(2- Ca,),ﬂf%fg‘@ﬁ??‘?ef, i W{Fasf'ab-cfﬂpo?'%o(?oﬁomfg ur ed
in step (b) by Dehmethyhr1Bisttydd-24-indd-2one bedistpbling\e. pdrtionmﬁeatendumhsme'mh t he
purification of aanc&gﬁﬁbs Ecgl\iéﬂp fSiRWed 'b?'d?lgtloﬁ Witk & Qrgémc Bvent of the dlssolved
(2-chloroethyl)-1,3 g_l 2H i ndol - 2-one in steg %BI?IIS‘W% resl urrU%/
Reslurry is a prPOEies s0 Hahp Ic%ﬂcef‘tf?t'P'é@’Y%‘f/Yaﬂ Ypelalgsgthon PEsaif Porin ¢ he
mat eri al 51 s not cagpblehebisoiveitsefabmed mglhicisebtaipedi ti on conpri si ng

6-chl or o-5-(2- ol or et ic NS bBE) 5200864 Bapb £ o

however be purified by’recrystallization I on
t hereof . A pr ef erusiédamabiiforhage congisting esaentialy %17561-3C1HF80T?0V/‘31V/Q D02 M igi5&ehy| )

25 1, 3-di hydro- 2|ﬂ1—!=ﬁ'dﬁ|5*5%‘@*A@etbﬁtnié)f\nét%w&tﬂddnﬁﬁéhﬁé}a@@ﬂf%mra‘ésbl!dS Bye i N an
aqueous m scible sqgl vent onitrile/water. This invention

al so provides a IQPE’@%?WB'HE)V @\Af%a‘ tion Method A" herein, for
nmeasuring the quantity) abtebing2a q:lelalorapmdnyd et TroB®- bethgalr 8- BHI0 ndwites2omre i N a

conposi tion conprj,$ide i b
6- chl or o- 5- ( 2- chi’r oet (h;ramresu ggofow(d)ro 2H i ndol - 2-one. 30 More

specifically, this i n@éﬁ’?’i’%ﬁ"%‘?’%??ﬂ‘@éeaa("ﬂ‘ﬁ?wd th‘tiéeiaéé’teﬁeﬁtﬁd POE‘P)hod A",
usi ng HPLC for neasur iep@replhgta afahddry from a composition consisting essentially of 5-(2-

- Ghi or 0.5 (2- ¢hl B'?’“ge?ﬂbf"ﬁ%%?*’*“"%?% ofs bf s T afid BRAGY b R TGl 19
conpri sé§ WO 03/ CTDRSOPTEN B E0bE S that thecepeeniratign dweightixoly®eXaf B2 f r om

Sﬁ: d Comﬁols') t Ilog cRIBITBth{IBA, B-@lh@dr@hmmu-ﬁ-n(le? based on the weight of the pOF’(IOF and
chl or oet hy rtiopn of s
conposition in é{%u%gﬁ ﬁ?é‘t&%]t'v'eﬁfwm FS‘H' B2 %éedldfﬁcp‘%l %&V\?‘ g‘h eo“{héc n| c

sol vent of the didstegionedf PePchlogethy)-1 ﬁdthY@t'Ot?Uﬂ%@hz-paQ i n (heei gmppsiiinune) ,
based on the wei ghhpriding®ahrd S (2Lénifoethyl)-1,3-dihydro-2H-indol-2-one is desired:

20 f) running the standard through a stable-bond cyano HPLC column using a
mobile phase consisting essentially of (75:13-17:8-12 viviv/) 0.05 M KH,PO,,
pH=from 5.5-6.5,:Acetonitrile:Methanol; at a column temperature of from 30° C to 40°
C; with detection by UV light at 254nm UV;

g) measuring the peak area (named A1) of the peak on a chromatogram

25 resulting from (f); and

h) calculating the quantity of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one in
the composition comprising 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one by
i) calculating the Response Factor for 5-(2-chloroethyl)-1,3-dihyrdo-
2H-indol-2-one according to the following formula:
30
Repur=(Apurt(DF)/(Wpurt )(PF)

wherein | Ay is as defined above;

Wit = weight of composition in the standard;



5 and vol unme of solvent, of about 1 ng/nL is obtained; b) running the

sanpl e solution through a stabl e-bond cyano HPLC colum wusing a nobile
phase comspaBionmp4essentially of (75:13-17:8-12 v/v/v/) 0. PCETNB6HDR,
pH=from 5. 5-6.5, : Acetonitrile: Methanol; at a columm tenperature of from 300
Cto 40 C wth detection by W light at 254nm UV, 10 c) detecting a peak
appearing at frombetween 8 to 10 mnuteS on a chromatogramresulting from
(b); d) nmeasuring the peak area (named Al of the peak detected in (c); e)
preparing a standard froma conposition consisting essentially of 5-(2-

hi thyl)-1, 3-di hydr o- 2Hi ndol - 2- one, by di | i i ] uti
(p:)or'? irgﬁ 01}/ )sai d 1|5 Zo:rgosi t: (r)]noi n'g%%np%eaén{ja@%r:%f ég?ﬂ@rggﬂﬂitgf”hgﬂ%%f
concentration (wendghgovelandre) of 5-(2

chl oroet hyl) -1, 3-di hydr o- 2Hi ndol p¢--0fGtion 256 tbr Mo sidMBardEifght of the portion
and volune of the solvent,_ is about fraction value at

. equal to a selected fr )
or above which detection db cglcyiatingrhe, “ydy i o(-Fhigrogihp dideinyidor2fgedol-2- one
in the cenposition comprac&irdig to the following formula:
6- chl or o-5- (2-chl oroet hyl ) -1, 3-di hydro-2H i ndol -2-one is desired; 20 f)
runni ng the standard through a stabl e-bond cyano HPLC col um using a
mobi | e phase consi sting ess"(ewlﬂﬂi:é%}(?':)b‘fool/m%ésﬂ?: 8-12 v/v/v/) 0.05 M
KH2PO4, pH=efrom 5.5-6.5,: Acetonitrile: Methanol; at a columm tenperature of
from30 Cto 40 C wth devshect.i,on .bé kJ\{ Ié%r})tv at 254nm UV; g) neasuring
the peak area (named Ap"r,)V5FeR has BERREBRI DU omat ogram 25 resul ting
from (f)10 and h) cal cul ating the GuarftReasponse Factor calculated in (h)(i) above;

5-(2-chl oroet hyl)-1, 3-di hydr o- 2H iWdolvei@ntR theipBriioh BRNE EoMRSidH RBd hQydY | Si g
6-chl oro-5-(2-chl oroet hyl)-1, 3-di K\Ggr 0-2H i ndgl -2-one by il)I cal cul ating
the Response Fact® #%r 5-(2-chl oroet hyl)-1, 3-di hyrdo- 2H i ndol - 2- one
according to the follow ng fornul &F =30utiép tactor fohpamdg ¢@Riph( Wour i ) ( PF)

wherein @ Ap"r, is as &gériw@av&&oms& arfldbh i EHs9B) ard @Qﬁﬂﬂf&%j bitQfe it t he
standard; WO 03/070246 PCT/1B03/00642 9 PF = potenc actor for
5-(2-ch|1(§r oet hyI )hmjgeqs_tcaj 'H-Iﬁ, d@_trﬂqdrofuran), methanol, " acetonitrile, or the mobile phase :

described in step (a). Other organic solvents may also be usefui in this method. In a
preferred embodiment of the HPLC method described in the preceding paragraph,
the sample solution is dissolved in THF and is subsequently diluted using the mobile
phase. In another preferred embodiment, the standard is prepared by diluting the

20 composition consisting essentially of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one in
THF.

In another preferred embodiment, a flow rate of about 1.0mL/min is used in
the HPLC method. In another preferred embodiment, injection volumes of the
standard and of the sample solution of at least about 20 ul, more preferably about 20

25 pL, are used.

In another preferred embodiment of the above-described HPLC method, the
column temperature is 35° C. In another preferred embodiment, the ratio of
KH2PO4:acetonitril:methanol is 75:15:10. In another preferred embodiment, the pH of
the KH,PO, is 6.0.

30 A “stable-bond cyano column”, as used herein, means a HPLC column
comprising a stationary phase consisting essentially of a cyano bonded phase.
Stable-bond cyano columns are known to those of ordinary skill in the art. Such
HPLC columns are readily available to those of ordinary skill in the art from



I ndol -2-one; and DF = dilution factor for the standard; and ii) cal cul ating
the % w of 5-(2-chloroethyl)-1, 3-di hyrdo-2Hindol-2- 5 one according to

t he fol | omorgofarerul a: %V w=( A, ) (DF) (100)/ (RPurt) (W2) wreraBeoB/ao64C i S as
defined above; 10 RPu" = Response Factor calculated in (h)(i) above; W2 =
wei ght of the portion of the conposition,used in step (a); and DF =
dilution factor for sanple solution. Organic solvents that are useful in
steps (a) and (e) include, but are not 15 limted to THE
(tetrahydrofuran), nethanol, acetonitrile, or the nobile phase described

in step (a). Oher organic solvents e _usef ulwi p thi 10d. In a
preferred enbodi ﬁ%’HTerg% SHEEHR SXRDP '%gﬁc;e g’é@%? 'il%1 g “PhE hé&ﬁ?'ygé&%ﬁgbcag
par agr aph, the £&vBor2809l 17iGamnons Goad Flevrslivema THE7.dHMHR)i s subsequent |y

diluted using the nobir}& pdidiRs Factol @RALNGKe REBhISIOHGH KPR HBAL .abbhe
standard is prepared by dilutin

| g t he 20 conP05| tion consisting essentially
of 5-(2-chl or oet AS3cyief Methpdiiefers &2 Bty 8 thex sifion copgipting |eﬁseagﬁ9¥ ﬁ€§ (2
preferresl enbodi smobethy)-f,3-0iydr@pie-indbl-Béreu it . @sgdei o itse USEethiorpetityhd ,3-PLC
net hod. I n anoth . ' Loy ' Y/ - andar d
and of the sanpl gﬁ‘é’gf'g{'%{cﬁ’%’f 6?n%g{?89g'g§ﬁ ¢ Sﬁ%ﬁuty q%%{oﬁgann%r%rﬁ'gg Iérb g%ﬁ)fr% out 20
25 L, are used. Phordina sl iptherast byededbigingdiugntities.dt aivnef akstracaselet WhisBd HPLC

met hod, the col yemctbe Rl doRdUctedDy apersbR obdBhrg BkiPWRdnEnaREndb ediitgent
the ratio of KH2PO4: acet onitril: rge%pa olani S i Qidkos 10).(a | . anot Q%rvear erf erred
embodi ment, the BHOYEYHETREIE U 8%. S0 I Ioh PR 28 280 S C T umm® |
as usediherei n, nsel¢ants, @andPesiuso b ignitiod'ofier inofaapic analtert fpio Axanpley Aediwm or
consi sting essenbhddsiin) Obetctol 3R qRHARHIAEE subShAdY RnhRNr1iRBObEEl UMS
are known to those of ordi nary skill in the art. Such HPchrﬁc |l ums are
Feadi |y avai | abl 8760 SRR FAILPADR 2Fy AR g piRcCspn pPGHREP05P0 70246
PCT/ | BO3/ 00642 pPbtency Factor for a composition consisting essentially of 5-(2-chloroethyl)-1,3-
dihydro-2H-indol-2-one may be, for example, 98% 5-(2-chloroethyl)-1,3-dihyrdo-2H-
15 indol-2-one.
The “Dilution Factors” (for the sample solution and for the standard) used in
the calculation in step (h) in the above-described method refer to the amount by
which the composition being analyzed and the composition consisting essentially of
5-(2-chloroethyl)-1,3-dihyrdo-2H-indol-2-one was diluted in steps (a) and (e),
20 respectively. Hence, the Dilution Factor for the sample solution will be the volume of
solvent used to prepare the sample solution in step (a) of the method. For example, if
80 mg of a composition comprising 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-
one is used in step (a), and 80 mL of solvent accordingly, then the Dilution Factor will
be 80. The Dilution Factor for Standard A will depend on the value selected in step
25 (e). For example, if detection of 5-(2-chloroethyl)-1,3-dihyrdo-2H-indol-2-one at or
above about 100 ppm is selected, then the concentration of the 5-(2-chioroethyl)-1,3-
dihydro-2H-indol-2-one in the standard will be about 0.0001. If, for example, 20 mg of
the composition consisting essentially of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one
is used in step (e), then the Dilution Factor for the standard is 20/.0001, or 2x10°. As
30 another example, if detection of 5-(2-chioroethyl)-1,3-dihydro-2H-indol-2-one at or
above about 500 ppm is selected, then the concentration of the 5-(2-chloroethyl)-1,3-
dihydro-2H-indol-2-one in the standard will be about 0.0005. If, for example, 20 mg of
the composition consisting essentially of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one
is used in step (e), then the Dilution Factor for the standard will be 20/.0005, or 4x10*.



commerci al sources, for exanple the HPLC col um ZorbaxTM ( Mac- Mod

Anal ytical, P.O Box 2600, 127 Commons Court, Pennsylvania 19317, USA).
The " Pot emoy3®actor” used in the calculation in step (h) PoTHRS/ @BOYe-
descri bed nmethod refers to the purity of t he conposition consisting

essentially of 5-(2- 5 chloroethyl)- ij1| hydr o- 2Hi ndol - 2-one with respect
to the 5-(2-chloroethyl)-1,3 di hyrdo 2H- ndol - 2-one therein. The Potency
Factor can be determ ned by a person of ordinary skill in the art by

deducting quantities, if any, of substances for which det ecti on is

typical Iy conducted b on of ordj ski n an zing the purit
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(for the sanple sol utity gwgntpmawqq@rm@ﬁd@rrugth%@a synthesizieg @akziptdsigoneon i n
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conposi tion bein ed and th osi tion conS|st|ng essentially of
5- (2-chl or oet hyl ?ab?‘r’}g @W dvé"cﬁl-l-eﬁ}‘?gtﬁ%ﬁ"stﬁﬁe was diluted in steps (a) and

(e), 20 wespectively. Heedveing ehempobitiun campFisiog Grchioor-S-{dheraaaety)-3sitiydrdi on
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(a) of the method. For nposi tion conprisin
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Dilution Factor fcgl(o o§ghg¥|qasréjr8/gmv%,_|, Indgeép&@qn&p“}; Qr?d val ue selected in step 25

(e). For exanple
5- (2- chl§r oet hyl ) - 1, 3-PAiSHPa3Bing 1A FamRSPition enmprising giprasigdprg, Bom sueompOsitigsom i s

sel ected, then t h@suﬁnﬁ@ﬁﬁrﬁt(é)atlrh @ Predérreldnbddimént teatrond Byl Jn-step3a) comprises
di hydr o- 2Hi ndol t%]ugﬂggcetlgaahe standar"gmvvl l.l. be about 0.0001. If, for

exanpl e, 20 ng of G TeUNeRURLy 8¢ty ng essentially of

5-(2-chl oroet hyl)-1, 3-'@?%9“9@!‘4811 atibedimenttee method fudttiericamptisep (e), then the
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5- (2-chl or oet hyl )saiti s@npleli hydr o- 2H-i ndol - 2-one in the standard wi |l be about
0.0005. If, for exanplifgetdthilh Whether or not the quantity in (i) is not greater than about
0.28%; and
i) purifying by recrystallization and/or reslurry the composition from (a) if the

25 quantity in (i) is greater than about 0.28% until the quantity of the 5-(2-chloroethyl)-
1,3-dihydro-2H-indol-2-one impurity is not greater than about 0.28%, and then
proceeding to step (b) using the composition from (a) so purified; or

iv) if the quantity in (i) is not greater than about 0.28%, then proceeding to
step (b). '

