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|dentification of the related substances in pioglitazone hydrochloride by

hyphenated LC-MS techniques
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Abstract

Ultimate XB-C (250 mm x4. 6 mm,5 pum) column was used for separation of the related substances with metha-

To identify the related substances in pioglitazone hydrochloride by hyphenated LLC-MS techniques, an

nol and 0. 1% ammonium acetate buffer as the mobile phases in gradient elution. Electrospray positive ionization
high resolution TOF/MS was used for the determination of the accurate mass and elemental composition of parent
[ M +H] " ions of the related substances, and triple quadrupole tandem mass spectrometry was employed for the
product mass spectra determination. Eleven major related substances were detected and identified to be one
synthesis intermediate, six by-products and four degradation products, by using LC-MS determination, spectra
elucidation, and further synthetic process and stress degradation mechanisms analysis. The results are useful for

pioglitazone hydrochloride manufacturing processes optimization and quality control.

Key words pioglitazone hydrochloride; related substances; structural identification; LC-MS
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Figure 1 Chemical structures of pioglitazone hydrochloride( PIO) , EPEBT and its related substances RS 1-RS 11
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Figure 2 Typical LC-UV chromatograms of PIO and its stress solutions
and intermediates

a:Blank ;b ; Reference solution of 0. 1% ; ¢ Pioglitazone hydrochloride ;
d : Photolysis stressed in solid; e Thermal stressed in solid; f: Acid; g:
Base ; h: Oxidation ;i Pioglitazone;j: EPEBT
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Table 1 Structures of PIO and its relative substances ( RSs) identified by hyphenated LC-MS techniques

Impurity RRT [M+H]*/(m/z) Ion formula Score/ dif Product ions/ (m/z) Origins *
RS 1 0.47 299.175 4 CgHy N0, * 94.82/2.25  282,240,134,119 Dr
RS 2 0.48 258.148 9 Cy6HyNO, * 97.79/0.99 240,228 ,134,119,106 Pr
RS 3 0.67 359. 142 4 CjoHy3 N, 048 91.37/1.19  341,316,240,134,119,106 Pr
RS 4 0.83 256.133 2 CH g NO, * 98.31/0.18 134,119,106 Pr
PIO 1.00 357.126 7 CjoHy N, 0,8 96.22/0.93  286,240,134,119,106 AP
RS 5 115 341.131 8 CjoHy N, 0,8 97.41/0.24 240,228 134,119 Pr
RS 6 1.17 332.1315 C,gHy), NO;S* 95.26/1. 25 314,286,254 ,240,134,119,106 Dr
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( Continued )
Impurity RRT [M+H]*/(m/z) Ton formula Score/ dif Product ions/ (m/z) Origins *
RS 7 1.30 492.2315 CrgHyyN; 0587 99. 13/0. 90 474,341 ,240,134 Pr
EPEBT 1.87 355. 1111 CioHgN,05S* 87.53/1.59 284,134,119,106 Pr
RS 8 1.97 474.221 0 CysH;p N5 0,87 97.74/0. 08 341,240,134,119,106 Pr
RS 9&10 2.53/2.61 661.240 1 CiHyy N, O6S, * 99. 85/0. 25 528,363,299 ,254 134 Dr
RS 11 2.91 488.200 2 CogHygN; 0587 97.23/1.12 355,284,177,134,119 Pr
RRT:Relative retention time with reference to PIO ; Pr:Process related substance, Dr:Degradation product
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Figure 3  Synthetic route of pioglitazone hydrochloride
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Figure 4 MS/MS spectra of [M+H] *

ions of pioglitazone and its RS 1-RS 11
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Figure 5 MS/MS fragmentation pathways of product ions of[ M + H] * for pioglitazone , EPEBT and RSs 1-5
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Figure 6 MS/MS fragmentation pathways of product ions of[M +H] * for RSs 6-11
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Table 2 'H NMR assignments for PIO and RS 11

[M+H] " &EFB LS F(5-CHE-MnE-2-3E) -2
W FERBL Y T (5-2, B6-E g 2-3E ) - £ S8 3L 3T Al
IV 3m/z 363 Ty i — 2 I 2 HCOOH FR FR < vr
I H, O AR AR AR IR Fr 855 m/z2 299, IrLA, A K
Yy 9 F1 10 Ayt 5 R Hh s s e — T PR 7R A A PR
SN I I EARTE B A W) 5T 6 3 i — it B TP B
1 R AR BT GRTE R B B A R
m/z 254 F1 134 54 Y5 6 AHN , #F— LRk T
TR T R SRR

AR AL FRYET 11 Z s S it
B AR TS T, Ha 5 0 58 A F2 i o, ]
AT ST 10 R /N F ik A% 51 i . TOF/MS i
AW 11 IM + H]" B fEw &
488.200, 513 Cys Hyy N;O,S™ AHIL, 5 ML A% I
[M+H] " LAY /3 F i £ 133 ( + GH, N),
1A (5-2 b ug2-58) - SR AR B . R 1E
R m/z 355 .284 (134 F1 119 Y5 55 A% 45 1 47 11E

