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ABSTRACT:

The objective of the present work was to separate, fgeatid characterize the degradation products of
Prasugrel hydrochloride under hydrolytic and oxidatistress conditions according to the International
Conference on Harmonization (ICH) guideline Q1A (R2). hey degraded under acidic, basic, and oxidative
stress. Five degradation products were formed, whiche weparated using preparative TLC. Mass
fragmentation pathway of the drug was first establiswéti the help of GC/MS studies. The degradation
products were subjected to FTIR and 1H NMR studies. dlitained mass spectral data were employed to
characterize the degradation products and assigotwtes. The degradation products were identified & 5-(
cyclopropyl-1-(2-fluorophenyl)-2-oxoethyl)-4,5,6t@&trahydrothieno[3,2-c]pyridin-2(3H)-one, 5-(2-cyctopyl-
1-(2-fluorophenyl)-2-oxoethyl)-5,6,7,7a-tetrahydrietio[3,2-c]pyridin-2(4H)-one, 2-acetoxy-5-(2-cyclopuyl-
1-(2-fluorophenyl)-2-oxoethyl)-4,5,6,7-tetrahydratho[3,2-c]pyridine 5-oxide, 1-cyclopropyl-2-(2-
fluorophenyl)ethane-1,2-dione and 4,5,6,7-tetrabtfdeno[3,2-c]pyridin-2-yl acetate.

KEYWORDS: Stress studies, Prasugrel hydrochloride, GC/MS, FTRRNMR, degradation Products.

INTRODUCTION: Prasugrel is a member of the thienopyridine class of
Prasugrel chemically is 5-[2-cyclopropyl-1-(2-flueroADP  receptor inhibitors, like ticlopidine and
phenyl)-2-oxoethyl]-4,5,6,7-tetra hydrothieno [&R- Clopidogret. These agents reduce the aggregation
pyridin-2-yl acetate (Fig. 1). Its empirical fornaulis ('clumping") of platelets by irreversibly binding to
Ca0H2FNOsS and its molecular weight is 373.442 g/mdP2Y12  receptors.  Prasugrel inhibits —adenosine
diphosphateinduced platelet aggregation more rapidly,
more consistently, and to a greater extent than do
E standard and higher doses of Clopidogrel in healthy
volunteers and in patients with coronary artery dis€ase
/ . A pharmacodynamic study suggests that acute coronary
] syndrome (ACS) patients can be safely switched from
Hc,< s F Clopidogrel to Prasugrel and that doing so resulta in
‘ - further reduction in platelet function after one week
Fig. 1: Chemical Structure of Prasugrel When patients receive a loading dose of Prasugret pri
to switching from Clopidogrel, the reduction in plate

Received on 27.04.2017 Accepted on 13.05.2017 function occurs within two hour& Literature survey

© Asian Pharma Press All Right Reserved revealed that many analytical methods like UMLC-
Asian J. Pharm. Ana. 2017; 7(2); 55-66. MS 82 HPTLC *** and HPLC®*® were reported for
DOI: 10.5958/2231-5675.2017.00010.2 the analysis of Prasugrel. Also, literature survey atage
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that three impurities of Prasugrel hydrochloride hamene of the methods carried out studies to isolate and
been already identifietf, (Fig. 2). Other articles studiectharacterize degradation products of Prasugrel
the identification, synthesis and characterization tofdrochloride formed by hydrolysis or oxidation under
related substances of Prasugrel hydrochloritfe stress condition according to ICH.

% Though these methods already exist in the literature
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O
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1-cyclupropyl-2-(2-fluoruphenyDethanone 2-brumo-1-cyclopropyl-2-(2-fluorophenylethanone
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5
5.6,7.Ta-tetrahydrothienu[3.2-c]pyridin-2(4 4 )-one hydrochloride

