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ABSTRACT

During the process development of tiaprofenic acid (1). Two impurities
A& C with respect to tiaprofenic acid were detected by in-house method of
simple reverse phase high-performance liquid chromatography (HPLC).
Two impurities A& C have been prepared. The H and *C NMR data of
impuritiesA& C were reported in this paper for thefirst time. Based onthe
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spectral data, the structure of these impuritiesA& C were characterized as
(5-Ethylthiophen-2-yl) phenylmethanone and (2RS)-2-(5-benzoyl thiophen-
3-yl) propanoic acid. The synthesis, characterization of these impurities

were discussed.

INTRODUCTION

Tigprofenic acid, chemically know as (2RS)-2-(5-
Benzoylthiophen-2-yl)propanoic acid with an empiri-
cal formulaof C H,,0,Sand amolecular weight of
260.3. Tigprofenic acidisanon-steroida anti-inflam-
matory drug (NSAID) of the arylpropionic acid
(profen) class, used to treat pain, especialy arthritic
pain. Thetypica adult doseis300 mgtwicedaily. Itis
not recommended in children. It is sparingly
metabolised intheliver to two inactive metabolites.
Most of thedrugiseliminated unchangedin theurine.
Renal diseaseimpairsexcretion, and it should be used
with caution in renal disease. Long-term use of
tigprofenic acid is associated with severe cystitis,
roughly 100 times more commonly than other
NSAIDSY. Itiscontraindicated in patientswith cysti-
tisand urinary tract infections. The presence of impu-
rities or itsrelated compounds in adrug substance
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can haveasignificant impact on thequaity and safety
of thedrug product. During the process devel opment
of tigprofenic acid, two impurities® wereobservedin
the range of 0.05-0.15% level along with the main
product peak inthe HPLC analysis. As per the gen-
eral guidelinesrecommended by ICH to qualify the
drug substance, the amount of acceptablelevel for a
known and unknown related compound (impurity)

should belessthan 0.15 and 0.10%respectively, In
order to meet the stringent regulatory requirements,

theimpurities present in the drug substance must be
identified and characterized. Hence, acomprehensive
study was undertaken to synthesize and characterize
thesetwo impurities of tigprofenicacid. Inthisarticle,

wereport modified synthesisof impurity C of known
method@. Thenew synthesis, characterization of im-

purity A wasdiscussed. The'H and *C NMR data of

impuritiesA and C werereported in this paper for the
firsttime.
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Figurel: Synthessof impurity-A.
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Figure2: Synthesisof impurity-C.
EXPERIMENTAL

Samplesand chemicals

Theinvestigated samplesof tigprofenic acid impu-
ritiesA and C were synthes zed after identification by
in-house HPL.C method. HPL C grade acetonitrileand
acetic acid were obtained from Merck, Mumbai, In-
dia. AR grade sodumdihyrogen phosphate, phosphoric
acid and triethylamine were obtained from SD fine
chemicalslimited, Mumbai, india. Water usefor the
preparation of mobile phasewaspurified usng Millipore
milli-Q plus(Milford, MA, USA) purification system.
Chloroform-d and dimethylsulfoxide-d6 were pur-
chased formAldrich Chemicasco., USA.

High-performanceliquid chromatography (HPL C)

AninhouseL Cisocratic method was devel oped
for the separation of dl possiblere ated substances (im-
purities) of Tigprofenic acid. SHIMADZU makeHPLC
system equi pped with 436 pumpsand UV detector was
used for better separation and quantification of impuri-
ties. Thepreparation of mobile phasesof water, glacia
acetic acid, n-Hexaneand methylenedichloride Mo-
bile phase was prepared in the ration of
0.25:20:500:500. Water silica, 250X 4.6 mm, Spm par-
ticle size column was used with atimeisocratic pro-
gram. ThisLC method was ableto separatedl thepro-
cess-related substanceswith good resolution.

M ass spectrometry

Theéelectrospray ionization and MS-M S studies
were performed on atriple quadruple mass spectrom-
eter PE sciex model API 3000. Thepositiveand nega-
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tive electrospray M S datawas obtai ned by switching
the capillary voltage between +5000 and — 4500 V
respectively. TheM S-M Sdatawas generated with the
collision energy rempingfrom30to 60V in nitrogen
aimosphere.

