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ABSTRACT

European Pharmacopeia 7.0 disclosed ten potential impuritiesin Quetiapine
hemifumarate (1). The acceptable range of these impurities in Quetiapine
hemifumarateisfrom0.05— 0.15% by reverse-phase HPLC. These impuri-
ties were synthesized and analysed by European Pharmacopeial HPLC
method and found that these impurities are correlating with the specified
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retention times. Along with pharmacopeial impurities, Quetiapine S-Oxide
impurity isalso synthesized. Structural elucidation of all theseimpuritiesby
spectral data(*H NMR, MSand IR), synthesisand formation of theseimpu-

rities are discussed in detail.

INTRODUCTION

Quetiapine hemifumarate (1) isapsychoactiveor-
ganic compound that actsasan antagonist for multiple
neurotransmitter receptor sites, including serotonin
(BHT1A;5HT2A), dopamine(D1; D2), hisamine(H1)
and adrendline (Alphal; Alpha2),inthebrainand acts
asan antipsychotic agent reportedly useful for treating,
among other things, schizophrenid¥. Quetiapinehasa
lower affinity for D2 receptorsthan dopamineitsdf, lead-
ingtoanintermittent D2 blockade, and may contribute
to theexcd lent tolerability profileof thissubstance. It
was hypothesized that Queti apine may act on depres-
sion, through itsantagonism of 5-HT2A receptors, and
on maniathrough its antagonism of D2 receptors?.
Quetigpinewasfoundto beeffectivein thetreatment of
acute bipolar mania, both asimmunotherapy andin
combination with other mood stabilisers®, aswell as
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immunotherapy in acute bipolar depression@. Despite
this, to our knowledge, therearevery few published
experienceswith regard to long-term Quetiapineim-
munotherapy in schizoaffectivedisorder, bipolar type
(SAD) and bipolar disorder (BPD)®.
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Quetiapine hemifumarateisprescribed to control
the symptomsof schizophrenia, bipolar depression, and
bipolar mania, and for bipolar maintenance. Quetiapine
hemifumarate is distinguished from the other
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antipsychoticsinthatitisusedtotreat both thepostive
(hdlucinationsand del usions) and negative symptoms
(emotional withdrawal and apathy) of psychosisandis
associated with fewer neurological and endocrine-re-
lated S de effects®.

Impuritiesin pharmaceuticals are the unwanted
chemica sthat remain with the active pharmaceutica
ingredients (APIs), or devel op during formulation, or
upon aging of both API and formulated APIsto medi-
cines. Thepresence of these unwanted chemicals, even
insmall amounts, may influencetheefficacy and safety
of thepharmaceutica products. Impurity profiling (i.e.
theidentity aswell asthe quantity of impurity inthe
pharmaceuticals), isnow receiving important critical
attention from regulatory authorities. The different
pharmacopoeias, such asthe European Pharmacopoeia
(EP), British Pharmacopoeia(BP) and theUnited States
Pharmacopoeia(USP) ared owly incorporating limits
to allowableleve sof impurities present intheAPIsor
formulations.

TheInternational Conference on Harmonization
(ICH) haspublished guiddinesonimpuritiesinnew drug
substances”, products® and residual solvents?. There
isagood significant demand for theimpurity-reference
standards along with the APl reference standardsfor
both regulatory authoritiesand pharmaceutical compa:
nies. A number of recent articles’®? havedescribed a
designed gpproach and guidancefor isolating and iden-
tifying process-rel ated i mpuritiesand degradation prod-
uctsusing mass spectrometry, Nuclear Magnetic Reso-
nance (NMR). High-performanceliquid chromatogra:
phy (HPLC), Fourier transformion cyclotron resonance
mass spectrometry (FTICR-MS), and tandem mass
spectrometry for pharmaceutical substances.

Theprocedureof impurity profiling, beginswiththe
detection of theimpuritiesusing thethin-layer chroma-
tography, high-performanceliquid chromatogrgphy or ges
chromatography. Procurement of standard impurity
samplesfrom the synthetic organic chemistswhichin-
clude, lagt intermediate of the synthes's, productsof pre-
dictablesidereaction, degradation productsif any, etc.

Thepossihilitiesof spectroscopictechniquesindrug
impurity profiling without chromatographic separation
area so worth mentioning. Spectraobtained by using
high-resolution, highly senstive NM R spectrometersand
mass spectrometerswith APCI/ESI facilitiesare suit-
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abletoprovideafingerprint pictureregarding thepurity
of thesample.

Theimportant stepintheimpurity profiling isthe
synthesisof themateria (impurity standard) with the
proposed structure. Theretention and spectral match-
ing of thesynthes zed materid withtheimpurity inques-
tionisuseful for anaytical method devel opment and
vaidation.

RESULTSOFDISCUSSION

Quetigpinehemifumarate (1) isan antipsychoticdrug
bel onging to the chemical class of dibenzothiazepine
derivatives. Its ITUPAC name is 2-[2-(4-
dibenzo[ b,f][ 1,4]thiazepin-11-yl-1-pi perazinyl )ethoxy
ethanol, (E)-2-butenedioate (2 : 1) salt.

A literature survey revealed various methodsfor
the synthesisof Quetiapine (Warawaet a. 2001). We
synthesized the Quetiapinehemifumarate (1) according
to the process described by Waravaand Migler’™® with
modificationsto makeit smpler and commercidly vi-
able. Itsmolecular formulais(C, H,.N.O,S),.C,H,O,
and molecular weight is883 ashemifumarate sat and
383 asbase.

Quetiapine hemifumarate (1) was synthesized as
shownintheFigure 1, Brief description and source of
formation of impurities|I—XI was discussed in results
and discussions section. Impurities synthesis process
and their spectrd anaysiswasdescribed in experimen-
tal section.

Impurity |

Impurity | isan intermediate (4) during the prepa-
ration of Quetiapine (1a). Its chemical name is
dibenzo[b,f][1,4]thiazepin-11(10H)-one having the
molecular formulaC_H/NOS and molecular weight

227.28.
H
Q Y

S

Impurity |

Impurity | was synthesi zed according the process
described infigure 1. 2-Aminodiphenyl sul phide con-
densationwith phenyl chloroformateintoluenefollowed
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Reagents: (i) Ethanol, aqueous sodium hydroxide, reflux (ii) Phenyl chloroformate, Toluene, RT (iii) Polyphospharic acid,
100°C (iv) POCI,, N, N-Dimethyl aniline, reflux (v) Toluene, Piperazine, reflux (vi) 2-(2-Chloroethoxy)ethanol, Na,CO,, Nal,

N-methyl pyrrolidine, Toluene (vii) Fumaric acid, ethanol

Figurel: General schemefor thesynthesisof quetiapine hemifumarate

by the cyclization in the presence of polyphosphoric
acid at 95-105°CyieldsImpurity 1.

Impurity 11

Impurity [l isanintermediate (6) during the synthe-
sisof Quetiapine (1a) and isacondensed product of
compound (4) and piperazine. Itschemica nameis11-
(piperazin-1-yl)dibenzo[b,f][ 1,4]thiazepine. It hasthe
molecular formulaof C_H,_.N_Sand molecular weight
of 295.4.

