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6 PROCESSES AND INJEBMEOIAIES FOR PREPARING 3-C1-PIPERAZIM'L.H. 

2·BENZISQil11AZQLE 
Baclsgrounc:t of the Invention 

The present invention relates to proceases for the preparation of 3-(1· 
plparezlnyl)-1,2-ba'lzlsothlezole or one of b phannaceutlcally acceptable sails and to 

10 novel fntmnedlatas used In said processes. 3-(1-Plparazlnyl)-1,2-banzllothlazole 18 a 

key Intermediate useful for the preparation of 6-(2-(4-(1,2-benzl1othlazol-8-yl)-1-

plpermlnyl)ethyl)-6-chloro-1,3-dlhydro-2H-lndol-2-one (zlprasldone). This compolA'1d 

has neuroleptic aclfvlty~ 

U.S. Patent No. 4,831,031, Issued May 16, 1989, which is hseby Incorporated 

16 by reference In ltsen11rety,di1Clos•6-(2-(4-(1,2-benzlsothlazol-3-yl)-plparazlnyl)ethyl)-8-

chloro-1 ,8-dihydro-2H-indol-2-one hydrochloride, which has the fonnula 

0 

·HCl 
20 

wherein Ar is banzisothlazol-3-yl, In the hemlhydrata form (hereafter "Iha hemlhydratei. 

25 United States Patent 5,312,925 Issued May 17, 1994, which Is hereby 

Incorporated by reference In Its entirety, refers to the monohydrate hydrochloride salt 

of zlprasidone, processes for Its preparation, and phannacautlcal compositions and 

methods of treating psychotic disorders. 

United States Patent 6,359,068, Issued October 25, 1994, which Is hereby 

30 incorporated by reference In Its entirety,· refers to processes and Intermediates for the 

preparation of ztprasidona. 

United States Patent 6,206,366, issued April 27, 1993, which is hereby 

incorporated by reference in its entlraty, refers to an aqueous based process for 

preparing zlprasldona. 

35 United States Patent 4,590,196, issued May 20, 1986, refers to 1·(1,2-

benzisothlazol-3-yl)piperazine, which is the penultimate lntennediate made by the 

processes of the present invention. 
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Japanese Pm.it Publication 8,220,030 published August 9, 1994 ...,.,. to the 

preparation of 3-emlno-1,2-benzlsothlazole darlvatlves from the reaction of bls(2· 

cyanophenyl)dlsulphlde derivatives with metal amides followed by treatment with an 

oxidizing agent. 

Summarv ot th• lnyentlpn 

The present Invention ntlatel to a compound of the formula 

~~1 
CN 

I la 

wherein R1 Is 

or 

a b 

The present Invention also relates to a process for preparing a compound of the 

formula 

I 

~ 
N-H 

\_/ 

,comprising reacting a compound of the fonnula 
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wherein R1 Is 

10 t-J ~ , ___ , 
' 

cl 
CN 

16 
or ~s-() 

b c 

20 with plpa'azine at a temperature from about 80°C to about 170°C. Prefa'llbly, R1 Is 

a group of 1he formula -c•. Preferably, the amount of pipa'llZlne Is about 2 mole 

equivalents to about 15 mole equivalents relative to the amount of the compound of 

formula II. Most preferably, the amount of plpsazlne is about 10 mole equivalents 

relative tO the amount of a compound of formula II. 

26 A preferred embodiment of 1he present Invention relates to a process for 

converting a compound of formula II Into a compound of formula I In the presence of 

a plperazlne clearing agent. Suitable plperazine dearfng agents are lsopropanol, 

pyridine or t-butanol, preferably lsopropanol. Pnderably about 1.2 volumes (a relative 

proportion (mlJgm) to the weight of the compound of formula II) of the pfparazlne 

30 clearing agn Is used. 

A preferred embodiment of the present Invention also relates to a process for 

converUng a compound of formula II whm'ein R1 is 
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or 

c 

Into a compound of formula I, furth• comprising reacting said compound of the 

formula II with pJpsazlne in the presence of a thlol oxidizing agent. Suitable thlot 

10 oxldtzlng agaits are dimethyl sulfoxkle, air, copper(ll) salts, blsulfite, metablauBe or 

hydrogen psoxlda, prafarably dimethyl sulfoxlda. Prafarably, th• amount Of said thlol 

mdcllzing agent, dimethyl sulfo>Cide, Is 2-4 mote aqulvalanta relative to the compound 

of formula II. 

The most preferred embodiment of the preunt Invention relates to a procaa 

16 for oonvatlng a compound of formula II, wlia'eln R' Is the group •rJ', Into a compound 

of the formula I, comprising reacting said compound of Iha formula II with plp«azlna, 

a pJparazlne dearlng aga'lt (most preferably lsopropanol), and a thlol oxidizing agent 

(most p""-ably dimethyl sulfoxlde). 