30 In another embodiment, the method is for synthesizing a ziprasidone
composition comprising not greater than 500ppm of des-chioro ziprasidone. The
value of 0.28% used for analyzing the sample from step (a) may be adjusted
accordingly to 0.14%. In another embodiment, the aforementioned method is for

synthesizing a ziprasidone composition comprising not greater than 100ppm. The



t he conposition consisting essentially of
5-(2-chloroethyl)-1, 3-di hydro-2Hindol -2-one is used in step (e), then the
Di | uti on WaeBoro2i®r the standard will be 20/.0005, or 4x10¢T/1B0/@8/2070246
PCT/ 1 B03/ 00642 11 As another exanple, if detection of

5-(2-chl oroet hyl) -1, 3-di hydr o- 2H i ndol - % one at or above about 1000 ppmis
sel ected, then the concentratlon of the's- (2-chl oroet hyl) -

1, 3-di hydro-2Hindol -2-one in the standard will be about 0.001. If, for
exanple, 20 ng of the conposition consisting essentially of

5-(2-chl oroet hyl)-1, 3-di hydr o-2H-i ndol 2-0ne is a (e),
then the Dil utioff ‘I'?a‘?ftooqa"/‘f ‘bﬁedlf‘?feang'i'z'oﬂﬁ’dﬁ? gethies! ImaéSZ'ke"g??/ beO?.fji s%gﬁgcctrag@y

Di | ution Factor fo@soppe. standard will be 2x104. This invention also

provi des a met hod of n ri ses
an anount of des-chl o?%%tzolmgfg@l)%e% g tng%éﬂ%g fﬁe &Qmﬁgéﬁéézﬁﬁtdaﬂ%aqw

whi ch et hod congihyde8H-indol- ?a‘)"er'éd*ER:F?f@P'%l °E$ﬁpﬁ9§lp9$'%'? ©BIRfHNG Fregloro-5- (2'

6- chl or oz 5- (chl 0&@&6@ )|-1)3 &hﬁr@khﬁdbl@or@"ﬁd NeedsuddOBE &Nflethod comprising

5-(chl oroacetyl) - t p}é/ %2H—II’IdO| 2-one inpurity by treatment with
triethylsilane i Re tFﬁ dfce of a strong acid to obtain a conposition

conpri si ng 6- chl or o- 5Tpuifitatiomefttiregdmposiiondiomprsieg & phigradd?-clilorggtbedid- a
5-(2- chloroet heéﬂ'l Jdho- §Hq{dBIY?_d6r%‘ %"gtédﬂ'@é)!u) 2f %eadeQLI'ﬁétﬁdﬂ isab\d réiurny) and/or

synt hesi zi ng a corrp05|t| on conp HF &( Sﬁg romthe co %Pos”t rg
resul ting from (&Fyselzaion, e?'\?r Feé'aStE'Fff?ﬂ FEHET T 'ys?'?o'ﬂga SR 3°%E%Ep (a)
conprisas trifl mxtupsggedferablpan daqunrousmtnmmemlueﬁbmmt mee preferablyam otitiere of
preferred enbodi thod further conprises i) isolating prior to
step (b) a sarrpl5&%7“""%1/@&6;TE osition from(a), and 20 neasuri p? t he
quantity of 5-(2-chl ofg&tih H?ina@oﬁrﬂ‘ﬂﬁéﬁsoazﬂ?ﬁhﬁﬁio‘ff YNEREZP AN IR sai d
sanple; ii) det eédﬁvﬁbbnﬂ@w Mbtedohfphse@ran reertoubtht degseiidrb tziprasidofd Jf iosgneater Yeat er

t han about O. 28%%“9 w,?%rerjn&%wmgﬁ?er ecrystal li zatl on and/or reslurry

the conposition $rom |ty in (i) eater t han about
0.28% utfti| the quant a)t 9urtf»fmq ﬁeCOBlPQQUC\E'hFQﬂFRﬁ'é'f'%ﬁ‘) °r°-1 3-dh vdf°-2H-'"d°'2°"e

1, 3- di hydr o- 2H i {gParr irfdbie .m;smnbyrunt.% ¢omnpasitiorOdofrdkiSiig hdl eald tah abo@88% and

then proceeding to. ste nposition from(a) so purified; or
iv) if the quant‘?ftsﬁ'doﬁ'“g?"% n'?pgwxgtog@mgg.t é‘? than about 0.28% then proceeding

to b) using the composition resulting from (a) to synthesize a ziprasidone
composition.
20 In one embodiment, the composition in (a) is purified until a composition

comprising not greater than about 0.15% of oxindole impurity is obtained, and a
composition that comprises an amount of des-chloro ziprasidone of not greater than
about 500 ppm is synthesized.
in another embodiment, the composition in (a) is purified until a composition
25 comprising not greater than about 0.03% of oxindole impurity is obtained, and a
composition that comprises an amount of des-chloro ziprasidone of not greater than
about 100 ppm is synthesized.
Methods of purification of the composition comprising -chloro-1,3-dihydro-2H-
indol-2-one and an oxindole impurity that can be used in this invention include
30 extraction and/or recrystaliization and/or reslurry. In one embodiment the purification
is by recrystallization and/or reslurry from organic solvents. See, for example, G. J.
Quallich and P. M. Morrissey, supra, and references cited therein; and F. R. Busch

and R. J. Shine, supra.



step (b). 30 In another enbodinent, the method is for synthesizing a

zi prasi done conposition conprising not greater than 500ppm of des-chloro
zi prasi dowe.o3®he4e val ue of 0.28% used for anal yzi ng the saaphBodovesm st ep
(a) may be adjusted accordingly to 0.14% In another enbodi nent, the
aforenentioned nethod is for synthesizipg a ziprasidone conposition
conprising not greater than 100ppm The ! 03/ 070246 PCT/1B03/00642 12

val ue of 0.28% used for anal yzing the method nay |ikew se be adj usted
accordingly to 280 ppnt I n anot her enbodinent of this nethod, the quantity

of 5-(2-chl oroet hyl 3- di hydr o- 2H-i ndol - e
Cor’rpogi tion Cor’rpriysi) nJh'S E‘Vﬁ’r@g’b {so( Erovn es a m 3 oﬁsyn%esnz%rgma znprasu one

chl oroet hyl) - 1, 3ecinpostiivo tHaHeanmicds- &2 @aneint of desablaneiprézjdoae WEdd @ekato iEni si ng
Det ecti on Met hod conposi tion conprising

6- chl or o- 5- ( 2- chﬁéygegﬁpgwr%Rggag$ﬁyd9&r%%flndol 2-one in_ste (a) 1) of
the above nethod is by f@QIS@F'F'EB aﬁ‘%‘?fdPS'U’FYéISr§/§?’&qult'2’a9‘i’rﬁﬂ's'”¢ hioro-5-(2-

rec ][ yst glb |'i zat i ogniamehey-1 a@mwbw-uafoez brie ancsaxlst(abrhlerostﬁtlyemdmwommtdu-
preferably an aqyeous ci bl e sol vent r of
acetonitrile/ watg "efﬂpué'tsy 1 PI R d°m§”5"tﬂ 'EPt re%[e? ht% %EOLX],O %k ynt (gdglgﬂ ng a
zi prasi done conpbmlqrp@wlkh&ﬂlhm% indel?-ene imprsibis Oféiﬁlnﬁég%hl oro zi prasi done
of not greater than gapeyihg lﬁmgomuomés@.hm@&tohp@b)qer@mhaﬁﬁe alApradidone
purifying a conposition conprising 6-chloro-1,3-di hydro-2Hindol -2-one and
an oxi ndol e |nqu?PV”WHT|I a conposi tion conprising not greater than about
0.3% ofiosai d oxi ndol én engpembatlinents theldoaippsitibn imuka] ihlecystaltizedt dng/oc cegporadt | on

resultlngfrom( S " e
enbodi rent, ¢ he ?%‘ﬁ%gtﬁ%‘ bkt .‘2‘%‘%?t?%%ba°ﬁ?fma‘*f%%ﬁ§é§?”?“3%”‘9'5‘

conprising not gi'é @Pr%%'ﬁd‘éﬁﬁﬂf '"@UEQ%?H‘a'Qﬁgrﬂﬂ’oq‘é’mH‘?ﬁ'ﬂ? H OBPEIE A ned,
and a conpositi amotifat descmprolmmne afirptigreatef thalesboat3001ppmas pynetesidedie of

not greater than abo%t ﬁ&ﬁ n{hge&ln@%gtml 0 @o&hpercrygtgmge(y gL, the
corrp05|t|on in (a) puri a co
15 reslumed untll a composmon compnsnng not greater than about 0.03% of 5-(2-

chloroethyl)-1,3-dihydro-2H-indol-2-one impurity is obtained, and a composition that
comprises an amount of des-chloro ziprasidone of not greater than about 100 ppm is
synthesized.
In a preferred embodiment, the recrystallization/reslurrying conditions in step
20 (a) of this method comprise use of polar organic solvents and/or polar organic
solvents mixed with a small volume of water. Preferably, the recrystallization and/or
reslurry is with an aqueous miscible solvent, for example acetonitrile/water.
The terms “treatment”, “treating”, and the like, refers to reversing, alleviating, or
inhibiting the progress of the disorder or condition to which such term applies, or one or
25 more symptoms of such disorder or condition. As used herein, these terms also
encompass, depending on- the condition of the patient, preventing the onset of a
disorder or condition, or of symptoms associated with a disorder or condition, including
reducing the severity of a disorder or condition or symptoms associated therewith prior
to affliction with said disorder or condition. Thus, “treatment”, as used herein, can refer
30 to administration of a compound of the invention to a subject that is not at the time of
administration afflicted with the disorder or condition. “Treating” thus also
encompasses preventing the recurrence of a disorder or condition or of symptoms

associated therewith.



25 conprising not greater than about 0.03% of oxindole inpurity is

obt ai ned, and a conposition that conprises an anount of des-chloro

zi prasi dowe 0607met¢ greater than about 100 ppmis synt hesipzedBodetizods of
purification of the conposition conprising -chloro-1, 3-di hydro-2H

i ndol - 2-one and an oxindole inmpurity that, can be used in this invention
include 30 extraction and/or recrystallization and/or reslurry. In one
enbodi ment the purification is by recrystallization and/or reslurry from
organi c solvents. See, for exanple, G J. Quallich and P. M Morrissey,
supra, and references.gited.therein; and ch. and. R . J. Shinpe
supra. WO 03/ 070246 P PT‘QB’sl%gg"é’n“‘_’fg'“TﬁF"s ‘iﬁ'ﬁxsxglr@}e?ﬁseal"g'S%"r'or\??ag'ésa”

met hod of synt hesiammal Zheztemr mamiral éncludes i skanmrimandhithout imitatips degsamatanmount
of des-chloro zi gr@gifigRe of not greater than about 1000 ppm which nethod
conprises: a) recrystallizing and/ or reslurryi a conmposi tion comprising
6- chl or - 5- (2- 5 chl onBEF FEoLY GHERN ST Grein fitlofkemPigy ess Hignaebout 1000

5- (2- chl er oet hyl pph; Beatislwjttlin @-ratide ofyllel or mihue né% iohtpel valdeyto which the gerodntEdrsgi t i on
conpri sing not grs‘gkgr t han about 0.3% of said 5-

(2-chl oroet hyl) - f, -di hydro-2H-indol -2-one inpurity is obtained; and b)

usi ng the conposition resulting frBgeledDasgripdiomefiasinvention zi pr asi done
conposition. 10 I n oneremshid TS tynthédithgCipiEiont, R8Moied abévk, is SaugrGr Yaltedl | | zed

and/or reslurrie nti.l sit.i,on c rising.n reater than _-about
0 150 of “sai d 5. CREPUPcH BTRE YA R BN S A hedh 3R] Blererde RO
obtai ned9 and a Celepisaahesinat ZiResidonrpan tresyntipsizedrasondingio thiemetbed dapisted

zi prasi done of ngf sgeRt £belddansédenidt2, PRRWP MdtatesSHé heesdnarby WhicRides-her

enbodi nent, the conposition i a) is recrystallized and/of 15 reslurried
until a conposi tF'B)'H'%C%SWB?'&?nﬂ"%o%m&rag’ét%}” ?'ﬁd’ﬁp‘éﬂz%ﬁ‘t %ﬁ.ﬂﬁ%go?ea%@'?tz'% a

chl or oet hyl.) - 1, 3sylitiesr accliding d Sickenemds icapduciely TRO"Gbttize fodlolyinga Sdheanes
conposi tion that j,qfQ@R b8y aidordOUNt of des-chloro ziprasi done of not
greater than about 100 ppm’is synthesized. In a preferred enbodi nent, the
recrystallization/reslurrying conditions in step 20 (a) of this nethod
conpri se use of polar organic solvents and/or polar organic solvents m xed
with a small volune of water. Preferably, the recrystallization and/or




reslurry is with an aqueous m sci bl e solvent, for exanple
acetonitrile/water. The terns "treatnent", "treating", and the like, refers
to reverswog@3oal2kevi ating, or inhibiting the progress of pcmaBai/®es2der or
condition to which such termapplies, or one or 25 nore synptons of such
di sorder or condition. As used herein, tgese ternms al so enconpass,
dependi ng on -the condition of the patlent preventing the onset of a

di sorder or condition, or of synptons associated with a disorder or
condition, including reducing the severity of a disorder or condition or
synptons associated therewith prior §a£fllgt|on wi th said disorder or
condition. Thus, "treatnent", as used h can refer 30 to

adm ni strati on oStep ‘conpound of the invention to a subject that is not at
the time of administration afflicted with the disorger or condition.
"Treating"” thus al so enconpasses preventing the recjyurrence of a disorder

or condition or of asqﬂehq§ g,gggfemxm DQ3F06 4
1ﬂﬁﬁ¥$§#1ﬁﬁ%¥ nd unlesu er wse0
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i ndi cat ed, neagsg . Thifral The t@rgely manmal " i nc or-Nexanpl e and
w thout limtation, fogs, cats, and humans. The term "about", when used
herein in, for e "ﬁS -l ess than 'about' 1000 5 DRE& ﬁ&gn% wthin a
range of plus or nu % of the value to which the (S Belng
applied. Detail edtdpescription of the Invention One nethod for synthe5|2|ng
zi prasi done, as noked above, is taught in United States Patent 5,206, 366,
whi ch has been i ncg porated herein by, @g@gqence This 10 Patent teaches
t hat zi prasi dgpe_can eS|ze 1 i cted in
Scheme 1, bel ow. Sche bew, ﬂ%?@ﬁ%@ he mecha W-0h des-
chloro Z|pra5|done% S NR any oxmmmBFe inpurity i Y& sTanNH ng
reactant if a heS|s according to Schene 1 is conducted. "IPO" in the

fol |l owi ng Schenes ndf cat es i sopropyl al cohol: WO 03/0702ﬁ6 PCT/IBOS/00642
15 Schepe 1 Step i"‘w 244.08

Step 3
Cl
Tt
cl NH
S\N
MW = 230.09 MW = 255.76

1) H,0/Na,CO,
2) IPO Reslurry
3) THF Recryst

MW = 412.94
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One control strategy we identified was determining the purging of the des-
chloro impurities during chemical synthesis of ziprasidone, and then setting sufficient
limits on the quality of the starting reactant used to synthesize ziprasidone. During a
synthesis of ziprasidone, one or more of the intermediates undergoes extraction and
crystallization during the reaction work-ups. Although each intermediate and it's
corresponding des-chloro impurity are structurally similar and have similar solubility,

there are slight differences in the physio-chemical properties. Thus, we conducted



NHCI/H0 SNNS NN C NHOC NHO 5 ziprasidone hydrochl ori de MV =
412. 94 nonohydrate MW= 467.42 5 Schene 2 ONIl O-y/ 0O 67 8 \ | HC
S-N N N0 o03d7:e4dH 9 10 One control strategy we identifi edTaBss/@et2er m ni ng
the purging of the des- chloro inpurities during chem cal synthesis of

zi prasi done, and then setting sufficient,,limts on the quality of the
starting reactant used to synthesize ziprasidone. During a synthesis of

zi prasi done, one or nore of the internedi ates undergoes extraction and 15
crystallization during the reaction work-ups. Although each internedi ate

L | SO O B, B AP HA ST LML e o e Blas

physi o- cheni cal mydmwﬁ@sn aﬂm@swswaﬁmmm anerai®rsn 70246 PCT/ | BO3/ 00642

17 purging experiment aaéf&r.ﬁb%@an@rﬁ@ MH% zatmuwun@is Sigsioehh BbEntialRpUid ¥h t hat
Is removed by the extraction and gstal I zati on processi n%co$erat|ons

Referring to ScheéhRiche fé’?ﬁ:l‘““?'“%ﬁ‘ﬁﬁﬂﬂnﬁ rpougd, I nfygliooxindgig; By PEcesd gl ty i n
a batch ef the straadtiomepnnitivresrto adsplt Gaompoumd 9] desshoid iprasidored Eueprisingly, i oceed
under found a greater than three-fold purge of Compound 6 and its subsequent analogs
during the reaction and isolation conditions of the synthetic process. Therefore,
commercial supplies of Compound 1 containing up to 0.03% of Compound 6 will
result in ziprasidone drug substance containing less than 0.01% (100 ppm) of
10 Compound 9.