PIO RS 11
Positions*® Sy Mult. * Integ. H Positions*® Sy Mult. Integ. H
1 - - - 1 - - -
2 - - - 2 - - -
3 12. 088 S 1 3 -
4 - - - 4 - - -
5 4.883 t 1 5 -
- - - - 3a 3.989 t
- - - - 3p 3.019 t
Ph-CH, - 3.322 m 2 Ph-CH = 7.843 S
1’ - - - 1’ - -
2/6' 7. 164 d,d 1,1 2'/6' 7.584 d,d 1,1
37/5/ 6. 896 d,d 1,1 37/5" 7.108 d.d 1.1
4 - - - 4 - -
1 - - - AL - -
2 - - - 27/2" - -
3" 8.017 d 1 3"/3m 7.288/7.195 dd 2
4 8.442 d 1 4"/4" 7.554 dd 2
5 - - - 5"/5" - - -
6" 8.727 S 1 6"/6" 8.372/8.322 d 2
CH, (a) 4.436 t 2 CH, (a/Na) 4.445 t 2
CH,(B) 3.555 t 2 CH, (B/NB) 3.183 t 2
CH, (5") 2.825 q 2 CH, (5"/5™) 2. 600 m 4
CH; (5") 1.248 t 3 CH, (5"/5™) 1. 195 m 6
* :s,singlet;d, doublet;t, triplet; q, quadruple ;m , multiplet ; dd , double-doublet
He N iy' A s & Q:" A N s
SN0

Z 2
" N ) N3
5 ]1\]" 2 P o4 3 lo} 4 H




55 48 5 6 1]

FECHE , 26 - SRR AR 51 AT OG0 o 19 (3 - B 4 H M 709

PR B — B0 RN W i 11 oA 58 B A ik A%
A HTT, m/2355 5[M+H] "Bk (5-4
SE-mEnE-2-J5) -2 Mo AL BT L, A SR 11
AR T 2, 4- W o — 1) 3-37 N-(5-Z3%-it
ME-2-%8) -2 & BOIC R 7= W05 OF & & L A A
"H NMR 55t 51 L BERfiE (32 2) - 47 6 11
S TR PR AR 3-f1 N BT 8y 12, 1(1H,
s) M5 PT84 9(1H, s) B EEPRIE 5, 7. 29
(dd,2H),5, 7.55(dd,2H) ,5, 8.37(d,2H) ,8, 2. 60
(m,4H) F1 8, 1. 20(m ,6H) 5PHZH " (5- 2 FE-MknE-2-
58 -7 SR BT AN, SR UEA S 11
3L N-(5-CHE-MEWE-2-J5 ) - S B LA 4,
M AR S e e g R TR A1 R S A=)

4 ¥ it

ABIFGTEE ST T A R U S0 AH 1 V- S 3
S FHF IS B BAG S0 5 3 B ARG 5 5

DB AR G2 PP pH A SR 43 S 1 O B
Bz, 7E pH 2.5 ~ 6.0 JE[E N, pH 380/, £/ B8 I
55 AR A F oot 0 S ISR 22 Y 4 B, &
PR BEFE T s A HH 2% v pH o 3.0, dl R
PR AT HILAE (4 4 AN L 51 RT 35 A5 BEARL G 7 53 Al
AYES o R T AN A i R R W 55 AR I ROR AR
Pt LA 0. 1% 2R 4% 2% vhifi (pH 3.0) Ky
T SIAHTEA TR0 B R , 23 0 5 R Ao A 51
5 B O T H B A e R R A ) e B 2
), B IEAE 226 1% 269 nm AbAg fie KW, %5 & )
FER AR S A A R UV AR i st I i
SR F RSN NG, e 2% 5 A A0 D A R
PR35 F 269 nm A Ay A i % K

it I 58 T AR SR ) 11 A4S B L)
JT o AR 2% S5k YR R LAy o T2 2% B (v
FIN B F=1 ) RS fg 2 2 (B 7) o A R
4 N e A2, AR IR S E A T S B
JITSEIN A S B 10 Sy A 05 5 it AR A
A= A Y 2.3.5.7 8 S AR I i SR A
WINE R S| AR =8 . 38t A Ak
A Al A S, SCPE T EORI G TR R SRR A
AR, R 0. 1% E sy B 55t Il A
KPR ER, RAAEXYHR 8 MERKT
0.1% o T A= Z5HE %08 BKORIE A HTxF T4
PRACF T s ) B B R 5

- S = RS 6
O
/\(Nj\/\o /©/o>j H>= RS9
PIO Oxidative RSlO
lProccss Acid RS 1

{ RS2 RS3 RS5 RS7 RS8 RSII

Figure 7 Correlation of the RSs in pioglitazone hydrochloride and the

stress conditions
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