Impurity-C
Fig. 2: Chemical Structure of impurities of Prasugrel hydrochloride

An attempt was made towards isolation amdentity confirmed by fragmentation pattern and by Nist
characterization of degradation products. Therefore,aal Wiley mass spectral libraries. The temperature
endeavor of the present study was to degrade thge g¢mogram was as follows of the column was 100°C;
under hydrolytic and oxidation conditions, to isolate t25°C/min. until 200°C and 8°C/min. until 300C,
products on preparative TLC and to characterize timding for 5.5 min.
major products by GC/MS, FTIR afnd NMR studies.
"H NMR Spectroscopy:
MATERIALSAND METHODS: About 10 mg of the tested substances were each
Chemical and Reagents: dissolved in 0.6 mL of Chloroform-d and were
Prasugrel hydrochloride was obtained as gift samjiigmediately analyzed by NMR spectroscopy. The one-
from Medico laboratories (Homs, Syria) and was uséinensional NMR measurements were performed on a
without further purification. Analytical reagent gradBruker Avance Il NMR spectrometer (Bruker,
hydrogen peroxide (#D,). Sodium hydroxide (NaOH)Rheinstetten, Germany) with 400 MHz fotH,
was purchased from HiMedia (Mumbai, Indiagmploying the manufacturer’s pulse programs. The H
Hydrochloric acid (HCI), Methanol, Dichloromethanchemical shift values were reported on the scale in
acetonitrile, n-hexan, and tetrahydrofuran were sugplf@m. Standard Bruker pulse sequences were applied by
by Merck. running ACD/Labs (ACD/NMR Processor Academic
Edition) software version 12.01.
I nstrumentation:
GC/IMS: IR Spectroscopy:
GC/MS analyses were performed on Shimadzu The IR spectrum was recorded in the solid state as a KBr
GC/MS-QP2010 Plus device equipped with RTXdsk, using the FT-IR (Bruker, alpha) spectrophot@net
columr?, Restek Corporation (30.0 m x 0.32 mm; filthe wave length resolution was set to 4”¢rthe IR
thickness 0.50 pm) fused silica capillary column (5$pectrum was collected in a range of 44@00 cn,
diphenyl polysiloxane, 95% dimethyl polysiloxaneyvith Bruker Opus 5.5 software.
Carrier gas was He, and gas flow rate 1.64 ml/min. Mass
spectra were obtained by electron impact (El) idiopa Preparative TLC Method:
at 70 eV with an emission current of 400 mA. The scAnmixture of (n-hexan:tetrahydrofuran)(1:1 v/v) was
time was 1 s and the scan range was m/6Q@9. The used as a mobile phase for the separation of degradati
ion source temperature was maintained at 280 °C. Pheducts in acidic and basic media, while acetonitrile
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was used as a mobile phase for the separationtheh the resulted solid was subjected to spectroscopic

degradation products in oxidative medium. Glass Tle@periments.

plates 20X20 cm, coated with (SIL. G. bk were Characterization of the degradation product:

purchased from Macherey-Nagel GmbH and Co. KGharacterization of the compounds was performed using

Germany. analytical data obtained from GC/MS, IR aftdl NMR
spectrum experiments.

Preparation of degradation samples of Prasugre

hydrochloride: Elucidation of the structures of degradation products

Acid and base degradation: resulted from hydrolytic stress conditions (compound

Accurately weighed 100 mg of Prasugrel hydrochloritl@and tautomer):

was dissolved in 90 ml of methanol. The drug wascording to TLC analysis, it was found that there were

subjected to accelerated degradation under acidic ol degradation products (compound | and tautomer).

basic conditions by adding 10 ml of 1 N HCl and 10 fihe MS, IR, andH NMR spectra of compound | and

1 N NaOH, respectively, and refluxed at 60 °C fortautomer were recorded. The major Mass fragments

period of 2 and 1 h, respectively. The acceleratgtained by GC/MS analysis are given in (table 1).

degradation in acidic and basic media was performed in

the dark in order to exclude the possible degradation

effect of light on the drug. Table 1: The Mass fragment of compound | and tautomer
Major fragment m/z

Per oxide degradation: 263/264
Accurately weighed 100 mg of Prasugrel hydrochloridé
was dissolved in 90 ml of methanol. Subsequently, LO m
of hydrogen peroxide 30.0% v/v was added and the 155/156
solution was heated in boiling water bath for 1 hour tilb
the removal of excess hydrogen peroxide.