Impurity Il
Compound (4) can be converted intoimino chlo-
ride (5) with phosphorus oxychloride and N,N-dim-
ethyl anilineat reflux temperature. Suitablesolventsfor

thereaction arehigh boilinginert solventssuch astolu-
ene, xyleneand chlorobenzene. Thetemperaturelimits
onthequenchingand didtillation ensureminima hydroly-
sisof imino chloride(5) to compound (4). Imino chlo-
ride (5) is highly unstable to moisture and condenses
with piperazineintolueneat reflux temperature affords
Impurity I1.

Impurity 111

Impurity Il isadimer impurity of compound (6).
Itschemical nameis 11,11’-piperazine-1,4-diylbis-

Impurity Il
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(dibenzo[b,f][1,4]thiazepine. It hasthemolecular for-
mulaof C%HMN S, and molecular weight of 504.67.

Impurity Il is amaj or byproduct during the syn-
thesisof compound (6) (Impurity 11). During the reac-
tion, unreacted imino chloride (5) reactswith the prod-

uct compound (6) S multaneoudy and resultstheimpu-

0.5 moles Piperazine
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rity 111. Theformation of thisimpurity can beminimized
with proper reaction conditionslike piperazinemoles,
reaction temperature. Impurity |11 was synthesized by
reactingimino chloride (5) withlessmolesof pipera-
Zineat elevated temperatures. Synthesisof Impurity 111
wasdescribedinfigure 2.

S

H [e) Cl
N POCl, N=
—_—
S

(©) 4

Impurity 1l

Figure2: Synthetic schemeof Impurity 111

Impurity 1V

Impurity IV isan ethanol derivative of compound
(6). Itschemica nameis2-[4-(dibenzo[b,f][1,4]thia
zepin-11-yl)piperazin-1-yl] ethanol . Itsmol ecul ar for-

(\N/\/OH

Qrs ()

Impurity IV

CICHZCHZOH

Nal, toluene

Imputity 1l

mulaisC H.,, N, OSand molecular weight is339.45.
Themain sourcefor theformation of impurity IV is
2-(2-chloroethoxy) ethanol (used for the formation of
Quetiapine side chain). 2-Chloro ethanol isamajor
impurity during thesynthes sof 2-(2-chloroethoxy) etha:
nol. Commercial 2-(2-chloroethoxy) ethanol contain
tracesof 2-chloroethanol. During theakylation stepin
the preparation of Quetiapine, alkylation of piperazinyl
thiazepinewith theimpurity, 2-chloro ethanol leadsto
theformation of impurity 1V. Synthesisof impurity IV

wasdescribedin Figure3.

/\/OH

Impurity IV

Figure3: Synthetic schemeof Impurity IV

Impurity V

Impurity V isanacetyl derivativeof Quetigpine(1a).
Itschemica nameis2-[2-4-(dibenzo[b,f][ 1,4] thiazepin-
11-yl)piperazin-1-yl] ethoxy] ethyl acetate. It has mo-
lecular formula of C,H,.N.O,S and molecular of
425.54.

Impurity V was synthesiswas described infigure
4. Quetiapine (1a) wasdissolved in ethyl acetate, tri-

O
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at room temperature. Reaction progresswasmoni- massresulted brown oil which waspurified by col-

tored by TLC and Quetiapine (1a) was absent after  umn chromatography.

o}

(\N/\/O\/\OJJ\

Impurity V

l/\N/\/O\/\OH Acetic anhydride
Ethyl acetate
QN\ N Triethyl amine
S
Quetiapine
Figure4: Synthetic schemefor Impurity V
Impurity VI

Impurity VI isacondensed product of Quetiapine
(1a) and itsdegraded impurity product. Its chemical
name is 11,11’-[ethane-1,2-diylbis(oxyethane-2,1-
diylpiperazine-4,1-diyl)[bis(dibenzo [b,f][1,4]
thiazepine. Itsmolecular formulaisC,H,,N.O,S, and
molecular weight is704.95.
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Impurity VI was synthesized according to the
Figure5.

Quetigpine(1a) containsdiphatic ether chain, which
may break at ether linkage at basi ¢ reaction conditions.
Thisdegraded impurity reactswith Quetiapine(1a) and
resultsimpurity V1. Compound (6) onreactionwith 1,2-
dichloromethane produces 2-[4-(dibenzo[ b,f][ 1,4] thia-
zepin-11-yl)piperazin-1-yl] chloroethane (7), whichon
condensation with Quetiapine (1a) in the presence of
diisopropyl ethyl amineafford Impurity V1.

Impurity VII
Impurity VIl isN-Oxideimpurity of Quetiapine
(1@). Itschemical nameis2-[2-[4-(dibenzo[ b,f][1,4]

@Wu'c CHEMISTRY —
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Q/N\ N\) 1,2-dichoroethane
triethyl amine

S

Impurity 1l

Q/N\ N Quetiapine
_ >
diisopropyl
S ethyl amine
(7
N/\/O\/\O

b
(]

Ch

5

Impurity VI
Figure5: Synthetic processof Impurity VI

S

thiazepin-11-yl)-1-oxidopi perazin-1-yl |ethoxy] ethanal.
Its molecular weight is C,,H,.N,O,S and molecular
weight is399.51.

Quetigpine hemifumarate (1) containstwo tertiary
nitrogen atoms. When exposedto air for long time, it
oxidizesdowly and formsN-oxideof Quetigpine. The
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Impurity VI

synthetic processwas described infigure 6. Impurity
V1l wassynthes zed by the oxidation of Quetiagpine(1a)
withm-CPBA at room temperaturein the presence of
vanadium pentoxide. Impurity V11 was observed dur-
ing long term stability studies® of Quetiapine
hemifumarate.

O
(\N/\/ \/\OH
N N\) MCPBA
N _
V205
S
Quetiapine
(1)
O
(\N/\/ \/\OH

Impurity VII
Figure6: Synthetic processof Impurity V11

Impurity VIII

Impurity V111 isS-Oxideimpurity of Quetiapine.
Its chemical name is 2-{2-[4-(5-Ox0-5HA-
dibenzo[b,f][1,4]thiazepin-11-yl)-piperazin-1-
yl]ethoxy} ethanol. Its molecular weight is
C,,H..N.O,Sand molecular weight is 399.51.
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Impurity VIII
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When Quetigpinehemifumarate (1) exposedtoar
for longtime, it oxidizesdowly andforms S-oxideim-
purity of Quetiapine. The synthetic process was de-
scribedinFigure 7. Impurity V11 was synthesized by
the oxidation of Quetiapinewith 20% hydrogen perox-
ideat room temperaturein the presence of manganese
dioxide. Impurity V11 was observed duringlong term
stability studiesof Quetigpine.

o
(\N/\/ ~"on 20% H,0,

@/N\ N\) solution
—_—
S Mn02
Quetiapine
O
(\N/\/ \/\OH
Q™
N
/S
o]
Impurity VIII

Figure7: Synthetic processof Impurity V111
Impurity IX

The chemical name of Impurity I1X is [2-[(2-
aminophenyl)thio] phenyl][4-[ 2-(2-hydroxyethoxy)
ethyl]piperazin-1-yl] methanone. Itsmolecular formula
isC,,H, N.O.Sand molecular weight is401.52.

