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Background of the Invention The invention is directed to the

nesyl ate dihydrate salts of 5-(2-(4-(1,2:t
benzi sot hi azol - 3-yl ) 1- pi perazi nyl)ethyl)-6-chl oro-1, 3-di hydro-2Hi ndol -

ne (hereafter 10 z| raS|done memyl ate di hydr at es) har npceut i
conpositions co 6-2<IH)- - sl',-@e o{?
di hydrates, and ST 7| pr asi done mesyl at e

di hydrates to treat psychot |c | eases Z* Si dpne I's a potent

anti psychotic agent and is %@m%r treating various

di sorders incl udi rthes ivertivphisc dirétted to thammsqta;e mn-qdmtgrsaimef FE‘(EF(HW ted
States Patent_5 ers to

ononydr at o ot IREE YR Byl AR SPRT AR R eree
subst anti dbl y zlpya;sidmecpsy!aleld;hydtatésf)ﬁphwmmucdld:mwpaﬁtmasgnﬁamngaheqrboihl ens
associated w t he
manat act ur e off a7 Eng es HB LG Arile, bAERBFELY & ARRRRNTG Ineprbors)c |
her ei n i ncor pwesylate dipydnateisdp taetpsiyghotic diseares, iprasidone isa mtaetuammchoﬂc '
hydrochl ori deadgnpahy G ﬁJe?eforQQWSM?for t d%o%%@k&éﬂc%lnpécﬁuéﬁﬂemﬁs 20

aresult, is nore aagpro priate for psule ortabl et :f‘ornmul at’i on

i nj ect abl e do%uiply and migraing; pain. United StatesTiPatent; §,312,92f Friersde Aip(psidone
di hydr at essal AyredHictdR IndhoBydraRPaNdstabihet Zifrisiddiehydrochioride monohydrate is

substantially hygroscopically stable, which alleviates potentlal problems associated with
weight changes of the active ingredient during the manufacture of capsules or tablets.
United States Patent 5,312,925 is herein mcorporated by reference in its entirey.
Ziprasidone hydrochloride monohydrate, however, has low.aqueous solubility and, as
20 aresult, is more appropriate for cépsule ortablet forrnulatiép-fzthan for injectable dosage
forms. | E
The ziprasidone mesylate dihydrates also possest_f__l%Iygroscopic stability. The
zlprasidone mesylate dihydrates have the added_advantgge of having significantly
greater aqueous solubllity than the hy&rbchioride monvo':h?ydrate, which makes the
25 mesylate dihydrates more suitable for injectable dosage forms than the hydrochloride
monohydrate.
Summary of the Invention
The present invention relates to the mesylate dlhydrate salts of 5-(2-(4-(1,2-
benzisothiazol-3-yl)-1-piperazinyl)ethyl)-8-chloro-1 3-d|hydro-2i-l-lndol-2-one
30 This invention also relates to a pharmaceutical composltion for the treatment of
a psychotic disorder, stich as schlzophrenia, anxiety or migrame pain, comprising an
amount of the mesylate dihydrate salts  of 5-(2-(4-(1 ,2-benzisothiazol-3-yl)-1-
piperazinyl)ethyl)-8-chloro-1 3-d|hydro-2H-lndoI-2-one that i
psychotic disorder, and a pharmaceuhcally acceptable da er

s effectwe in treating said

35 This invention also relates to a method of treating a psychotnc disorder, such as
schizophrenia, anxiety or migraine pain, ina mammal, including a human, comprising
administering to said mammal an amount of the mesylate dlhydrate salts of 5-(2-(4-(1,2-



zi prasi done nesyl ate di hydrates have the added advantage of having
significantly greater aqueous solubility than the hydrochl oride
nonohydrate, which nakes the 25 nesylate dihydrates nore suitable for

injectable d rms than the hydrochl oride 'fonDnohyd
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SRR Fig. 2 depicts the X-ray powder. diffraction spec'trum of ziprasidone vf\ezsylate

dihydrate (needle crystal) expressed as intensity (Cps) versus diffraction angle (two-
theta degrees).

10 - Fig. 3 depicts the X-ray powder diffraction spectrum of ziprasidone mesylate
anhydrous (lath crystal) expressed as intensity (Cps) versus dmractlon angle (two-theta
degrees).

Fig. 4 shows a photomicrograph of ziprasidone mesylate dihydrate (lath
crystals), .

15 *  Flg. 6 shows a photomiqrograph of ziprasidonejf}'}hesylate dihydrate {needlie
crystals). :

Fig. 6 shows a photomucrograph of zlprasldone :mesylate anhydrous (lath

crystals).
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Description of the Draw ngs Fig. 1 depicts the X-ray powder
diffraction W‘E?} \yp of ziprasidone mesylate 5 dichydrate (legiorbisst al )
£expressed as A Si'ty (Cps) versus diffraction angle (two-theta

degrees). Fig. 2 depicts the X-ray powder diffraction spectrum
of ziprasi done nesyl ate di hydrate (needle crystal) expressed as
intensity (Cps) versus diffraction angl e -8t wo- . theta degrees). 10

Fig. 3 depicts the X-ray powder diffraction spectrum of zi prasidone

nesyl at e anhydrous ath crystal) expressed as: 1 ntensit er sus
diffraction angle t%’e pglow 'den'ﬂég?E@g‘i peaks from the speg} ¥f‘&?}%\/§'\é

phot om cr ogr ampe&ﬂvaypby:\amm rasparing; (nhsatrium imens@r(mkah ). 15
Fig. 5 shows a tom Cro ?%Pgﬁ zi pra5| done nesyl-ate dihydrate (needle
crystals). relative '"t?"%" a photom crograph of ziprasidone