\ 128/129
Data analysis: o
structure formulae were generated and processed b
ChemBio Draw Ultra 12.0 Software. 110/111
RESULTSAND DISCUSSION: D
Isolation of degradation product(s) by preparative 95/96
TLC:
The resultant solutions were subjected to prepara‘uv/@
TLC, the bands were visualized using dMamp, and

the desired band was scratched with a spatula, eatiract
with the mobile phase which was finally evaporated,

EGO

. o ]
2 S N 5
20 =0
= 3 5 3 El
17 -7 he ok M
Compound | Compound | tautomer

Fig. 3: Structure of compound | and tautomer
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Fig. 4: Mass spectrum of compound | and tautomer
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As shown in (Fig. 4) and (table 1) that the main fragme5,6,7-tetrahydrothieno[3,2-c]pyridin-2(3H)-one. RTI

of the compound | wasvz 95/96 which correspond

tospectra of compound | and tautomer are shown in (Fig.

fluoro-phenyl fragment and m/z: 155/156 refers &), (Fig. 6) and (table 2).
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Fig. 5: IR spectrum of compound |
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Fig. 6: IR spectrum of compound | tautomer
Table 2: Bands and assignments of compound | and tautomer clearly; the absence of ester group compared tsuBrel
fcrg]upe?gdcm* ! ;?:(;Er;‘n‘i'y ot Assignment hydrochloride, the presence of aromaticity at 300&,12
3006, 2041 2000 2956, 2042 o Stretcn 2909 cmt for compound | and at 2956, 2942 Erfor
(aromatic) compound | tautomer, the presence of two groups of
2435, 2362 2436, 2364 C-S-C stretch ketone at 1734 and 1688 ¢nfor compound | but for
igg‘l" igﬁ ggg 1675 chg k‘i“’t”"h - compound | tautomer the two ketone groups at 1727 and
' aromatio (Ring) 1675 crit are shifted to lower wave number, this shift
1232, 1212, 1155 1219, 1202 C-N stretch, Pyridine could be explamedl by the conjugation at the atoms
ring number 9,12,13,23'H NMR of compound | and

tautomer (400 MHz, Chloroform-d) are shown in (fiyy. 7

As shown in (Fig. 5), (Fig. 6) and (table 2), the magmd (fig. 8).
functional groups of compound | and tautomer appeared
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Table3: *H NMR Chemical shift assignment for

compound |

[AJPANal]

Chemical shift ( ppm) Multiplicity No. of protons Proton position
1.02 quin, J=7.85 Hz 4H 23,24
1.50 quin, J=7.80 Hz 1H 19
248 dd, J=14.75, 10.25, 4.00 Hz 1H 14
2.85 m 1H 14
2.62-2.67 m 1H 9
2.88-2.92 m 1H 9
294-313 dd 2H 11
3.27 d, J=16.60 Hz 2H 15
5.10 S 1H 21
7.04-7.17 m 2H 4,5
7.33-7.44 m 1H 6
751-7.61 m 1H 3
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Fig. 8: "H NM R spectrum of compound | tautomer
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Table 4 'H NMR Chemical shift assignment for compound | Elucidation of the Structure of Degradation Products
tautomer resulted from oxidative stress conditions:

(Chsgf)a' shift Multiplicity g‘roégns Eggtt?gn According to TLC experiments, it was found that there
1.02 quin J=7.90 Hz 4H 23,24 were three spots which indicate to three degradation
150 quin, J=7.70 Hz 1H 19 products (compound I1I, IV and V). The MS, IR, aitl
%-Zgg-gi 2 1 : ﬂ NMR spectra of compound Ill were recorded. The major
162171 m 1H 9 Mass fragments for compound Il are given in (Table 5
2.84-2.91 m 1H 9

3.46-3.72 m 2H 11 The compound Ill was formed by oxidation of Prasugrel
431 dd, J=10.10,3.70 Hz 1H 13 hydrochloride to form N-Oxide product. GC/MS
2:(1)(7) 2 i: ié analysis of compound Il revealed a molecular ieakp
7.01-7.19 m 2H 4,5 at m/z :95/96 and 245/247 and the fragmentation pattern
7.31-7.45 (m,) 1H 6 also confirmed the structure given in (Fig. 9).

