International Journal of General Medicine A International Academy of Science,

and Pharmacy (IJGMP) 5

ISSN(P): 2319-3999; ISSN(E): 2319-4006 ‘ ) Engineering and Technology

Vol. 3, Issue 4, July 2014, 85-98 Connecting Rescarchers: Nurturing Innovations
© IASET IASET g g

IMPURITIES RELATED SULFAMETHOXYPYRAZINE, CHARACTERI  ZATION AND
QUANTITATIVE DETERMINATION OF PROCESS BY SOME

ANALYTICAL TECHNIQUES

MUKESH KUMAR GUPTA ' & MANOHAR V. LOKHANDE 2
'Department of Chemistry, Shri Jagdish Prasad Jhaafibrewala University, Vidya Nagari, Jhunjhunu,
Chudela, Rajasthan, India
YPCA Laboratories Ltd, Chemical Research Divisigandivli Industrial Estate, Kandivli (W), Mumbai,
Maharashtra, India

’Department of Chemistry, Sathaye College, VilepéEle Mumbai, Maharashtra, India

ABSTRACT

Four impurities in Active pharmaceutical ingredi@Pl) Sulfamethoxypyrazine were detected by a Igew
developed gradient reverse phase high performainoéd | chromatographic (HPLC) method. These impesitivere
identified by LC/MS/MS. Three of the impurities weunknowns having not been reported previouslyuc8iral
assignment of these impurities was carried out BYMS/MS using electro spray ionization source andoa trap mass
analyzer. Structural elucidation using nuclear negigrresonance (NMR) and infrared (IR) spectrosompy facilitated by
newly developed preparative isolation method. Thegririties were characterized as 4-amino-N-(6-byglpyrazin-2-yl)
benzene sulfonamide (SMP-I), 4-amino-N-(pyrazinf2-ybenzene sulfonamide (SMP-Il) & 4-amino-N-(6-
methoxypyrazin-2-yl) benzene sulfonamide (SMP-ITMhe synthesized /isolated reference samples ofirtimurity
compounds were used for the quantitative HPLC detetion. The method was validated according to Igtktelines
with respect to specificity, precision, accuradgearity and robustness. Forced degradation stwaéee also performed
for Sulfamethoxypyrazine bulk drug sample to denras the stability indicating power of the newlgveloped HPLC

method.
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INTRODUCTION

SulfamethoxypyrazinelN'-(3-Methoxypyrazin-2-yl) sulphanilamide is a longiag sulfonamide that has been
used orally in the treatment of respiratory aneany tract infections. It is given in combinatiofitivpyrimethamine in the
treatment of malaria. It has also been given inrdi® 4 parts of Sulfamethoxypyrazine to 5 partsrionethoprim as a

combination with uses similar to those of co-trirapale [1].

A few bio-analytical methods are reported in theerdture for the quantitative determination of
Sulfamethoxypyrazine (SMP) concentration in biotadjifluids using liquid chromatography and masscspscopic
method [2-4]. However, so far there is no publishembrt, describing the complete characterizatiorlated impurities in
SMP as active pharmaceutical ingredient (API). €ree no reports available on the investigationgu&iC/MS/MS and

isolation/synthesis of related substances in SMRepharmaceutical ingredient (API).
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86 Mukesh Kumar Gupta & Manohar V. Lokhande

Impurity profile of a drug substance is criticalr fits safety assessment and manufacturing prodess.
mandatory to identify and characterize the impesiin the pharmaceutical product, if present allbgeaccepted limits of
0.1 % [5]. The present study deals with the idamifon and structural elucidation of the procedated impurities which
were found in the product (SMP). Though, differar@thods of synthesis of SMP are reported, the tgseleoute was safe,
feasible & economical [6]. However, the literatuseirvey does not give any details regarding thespuiities.
Impurity profiling of drugs is the most importasssue in the modern pharmaceutical analysis [78liéweloping process

technology to manufacture high purity drug substanc

During process development studies, four impwitiere detected in both crude and pure sampleMef &ing
a newly developed gradient reversed phase HPLCadethcomprehensive study was undertaken for thetification of
these impurities using LC/MS/MS followed by theynghesis and further characterization by NMR. Tgaper also deals

with the analytical method validation of a new HPin@thod for quantitative determination of theseunitges.