mesyl at e anhydrous (lath crystal s) Table 1 WD 97/ 42191

PCT/ 1 B97/ 0393 - 3-
X-RAY POWDER DIFFHACTION DATA FOR

ZIPRASIDONE MESYLATE DIHYDRATE LATH CRYSTALS

10 ﬂ Two-Thata D-spacing Mex. Int:
degrees) M&e_cl Bel, Int. (%)
“ 3.080_ 28,6618 245.00 4.19
3.684 23.9618 '21.q.oo 3.60 |
I 7.208 12,2538 626.00 10.71
15 7.951 11.1877  493.00 8.44
k 8.429 10.4810 100.00 1.71
9.968 8.8664 386.00 6.61
| 12,022 7.3568 1947.00 3333
ik 12.721 6.9527 ' __ezooo 10.61
20 13.394 6.6049 _ 548.00 9.38
1 13.886 6.3720 " 331.00 5.67
IF 14.481 6.1116 390.00 6.68
15.152 5.8426 194,00 3,32
16.949 5.5523 - '2462.00 4215
26 lj 17.048 5.1967 " ’5841.00 100.00
18.111 4.8941 493,00 8.44
18.592 4.7684 . 3227.00 55.25
19,520 | 4.5438 12,67
19.862 | 4.4663 25.89
30 “ 20.517 4.3253 12,56
20.883 4.2503 14.93
' 21.372 4.1541 7.06
21.814 4.0709 31.64




Tables 1-3 below identity sel ected peaks fromthe spectra of Figures 1-3,

Tespectively, by diffraction angle (two-theta),
intensity (nax
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19. 862
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21. 372
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920. 00 15.75 24. 263
2218. 00 37.97 Table2 24.798
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IweiTheta D-spacing Max, int.
(degrees) (degrees) (counts/sec) Rel. Int. (%)
7.823 11.2913 ~ "33.00 1.78
10.049 8.7946 . 504.00 27.20
11.502 7.6872 10956.00 59.09
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ZIPRASIDONE MESYLATE ANHYDROUS (LATH CRYSTALS)
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,.(degrees) WO 9t s/ sec) Rel. Int. (% %’@ﬁ%

. 0111 231. 00 ‘ 12. 47 ' 30. 130
2. 9636 175. 00 9. 44 30. 601
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5 5253 g%v%gdone ‘mesylate exigs 3!3 four distinct crystal ine ggm %pras done
2 4339 mesylates appydrous  (lath crystal), zipragidone mesylate dlhydgqtem crystal),
2.3831 ziprasidoHe- rQ&ylate dihydrate (nedi¢ crystal), and ziprasidone mesylate trihydrate.

5 Each crystal form has distinct characteristics, such as a dlstmct powder X-ray diffraction
pattern and a distinct crystal shape that can be obsenreq_: by photomicrograph. The
ziprasidone mesylate dihydrate lath (Figure 4) and negé!_!e (Figure 5) crystals are
relatively long and thin in contrast to the prism crystals of ziprasidone mesylate
trinydrate. Ziprasidone mesylate anhydrous crystals (Figure 6) are distinct, though

10 similar in shape to the dihydrate lath crystals. The photomicrographs of Figures 4-6
were obtained using an Olympus polarizing microscope (model BH-2) equiped with a
halogen lamp, binocular eye piece, polarizing filter and Sony 3ced video camera with
Sony color printer.

The characteristic X-ray powder diffraction spectra.ot the 2iprasidone mesylate

16 dihydrates are depidej__d in Figures 1 and 2. While the zipra?i_done mesylate anhydrous
crystals (Figure 6) n'i_a'y ‘be similar to the dihydrate lath crystals {Figure 4) in shape, the
X-ray powder diffraction spectrum of ziprasidone mesylafe anhydrous (Figure 3) is
clearly distinct from the X-ray powder diffraction spectra of the Ziprasidone mesylate
dihydrates (Figures 1 and 2). The X-ray powder diffraction spectra of Figures 1-3 were

20 taken on a Siemens R3RAN difiractometer. The znprasad_on_g mesyliate dihydrates are
further characterized by their water content which is indicated by their Karl Fischer (KF)
valueof 6.4 + 1.0. Ziprasndone mesylate trihydrate is the sub;ec’t of co-pending United
States provisional applicahon entitled "Mesylate Trihydrate o of 5-(2-(4-(1 2-Benzisothiazol-
3-vi)-1 -piperazinyl)ethyl)-ﬁ-chlorod S-dlhydro-ZH-indol-z-one {Pfizer docket number

25 PC9277), filed concurrently herewith. The foregoing- co-pendmg United States
provisional application is incorporated herein by reference in ns entirety.

The ziprasidone mesylate dihydrates are mgnnﬁcantly more soluble in an
aqueous medium than ziprasidone hydrochloride monohydrate which has a solubility
of 0.08 mg/mi in water at ambient temperature. The aq_ug__gys solubility of the four

30 ziprasidone mesylate forms is indicated in Table 4 below.



38. 331 : - 2.3463 113. 00 6. 10

"38. 732 2.3229 146. 00 7. 88
39. 751 2. 2657 105. 00 5.67 15
Table 3 " X- RAY POADER DI FFRACTI ON DATAPE%g.mm”
ZI PRASI DONE NESYRYE ANHYDROUS (LATH CRYSTALS) 20 Two- Thet a
D- spaci ng Max. |Int. (degr ees) (degr ees)
(count s/ sec) Rel. Int. (9 3. 065 28. 8018
120. 00 9.16 g 521 13. 5424
63. 00 4.81 25 8. 737 ' 10. 1124
72.00 5. 50 11. 860 _ 7. 4557
38. 00 2.90 1ablerge ©6.9231
528, 00 Bsi yidite 8
386. 00 29 47 ————— — —— 15 307 5 4311
653. 00 .85 . 847
0329 . P%P.YMORPH R IRt sowaluw @v@@%@
608. 00 -41 tihydrate 0.73 mg/ml
5 dihydrate {lath) , 1.1 mg/mL
dihydrate (needie) 1.10 mg/mL I
anhydrous 1.27 mg/mL

The ziprasidone mesylate dihydrates may be prepared from the free base

10 (ziprasidone) which is prepared as described in column 4, lines 22-43 of United States

Patent 5,312,925, referred to above. The free base can also be prepared as described

in United States Patent 5,338,848, the disclosure of which is herein incorporated by

reference in its entirety. When the intended use is as a_hf;_;injectable formulation, It is

preferred to conduct the preparation under pyrogen-free.and speck-free conditions.