•Pfperazine clearing agent: when used herein, refers to a solvent that when 

20 reftuxlng Is capable of dissolving pfpmulne that has solldllled In the head apace and 

vapor spaces of the reaction vaasel. Ona of ordinary skill In the art wlll appreciate that 

plperazlne solldlftes at about 1 oa•c and u such wil solidlfy In any area of the reaclion 

vessel that Is at or below that temperature. Ona of ordinary skill In h art wfll also 

understand that the areas of the reaction V8SHI most Hk81y to promote piperazlne 

25 solidification are those areu above the solullon level of the reaction. 

The area above the solution in the reaclion vessel but confined within the reactor 

walls is Included within the reaction domain and Is called the head space of the 

reaction vauel. Vapor space refers to the space In and around the various feeder lines 

to and from the reaction vessel 

· 30 Copper(ll) salts when used hwaln refers to copper chloride (CuCl2), copper 

bromide (CuBrJ or copper sulfate (CuSO.J. 

811ulfite when used h.-ein refers to sodium bfsulfite (NaHS01) or potullum 

bisulfite (KHS01). 
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. Metablsulftte when used herein refers to sodium metabisulftta (N&z$20 1) or 

potassium metabisulfite (N&z820.). 
Petalled [)escrlpt!on 

The compounds of the formula I and zlpruldone can be prepared as d•crlbed 

6 In the following reaction schemes and dlscu11ion. Unleu otherwise Indicated, 

compounds of the fonnul• I, II and Ila, and the group R' In the reaction schanas and 

discussion are u datined llboVe. 
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Scheme 1 refers to the preparation of Intermediates of the formula I or la which 

can be converted Into the final product, zlprasldone, by the methods of Scheme 2. 

Referring to Scheme 1, a compound of the fonnula II, wherein R1 Is 

c 

Is commercially available or can be prepared according to the method of Japanese 

Pata'rt PubUcation 6.22(),030, pubDshed August 9, 1994. 

A compound of the formula II wherein R' Is 

LJ \-H f\ __ , 

a 

may be prepared by reacting a compound of the formula 

Cl 

v 

30 with about 1 to about 1 o equivalents of plparazlne, pretsably about 2 to about 6 

eqUIValaits of piparazina is used. The ternpsature of the aforesaid reaction Is between 

about 25°C to about 105°C, preferably about 65°C. The reaction time varies from 

about 1 hour to about 20 hours, preferably from about 2 to about 6 hours. 
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The compound of formula V Is prepared from an amide of the formula 

0 

6 

VI 

10 by reaction with about 1 to about 3 equivalents of a chlorinating agent such a 

phosphorous oxychloride (POCl1), phosphorous trtchloride (Paa), or phosphorous 

paUchloride (Pela) In reaction Inert solvent. Preferably about 1.2 aqulvalns of 

phosphorous oxychloride Is used as the chlorinating agent. Suitable solvents Include 

dlmathylformamide, dlrnethylacetamlde, or pyridine, prefsablydlmdlylforrnarnlde. The 

16 reaclion time of 'Iha aforaaald reaction is from about 1 to about 6 hours, preferably 

about 3.5 hours. The reaction Is performed at a temperature from about S0°C to about 

100°C, preferably about 70°C. 

20 

26 

30 

The compound of the formula VI Is commercially available. 

Compounds of the formula II, whW8ln R1 Is 

b 

I 
g/N 

can be prepared by reacting bls(2-cyanophenyl)disulflde with a compound of the 

formula 
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In a reaction Inert solvent. SUltable reaction Inert solvents Include laopropanol, ethanol, 

or tetrahydrofuran, prefa'ably lsopropenol. The tempendure of the aforesaid reaction 

la about 60 °C to about 120 °C. The reaction time of the aforesaid reacllon ls about 

1 O 1 hour to about S hours, pralanlbly about 2 hours. 

A compound of the formula II, whseln R1 la 

LJ \-H 
f \ I --· ' 16 a 

or 

20 

b c 

can be convartad Into a compound of the formula I by reaction with from about 2 to 

about 20 equivalents of plperazlne (prefsably anhydrous). The preferred amount of 

25 plperazlne ls the amount of plperazlne that mlnlmlzas bis substitution of the free amine 

of the plperazine group of the compound of the fonnula I. The preferred R' is 

30 
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Whai R' Is a group of the formula -0-, u depicted above, the preferred amount of 

1 o piperazlne ts about 6 to 10 equivalents, most pNfsably about 10 equivalents. Th• 

temperature of the aforesaid reaction is between about 76°C and 200°C, pnderably 

about 120°C. The reaction time vmlea dapaic:ling on the temperature at which the 

reacllon Is run. AS the reacllon temperature is Increased the reaction time Is 

decreased. Whan the reaction Is run at about ao0 c, only small amounts of product are 

16 formed attar 2 days. Whan the reaction Is run at about 200°C, the venal must be 

pressurized to prevent loss of fie piperazlna end the clearing agent and the ensuing 
reaction time Is about 1 hour. Wh., the reaction Is performed at high temperatures, 
the Jntmnal reaction vessel praaure Is between about 60 to SO psi and as such Is Well 
within the standard pressure capacities for commsclal reactors. When the raactlon Is 

20 paformad at the ideal temperature of about 12ooc the reaclion time ls about 24 houra. 