7.56 td, J=6.65,0.90Hz  1H 3

According to these data it was inferred that the acetyl

group of Prasugrel hydrochloride was not present in
compound | and tautomer. The degradation product was
formed by hydrolysis of ester group of Prasugrel
hydrochloride to form acetic acid and compound ld(an
tautomer). On the basis of these data it was concluded %

that compound | was 5-(2-cyclopropyl-1-(2- e
fluorophenyl)-2-oxoethyl)-4,5,6,7-tetrahydrothieB@- H-.C;‘E<

c]pyridin-2(3H)-one and its tautomer was 5-(2-
cyclopropyl-1-(2-fluorophenyl)-2-oxoethyl)-5,6,7;7a 0
Eetrah;;drothieno[3,2-c]pyridin-2(4H)-one, as shown i{i]g_ 9 Structu‘feof compound 111 (Prasugrel N-oxide)
Fig. 3).

10 .

0 im B
] 204

030 30 70 % 110 130 150 170 190 210 230 250 270 2%0 310 330 330 370 3¢

Fig. 10: Mass of compound |11

IR spectrum and bands and assignments of compolarklalso shown in (fig. 11) and (table 6); respedfivel
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Fig. 12: *H NMR spectrum of compound |11

As shown in (Fig. 11) and (table 6), the main funatlorketone groups C=0, C=0O at 1757, 1688 “tm
groups of compound IIl appeared clearly; the presari respectively.'H NMR of compound Il (400 MHz,
the aromatic C-H stretch at 3005, 2941, 2897cthe Chloroform-d) is shown in (Fig. 12).

presence of C-S-C stretch at 2435gnthe presence of
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Table (5): The Massfragment of compound I11
Major fragment

} H

[s]

m/z
331/333

320/321

294/295

245/246

177/178

125/126

110/111

[AJPANal]

95/96

F‘

Table 6: Bands and assignments of compound 111
Freguency cm™ Assignment
3439 -COO- (ester)
3005, 2941, 2897 C-H stretch (aromatic)
2435, 2362 C-S-C stretch
1757, 1688 C=0, C=0

Table7: *H NMR Chemical shift assignment for compound |11

Chemical shift ( Multiplicity No. of Proton
ppm) protons  position
0.95-1.12 m 4H 26, 27
1.67 quin,J=7.80Hz 1H 19
211 s 3H 24
2.99-3.19 m 2H 14
319-334 m 2H 9
4.10-4.30 m 2H 11
5.62 s 1H 7

6.53 s 1H 15
6.99-7.17 m 2H 4,5
7.44 t, J=7.50 Hz 1H 6
7.55-7.70 1H 3

On the basis of these data it was concluded that the
compound Il was 2-acetoxy-5-(2-cyclopropyl-1-(2-
fluorophenyl)-2-oxoethyl)-4,5,6,7-tetrahydrothieBd]-
c]pyridine 5-oxide, (Fig. 9). The MS, IR, arlti NMR
spectra of compound IV were recorded. The major Mass
fragments for compound IV is given in (table 8).

h

140

7F 3
F Fig. 13: Structure of compound 1V (1-cyclopropyl-2-(2-
fluorophenyl)ethane-1,2-dione)
100

0 3% 3% 0 %

Fig. 14: Mass spectrum of compound 1V
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Fig. 15: IR spectrum of compound 1V

GC/MS analysis of compound IV revealed a molecular
ion peak atw'z 192/193 corresponding to the molecular
weight of the suggested compound, and the main

fragment was 123/124 which is 2-f|uorobenzaldehyr1."‘"
The fragmentation pattern which is shown in (table

also confirmed the structure given in (Fig. 13).