16  Speck-free solvents and reagents can be prepared by filtering them through a 0.45 ym
Millipore® nylon filter.

Ziprasidone mesylate dihydrate needle crystals are prepared by mixing the free
base with a mixture of water and organic solvent, adding dilute methanesulfonic acid,
and heating to reflux as described above for the preparggion of the trihydrate. The

20 dihydrate needle crystals are prepared by adding a seed crystal of the needle shaped
polymorph to the reaction solution after the solution h'a‘él"'been stirred under reflux
conditons for about thirty minutes. A thick “pinkish" slurry mdrcatlng crystal formation

will begin to form. The reaction solutlon is then allowed__: o cool slowly with stirring.
During cooling at about 50°C, water can be added to 1he____.solut|on to thin the slurry.

25 The needle crystals can be filtered from the composition thrbugh a poly-cloth filter, and
then. washed consecutively with appropriate volumes: of & THF/water (65/35, v/v)
solution and water. When allowed to dry at ambient temperature the water content of
the needle crystals has a Karl Fischer value ranging from 0-6 8% KF (theoretical KF
for the trihydrate is 6.4 %). R

30 Ziprasidone dihydrate lath crystals are prepared by rmxing the free base with
water and warming the resulting slurry to 50°C to §5°C.  Concentrated
methanesulfonic acid is then added and the mixture is heatgd to reflux. After about 1
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worfelfl] 35000 F—

4, 5001 1310. 00 100. 00
4, 2829 208. 00 15_. 88 5
4.1441 932.00 -10- 71. 15

3.9311 509. 00 38. 85

3.8772 658. 00 50. 23
to 6 Boms,zseferably 2 hour§, @2 refiix, the solution is G&Iarfto provide the dihydrate
lath gfgﬁ Tha resulting J@QQ 8U’°d for about 2 0 7 %Il ambient temperature
and the 3rygtgls are then filtergd fromdhe composition ang ._-...-j___iﬁhed as described above
for th% n%@@l@ crystals. Whenjﬂgwg to. dry at ambient téf g%ature, the water content

gla@ﬁggstals has a Karlmhg(yalue ranging from.@,(BﬂtOIGB % (theoretical KF

for thze?mw&?g e is 6.4%). 1%24000 137024
nglbrasidone mesylpiedipydrates may be adm_nglswed as a psychotic agent

as d&cﬁﬂ&ﬁin United States Pate@tf 5,312,925, referrec? to4§)ove Administration of
zipragiggéezrgzsylate dlhydm%(?weg&bly donein combnzptlgg wrc%h pharmaceutically
acceptable carriers or diluents in a pharmacettical cor_n_p_psitron in accordance with
standard pharmaceutical practice and &s"descﬂbed in United States Patent 5,312,925,
referred to above. Suitable pharmacsutical carriers lnclude solid diluents or fillers, and
sterile aqueous solutions, various orgamc solvents and axclplents known to those
skilled in the art. _

‘The ziprasidone mesylate dihydrates may be admirji#tgmd orally or parenterally,
including intravenously or intramuscularly. For .parenteral;_ér_irfr_rinistration. itis preferred,
where the use of water is called for, to use sterile_._:'_; ater for injection {SWI).
Administration through intramuscular injection is preferred:.'-' ‘preferred composition for
intramuscular injection is ziprasidone mesylate dihydral __ '(n"eedle or lath, or both) in
combination with sulfoxybutyi p-cyclodextnn as carrier, preferabty prepared at a ratio
of 1:10 (w/w) dihydrate to carrier. Coimpositions oontalmng Ziprasidone mesylate
dihydrate (needls or lath) in combination. with sulfoxy ﬂ-cyclodemn can be prepared
as described in co-pending United States provisional applicatnons entitled “Method Of
Making Inclusion Complexes® (Pfizer docket number PC 9563) filed concurrently
herewith, and *Inclusion Complexes Of Aryl-Heterocyclic Compounds (Pfizer docket
number PC 8838), filed concurrently herewith. Both of the foregorng co-pending United
States provisional applications are incorporated herein by' eference in their entirety.

The effective dosage for the zrprasrdone mesylatei hydrates depends on the
intended route of administration, the lndrcaﬂon to be treated __and other factors such as
age and weight of the subject In the 1ollowmg dosage ranges the term *mgA" refers
milligrams of the free base (zrprasrdone) A recommended range for oral dosing is 5-
300 mgA/day, preferably 40-200 mgA/day, more preferably 40-80 mgA/day, in single or



38. 737 ' ©2.3226 92. 00 7.02

"39. 608 2.2735 73.00 5.57 WO
97/ 42191
PCT/ 1 B97/ 003 o Det ai | ed Dgggaponigaed Of
.the Inventi 0%\?‘097/42191 Zi prasi done nesylate exists in four distinct
crystalline fornms: ziprasidone mesyl ate anhydrous (lath crystal),
zi prasi done nesyl ate di hydrate (lath crystal), . zi prasidone nesyl ate

dehydrate (needle crystal), and ziprasidearde nesylate trihydrate. 5 Each
crystal form has distinct characteristics, such as a distinct powder X-ray
diffraction pattern and a di stinct crystal shape that can be observed

by phot oni cr ogivideH dosese A recommendesirenignfor paretpral Qﬁ"ﬁl“ﬁ}’é??i‘t gushasinieiogur e 4)
and needl e (Fi&léﬂ\@dﬁrﬁﬁ%@h&w , and premwsm wad/@iyd and thin in

contrast to the prismcrystal asi d nmesylat tr

Zi pr asi done mesyloa qmélrﬂmwoeﬁvgqsgm d(bFﬂ?ﬁfP'@ .;-g%ag‘péﬁsstf‘ftﬁ&“"\{g'ﬂgﬂgh 10
simlar in shwenetdaﬁnbeh&b&fydrraése dﬂ@érhlse nﬁuiéavé@ theTpepahracsr@mese.waplne of
Figures 4- wer e obt ai ned ua l,’re pot:ari

(model Bhr 3 SIaMBaapRe woe condylok dater gt Hop B iR ot bieiREe

pol ari zi ng fi used incthe fammﬁamhm&sde‘elmamamnyumfuran aﬁdnSWlonéms sperilent er .