The control of a maximum limit of about 0.03% (300 ppm) Compound 6 in the
purchased Compound 1 is justified based on the levels of Compound 6 detected in
previous lots of Compound 1, purging information obtained during the development of
the synthesis, and measurements obtained during the processing of these

16 intermediates.

As noted above, oxindole can be detected by standard analytical techniques.

One specific method we have found for determining oxindole in a composition

comprising 6-chlorooxindole is as follows and will be referred to herein as “Detection

Method B™:
20
DETECTION METHOD B:
PRINCIPLE:
Normal phase liquid chromatography (LC) is used to separate Compound 1
from its potential impurities. Comparison of the peak areas and retention times for
25 samples and the working standard of Compound 1 provides a quantitative assay and
identification test for Compound 1. Comparison of the peak areas of the specified
impurities, if present, against dilute solutions of the impurities, provides a quantitative
measure of their abundance.
APPARATUS:
30 1. Standard laboratory equipment.
2. Suitable liquid chromatograph

Pump - constant flow delivery
UV detector - 254 nm

C. Injector capable of making 50 pL injections



5 reaction conditions to result in conmpound 9, des-chloro ziprasidone.
Surprisingly, we found a greater than three-fold purge of Conpound 6 and
its subsesoesd7amal ogs during the reaction and isol ati onpcondéeioeszs of the
synt hetic process. Therefore, comercial supplies of Conpound 1 containing
up to 0.03% of Conpound 6 will result i1§| zi prasi done drug substance
containing |l ess than 0.01% (100 ppm of ~10 Conpound 9. The control of a
maxi mum |l imt of about 0.03% (300 ppm Conpound 6 in the purchased
Compound 1 is justified based on the | evels of Conpound 6 detected in
previous lots of Conpound purqi.ng i nf ormati on obt ai ned during the

devel opnent of the syﬁjt heé?tg,ac mﬂsc'f'oﬂéésst%rﬁenents obt ai ned during the
processi ng of these 85 infeemedi ates. As noted above, oxindole can be
detected by standard anal yiafesd Ads865BE RBRSPak 108 cSRRT 4fhisroRBhRaLs, Weo have
found for determ ning oxindole in a conposition conprising

6- chl or ooxi ndol e3®™8s follows and will be referred to herein as "Detection
Met hod B5: 20 DETECTI @M)METHOD B: PRI NCI PLE: Nornmal phase liquid

chromat ography (LC) is use p Lt t i al
inmpurities. Conparison of %h%&ﬁzgkaé%ggg%%?@%ﬁale&){\@ﬁth\g :«Pgr,ﬁ,ﬂ%éﬁ

sanpl es and t heeduye®Phg st andard of Conpound | provides a quantitative
assay and identification tesdlardcelcasbigudwaidhihg SCHGRANI MmO Ne.of Méthe Areak ar eas
of the specified i”ﬂ?é'/(éér\in%s’ if present, against dilute solutions of the
inpurities, provides—a—guafititative measure of their abundance. APPARATUS:
30 1. St&andard | aborafory Hep@heneERkC grage Suitable |iquid chronmatograph a.

Punp - constant flow geli veét[\éhygaofuﬂal}é%ﬂﬁt)ect or - 254 nmc. Injector capable

of making 50 pL inj ecy onsls(\)/ﬁ\lr)m%%lcz% A_fglpfg'g/raldeBOBI 00642 18

4. 15-crown-5 (1,4,7,10,13-pentaoxacyclopentadecane)
5. Working standard of Compound 6 (oxindole)
15 CHROMATOGRAPHIC CONDITIONS:

1. Flow Rate: 1.5 mL/min
2. Injection Volume: 50 pL
3. Detection Wavelength: 254 nm
4. Mobile Phase: hexane / isopropanol / tetrahydrofuran / 15-crown-5
20 1000/9/9/0.5 (viviviv)
5. Column Temperature: Ambient (about 23°C)
Under the above cited conditions, Compound 6 will elute between 15 - 19 minutes.
The elution time for Compound 1 is between 17 — 21 minutes.
MOBILE PHASE PREPARATION:
25 In a 2 liter flask, add in the following order: 1000 mL of hexane, 9 mL of isopropanol,

9 mL of tetrahydrofuran, and 0.5 mL of 15-crown-5. Mix well and degas under
vacuum with sonication or stirring for about 20 seconds.

SAMPLE AND STANDARDS PREPARATION:

1. Compound 1 Sample and Working Standard Preparation:

30 Weigh (in duplicate), to the nearest 0.1 mg, about 20 mg of Compound 1 working
standard and samples and add to individual 100 mL flasks. Duplicate weights
should be prepared for the working standard and each sample lot. Pipet 10 mL of
THF to each flask, sonicate for about 1 min, add enough maobile phase to fill each
flask approximately 80 percent of capacity, shake, and allow to equilibrate to room



d. Data acquisition system 3. Columm: Waters Associ ates Nova-Pak silica
colum, 4 mcron particles, 150 x 3.9 mm5 (i.d.). (2 colums placed in
seri es orweguiovahent | ength of 300 mm), or equival ent 4. pBaliBsx@eeapabl e
of weighing 50 ng 0.1 ng - e.g. Mettler AE240 REAGENTS: 10 1. Hexane -.
HPLC grade 2. Tetrahydrofuran (THF) 3. ﬁgzopropanol (PO - HPLC grade 4.
15-crown-5 (1,4,7,10, 13- pent aoxacycl opentadecane) 5. Wrking standard of
Conmpound 6 (oxi ndole) 15 CHROVATOGRAPHI C CONDI TIONS: 1. Flow Rate: 1.5
nmmin 2. Injection Volune: 50 gL 3. Detection Wavel ength: 254 nm 4. Mbile

Phase: hexane / isgopropanol [ tetrah uran /[ 15-crown-5 0,1000 9/ 9
/ 0.5 (v/v/vlv) 5. ?%?F%%G'TBW‘&%}Oa‘foﬁ‘Péﬂb%rﬁ’luéH‘Pé"(eé‘g%fﬁ' (gg?:f’pﬁrjﬁa%ﬁ'ncg%g“above
cited conditions, OQesigwtmtie@oudnglstandardsolptdnasctOTIS DesigBateritheusaaple solfitien
elution tine for Cggreund | is between 17 - 21 minutes. MOBI LE PHASE
PREPARATION: 25 In a 2 liter flask, add in the follow ng order: 1000 niL of
hexane, 9 nL of i%opr op&rBprationgf Workipg Stenderd{oifMRAUAAS and 0.5 nL of
15-crowns5. M x well and degas under vacuumw th sonication or stirring
for about 20 seconds. SAMPLE AND STANDARDS PREPARATI ON: 1. Conpound 1

Sampl e and Worki ng Standard Preparation: 30 Weigh (in duplicate), to the
nearest 0.1 ngy, about 20 ng of Conpound 1 working standard and sanples and

add to individual geMmpouNDd asks. Dupbbeat e wei gbipLESWeIBHI be pr epased for
t he worki ng standard and each sanple Tot. Pipet 10 nL of

10 Compound 6 Ox 10 mg 100mL

Pipet 10 mL of THF to the flask, sonicate for 1 minute, add enough mobile phase to
fill the flask to approximately 80 percent of capacity, shake, and allow to warm to
15 room temperature. Dilute to volume with additional mobile phase and label as PUR
1.
B. Further dilute the PUR1 solution to yield PUR2 solutions as follows:
Label the flask with as solution PUR2.

20 COMPOUND CODE TRANSFER VOLUME FLASK SIZE
Compound 6 Ox 2mL PUR1 100 mL
Dilute the solution (PUR2) flask to volume with mobile phase.

25 C. Prepare the final concentration of the oxindole impurity by diluting the PUR2 solution

to yield a PURS solution:

COMPOUND CODE TRANSFER VOLUME FLASK SIZE

30 Compound 6 Ox 2 mL PUR2 100mL

Pipet the indicated volume of PUR2 solution into the flask and add 10 mL of
THF. Fill each flask to approximately 80 percent of capacity with mobile phase, and



THF to each flask, sonicate for about 1 mn, add enough nobile phase to
fill each flask approximtely 80 percent of capacity, shake, and allow to
equi | i br awe iBo7e©m WO 03/ 070246 PCT/ 1 B03/ 00642 19 tenperaruBes/oobid ute to
volume (@) with nobile phase. (See operator's note #1). Designate the

wor ki ng standard sol ution as POT1. De5| gate the sanple solution as A . 2.
Preparation of Working Standard for und 6 5 COVPOUND CODE SAMPLE

VEI GHT FLASK 10 Conpound 6 Ox 10 ng 100rr1_ Pipet 10 nL of THE to the
flask, sonicate for 1 m nute, add enough nobile phase to fill the flask to
approxi mately 80 percent of capacit ?hake and F‘l Ig, to rm¢to 15 room
t enperat ure. DRI & WM 1ogmde e("ﬁ”'gdai Y 19 Yaume 3 me ge- el D skas PUR
1. B. Further dskottfiontAUR3PURL sol ution to yield PUR2 solutions as follows:
Label the flask %EE@%I»(@@HE an PUR2. 20 COVPOUND CODE TRANSFER VOLUVE
FLASK SI ZE Conp ‘PURL 100 nL  Dilute the solution (PUR2)
flask to vol ume w t hAPBBPIEE spies suitabilly shoulhe sigtlegmipgrbprior fodhe pifal@etYreafi on of
the oxingol e i ngagridny dihifdadt Whbn@ tbhae By%somtthm crtériay iseé thea SPERSM

sol ution: FLASK _SI ZE 30 Conpound 6 Ox 2 niL
PUR2 100m. Pi %wa%nsc?gﬁg\lﬁég%uo s'" e ot *BURS sol ution into the flask and
add 10 nL of THESYETEM SMWIEIT\QBRIOBOT%WMN%Y%EV 80 percent of capacity
wi th nobile phase, an@fn%u&%&&%é%&’ﬁ@éﬁ@%&&@ﬂ% evél) aRhil¥nbde W thist O

roomtenperature. Dilute to volume with nobile phase. Label the flask as
sol uti on PURECdSESTEM SUI TABI LI TY: A conplete systemsuitability should be
determ ned pri of. tGaidulage thairésomtiorabatagena@dmpound 1 and Compound 6 by using the

preparation specified in the SYSTEM SUITABILITY section.
2. Verify that an adequate limit of quantitation (LOQ) is achieved. Using the solution

PUR3, perform 2 replicate injections. The areas of the Compound 6 peaks should
agree within 25%. Calculate the % area agreement as follows:
15
% area agreement = 2(A-B)X100
A+B
Where: A = Area of oxindole (Compound 6) peak in injection 1
B = Area of oxindole (Compound 6) peak in injection 2
20 3. For the working standard solution of Compound 1 POT1 measure the retention time
for Compound 1. The retention time should be within the range of 17-21 minutes.
PROCEDURE:
1. Inject purity standard PUR3, four samples (A), PUR3, four samples, etc. No
more than four samples may be injected between standards. For the purity
25 standard (PUR3), measure the peak area and retention time of each
specified impurity. For each sample injection, measure the retention time
and the chromatographic peak area of each peak observed (See operator’s
note #3).
IDENTITY TEST:

30 This test is satisfactorily met if the Compound 1 sample solution (A) under test exhibits
a major peak whose retention time is identical (+ 2%) to that of the Compound 1

working standard solution (POT1).



5 after any significant change to the system For these criteria, see the
SYSTEM SUI TABILITY section that follows in this procedure. SYSTEM

SUl TABI LIWE 0BT TO EACH ANALYSI S: The followi ng criteri cmuBe3/des+2achi eved
prior to every analysis made with this procedure. 10 1. Calculate the
resol uti on between Conpound | and Corrpo??d 6 by using the preparation
specified in the SYSTEM SU TABI LI TY sec 2. Verify that an adequate
limt of quantitation (LOQ is achieved. Usi ng the solution PUR3, perform
2 replicate injections. The areas of the Conpound 6 peaks should agree
within 25% Calculate the % area agreement as follows: 15 % area agreement
= 2(A-B) X1 BALCNATIONRar e: A = Area of oxindol e (Compound 6) peak in
injection 1 B S ,of oxi ndol e (Conpound 6) peak in injection 2 20 3. For
t he wor ki ng st solution of Compound 1 POT1 measure the retention tine

for Corfpound 1. ng @Qénegénw@ éstasﬁshstRQLyr&eQ& B smdaet hearrya@a%rmg b7thl

m nut es. urity standard ,  faour Ies 31%

PUR3, four sarrpl eselatye dete'l\t!@” t'FPGr'@""fﬁ‘%i’n‘”ft%Fabéeafﬁﬁ']‘c&' 'Hﬁf"l?é)"f et ween
standar ds. For theqNDITIONS s2btios] anadarcdmparlshid)a thaeastive tifb of tpeakakanremeand
retention tine of ea i i t E C

nmeasure the reten t?SB%Q't"? ﬁerﬁy tst'argp%{dn@yﬁ:% ¥henr lgéntl t% J?e %th%sﬁed' lmhg?étlérg@
observed (See opetimedsipess notrtiiftee by:gpre HhEJERﬁ?'I W&‘“FFES‘FEK WSUFH?‘@“ rethe SP%C'fed
satisfactorily mefmpditytshabramepebifedimp@inips Sre 3©bd§itivied Aith Ufédﬁhty%&ﬁaard
exhibits a ngj o\rwp whose retention tine is identical (+ 2% to that of
t he Conpound 1 g standard solution (POTI). WD 03/070246

PCT/ | BO®J 00642 2.21 CoalGubtaTeGNBdarPsRpanse factor for oxindole:

= (A)DF)(W)XPF)
where: SR, = Standard response factor of oxindole
A = Area of the specified impurity in PUR3
15 W; = Weight (mg) of the oxindole
PF, = Potency Factor of the oxindoleworking standard
(e.g., 0.993).
DF = Dilution factors for oxindole:
= 250,000
20 3. Calculate the percent of oxindole in the following manner:
% oxindole = (A(s))(DF)(100)/(SR; (avg))(W;)

Average standard response for the oxindole

where: SR (avg)

25 working standard.
Wi = Weight of the oxindole sample in mg
A(s) = Area of the oxindole in the sample.
DF = Dilution factor = 100
100 =  Conversion to %

30  System Suitability:
The criteria set forth below establish chromatographic conditions that ensure the

system is operating in a manner suitable to carry out the procedure. If any of these
are failed, appropriate adjustments to the system should be made prior to

proceeding. System suitability should be assessed prior to the first analysis on the



1. For each sanple, establish the presence of oxindole, if any, according
to the relative retention tine indicated in the table found in the
CHROVATOGROMBIN®2% CONDI TI ONS section, and by conpari son t®eCrhBoxm®t€nti on
time of the peaks in the respective purity standard (PUR3). Their
identities are established if the retentipn tine does not differ by nore
than 2% (sanpl e peak versus peak in the Specified inpurity standard).
Specified inpurities are to be quantified with the purity standard (PUR3).
10 2. Calcul ate the standard response factor for oxindole SR1

(A (DF) (W) (PFi) wagrer, §§<ertany ;&g%%dcnigg%v@wvg@%& c%' pdg IR ot =

Area of the speC|f|e OX|ndoIe
PF, = Potency Fact@#mﬁﬂﬂpﬁh@KdX|ndoleworklng standard (e g : 0 993). DF =
Dilution factors for oxindole: = 250,000 20 3. Calcul ate the percent of
oxindole in theé{ollo Hg nanner % oxi ndol e = (A(s))(DF)(100)/ (SR,

(avg)) (W8) wh ep§ﬁpw% g) = Average standard response for the oxindole

25 wor ki 15g st andar HerfdiS five \M;iligdne ingdctioriseof dvé Cdmpeusdiitphaking stagdard\(ssiption. Ar ea

of ‘the oxindol e i nphey ‘f%{go'psam R 17 Ronifobiid 1 20HRY b0 Qi 00 =alye T Si on

to % 30 System Suit e criterra set forth bel ow est
chr omat ogr aphi c co(?&?ff‘i'%é’ Veriationd ff (frecPqa careas, far QRT"Pg“beér%'Pﬁ"ﬁg‘q ﬁXC&eﬁ’mnner
suitable to carry po%. the procedure. If any of these are failed,
appropriate adjustnments to the system should be rmade prior to proceeding.
System suitability should be assessed prior to the first analysis on the WO
03/ 07024® PCT/ | BO3Peten Zix replicatesipiectirey ofathe eurity Alandard) splpfiapalfURShegnpininge . g. |,
repl acenment of col geMpodrri&i MeBfure the peak area for Compound 6. The relative standard
deviation (coefficient of variation) of the peak areas for Compound 6 should not

exceed 15%.

