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Structural characterization and determination of vortioxetine hydrobromide
and its related substance

FANG Si-meng, MI Nan, HUA Dong-dong, ZANG Ke-xin
Institute of Pharmaceutical Research, Tianjin 300193, China

Abstract: Objective To establish an HPLC method for the determination of vortioxetine hydrobromide and its related substance.
Methods Separation was carried out on Waters Symmetry® C;g column (250 mm X 4.6 pm, 5 um). The mobile phase consisted of
0.05% aqueous solution of trifluoroacetic acid — [methyl - acetonitrile - water - trifluoroacetic acid (60 : 35 5 2 0.035)] with
gradient elution. The flow rate was 1.0 mL/min, temperature of column was set at 40 “C, and volume of injection was 10 uL. The
detection wavelengths were set at 254 nm. The structures of four process-related impurities formed during the synthesis were
characterized and confirmed by IR, MS, and NMR spectroscopy analyses. The probable formation mechanisms of the impurities
identified were proposed. Results The linear relations of vortioxetine hydrobromide and impurities A — G in the range of mass
concentration was good with perfect precision with » all more than 0.999 4. Quantitative limiting concentration of vortioxetine
hydrobromide and impurities A, B,C, E, F, and G were 0.2 pg/mL, and minimum detection limit concentration were 0.02 pg/mL.
Quantitative limiting concentration of impurity D was 0.8 pg/mL, and minimum detection limit concentration was 0.08 pg/mL. The
average recovery rates were 100.4%, and RSD was 1.06%. The content of main impurity in vortioxetine hydrobromide was 0 —
0.01%. Conclusion The method is rapid, convenient, and with precision and accuracy, and provides reference and basis to develop
and improve vortioxetine quality standard.
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sz A5,

H SR PRIR B VT T A 7] i A A 25 1 24
Wesk, T A DA G SCIRIRIE , A IRBRIK B UV T
T LR TR0 2% SRS R AR g AR b . Jeh e
2P I 2 7 T, Kall 25HR3E T 2R R
B VUYT AR AN S A T3 R AA AR A v
SR FH Co- [ AH AR B Bl 25 HP (0 SRR VR B 75 T
W A B fi HPLC-MS/MS 7 VEREA T
FIRE, Gu ZEUWIST T UPLC-MS/MS V£ 7E f & K
BRI H PR SR IR RR R YT o Liu WP T I il
PRI B AT R PR s AR I SR BRI P VT A
IRH TR RN 2% S5 £ R AIE o« #5-AN SCHRFR I [ S L
R IR R VUTT 1) £ Btk R A LA A B, B 3
FEC U JEURHK 237 &5 R R0 NG R AN ) A8 e i 114 1
st/ il 5 /T s Y Sl N N B S RO R N
N SE I LA JRORE . BSAT AR IR AR B A 2% ot
AWEFUE 1) 1 T SRR VT S 3 7 AN A2
Js PR ERIRIR S PG VT G st 72 v B Bt ml e ™
RIS, W 4 AN EERTAT T 45 R
Wk, #ES7 HPLC VA7 24003 2 SRR U VO VT H (Al
KA, FEHEAT 8 T o
1 NEE5RH

Water €2695-2998 = S A (i AY ; ZHEAS
1260 #iAH-Thermo Fisher LCQ Advantage Max -
BIRUBTIBE FAS ;. Bruker AVA00 AZREILIRAY (it 1),
Thermo Scientific Nicolet iS5 {8 HL 21 4G i%AN s
SB-5200D 8 EAH UL CT T Z AE R Ay
HIRAFD.

BRI VIT CA, it 161024.161028,
TR E0>99.9% ) AWRIKEVUTT i CAL M
¥ 5 mg/ A, PAE S 2017071101 #0k% 10 mg/ s
P En it 20170711025 Filkg 15 mg/fv, F=adls
2017071103 K44 20 mg/ v, 7= it 52017071104 );
SRR VU4 AL B. C. D, E. F. G4
H I s 2,4- T HRRIOR | 2-IROR TR RITR VR 1)
VT BT TR A F] s TR A0 IR TR S
HI>99%, AU IR 73 204 > 98% .