NMR spectroscopy

The *H, 3C, DEPT and 2D experiments for
tigprofenicacidimpuritiesA and C weredoneon Varian
mercury plus400 MHz FT NMR spectrometer. The
solventsused for solifenacin succinate, impurity-1-4
werein CDCI,. The'H chemical shift valueswerere-
ported on & scale in ppm, relativeto TMS (6=0.00
ppm) and inthe*C NMR thechemica shift vdueswre
reported relativeto CDCI , (6=77.00 ppm)) asinterna
standard. DEPT spectrarevealed the presence of me-
thyl and methane groups as positive peaksand methyl-
ene asnegative pesks.

FT-1R spectroscopy

ThelR spectrawererecorded inthesolid state as
K Br dispersion medium using PerkinElmer 1600 series
FT-IR spectrophotometer.

SYNTHESISOF IMPURITIES

Preparation of (5-ethyl thiophene-2yl)phenyl
methanone(6) or impurity A
(a) Method-I

Tigprofenicacid (10gm, 0.038 mol) was suspended
in round bottomed flask and heated to 170-180°C in
oil bath until the solid meltsand rel ease of carbon diox-
ide. Thereaction mixturewas cooled to 20-25°C, di-
luted withwater (200 ml) and extracted with methylene
dichloride(2X 100ml). Thedichloromethanelayer was
then evaporated under reduced pressure and cooled to
room temperatureto get reddish oil. (6.2gr, 72%)

(b) Method-11

Tigprofenicacid (10gm, 0.038 mal) was suspended
in DMF (40ml) at 25-35° C. Heated to 140-150°C
and maintained for 3 hr. Reaction was monitored by
HPL C. Thereaction mixturewas cooled to 20-25°C,
diluted withwater (200 ml) and extracted with methyl-
enedichloride(2X 100ml). Thedichloromethanelayer
wasthen evaporated under reduced pressureand cooled
toroomtemperatureto get reddish il .(7gr, 84%)
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Figure: (3a) Atypical analytical L C chromatogram of alabor atory batch of tiaprofenicacid bulk drug; (b) TheL C chromatogram
of coinjection of the synthetic standard A and C impuritieswith tiaprofenic acid.

Preparation of (5-ethyl thiophene-2yl)phenyl
methanone(6) or impurity C
(@) Preparation of diethyl-2-(3-thienyl)malonate 3

3-Thiophenemalonicacid 2(50 g) wascharged with
200 mL methanal into round bottom flask and Cooled
to 0-50C. Thionyl chloride (100 g) was added at O-
50C for 1 hr and and maintained at RT for 1 hr. Reac-
tion wasmonitored by TLC. Themethanol wasthen
evaporated under reduced pressure and diluted with
ethyl acetate. The ethyl acetate layer waswashed with
sodium bicarbonate sol ution and water. The ethyl ac-
etatelayer wasthen evaporated under reduced pres-
sureand cooled to room temperatureto get reddish ail.
(52 gr, 84%)
(b) Preparation of 2-methyl-2-(3-thienyl)methyl
malonate4

Sodium hydride (10 g) was charged with 150 ml
N,N- dimethylforamide into round bottom flask and
cooledto 0-5°C. Diethyl-2-(3-thienyl)ma onate 3(50 g)
in DMF (30 ml) was added at RT for 30 min and and
maintained a RT for 30min. Methyl iodide(g) wasadded
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at RT for 30 min and and maintained at RT for 4 hr.
Reactionwasmonitored by TL C. Thereaction masswas
quenchedwithwater and extracted withmethylenedichlo-
ride. The solvent wasthen evaporated under reduced
pressureto provide42.6 g (79.9%) oily residue.

'H NMR (300 MHz, CDCL,) : 1.8 (s, 3H); 3.72
(s,3H); 3.76 (s,3H) ; 7.06 (d, 1H); 7.20 (m, 2H).

Preparation of 2-methyl-2-(3-thienyl)malonicacid
5and 2-(3-thienyl)propionicacid 6

2-methyl-2-(3-thienyl)methyl malonate4 (30 g),
methanol and CSlyewere charged into round bottom
flask and maintained at RT for 4 hrs. The separated
solid wascollected by filteration, washed with 50ml of
methanol, and dried at 80°C for 1 hr to give 36 g of
sodium salt of 5. Water wasadded to the salt and acidi-
fiedwithconHCl, and stirred at RT for 1 hr. The sepa-
rated solid was collected by filteration, washed with
100ml of methanol, and dried at 80°C for 1 hr to give
24.6 g of crude 2-methyl-2-(3-thienyl)maonicacid 5.
The crude 2-methyl-2-(3-thienyl)malonic acid 5 was
heated at 170-180°C in oil bath until the solid melts.

Au Tudian Yournal



OCAIJ, 9(4) 2013

Ramadas Chavakula et al.