26 

so 

The reaction between a compound of the formula II, wherein R1 Is 

or 

b 

CN 

~~ -u 
c 

, and plperazine generates a thlol by-product of the formula 
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SH 
6 • 

VII 

A prefaTed embodiment of the reaction Involves the ln.IJly oxidation of the 

10 compound of fonnula VII Into a compound of the formula II, wherein R' Is 

16 
• 

c 

This iL.dY oxidation Is facllltated by adding from about 1 to about 10 equlvalents, 

20 prefwebly 4 equlvlllaita. of an oxidant to the reaction veuel. SUitlble oxidants Include 

dimethyl sulfoxlde, air, copper (II) salts, bisultlte, metablsulflta or hydrogm peroxide, 

preferably dlmathyl sulfoxlde. Whai dimethyl aulfoxlde ls the oxidant, preferably about 

2 to 6 equivalents are used In the reaction. 

In another preferred embodiment of the reaction about 0.6 to about 6 volumes 

26 of a plpwazlne clearing agent Is added to th• reaction velHI so as to prevent 

plparazine from solidifying In the head space and vapor lines of the reaction vaual. 

Sultable·plperazine clearing agents have bolUng points In the range of about 70°C to 

about 1sooc, such u lsopropanol ort-butanol, pyridine, toluene or dlglyme, preferably 

lsopropanol. Preferably about 1.2 volumes (a relative proportion (ml/gm) to the weight 

30 of the compound of formula II) of the piperuine clearing agent Is used. 

A compound of the formula I can be convartad to the more stable 

phmmaceutically acceptable salts of the formula la, wherein R Is a pharmaceutically 

acceptable anion conjugate of a pharmaceutically acceptable acid, by treatment of the 
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free base of formula I with a pharmacautlcally acceptable acid of the fonnula RH In a 

polar solvent. Suitable acids of the formula RH are those which form non-toxic acid 

addiUon salts, e.g., salts containing pharmacologically acceptable anions, such as 

chloride, bromide, Iodide, nitrate, sulfate or blaulfate, phosphate or acid phosphate, 

S acetate. lactate. cllrate or acid citrate, tartnde or bltartrate, succlnate, maleate, fumarate, 
gluconate, saccharata, bmzoate, methanasulfonate and pamoate [I.e., 1, 1'-mathylene­

bls-{2-hyclroxy-3-naphthoate)) salts. Pr8farably the acid Is hydrochloric acid. Suitable 

solvents include lower alcohols, such u methanol, ethanol, lsopropanol or t-butanol, 

toluene, eth .. such • diethyl eth• or tetrahydrofuran, or mbctures ot the above 
10 solvents. Prafarably the solvent Is a mixture of laopropanol and toluene. 

The conversion of the compound ot formulae I or la to ziprasldone follows the 

procasaes described In United States Patents 4,831,031, 6,206,se& or 6,369,068 , 

which Issued on May 16, 1989, Aprll 27, 1993 and October 25, 1994 retpactlvely. 
Schema 2 ndars to the preparation of zlprasldone from compounds of the 

16 formula I or la according to the procas881 described In United States Patent 4,831,031, 

issued May 16, 1989. SpecHically, a compound of the formula I or la Is reacted wHh 

a compound of the formula Ill wherein Hal Is tluoro, chloro. bromo or lodo. This 

coupling reacllon Is gen..ny conducted In a polar solvent such as a lower alcohol, for 

Instance ethanol, dlmethylforrnamide or methyl lsobutyl ketone, and In th• presence of 

20 a weak bue such as a tertiary amine base, for Instance trtathylamlne or 
dlisopropylethylamine. Preferably, the reaction Is performed In the further presence of 

a catalytic amount of sodium Iodide, and a neulrallzlng agent for hydrochlorfda such 

u sodium carbonate. The reaction Is preferably conducted at the reftux 1ampsature 

of th• solvent used. 

26 Altematlvaly, Scheme 2 also refers to the conversion ot compounds of formula 

I or la Into ziprasfc:lone by the methods of United States Patent 6,206,366, Issued April 

27, 1993. Specifically, a compound ot formula I or la Is reacted with a compound of 

formula Ill, wherein Hal Is fluoro, chloro, bromo or lodo. This coupling reaction Is 

conducted In reftuxlng water with a hydrohalc acid neutralizer. 

30 Altematlvlly, compounds of the formula I can be converted to zlprasldona by 

the methods described in United states Patent 6,369,068, Issued Octobw 26, 1994. 