'rl'rggylcgflreact eri s;ergor)'(ﬁjeca%npowder diffraction spect ra of t he zi prasi done

Examgle 1
Purification of 5-[2-J4- iazol-3-yl)-1-piper -6-chloro-
10 1,3-dl dro-2H-lndoI-2-one

To aclean and dry glass-lined tank, 46.8 kg of 5-[2-[4-(1 ,2-benzisothiazol-3-yl)-1-
piperazinyl]ethyl}-6-chioro-1 3-dihydro-2H-indol-2-one rm_d= 28164 L of THF were
charged. The slurry was heated to reflux and held for for__t_yf_ﬁve minutes to form a hazy
solution. The solution was ﬂltered through a 33-inch spetkler precoated with filter aid

16 and backed with a Fulfio® filter (manufaciured by Pa <er Hannlifin Corp., Lebanon,
indiana) to a clean, dry glass-lined tank on a lower leve! The filtered solution was
concentrated by vacuum distillation, cooled to 5°C, and allowed 1o stir for two hours.
The product was collected by filtration on a centrifuge and washed with cold (0-5°C)
THF. The product was collected and dried under vacuum at 45°C, to yield 40.5 kg of

20 product. The product had a purity of 101.5% (within the_ty_pr_pal range of 100 + 2% vs.
the standard) as determined by an HPLC assay. B

dl!_l_!dro-zH-indol-z-one methanesulfonate trihydrate
25 A slurry was produced by chargmg 1000 g of 5—[2-[4—(1 ,2-benzisothiazol-3-yi)-1-

piperazinyl]ethyl}-6-chloro-1 3-d|hydro-2H-mdo|-2—one 7500""mL of SWi, and 4000 mL
of THF to a 22-liter, three-neck, round-bottorn flask equrpped with a heating mantle, an
overhead mechanical stirrer, a condenser, and atemperature probe The flask contents

were protected from light with an alummum foil cover. The slurry was heated to 50°C

30 while stirring. Dilute methanesulfonic acrd was prepared by combining 188 mL of
methanesulfonic acid with 812 mL SWI, The dilute methanesulfomc acid was added
slowly through a dropping funnei to the reactron mlxture'_.ﬂ-._ he reaction was heated to
reflux {about 65° C),.an_d a dark red solution formed as the _reéehon mixture was heated.



15 dihydratesare depicted in Figures 1 and 2. While the ziprasidone

mesyl at e anhydr ous crystals (Figure 6) may be simlar to the dihydrate
lath crystals (Figure 4) in shape, the X-ray powder diffraction
spectrum of ziprasi done nesyl ate anhydrous (Figure3) is Cl earl
distinct froWPOH&WEay powder diffraction spectra of the AV

nesyl at e di hydrates (Figures 1 and 2). The X-ray powder dlffractlon
spectra of Figures 1-3 were 20 taken on a Sienens R3RA/v diffractoneter.
The zi prasi done nesyl ate di hydrates are_42. further characterized by their
wat er content which is indicated by their Karl Fischer (KF) val ue of
6.4 1.0. Ziprasidone nesylate trihydrate is the subject of co-pending

Uni t ed Sltmtrem:tupn mixtareaves |allavagd tbcsalturmermﬂmxédrﬂdiohéwy pproXimatehithitlye of
6-(2-(4-(1,

3-yl)-1-pi per a2| nyl f\@%ﬂh?%@y "Hr"c‘)"r%'“i p@"%? ﬁh"d'?“o "l'ar?t?)l sB‘r‘;teqff '(olﬂnoyer
docket nunbeﬁ'@swdmg‘mfeaﬁmﬂmm*hﬁimsl yhheaeetim mmurhyas ellawasi tag

co- pendi ng Umobﬁmfs%ﬁﬁ ovemigh(@ r(aydui 18 Burs}P e ! aeea.dnsmb&me cBoved! fd
herein by reference in Its en The>.zi prasi done rresyl ate

di hydr at es® arRfodych rivptalized put vmree sveﬂque hexaggnal prismatic erystals. theimivirenan

zi prasi done Mrﬂﬁhb@ldﬂﬁmm&tcsnamﬁd‘shom WonﬁQ'l’HbB}dtht wes isolffed0- 08
ng/m I'n water nt t erature. The a%uagous 8ol ubi | i of the four

30 zi prasi dorPé" Y ? Q"'Nr?lﬂ“&ﬂ'f"é&"ﬁ dpsBedicppaegyfively with 1500 o
97/ 42191 mL of THFISWI (65/35 v/v) and 1000 mL of SWI. The crystals were spread over glass

PCT/ | 897/ 003%3ys and allowed to dry under ambient conditions to a Karl Fischer value %f about
10 9.6%. The product was milled through a Mukro-Samp_l_rp_ ll" (manufactured by the
Pulverizing Machinery Division of Mikropul Corp., Summiiﬂ " ew Jersey) equipped with

a 0.027 H plate at & speed of 14,000 rpm. The yield was 845 g of product.
The product's structure was confirmed as 5—[2-[4-(1 ,2-benzisothiazol-3-yl)-1-
piperazinyl]ethyl]-6-chloro-1,3-dihydro-2H-indol-2-one. meihanesulfonate trihydrate by
15 NMR. '°C NMR (DMSO-d,): 5 177.1(0), 163.0(0), 153.0(0), _145 0(0), 132.4(0), 129.0(1),
127.8(0), 127.7(1), 127.1(0), 126.5(0), 125.6(1), 124.9 91), 122 1(1), 110.6(1), 55.9(2),
51.7(2), 47.5(2), 40.7(3), 36.2(2), 27.9(2). 'H NMR (DMSO-d.) 4105 (s, 1H); 9.8 (br.
s, 1H); 8.2 (d, J=8.2 Hz, 1H); 8.1 (d, J=8.2 Hz, 1H); 7.6 (m 1H), 7.6 (m, 1H); 7.3 (s,
1H), 6.9 (s, 1H); 4.2 (m, 2H); 3.7 (m, 2H); 3.5 (m, 2H), 34(m_2H), 3.1 (m, 2H); 2.4 (s,
20 3H).

