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ABSTRACT

During the analysis of laboratory batches of Tizanidine HCI, six impurities
were detected by asimple isocratic reverse-phase high performance liquid
chromatography (HPL C) whose area percentage ranged from 0.10to 0.30 %.
A thorough study has been undertaken to isolate and characterize these
impurities, LCM Swas performed to identify the mass number of theimpuri-
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ties. The structures of the impurities characterized as: N-(4,5-dihydro-1H-
imidazol-2-yl)-2,1,3-benzothiadiazol e-4-amine hydrochloride [impA], N-(5-
chloro-2,1,3-benzothiadiazol-4-yl)thiourea (imp B), dimer of Tizanidine HCI
(imp C), S'methyl-N-(5-chloro-2,1,3-benzothiadiazol -4-yl)-i sothiouronium
iodide (imp D), 4-amino-5-chloro-2,1,3-benzothiadiazole (imp E), and N,N-
bis(5-chloro-2,1,3-benzothiadiazol-4-yl)-N-(4,5-dihydro-1H-imidazol - 2-

yh)guanidine (imp F).
1.INTRODUCTION

Tizanidine hydrochlorideisacentrally acting o.,-
adrenergic agonisand centrally activemyotonol ytic skel-
etd musclerelaxant™2. Theeffectsof Tizanidineare
greatest on polysynaptic pathways. Theoverall effect
of theseactionsisthought to reducefacilitation of spi-
nal motor neurons. Intheliterature, aradioimmunoas-
say method for quantification of Tizanidine hydrochlo-
ride has been widely used®. Also, determination of
Tizanidinein human plasmaby Gas Chromatography-
M ass spectrometry has been reporated. Tizanidine,
which containsacyclic guanidinemoiety, can exist as
two tautomers®. Raman and Petil reported® analytical
methodsfor estimation of Tizanidinein combination of
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Nimesulide and Tizanidine. Qi et a. have reported™”
stability indicating HPLC method for Tizanidine. Re-
cently, Mahadik et. a. developed stability indicating
HPTLC determination of Tizanidine hydrochloridein
bulk drug and pharmaceutica formulaiong®. Tizanidine
isanoff-whiteto light yellow, fine crysta line powder,
odorlessor with afaint characteristic odor and dightly
solubleinwater and methanol, solubility inwater de-
creases asthe pH increases. Its chemical nameis5-
chloro-4-(2-imidazolin-2-ylamino)-2,1,3-benzothio
diazolehydrochloride. Literaturestudiesreved differ-
ent methodsfor the preparation of Tizanidine hydro-
chloride®.

During the analysis of laboratory batches of
Tizanidinehydrochl oride, Six impuritieswere detected
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whose area percentage ranged from 0.10 to 0.30 %,
by asmpleisocratic reverse phase LC method. A com-
prehensive study has been undertaken toisolate and
characterizetheseimpuritiesby spectroscopic and spec-
trometrictechniques. Theimpurity profile study hasto
becarried out for any final product toidentify and char-
acterizeal theunknown impuritiesthat arepresent at a
level of even below 0.05%. Therequirement of identi-
fying and characterizing theimpuritiesinthefind prod-
uct isextremely necessary inthewake of stringent pu-
rity requirementsfrom theregulatory authorities. This
paper not only describestheisolation and character-
ization of Six impuritiesthat are present intherange of
0.10t0 0.30 %, inthebulk drug of Tizanidine hydro-
chloridebut a so explainstheformation of theseimpu-
rities.

2.EXPERIMENTAL

2.1 Samples

Theinvestigated samplesof Tizanidine hydrochlo-
ride bulk material were obtained from Dr. Reddy’s
LaboratoriesLtd., Active Pharmaceutical Ingredient-
[11, Hyderabad, India.