21 27
(\N/\/O\/\OH
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Impurity IX

The synthetic processwas described in Figure 8.
Impurity 1X was prepared by using 2-lodobenzoic acid
asastarting materid. 2-lodobenzoic acid reactswith
thionyl chloride and gives 2-lodobenzoylchloride(8),
which on reaction with 2-(2-(piperazin-1-yl)ethoxy)-
ethanol resulted (4-(2-(2-hydroxyethoxy)ethyl)-
piperazin-1-yl)(2-iodophenyl)methanone (9). Com-
pound (9) condenseswith 2-Aminothiophenol inthe
presenceof potassium carbonateyieldsimpurity 1X.

— @)u;mic CHEMISTRY

Hn Tndéan g%wumé



170

Synthesis and characterization of pharmacopeial impurities of quetiapine hemifumarate

OCAIJ, 8(5) 2012

Full Paper ==

COOH gocl, cocl
—» —+
H
! |
®

O - .
(\N/\/ \/\OH triethyl amine

<

_ >

NH,

(\N/\/O\/\OH

ot

SH N0 Non
" O

> NH,

Cul S

Potassium carbonate

9

Impurity IX

Figure8: Syntheticdiagram of Impurity I X

Impurity X

Impurity X isaacetyl derivativeof impurity 1X. Its
chemical nameisN-(2-[[2-([4-[ 2-(2-hydroxyethoxy)-

(\N/\/O\/\OH

o//I\NH © N\)

S

Impurity X

ethyl]piperazin-1-yl]carbonyl)phenyl]thio]
phenyl)acetamide. It has the molecular formula of
C,,H,,N.O,Sand molecular weight of 443.56.

Impurity X was prepared according to the process
describedinfigure9. Impurity X wassynthesized from
Impurity IX. Alcohol group of impurity IX was pro-
tected with 3,4-dihydro-2H-pyran, which on acetyla-
tion with acetic anhydridefollowed by hydrolysis of
pyran ringinthe presence of Dowex 50-X4 resin (H*
form) resultsIimpurity X.

o

N/\/O\/\OQ
J

acetyl chloride

D ———————_——
NH»
S
Impurity IX (10)
0]
A0
o N OH
(\N/\/ ~"0o o N\)
o N\) Dowex 50-X4 L
- = HN (@]
HN O S
S
(11) Impurity X

Figure9: Syntheticdiagram of Impurity X

Impurity XI
Impurity X1 isachloroderivativeof Quetigpine(1a).
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Itschemical nameis2-[4-(9-chlorodibenzo[b,f][1,4]-
thiazepin-11-yl)pi perazin-1-yl] ethoxy] ethanol. Itsmo-
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lecular formulaisC,,H,,CIN,O,Sand molecular weight
1S417.95.

Themain sourceof impurity X1 isthekey starting
material 2-choroaniline used for the synthesis of
Quetiapine. Thepresenceof 2,5-dichloroanilinetraces
in 2-chloroanilinecul pritstheformation of impurity XI.
Synthetic process of Impurity XI was described in
Figure 10.

Ph
|

O~__O
mY

S
(13)

Cl

POCI3, P,Os Ny N\)

[ .

Impurity XI

Figure10: Syntheticdiagram of Impurity XI

EXPERIMENTAL SECTION

General procedures

FT-IR spectraarerecorded asK Br pellet on Nicol et
380 FT-IR Instrument (Model Thermo Electron Cor-
poration-Spectrum One), 'H NMR spectra are re-
corded on Varian 400 MHz spectrometer usng DM SO-
d6 as solvent and tetramethylsilane (TMS) asinternal
standard. Mass spectraarerecorded onAgilent triple
quadrupol e mass spectrometer equipped with turboion
spray interfaceat 375°C. All the organic extracts are
dried over sodium sulfate after work up. Unlessother-
wise mentioned all the solvents and reagents used are
of commercial grade.

Synthesisof 2-(phenylthio)benzenamine (2)

2-Chlorobenzenamine (25 g, 0.2 moles), ethanol
(100 mL) and thiophenol (22 g, 0.2 moles) were
charged into aRBF and started stirring at 26°C. Aque-

ousNaOH (0.22 molesin 50 mL of water) was added
slowly over aperiod of 10 minutes at the sametem-
perature. Reaction mixture wasrefluxed for 3 hours
and reaction progress was monitored by TLC (mo-
bile phase: ethyl acetate: n-hexane—5:3). Reaction
masswasdistilled off under reduced pressureand dis-
solved theresiduein toluene. Washed thetoluenelayer
with water and dried over sodium sulfatefollowed by
vacuum distillation afforded the compound (2) asa
colorlessresidue.

M.F. C_H, NS; M. Wt. 201.06; IR (KBr) vem':
1602 and 1452 (C-CinAr), 3038 (C-H inAr), 3480
(N-H); *H-NMR (400 MHz, DM SO-d6) ppm: 4.0
(s, 2H, -NH,), 6.2-6.4 (m, 2H, Ar-H), 6.7-7.2 (m,
7H,Ar-H); MSm/z (%) = 202.15 (M+1); Anal. Calcd
for C,H,,NS: C-71.60; H - 5.51; N - 6.96%; Found:
C-71.62; H-5.50; N - 6.98%.

Synthesis of phenyl 2-(phenylthio)phenylcar-
bamate (3)

Added amixture of phenyl chloroformate(23.5g,
ey, Onganic CHEMISTRY
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0.15 moles) and toluene (100 mL.) to an agitating solu-
tion of 2-aminodiphenyl sulphide(2) (20g, 0.10moles)
in toluene at 0-5°C over aperiod of 45-60 minutes.
Rai sed the mass temperature to 25-30°C slowly and
continued for 60-90 minutes. Reaction progresswas
monitored by TLC (mobilephase: ethyl acetate: n-hex-
ane- 1.1). Water was charged and agjitated for another
15 minutes at ambient temperature. Separated the or-
ganic and aqueous|ayers and washed the tol uenelayer
with 5% HCI solution. Toluenelayer dried over sodium
sulfateand distilled off compl etely under vacuum at
below 60°C. n-Heptane (125.0 mL) was added to the
residue and agitated for 30 minutes at 25-30°C. Fil-
tered the separated solid and washed with n-heptane.
Compound (3) wasdried under vacuum at 60-65°C.

M.F.CH,.NO,S; M. Wt. 321.08; IR (KB) vem'™
1601 and 1451 (C-CinAr), 3033 (C-H inAr), 3472
(N-H), 1684 (C=0), 1192 (C-0O); *H-NMR (400
MHz, DM SO-d6) éppm: 6.8 (d, 1H, Ar-H), 7.0 (m,
7H, Ar-H), 7.25 (m, 5H, Ar-H), 7.5 (d, 1H, Ar-H);
MS m/z (%) = 322.06 (M+1); Anal. Calcd for
C,,H,NO,S: C-71.00,H - 4.70, N - 4.36%; Found:
C-71.02,H-4.72,N - 4.35%.