Evaluation of the product by HPLC showed a peak with a retention time
corresponding to that of a standard. The HPLC oonditioﬁé;_a‘_re summarized in Table

5 below.
Table &
25 | HPLC Conditions:
Column: ] Waters - Purosll C-1815cm length x 4.6 mm ).D.
. (Catalog No. WATO44345) i
“ Mobile phase: 0.05 M KH,PO. pH 3.0: methanol (60 40. v/V)
Flow rate: 2.0 lemlnute
Detection: Uv, 229 nm
30 Column temperature: ambient
Sample volume: |10 sl _




Table 4 - : Aqueous Solublilty O Ziprasi done Mesyl ate

“Pol ynor phs POLYMORPH SOLI Bl UTY
I N WATER trihydrate N 0.73
mg/mL 5 di hydrate (Il ath) o

_di hydrate (n&é‘ai”é‘?"' 1.10 nmg/ m : el
anhydr ous 1.27 ng/ k.- The

zi prasi done nesyl ate di hydrates may be prepared fromthe free base 10

(zi prasidone) which is prepared as descritded in colum 4, |ines 22-43 of
United States Patent 5,312,925, referred to above. The free base can
al so be prepared as descri bed in United States Patent 5,338, 846, the
di scl.osure of which is herein incorporExampleg ‘reference inits

entirety. Wien thesjiifpdefensiSothazélss.
preferred to conduc . ,:

conditions. 15  Speck-fr eetS58aSRe dnoanane aate &
filtering them thr agEkryaves pfdd ubedb eﬁa mgséd bmrzq eheﬁ%ﬂméﬂd -8-91)-1-

lera3|don | at e te crystals are:pre ar.ed m xi ng the
free %asgi?%ﬁz Vﬁgh?iﬁgﬁﬁef g’ﬂg‘V&P 25?‘/?8 de) 500y ot i %/RI? ?‘1 ut e
met hanetsul f onad24ditdr three-neck, F:nﬂd{?ﬁnbrgmﬁslt?ur’]ﬁablﬁhh. ihhmﬁ;l?ﬁb%fﬁeid)r t he
preparation o rate e | rate nee crystals_ar
prepared by aé‘&cﬁéﬂ s@{g SoRqenser, f'"q RS f‘@ @'ﬂboﬁje el b ﬁ’ to

t he reacti on §0YGwhie stifrings Q&aemkcﬂfuuotmtalsdbnbemvd mraddeh ahddyrthrmighm( :
condi tons fordﬁ:g;%b fEﬁHJlic?’ff@Wb%actép J&Tr@H Slbthern'ib '8 EMH

crystal fornmati actlon solutiron rs t en

al 1 owed t o9 ottickenipg ol ths %quwsandrﬁsmging of the stoyi o9lpr wiees ohegrvad. Ihetaaction
50[err] C, wat gas imibsbﬁew@d.sm@dw ?enmle 2908 tHevlidmhd (1756 ms), urrrevsluraﬁ\uasTh e

needl e crystals n be filtered fromthe co 05|t|onthrou a poly-cloth

filter, and cooled jpambi Méﬁ@@’ﬂ'&f?s’é‘@tﬂ'?m‘? vermight: The g‘é’“’t i a
THF/ wat er ( 6568 & siritdrg glass funhéllaré wﬁﬂ\e’tﬂﬂtﬁﬂsﬁ isopeébaﬂolairh@mﬁs Wardkpreddt
anbi ent enpecra\?etrugrla%b trtagse aﬂwé1 Eowe%otgt ry unger ambient condmons to a Karl Fischer value
16  of 0.6%. The vield was 420.3 g of product. Evaluation-of.-t_{\___:e,product by HPLC showed
a peak with a retention time corresponding to that of a §_ta_ndard. The purity of the

product, as determined by HPLC (conditions in Table 5), was 99.8%.

20 dlhydro-zrl-lndol-z-one melhanesulfonate dihydrate (needle crystals)
A slurry was produced by charging § g of 5-[2-[4~(1 2-benzasom|azol-3-yl)-1-

piperazinyl]ethyl}-6-chloro-1,3-dihydro-2H-indol-2-one, 37. _5:_.:mL of water, and 20 mL of
THF to a 150 mL, three-neck, round-bottom flask equippedwith a heating mantle, an
overhead mechanical stirrer, a condenser, and a temper_gt_l._ifé _:p_robe. The flask contents
25 were protected from light with an aluminum foil cover. Thes!urry was heated to 65°C
with stiring. Dilute methanesulfonic acid was prepal"é.'él.é‘:' by combining 1 mL of
methanesulfonic acid with 4 mL SWI. The dilute mathanesulfomc acid was added
*he reaction was heated to

slowly through a dropping funnel to the reaction mlxture
reflux (about 65°C) and a dark red solution formed. The. r
30 to stir under reflux conditions for approximately thirtyminutes After the thirty minute

fon mixture was allowed

period, a seed crystal of the needle shaped polymo_r;?h? wa.s added to the reaction
solution. Crystal formation started, and the heat was remox ed 1o allow slow cooling of
the reaction with stirring. Dt.iring cooling at 50°C, a thick '%pi};ikish“ slurry was observed




t he needl e crystals has a Karl Fischer value ranging from6.0-6.8% KF
(theoretical KF for the trihydrate is 6.4 % . 30 Zi pr asi done
di hydrate lath crystals are prepared by mxing the free base with

wat er and m%glgg}gzl;pe resulting slurry to 50[err]C to 55[er

.Concentr at ed net hanesul fonic acid is then added and the n1§%ure S
heated to reflux. After about 1 WO 97/42191

PCT/ 1 B97/ 00393 -10-

to 6 hours, preferably 2 hours, at refl ux4- the solutlon is cooled to
provi de the dihydrate lath crystals. The resulting slurry is stirred
for about 2 hours at anbient tenperature and.the crystals are then

filtered frorh thedlaglonfyater (30nL)avas added teithedlasietocthiniibelsiumy Ehe productmes t he
needl e cr yst %uswecme&xr aha&%usr@ c&sdmﬁs 161 EieHehur. | PRESIORUM Whs ,émeaﬂ@ﬁ r

cont ent t he rystals_has a Karl Fischef.:val ue rangi ng from 6.0%
to 6.8 %(th&?ﬁ&??féaw“ﬁkwﬂ & paper fifer apd the pojids ege allowsd gydry un or ambient | The

zi p& asi dogedr&ﬁdmmstaoaﬂ@d:@haga{mwtfhsom%mm e éralwags@ag%fsmgmuc TREeNt
as descri |n ite es Patents above.