2.2 High performance liquid chromatography
(Analytical)

An in-house LC method was devel oped for the
andysisof Tizanidinehydrochlorideand itsimpurities,
whereacolumn (Symmetry C , 250x4.6 mm, 5u) with
amobile phase consisting of A: buffer (2.25 g of so-
dium perchlorate 300 ml of water, allow to dissolve
and add 0.5ml of TEA, adjust pH to3.6 with phosphorius
acid then add acetonitrile and degas mobile phase B
dissolve 2.0 g of sodium per chlorate 300 ml of water,
allow todissolveand add 0.5 ml of TEA, adjust pH to
2.6 with phosphoric acid thenadd 700 ml of acetoni-
trilewith atimed gradient program of T/%B: 95/05,
80/20, 50/50, 35/65, 25/75, 95/05, 95/05, with aflow
rateof 1.0ml/min, UV detection at 230 nm was used.
ThisLC method wasableto detect all theseimpurities.

2.3 Liquid chromatography-mass spectrometry
(LC-MY9)

LC-M SM S compatiblemethod was devel oped for
theanaysisof Tizanidinehydrochlorideanditsimpuri-
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ties, whereacolumn (Inerts| ODS 3V 250X4.6X5.0u)
with amobile phase consisting of 0.01M ammonium
acetate (pH = 6.0) adjusted with diluteacetic acid and
acetonitrileintheratio of 65:35, with aflow rateof 1.0
ml/min, UV detection at 230 nm wasused. ThisLC
method was ableto detect all theimpurities. Themass
spectrum of impuritieswererecorded onAB-4000 Q-
trap LC-M S/M S mass spectrometer.

2.4 M ass spectrometry

Theelectro spray ionizationand MS-M S studies
were performed on AB-4000 LC-M S/M S mass spec-
trometer. The positive and negative electro spray MS
datawas obtai ned by switching the capillary voltage
between n+5000 and - 4500V respectively.

2.5 NMR spectr oscopy

The!H-NMR doneat 400 MHz and 100 MHz on
Varian Mercury plus400 MHz FT NMR Spectrom-
eter and smilar experimentsfor impuritiesA,B,C,D,E
and Fwere performed on Gemini-2000 (200 MHz) in
DMSO-d.. The'H chemical shift valueswerereported
onthed scalein ppm, relativeto TM S (6=0.00 ppm)
and thechemical shift valueswerereported relativeto
CDClI, (6=77.00 ppm) and DM SO-d, (6=39.50 ppm)
asinterna standardsrespectively.

2.6 FT IR spectroscopy

ThelR spectrawererecorded on the solid state as
K Br dispersion medium using Perkin Elmer spectrum
oneFT IR spectrophotometer.

2.7 Synthesisof impurities

Theimpurity A is prepared by taking deschloro
compound of the starting material and further reaction
same as steps used for the preparation of Tizanidine,
Impurity B isone of thekey intermediatein the prepa-
ration of Tizanidineimpurity C wasprepared by taking
lessmolar equiva ent of ethylene diaminewith respec-
tive S-methyl-N-(5-chloro-2,1,3-benzothiadiazol -4-
yl)-isothiouroniumiodide, impurity D isoneof thekey
intermediateinthesynthessof Tizanidine, impurity Eis
formed during condensation of ethylenediamineand
S-methyl-N-(5-chloro-2,1,3-benzothiadiazol-4-yl)-
isothiouroniumiodideand impurity Fisformed dueto
condensation of Tizanidineand S-methyl-N-(5-chloro-
2,1,3-benzothiadiazol-4-yl)-isothiouroniumiodide.
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3. RESULTSAND DISCUSSIONS

3.1 Detection of impuritiesA,B,C,D,Eand F

A typical analytica LC chromatogram of alabora-
tory batch of Tizanidine Hydrochloride bulk drug re-
corded using the LC method as described in section
2.2. The LC-M S compatible method isdescribed in