15 2. Efficiency
Calculate the number of theoretical plates (N) for the chromatographic column
using one representative injection of the Compound 1 working standard solution.
The number of theoretical plates should be equal to or greater than 6,000.

20 N = 16 (W)

3. Peak Asymmetry
Calculate the peak asymmetry (T) for the Compound 1 peak using one
representative injection of the working standard solution. The peak asymmetry
25 should not be more than 2.0.

T=(Wooes /2f)
30 4, Resolution

Calculate the resolution (R) between Compound 1 and Compound 6 by preparing
a sample of Compound 1 spiked with 0.1% (w/w) of Compound 6 as follows:



aut osanpler, etc.). 1. Reproducibility 5 Performfive replicate injections
of the Conpound | working standard solution. Measure the peak area for
Conmpound WO o3ha2uel ati ve standard devi ation (coefficient pofi/iBewioad2 on) of

t he peak areas for Conpound 1 should not exceed 2.0% 10 Perform six
replicate injections of the purity standard sol ution (PUR3) containing
Compound 6. Measure the peak area for ound 6. The rel ative standard
deviation (coefficient of variation) of the peak areas for Conpound 6

shoul d not exceed 15% 15 2. Efficiency Cal cul ate the nunber of

t heoretical plates ( for the chromat ographi¢c colu usj ng, on
representative inj Pe’&'{‘\"grﬁr? 6‘?'“t{°ﬂe°f($‘1%ﬁ‘|'?g 11gwrﬁ?tﬁ‘{:) ag?vﬁnﬂ?ﬂea%ée(ﬁ’l g‘t e The
nunber of theoretiSaPYH ANBSTANDARDOS (RRECGRATIOND Beforgrdikatingrto vélame,d000. 20 N
=16 (t/W2 3. Pe y t ; : ; wihe
Conpound 1 peak usrﬁggd?\g%gaﬁ%gprsé@%ﬁtﬂé |a\€eg 'P%tgrg#gﬁﬁgf t agé{'\%c(ﬁrBLi"ﬁ%ﬁ'ts'%sandard
sol ution. The peakstapsgigsestion aboyeshoul d not be nmore than 2.0. T = (WO0.05
/20 30 4. Resol uttHanesorltisnbaiéentdumpoanah dhd cBmpRIndesvgRIMeCoNRound 1 and
Compound 6 by preparing a sanple of Conpound | spiked with 0.1 % (ww) of
Conpound 6 as follows: WO 03/070246 PCT/1B03/00642 23 Prepare a solution
of Conpound 1 as directed above underRS(dp-#D/(0k+¥Yhe SAVMPLE AND STANDARDS
PREPARATI ON. Before diluting to volunme, add 10 nL of the PUR2 sol ution
prepared in Step B in the preparation of inpurities standards section
above. 5 The‘s-regb‘?ﬂﬁﬁi"ﬁﬂ“%ﬁﬁ\ﬁé s 885HIB H¥rFe TR Conpound 6 shoul d be > 1.0.
R=1(2 (102 - t,))/ (W + W) 5. The definitions of the terns used in this
section are: t =

= Retention time measured from time of injection to time of
elution of peak maximum
W = ~ Width of peak measured by extrapolating the relatively
straight sides to baseline
15 OPERATOR NOTES:

1. The time required to equilibrate normal phase columns generally is longer than for

reversed phase columns. A new column initially should be washed with 4 liters of
mobile phase. The last peak pair to be resolved during equilibration are
Compound 6 and Compound 1. Make several injections of the reference for
20 equilibration.
2. Reference and Sample make-up (diluting and warming to room temperature)
should be done at the same time to insure that volumes are the same.
3. A THF blank (10 mL THF to volume with mobile phase) may be run to insure that

there is no interference with any peaks of interest.

25
As described above, this invention also provides an additional method to
control for low des-chloro ziprasidone by ensuring low des-chloro Step 2 intermediate
(Compound 8 of Scheme 2, 5-(2-chloroethyl)-oxindole). This is an important control
30 point, due to the opportunity to monitor the process following the reduction of the

carbonyl. Reductive conditions also result in hydro-dehalogenation, and thus in

synthesis depicted in Scheme 1 loss of the chlorine desired at the C-6 position.
Analytical methodology, the HPLC method described above, was developed

to evaluate 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one, compound 3 of



10t = Retention time neasured fromtinme of injection to time of elution
of peak maxi num W= Wdth of peak neasured by extrapolating the relatively
st rai ght wWo@es7m2es basel i ne 15 OPERATOR NOTES: 1. The ti nmePCeqBéyvm@e42t o
equi li brate normal phase colums generally is longer than for reversed
phase colums. A new colum initially shé;ul d be washed with 4 liters of
nobi | e phase. The | ast peak pair to be resolved during equilibration are
Compound 6 and Conpound 1. Make several injections of the reference for 20
equi libration. 2. Ref erence and Sanpl e make-up (diluting and warm ng to
room tenperature)_ . sho sane t hat vo umes
are the sane. 3. Sﬁh%qb oéﬁ?a( fﬁgﬁﬁr'%HE"?me/ogfa?}n%nCt'OQH tﬁﬁﬂ?@é"‘%ﬁ%eﬁ Sray be
run to insure thatetect prem &evels ohcompoued Bethe ree-chiprp imeumipy, fretile gsatefted meteriaist . 25

As described abovge &r!seeaurbnbe@&aoﬁwahéoo;\pgavmege|am ea@ﬁlbﬂfbpma\b amem% to
control for |ow des-chloro ziprasidone ensurlnhgg ow des-chl oro 2
t

i nternedi ate ( CoRgYuiPaCicaty a@?fhérﬁ% '"fLCS gectioh MsHeEL iRy fyaniiRieniay '@‘jes 1’ isis
an i nporsant contcompodd POowithout htdfetemcé h&anomﬂmr tpuotes s/ relatedTimpurites. t HEhis

process fol | ow ”%xﬁﬂﬁe .gﬁ.gf Até?m'&e&’fto ta'ﬂ shbiki AP - cﬁﬁﬁ%ﬁ b"lﬁutcfﬂg%ehg&}ﬁea' SO

result in hydro- ion, us 1n synthesis eplc e
| oss of the chl ordepgib @Pfleéld')/é?fet“r?@d@a@eﬁ%i@(vr on. Anal ytical nethodol ogy,
t he HPLC net hod descri bed above, was devel oped to evaluate

6- chl or o- 5- ( 2- chl orogt hye} g gfdi hydr o- 2H i ndol - 2- one, conpound 3 of WD
03/ 070246 PCT/ 1B cheme 1, for assay and purity. One inportant
functionoof this nethetuiiiogysten suitapilityd dhee éallowipgnanalytishls chybmetoarpphin HRB.C t he

des-chl oro i Mpur iniefhodicAn bO8sdd8 lhadra) thetle®did & des-cHliBrd (B6AEAMAHBSIn dIpipRGAd ON
Met hod A" set forth bel ow exenplifies how an anal yst mght specifically

apply this HPLC det ection method to gquantitate | ow |l evels of 5 conmpound 8
wi t hout interferenceAPPABATUSher process-related inpurities. This Exanple

i's not intended t1°slﬁt961e ﬁbg@lequ,apéd \p@, s%gg,{j@%gmérg lim t the i nventl on
15 2.Column heater, capable of operating at 35 °C e.g., BAS Temperature controlier
Model LC22A
3.Mobile phase preheater block: e.g., Bnoanalytlcal Systems, Inc. (BAS), Cat #
EW8146
Note: This is required to improve column efficiency.
20 4. Column - Zorbax-SB-CN (Catalog No. 883975.905) 15 cm length x 4.6 mm I|.D.
(Available from Mac Mod Analytical, Chadds Ford, PA.)
REAGENTS:
1. 0.05 M Monobasic Potassium Phosphate (KH,PO,), pH = 6.0 Buffer Solution
Dissolve 6.8 g KH,PO, in one liter of purified water. Adjust the pH of solution
25 to 6.0 £ 0.1 with 5 N potassium hydroxide solution. Larger volumes may be prepared
as needed. -
2. Mobile Phase: (75 : 15 : 10 vivik) 0.05 M KHPO,, pH= 6.0 :
Acetonitrile:Methéhol
Filter and degas under reduced pressure with stirring or ultrasonic agitation
30 for about 5 minutes. Larger volumes of mobile phase may be prepared using the

appropriate amounts of the components.



described nore fully herein and clai ned bel ow. Detection Method A: 10

Fol |l ow ng systemsuitability, the follow ng anal ytical chromatographic HPLC
nmet hod cawohe/nured to quantify the | evels of des-chloro (EompBes®6eE) in
Compound 3. APPARATUS: 1. Suitable HPLC, equipped with standard equi pnent
15 2. Col um heater, capable of operating_at 35 C_e.g., BAS Tenperature
controller Mdel LC22A 3. Mbile phasegzﬁ’r eheat er bl ock: e.g.,

Bi oanal ytical Systenms, Inc. (BAS), Cat # EWB146 Note: This is required to
i nprove colum efficiency. 20 4. Columm - Zorbax-SB-CN (Catal og No.
883975.905) 15 cmlength x 4.6 mm|I.D. (Available from Mac Mbd Anal yti cal,
Chadds Ford, PA.) REAGENTS. 1. 0.05 M Monobasi c Pot assi um Phosphat e
(KH2PO&4), pH = 6.CHRMATPGBARHICICONDIDDONSOl ve 6.8 g KH2PO4 in one liter of
purified water. Adjust the pH of solution 25 to 6.0 0.1 with 5 N potassium
hydr oxi de sol ution. Larger volunes nmay be prepared as needed. 2. Mdbile
Phase: (75 : 15 :Pafamsjery/v) '0.05 M KHZPOLé%_tBEE 6. 0 VeriglioPoni tril e: Met hanol
Filter agd degas nwhilepndseduced pressure Wgshbslel rri ng or 294 ACRSANMEOH
agitation 30 for_about 5 m nutes. Larger vQlunes of bil e phase nmay be
prepared using t fEUHLIFBSELYS e anourits off°t He conpdfelits. WD 03/ 070246
PCT/ 1 BO3/ 00642 ZietdchtROVATOCRAPHI C CONDI TIUONS54nRar amed%er - Set Poi nt

Variation 5 Mobi IF(? P'Q%e - as above 2% A%rﬁﬂﬁt' MeCOH (;&I,H Tenperature -
P f o -r%ffm n @1.11

35 C5 C Detection - 254nm +5% Fl ow Rate - m./ m n
Injection Volume 20 ulL permissible
10 Quantification Method - - Area -
Run Time - 60 minutes Approximately

Under the above-cited conditions Compound 8 will elute in approximately 8-10
minutes. Relative retention times of specified impurities are tabulated below.



I njection Volunme 20 pL perm ssible 10 Quantification Method - Area Run
Time - 60 m nutes Approxi mately Under the above-cited conditions Conpound 8
wi || el utwoiod/oapeps oxi mately 8-10 minutes. Rel ative ret enticanBoi/omws of
specified inmpurities are tabul ated bel ow. WD 03/070246 PCT/1B03/00642 26
Compound Rr  Compound 1 0.36 5 Corrpoung 2 0.45 Conpound 8 0.49 Conpound 3
1.00 Note: Relative Retention Tinme (Rr) € retention tine of specified
impurity peak 10 relative to retention tine of Conpound 3 PREPARATI ON OF
REFERENCE STANDARD SOLUTI ONS: Conpound 8 Standard: Conpound 8 standard into
a 200 mL volunetric flask. Add approximtely 20 nL THE and sonicate until
sanpl e has conpletely dissolved 15 (approx. 1 min.). Dilute to volune with
met hanol . M x wel Comptundaddi ti onal shaking and Rmversions. ldentify this as
Conpound 8 solution FI.. The concentration of Conmpound 8 in solution F1 is
about 0.1 ng/nL. Dilute.2 nL of F1 to 100 nmL with nethanol and m x well.
| dentify this asCowpeddnd 8 sol ution F2. 20 THé8concentration of Conpound
8 in solgtion F2compéinaat 0.002 no/nl. PREPARAZS ON OF SAVPLE SOLUTI ONS:
Conpound 3 Sarrplﬁ %{Bpr (F?rrpound 8 determ nati og)‘é Prepare one test solution
per sanple. Vei git°dBBIEXT mately 50 ng (record to 25 the nearest 0.1 ng) of
t he Conpound 3 s&apbeunddto a 50 nL vol unetric #P@sk. Add approxi mately 20
m. of THE and sonicate until the sanple has conpletely dissolved (approx.
2 mn). Dlute to volume with nohjle phase. Mx well wi th additjonal
shaking and i nvBPY or%{at'YedB?fF'?tPQb#"ﬁF éaas' foslitsielblals Rl W‘H‘f’qag?f’”l"ly( | e
Sol ut i omo 1) relafineto retemtioe titne &f Campoohd 8ol ution | (Sanple Solution 1) is about
1.0 ng/nm.. 30 Note: Solution | 'is stable for up to 24 hours under normal,
| abor at ory conditions.

PREPARATION OF REFERENCE STANDARD SOLUTIONS:

Compound 8 Standard: Compound 8 standard into a 200 mL volumetric flask.

Add approximately 20 mL THF and sonicate until sample has completely dissolved
15 (approx. 1 min.). Dilute to volume with methanol. Mix well with additional shaking and
inversions. Identify this as Compound 8 solution F1.. The concentration of Compound
8 in solution F1 is about 0.1 mg/mL. ..
Dilute 2 mL of F1 to 100 mL with methanol and mix well. Identify this as
Compound 8 solution F2.
20 The concentration of Compound 8 in solution F2 is about 0.002 mg/mL.

PREPARATION OF SAMPLE SOLUTIONS:

Compound 3 Sample (for Compound 8 determination):

Prepare one test solution per sample. Weigh approximately 50 mg (record to
25 the nearest 0.1 mg) of the Compound 3 sample into a 50 mL volumetric flask. Add
approximately 20 mL of THF and sonicate until the sample has completely dissolved
(approx. 2 min.). Dilute to volume with mobile phase. Mix well with additional shaking
and inversions. Identify this as Compound 3, Solution | (Sample Solution ). The
concentration of solution | (Sample Solution 1) is about 1.0 mg/mL.
30 Note: Solution | is stable for up to 24 hours .l_Jr;\._qe’rhl'j:qrr‘nal‘labpratory conditions.