Table 8: The Massfragment of compound 1V

R T

95/97

" spectrum and bands and assignments of compound IV
are also shown in (Fig. 15) and (table 9); respedgtivel

Table 9: Bands and assignments of compound |V

Major fragment m/z Frequency cm™ Assignment i
192/193 3095, 3018 C-H stretch (aromatic)
1758, 1687 C=0, C=0 di-ketone
1448,1491 C-C stretch (inrring) aromatics
- 748, 696, 634 C-H bend
a F . . .
o= 151/152  As shown in (Fig. 15) and (table 9), the main functlon
groups of compound IV appeared clearly; the presence
= of aromatic C-H stretch 3095 and 3018 ‘tmthe
. F 1931124 presence of di-ketone at 1758 and 1687 oespectively
o= . "H NMR of compound IV (400 MHz, Chloroform-d) is
shown in (Fig. 16).
L
TosEnEEeIRn
R o | -lr“—rch— i e
1.00— UJ
075 ; _.-U U, :
2O 175 1.50 1.2%
= 7 1 Chemical Shift {porm)
2 ,
- I [ !
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0.25— ! Sl 21 _ S i T S
] 00 ws | shG £
B Crereical Shift (ppm)
o LML
112 12132112 1.
i H L 5] (5] =
B S R Bt - A 3
Chemical Shift (ppm)
Fig. 16: *H NMR spectrum of compound |V
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Table10: *H NMR Chemical shift assgnment for compound IV compound V were recorded. The major Mass fragments

Chemical shift ~ Multiplicity No. of Proton for Compound IV is given in (table 11)_
( ppm) protons position
0.93-114 m 4 H 11,12
1.88 quin,J=7.75 Hz 1H 10
7.26-7.38 m 1H 5
7.39-750 m 1H 6
751-7.62 m 1H 4
7.91 td,J=6.50,1.00Hz 1H 3
On the basis of these data it was concluded that 1

compound IV: 1-cyclopropyl-2-(2- fIuorophenyl)ethané;'gy:;nazr;ig;t‘g compound V' (4,5,6,7-tetrahydrothienof3,2-
1,2-dione (Fig. 13). The MS, IR, and NMR spectra of

100 -

13

b6 il 154

Laa
=]

197
AN T .

10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

Fig. 18: M ass spectrum of compound V

GC/MS analysis of compound IV revealed a molecul& spectrum and bands and assignments of compound V

ion peak at/'z 197/198 corresponding to the moleculare also shown in (Fig. 19) and (table 12); respdgtive

weight of the suggested compound, and the main

fragment was 111/112 which correspond to 2As shown in (Fig. 19) and (table 12), the main funation

dimethylthiophene. The fragmentation pattern which gsoups of compound V appeared clearly; the presehce

shown in (table 11) also confirmed the structure gimenaromatic C-H stretch 3082, 3015 and 2933™crthe

(Fig. 17). presence of C=0 at 1703 ¢ntH NMR of compound V
(400 MHz, Chloroform-d) is shown in (Fig. 20).

Table (11): The Massfragment of compound V

Major fragment m/z
154/155 Table13: *H NMR Chemical shift ass
NE : gnment for compound V
a / | Chemical shift ~ Multiplicity No. of Proton
( ppm) protons  position
S 2.10 s 3H 12
139/140 2.65-2.85 m 2H 6
IH 2.86-3.01 m 2H 2
3.42 dd, J=13.40,4.60Hz 2H 3
6.81 s 1H 7

111/112

0]
7]
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Fig. 20: *"H NMR spectrum of compound V

On the basis of these data it was concluded thgide, 1-cyclopropyl-2-(2-fluorophenyl)ethane-1,2 ko
compound V was 4,5,6,7-tetrahydrothieno[3,2-c]pyrdiand 4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl acetat
2-yl acetate (Fig. 17). in oxidative medium.
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TLC: Thin Layer Chromatography

HPTLC: High Performance Thin Layer Chromatograpr‘p‘3

ADP: Adenosine Diphosphate
ACS: Acute Coronary Syndrome
LC/MS: Liquid Chromatography/ Mass Spectrometry

RP-HPLC: Reversed Phase High Performance Liq%d

Chromatography
El: Electron Impact
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