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

the formula 
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VIII 

In the presence of a (C1-C9) lllkanolc acid to fonn the compowid of the formula 

r-\ 
N N 
\_/ 

Cl 
IX 

The compound of the fonnula IX can than be treated with a reducing agent to · 
form the compound of 1he formula 

,('-N 
\_/ 

Cl 

x 

20 The compound of the formula X can than be tnNd8d with a compound of the formula 

R2-CHz-C01R3 wherein R2 Is C02R1 or CN and R3 Is (C,-Ca)alkyl to form a compound 

otfonnula 

25 
XI 

,whseln R2 is CN or COzR3 and R3 Is (01-Ca)alkyl. 

30 The compound of formula XI can then be treated with an acid at an elevated 

temperature to form tha compound of formula XI wherein R1 and R1 are both hydrogen. 
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Th• compound of tormula XI can then be treated with a (C,-Ce)llklnol in the 

presanoa of an acidic esterlflcation catalyst to form th• compound of fonnulaXI whnn 

R2 la hydrogen and R1 la (C,-Ce)alkyl. 

The compound of the fonnula XI, whnn R2 ls hydrogen, CN or C02R
1 and A' 

6 la hydrogen or (C,-C1)alkyl, can then be traated with a reducing agent with the proviso 

that when R2 Is CN or C02R
3 and R3 la (C,-C.)lllkyl the product of the radUC11on la 

heated with an acid to form zlpraaldone. 

SpecHlc datalls of the reaction atepa of converting compounds of the formula 

I Into zlpruidone can be found In United Sbltlll Patent 6,389,088, lauad October 26, 

10 1994. 

ZJpruldone (hamihydrate or monohydrate) may be admlnlst.ad as a 

nauroleptic agent as described In abcMHnentlonad United States Patents No. 

4,831,031 or&,312,925 (thahanlhydrataend monohydrate respactlvely). Administration 

to a human subject may be alone or, pnlferably, In combination with pharmaceutically 

16 accepteble cmlen or dUuenta In a pharmaoeullcal composlUon, In eccordance with 

standard pharmaceutical pracllce. The zlprasldone (hemlhydrate or monohydrate) may 

be administered orally or parent..ny Including lntrava1ously or Intramuscularly. 

Suitable phannacauUcal canlers Include solid dlluents or fillers, and statla aqueous 

solutions and various organic solvents. lh• pharmaceutical compositions are thmi 

20 readily admlnlstsed In a variety of dosage .forms, such as tablets, powders, lozeng•, 

syrups, and injectable 1olutlon1. Thale pharmacautical compositions, If desired, may 

contain additional Ingredients such as tlavorlngs, blndm"S and exclplents. Thus, for 

purposes of oral administration, tablals containing various exclplents such as sodium 

citrate, calcium carbonate and calclum phosphate may be employed along with various 

26 dlslntegranta such as starch, alginlc acid and ca'tain complex silicates, together with 

binding agents such u polyvlnylpyrrolldona, sucrose, gelatin and acacia. Additionally, 

lubricating aga'lts such as magn•lum stearate, sodium lauryl sulfate and talc are often 

useful for tablettlng purposes. Solid compositions of a similar type may also be 

employed as fillers in soft and hard filled gelatin capsul•. Preferred materials for this 

30 include lactose or mDk sugar and high molecular weight polyethylene glycols. Whan 

aqueous suspa'18ions or elbdrs .,.. d811red for oral administration, the essential active 

Ingredient therein may be combined With various sweetening or flavoring agents, 
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coloring matter or clyel and, If dllired, emulsifying or suspandlng agents, togattw with 

dllu.a such u water, ethanol, propylene glycol, glycarln and combinations thereof. 

For parenteral admlnJstndlon, a solution or Suspm1Slon of zipruldone 

(hamlhydrate or rnonohydrat•) in S8181M or peanut oU, aqueous propylene glycol, or 

6 In sterile aqueous solution may be employed. Such aqueous solutions should be 

suitably buffered II naceswy encl the llquld dluntlrst rend.ect Isotonic with 1ufllcln 

ullne or glUCOH. Th .. particular aqueous 1olutlons ere 81p8Cialy suitable for 

lntravmoua, lntrlmuscular, subculln.ous and lntnlpMloneal admlnlatndlon. Theat.te 

aqueous media employed ere all readDy available by standard technlquu known to 

10 those skilled In the art. 

The 8ffectlve dosageforzlpruldone (hemihydrate or monohydrate) depends on 

the intended route of administration and other factors such as age end weight of the 

subject, as generally known. 