TABLE 1: Retention timefrom HPL C, molecular weight of
theimpuritiesfromLC-M S

s Ret.
né) time* Compound M.W Structure Nature
min
=N,
- .S
01 N Process
0.88 Impurity-A 255.5 NH
related
A
N~ 'NH HCI
/
=N,
. cl N Process
02 151 Impurity-B 244.5 NH related
S)\NHZ
o
- .S
cl N S~N
L N ) Process
03 1.65 Impurity-C 480.4 HNNH related
HN\/\N N
H H cl
=N,
\N.S Br.
. cl ocess
04 224 Impurity-D 386.7 NH related
HSC'S/J\\NH.Hl
=N,
. < S Process
05 3.11 Impurity-E 185.6 cl N related
NH,
_N
< S
Cl N
N._N._NH
. S Process
06 315 Impurity-F 4644 o related

plare

T
14405 . mp-a
f= X1 BBE - ImpD

10 i

section 2.3 whichisused to detect theimpurities(figure
1). Retention timesin HPLC and structures of these
impuritiesand Tizanidineareshownin TABLE 1. Im-
puritiesB, C, D, Eand F arepolar and impurity Ais
non-polar respectively with respect to tizanidinehydro-
chloride.

3.2 Sructural ducidation of tizanidinehydrochlo-
rideimpurities
Sructural ducidation of impurities

Structurd ducidationof impurity Ain ES-M Sspec-
trum displayed molecular ionat m/z 219 (M-H). The
ES-MS-M S spectrum displayed daughter ionsat m/z
190.11, 135.0 and 162.0 in which 219isthe dominant
fragment. From the mass spectral datathe molecular
ion of impurity is 219, the exchangeabl e proton were
identified by D,O'H-NMR spectra. IR spectrum dis-
played characteristic absorptions at 3269, 3140 and
2985 cm* corresponding to NH, ArCH, a phatic-CH
repectively, theimpurity A couldbe CHN.SHCI. This
molecular formulamatched well withthemolecularion
observed at m/z 219.0 inthe mass spectral data. The
data obtai ned form the spectra studiescan berationa -
izedintermsof impurity A havingthemolecular formula
C,H,N_S.HCI, and the corresponding structure was
characterized as N-(4,5-dihydro-1H-imidazol -2-yl)-
2,1,3-benzothiadiazol e-4-amine hydrochloride[impu-
rity A]. The above mentioned strategieswere used for
elucidation of theimpuritiesfrom B to F¥l(Figure 2),
TABLES(1-3).
3.3Formation of impurities

Thelmpurity A isformed dueto presencedeschloro
compound inthestarting materia and further reaction
formstheimpurity, Impurity B isone of thekey inter-
mediateinthe preparation of Tizanidine impurity Cwas
formed during condensation of ethylenediaminewith

a0 &1

Figurel: LC method used for LC-MS
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TABLE 2: FT-IR and massspectr al data of tizanidine hydrochlorideimpuritiesA, B,C,D,Eand F

S.no. Compound IR* MS
3269 (N-H stretching), 3140 (Aromatic C-H stretching), 2985, 2853 (Aliphatic C-
H stretching), 2853 (prorogated NH stretching) 1647,1618 (Aromatic C=C
stretching), 1542 (-N-H bending), 1484 (aliphatic C-H bending), 1272 (aromatic
C-H stretching), 1292 (C-N stretching). 757 (aromatic C-H bending)

3340 (N-H stretching), 3137 (Aromatic C-H stretching), 2775, 2669 (Aliphatic C-
H stretching), 1638.05(Aromatic C=C stretching), 1582 (-N-H bending), 1471.86
(adiphatic C-H bending), 1275.44 (aromatic C-H stretching), 752.56 (aromatic C-H
bending)

3248 (N-H stretching), 3122 (Aromatic C-H stretching), 2992 (Aliphatic C-H
stretching), 1667,1639 (Aromatic C=C stretching), 1593 (-N-H bending), 1488.4
(aliphatic C-H bending), 1261 (aromatic C-H stretching), 770 (aromatic C-H
bending)

34.37.9 (N-H stretching), 3335.4 (Aromatic C-H stretching), 2921.6 (Aliphatic C-
H stretching), 1636.2 (Aromatic C=C stretching), 1584 (-N-H bending),
3495,3389 (primary N-H stretching), 1606 (primary N-H stretching), 1575,1486
(aromatic C=C stretching), 1537 (C=N stretching), 1348 (aromatic C-N +veEIMS:186.7(M+H)",
stretching), 1107 (aromatic C-Cl stretching), 836 (aromatic C-H bending), 770 187.6(M+2H)
(aromatic C-H bending)