EXPERIMENTAL

Materials and Reagents

Samples of SMP API were obtained from Ipca LabaresoLtd., Chemical Research Division, Mumbai, di
HPLC grade acetonitrile and perchloric acid (70%&ravpurchased from Merck India Limited. Chloroform-and
dimethyl sulphoxide-€° (for NMR) were purchased from Aldrich Chemical QdSA.

High Performance Liquid Chromatography

Samples were analyzed on Alliance 2690 HPLC (Watetilford, MA, USA) system equipped with 2487 UV
detector. A Unisphere C18 column (150 mm x 4.6 min5um) was used for chromatographic separation. Theilenob
phase consisting of A: 1 ml perchloric acid (70%)1000 ml water and B: acetonitrile, with timed djesat programme
TminA: B: Tg/85:15;T,¢/85:15; T3¢/50:50; T4¢/85:15; T45/85:15 with flow rate of 0.8 ml per minute were ds&he column
oven temperature was maintained at 30°C. The iojeetolume was 20uL and the detector wavelength fixesl at 270

nm.
Liquid Chromatography-Tandem Mass Spectrometry (LCMS/MS)

The MS and MS/MS studies were performed on LCQakdage (Thermo Electron, San Jose, CA) ion tragsmas
spectrometer. The source voltage was maintain8datV and capillary temperature at 250°C. Nitrogexs used as both
sheath and auxiliary gas. The mass to charge wattoscanned across the various range. MS/MS studies carried out
by keeping normalized collision energy at 25-30% am isolation width of 6 amu. The HPLC consistddaa
Agilent-1100 series quaternary gradient pump witllesasser, an auto sampler and column oven. A ©l8na
(ProntoSIL Kromabond column 150 mm x 4.6 mm i.gin®) was used for separation. The mobile phase dmisf A: 1
ml Trifluoroacetic acid in 1000 ml water and B: tmtrile, with timed gradient programmé&.,;/A: B: T¢/85:15;
T10/85:15;T3¢/50:50;T,¢/85:15; T45/85:15 with flow rate of 0.8 ml per minute were dise

NMR Spectroscopy

'H and*C NMR spectra of the synthesized/isolated impugitieere recorded on Bruker 400MHz instrument.

The'H and**C chemical shift values were reported ondiseale (ppm) relative to CDE{7.26 ppm).
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IR Spectroscopy

The IR spectra for isolated impurities were reedrdn the solid state as KBr powder dispersion gisin

Perkin-Elmer spectrum one FT-IR spectrometer.
Preparative Liquid Chromatography

Impurities were isolated from the crude samplegiaVaters Auto purification system consisting o22%inary
gradient pump, a 2487UV detector and 2767sampleagenWaters, Milford MA, USA). A Peerless Basic8dolumn
(150mmx21.2mm i.d., particle sizeu) was used for the separation. The mobile phaseoeasisted of a mixture of
water and acetonitrile in the ratio of 85:15 andswamped at flow rate 25 ml/min. The detection wemitored at 270

nm.
Preparation of Solutions for Validation of HPLC Method

A test preparation of 50(g/mL of SMP bulk drug sample was prepared usingdiheents (mixture of 0.1%
perchloric acid (75%) in water and acetonitrilethe ratio of 85:15). A stock solution of mixture whpurities was
prepared by dissolving 0.5mg/ml each of SMP-I, SMEMP-III and SMP. From this stock solution arstard solution
containing 0.5ug/mL each of SMP-I, SMP-II, SMP-IIl and SMP was paeed. This standard solution was also used for

checking system suitability parameters.

RESULTS AND DISCUSSIONS
Detection of Impurities by HPLC

HPLC analysis using the method described in Se@i@ revealed the presence of four impurities RT&0.21,
0.26, 0.55 and 1.35 with respect to principle pellike target impurities under study are marked dph@uilamide
(starting material), SMP-I, SMP-Il, and SMP-III, spectively. The typical chromatogram of crude SMimgle
highlighting the retention time of impurities isostn in Figure 1.