Th• following Emnpl• muatrate th• preparation of th• lntannedlates and 

16 PfOOHS• of the prMm'lt Invention. Commwclal·reagenta were utlllzad without further 

purlftca11on. Melting points are uncorrected. NMR data are reported In parts per mlHlon 

(d) and are referenced to the dautalum lock signal from the sample solvent. Uni•• 

otherwise stated, all mm spaolrum ware performed using electron Impact (El, 70 •V) 

conditions. Unless otherwise lndlcatac:I, chromatography raters to column 

20 chromatography performed using 32-83pm slllca gel and executed under nitrogen 

pranure (flash chromatography) conditions. High Pressure Uquld Chromatography 

(HPLC) wu performed on a LDC Analytical conataMetrtce 3200 HPLC (Thenno 

Separation Products Co.). A Zorbax9CS, 60A, 3.9 x 160 mm column (Mac-Mod 

Analytical, Inc., Chadds Ford, PA 19317) wu und for HPLC analysis (mobile phase: 

25 40% aoatonitrlle, 45% 0.06M potassium phosphate, monobasic (KH2P04) adjusted to 

pH = 6.0 with potassium hydroxide (KOH), 15% methanol; Flow Rate of 1.0 ml/minute; 

Detector: W 229 nm; Injector: 10 Uli Samples are prepared In mobile phase (0.06 

mg/ml)). Room temperature refers to 20-25°C. 
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Examp!e 1 

3-11-PlpnzlnyM .2-blnzl191b1azol1 hydrochloride 

M!lbodA 
Bla(2-cyanophanyl)dilulfide (20.0 g, 74.6 mmol), anhydrous plpsazine (64.2 g, 

5 745 mmol), dimethyl sulfoxlde (12.8 g, 184 mmof), and lsopropanof (24 ml) were added 

to a 600 mL round bottom tlak equipped with a machenlcat stirrer, tharmomalar, 

oonc:IMSer toppad with a nttrogm Inlet and a connector leading to a bleach scrubber. 

After th• flask was purged wllh nitrogen, the reactants wwe melted <• approximately 

80°C) and than heated to relux (110-128°C). After 24 hours at reftLDC, the reddllh 

1 O solution wu sampled for lhfn.layw chromatography (llutlon with IMthylene 

chloride/isopropenolJtrlalhylamlne, 15:5:1) which showed that the reaction wu 
compl81e. The solution wu cooled to as.so•c, at which point water (130 mL) wu 
added. The resulting slurry wu oooled to so.s&°C. The reaction mixture wea then 

concantnded at rec:luced preaura (bp•5CMI0°C at 110 mm) to remove approximately 

16 30 mL of distillate. The dlstlDate wu treated with bleach to destroy the dimethyl sulftde 

(OMS). Dragw tubas (Drlgarweck Ag LQback, Germany), which are Hlectlve for 

detecting ppm level• of c:Urnethyl sulftde, showed that the reaction's heedspace vapors 
contained 1811 than 1 ppm residual DMS. A sample of the crude reaction mixture wu 
analyzed by HPLC. The crude reaction mixture contained 3-(1-plparazlnyl)-1~-

20 benzisothlazole (80%), 3,3'-(1,4-plp.anyt)-bls-1,2-benzllothfazofe (4.8%), and 2{1· 

plpenlZinyl)pyrazine (4%). After ilopropanot (28 ml) and water (71 ml) were added, 

the slurry was cooled to 30°C, granulated for 0.5 hour, and then filtered through 

dlatomaceous earth, e.g., Celfte9, to remove 3,3r·(1,4-piparazinyl)-bis-1,2-

benzlsothlazole. The filter cake wu washed with !56 mL of an lsopropanol/watar (1:1) 

25 solution. Toluene {170 ml) wu added to the warm (32°C) filtrate, and then the 

separated aqueous layer wu washed with fresh toluene (100 mL). The combined 

toluene layers ware washed With watw (100 ml) and than treated with decolorlzlng 

carbon, e.g., OARKO l<B-89, (2 g). The Celll .. cake was rinsed with toluene (80 ml), 

and the combined wash and filtrate were concen1ratad at reduced pressure to 90 ml.. 

30 lsopropanol (220 ml) wu added to the ooncantrate and the yellowish solution was 

cooled to 20°C. The pH of the solullon wu slowly adjusted to 3.5-4.0 with 9.8 mL of 

concantrated hydrochloric acid. The resulting slLITY wu cooled to 0-&°C, granulated 

for 1 hour, and than filtM'Gd. The product cake was washed with cold lsopropanol (80 
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ml), ·end th .. dried In yacuo at 40°C for 24 hours. The title compound (43.2 g) w 
llolllled u a Dght yellow solid In 77.ft yleld (98.s-. hplc purity). The spactroacoplc 

and physlcal properUes of the aolld were Identical to en authdc sample (Caution: · 

compound 11 a strong lrrltllnt). 'H NMR (020): 61.80 (rn, 2H), 7.49 (m, 1H), 7.36 (m1 

6 1H), 3.68 (m, 4H), and 3.42 (m, 4H). 
11CNMR(dlmethylaulfoxide): 6182.72, 152.10, 128.16, 127.09, 124.63, 124.12, 

121.21, 48.48, end 42A9. 