SYSTEM SUITABILITY:
A complete system suitability should be determined prior to the initial assay and after

any significant change to the system. For these criteria, see the SYSTEM SUITABILITY
section at the end of this procedure.



SYSTEM SUI TABI LI TY: A conplete systemsuitability should be determ ned
prior to the initial assay and after any significant change to the system
For theseworBiani@, see the SYSTEM SU TABI LI TY section atcthBozxme42of this
procedure. WO 03/070246 PCT/1B03/00642 27 SYSTEM SU TABI LI TY CHECK PRI OR
TO EACH ANALYSIS: The followi ng criteri a,Jnust be achi eved prior to every
analysis made with this procedure. 5 1.7 Calculate the resolution (R)

bet ween COVPOUND 2 and COVPOUND 8 using the PURL standard. The resol ution
between this pair of peaks should be >_ 1. 0 2. Verlfy that an adequate

limt of quantit 0 n PURL, 10 perform 2
replicate inj ectm‘: &IL.\% N SGAIA- agree within 20%

Cal cul ate the % area agreenent as foI | ows: %area agreenent = 2(A-B) x 100
A+B 15 A = COVPQUDrfoAf Kritdree Aultl SdMabhided Striol 1 €6dr) QRalyds TnddMRHUNR 8
peak area fromthe 2nd injection. 3. For the standard sorutl on of COVPOUND
3 Al, neasuP®€A¥eretention tine for COVMPOUND 3. The retention tine should
be withi B the range of 16 - 24 mnutes. 20 PROCEDURE: Determ ne HPLC system
sui tability 1“Sb919u15£§h?‘r‘és%l6n“8§ B0fleB QCRIEY fzoefnclr PBONDSY SERT the
suitability presente ater 1n t i's test procedure. . resol utrton and
retention ti rrePURé§t89daf@&sTflPé§$ﬁqt'%®tW¢?ntﬂmeP@\QSFEMSStwum 21.9Y CHECK PRI OR
TO EACH ANALYSI S secti ons nmust be perforned each tinme the systemis used.

The renai ni crit rlaf tem255 it ul.d be assessed prior
to the fi rs[}ga}{%ﬂ'fX/ aéa'c‘)ﬁ ‘f‘H‘@ 3&’7’5 & Auanptg ?'e#é)agi‘c@?"ﬁ% fysingrolution, Sl éﬁ
EVALUATHON OF gicidRIINIBpR-aeChediis. | mme:mammma PAMPhieas sicntd aidgre® withih) 4
Inject 20 L al éé},po&g,c&;t Age,/o%%gg% @%H #og&s(l) Measure the area pf 30

t he chronat ographi ¢ pea rom each injection. Determine the

% area agreement = 2(A-B) x 100
A+B
15 A = COMPOUND 8 peak area from the 1st injection.

B = COMPOUND 8 peak area from the 2nd injection.

3. For the standard solution of COMPOUND 3 A1, measure the retention time for
COMPOUND 3. The retention time should be within the range of 16 - 24 minutes.
20 PROCEDURE:

Determine HPLC system suitability using the guidelines and procedures for running
system suitability presented later in this test procedure. LOQ, resolution and retention time
tests, as described in the SYSTEM SUITABILITY CHECK PRIOR TO EACH ANALYSIS
sections, must be performed each time the system is used. The remaining criteria for system

25  suitability should be assessed prior to the first analysis on the system and after any significant

change

EVALUATION OF COMPOUND 8 CONTENT IN COMPOUND 3 SAMPLE:
(Solution (1))

Inject 20 uL aliquots of the sample solution (). Measure the area of
30 the chromatographic peak of Compound 8 from each injection. Determine the
Compound 8 levels present in the test sample (I) as described in the

CALCULATIONS section.



Compound 8 levels present in the test sanple (1) as described in the
CALCULATI ONS section. WD 03/070246 PCT/1B03/00642 28 CALCULATI ONS:

Cal cul at iwo 06072@MPOUND 8 Content: 1.Determ ne the respon®eTfiBems42f or
COMPOUND 8 as follows: 5 Apure x DF Rpuri _ Wh.i x PF where: Ap"r, = Peak
area 10 of the inpurity (COVMPOUND 8) in PURL W" r, = Weight of the

i npurity (COVPOUND 8) in PURL PF = Poteffy factor for COVPOUND 8 or
COMPOUND 2 (e.g., 0.993) DF = Dilution Factor 15 COVPOUND 8=> 2 x 105

2. Determ ne COVPOUND 8 content as follows: Acx50x100 %W w= RRUTI X W2 20
where: Ac = Peak area of COQWOUND 8 in Sanmple I Rp"r, = Response factor
for COVPOUND 8 in st &AMGWEANONS¢> - \wjght of COVPOUND 3 in sanple | in ng
50 = Dilution Factor C3kuldd oEFCOMPOENDISITontent:per cent * Use t he average
response factor for all PURL injections nmade throughout the analysis.

SYSTEM SUI TABI LI TY: The criteria set forth bel ow establish chromatographic
conditions that ensur etaggine the response factor for COMPOUND 8 as follows:

5
Rowt = Apn x DF
Wpur1 X PF
where: Agurt = Peak area
10 of the impurity (COMPOUND 8) in PUR1
Won =  Weight of the impurity (COMPOUND 8) in PUR1
PF = Potency factor for COMPOUND 8 or COMPOUND 2
(e.g., 0.993)
DF = Dilution Factor -
15 - COMPOUND 8= 2x10°
2.Determine COMPOUND 8 content as follows:
% wiw = Acx50x100
Royuwt X Ws2
20
where: Ac = Peak area of COMPOUND 8 in Sample |
Rpurt = Response factor for COMPOUND 8 in standard *
W, = Weight of COMPOUND 3 in sample | in mg
50 = Dilution Factor
25 100 = Conversion to percent

* Use the average response factor for all PUR1 injections made throughout the
analysis.

SYSTEM SUITABILITY:

The criteria set forth below establish chromatographic conditions that ensure the

30 system is operating in a manner suitable to carry out the procedure. If any of these are failed,

appropriate adjustments to the system should be made prior to proceeding. System suitability



30 systemis operating in a manner suitable to carry out the procedure. If
any of these are failed, appropriate adjustnents to the system should be
made pri owotog/opreceedi ng. System suitability WO 03/ 070246 PRTIBOBD84200642

29 shoul d be assessed prior to the first analysis on the systemor analysis
on the systemor after any significant ghange (e.g., replacenent of
colum, repair of.autosanpler, etc.). 12 preci si on of I njection 5 Assay:
Perform5 replicate inj ections of the COMPOUND 3 standard Al. Measure the
area of each COVMPOUND 3 peak. The rel ative standard devi ati on of the peak
areas should not exceed 1.0% tPurit%/_Ev uatlon Pelrfornk‘ %) reger

i nj ections BPUARE a8tR5eedRRRQAPL RSB TDI e RIS PTENPiNES 97 B SHFEREH
COVPOUND 8 sgrgasdgnifitére charigaie.o creglé@neiar o coewn,aepaiof aftosampiepet). 10 area

shoul d not excee i ency Cal culate the nunber of theoretical

pl at es (N) for tﬂea’%ﬁsgﬁgﬁlg@dgﬁ)hl c colum using 15 the COVPOUND 3 peak in
standard; Al. Theagu yb%m%m %@t.h,e@bnpbfaﬁ@&omm@ @%ncﬂ#‘d lh¢s Meabilten 5000

when cal cul ated by fhe tangent nethod 1. n tinme neasured
fromtinme oheidgatlisash GCAMRIYND dipedl- u?h%F?at'Zﬁs@f'daﬁ%ﬂ?(‘”%‘ﬁ% PR 2% dt h of
peak measurgfbuldyoesiceepnbdat ing the relatively strai ght 5| des to baseline.

3. Retention T OB L y k
Standard A Ther L EYFARHT ety bTEARbARURR S B PR S ou‘f’?du'@e%v'm‘o Thin
t he range oMea_S@fe-thQ@m@l%GP@SCOW'GW@m@GT'mFPF“BU%‘?’G‘G@@EV'aw of he gsalyy

Asymet o/ Cares Shauldendt Bebe it asymetry (T) for the COMPOUND 3 peak in
standard Al. The peak asymetry should not be nore than 2.0. T= W. os

2. Efficiency

Calculate the number of theoretical plates (N) for the chromatographic column using
15  the COMPOUND 3 peak in standard A1. The number of theoretical plates should not be less

than 5000 when calculated by the tangent method.

t 2
N=16 —
A%
t = Retention time measured from time of injection to time of elution
20 of peak maximum.
w = Width of peak measured by extrapolating the relatively straight

sides to baseline.

3. Retention Time

25
Measure the retention time for the COMPOUND 3 peak in standard A1. The

retention time for the COMPOUND 3 peak should be within the range of 16 - 24 minutes.



52f T = Tailing factor W. 05 = Peak width at 5% height f = D stance from
the peak maximumto the | eading edge of the 10 peak, neasured at 5% peak
hei ght 5.wBaswotwté on Cal cul ate the resolution (R) bet weenPCONBQUNEY2 and
COMPOUND 8 in PURI. 15 The resolution between this pair of peaks should be
> 1.0. R2(t2 - ti) W + W t = Peak % tention time 20 W= Peak wi dth at
basel i ne (neasured by extrapolation to e baseline of tangents to the
inflection points, for each of conponent) 25 As part of the devel opnment of
this chemstry, multiple alternative synthetic nethods were anal yzed for

t he reduction of %o€$8 nd 2 L0 compound 3 in Schene 1 above. For exanple,
catal yti c hydrogena SN SOF T He carbonyl of Conpound 2 was tested using 5%
pal | adi um on carbon, palladiumon alum na, platinumon carbon, or 30

pl ati num on al uni Galculae thepgpk &ﬂm}ﬁ%ﬂbéqfiﬂh%g@y‘%ﬂ@ J egrkan sldndard Ad9sThe

catal yst | qadk Bgmrmélg shbui€rd Be rR&EhAEI®I ogenation was a problem W found
that triethylsilane (TES) in the presence of a strong acid gives reduction
of the carbonyl, w thout contam nate hy gp“@@-halogenation. Ther ef or e,
this typg of reduction is WO 03/070246 PCT/1§03/00642 31 preferred for the
production of conpound 3. Further, triflouroacetic acid or nethanesulfonic
acid have been found to be preferable strong acids for this chemstry, due
to avoi ding the fornmatiTon=of Téivg@RPOro i npurities such as Conpound 8. 5 A
purification was devegjgped t pdaRwREERSelgAt S Whi ch we considered high in

t he des-chloro anal ogs, Pr ocesses vere devel O:B(ed to rework Conmpounds 1 or
3 f = istance from the peak maximum to the leading edge of the
10 peak, measured at 5% peak height

5. Resolution
Calculate the resolution (R) between COMPOUND 2 and COMPOUND 8 in PUR1.

15  The resolution between this pair of peaks should be > 1.0.

2(t2-t1)
R=er—=
Wi+ W2

—
1]

Peak retention time

20 W = Peak width at baseline (measured by
extrapolation to the baéeline of tangents
to the inflection points, for each of

component)

25
As part of the development of this chemistry, muitiple alternative synthetic
methods were analyzed for the reduction of compound 2 to compound 3 in Scheme 1
above. For example, catalytic hydrogenation of the carbonyl of Compound 2 was
tested using 5% palladium on carbon, palladium on alumina, platinum on carbon, or
30 platinum on alumina. The palladium experiments were repeated at 10% catalyst

loading, and in each case dehalogenation was a problem. We found that
tristhylsilane (TES) in the presence of a strong acid gives reduction of the carbonyl,

without contaminate hydro de-halogenation. Therefore, this type of reduction is



We desi gned and conducted an experinental programtesting purification of
the starting nmaterial, each internediate and the final drug to determ ne
t he nost wbfiBoreemd point in the synthesis of ziprasi donePCo/IB&MIL
des-chl oro conpounds if present. We 10 found that it is nost efficient to
remove the inpurities by recrystalllzatlon and/or reslurry of Conpounds |
or 3. Recrystallization of Conpounds 2, 34, or the final drug were very
inefficient, giving very small reductions in the levels of the des-chloro
inmpurities. Specifically, many conditions were tested to purify Compound 3
including, 15 acetonitrile, methylene chloride/tol uene,

acet at e/ hexanes, prefefsdofoy| thersesiveion of GpTRAYEY 3I'HEF“'?"@E)p"f'fB‘t}5/‘I""‘°‘éltf"cé‘ﬁﬂlS"DI\/AC

(di net hyl acet am @ethanBRif6ad Qtid thdir@plﬁééﬁyioundihd:(bléobrémtel strég Beidsarmoll this
acetonitrile/water. The

preferred recr ysfﬂ?rP'FtEyaf’ﬁ% Iaggﬁ' ng thflr} ma o 6f%9%'ﬁ%r%gm ! eséoU%h 5 Cép@ound

summari zed in Talsle 1, bel ow. Overall m)st of the sol vents tested wer e

inefficignt at 20 remvbﬁtgcammm@ &d B8R F@H&‘é%gwalch WB&onsidered high in
recrystallization/reslurry from acetonl tril el wat

[, was superio 1t Ehe
ot her procedur es the4aselor;PRAE 5’9°§6ﬁ?€t"¥eber1d?"ﬁ'°p?‘ﬁ§’ PRY| ‘g'?mt"llf% Rbdrity
from-1300 ppm t @ve desigHed peoih coldiuctedt &ri sxpreemelytalt prbgramatestog pusificitior of &l urry
S onet e red 10! oBRh kel ok HA A R ARELL Y rdng BAhos bl 1. >
Purification of Gowpbtheckymhesisiziprasianeviosermovesiesehiens sppRIRdBif Piepsy We

Acetoni tgil e 10V sfAdQRatGr fs- mbst teicRriOto ehidte HeTimpusiiee by: recr<talfie¥idel Brdidri t e

1200 Et OAc Distill ,add xane vol
Bo 30 Of {whi te TRy PP RERRRDPoDe BiLpalth o COARGARY 2 £ P APt O
hr 92. 7% OF f - whi Were@y GHBEN. TvPaws!y, shak PSHetieNDMm. thegleyels. oihthe dles-ghjoroTHE,
Darco KB-B 76. 6%,}{}!11,&@_780 THE 81.2% Wiite 720

Specifically, many conditions were tested to purify Compound 3 including,

15 acetonitrile, methylene chioride/toluene, ethyl acetate/hexanes, isopropyl alcohol,

toluene, THF, isopropyl alcohol/DMAC (dimethylacetamide), methanol, isopropyi

alcohol/écetic_; acid, and acetonitrile/water. The purification experiments to ascertain

the preferred recrystallization and reslurry conditions for Compound 3 are

summarized in Table 1, below. Overall most of the solvents tested were inefficient at

20 removing Compound 6 from Compound 3. The recrystallization/resiurry from

acetonitrile/water was superior to the other procedu.res tested, giving a reduction in

the level of the impurity from ~1300 ppm to ~ 300 ppm. Thus this recrystallization

and/or reslurry is preferred for control of the des-chloro impurity 5-(2-chloroethyl)-1,3-
dihydro-2H-indol-2-one.



CH3CNH20 9: 1, 4 hrs 94.5% Wiite 440
CH3COH 94. 8% Wi te 840

| PO’ HOAC

4:2 92.

| PO DVMAC 7:3 78.5% Wiite 480 10 vol
5% Pi nk 540 CH3CN H20 8:2, 18 hrs
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The ziprasidone drug substance of this invention may be administered as a neuroleptic

agent as indicated herein as described in, for example, United States Patent 4,831,031, supra.