Synthesisof dibenzo[b,f][1,4]thiazepin-11(10H)-
one(Impurity 1, 4)

Charged phenyl 2-(phenyithio) phenylcarbamate (3)
(239, 0.072mol) and polyphosphoricacid (115mL, 5
volumes) into RBF and started the agitation. Maintained
themassat 95-105°C for 6 hours. Reaction progress
wasmonitored by TLC (mobile phase: toluene: metha-
nol - 1:1). Reaction masswasalowed to 80-85°C and
feeded with water slowly drop wise. Mass further
cooled to 30°C at which solid was precipitated. Fil-
tered the solid and washed with water. Wet material
was charged into acetoneand stirred for 30 minutesat
28°C. Filtered the solid and washed with acetone.
Obtained Impurity | wasdried under vacuum at below
60°C to constant weight.

M.F. C H,NOS; M. Wt. 227.04; IR (KBr) vem™
3028 (C-HinAr), 1615 and 1502 (C-CinAr), 1668
(C=0), 3435 (N-H); *H-NMR (400 MHz, DM SO-
d6) 6ppm: 6.8 (m, 1H, Ar-H), 7.0 (m, 1H,Ar-H), 7.2
(m, 2H, Ar-H), 7.3-7.45 (m, 3H, Ar-H), 7.8 (d, 1H,
Ar-H); MSm/z(%) = 322.06 (M+1); Anal. Calcd for
CH/NOS: C-68.70, H - 3.99, N - 6.16 %; Found:

@Wu'c CHEMISTRY co—

C-68.71,H-4.01, N - 6.15%.
Synthesisof 11-(piperazin-1-yl)dibenzo[b,f][1,4]
thiazepine(Impurity 11, 6)
Dibenzo[b,f][1,4]thiazepin-11(10H)-one (4) (18 g,
0.08 moles), phosphorous oxychloride (98.2 g, 8.0
moles) and N,N-dimethyl aniline (1.0 g, 0.008 moles)
were charged and heated to reflux. Reaction progress
wasmonitored by TLC (mobile phase: ethyl acetate: n-
hexane- 4:1) and was compl eted after 8 hoursmainte-
nance under reflux. Mass cooled to 50°C and distilled
of unreacted POCI, completely under vacuum. Crude
was dissolved in toluene and further cooled to 0°C.
Chilled water wasadded at bel ow 5°C dowly. Organic
and agueouslayerswere separated washed the organic
layer with chilled water. Organiclayer wasdried over
sodium sulfate. Thistoluenelayer wasadded to atir-
ring solution of piperazine(6.9 g, 1.0 mole) intoluene
dowly at 60°C. Maintained the mass under reflux for
6-8 hoursand monitored thereaction progressby TLC.
Reaction mass cooled to 28°C and filtered theun-dis-
solved solids. Toluenelayer washed with water and
dried over sodium sulfate. S owly added methanolicHCI
to the toluene layer at 25-3°C and adjusted pH be-
tween 4 to 5. Agitated the mass and filtered the sepa-
rated material. Impurity |l was obtained light brown
solid, which wasdried under vacuum at bel ow 55°C.
M.F.C_H,N,S; M. Wt. 295.11; IR (KBr) vem'™:
3032 (C-HinAr), 1605 and 1508 (C-CinAr), 3335
(N-H), 1325 (C-N), 1215 (C=S); 'H-NMR (400
MHz, DM SO-d6) dppm: 2.0 (bs, 1H, -NH), 2.7 (s,
8H, -CH.-), 7.0-7.2 (m, 7H, Ar-H), 7.5 (m, 1H, Ar-
H); MS nV/z (%) = 296.12 (M+1); Ana. Calcd for
C,HN,S C-69.12,H - 5.80, N - 14.22%); Found:
C-69.10, H - 5.81, N - 14.23%.

Synthesisof 11,11°-piper azine-1,4-diylbis(dibenzo-
[b,f][1,4]thiazepine(Impurity I11)
Dibenzo[b,f][1,4]thiazepin-11(10H)-one (4) (229,
0.10 moles), phosphorus oxychloride (122.5 g, 8.0
moles) and N,N-dimethyl aniline (1.2 g, 0.01 moles)
were charged and heated to reflux. Reaction progress
was monitored by TLC (mobile phase: ethyl acetate:
n-hexane- 4.1) and wascompl eted after 8 hoursmain-
tenance under reflux. Mass cooled to 50°C and dis-
tilled of unreacted POCI,, completely under vacuum.
Crudewasdissolved in tolueneand further cooled to
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0°C and added chilled water at below 5°C slowly.
Organic layer and aqueous layers were separated
washed the organic layer with chilled water. Organic
layer wasdried over sodium sulfate. Thistoluenelayer
was added to astirring solution of piperazine (4.3 g,
0.05 moles) intoluene slowly at 60°C. Maintained
the massunder reflux for 10-12 hoursand monitored
thereaction progress by TLC. Reaction mass cooled
to 28°C and filtered the un-dissolved solids, which
containsexclusively Impurity I11. Filtered solid was
purified by refluxingintoluenefor 20 minutes. Reac-
tion mass cooled to 25°C and maintained for 30 min-
utes. Solid wasfiltered, washed withtolueneand dried
at below 60°C givesImpurity I11.

M.F.C,H,N,S,; M.Wt. 504.14; IR (KBr) vem™:
3026 (C-HinAr), 1601 and 1503 (C-CinAr), 2915
(C-H), 1325 (C-N), 1228 (C=S); 'H-NMR (400
MHz, DMSO-d6) éppm: 2.8 (s, 8H,-CH,-), 7.0-7.2
(m, 14H, Ar-H), 7.4 (m, 2H, Ar-H); MS m/z (%) =
504.10(M+1); And. Cdcdfor C,H,N,S,: C-71.40,
H-4.79,N - 11.10%; Found: C- 71.41,H - 4.80, N
- 11.08%.

Synthesis of 4-(dibenzo[b,f][1,4]thiazepin-11-
yl)piperazin-1-yljethanal (Impurity V)

Charged 11-(piperazin-1-
yl)dibenzo[b,f][ 1,4]thiazepine (Impurity II) (14 g, 0.047
moles), 2-Chloro ethanol (4.1 g, 0.051 moles), sodium
iodide (0.70 g, 0.004 moles) and tolueneinto RBF and
started stirring at 25°C. Reaction massheated to reflux
and maintained under reflux till TLC complies. Reac-
tion compl eted after 11 hours of reaction maintenance.
Reaction progress was monitored by TLC (mobile
phase: toluene: methanol - 9:1). Mass cooled to 30°C
and added water. Separated the organic layers and
washed withwater. Toluenedistilled off completely un-
der reduced pressureto get theimpurity 1V asaresi-
due. Residuewas purified by column chromatography
by eluting with 5% n-hexanein ethyl acetate.