Adn i ot o | G the Prodyfle e e HPLE Iroaiions &te\[e’bﬁss)p‘ﬁ'é‘? B98%i y done
i n conbi nat | on vm th pharmaceutical |y Eﬁmgetsapt abI e carriers or diluents in
a pharnmaceutical co :

dihydro-2H-indol-2-one methanesulfonate dlhgdrate (iath crystals)
A slurry was produced by charging 25 g of 5-[2 4-(1,2-benzisothiazol-3-yl)-1-
10  piperazinyl]ethyl]-6-chioro-1,3-dihydro-2H-indol-2-one and 376 mL of water to a 500 mL,
three-neck, round-bottom flask equipped with a heating mantle, an overhead

mechanical stirrer, a condenser, and a temperature probe . The flask contents were

- protected from light with an aluminum foll cover. The s!u__n_jy was heated to 6§0-866°C

- while stirring. Methanesulfonic acid {6 mL)was added s'lqv_'ﬂf;l:-x't-hrough a dropping funnel

16 to the reaction mixture. Thickening of the-siurry and llghfe’ﬁiﬁg of the slurry color were

" observed. The reaction was heated to refiux (about 100°C) and allowed to stir for

about one hour. The heat was removed to allow slow coolmg of the reaction with

stirring. The reaction solution was allowed to stir under ambient conditions for about

one hour. The product was isolated on .a Buchner 1unnel wsth a paper filter and the

20 solids were allowed to dry under ambient conditions to a Karl Fischer value of about

6.2%. The yield was 32.11 g of product. The purity of the product as determined by
HPLC (conditions in Table 5), was 98. 7%




st andard pharmaceutical practice and as described In Uni tedlmmmﬂ lﬂ“ﬂl‘m““'
°5,312, 925, referred to above. Suitable pharmaceutical '€a®Rli i e
i nclude solid diluents or fillers, and steril e aqueous sol utions,

vari ous or gaw(pﬁ[.,ﬁglg\fents and exci pi ents known to those pcEABovb@ds i n the
,art. 15 1e zi prasidone nesyl ate di hydrates may be adm ni stered
orally or parenterally, i ncluding intravenously or intranmuscul arly.

For parenteral administration, it is preferred, where the use of water
is called for, to use sterile water for 18 ection (SW).

Adm ni stration through intranuscular injection is preferred. A preferred

conposition for intramuscul ar injection is ziprasidone nesylate
di hydrate (needle or lath, or both) in GAMS i nation with sul f oxybut yl
[err]-cycl odewerdidimas carrier, preferably prepared at a ratio of 1:10

(ww) dihydrate to,carrjer. nposi tiqns cpontaini I prasi don sylate
di hydrate (needle 1o'r I a’% h_Fﬁsﬁgtgor@"MFoﬁ i ﬂ% ?J?gti{?ﬂf’%ﬁﬁé%gr%gﬁhl n
can be pr epar pigerazinyl)edhyl)fehioroi¢idihydro-@Hpmdoli2rogelUni t ed St at es provi si onal

appl i cati ggs entit)ed ﬁ%tﬁt&gﬂ”g’d of daim%{ﬁ;tﬂgérﬂﬁ%‘?a;tbmg D! exes” (Pfizer

docket nunber PC 9563), ed concurre , and "I nclusion
Conpl exes OF Aryl -3et erdheyonipousd apeaindt in thefdarmeof ndediketystals. nunber PC

8838), filed concuyr entd yndifabiinbl coRipbbiucH 1ok e C}Ie%ﬁaﬁhng?e@ggg@lmem ted

St ates provisional applications are corPor.at ed herein ence in
thei r enti r et fomprising an amount phthecompeund et elejaalythat isefiestive in the reptmentof

mesyl at e di hysii@psychetdaiedefind & Bharmaceltichiff KeEpthBidcridf, adm ni strati on,
t he i ndi caﬁjl on to be treat-’ﬁd, & d other factors such ,as 30 ag' and, yei ght

of the subBPect. IPthe 48 trepting 7 PRYchglia, disprder {nup fampmal coraprising
m | 1igrams of adripistering td sl miafiniel A iaf0AY of te ESHAESUNAT Qint AN i fectived

dosing is 5- . 3Q0 y/ day referably 40-200 ngA/day, nore preferably
40-80 A d aylp W%trggwafqgé{ﬁaﬁdy psygho%lfc Jlsord%.
_ 6 The method of claim 5 wherein said disorder is schizophrenia, anxiety
or migraine pain.

16 7. The method of claim 6 wherein said disorder is schizophrenia.
8. The :.méthod of claim 5 wherein said administration is parenteral
administration.
9. The method of claim 8 wherein said parenteral administration is

intramuscular injeé'_tién.
20
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di vi-ded doses.

A reconmmended range for parenteral.

-11-

adininistration

such as

i njection, wosizd15, ngA/day to 160 ngA/ day, and preferabl 80

ngAl day. The present inveibion is illustrated by 7{9?196wi ng

exanples, but ft I's not fimted - 10 Lhe derartrs-thnereo—urmzEys

ot herwi se indi fated, the preparations described in the 5 foll oging

exanpl es were fonducted under speck-free and pyrogen-free conditig¢ns. As

used in the follow ng exanples, THF neans tetrahydrofuran and SW [neans

sterile whater for injection. -

Exanmple 1 Puri fication of _

5-[2-[4-(1-2- bﬁnzyisothiazol-3-y|)-1-piperazinyI]-6-chIoro- 10. '

1, 3-di hydr o- 2H I ndol - 2- one-- To a clean and dry gl ae2- [1*hed

tank, 46.8 kg pf 5-[2-[4-(1, 2-benzi sot hi azol -3-yl)-1- -

pi perazi nyl ] ethyl]-6-chl oro-1, 3-di hydro-2Hi ndol - 2- one and #8&8 41 L of THF

wer e charjged. The slurry was heated to reflux and held fprty-five

m nutes to forjma hazy . solution. The solution was filte tprough a

33-inch sparkljer precoated with filter aid 15 and backed wt Ful flo[err]

filter (manufgctured by Parker Hannifin Corp., Lebanon, | gt p) to a
| evel . The filtered sol ufijf® was

clean, dry gl 3
concentrated [
for two hours.
and washed wit
dri ed under va
product had a
t he standard)

Exanple 21.-b m

5-[2-[4- (=
di hydro- 2R i
O
bk

ss-lined tank on a | ower

y vacuumdistillation, cooled to 5[err]C, and al¥

h cold (0-5[err]C
jcuum at 45[err] C,

Zi sot hi azol

as determ ned by an HPLC assay.