151

Themixtureiscooled and vacuum distilled to afford
10.2 g (50%) of 2-(3-thienyl)propionic acid 6.

'HNMR (300MHz, CDCl,) 6:1.37 (t, 3H); 2.92
(m, 2H) ; 3.70-4.0 (m,3H) ; 6.85 (d, 1H); 7.45 (m,
3H); 7.57 (t, 1H) ; 7.82 (d, 2H).

(5-ethyl thiophene-2yl)phenyl methanoneor I m-
purity C

AlCl (209, 146 mmol) was charged with 150 mi
Methylenedichlorideinto round bottom flask and cooled
to 0-5°C. Benzoyl chloride (11.3g 80.4 mmol) was
added at 0-5°C for 20 min and and maintained at O-
5°C for 30 min. 2-(3-thienyl)propionic acid 6(10.9 g,
70 mmol) in 25 ml methylene dichloridewas added at
10-15°C for 20 min and maintained at 15-20°C for 3
hr. Thereection masswasdiluted with methylenedichlo-
ride and quenched with mixture of water and Con HCI.
The separated organic layer was washed with water
and extracted with dil ute sol ution of sodium bicarbon-
atefollowed by acidification of theaqueouslayer with
conHCl and extraction with methylenedichloride. The
solvent wasdried then evaporated under reduced pres-
sureto providearesidue (10 g, HPLC purity 96.4%).
Theresiduewason long standingto afford low melting
solid.

RESULTSAND DISCUSSIONS

Detection of impuritiesAand C

A typical analytica LC chromatogram of alabora-
tory batch of tiaprofenic acid bulk drug recorded using
theLC method asdescribed insection 2.2isshownin
Figure3a Thetarget impuritiesunder study are marked
as IMP-A, and IMP-C are recorded using the LC
method asdescribed in section 2.2 isshownin Figure
3b.

Structure elucidation of (5-ethyl thiophene-
2yl)phenyl methanoneor impurity A

Samplewasanalyzed by HPLC andits purity was
found to be 98.14%, molecular weight of isimpurity A
iS216. Theprotonated molecularionat m/z 217 (M+1)
confirmsthe massas 216 corresponding to molecular
formulaof C ,H,,OS. IR spectrum displayed charac-
teristic absorptionsat 3110. 3072.,2936, & 1735 cm-
1 corresponding to aromatic >CH and carbonyl stretch-
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ing. Thepesksat 1518.65 & 1432.52 cmt in IR spec-
trumisindicativeof >C=C<ring stretching.

'HNMR (300 MHz, CDCl,) : 1.37 (t, 3H); 2.92
(m, 2H) ; 6.85(d, 1H); 7.45(m, 3H) ; 7.57 (t, 1H) ;
7.82(d, 2H).

BCNMR (70 MHz, CDCl,) : 15.5, 24.0, 124.8,
128.3, 129.0, 131.9, 1354, 138.3, 140.9, 157.9,
187.9.

Sructureeucidation of 2-(5-benzoylthiophen-3-
yl)propanoicacid or impurity C

Samplewasanayzed by HPLC anditspurity was
foundto be 97.8%, molecular weight of isimpurity Cis
260.3. The protonated molecular ion at m/z 261.8
(M+1) confirmsthe mass as 260.3 corresponding to
molecular formula of C ,H,,O.S. IR spectrum dis-
played characteristic absorptionsat 3110. 3072.,2936,
1735,1728 cm-1 corresponding to aromatic >CH and
two carbonyl stretching. The peaks at 1518.65 &
1432.52 cm?tin IR spectrumisindicative of >C=C<
ring stretching.

'HNMR (300MHz, CDCl,) : 1.42 (d, 3H); 3.85
(m, 1H) ; 7.62 (d, 2H) ; 7.65-7.75 (m, 4H); 7.82 (s,
1H); 12.5 (brs, 1H)

BCNMR (70 MHz, CDCl,) : 155, 24.0, 124.8,
128.26, 128.3, 129.0, 129.0, 131.9, 135.4, 138.3,
140.9, 157.9, 187.9

CONCLUSION

Thisresearch paper describesthe synthesis, and
structure el ucidation of processrelated impuritiesin
tiaprofenic acid. Theimpuritieswere separated by re-
verse phase chromatographic technique. The synthe-
sizedimpuritieswere characteri zed us ng Spectroscopic
techniques. To the best of our knowledge, impurity A
had not beenisolated or synthesi zed as pure substance
until now. Thenew synthesis, characterization of impu-
rity A was discussed. The *H and *C NMR data of
impurity A and impurity C werereported in this paper
for thefirsttime.
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