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ABSTRACT

Two simple and efficient methods for the preparation of 5-(2-(4-(1,2-
benzi sothiozole-3-yl) 1-piperazinyl) ethyl)-6-chloro-1,3-dihydro-2H-indole-
2-one, commonly known as ziprasidone (1), an anti-psychotic drug, using
commercially viablereagentsare reported with very good yield and quality.

© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Ziprasidond'? isaserotonin and dopamineantago-
nist, and isused as an anti-psychotic drug substance.
Ziprasidone doesnot increasetheweight of the patient
and thereforehasadigtinctive advantage over other anti-
psychotics, and inthe market itisavailableasits hy-
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drochloridesalt. Several synthetic routes®*” areavail-
ablefor the preparation of ziprasidoneintheliterature,
themost commonly used synthetic route of ziprasidone
(2) involvesthe condensati on reaction of two advanced
intermediatesviz., 3-(1-piperazinyl)-1,2-benzisothiazole
(2) and 5-(2-chloroethyl)-6-chloro oxindole (3) inthe
presence of basein aromatic hydrocarbon solvent at
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Scheme 1: Reported synthetic schemefor ziprasidone
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reflux temperature (Scheme 1). Theintermediate com-
pound (2) was prepared by the reaction of 3-chloro-
1,2-benzisothiazole (4) with excessmoles of pipera-
Zineat elevated temperature. 6-Chloro oxindole (6) on
Friedd-Craft reaction conditionswith chloroacetyl chlo-
rideinthe presence of duminum chloride afforded 5-
(2-chloroacetyl)-6-chloro oxindole (5), whichwasfur-
ther reduced withtriethyl silaneinthe presence of ex-
cessquantity of trifluoroacetic acid gaveintermediate
compound (3).

Ziprasidonewasa so synthesized® comprising the
condensation reaction of 5-(2-chloroacetyl)-6-chloro
oxindole (5) with 3-(1-piperazinyl)-1,2-benzisothiazole
(2) toresult 5-(2-(4-(benzo[ d]i sothiazol -3-yl ) piperazin-
1-yl)acetyl)-6-chloroindolin-2-one/ keto derivative of
ziprasidone(7), whichwasreduced in the presence of
triethyl slaneand hao acetic acid such trifluoro acetic
acid (Scheme?2).

Thereported processes suffer from theformation
of severd impuritiesresultinglow yiddand dsoinvolves
theuseof corrosve, hazardousreagentssuch astrifluoro
acetic acid and hasbecomel ess attractivefor commer-
cid scaleup. Themgor impuritiesareketo ziprasidone
and bis piperazinyl benzisothiazolewhichformupto
1.0% level. To make the drug substance with the con-
tent of impurities below the ICH limitg?, it was be-
comemandatefor morenumber of purificationsinthe
find process. Therefore, to overcomethesedifficulties,
weamed to devel op simple and efficient methodsfor
the preparation of ziprasidone, which can be easily
scaled up at commercid level. Inthismanuscript, we
described two aternate methods for the synthesis of
Ziprasdoneinvolvingcommonly availaoleintermediates
and |lesshazardousreagents.

EXPERIMENTAL

The ESI mass spectrum was recorded on 4000-
Q-trap LC-Mass spectrometer. The sampleintroduced

into the system through HPL C by passing the column.
The FT-IR spectrum was recorded on Perkin-Elmer
model spectrum GX seriesFT-IR asKBr pellet. The
'H NMR datawere recorded at 400 MHz on Varian
mercury plus400 MHz spectrometer. Thechemica shift
valueswerereported on 6 scalein ppm with respect to
TMS(0.0ppm) asaninternal standard.

5-(2-(4-(benzo[d]isothiazol-3-yl)piperazin-1-
yl)acetyl)-6-chloroindolin-2-one(7)

To a stirred solution of 3-(1-piperazinyl)-1,2-
benzisothiazole (2), (8.99, 0.04 mal) in cyclohexane
(200.0mL.), sodium carbonate (8.5g, 0.08 mal), sodium
iodide(0.6g,0.003mal), tetrabutyl ammonium bromide
(2.6g, 0.008 mol) and 5-(2-chloro acetyl)-6-chloro
oxindole (5), (10.0g, 0.041 mol) were added
sequentially at ambient temperature. The resulting
mixture was slowly heated to reflux and stirred for
reaction compl etion. Water (100.0mL) wasadded to
thereaction mixtureat ambient temperatureand stirred
toisolatethetitle compound. The separated solid was
filtered, washed with water, methanol and dried at 60-
65°C to givetitle compound. (15.0g, 86.0%, HPLC
Purity: 98.4%). IR (cm?): 1678 (C=0), 1735(C=
O) and 3186 (amide NH); '"H NMR (DMSO-d,, 6
ppm): 3.20 -3.25, (m, 2H, CH,), 3.25-3.40 (m, 4H,
CH,), 3.45-3.60, (m, 4H, CH,), 3.65-3.80 (t, 2H,
CH,), 4.10 (t, 2H, CH,), 6.85 (s, 1H, Ar-H), 7.40-
7.50 (m, 2H, Ar-H), 7.55-7.60 (m, 2H, Ar-H), 8.05
(s, 1H, Ar-H), 8,10 (s, 1H, Ar-H), 10.75 (s, 1H, N-
H); Mass: 427 (M*1); C H N Anaysis cacd. for
C,,H,CIN,O,S: C,59.08; H, 4.49; N, 13.12; Found:

21 '19

C, 59.29; H, 4.82; N, 13.22.
6-chlor o-5-(2-piper azin-1-yl-ethyl)-oxindole(8)

To adtirred mixture of 5-(2-chloroethyl)-6-chloro
oxindole(3), (5.0g, 0.022 moles) intertiary butanol
(50.0mL), piperazine (9.0g, 0.105 moles) was added
inthreedifferent portionsat reflux temperature. The
reaction masswasstirred at reflux temperaturefor about
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6 hoursto completethereaction. Distilled off tertiary
butanol completdy, water (100.0mL) wasaddedtothe
residual mass to dissolve and extracted with
dichloromethane. The dichloromethane layer was
washed withwater and distilled off completely. There-
Sdual masswastriturated with hexane (30mL) to sepa-
rate the solid. The separated solid was filtered off,
washed with hexane (10mL) and dried at room tem-
peratureto givetitlecompound (Yield: 4.0g, 66.0%,
Purity: 95.0%). IR (cm™): 1716 (C = 0), 3317 (NH)
3410 (NH); '"H NMR (DM SO-d,, § ppm): 2.30-2.50,
(m, 4H, CH,), 2.55(s, 2H, CH,), 2.60-2.80, (m, 6H,
CH,), 3.40-3.50 (s, 2H, CH,), 6.85 (s, 1H, Ar-H),
7.10 (s, 1H, Ar-H), 10.40 (s, 1H, N-H); Mass: 280
(M™); CH N Analysis calcd. for C H,,CIN,O: C,
60.10; H, 6.49; N, 15.02; Found: C, 59. 95; H, 6.20;
N, 15.28.

5-(2-(4-(1,2-benzisothiozole-3-yl) 1-piperazinyl)
ethyl)-6-chloro-1, 3-dihydr o-2H-indole-2-one(1)

Method 1

Triethyl silane (10.0g, 0.086 moles) was added
slowly to the reaction mixture containing 5-(2-(4-
(benzo[ d]isothiazol-3-yl)piperazin-1-yl)acetyl )-6-
chloroindolin-2-one (7), (10.0g, 0.024 moles) and
methane sulfonic acid (20.0g, 0.20 moles) at bel ow
25°C. Hested thereaction massto 50-55°C and tirred
for reaction completion. Thereaction masscooled to
0-5°Cand stirred for 1 hour toisolate the compound.
Theisolated compound wasfiltered, washed with wa-
ter (50.0mL). Thewet compound further durry washed
withwater (100.0mL), filtered, and dried a 60-65°C.
Theresultant crude ziprasidonewas purified from a
mixtureof methanol and chloroform (Yidd: 7.3 g, 76%,
Purity: 99.8%).

Method 2

To stirred mixture of 6-chloro-5-(2-piperazin-1-
yl-ethyl)-oxindole(8), (3.0g, 0.010 moles), sodium car-
bonate (1.2g, 0.011 moles) and tertiary butanol (10mL)
was added asolution of 3-chloro-1,2-benzisothiazole
(4,1.79,0.010 moles) intertiary butanol (10mL).The
reaction mass s owly heated to reflux and maintained
for 20-22 hoursfor reaction completion. Tertiary bu-
tanol was concentrated under vacuum and water
(50.0mL) was added and stirred for 30 minutes. The
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solid wasfiltered, washed with water and dried at 60-
65°C. Theresultant crude compound wasfurther re-
crystdlized from amixture of methanol and chloroform
(Yidd: 3.5g, 80.0%, HPLC Purity: 99.2 IR (cm): 1714
(C = 0), and 3420 (amide NH); *H NMR (DM SO-
d,, 8 ppm): 3.21, (m, 2H, CH,), 3.27 (m, 2H, CH,),
3.35,(m, 2H, CH,), 3.54 (m, 2H, CH,), 3.56 (d, 2H,
CH,), 3.70 (d, 2H, CH,), 6 4.10 (d, 2H, CH,), 6.95
(s, 1H, Ar-H), 7.15 s, 1H, Ar-H), 7.45-7.50 (d, 1H,
Ar-H), 7.60-7.65 (d, 1H, Ar-H), 8,10-8.20 (m, 2H,
Ar-H), 10.55 (s, 1H, N-H); Mass: 413(M*%); CH N
Andysiscacd. for C,H, CIN,OS: C, 61.08; H, 5.13;