Examplt2 

H1 :Plparplnvll-1 .2-banzllotblozole • hydrpchlorlda 

10 Bla(2-cyanophanyl)dlaulftde (&;oag, 18.8 mmol), anhydrous plp.-azlna (8.02g, 

93.2 mmol), and lsopropanol (&ml) were combined under nltrogm and heated to retlux 

(115°C). The yellow IOIUllon wu heated at nlllux (110-11&0 C) for 23 hours and then 

cooled to 95oc. Water (30 ml) wu added and the resulting suspension wa cooled 

to 2S°C and filtered. The filter cake was wuhed with 12 ml of watar/ISopropanol 

16 solution (2:1). Toluene (50 ml) wu then added to the combined wuh end flftrate. 
The toluene layer was separated and the aquaoua lays extracted with addJllona1 

toluene (25 ml). The combined tolu.Ht layers were washed with watw (20 ml), nated 

wllh acllvated charcoal (DARCO KB-IP) (0.6g), filtered, and then concentrated at 

reduced pressure (42°C at 700 mm Hg) to 12 mL lsopropenol (30 ml) wu added to 
20 the conce1drate anct then the pH w adjusted to 4.4 with concenhted hydrochloric 

acid. The resufting slurry wu cooled to o • &°C, granulated for 1 hour, end then 

filtered. The product cake wa washed with cold lsopropanol (10 ml) and dried In 
umm at 42°C to give 3.22g (34% overall yield) of 8-(1-piparazlnyl)-1 ,2-benzlsothfazole. 

Th• product wu a alngle spot by thin-layer chromatography. 

25 Th• pH of the aqueous layerwu adjusted to 4.0 with concentrated hydrochloric 

acid, and thai exlractac:I with methylene chloride (40 ml). The methylene chlorlcla 

solution wu concentrated at reduced pressure to 1111 ol which wu than dissolved In 

methanol (19 mL). The solution wu cooled In en ice bath end 10% aqueous hydrogm 

peroxlda IOlution (7 mL) waa added wllh stlnlng. After stlning for 10 minutes, thin-layer 

30 chromatography showed that the reaction was complete. Water (12 ml) was added 

and the sluny WU granulated for 1.5 hours. Product WU filtered 111\d dried In vacuo 
at 40°C to recover 1.64 grmns (3ftt recovery) of bia(2-cyanophanyl)diaulfide for 

recycle. 
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Examples 

3-(1-Piperazlnyll-1,2-banzlsotblazol• • hyclrpchlodd• 

Anhydrous plperazlne (49.4g, 0.67 mol) and t-butanol (10 mL) were added to a 

dry, 300 ml round bottom tluk equipped wllh a mechanical stirrer, thermometer, 

6 condan1•1opped with a nllrogen Inlet, and preaU11M1qullllzlng dropping fumal. After 

th• ftalk wu purged wllh nitroglll'I, It wu heated to 1oooc In an oll bath. A solution 

of 3-chloro-1,2-benzllothlazole (19.46g, 0.11 mol) In t-bublnol (10 ml) wu added to the 

addition funnel, end than slowly added to the reacllon flask over 20 minutes to 

moderate an exolhamlc reacUon (112 • 118°C). Once addition wu complete the 

10 yellow solution wu hlllted to rellux (121 °C) and llen maintained at reflux for 24 hours.. 

Thin-layer chromatography showed that the reaction was complete. The reaction 

mixture WU cooled to 85°0 and 120 ml of water WU added. The hazy SOiution WU 

fBtered end the tltw cake rlnnd with eo mL of t-butllnof/Water (1 :1) solUllon. The pH 

of the combined titrate end wash wu adjusted to 12.2 with 60% aqueous cmatlc. Th• 

16 aqueous solution wa extracted with toluene (200 ml), 1ha layers were separated, and 

the aqueous layer was extracted with fraah toluene (100 mL). The combined tolu ... 

layers were washed with weer (76 ml), and then the toluene solution was conoentra1ed 

In yacuo at 48°C to 90 mL laopropanol (210 ml) wu added to th• concautude and 

then the pH wu slowly adjusted to a.a with 7.8 mL of concentrated hydrochlorlc acid. 

20 The rasultlng slurry wu cooled to o°C, granulated for 45 min, and then tllterad. The 

tilter cake was washed with cold lsopropanol (50 ml) and 1han dried In yacuo at 40°C 

to afford 23.69g (80% yield) of 3-(1-plperazinyl)·1,2-banzllothlazole hydrochloride as an 

off white solld. 