M.F. C H, N.OS; M. Wt. 339.14; IR (KBr)
vem™: 3029 (C-HinAr), 1600 and 1512 (C-CinAr),
2922 (C-H), 1321 (C-N), 1223 (C=S), 3612 (O-H);
H-NMR (400 MHz, DM SO-d6) éppm: 2.0 (1H, -
OH), 2.4 (t, 4H, -CH_-), 2.55 (t, 2H, -CH,-), 2.7 (t,
4H, -CH,-), 3.7 (t, 2H, -CH,-), 7.0-7.1 (m, 5H, Ar-
H), 7.25(m, 2H, Ar-H), 7.45(d, 1H, Ar-H); MSm/z
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(%) =340.10 (M+1); And. Cacdfor C H, N,OS: C
-67.23,H - 6.24, N - 12.38%; Found: C - 67.25, H
- 6.25, N - 12.38%.
Synthesisof 2-[2-4-(dibenzo[b,f][1,4]thiazepin-11-
yl)piperazin-1-yl]ethoxy]ethyl acetate(Impurity V)
2-[2-(4-dibenzo[b,f][1,4]thiazepine-11-yl-1-
piperazinyl) ethoxy] ethanol (3 g, 0.008 moles) was
dissolvedin ethyl acetate and added triethyl amine(0.8
g, 0.008 moles) under stirring. Aceticanhydride (2.4 g,
0.023 moles) wasadded dowly to thereaction mixture
at roomtemperature. Reactionwasmonitored by TLC
(mobilephase: ethyl acetate: n-hexane- 3:2) and com-
pleted within 4 hours. Reaction masswasdistilled off
under vacuum compl etely and dissolved theresiduein
ethyl acetate. Ethyl acetatelayer waswashed with satu-
rated sodium bicarbonate sol ution followed by water.
Ethyl acetate was evaporated to give the product as
brown oil, which waspurified by column chromatogra:
phy by € uting with 5% ethyl acetatein n-hexane.

M.F. C,,H,N.O,S; M. Wt. 425.18; IR (KBr)
vem™: 3029 (C-HinAr), 1508 and 1452 (C-CinAr),
2982 (C-H), 1320 (C-N), 1221 (C=S), 1089 (C-0O),
1732 (C=0); *H-NMR (400 MHz, DM SO-d6) 6ppm:
2.0 (3H, -CH,), 24 (t, 4H, -CH,-), 2.55 (t, 2H, -
CH,-),2.7(t,4H,-CH,-), 3.7 (t,2H,-CH,-), 7.0-7.1
(m, 5H,Ar-H), 7.25 (m, 2H, Ar-H), 7.45(d, 1H, Ar-
H); MS nVz (%) = 426.01 (M+1); Ana. Calcd for
C,,H,,N,O.S: C-64.92, H - 6.40, N - 9.87%; Found:
C-64.91, H-6.40, N - 9.88%.

Synthesisof 2-[4-(dibenzo[b,f][1,4]thiazepin-11-
yl)piperazin-1-yl]ethyl chloride(7)

Charged 11-(piperazin-1-yl)dibenzo[b,f][1,4]-
thiazepine (impurity 11, 6.5 g, 0.022 moles), 1,2-
dichoroethane (2.2 g, 0.022 moles) and triethyl amine
(0.40 g, 0.004 moles) into RBF and started stirring at
25°C. Reaction was heated to reflux and maintained
theprogressby TLC (mobile phase: toluene: methanol
- 8:2). Reaction was completed after 4 hoursof reflux.
Mass cooled to 40°C and added water slowly under
stirring. Separated thetol uene layer and washed with
water. Toluenewasdidtilled off completely under vacuum
to afford thelight brown color resi due containing about
60% of the compound (7). Thisresiduewaspurified
by column chromatography by eluting with 6% ethyl
acetatein n-hexane.
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M.F. C H,CIN,S; M. Wt. 357.11; IR (KBr)

vem' 3026 (C-H inAr), 1602 and 1514 (C-CinAr),
2923 (C-H), 1319 (C-N), 1224 (C=9), 612 (C-Cl);
1H-NMR (400 MHz, DM SO-d6) dppm: 2.4 (t, 4H, -
CH,-), 2.6 (m, 6H, -CH.-), 3.5 (t, 2H, -CH_-), 7.0-
7.1 (m, 5H, Ar-H), 7.25 (m, 2H, Ar-H), 7.5 (d, 1H,
Ar-H); MSm/z (%) = 358.20 (M+1); Anal. Calcd for
C,H,CINS: C - 63.76, H - 5.63, N - 11.74%;
Found: C-63.77,H - 5.64, N - 11.75%.
Synthesisof 11,11’-[ethane-1,2-diylbiS(oxyethane-
2,1-diylpiperazine-4,1-diyl)[bis(dibenzo [b,f] [1,4]
thiazepine (I mpurity V1)

Charged Quetiapine (1a, 4 g, 0.01 moles) and
diisopropyl ethyl amine (3.8 g, 0.03moles) into toluene
at 30°C and started agitation. Reaction massheated to
60-65°C and added 2-[4-(dibenzo[ b,f][1,4]thiazepin-
11-yl)piperazin-1-yi]ethyl chloride(7, 3.6 g, 0.01 moles)
intoluenedowly. Further raised thereactiontempera:
tureto reflux and reaction progresswas monitored by
TLC (mobile phase: ethyl acetate: n-hexane - 1:1).
Reaction mass cool ed to 30°C and added water. Sepa
rated thelayersand washed thetoluenelayer with satu-
rated sodium bicarbonate sol ution followed by water.
Onvacuum ditillation of toluenecompletely afforded
the product as off-whiteresidue. Thisres duewas pu-
rified by column chromatography by el uting with 4%
ethyl acetatein n-hexane.

M.F. C,H,N,O,S,; M. Wt. 704.3; IR (KBr)
vem™: 3032 (C-HinAr), 1608 and 1518 (C-CinAr),
2998 (C-H), 1320 (C-N), 1220 (C=S), 1086 (C-0O);
H-NMR (400 MHz, DM SO-d6) éppm: 2.44 (m, 8H,
-CH2-), 25 (t, 4H, -CH2-), 2.65 (m, 8H, -CH2-),
3.4 (t, 4H, -CH2-), 3.6 (t, 4H, -CH2-), 7.0-7.1 (m,
10H, Ar-H), 7.25 (m, 4H, Ar-H), 7.5 (d, 2H, Ar-H);
MS m/z (%) = 705.32 (M+1); Anal. Calcd for
C,H.N.O,S,: C-68.15, H - 3.29, N - 11.92%;
Found: C - 68.14, H - 3.30, N - 11.91%.
Synthesisof 2-[2-[4-(dibenzo[b,f][1,4] thiazepin-11-
yl)-1-oxidopiper azin-1-yl]ethoxy] ethanal (Impurity
VII)

To astirring solution of Quetiapine (25 g, 0.065
moles) inmethanol (200 mL) added vanadium pentox-
ide (2.3 g, 0.013 moles) under stirring at ambient tem-
perature. m-Chloro perbenzoic acid (100 mL, 4 vol -
umes) was added dowly at thesametemperature. The
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reaction masswas stirred at the sametemperaturefor
30 hours. The progress of thereaction was monitored
by TLC (mobile phase: chloroform: methanol —9:1).
The resulting masswas concentrated under reduced
pressure at lessthan 45°C and acetonitrile was added
to the obtained residue under stirring. The separated
solid wasfiltered and thewet cakewaspurified by durry
wash with methanol. Dried thematerial at 40°C to get
theimpurity V1l asawhitesolid.