21 21

N, 13.57; Found: C, 61.29; H, 5.22; N, 13.50.
RESULTSAND DISCUSSION

Thefirg dternatemethod (Scheme 3), involvesthe
reaction of 3-(1-piperazinyl)-1,2-benzisothiazole (2)
with 5-(2-chloro acetyl) -6-chloro oxindole (5) at re-
fluxing temperaturein presence of cyc ohexane, sodium
carbonate and catal ytic amounts of sodiumiodideand
tetrabutyl ammonium to vyield 5-(2-(4-
(benzo[ d]isothiazol-3-yl)piperazin-1-yl)acetyl )-6-
chloroindolin-2-one/ keto derivetiveof ziprasidone(7).
TheIR spectrum of (7) showed characteristic two CO
absorption peaksat 1732cm?, 1716cm' and one broad
amide NH peak at 3437cm™. TheH NMR spectrum
displayed six aromatic protonsat 6 8.05-8.10 (2s, 2H),
d7.65(s,1H),57.45(t, 1H), 8 7.55 (t, 1H), 6.90 (1,
1H) along withtheamide NH at 6 10.75 and 12 meth-
ylene protons displayed as multiple peaks at 6 3.20-
3.95ppm. The mass spectrum displayed aprotonated
molecular ion peak at m/z 427.0 (M*1). Thisspectral
dataisinconformity with the structureof (7).

Theresulted keto ziprasdonewas subjected to re-
ductioninthe presenceof triethyl silane and methane
sulfonic acid to providethe ziprasidone (1) withgood
purity and yield. Thesafety profileof methanesulfonic
acidismuch better thantrifluoroaceticacid. It wasaso
observed that the commercia price of methanesulfonic
acidistwofoldslesser thantrifluoroacetic acid. These
unique propertiesof methane sulfonic acid weremoti-
vated usto utilize asoneof the reagent for theinstant
reection. Furthermore, the use of methanesulfonicacid
with combination of triethyl silanefor thereduction of
carbonyl group isnot reported in theliteratureto the
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Scheme 3 & 4: Alternate synthetic schemesfor ziprasidone

best of our knowledge. The IR spectrum of 1 showed
characteristic sharp amide CO absorption peak at
1714cm* and one broad amide NH peak at 3420 crmr
1, TheH NMR spectrum displayed six aromatic pro-
tons at & 8.10-8.20 (m, 2H), & 7.60-7.65 (d, 1H), &
7.45-7.50 (d, 1H), 8 7.15 (s, 1H), 6.95 (s, 1H). The
exchangeabl e proton observed at 6 10.55 (s, INH)
and thiswasfurther confirmed by recording the deuter-
ated proton spectrawherein disappearance of amide
NH signd at 610.55 observed. The 12 methylene pro-
tonsdisplayed at 5 4.10(d, 2H), 6 3.70 (d, 2H), 3.56
(d, 2H), 3.54 (m, 2H), 3.35, (d, 2H), 3.27 (d, 2H and
3.21 (m, 2H). The mass spectrum displayed aproto-
nated molecular ion peak at m/z413.0 (M*2).
Thesecond dternatemethod (Scheme4) comprises
thereaction of 5-(2-chloroethyl)-6-chlorooxindole (3)
with excessmolesof piperazineafforded 6-chloro-5-
(2-piperazin-1-yl-ethyl)-oxindole (8), whichisanew
intermediatefor the preparation of ziprasidoneto the
best of our knowledge. The compound (8) isreported
asoneof themetabolitefor theziprasidone® inthe
literature; however thereisno experimental procedure
isreported. Theauthors of thismanuscript were pre-
pared compound (8) involving thesmplereagentsand
utilized for the preparation of ziprasidone. ThelR spec-
trum of 6-chloro-5-(2-piperazin-1-yl-ethyl)-oxindole

(8) showed characterigtic sharp carbonyl and two sharp
NH absorptionsat 1716cm* 3317cm* and 3410cm*
respectively. TheH NM R spectrum displayed amide
NH signd at 6 10.35-10.45, two aromatic protonsat 6
6.80ppm and 7.20ppm respectively. The signals cor-
responding to 14 methylene protonswereobservedin
theupfiedregionat 6 3.40-3.45, (s, 2H), 6 2.65-2.75
(m, 6H) and 2.30-2.45 (m, 6H). The positive mode
mass spectrum displayed a protonated molecular ion
peak a m/z 280 (M**) with chlorineisotopi c abundance.
Thisspectra dataisinconformity wth the structure of
6-chloro-5-(2-piperazin-1-yl-ethyl)-oxindole (8). The
piperazinyl oxindolederivative (8) was coupled with 3-
chloro-1, 2-benzisothiazol e (4) to afford thetargeted
compound ziprasidonein asatisfactory yield and pu-
rity. The structure of ziprasidone (1) obtained in the
above dternate routeswas confirmed by comparison
with an authentic sampleof ziprasidone.

CONCLUSION

In conclusion, we have provided two simpleand
efficient methodsfor the preparation of 5-(2-(4-(1, 2-
benzisothiozole-3-yl) 1-piperazinyl) ethyl) -6- chloro-
1, 3-dihydro-2H-indol e-2-one, commonly known as
Ziprasidone(1).
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