-3-yl)-1-piperazinyl]ethyl]-6-ch
| - 2-one met hanesul fonate trihydrate

THF. The product &S
to yield 40.5 kg of" 20 product 3

jpurity of 101.5% (w thin the typica

|

ifo
dto stir
. jeentrifuge

t ed and
The
2% VsS.

- >
00°006S sd 000
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25
5-[12-[4-(1, 2-benzi sot hi azol
pi perazinyl]ethyl]-6-chloro-1, 3-d
4000 nL oo FAdd10 a 22-liter,
wth a heating mantle an ov
and a tenperat|

A slurry was produced by charging 1000 g of
_3_y| )_

1 -

i hydr o- 2H-i ndol -
t hr ee- neck,

er heagds rrechanl cal

7500 nL of SW, and

i

om | ight

2-one,

r ound- bot t om
stl rrer,

with an alumn whi |l e
stirring. Dilu 38 nL of
met hanesul foni g ci d was
added slopMy through a dropping funnel to the reaction m xt%ifre. The
reaction was hpated to reflux (about 65 C), and a dark red @l ution
formed as the feaction m xture was heat ed. WO 97/ 42891 1o
PCT/ 1 B97/ 00393 : y 2
The reaction nlxture was allowed to stir under reflux conditiqg® for
approximately fhirty m nutes. After the thirty mnute ting period, the
heal i ng mant!| e] was shut off to allow sl ow cooling of the r&agtion
m xture with sgirring. The reaction m xture was allowed to bol with
stirring overny ght (about 18 hours). As the reaction m xture3 pd, the 5
product crystaklized out as large "yell owi sh" hexagonal prismaipclesystals
The m xture was allowed to stir under ambient -conditi onE<Qr e hour
The product was isol ated , i
L L '—’3’ 1y
— —— o~
— N
N ‘—#? -
U. >
el — [o
= (o]
-
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B L)
i L 1 1 )
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on a Buchner f
Wi th 1500

were spread ov
conditions to
mlled throug
thhlnery D vi

wos o

unnel with a poly cloth filter and was washed conse
m. of THF/ SW (65/35, v/v) and 1000 nL of SW. The
er gl ass trays and allowed to dry under anbien

V| Izr nnul ("nrn

0- SanplnllI[err]3ﬂmanufactured by t he

gion of

The products g
5-[2-14-(1, 2-
pi per azi nyl ] et

ructure was conflrned as
nzi sot hi azol - 3-yl ) - 1-

hyI]-6-chIoro-1,3-dihydro-ZFLindoI-Ziﬁne met hanes

cutively
crystals
t

Fi scher val ue of about 10 9.6% The pr gg_y,ﬁg )ﬁﬁg
u Tizing

=l wWith
hr oduct .

o

fonat e

trihydrate by I5 NVR [err]C NWVR (DVMsO-d[err]): [err]177.1(0), 2+
163.0(0), 153. 0 0), 145.0(0), 132.4(0), 129.0(1), . 127.8(0),%lPin7(1),
127.1(0), 126.pB(0), 125.6(1), 124.9 91), 122.1(1), -110.6(1), 2?,
51.7(2), 47.5(R), 40.7(3), 36.2(2), 27.9(2). [err]H NMR (DVMSO- gfefr]):
[err] 10.5 (s, 1H); 9.8 (br. s, 1H); 8.2 (d, .J=8.2 Hz, B, B.1 (d,
J=8.2 Hz, 1H:|7.6 (m 1H, 7.5 (m 1H; 7.3 (s,  1H), 1H); 4.2
(m 2H); 3.7 (m 2H); 3.5 (m 2H), 3.4 (m 2H); 3.1 (m 2H); [s, 20
3H). Eval uation of the product by HPLC showed a M th a
retention tingf corresponding to that of a standard. The C_g
condi tions are] summarized in Table 5 bel ow.
Table 5 25 HPLC Conditi ons: Col umm: fr s[- Pur esi
C- 18 15 cn1|quth X 4.6 mml.D. -Cat al og
No. WAT044345) Mobi | e phase: 0.05 M KH[err]PC{er: H
3. 0: net hanol (J60: 40. v/v) Fl ow rat e: e nuf e
Det ect i on: W. 229 nm30 Col um tenperature “:Eg?lenT
Sanpl e vol ume: | 10 [err]L . —&Q
e ee———— : i
o N
! _
> '
e T
= LS
- —1n
_{ 1 ] }
00°006S sd) 00°0
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Exanpl e 3

5-[2-4-(1, 2- bepgiosmiip azol - 3-yl) - 1- pi perazi nyl ] et hyl - 6- chl or QscdpaRoflighesdr O- 2
H I ndol - 2- one nethanesulfonate anhy rous

A slurry was produced by charglng 3504950f

5-[2-[4-(1, 2- benzi osot hi azol -3-yl)-1- o

pi perazinyl ] ethyl]-6-chloro-1, 3- dlhydro 2H-i ndol - 2--one and 7000 nL of

| sopropanol to a 12-liter t hr ee-ffeck, round-bottom flask equi pped with
a heating nmantle, an overhead nechanlcal stirrer, a condenser, and a

t enperature probe. The slur YBR t 50[err]C whi |l e stirring.
65.9 nL of nethanesul fonic gg‘d ‘wg H@Tys\,&a}) t hrough a dr oppi ng
funnel to the 50[err]C reaction mX ure A sllght e

along wth 10 t hi Y seleta e s cLl
wer e observed. The
25% of the volunme (&
tenperature and al | 4§
a sintered glass f

i sol at ed on
The solids were

spread over gl yi ent conditions to
a Karl Fischer val ug St e df product
Eval uation of the pkS , B a retention tine

corresponding to thi
determ ned by HPLC A
Exanpl e 4 -

product, as
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5-[ 2-[ 4- (1- benzi sot hi azol - 3-yl ) - 1- pi perazi nyl ] met hyl ] - 6-chl oro-1. 3- 20

di hydr o- 2H-i ndol - 2- one net hanesul fonate di hydrate (needl e crystals)