M.F. C,H,.N.,O,S, M. Wt. 399.16; IR (KBr)
vem™: 3042 (C-HinAr), 1621 and 1506 (C-CinAr),
2982 (C-H), 1318 (C-N), 1256 (C=S), 3652 (O-H);
H-NMR (400 MHz, DM SO-d6) éppm: 2.0 (s, 1H, -
OH), 2.4(t, 4H, -CH_-), 2.5(t, 2H, -CH,-), 2.65 (m,
4H, -CH,-), 3.4 (t, 2H, -CH,-), 3.6-3.7 (m, 4H, -
CH,-), 7.0-7.1 (m, 5H, Ar-H), 7.25 (m, 2H, Ar-H),
7.5(d, 1H,Ar-H); MSn/z (%) =400.12 (M+1); Andl.
Calcd for C,H,.N,O.S: C - 63.13, H - 6.31, N -
10.52%; Found: C - 63.12, H - 6.32, N - 10.53%.
Synthesis of 2-{2-[4-(5-Ox0-5HA-dibenzo[b,f]
[1,4]thiazepin-11-yl)-piperazin-1-yl]ethoxy} etha-
nol (Impurity VIII)

Quetigpine (22 g, 0.057 moles), methanol (100mL)
and manganesedioxide(1 g, 0.011 moles) werecharged
into aRBF and started tirring. After 5 minutes, added
5% hydrogen peroxide solution (150 mL, 6.8 volumes)
slowly drop wise and maintained the reaction under
agitationfor 24 hours. The progressof thereaction was
monitored by TCL (mobilephase: chloroform: metha:
nol —9:1). The reaction mass was concentrated under
reduced pressure at |ess than 50°C and the obtained
residue was partitioned between chloroform and wa
ter. The organic layer was washed with water, dried
over sodiumsulfateand distilled off under vacuum. The
resulting reside was subjected to prep-HPLC to get
theimpurity VI1II.

M.F. C,H,.N,O,S, M. Wt. 399.16; IR (KBr)
vem™: 3032 (C-H inAr), 1622 and 1504 (C-CinAr),
2945 (C-H), 1314 (C-N), 1252 (C=S), 3643 (O-H);
H-NMR (400 MHz, DM SO-d6) dppm: 2.05(s, 1H,
-OH), 2.35(t, 4H, -CH_-), 252 (t, 2H, -CH,-), 2.65
(m, 4H, -CH_-), 3.45(t, 2H, -CH,-), 3.6-3.7 (m, 4H,
-CH,-), 7.0-7.1 (m, 5H, Ar-H), 7.3 (m, 2H, Ar-H),
7.5(d, 1H,Ar-H); MSn/z (%) =400.12 (M+1); Andl.
Cdcd for C,H,.N.O.S: C - 63.13, H - 6.31, N -
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10.52%; Found: C - 63.10, H - 6.34, N - 10.51%.
Synthesisof 2-iodobenzoyl chloride(8)

2-lodobenzoicacid (33 g, 0.13 moles), toluene (200
mL) and thionyl chloride (30.9 g, 0.26 moles) were
charged into aRBF and started stirring at 26°C. Reac-
tion masswas heated to reflux and maintained for 10
hours. Progressof thereaction wasmonitored by TLC
(mobile phase: ethyl acetate: n-hexane—1:1). Added
tolueneand excess of thionyl chloridewasditilled off
under reduced pressure. The processwasrepeated with
tolueneto get the compound (8) asaresidue.

M.F. CH,ClIO; M. Wt. 265.9; IR (KBr) vem™
1623.26 and 1452.95 (C-H), 561.25 (C-1), 1786.21
(C=0).

Synthesis of {4-[2-(2-hydroxy-ethoxy)ethyl
piperazin-1-yl}-(2-iodophenyl)-methanone (9)

1-[2-(hydroxyethoxy)-ethyl] piperazine (20 g,
0.114 moles), THF (100 mL ), water (50 mL) and tri-
ethyl amine (2.3 g, 0.023 moles) were added into a
RBF and started stirring at icewater bath temperature.
Dissolved 2-iodobenzoyl chloride(8) (30.3g,0.114
moles) in THF and added s owly to the reaction mix-
ture. Thetemperature waskept below 20°C during the
addition. Thereaction masswas allowed to warmto
room temperature and stirred 2 hoursat ambient tem-
perature. 50.0 mL of water was added and THF was
removed by distillation. The pH of the solution was
adjusted to 9-10 with saturated sodium bicarbonate
solution. . Thewater was extracted with dichlorome-
thaneand distillation of organiclayer yielded thecom-
pound (9) asyellowishail.

M.F. C H,IN,O,; M. Wt. 404.06; IR (KBr)
vem™: 3029 (C-H inAr), 1608 and 1509 (C-CinAr),
2998 (C-H), 1310 (C-N), 3644 (O-H), 1652 (C=0),
562 (C-1); *H-NMR (400 MHz, DM SO-d6) éppm: 2.0
(s,1H,-OH), 2.5(t, 2H,-CH_-), 2.66 (m, 4H,-CH,"),
3.30(m, 4H, -CH,-), 3.45-3.55 (m, 4H, -CH,-), 3.70
(t,2H,-CH,"), 7.2(m, 1H,Ar-H), 7.4 (m, 1H, Ar-H),
7.7-7.8 (M, 2H, Ar-H); MSm/z (%) = 405.12 (M +1);
Ana. Cacdfor C H, IN,O,: C-44.57,H-524,N -
6.93%; Found: C - 44.58, H - 5.26, N - 6.91%.
Synthesisof [2-[(2-aminophenyl)thio]phenyl][4-[2-
(2-hydroxyethoxy)ethyl]piper azin-1-yl] methanone
(Impurity IX)

{4-[2-(2-hydroxy-ethoxy)ethyl piperazin-1-yl} -(2-
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iodophenyl)-methanone (9) (0.034 moles) was dis-
solvedinisopropanol (50 mL) and ethyleneglycol (2.5
mL) . Cul (1.4 g, 0.007 moles) and potassium car-
bonate (4.7 g, 0.034 moles) were added to the reac-
tion mixture. Flushed the RBF with nitrogen and 2-
aminothiophenol (4.25 g, 0.034 moles) was added
under anitrogen aimosphere. Thereaction mixturewas
refluxed for 12-16 hours. Reaction progresswas moni-
tored by TLC. Allowed the masstemperature to 30°C,
and filtered off the solid material. Ditilled off the sol-
vent compl etel y under vacuum and dissolved theresi-
duein ethyl acetate. Water was added and adjusted
the mass pH to 5 with dilute acetic acid. Again ad-
justed the agueouslayer pH to 10-11 with 1M NaOH
solution and the basi c water phasewas extracted with
ethyl acetate. Distillation of ethyl acetate afforded the
impurity 1X asdark red oil. Residue was purified by
column chromatography by e uting with 5% ethyl ac-
etatein n-hexane.