3248 (N-H stretching), 3122 (Aromatic C-H stretching), 2992 (Aliphatic C-H
stretching), 1667,1639 (Aromatic C=C stretching), 1593 (-N-H bending), 1488.4
(aiphatic C-H bending), 1261 (aromatic C-H stretching), 770 (aromatic C-H
bending)

*KBr (Impurities A,B,C,D,E, and F and tizanidine hydrochloride)

1 Impurity-A +veES-M S:219.0(M+H)

2. Impurity-B +VeEIMS:245 (M+H)"

3. Impurity-C +VeEIM S:481(M+H)*

4. Impurity-D +VeEIMS:387.7(M+H)"

5. Impurity-E

6. Impurity F +veEIM S:465(M +H)

7 9 NI ,
) ~ /S
8 . Nl . cl 4 N3
8
7 =\ 9_N N1 8 9 1 26N N 10 _ NH
- /82 7 — \82 7 =2 7 /N\ - %2 27
6 AN ~. 7 <\ 2 2 6 S2 !
5 3 ¢ 4 N_Cl” s5y4 N3 S\N =N 7g 0 N 1oNH
10NH 5 3 10 20N a” X AN, 8 N 24 23
HN NH28 =\ 13
L 10NH 1\f 24 10NH 5 S1 15N.14
> Ju el 5 b N g | )
15N” "NH .HCI HN\/\ 25 HiCo ca” TN es
\ /12 S NH, S j!\ZlHHI 2 \N/g 20
14 13 13 12 17 Cl 13 lONHZ 17 L 19
Impurity A Impurity B Impurity C Impurity D Impurity E Impurity F

Figure2

N _N =N,
— \S \S ~ /S
~ iodi S iami N
N cl N Methyl iodide cl N Ethylenediamine ClI
NH
NH

Hz A
- s S)\NHZ H3C< /§ N\/_/NH

=" NH.HI
Cl N Impurity-B Impurlty-D N Tizanidine
N =\
NYNTNH \//\S - /S
N Cl N SN
H 1N =N ! /7
N= )\ cl N Iy HCI
S _ N”"NH NASN
N \/ NH2 H H
Impurity-F Impurity-A Impurity-E Impurity-C

Figure3: Synthesisof impurities
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TABLE 3: H assignmentsfor tizandinehydrochlorideimpuritiesA, B, C,D,Eand F

Position* Impurity-A I mpurity-B Impurity-C I mpurity-D | mpurity-E Impurity-F
'"H ppm/J  H ppm/J 'H ppm/J 'H ppm/J  'H ppm/J 'H  ppm/J
1
2
3
4
5
6 1H 7.6/d 1H 7.45/d
7 1H 7.78/dd 1H 7.8d 1H 8.1d 1H 7.68/d 1H 7.28d 1H 7.8/s
8 1H 8.07/d 1H 7.6/d 1H 7.9/d 1H 6.82/d - - 1H 7.6/s
9 - - - - - - - -
10 1H 11.33/br-s NH 7.1 NH 35 NH 3.49/br-s NH, 5.01s
11 - -
12 1H  854/br-s NH 28 NH 24 NH 25/s INH 2.5/s
13 2H 3.7Is
14 2H 3.7Is 3H 2.43/s
15 NH  8.54/ br-s
16
17
18
19 1H 7.6ls
20 3H 384/s 1H 7.8/s
21
22
23 INH
24 2H 3.4/t
25 2H 4.2/t
26
27 NH 7.0/s
*S- Singlet, d- Doublet, m- Multiplet, br- broad
Impurity D, whereethylenediaminemolar ratioisless, REFERENCES

impurity D isoneof thekey intermediatein thesynthe-
gsof Tizanidine, impurity Eisformed during condensa-
tion of ethylenediamineandimpurity D isanintermedi-
ateandfinaly impurity Fisformed dueto condensation
of Tizanidineandimpurity D areshowninfigure3.
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