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Abstract Objective:To establish an HPLC — MS/MS method for the determination of the genotoxic impurities
(S) =5 = chloro = N = (3 — chloro — 2 — hydroxypropyl) thiophene —2 — amide and 4 — (3 - oxy —4 — morpho-
line) nitrobenzene in rivaroxaban. The factors affecting impurities separation and the response of mass spectrome-
try were systematically investigated. Methods: A ZORBAX SB - C; column (150 mm x2. 1 mm, 3.5 wm) was

used with 10 mmol - L™'ammonium formate solution — methanol as mobile phase at flow rate of 0. 4 mL + min ™'

And MRM detection by electrospray positive ionization was used. Results: (S) —5 — chloro — N — (3 — chloro —
2 — hydroxypropyl) thiophene —2 — amide and 4 — (3 — oxy —4 — morpholine ) nitrobenzene had good linear rela-
tionships in the range of 0.008 — 3.4 ng - mL™" and 0.2 — 3.4 ng - mL™", respectively. The average
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recoveries(n =9) were 97. 9% and 98.9% , RSD were 0. 94% and 0. 68% respectively. The limits of quantita-

tion were 0. 008 ng + mL ™" and 0.2 ng - mL ™' respectively. The results of genotoxic impurity residue determina-

tion in 15 batches of rivaroxaban samples were far below the limit value. Conclusion: The method is sensitive and

specific, and can effectively detect trace genotoxic impurities in rivaroxaban.
Keywords : rivaroxaban; genotoxic impurity; HPLC — MS/MS; (S) -5 — chloro - N — (3 - chloro — 2 -
hydroxypropyl) thiophene —2 — amide; 4 — (3 — oxy —4 — morpholine) nitrobenzene
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Tab. 1 Quantitative and qualitative ion pairs and acquisition voltages
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Fig. 2 Mass spectrograms of (S) —5 — chloro — N — (3 - chloro —2 — hydroxypropyl) thiophene —2 — amide reference solution and 4 — (3 — oxy —
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Fig.3 MS cleavage pathway of impurities
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Fig.4 HPLC chromatogram of rivaroxaban destruction test
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ZhAH A 2 0.02 mol - L™ BERR — SN ZE WP, i Bh A
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KRB A JEEEA 10 mmol - L™ FEREL AT, 4%
MERFEF 1(0 ~1.5 min,5%B;1.5 ~30 min,5%B—
40%B ;30 ~31 min,40%B—70%B ;31 ~35 min,70%
B;35 ~36 min,70%B—5%B ;36 ~45 min, 5%B) %
Wi, i 1.0 mL - min ", SR 3% 4 1] Boston Green
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Fz2 (S)-5-F-N-(3-S-2-ERE)EW -2 -BEF4- (3-8K -4 -BHE) HEXERERNELER
Tab.2 Recovery rate of results of (S) —5 — chloro — N - (3 - chloro —2 - hydroxypropyl ) thiophene —2 — amide and

4 — (3 - oxy —4 — morpholine ) nitrobenzene

S E e B P4 [ i %
feert (measur:; concentration )/ (theoretical concentration )/ (rfoq\ij)/ ﬁ;[i:i}; fsp/
(compound ) %
(ng - mL™!) (ng - mL™!) % recovery )/ %

(S) -5-5 -N-(3 -5 -2 - FZP3) Bewy -2 — B 1.01 1.02 98.6 97.9 0.9%4
[(S) =5 - chloro = N = (3 - chloro -2 — hydroxypropyl ) 1.00 1.02 9.2
thiophene -2 — amide ] 1.01 1.02 98.4
2.08 2.4 102.0
2.00 2.4 97.9
2.00 2.4 98.0
2.92 3.07 95.4
2.93 3.07 95.6
2.98 3.07 97.0

4 — (3 -5 -4 — oL ) fEFEAR 0.96 0.96 100.0 98.9 0. 68
(4 = (3 = oxy —4 — morpholine ) nitrobenzene ) 0.96 0.96 9.6
0.94 0.96 97.8
1.90 1.92 98.7
1.91 1.92 9.5
1.92 1.92 100.0
2.85 2.89 98.7
2.83 2.89 9.0
2.82 2.89 97.6

£33 MEDPHEPERSERTZAEENEER

Tab.3 Determination of genotoxic impurity residues in rivaroxaban

Orit(content)/(pg - g~")

4
(lftNi) (8) -5 -F -N-(3 -5 -2 - &NEL) s -2 - ik 4 - (3 = FAR -4 — nyL) T

[(S) =5 = chloro - N — (3 = chloro —2 — hydroxypropyl) thiophene —2 —amide]  [4 — (3 = oxy —4 — morpholine) nitrobenzene ]

13021001C ND ND

D10291 —20210101 ND ND

RIC2101001 ND ND

RIC2101002 ND ND

RIC2103001 0.10 ND

A00050 ND ND

A00051 ND ND

A00056 ND ND

14621010201 ND ND

210306 ND ND

210307 ND ND

210308 ND ND

DK44 —2005261 0.12 ND

DK44 —2005271 ND ND

DK44 —2005281 0.08 ND

HWEWHR L
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IR - SN 530. 1% PR K - ) ;10 mmol -
L' PR — ) #2117 0T JROAE €033 4%
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ZER IR, YRR 0. 1% H IR - ZIER 7
Bl AHIN SB35 2 22 I FL T3 e Ly AN B 3k 310 46 I
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A -N-(3 -5 -2 - R vemy -2 - Jilf ey
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i 5 AR 0 ) JoiT 355 mie) iy A A8 1 At 2 b gl A 1
TOUS AE O ROR YR 1R o AR D B M 2 oA iy R
R,
3.4 FHRIEER

FEET 4 MR L 2 - 7K (40:60) . &
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AN ] A SR A T s J AN A7 AE ) 0 ) 2 JB A

TERAE T @G5 AL VeI J7 20 0 s A AE ) )
FERBIE 1 ROVRIRAR T 2 B R S M A% A A AR 70 BIE
YIRETE 20 min YL 58 4, PR A 46 40 (0, 3% i 17 )
)RR BE 1 B8 Bd ) 8] (h 45 51 45 min 45 80 2 5 £
30 min, #Z AL 2(0 ~ 1.5 min, 10% B; 1.5 ~ 20
min,10% B—55% B;20 ~ 21 min, 55% B—10% B;
21 ~30 min,10%B) Y1754
4 HHig

ARSIV AT KA HPLC — MS/MS LA A1) e b
PEP LR BEE 2R (S) -5 - -N-(3 -% -2 -
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