M.F. C,H,N.O,S; M. Wt. 401.18; IR (KBr)
vem™: 3032 (C-HinAr), 1602 and 1503 (C-CinAr),
2952 (C-H), 1314 (C-N), 3652 (O-H), 1648 (C=0),
3385 (N-H); *H-NMR (400 MHz, DM SO-d6) éppm:
2.0 (s, 1H,-OH), 25(t, 2H, -CH,-), 2.66 (m, 4H, -
CH,-), 3.30(m, 4H, -CH,-), 3.45-3.55(m, 4H, -CH.-
), 3.70(t, 2H, -CH,-), 4.0 (s, 2H, -NH,), 6.2-6.4 (m,
2H, Ar-H), 6.7 (m, 1H, Ar-H), 7.0-7.2 (m, 2H, Ar-
H), 7.3 (m, 2H, Ar-H), 7.8 (d, 1H, Ar-H); MS m/z
(%) = 402.20 (M+1); Anal. Calcdfor C, H, N,O,S:
C-62.82,H-6.78, N - 10.47%; Found: C - 62.83,
H - 6.79, N - 10.46%.

Synthesis of (4-(2-(2-(tetrahydro-2H-pyran-3-
yloxy)ethoxy)ethyl)piper azin-1-yl)(2-(2-amino
phenylthio) phenyl)methanone (10)

Dihydropyran (2.5 g, 1.2 moles) and p-toluenesul-
fonic acid monohydrate (2.1 g, 0.012 moles) were
charged into aRBF and started stirring at 25°C. Heated
thereaction massto 60°C and [ 2-[ (2-aminophenyl)-
thio] phenyl] [4-[2-(2-hydroxyethoxy)ethyl] piperazin-1-
yl] methanone (impurity IX) (10 g. 0.025 moles) was
added dlowly drop wise over aperiod of 30 minutes.
Reaction maswas maintained at 60-65°C for another
30 minutes. Reaction progresswasmonitored by TLC
(mobile phase: toluene: methanol — 8:2). Reaction was
allowed to ambient temperature and added NaHCO,
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(2.0g) and maintained for another 15 minutes. Filtered
themassdistilled off themassunder vacuum afforded
compound (10) aslight red ail.

M.F. C,H,N,O,S, M. Wt. 485.23; IR (KBr)
vem™: 3031 (C-HinAr), 1602 and 1581 (C-CinAr),
2944 (C-H), 1652 (C=0), 3380 (N-H), 1082 (C-0);
'H-NMR (400 MHz, DM SO-d6) éppm: 1.6-1.9 (m,
4H,-CH,-), 25(t, 2H,-CH,-), 2.66 (m, 4H, -CH,-),
2.95(m, 1H,-CH-), 3.3(m, 4H, -CH_-), 3.4 (m, 2H,
-CH,-), 3.5-3.8 (m, 8H, -CH,-), 4.0 (s, 2H, -NH,),
6.2-6.4 (m, 2H, Ar-H), 6.7 (m, 1H, Ar-H), 7.0-7.2
(m, 2H,Ar-H), 7.3(m, 2H, Ar-H), 7.8 (d, 1H, Ar-H);
MS m/z (%) = 486.15 (M+1); Anal. Calcd for
C,H..N.O,S: C-64.30,H - 7.26, N - 8.65%; Found:
C-64.31,H-7.25, N - 8.66%.

Synthesis of (4-(2-(2-(tetrahydro-2H-pyran-3-
yloxy)ethoxy)ethyl)piper azin-1-yl)(2-(2-(acetyl
amino)-phenylthio) phenyl)methanone (11)

Charged (4-(2-(2-(tetrahydro-2H-pyran-3-
yloxy)ethoxy)ethyl)piperazin-1-yl)(2-(2-amino phenyl
thio)phenyl)methanone (10) (8.2 g, 0.017 moles) and
tolueneinto RBF and started agitation at ambient tem-
perature. Acetyl chloride (2.0 g, 0.026 moles) was
added slowly over aperiod of 10-15 minutes. Reac-
tion masswas heated to reflux and monitored there-
action progresshby TL C. Reaction was completed af-
ter 6 hours of maintenance under reflux. Masstem-
perature wasto 60°C and distilled off solvent com-
pletely under reduced pressureto get dark brown resi-
due. Residue was dissol ved in toluene and washed
with saturated sodium bi carbonate solution. Distilla-
tion of toluene under reduced pressureafforded com-
pound (11) asabrownoil.

M.F. CH_N,O.S, M. Wt. 527.25; IR (KBr)
vem™: 3026 (C-H inAr), 1598 and 1579 (C-CinAr),
2965 (C-H), 1686 (C=0), 3372 (N-H), 1086 (C-0O);
'H-NMR (400 MHz, DM SO-d6) 6ppm: 1.6-1.9 (m,
4H, -CH,-), 2.1 (s, 3H, -CH,), 25 (t, 2H, -CH,-),
2.66 (m, 4H, -CH,-), 2.95(m, 1H, -CH-), 3.3(m, 4H,
-CH_.-), 3.4 (m, 2H, -CH,-), 3.5-3.8 (m, 8H, -CH.),
4.0(s, 1H, -NH), 6.2-6.4 (m, 2H, Ar-H), 6.7 (m, 1H,
Ar-H),7.0-7.2(m, 2H,Ar-H), 7.3(m, 2H,Ar-H), 7.8
(d, 1H, Ar-H); MS myz (%) = 528.15 (M+1); Andl.
Calcd for C,H,N,O.S: C - 63.73, H - 7.07, N -
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7.96%; Found: C-63.72,H - 7.08, N - 7.97%.
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Synthesis of N-(2-[[2-([4-[2-(2-hydr oxyethoxy)-
ethyl] piper azin-1-yl]car bonyl)phenyl]thio] phenyl)
acetamide (Impurity X)

Dissolved (4-(2-(2-(tetrahydro-2H-pyran-3-
yloxy)ethoxy)ethyl)piperazin-1-y1)(2-(2-(acetyl amino)
-phenylthio) phenyl)methanone (11) (5.6 g, 0.01 moles)
inanhydrous methanol and started agitation a ambient
temperature. 25 mL of Dowex 50-X4 cationresin (H*
form, prewashed with anhydrous methanol) was added
and themixturestirred for 90 minutesat 25°C. Theion
exchangeresnwasremoved by filtration throughasin-
tered-glass filter and then washed with anhydrous
methanol. Digtilled off methanol under reduced pres-
sure afforded aoily brown residue. Pureimpurity X
was obtained by prep HPLC technique.

M.F. C_H,N,O,S, M. Wt. 443.19; IR (KBr)
vem™: 3028 (C-HinAr), 1608 and 1582 (C-CinAr),
2989 (C-H), 1702 (C=0), 3388 (N-H), 1078 (C-0O),
3652 (O-H); *H-NMR (400 MHz, DM SO-d6) éppm:
2.0 (s, 1H, -OH), 2.1 (s, 3H, -CH,), 25 (t, 2H, -
CH,-), 2.66 (m, 4H, -CH,-), 3.3 (m, 4H, -CH_-), 3.4
(m, 2H,-CH,-), 3.5-3.8(m, 4H, -CH_-), 8.0 (s, 1H, -
NH), 6.8-7.0(m, 2H, Ar-H), 7.2 (m, 2H, Ar-H), 7.3-
7.4 (m, 2H, Ar-H), 7.45 (m, 1H, Ar-H), 7.8 (d, 1H,
Ar-H); MSm/z (%) = 444.20 (M+1); Ana. Cacd for
C,,H,N,O,S: C-62.28,H-6.59, N - 9.47%; Found:
C-62.29, H-6.60, N - 9.45%.