Identification of Impurities by LC/MS/MS

Prior to characterization work it was logical tengrate the mass data for the parent drug molsoutkat it can
be easy to compare and conclude which processedelatpurities may be formed during the synthetiacti®on.
The spectra of SMP exhibits a protonated moledolapeak [M+HT 281 (figure 5a) (molecular mass of SMP is 280) in
electro spray ionisation in positive mode, the npysbable site of protonation was at N&hd NH. The MS/MS spectrum
obtained for the protonated SMP molecule showedhprent peak at 156 (figure 5b) which is due to ¢éege of NH-SQ

bond giving rise to gHgNO,S" plausible fragmentation is showed (Figure 2a).

SMP-I: showed a protonated molecular ion peak [M*B$7 having molecular mass of 266, which under goes

fragmentation to form gHgNO,S" for 156 by loss of g4sN3O ion (refer figure 2b, figure 6a and 6b).

SMP-II: similarly showed [M+H] of 251 for molecular mass of 250 and a loss 85" giving daughter ion
of mass 156 (refer figure 2c,7a and 7b).

SMP-III:  which is an isomer, showed similar fragmentatioat tof SMP (Figure 2c, 8a and 8b). Since all the
mass fragmentation as discussed above, showedsidalighter ions of 156 forgBsNO,S', this indicated that these

impurities are structurally similar. SMP-IIl and $Mvere having same molecular mass and may be segier of each
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other; hence it was mandatory to confirm the stmecby NMR. Hence NMR of all the impurities and th@duct was

carried out for comparison and further confirmatidrstructure.
Brief Synthetic Preparation of SMP

Sulphanilamide is reacted with 2, 3-dichloropynazi in presence of potassium carbonate,
N, N-dimethylformamide and toluene under stirrindgeamperature at 135°C - 140°C for 10hrs. A slusrformed which is
vacuum distilled. The material obtained after vanulistillation is acidified with acetic acid to pH8 to 5.0 a precipitate
is formed, which is filtered and washed with wateget pure 4-amino-N-(3-chloropyrazinyl)benzenpeohamide (SCP).

SCP obtained is treated with sodium hydroxide aethemol forming SMP which is washed with water (fFey3a).
Isolation and Structural Elucidation of SMP-I

During the synthesis of SMP i.e. (from SCP to SMR)e to the basics condition of the reaction nthese is
hydrolysis of methoxy group taking place which ginge to SMP-I impurity which is then isolated bseparative HPLC
(described in Section 2.6). The chromatographiitypwuras found to be 95%H and™*C NMR spectral data (refer table 1)
confirmed the proposed structure. The MS/MS speattobtained for isolated compound of impurity us#higect infusion

mode was exactly same as MS/MS spectrum of SMP-I
Synthesis and Structural Elucidation of SMP-II

Since SMP-II is not isolable from the reaction miet of the SMP synthesis, it was independentlytmsized.
Due to the presence of 2-chloropyrazine as an iitypiur 2,3-dichloropyrazine used as raw materiasymthetic route of
SMP there is formation of SMP-II which remains wuted and gets carried forward to SMP final. Thigurity was
prepared synthetically by using the same synthetite as that of SMP but instead of 2,3-dichloragime the starting

material used was 2-chloropyrazine(Figure 3b).

The chromatographic purity was found to be 97¢4.and *C NMR spectral data confirmed the proposed
structure (refer table 1). The MS/MS spectrum otadi for synthesized authentic compound of impuuiting direct

infusion mode was exactly same as MS/MS spectrugivie-II.
Synthesis and Structural Elucidation of SMP-III

2, 6-dichloropyrazine which is isomer present jr8alichloropyrazine as a impurity under goes simieaction
of SMP to form SMP-IIl. SMP-Ill is synthesized bying 2, 6-dichloropyrazinénstead of2, 3-dichloropyrazine in
synthetic process of SMP (Figure 3c).