Exampla4 

25 3.(1 .p1paraz1nyll-l ,2-bmzlso1hiel• 
3-(2.cyanophaiyllhlo)-1 ,2-banzlso1hlazola (0.26g, 0.93 mmol), anhydrous 

plparazlna (0.80, 9.32 mmol), and lsopropanol (0.25 ml) ware added to a 6 ml round 

bottom tluk equipped with a magnetic stirring bar, reflux condenser topped with a 

nitrogen Inlet, and thermometer. Th• flak wu purged with nitrogen and than 

30 immersed In a 120°c oU bath to give a yallow refluxing solution. After heating at 118 • 

120°C for 25 hour, the reddish 1olUUon was cooled to 2S°C and 6 ml of methanol 

waa added. ThJn.layar chromatography (rnathylm1a chlorldelisopropanol/trlethylamlne, 

15:5:1) showed that the reaction was asuntlally complete. The crude raactlon solution 
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wa analyzed by hlgf\..prellure liquid chromatographyto lhowthat 3-(1-piperazlnyl)-1,2· 

baizlsothlazola was fonned In 70% yield. 

EpmRle6 

3=(1-Plparazlnyl).1.2-bwtzlaothiomlt 

6 Anhydrous plpsaztne (17.2g, 0.20 mol) and lsoprapanol (3.0 ml) w.. charged 

to a round bottom flllk equipped with a rnechanlcll lllnw, tlwmornet«, conden• 

topped with a nitrogen lnlllt, and an addllon fl.mel. Once the ftak w pwgec:t end 

than maintained unds nltrogai, th• mbcture was heated to to°C to afford a solution. 

A aolutlon of 1-(2-cyanopt.iylthlo)pfpenlZin• (4.38g, 20.0 mmol) In laopropanol (2.0 

10 ml) was slowlY added to the warm pJpanizin• solution over 1 hour. Once th• addlllon 

was complete, the solution was heated to ndlux (118°C) for 24 hours. The reddiah 

solution was cooled to room temperature and 1hen analyZtld by HPLC. 3-(1-

Plpaazlnyl)-1.2-benzlsothlezole wu formed In 66% yield by HPLC uaay. 

16 

Epmple6 

9-f2·Cyargbenyltblo)-1 .2-btnzlsqlblozol• 
MathgdA 

Bla(2-cyanophanyl)disulftde (1.26 g, 4.86 mmol), anhydrous pipmmlne (4.01 g, 

48.6 mmol), and dimethyl sulfo>dde (0.80 g, 10.3 rrmol) In 15 ml of tetrahydrofuran 

were added to a 60 mL ro&nl bottom tluk equipped with a magnetic stirring bar, 

20 thermometer, and condenMr topped with a nitrogen Inlet. After 1ha flask wu purged 

with nltrogai, the mixture was heated at reflux (76°C) for 25 hours. The reacllon 

mbdure wa cooled to 25°C, and the tetrahydrofuran was removed at reduced 

pressure. Th• resulting soJJd was diaolvecl In a 40 ml of a mathylene chlorld9/Water 

(1 :1) mixture, the layers were separated, and 1he organic layer washed with water (20 

25 mL). The methylene chlodc:le solution was evaporated to afford a cNda solld (0.85 g) 

which was crystallized from isopropanol (17 mL) to give Ught yellow crystals. After 

fiftration, the product wu dried In yacuo at 40°C to give 0.39 g (31 % yield) of 3-(2-

cyanophanylthio)-1,2-benziaothlazole. Melting point 11&.6-117°C. 1H NMR (CCCI~): 

6 8.03 (m, 1H), 7.92 (m, 1H), 7.77 (m, 1H), 7.70 (m, 1H), 7.57 (m, 2H), end 7.48 (m, 

30 2H). '3C NMR (CDCY: 6 154.99, 162.30, 134.83, 134.66, 134.06, 183.24, 129.07, 

128.61, 126.33, 123.29, 120.13, 117.13,11nd118.9S. AnalytlcalcalculatedforC"H.N1S1 

c, 62.66; H, s.oo; N, 10.44; s, 2S.90. Found: c, 62.43; H, 3.01; N, 10.68; S, 24.06. 

A X-ray crystal structure was also obtained to confirm structure. 
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ExampltZ 

:H2-Cyanophenyfthfo).1.2-benzisothlazolt 

Method B 

PCTJIB96/01079 

B11(2..cyanophenyl)dl1ulllde (0.40 g, 1.48 rnrnol) and 2-mercaptobenzonlb'lla 

5 (0.20 g, 1.48 mmol) were combined In 2 ml at lsopropanol and were heated at relux 

(90°C) for 2S hours under a nitrogen (N2) atmosphere. S-(2-cyanophanylthlo)-1.2· 

benzllothlazole wu fonnec:l fn 69% yield by HPLC usay. 