Administration to a mammalian subject, including a human, may be alone or, preferably, in

combination with pharmaceutically acceptable carriers or diluents in a pharmaceutical

composition, in accordance with standard pharmaceutical practice.

compositions may be administered orally or parenterally including

The pharmaceutical

intravenously or

intramuscularly. Suitable pharmaceutical carriers include solid diluents or fillers, and sterile

aqueous solutions and various organic solvents. The pharmaceutical compositions are then

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 excipients.

Thus, for purposes of oral

administration, tablets containing various excipients such as sodium citrate, calcium carbonate

and calcium phnsphate may he employed along with various disintegrants such as starch,

alginic acid and certain complex silicates,

together with binding agents such as



enpl oyed. Such aqueous sol utions should be suitably buffered if necessary
and the liquid diluent first rendered isotonic with sufficient saline or

gl ucose. wWohasm7@asti cul ar aqueous solutions are especi al lrgTaBIY@bi2e f or

i ntravenous, intranuscul ar, subcutaneous and intraperitoneal

adm nistration. The sterile aqueous nedia enployed are all readily
avai l able by 15 standard techni ques knd#n to those skilled in the art. The
ef fective dosage of ziprasidone depends. on the intended route of

adm nistration and other factors such as the indication being treated and

the age and wei ght of the subject, as generally known, In general, a daily
dosage wi | | PReYRYFolidones spcEosst gelptsnent,amciao. Adrjopgly. lybrisatng; %ﬁ?ﬁ@ ?chgas
subst ance t enaghssilim St8&tatepsodium Bmurpigdulfateranditard arechftdo sissul i @blettisd pyrpbsesm

about 20 10 Jg, r%&efat?o&t QrﬁBr gg?]pg ||38'%¥ emFLie%eaﬂtf’Hé(rs ;nc’s%ﬂda%}%'fﬁ?@g&&ﬂved in

the United §ates atre apsul
admi ni st r at cepsuled nPiefeses gaterials jor ﬂ‘t’saw'éﬂ?ri@mshyﬂmﬁtwg@fﬁrdé"g'ﬁdwm #ewht or m

of zipr 3§l d@g?eth yidhR ofBhs t > UVEh @rueo@}éasdeabér@ ok aanQarefb@s.reé@or o?d”'ddmugi@tréfﬁn of

Zi pl‘aSI one ru St anc osage or

P o e o g i e bR Brel Mo bPed Bl i P Bing oblavd | s
preferably fgeants, adioing m2Genmy dyesiand, ksl erdasfying oaduspendin@ @gents, tagptherswithone

druge subst afiefis SWAHGR waRF, ciid)ol, d?wy@n@@%o%@é@nyaﬁ@%maﬁbnsmréow ce per- day
to about 80 nmy tw ce per day.. However i S rrafg)yrem ated that the dose and

dosi ng regi men of °%‘?afﬁ"%?' aﬂm*a'%ﬁ“a@ SQ'H(P%’t%ﬁ‘(?Be ohe giprasidenerqrhiubptance
af or ement i oresksaiaa @e pearan dil, ramgedus rpsodylena glyboy,sor i aterilef aqpealisnsiugiors kialy Ibei N t he

art. depending i, t%tﬁgpa;’a o€ Sbidfons ghs&wégaeas%u%eoaweée@% Ehd whPfduent - 30

The foll ow n(]g ustrat resent.” i nvent I1-on
under st ood, di %M%ﬁe”det’ #fhisotorie "‘i'th\ﬁéﬁ'ﬁ'?’éirrsa"flfsmf gpgope-delders Béféicq'\%r%i“ﬁm&nd as
recited in kheiodd ahies espesialOt suitdbld e eibltrdvendue, |intramuecliddy subeutshebad | sndof t he

Loll oW 10 S5 e AMIHALD 285 S0 308,000 Aol EEARLS AN

6-chlordsi, stamawwruuquwmatuosemg"mma@ne chlori de (310 L) and al umi num
chloride (172.3 kgg et doSagel a%ras.dénmp@ﬁd;a&ew lintéhlb® FduttCof (Rifninfstiéfion Was

dded, dth | t t
St and hfols e e M 5p PoalR Bk bedfaro e ect apl Bkt te supiertas
m Xt ur e was gererally ddovart  hSgeneraBa @ily @psabe Vil b i the aanpet dicfront elodub @.8myg 65 t o

tZg C. o V\at € bipfaSioheldug'@BstarRe h&8bduPs0d e intSnde or HlRsel 884! HBreMiBly HaHEIMR0ED DY
©s 20 10 mg to about 200 mg.per day. Presently, Geodon is approved in the United States for

schizophrenia treatment in capsule form for oral administration comprising the ziprasidone
hydrochloride monohydrate form of ziprasidone. The capsules are available in 20, 40, 60, and
80 mg of ziprasidone drug substance dosage forms. A typical daily dose for schizophrenia
treatment based on a weight of about 70kg for a patient is preferably from about 20 mg twice

25  per day to about 100 mg ziprasidone druge substance twice per day, more preferably about 20
mg twice per day to about 80 mg twice per day. However, it is appreciated that the dose and
dosing regimen of ziprasidone drug substance may be varied from the aforementioned ranges
and regimens by a physician of ordinary skill in the art, depending on the particular
circumstances of any specific patient.

30 The following Examples illustrate the present invention. It is to be understood,
however, that the invention, as fully described herein and as recited in the claims, is not

intended to be limited by the details of the following Examples.



addition of the reaction mxture to the cold water. After the quench was
conplete, the 10 m xture was heated to reflux, and the nethyl ene chloride
was renmovwwo oBy702ad nospheric distillation at 43 to 57 C. TireTnB&ulobing

m xture was cooled to 15 to 20 C and stirred for 1 hour. The solids were
isolated by filtration and washed with water (114 L) foll owed by nethanol
(114 L).- The solids were dried in a suitable dryer.

6- Chl or o- 5- (chl oroacetyl) -1, 3-di hydro-2Hi ndol - 2-one, yield: 91.3 kg 15
(.101.4% .. Note: A weight yield in excess,.of: 100%,resulted,.due, to small
amounts of residual salts which were regoved in the fol | owi ng step. The
resulting 6-chloro-5-(chl oroacetyl)-1, 3—&&&&5&5—5-2H| ndol - 2-one was carried
t hrough the foll (Emnmlesteaynmespmfzmmdormne of whi ch is detailed below 20
Step 2: Trifluor 11 oG QLRI .

6- Chl oro-5-(chl o roacetic acid
(278 kg) and (74.2 kg)MW@e@Uﬁﬂﬁeﬁ ‘d)laﬁad 9@mm#@cfhl§tldﬁ/m923m)@ne@mbmdc

tTrl et hylt §i | ane ( Chidhodeat msad@gser?g@@ wfag alidtR, Shd the |rébﬂlttlﬂ§ wixr& wad BﬁredrfguaCtl on
enperature wa m ur
e @ S e e o0 B MR A UG P e Pl et Ve

reaction m Xt ur e migtgre vesi stired] aff 28 t0832° [ for 99.5. haosodngddhérocadid@o 1&nd.20 C.
sanpl ed. . for. reaall @ 1) GATBRKIG w0 HRc, MARGEIAN Wb hiEndPsy BhiddPd at

50 to 54 C. for eaction was ‘determ ned
to be conplete, eHEtIIAeErBRFlioA ’??‘WF%”\A%C%W‘% At“@f theaquench wagicofiiad esd wi t h
water (594 L). Thﬁ.xtﬁreswbs*.iriagteslturreﬁuwaandsttrief nRthyfefé chibrige rwaseﬁerﬁdvesobylo to

150-C; and the solids, were tration he sed
from  the tank aAPCRREBHER 8485 RELC S BRI GRmNIE e 4 o3l P e
by nmethanol (76 C3nd stimedfachhaf. Thesdids weredsatsfteddry fitiation ard. wasbed withpdaterf ur an
(742 L), Darco K'?HB L) foﬁo@edliﬂ)met@ﬂgl (‘ihﬁ.V\ﬁ‘Be BiRdwet dﬁ@&ﬁﬁa‘é@u(a%le%@?' ned and
heated to reflux. The resultin ? 0246 PCT/ 1 BO3/ 00642 35 m xture was

stirred at reflux for® ﬁ“?ﬁ*ﬁd‘fr@?&&ﬁﬁ' Tty Aidagica ¥pr kI eP1-fi 1 t%r
(pre- coated wt I(no‘114l%)eMted)A \amgrBQnetdon exdes<oft - mor/oqamued tikectosanalh @mourkiof t ank
and sparKkl er F&c@bl@%ﬁgvm&ﬁ\per@% q,gyfgqp&j (38.Q Fol | owi ng t he

i ne SOl

filtration the two Wer e co ution was concentrated in
vacuo and stirred at 4heo resutting o 6-chlaso-friefyloroapsiyl)-d Srdihydropgdt-ipdgl-2ongt etesy
filtration and washedthwuginthe ddlicwih@step imypdrtdhsiroad of which is detailed below.

20 .Step 2: Trifluoroacetic Acid/Silane Reduction of 6-Chloro-5-(chioroacetyl)-1,3-
dihydro-2H-indol-2-one ) .
Trifiuoroacetic acid (278 kg) and (74 2 kg) were comblned and stirred slowly

at 24 to 28° C. Triethylsilane (77.9 kg) was charged to the stirring mixture. The
reaction temperature was allowed to exotherm slightly during this addition and was
25 maintainqdﬂ.p,etween 50 to 62° C during the reaction period. . The reaction mixture was
stirred for '8' hours, cooled to 38 C, andv s;mpled for. reaction .completion. The
reactuon mlxture was stirred at 50 to 54° C for an additional 3 hours. After the
reaction was determlned to be complete, the reactlon mixture was cooled to 18° C,
and quenched with water (594 L). The resuiting slurry was stirred for 30 minutes at
30 10 to 15°-C, and the solids were isolated by filtration: The product was rinsed from
the tank and the product cake was washed with water (83 L) followed by methanol
(76 L). . _
In each of two batches of equal size. tetrahydrofuran (742 L), Darco KB-B
(1.9 kg), and the wet product cake were combined and heated to reflux. The resulting



L). The solids were dried in vacuo at 45 to 730 C until a loss on drying of
0.45% was achi eved, giving

6- Chl oro-\'EIO(OZ/OMha)roet hyl ) - 1, 3-di hydr o- 2H-i ndol - 2- one, yi ecadaB@og42kg
(85.9% . The '"resulting

6- chl or 0- 5- (2-chl oroet hyl ) -1, 3-di hydr o- Zg-é-lndol 2-one was 10 conbined with
mat eri al of conparabl e quallty and carri‘€ed through the follow ng step.

Step 3: Coupling of 6-Chloro-5-(2-chloroethyl)-1, 3-di hydro-2H i ndol - 2- one
and 3-(1-Piperazinyl)- 1 2- benzi sot hi azol e I\/bnohydrochl oride Water (780 L)

and sodi um carbonate ( onbi ned 5 mxture. was
stirred to dissol 'U%t“re'sw?s suﬁf%é&'ﬁ%rﬁ?}l 3)% rTmﬂeso%rﬁ’aﬂgrS'f’ ﬂ‘rglﬁgélaes')a)rﬁer ter (pre-
nmonohydr ochl ori decoateB5witd fikerpidnatds0 to 60° C to remove the carbon. The tank and sparkler
6- chl or o- 5- ( 2- chl I iy nd

added, and the r e‘g%?ﬁh%% r\ﬁ)'tfz %ogfeg%/\ﬁ)%p@%ﬁgg L? opér’"g%\nag%e rnﬁ%ﬁQ % m,&’fa YX‘RE?
and 28 hours, thewvgregenhingd. Jhe poiytionmes g@mt@@df/@yaqu@a@q stigd éb‘h@l%tq f9h1

assay. Bhe reactiqn MeSoftiviiéishadd bpruba.oﬁ@ﬁ@bvsir@d mf\fcaa tdthBy ReRN 0195 the
second sanpl e. 1251 L), was added and the slurry was cool e

ter
t enper at ures bet v@vﬁhﬂ?"é%‘”erﬁﬂ” inyggyo abt3 gL 3nSruots %'B?Sa‘i’bqiy'ﬁ‘%pffq 4%% ¥#% on.
and, washed with ashieesd, i@76- D)1loroTB?Q-chW&ie&‘lyl)Mﬂtdlrs'ddokziﬁlnmae)newm N0 g t h
isopropanol (940 pd the resulting mxture was stirred for
approximately 2 hours at anbient tenperature. The solids were isolated by
filtration, washed w tHej gepitoparbathlor®s-(3-ghloregity)ds3-dyFn2i-idal?-ane | wass t han
25 43 Ci0- . . gi Vidaghbined with material of comparable quality and carried through the followmg step.
5-12-[4-(2, 3- Benzi sot hi azol - 3- yl ) - 1- pi perazinyl]ethyl]-6-chloro-1, 3-
di hydr o- 2Hi ndol - 2- one, - yi eI d: 202 8 kg (80 8% The resul ting
5-[2-[4-(2, 3-benzi sot If Stepy A phéorey 5+ eathy)t 1.3-Ghydnd-8idndol-2-one
1, 3-di hydro- (ZjHl %8'3%(1139@:%2M@}51 ﬂ-bt‘!ﬁnz%%?na:zfléﬂlohmdd&@ﬁl&dd@ns Thes]ge bazches g
were carried separa €10 ional purjfication an
resulted in materi al fgé(gxgé'?‘gﬁf’%‘“r&féf P?r}g (%ed Bﬁ’)o‘?feég CAGEe A1
these batches is riguri | edsbelstimed Soep diRolvéur i 31 dagerazmypfi . 2-benzisothiazole
5-[2-[4-(2,3- Be”%o%%ﬁ&ﬁl%de?’(wébk&y Q&&@Etﬂ@rb R éb-kﬁ&#%)!ﬁw% L1 3-dibydro-a+indol-2-
6- chl oro- 1, 3-di hydr o-2H i ndol - 2- on€e 0246 PCT/ 5 36
5-[ 2-[ 4- (2, 3- Ben2"8 btRi4dabwers -agded. Eﬂdpﬁhﬁéﬁaé%f‘dy'?‘t}’@tw&?l']eﬁGdéWe@%(dPQ?-@i hydr o
-2H i mrzlﬂgl 2don$ Afterd 24N 28 hblirs &h@iedctiof sy wa@elarﬁ;ﬂﬁdfamecmeiﬁ UdSrﬂp’let(oaféZ&yL)
wer e conbi ne e
our , 11t er ed whirP el SmnER b boticta ptld e ok bk sesond pamplensed
wi t h t et20ahydro. fWaterr{128710 we$ adde‘pha@d Iype(ﬁﬂ.umwasmgbled to temperatures between 18 to

22° C. The solids were isolated by filtration and, washed with water (302 L). The

water wet solids were combined with isopropanol (940 L) and the resulting mixture

was stirred for approximately 2 hours' at ambient temperature.  The solids were

isolated by filtration, \_A(ashed with isopropanol (89 L), and dried in vacuo at less than

25 43° C,. .giving 5-[2-[4-(2,3-Benzisothiazol-3-yl)-1-piperazinyljethyl]-6-chloro-1,3-
dihydro-2H-indol-2-one, yield: 202.8 kg (80.8%).

The resulting 5-[2-[4-(2.3-benzisoth§azol-3-yl)-1-piperazinyl]gthyl]-6—chloro-

1,3-dihydro-2H-indol-2-one was divided into two portions. These batches were

carried separately through the following additional purification and resulted in material

30 of comparable quality. The processing of one of these batches is detailed below.

- Step 3R: Purification of 5-[2-[4-(2,3-Benzisothiazol-3-yl)-1-piperazinyl]ethyl]-
6-chloro-1,3-dihydro-2H-indol-2-one




Itrate was partially concentrated in vacuo.