The chromatographic purity was found to be 96%4.and *C NMR spectral data confirmed the proposed
structure (refer table 1). The MS/MS spectrum otadi for synthesized authentic compound of impunigyng direct

infusion mode was exactly same as MS/MS spectruSivie-IIl.
Analytical Method Validation by HPLC

The validation study allowed the evaluation of thethod for its suitability for routine analysis. & mewly
developed method for SMP and its related impuritias validated according to ICH guidelines [9]. Madidation study
was carried out for the analysis of SMP-I, SMP#da&SMP-IIl. The system suitability parameters aledi for related

substance method are given in Table 2 (figure 4a).
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Forced degradation studies were also performedd(ARase) for SMP bulk drug sample to demonstrate t

stability indicating power of the newly develope®IEHC method.
Specificity

Specificity is the ability of analytical method toeasure the analyte response in the presencs pbiéential
impurities and degradents. The specificity of tHeLid method was determined by injecting individuapurity samples,

wherein no interference was observed for any ottraponents.

The chromatograms were checked for the appearahemy extra peak. Peak purity of these samplesund
stressed conditions was verified using a PDA detedthe purity of the principle and other chromatgahic peaks was

found to be satisfactory. This study confirmed stability indicating power of the HPLC method.
Precision

The precision of the method was examined usingrepticate injections of a standard solution (migtwf
impurities). The relative standard deviation (R.$\®as calculated for response (area) of each iitypurhe R.S.D.’s for
SMP-1, SMP-II, SMP and SMP-IIl were found to be8%, 1.71%, 6.37% and 1.67%, respectively. The ntefirecision
was established by analyzing samples of SMP usindierent test preparations. The calculated B.&f these results

was found to be within acceptable limit.
Accuracy

The accuracy of the method was determined forrét@ted substances by spiking of known amountsnof a
impurity in SMP bulk sample (test preparation)eatells, LOQ, 80%, 100% and 120% of the specifiedt.lifthe recoveries

of impurities were calculated and are given in €ahl
Limit of Detection and Limit of Quantification

Detection limit (DL) and quantitation limit (QL)f all impurities was estimated by signal to nqiS&N) method.
The limit of detection values for SMP-I, SMP -l daisMP -lll were 0.002%, 0.002%, and 0.002% w.rrtalgte
concentration (50Qg/mL), respectively. The limit of quantification luags for SMP-I, SMP -Il and SMP -IIl were found to
be 0.006%, 0.006%, and 0.006% w.r.t. analyte canagon (500ug/mL), respectively.

Linearity

Linear calibration plots for the related substanmthod were obtained over the calibration rangeliOQ, 50%,
80%, 100%, 120% and 150% at six concentration $eirelkriplicate. For SMP-I corresponding regrességuation was
y = 2887&+348.97, with the correlation coefficient (r) is 99. For SMP-II, corresponding regression equatias
y = 5274%-0.2397, with the correlation coefficient (r) i9690. For SMP-III, corresponding regression equati@s
y = 6397%+434.54, with the correlation coefficient (r) is 988.The results showed excellent correlation batwbe

peak area and concentration of impurities.
Robustness

In all the deliberately varied chromatographic ditions (column temperature, flow rate and columake),
the chromatogram for system suitability solution flelated substance showed no significant changgstem suitability

parameters Table 4.
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Solution Stability

The solution stability of SMP sample and its redatmpurities was carried out by leaving both sohs in tightly
capped HPLC vials at 25°C for 16 hrs in an autopfamNo significant changes were observed in tiea af impurities in

standard solution after 16 hours.

CONCLUSIONS

A new HPLC method was developed for separatioimpfurities in SMP bulk drug sample. These impusitie
were identified by LC/MS analysis. Characterizatiohthe impurities was carried by synthesis/isolatfollowed by
spectroscopic analysis. The newly developed HPLGhot:has been validated as per regulatory guidglitecan be
conveniently used for the quantitative determimatid related substances in SMP bulk drug sample. Miethod was
found to be specific, accurate and precise, rodngtcan be used for the routine analysis as wed amnitor the stability
studies of the API.
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APPENDICES
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Table 1:'H NMR and C-13 Assignment for SMP, SMP-I, II, and 1I