EpmQla8 

1-t2:Cyan0Rhmvlthlolptparazlna 

10 Anhydrous plperulne (22.Sg, 281 mmol) and tatrahydrofUran (100 ml) MN 

combined under a nitrogen atrnoapt.e end then heated to 60-66°C. 3-Chloro-1:J.· 

benziaothlazole (10.0g, 69.0 mmol) wa slowly added over one hour to the warm 

plpanazlne soluUon and tha1 the rwulllng reddish soJullon wu heated at 85°C tor 17 

hours. Thin-layer chromatography (elhyl acatatelhaxanttl/trlathylmnine, 10:10:1) 

15 showed that the reaction wa complate. The rnbdure wa cooled to room tempenmn 
and than fllterad. Aftm'toluw (100 ml) wu added, the soluUon was concentrated at 

reduced prassure (40°C) to one-halt volume. The toluene solution wa wuhad with 

water (100 mL), Sid the aqueous layer wu extracted with fraah toluene (26 ml). The 

combined toluene layers were concentrated at racluced prasaure to about 30 mL. Nt.f6 

20 cooling the solution to Q.6•C, hexanes (60 ml) was slowly added. The resulting 

crystaJa were gl'lnt.llated tor 1 hour at o to 5°C, filtered, and the cake was washed with 

hlh hexanes (16mLJ. After drying theaolldsfor 18 hours at23°C, 11.61 gnms (89% 

yield) of a yellow crystalline solid (m.p. = 67·71 °C) was Isolated. The crude 

sulfanamlda contained approximately 5" of 1,4-bls(2-cyenophanylthlo)plpmulne by 

25 NMR analylls. Title sulfanamlde was atored at Oto ·10°C to prevent slow conversion 

to 1,4-bls(2-cyanophanylthfo)plperazlne with heating or storage at room temp..ature. 
1H NMR (CDC1J: 4 7.63 (m,1H), 7.68 (m. SH), 7.21 (m, 1H), 2.96 (m, 4H), and 2.87 

(m, 4H). "C NMR (CDC1 3}: 6142.89, 133.65, 132.67, 128.14, 126.69, 116.80, 110.24, 

67.34, and 47.06. HAMS Found: 220.0878; C,,H13N3S Requires (FAB P+1): 220.0908 
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1. 

6 

10 whweln R' la 

cwm 
A compound of 1he formula 

S-Rl 

I la 

~N-H or 

16 
a 

PCTnB9MH87!> 

IN 
5/ • 

b 

2. A procea for preparing a compound of the fonnula 

20 

25 

30 

l'N-H 
~\__/ 
~s;N 

I 

, comprising reacting a compound of the formula 
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6 

I I 

wherein R1 Is 

10 t-J ~ \ ___ , 
' 

a 
CN 

16 
or t-~ 

b c 

20 with pl,,..azlne at a temperature from about ao0 c to about 170°C. 

26 

so 

3. A process according to claim 2, whnn R1 Is 

• 

c 

4. A process according to claim 3, wherein said piparazfne Is praaent In 

about 2 mole equivalents to about 15 mole equivalents relative to the amount of a 

compound of fonnula II. 
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· 5. A procea accordfng to claim 4, wherein said plperazlne Is present In 

about 10 mole equlvalenta relative to the amount of a compound of formula II. 

8. A procecs according to claim 6, whweln the reaction of the compound 

of formula II with plperazlne ta pmformed in the presence of a pipa'azlne clearing agent. 
6 7. A process according to clalm 6, wha'eln Aid plparazlne during agent 

is lsopropenol, pyridine or t-butanol 

8. A proce1s according to cleJm 7, wlw'eln uld plperazlne clearing agant 

la laopropanol. 

9. A procau according to claim 8, wha'ltln the amount of Aid plperazlne 

1 O during agent, lsopropanol, comprt.. 1.2 volumes relative to the weight of the 

compound of formula II. 

16 

20 

1 o. A process according to claim 2, wherein the reaction of the compound 

of the fonnula II wlw'ain R' Is 

CN 

or ~s-Q 
b c 

with piperazine is performed In the .,,...._ of a thloJ oxidizing agent. 

11. A process according to claim 1 o, whnn the reaction of said compound 

of formula II with plpamlne and a thiol oxidizing agent Is performed in 1he presence 

of a piperazlne clearing agent. 

28 12. A process according to claim 11, wherein R1 Is 

30 
• 

c 
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· 13. A procen accordlng to dalm 12, wherein said thiol oxidizing agent la 

dimethyl sulfoxlde, efr, copper(lf)salts. bfsultlte. metablsulftta or hydrogen peroxide. 

14. A process according to daim 1S, wh..tn said pfperazJne dearlng agent 

is laopropanol, pyridine. or t-butanol. 

6 16. A process according to claim 14, wherein said plperazina clearing agait 

is isopropenol. 

18. A proce11 acconlng to claim 16. whnn said thlol oxidizing agent Is 

dlmalhyl sulfoxlde. 

17. A process according to chdm 18. wtwaln the amount of said thloJ 

10 oxidizing agsrt, dimethyl sulfoxlde, comprises 2-4 mole equivalents relative to the 

compound of formula II. 

18. A process according to claim 17, whnn the amount of laid ptpanalne 

clemlng agent, Jsopropanol, comprl... 1.2 volumes relative to the walght of the 

compound Of formula II. 