[ 4- (2, 3-Benzi sot hi azol -3-yl)-1-

razi nyDJoevtoghd - 6- chl or o- 1, 3- di hydr o- 2H i ndol - 2- one ( 5kCiaBo3/dosd2t er ai d
(4 kg) and tetrahydrofuran (2675 L) were conbined. The m xture was heated
toreflux (-65 C for -1 hour, filtered while naintaining the tenperature
above 550 C, and rinsed with tetrahydrofuran (560 Q The product rich
filtrate was conbined with the partially 10 concentrated m xture above and

concentrated in vacuo. The resulti ng mxture was cooled to 0 to 5 C. The

solids were isolated b tion d wth filt rahydrof uran
(113 L), and dried in% 'é‘hgad e"lzﬁgtg'af%'éﬁﬁilp'%razﬁiybﬁtwg M"dg%&wé?'zﬁree
base, yield: 79. 3ndo@2-(>ﬁe7(57 k&) filteraidY4(kg driddetrahgdrotulza (Mdhwmoommbd Ntk wi t h
material of co I £ d_ r

separately and trrﬁ'gi @ ch kvt%éédctérr?l edw%rghnﬁ g O%p fPt v)’rﬁlé%éritéﬁﬂ'g II:];<e

2: Crystallizati demSahtureboveedsd &n and nrJ'_éneg)wat; ite:!r@meidem (ﬂYﬁIL()r meproduct rich
gfb{lgh[yg r t2 63 o trsage? ml}l;gtz gal_ﬂamqr dribAitda? it Svdedo. BAE-RL(2 8HEAzikAthiaZdN8Lyl)-1-

b pet ast iy | ot IRACTRBYIEESHBIoA AP hyee-3HeN e (52, kole T8, @ ) PWer e
colnbl ned, he?t Fdettahydreruauxzebs Lﬁaere)coma:ndd SThd mitird Was heal¥d.to PAAGKIL-B52 CThe
solution was filtere

et r ahydr of ran ) r (203
L) and concent rat¥d” 1&&? '&W‘;o‘f’h"@ "é%”ta"'(’%g’el_t?m ?tB' ﬁ%ag a"’l’i’h ””?éaga‘glﬁl rred
at anbi ent t enpenettabydzofurahg560e)ul Thmgoa@guecolmﬁltrhtpdw@cmnmneo withi tle gattially on
was chq?ged ot

5 fi
5_—[2
pI pe

onceh ed mlxture a Qve and concentrated /n vacuyo. The resultlng mlxture was
5-12-[4-(2,3 ben2|sot I azol - 3- _% Ip perazi ny ethP/ -6-chl o
¢ &plidg d

di hydr o- 2H i ndol <€golghée 8dp & |Con "ﬂ%?l'?ﬁ!?‘ by flt °rﬁ‘uf"@§h9d'm'8‘ filesed i on
mxture was C00|t&ﬁ$h§d?ofhr@m€f3al)Uérﬁﬁdrlé@tlws&olat@é&d tRar4 B\ givihgPAgrbgidbref - 2
hours. The m xtyre was H:g ng en 1 and 5 C for -10 hours. The solids
were. isolated b egaaﬁ@r?"?'?a i ed-wi th col d tetrahydrofuran (358 L),
and dried until a wat & patont efrthe bbtch vat dambined oith anaterihl of icpmeesabdn naality
Hydrochleri de wamﬂq{aatﬁ%en %e&;;s‘fialllzwgepﬁargtgly(a(?uﬁ tHe YultR | At carlyédathFoleé h 1he
solids were mlled on a Bauer nei st er V\D 03/ 070246 PCT/ 1 B03/ 00642 37
Exanpl e 3: Puri f ifQ¢Pg&edf - '

6- Chl or 0-5- ( 2- chl:or oet.hyl ) --1,,3- di hydr o--2H- i nd04-2-~ :

Example 2: Crystallization Salt Formation of Ziprasidone Hydrochloride
Monohydrate. _ e

20 Tetrahydrofuran (2715 L), water (307 L) and 5-[2 [4-(2,3-benzisothiazol-3-yl)-
1-piperazinyllethyl]-6-chloro-1,3-dihydro-2H-indol-2-one (100.0 kg) were combined,

heated to reflux (~ 64° C), and stirred for ~30.minutes. The solution was filtered and
rinsed with tetrahydrofuran (358 L).
Water (203 L) and concentrated hydrochloric acid (29 L) were combined and
25 stirred at ambient temperature. The resulting aqueous hydrochloric acid solution was
charged . to  the 5-[2-[4-(2,3-benzisothiazol-3-yl)-1-piperazinyljethyl]-6-chloro-1,3-
dihydro-2H-indol-2-one solution over a period of 27 minutes. The reaction mixture
was, cooled to temperatures between 1 and 5° C over a period of ~2 hours. The
mixture was stirred between 1 and 5 C for ~10 hours. The sollds were isolated by
30 filtration, washed.with cold tetrahydrofuran (358 L), and dried until a water content of
4.1% was obtained. |
Ziprasidone Hydrochloride Monohydrate, yield: 108.6 kg (96.0 % weight
yield) | )
The solids were milled on a Bauermeister mill.



one To Renove 5-(2-Chloroethyl)-1, 3-di hydro-2Hi ndol - 2-one A 100 niL round
bottom fl ask equi pped with a magnet stirrer and reflux 5 condenser was
char ged vﬁvt)h3/07di4(g (17.4 mol es) of 6-chl oro-5-(2-chl or oetrhyhBe3lnod+2

di hydr o72H i ndol - 2- one (Conpound 3) and 36 nlL of acetonitrile and 4.0 nL of
water were added The slurry was gently _heated and stirred overnight (-18
hrs at -78 C). The heating was then rerﬁ;ved and the:slurry.cooled to 0 to
50 C, and stirred for, an additional hour. The product was collected by
filtration, washed with a snall portion 10 of acetonitrile and the product
dried under vacuumat 50 C, to give 3.77 g (94.3% vyield) of

6- chl or o-5- (2-chl oroet hyl ) -1, 3-di hydro- 2Hi ndol - 2-one. The | evel of the
des- chloro |npurE>tampIaad beearification o 0b-¢ hilano-5L2&DIiqrpethyip1,2 ihyapesr2H ndoiRl € 4:
Experinmental Dete f 15 6

(1, 3-Di hydr o- 2I-|-|J 1%- el-n%e% 3CHIcHeth A, '?' P@g vdr o- 2H i ndol - 2- one
whi ch cont ai ned. avery?* APYIL togpd datomyflask WF&/M*G-@WGM@F'U‘Z-We'%

sel ecteds Thi s wagnddrb@rdsochalgey \Aﬁtﬁ|4€{ﬁ§ e .4 FenoleBpéf d1ErIdIes-(RemBlosthpf-1,8he
impurity would be

et erm act or for
thrs fmour vy AdSERAohsr TFERL o Bl b L TR bR e Bl Fh s R 20
nmaterial whi ch waeere gddgd hirgghsiumy wisegentiypheatedyand smrrqdmvprmgets(-m hrdet e7811G) ng
the purge factor.qf , r i i urge
to | bas than the TrupigpssBRb bbbt A9 ol 61 15 BB Bt B B0
resulting in a zedditieng| hpar. ﬁh‘t Pféd‘#qt was collegtestipycfitratiap, rYt‘?éhQ%\!“rp%lP'@é" patiaor i s

aratioqgit is noj aeaanme%el knet&omcvarsta JAerdvad@inPat 500114 givé 38 @k esd al
with the high |eve

S e perl nt 25 was NOT
subsequent |y used"el'dd L%{jﬂg L?d‘ '€E'°Wethﬂ§fetgm5‘ﬁd'§ﬁg ’é‘°5‘e 'F&GR E)'Iheéjes'
chl or o- 1, 3- di hydrabloftmpuriiohadbeem eedudeddiomcind ppm 230 P0. ppm of
1, 3-di hydro 2H i ndol - 2 one was processed through-the standard synthetic
process according to nPI es_1 and 2 above. FoI I OWI ng the f| rst tvvo st eps
of the synthesis, theEXamale 4tExperimental Re Aption of £ £

<iulald 4 e - , y
was neassr ed, umggptdﬂwdmhmhwleamb) bed.. It vs.as found that 1700 ppm of

5-(2-chl t hyl d
abf)ve;: vvggogr e)s/eht in AGEA?%”&& aﬁg%gg%qyérro?ef Qg.rgngg}ﬂgh %0'3 %E&Erﬁﬁ? - 2-one
(Conpound 3 of SeRwtAR of 1.3:dyde)2H-THr-219pe was §P'9@edf\/a£h'wm InteBepafhpselected

g [2-]4- §1 1,2)- . SO that hlgher levels of the J|mpur|ty would be e?ﬁ.ler to measure, and tc? determine the |
enzi sot hi azol - 3- % ; azin e 6-.chl or r.0 ol -2-0
ne WO 03/ 070246 fﬁ‘étg /f%()té l}{'ll)] ,R Xdc]itlonal reason ?or][hls sp ategy of startll_r|\_g 191
20 material which was very high in the impurity for purposes of determining the purge

factor of the impurity was to avoid having the material purge to less than the limit of

analytical detection during the synthesis; thus resulting in a zero value in the final

product. Since the purge factor is a ratio, it is not meaningful to divide by a zero

result. (The material with the high level of impurity was used for this experiment but

25 was NOT subsequently used in any studies with human subjects.) A batch of 6-

chloro-1 3-d|hydro-2H-mdol -2-one which contamed 4000 _ppm of 1,3- dlhydro -2H-

indol-2- -one was processed through the standard synthetnc process accordlng to

Examples 1 and 2 above. . N

Follownng the first two steps of the synthesns the level of the correspondlng

30 des-chloro impurity was measured, using the method described. It was found that

1700 ppm of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one (Compound 8 of Scheme 2,

above) was present in 6-chloro-5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one

(Compound 3 of Scheme 1, above). The processing was continued to 5-[2-[4-(1,2)-
benzisothiazol-3-yl)-1 -piperazinyl]ethyl]-6-ch|o(ro-1 ,3-9ihydro-2H—indo_l-2-one



38 hydrochl ori de nonohydrate, where it was determ ned that 600 ppm of
5-[2-[4-(1,2)-

benzi sot Wwaaeh7084d/1 ) - 1- pi perazi nyl ] et hyl ] -1, 3-di hydr o- 2H padaBe3doesne
(Conpound 9 of Schene 2, above) was present. Thus the purge factor through
the entire synthesis for the des-chloro %al ogs 5 was from 4000 ppmto 600
ppm or approximately a 6-fold decrease. nor run to run variations in
processing can lead to small differences in the yield and quality of the
materials produced. A 20%error in the reproducibility of the inmpurity

formation, that s ' e n_expect.i ng. between 40 n 00 ppm
in other experi rre'mdéoca'f”é © Tcﬁ’gﬁ%éﬁqf \r/b<ae ? g/es dptgrm 'P."é’gtéa‘ (%90\6%‘)"’( ?feggjﬁ?hgm s
descri bed i n Exanineisotiazohdtyl21-pinetazingletgl]-pB3aiiwdoidtndt-2pee (Corepauadi 9iofe
experi ment al errogchgp,glzdagogg,wagp;ege,@s rruch as a 2-fold difference in the
level of the inpurity. Thus, for the pose of setting the upper limt,
where the drug is goi nH“‘PH‘GtPé"gl‘}sf%‘a”BVWﬂﬁ‘rfﬁ?le@U%fyé‘&e%‘s for therdes 708'39 afglogs  o| d
purge factor waswasfdm 408d ppriies0Bfppmeor dpproixifrateiyea 6-fold delcleasdrmidoratin frroduced
5 2+ [ 4+ (1. 2) - Doy SKTH B P gad o cmal diferepves i he il ancy oy of 9, 15

i ndol - 2- one (Corrﬁﬁ@fﬁféﬁ'sg)mduﬁeq |'?r?i’A(WOB’Otha'i?ﬁﬁoé‘ﬁc'bll't)eOfdthDWmmmFhaiz one

(Conpound 6), in @mbd nombnanﬂlaaw&l Bdmdadmbaad n(ﬁmaiyénr%mw
determ ned. WO 03 dngTI{ql BO3/ 00
gd for

conprising zipr as! “%?nct?ﬁﬁf’ fald sH’i%eséﬁéﬁ‘fl}%ed %%‘PQB‘G%E%E"’ ée‘f’ﬂ‘c“? ed
from not10gr eat er RFMHS"EQ)%%HS the @adifiyeraxperimentpl emerenoult hesolt abasumuch5B30a Rfiold and

not greater than gRedHce HIRe BRINS the itn umycemo%r meqmrpag&arééh.ﬂ@u{equsmm 1,
wherein the 2|pra5|done is ébne free base, zip i do

hydr ochl ori de rmﬁ’m‘?ﬁIV‘ﬁtdE‘g 'ipﬂﬁ%gﬂ %‘I‘Isé”dﬁ’é‘éwrﬁ{‘é” ‘8‘?‘?\9@%&38’3“&3 PId,pH8% done
mesyl at e tri hydr dbaor vias ufilizpth aTrepefera! tio drasurectbarpios produh ploducet! mealdi nog contaira
marmal a di sorder,gf 100%&%&'[@@ A9 s&f,z%dtg[a&&@ Ly HCHbi w%ﬁ&hﬁy ?BM&B&H

m gr ai ne paln Tour e et I no
denenti d%f the APPhEPHerCeaMRape, 9)a Bilipdi ofr 369 sRﬁ’F'Ué’F 1 %rdﬁ%ﬁzﬁr'%ﬁ%@
agor aphobi a, soci(@bmpdunb6pin 6{eaBioct,BltiBgdréleH-indoRBbnd (CathpadndCl) Sbs @éérmmed.
di sorder, acute stress disorder, substance-induced anxiety di sorder, an
anxi ety disorders:.not. ‘otherw se specified (N%) . dyskinesias, a
behavi oral manifestati.on of . e e e



mental retardation,. conduct disorder,,and autistic disorder conprising an
anmount of 15 the, conposition of claim1l effective in treating said.

di sorder woosondid i on and a pharnaceutically acceptabl e earnBeveocs. A

met hod of synthesizing a ziprasidone conposition that conprises an anount
of des-chloro ziprasidone selected fromnot greater than about .A) 1000
ppm 20 B) not greater than about 500 pptd and C) not greater than about
100 ppm which nethod conprises: a) obtaining one or nore sanples of one or
nore 6-chl oro-1, 3-di hydro-2H indol -2-one batches; 25 b) measuring the

| evel of oxindole inmpurity in each of the sanples of (a); c) selecting a
6-chl oro-1, 3-di hydro- 2H i ndol - 2- one baEtMMShat conprises a |evel of

oxi ndol e of for (A),' ot ok eahgsdsitibhasmpisiny zipkasidbodoadiesh amodnhef deaslsreement
or neasurements con a 0 15%
based on t he measz' &lo%%%gleétgd grgr)l no %gét r; thérggbgup?)toa%ﬁﬁl Pﬁ)greﬁéﬂgh%ﬁ

not greater than Fé‘l@@am @W@@S@@Q@dawovhwom@asurenent or measurements

conducteg in (b); and g) USAnGm bﬁ.ohaéc@&dﬁeltecaua@ﬂ 1, fwHefdin tise §MF§shS§é zse sai d
zi prasi done conposi tlcf%

246 P
synt hesi zi ng a ziPPau{cgB e B%sr?‘pﬂgria????ﬁh% "I’D‘)’ég‘r‘wﬁ??é‘&ra’e ﬁ'p%?ﬁ‘ﬂﬂ}ﬁm%%yg‘e
des-chl oro zi pr agliydraée, of zipresidage ewsate trihpdratebout 1000 ppm  whi ch  net hod

conprises: a) acylati g a C@Pﬂ?é?rﬁéée’u%l W&{loﬂf&%eatmg in a mammal a disorder or
6- chl oro- 1, 3-di hydr o- 2H i ndol - 2- one and an oxi ndole inmpurity wt

chl oroacetyl chl @Pﬂ@’"b%?'eﬁ'tef’éﬁﬂ@l scpizephiediangyiety. Migaipg, paig Tﬂ”%?zﬁ?“?ﬁme
conmposi tfigon conprgidicorga, Gschérhio realinbpathyhdeniends efttiyd Nzﬂe,urﬂer@ltmeda bipdlkt disudlddr -
2-one; b) treati ngbedE&Hpro &ré;%b.é e&gJaF lﬁn ial Bé}ﬂ? &?x)rdér pdE G EatR syrblle 0XO

of the chloroace gr ou ositioh conprising
6- chl or o- 5- ( 2- disorder, acute stress dlsorder substance mduced anxiety disorder, an anxiety

disorders not otherwise specified (NOS),. dyskinesias, a behavioral manifestation of
mental retardatlon .conduct disorder, and autlstlc dlsorder comprising an amount of
15 the, composmon of clalm 1 effectlve in treatmg sald dlsorder or condition and a
pharmaceutlcally acceptable carrier.
4. A method of synthesizing a zupras:done composition that comprises
an amount of des-chloro ziprasidone selected from not greater than about
A) 1000 ppm,
20 B) not greater than about 500 ppm, and
C) not greater than about 100 ppm
which method comprises:
a) obtaining one or more samples of one or more 6-chloro-1,3-dihydro-2H-
indol-2- one batches;
25 b measurmg the leve! of oxindole nmpunty in each of the samples of (a);
) c). selectlng a 6-chloro-1,3- dlhydro 2H-|ndol-2 -one batch that comprises a
Ievel of oxindole of - .
“for (A), not greater than about 0 3% based on the measurement or
measurements conducted in (b),
30 for (B), not greater than about 0.15% based on the measurement or
measurements conducted in (b), and
for (C), not greater than about 0.03% based on the measurement or

measurements conducted in (b); and
d) using the batch selected in (c) to synthesize said ziprasidone composition.