Synthesisof 2-chlor 0-6-(phenylthio)benzenamine
(12)

2,6-dichlorobenzenamine (32 g, 0.2 moles), ethanal
(150 mL) and thiophenol (22 g, 0.02 moles) were
charged intoaRBF and started stirring at 26°C. Aque-
ous NaOH (0.5 mol in 100 mL of water) was added
dowly over aperiod of 10 minutesat the sametempera-
ture. Reaction mixturewasrefluxed for 3hoursand re-
action progresswasmonitored by TLC (mobile phase:
ethyl acetate: n-hexane— 5:3). Reaction mass was dis-
tilled off under reduced pressure and dissol ved theresi-
dueintoluene. Washed thetoluenelayer withwater and
dried over sodium sulfatefollowed by vacuum ditillation
afforded the compound (12) asacolorlessresidue.

M.F. C_H,,CINS; M. Wt. 235.02; IR (KBr)
vem'®; 3042 (C-H inAr), 1604 and 1582 (C-CinAr),
3389 (N-H), 756 (C-Cl); *H-NMR (400 MHz,
DM SO-d6) 6ppm: 4.0 (s, 2H, -NH,), 6.3 (m, 1H, Ar-
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H), 6.8 (m, 2H, Ar-H), 7.0 (m, 3H, Ar-H), 7.2 (m,
2H,Ar-H); MSm/z (%) = 236.12 (M+1); Anal. Calcd
for C,H,,CINS: C - 61.14, H - 4.28, N - 5.94%;
Found: C- 61.12, H - 4.30, N - 5.94%.

Synthesisof phenyl 2-chlor o-6-(phenylthio)phenyl-
carbamate (13)

2-chloro-6-(phenylthio)benzenamine (12) (26 g,
0.11 moles) was dissolved in toluene (100 mL) and
started agitation at 28°C. A solution of phenyl
chloroformate (20.6 g, 0.132 moles) in toluene (100
mL) wasdropped into thereaction massat 5-10°C over
aperiod of 3 hours. Reaction mass maintained under
gtirring at 5-10°C for 30 minutes. 10 g of NaHCO, in
300 mL of water was added slowly to the mass. Al-
lowed the massto 25-30°C and stirred for 60 minutes
a thesametemperature. Separated both thelayersand
washed the organic layer with 10% HCI solutionfol-
lowed by water. Didtillation of toluenecompletely under
vacuum afforded compound (13) asalight brown ail.

M.F. C H,,CINO,S; M. Wt. 355.04; IR (KBTr)
vem™: 3036 (C-H inAr), 1606 and 1580 (C-CinAr),
3392 (N-H), 764 (C-ClI); *H-NMR (400 MHz,
DMSO-d6) éppm: 6.7 (m, 1H, Ar-H), 7.0-7.1 (m,
8H,Ar-H), 7.2(m, 3H,Ar-H), 8.0 (s, 2H,-NH,); MS
m/z (%) = 356.08 (M+1); Anal. Calcd for
C,H,,CINO,S: C - 64.13, H - 3.97, N - 3.94%;
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Found: C - 64.12, H - 3.98, N - 3.96%.

Synthesis of 4-(2-(2-hydroxyethoxy)ethyl)-N-(2-
chloro-6-(phenylthio)phenyl)piperazine-1-
carboxamide(14)

Charged phenyl 2-chloro-6-(phenylthio)phenyl car-
bamate (13) (22 g, 0.062 moles), toluene (120 mL)
and 2-(2-(piperazin-1-yl)ethoxy)ethanol (12 g, 0.07
moles) were charged into RBF and started stirring.
Reaction masswas heated to reflux and monitored the
progress by TLC (mobile phase: toluene: methanol —
8:2). Reaction was completed within 1 hour and then
massallowed to ambient temperature. Reaction mass
was washed with saturated sodium carbonate solution
followed by water. Evaporation of tolueneunder vacuum
afforded compound (14) asan ail.

M.F. C,H,.CIN,O,S; M. Wt. 435.1; IR (KBr)
vem™: 3032 (C-H inAr), 1600 (C-CinAr), 3378 (N-
H), 760 (C-Cl), 2986 (C-H), 1698 (C=0), 1082 (C-
0), 3565 (O-H); *H-NMR (400 MHz, DM SO-d6)

= Fyl) Paper

Sppm: 2.0 (s, 1H, -OH), 2.5 (t, 2H, -CH,-), 2.6 (m,
4H, -CH,7), 3.2 (M, 4H, -CH,7), 3.4-35 (t, 4H, -
CH,7), 3.7 (t, 2H, -CH,-), 8.0 (s, 2H, -NH.,), 6.7 (m,
1H, Ar-H), 7.0-7.1 (m, 5H, Ar-H), 7.2 (m, 1H, Ar-
H); MS m/z (%) = 436.12 (M+1); Anal. Calcd for
C,,H,.CIN,0,S: C-57.85,H - 6.01, N - 9.64; Found:
C-57.84,H-6.02, N - 9.62%.

Synthesis of 2-[4-(9-chlorodibenzo[b,f][1,4]-
thiazepin-11-yl)piper azin-1-yl]ethoxy]ethanal (Im-
purity XI)

4-(2-(2-hydroxyethoxy)ethyl)-N-(2-chloro-6-
(phenylthio)phenyl)piperazine-1-carboxamide (14) (15
g, 0.034 moles), POCI, (10.4 g, 2.0 moles) and P,O,
(9.65 g, 1.0 moles) were charged into a RBF and
darted agitation. Themixturewasrefluxedfor 12 hours
and reaction progresswas monitored by TLC. Reac-
tion masswas cooled to 50°C and distilled off themass
completely under reduced pressure. Dissolved theresi-
dueindichloromethaneand tirred at ambient tempera
turefor 30 minutes. The preci pitateformed wasfiltered
and thefiltrate was washed with 10% NaOH solution
followed by weter. Dichloromethanedried over sodium
sulfate and evaporation under reduced pressure af -
forded Impurity X1 asalight brown col ored residue.
Residue was purified by column chromatography by
eluting with 3% ethyl acetatein n-hexaneto afforded
pureimpurity X1.

M.F.C,H,,CIN,O,S; M. Wt. 417.13; IR (KBr)
vem™: 3041 (C-H inAr), 1611 (C-CinAr), 765 (C-
Cl), 2998 (C-H), 1089 (C-0O), 3568 (O-H); *H-NMR
(400 MHz, DM SO-d6) éppm: 2.0 (s, 1H, -OH), 2.4
(t, 4H, -CH.-), 2.5 (t, 2H, -CH,-), 2.65 (m, 4H, -
CH,-), 3.4 (t, 2H, -CH,-), 3.6-3.7 (m, 4H, -CH_-),
7.0-7.1 (m, 4H, Ar-H), 7.25 (m, 2H, Ar-H), 7.5 (d,
1H,Ar-H); MSm/z (%) =418.25(M+1); And. Cacd
for C,H,,CIN,O,S: C-60.35, H - 5.79, N - 10.05;

21" 24

Found: C - 60.33, H - 5.78, N - 10.04%.
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