A slurry was produced by charging 5 g of

5-[2-14-(1, 2- kv hi azol - 3-yl)-1- U
piperazinyl]ethyl??ggchloro-1,3-dihydro-ZFLindoI-Z{éne, 37. 5PGIBSTOG er
and 20 nL of THF to a 150 L, thmge-neck, round-bottom flask equi pped
with a heating mantle, an over head nechanical stirrer, a condenser,
and a tenperature probe. The flask contents 25 were protected fromlight
with an aluminumfoil cover. The slurf® Was heated to 65[err]C with
stirring. Dilute methanesul fonic acid was prepared by conbining 1 niL of

met hanesul fonic acid w th : Al t hanesul fonic acid was
added slow y throughD;Hm,gﬁkE (_ gn‘-ﬂgl%t e.ireaction m xture. The
reaction was heated to reflufﬂ?E 0 65[err] and a dark red solution
formed. The reacti on TG slaoacL. o ynder refl ux
conditions for approx A IRt hi rty mnute

peri od, a seed Cryst SaEas added to the
reaction sol ut i the heat was renoved
to allow sl ow coolindl \ ig. During cooling at
50[err]C, a thick "p ' WO 97/ 42191
PCT/ 1 B97/ 00393 g -14-

in the flask. Water B hin the slurry. The:
product was

SUBSTITUTE SHEET (RULE 26)



allowed to stir’ under anbient conditions for one hour. The product was

| sol ated on a Buchner funnel with a paper filter and the solids were
all owed to dry under anbi ent conditions to a Karl Fischer value of
about 6.6% Thg @L% was 5.03 g of product. The 5.purity of the product,
as det erni ned by H (conditions in Table 5), was 99 8% PCT/IBY7/00393
Exanple 5 6/6

5-[2-[4-(1-benzisothiazol-3-yl)-1- plpera2|nyl]ethyl] 6-chl oro-1, 3-

di hydr o- 2Hi ndol - 2- one net hanesul fo te di hydrate (Iath crystals)

A slurry was produced by charging 25 g of

2-[4-(1, 2-benzi sot hi azol - 3- yI) 1 10

pi perazinyl]ethyl]-6- chlor 2-one and 375 nlL of water
to a 500 ni, t hree- nec g@g@ﬁcﬁg@) equi pped with a heating
mant | e, an over head ! nechanlca Wy a condenser, and a tenperature
probe.. The flask cojs - RO ht W th an al um num
foil" cover. The sl urj REEP\hi | e Sstirring.

Met hanesul f oni ¢ aci dj S droppi ng funnel 15
to the reaction mxt§ il | ght eni ng of the
slurry color were: | acd to reflux (about
100[err]C) and al l:ovgs .. The heat was
renoved to all ow sl G B4 stirring.. The
reacti on sol uti on Wl _®ndi ti ons for about
one hour. The produche B Wi th a paper filter
and the 20 solids @onditions to a Karl

Fi scher val ue of abg T L S jg of product. The
purity of the produa‘.-; N LIRS (i t i ons in Table 5),
PCT/ | B97/ 00393

.
FAR
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M W TENS s

) tPos ory
- 15- ' CLAI M5 We claim
1. A nesylate dihydrate salt of 5-(2-(4-(1,2-benzisothiazol-3zyl)-1-
pi perazi nyl)ethyl)-6-chl oro-1, 3-di hydro-2Hi ndol -2-one. 5 2
Theé conpound of claim1 in the formof lath crystals. 3. .. The

sconpound of cl in the ﬁLlE@'ﬁﬁg iy SoRSk k M2 A
‘phar naceuti cal igmom tion or t he tnwmh%ﬁn@u%#ﬁ a Bjsogchot i ¢ drsorder
conpri si NYrERNAATONAL APFLICAEONPUBLISHEDUNDERATHE BATHNA! COGPERATRON TREATY)\(PCITE

¢ e R © TS T
marma|  c SOEPATAR ACIK VAR ni steri 1 g“t-'qmﬁma&mmmm DREDUR N0k 198 (13,1157

coO 0 ma..nf ol ol o~ 1.+ At o of f act o Ot. t at o
er oo Tt o rrat S CcrrreoTtTve =R L‘II\J‘L ¥ bMLTILII’L UI So—&

PSY € hpd) EnteehhaBhA@gtication Number: /Pcﬁnamtoozif eszm&gmfk Stikes: CALAAM) AT, N AL, BADBIS 86, BR,

di sorfler is schizophrenia, anxi % r e, A WICZREDK EE, ES, FI, B, GE,
The. nbERSREFSHmg PRt s cOAPL HPHMAgD | der 1L, 2 LC LI LR IS, LT,
8. ° The nmethod of claimb5 wherein sai admnmmsﬂ,tse, ISsxpﬁ["ﬁﬁ]f'[ﬁr ‘UA, UG,

adm n @ﬂ)l’mit:dh.ta:k( o 96596) The nmgt hod ;Engcvl&l\{M m((h!!mK%i;l{. i%'k‘}ﬁ‘;ﬁﬁi
par en} er al QWP i€t r af VAP £70550) e U§ scu%&'mvf‘% et

FR, GB, GR, IE, IT, LU, MC NL, PT, SE), OAPI patent |
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(57) Ahstract
The invention relates to the mesylate dihydrate salts of 5-(2-(4-(1,2-benzisothiazol-3-y1)-1 —plperazlnyl)ethyl)-ﬁ-chloro -1,3-dihydro-

2H-indol-2-one, pharmaceutical compositions containing said mesylate dihydrate salts, and methods of using said mesylate dihydrate salts
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