.10 chloroethyl)-1, 3-di hydro-2Hi ndol - 2-one and a

5-(2-chloroethyl)-1, 3-di hydro-2Hindol - 2-one inpurity; c) isolating a
sanpl e ofwohe/oamposi tion resulting from(b); d) measuri ngctrhBoxpesdrt ity of
5-(2-chl oroethyl)-1, 3-di hydro-2H-i ndol -2-one inpurityin the isol ated,
sanple from(c); 15 e) determ ning whether or not the quantity in (d) is
not greater than about 0.28% and f) ptﬁolfyl ng by recrystallization and/or
reslurry the conposition resulting from (b) if the quantity neasured in
(d) is greater than about 0.28% until the quantity of the

5-(2-chl oroethyl)-1, 3-di hydro-2Hi ndol -2-one inpurity is not greater than
about 0.28% 20 and s¥nt helsMethady obsyPthesiziag 8 GiREAsKiBRfERETRORIEeD thabrANARiges
conposi tion so pun ém@.ﬁl\: ooaes-c@)ord BiptabiGorUstrviot igyeaten ti{e) atiost MEUD greakieeh t han
about 0.28% synt he§§ . Zi prasi done conposition fromthe conposition
of (b). 6. A et HO u5|n ﬁ?’LCfor measuring the quantity of

5-(2-chl oroet hyl )- 1, 3&)cckgiihgoa Zpmpesilioh -cRmpriging prckioredifdikyidrd-2tindekdenesi ng
6- chl or 055- §2 chl post Biddbre l%gul){%tﬁ“cmégfagét@'%hbﬂ&@by %r.@dwcfewgl a8 Rd
conprises a) preparin ution fro ing

S Chl or 050 20 cWBPERIE PSRy PRRIEES SRR ST Breh d’fqyéf&%{ B

portion of said @emepsition in an organic sol vent, foIIovved by dilution

Wi th an organic sol veg;) tr%Et.r{ghﬁe @b:ﬁﬁ&k%f%suﬂﬁé Tfrbrqua)s% :teQ@ée S’f tﬁQ %g%tfrt@et ion

(wei ght/vol une), base sal d portion and

sol vent, of aboutchipraagetyi group oﬁ?'&l“né‘d forgy ‘?u?ﬂﬁ"‘ﬂ‘?@'t"t’hémg‘ﬁﬂﬁﬂge %8?'?[91‘%‘%

t hr ough 1@ st abl evbmruétrgyanmlﬂy%@m@dwmne Hsd 83-(@-chibrlokthg)-pBaitgdro@asingdd ng
essentially of ( ,‘:]e %}étﬁ 12 v/v/ivl) 0.05 M KH2PO4, pH=from

5.5-6.5,: Acetoni tTi hanol ; at a columm tenperature of from30 C to 40
C with detection by w'spla@sta samPleBAhEceRRosifien BIYIEIPABbPCT/ | BO3/ 00642 41

c) detecting a peak amaaéasmgatnef Uit e3f Ve ENcHordethyO , 31diRék £ 3H-MdoRR2-one

chromatogram resul tin uring the peak area (naned A of
the peak detect ed'"?%'tyq3§he'srér’; eﬁ’rs? 5‘%”8 6@ st-andard from a composition -

consi stiltAg essenti al | \e) gftediging WBetbﬂIQDméthhwuymm( B-(d) Isywpt gre2ter jthafoabopt one
by dissol ving ang skd- yhd Ng a portion of said

f) purifying by recrystallization and/or reslurry the composition resulting from
(b) if the quantity measured in (d) is greater than about 0.28% until the quantity of the
5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one impurity is not greater than about 0.28%,

20 and synthesizing a ziprasidone composition from the composition so purified; or,

g) if the quantity in (d) is not greater than.abou"t 0.28%, synthesizing a
ziprasidone composition from the composition of (b).

6. A method using HPLC for measuring the quantlty of 5 (2 chloroethyl)-
1 3-dlhydro-2H-|ndol-2 -one in a composmon comprising 6-chloro-5-(2-chloroethyl)-

25 1,3-dihydro-2H-indol-2-one, which method comprises .

a) preparing sample solution from said composition comprising 6-chloro-5- (2-
chloroethyl)-1,3-dihydro-2H-indol-2-one by dissolving a portion of said composition in
an organic solvent, followed by dilution with an organic solvent of the dissolved
portion so that a concentration (weight/volume), based on the weight of said portion

30 and volume of solvent, of about 1 mg/mL is obtained,;

b) running the sample solution through a stable-bond cyano HPLC column
using a mobile phase consisting essen.tially of (75:13-17:8-12 vivivl) 0.05 M KH,PO,,
pH=from 5.5-6.5,:Acetonitrile:Methanol; at a column temperature of from 30° C to 40°
C; with detection by UV light at 254nm UV; )



conposition in an organi c solvent such that the concentration

(wei ght/vol une) of 5-(2- chloroethyl)-1, 3-di hydro-2Hi ndol - 2- one, based on
t he wei ghwooB/otthes porti on and volune of the solvent, is aboaBogeal to a
selected fraction value at or above which detection of
5-(2-chloroethyl)-1,3-di hydro-2Hindol -2-one in the conposition 10

conpri sing 6-chl oro-5-(2-chloroethyl)-1, é-dlhydro 2H i ndol -2-one is
desired; f) running the standard through a stabl e-bond cyano HPLC col um
using a nobile phase consisting essentially of (75:13-17:8-12 v/v/v/) 0.05

M KH2PO4, pH=from 5.5-6.5,: Acetonitrile: Methanol; at a colum -tenperature
of from30 Cto 40 CC) frteftingcr @ERN BRPeRYNAR (TP HREMREN A5 AR OUDInUies qf) @
measuring the pealﬂonaétega@nesmdgﬁpm,(a) of the peak on a chromat ogram

resulting from(f);

5-(2-chl oroethyl)-1, SngEQSHﬁrgd tgﬂj 30 ( Qger?gnefﬁtm FT\%am’etec%ds'lnt("?)on conpri sing
6- chl or o- 5- (2- chl or oe?hyﬂePafTQ@ sterdast o3 SQMRSFition eAnsising 95157“‘@5)1 efud-&i ng.
the Resppnse FaC&deSroétﬁfl)-53 G.By&blzgrmm&hé byl didsaliing. aHdddiutingOa PbHibm @pkaid- one

di to th T PE
et s o deprirestaBon oRae siient Sith et (R pock iR fudiatb vy by s td1° '
st andard; PF = pdilernethylFhdtibydré-8i-irsiok2omsh | baseske pythg -weigbt @f Hye @ortioH-and
i ndol -2-one; and, Jfmeotthé YoM i§ asotupéanp{oatmecs&s%a%ctauuawoi at)ovgwhreHl ating

the %W w of 5-(2-chl oroet do- 2H-i ndol - 2- one according to

A Coii R SN e M SR o M A T S R
above; WO 03/ 070ad:@rﬁﬁa'mcaﬁ&lﬂ)&@m{broe&@l)m"dnhydroil-Red;quse isfeasitedt cal cul at ed

in (h)(i) above; W62 f)rm?'l!ir%hﬁ? Qe‘anéai?@ rp&.rgwog@?bm&nta &farm% %&I&ﬂn Héﬁ‘% 'n

step (a); and DF = diI'lutl act or or sa esoumn
synt hesi zi ng a zF‘B?’EsP'Eﬁ‘iﬁeCQE'é'ﬁ'fﬂSsF?tsleB‘f?"HPé %Mﬁ‘é%s‘”""’” 005 M KH2PO.,

pH=from 5.5-6.5,:Acetonitrile:Methanol; at a column temperature of from 30° C to 40°
C; with detection by UV light at 254nm UV;
15 g) measuring the peak area (named Ag,) of the peak on a chromatogram
resulting from (f); and .
h) calculating the quantity of 5-(2- chloroethyl) 1,3-dihydro-2H-indol-2-one in
the composition comprising 6-chloro-5-(2-chioroethyl)-1,3-dihydro-2H-indol-2-one by
. i) calculating the Response Factor for 5-(2-chloroethyl)-1,3-dihyrdo-

20 _ .. 2H-indol-2-one according to the following formula:

Reour1=(Agurt XDF )(Wpur1)(PF)

wherein : Ay is as defined above;
25 W, = weight of composition in the standard,
PF = potency factor for 5-(2-chloroethyl)—1,3-dihyrdo¥2H-
indol-2-one; and
DF = dilution factor for the standard; and
' _ii) calculating the %w/w of‘5-(2-c_:hioroethyl)-1_,3-dihyrdo-2H—ind,qI-2-

30 ., oneaccording to the following formula: =~
~ %WW=(A)DF)(100)/(Rpu)(Ws2)

wherein : A is as defined above;



an anount of des-chioro ziprasidone of not greater than about 1000 ppm

whi ch nethod conprises: a) reducing a conposition conprising

6- chl or o-wo(shtaueacet yl ) - 1, 3-di hydro- 2H i ndol - 2- one andPaT/IB03/00642

5-(chl oroacetyl)-1, 3-di hydro-2Hi ndol -2-one inpurity by 10 treatnent with
triethylsilane in the presence of a strong acid to obtain a conposition
conpri sing 6-chioro-5-(2-chl oroet heyl -1,73-di hydro-2Hi ndol - 2-one and a
5-(2- chl oroetheyl -1, 3-di hydro-2H i ndol -2-one i npurity; and b) synthesizing
a conposition conprising ziprasidone fromthe conposition resulting from
(a). 15 8. A nethod according to claim7, further conprisi n_? t'w@ isolating
prior to step (b) a sanple of the ReomgtfSPesehaterGaicYialrd in{AKY abe¥&sur i ng t he
quantity of 5-(2-chloroethyl)-1, 3vd, hyeigt-of tHeippdion ef2h@cm@nposiport usiey in step sai d
sanple; ii) det erg;_gj]c?‘ug whet her or not the quantity in (i) is not greater

t han an anount 2( 'sel ected fromabout 0.28% and iii) purifying by
recrystal lization and/ or resl urryDFfiedigiomfredrfor szmaie galvtica) if the quantity
in (i) ig greater thany abouh rathd8%r tytrebizihdN8 Zipraitohd Yorfdoshtib€ that comprises
5-(2-chloroethyl)- 1 B-ﬂi Egdr 91-2H-i ndol -2-fong i urtatry gs Hg&) géeat er.
than about 0. 28%2"af8°Yh&heHT <5°6°e§'c?faﬁ§°rfeo°s?° ﬁre(r%r TR AR AZO% BP0 MER on
from (a) so purifmettgd awmpBsesiv) if the quantity in (i) is not greater than

about 0.28% then procgegdhithgtLconsoSiforl mprifing A-HBF R EnBIoasH-N8RINFHBY 2
zi prasi done conposition that co es-chioro zi prasidone

nprises an anount of d
of not greater tIFANNSNZRBURPY s8] SdEUYOLYL AINYHAT-PBUE-PEm™PUEY BY about
500 ppm1toand C) taatment wllOtripihpisilandyincthe presemoel ot @ rtponig el to Va3 oitpddiéon
PCT 1 BO3/ 00042 AdniBhsRt'r bIoKbRG-B-cARMBARIL S AR h3did%ne and a. 52
6- chl oro- 1, 3-di hydr O- i ndol -2-one and an oxindole inmpurity until a
conposi ti on conpra¥rasiedr! AR 2/ e FRPYioPRI i npurity of
b) synthesizing a composition comprising ziprasidone from the composition
resulting from (a). L
15 8. A method according to claim 7, further comprising
i) isolating prior to step (b) a sample of the composition from (a), and
measuring the quantity of 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one impurity in
said sample;
ii) determining whether or not the quantity in (i) is not greater than an amount
20 selected from about 0.28%; and
i) purifying by recrystallization and/or reslurry the composition from (a) if the
quantity in (i) is greater than about 0.28% until the quantity of the 5-(2-chloroethyl)-
1,3-dihydro-2H-indol-2-one impurity is not greater. than about 0.28%, and then
proceeding to step (b) using the composition from (a) so purified; or
25 iv) if the quantity in (i) is not greater than about 0.28%, then proceeding to
step (b). B
‘ 9. A method of synthesizing a ziprasidone composition that comprises
an amount of des-chloro ziprasidone of not greater than an amount selected from
‘A) . about 1000 ppm,
30 B) about 500 ppm, and
C) about 100 ppm,

which method comprises:



for (A), about 0.3% 5 for (B), about 0.15% and for (C), about 0.03%is
obt ai ned; and b) using the conposition resulting from (a) to synthesize a
zi prasi dowe o3puizposi tion. 10 10. A nmet hod of synthesi zi ngpPaTaBgw@msi2done
conposition that conprises an anmount of des-chloro ziprasidone of not
greater than about A) 1000 ppm - B) 500 ppm or C) 100 ppm - 15 which

met hod conprises: a) recrystallizing andPor resl urrying a conposition
conpri sing 6-chloro-5-(2- chloroethyl)-1, 3-di hydro-2H i ndol - 2-one and a
5-(2-chl oroethyl)-1, 3-di hydro-2Hindol - 2-one inpurity until a conposition

S 0 0
O o1 g gt e e oot Aoy A%l e B b0
impurity is obtaiane@dn oaindbld jmpusty gt at dvenpositgpoiTiprigng aresmbdrit o{sdid oxnddle) to
synt hesi ze a zi prirgadrﬂp&e conposition. 25

for (A), about 0.3%

5 for (B), about 0.15%,

and for (C), about 0.03%
is obtained; and

b) using the composition resulting from (a) to synthesize a ziprasidone
composition.

10 10. A method of synthesizing a ziprasidone composition that comprises
an amount of des-chloro ziprasidone of not greater than about
-~ A) 1000 ppm,
B) 500 ppm, or
C) 100 ppm;
15 which method comprises:

a) recrystaliizing and/or reslurrying a composition comprising 6-chloro-5-(2-
chloroethyl)-1,3-dihydro-2H-indol-2-one and a 5-(2-chloroethyl)-1,3-dihydro-2H-indol-
2-one impurity until a composition comprising not greater than about

for (A), 0.3%,

20 for (B), 0.15%, and

for (C), 0.03%
of said 5-(2-chloroethyl)-1,3-dihydro-2H-indol-2-one impurity is obtained; and

b) using the composition resulting from ,"(a) to synthesize a ziprasidone
composition.

25