601 b - b - b - s -
] - g - 1533 B . - 515 - - - 1538 - - - 318
.7 | 537 169 1125 bl 561 389 1165 | 538 | @8 | 1128 H 536 i385 | 1166
17 | 787 489 1302 | 781 ) 1 | 73 | 468 | 198 H 73 HEOE
3 . g . 136 . g . 07 B . 5 243 . . 5 87
7 H 03 I B H 17 I B H 100 I B H T e B
5 - . - 1493 - g - 1527 - - - 1490 - - - 1540
g H i) 1388 H 187 H 730 5 1388 H 3] i3 | 130
10 B g . B B g . . . 730 5 B B B N .
il H 7L : 1339 H 563 5 53 H B 5 1348 H BT TEY]
I H 7L s JEET] H 590 13 63 H B 1427 TH BT 611
1 - . - - H 541 I - - -
1 H B 5 541 - . - H ERE 5 538

s-singlet, d-doublet, brs-broad singlet.
@ Refer the structural formula in Figure.
®I4-1H coupling constants.

Table 2: System Suitability Report

SMP-I 1.10 8547 1.48
SMP-II 1.02 13763 1.71
SMP 0.98 17644 1.67
SMP-III 1.06 86953 6.37

Table 3: Accuracy of Impurities

0.0315 0.0279 88.67

SMP-I 0.0315 0.0339 107.67 | 104.22
0.0315 0.0366 116.33
0.0309 0.0342 113.67

SMP-II 0.0309 0.0337 109.00 | 112.45
0.0309 0.0354 114.67
0.0303 0.0333 110.00

SMP-III 0.0303 0.0316 104.33 | 107.78
0.0303 0.0330 109.00

- At8%level |
0.4200 0.4012 95.53

SMP-| 0.4200 0.4158 99.00 98.48
0.4200 0.4238 100.90
0.4120 0.4098 99.48

SMP-II 0.4120 0.4051 98.33 99.38
0.4120 0.4133 100.33
0.4040 0.4073 100.83

SMP-III 0.4040 0.4080 100.98 | 100.86
0.4040 0.4071 100.78

- At100%Llevel |
0.5250 0.5144 97.98

SMP-I 0.5250 0.5396 102.78 | 101.17
0.5250 0.5394 102.74

Impact Factor (JCC): 2.9545 Index Copernicus Value (ICV): 3.0
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Table 3: Contd.,

0.5150 0.5081 98.66
SMP-I 0.5150 0.5061 98.26 | 98.28
0.5150 0.5043 97.92
0.5050 0.5075 100.48
SMP-II 0.5050 0.5019 99.40 | 99.87
0.5050 0.5036 99.72
. At120%Llevel 000 |
0.6300 0.5844 92.76
SMP-I 0.6300 0.6191 98.27 | 96.78
0.6300 0.6256 99.30
0.6180 0.6018 97.38 97.56
SMP-I 0.6180 0.6011 97.27
0.6180 0.6060 98.05
0.6060 0.5996 98.95
SMP-II 0.6060 0.5961 98.37 | 98.61
0.6060 0.5969 98.50

Table 4: Robustness Study

SMP-I 0.25 1.11 0.25 1.10 1.10 1.11

SMP-II 0.55 1.03 0.54 1.02 1.02 1.03

SMP 1.00 0.98 1.00 0.99 0.99 0.99

SMP-III 1.28 0.99 1.29 1.06 1.06 1.00
Table 5

97

SMP-I 0.27 1.13 0.25 1.10 2b 1.07

SMP-II 0.57 1.02 0.54 1.02 54 1.01

SMP 1.00 0.99 1.0Q 0.99 1 00 1.01

SMP-lII 1.19 1.02 1.29 1.06 1.48 0.98
Table 6

SMP-| 0.26 1.46 0.25 1.10 .26 1.03
SMP-II 0.55 1.55 0.54 1.02 55 0.92
SMP 1.00 1.34 1.00 0.99 1 00 0.92
SMP-III 1.32 1.50 1.29 1.06 1.38 0.92

*Data taken from Precision study
*RRT w. r. t. SMP
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