2 FEEHR
2.1 BIERRIEEY
Waters Symmetry® C g A (250 mm X 4.6 mm,

5um); B 0.05% = OMKEW (A) - H
B - M - 7K - =9 4. (60 © 355 :0.035, B),
BEEEVEME : 0~40 min, 60%—0%A , 40~43 min, 0%A,
43~45 min, 0%—60%A; AFiE: 1.0 mL/min;
FEdd: 40 C; BMEEFER: 10 ul; PK: 254 nm.

B ESL, SRR A, o
Bl IER R, RETH: m/z 100~1 000,
BMEESEE: 190 C, WiZHk: 4.5 kV, ZFiLIE
J7: 1.6X10° Pa, #MAARIAE: 35 L/min, %
By SRR R : 20 L/min.
22 SURERAEBTTHRAEXYRAIKRIE

SRR VYT & R s J5ORL ) 2,4- — HIEE
PR L 2-IR BRI MR o 2,4 I RLRICE AT AN )
Iy FERAR 2,6- " IRRIZONT 3,5- " FAEMICAS, K
(1) 2,4- " HIERIOR AT Ge & A X AP R 73 e 44, 4
B 24- T HERORHEAT 2,6- - HIEHUR, @ik
) (1) £ B R T = 2R 28 0 A [FIRE, 2,4- HEJLA
AR 3,5- IO, 3@ A R A i 2k
AR AESR T B, 2400 A FIZRJT B[R] N IR FRIR S 7Y
YT o SR s 2-R BRI 1T e & A 22 TR )
55 2,4- 7 IR [ NI 25 AR S T Co 2,4- — L
PR R SRR [ N, AR D 2,4-
LR A R A 2-VR IR Y R IR S 2 A ik
ZE, H5iER 2-VRARTR M R N4 BT F,
BRI E— 0 N 2 R IR VT, A
PHEAAE BRI G SRR VT S A ) i
(P RE LI 1
23 HMEE

SRR YT : ESI-MS m/z: 298.1. '"H-NMR
(400 MHz, DMSO-dg) : 3.22 (d, 8H), 8.96 (s,
1H), 7.15 (m, 2H), 6.95 (dt, 1H), 6.42 (d, 1H),
7.22 (s, 1H), 7.32 (d, 1H), 7.08 (d, 1H), 2.30
(s, 3H), 2.21 (s, 3H). “C-NMR (100 MHz,
DMSO-ds) 5: 48.02, 43.39, 147.75, 133.29, 125.98,
125.04, 125.79, 120.23, 126.80, 139.19, 141.54,
135.61, 128.00, 20.67, 20.03.

2= A: IR (em™): 3051.9, 2941.3, 2907.4,
2831.56,2784.2,2751.1, 1 577.9, 1 468.9, 1 395.3,
13753, 1232.3, 763.5, 730.5. ESI-MS m/z: 298.1.
'H-NMR (400 MHz, DMSO-ds) d: 3.26 (d, 8H),
9.44 (s, 1H), 7.09 (m, 2H), 6.92 (t, 1H), 6.20
(d, 1H), 7.15 (m, 2H), 7.31 (m, 3H), 2.30 (s,
6H). *C-NMR (100 MHz, DMSO-d;) J: 48.06, 43.30,
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Fig. 1 Source of vertisidine hydrobromide and its related substance

147.68, 13295, 12548, 123.65, 125.15, 120.23,
129.60, 143.41, 128.64, 129.26, 128.64, 21.23.
2% )% B: ESI-MS m/z: 298.1. '"H-NMR (400 MHz,
DMSO-dg) d: 3.17 (d, 8H), 9.34 (s, 1H), 7.18
(m, 2H), 7.04 (dt, 1H), 6.20 (m, 1H), 7.19 (s,
1H), 7.08 (d, 1H), 2.49 (s, 3H), 2.25 (s, 3H).
BC-NMR (100 MHz, DMSO-ds) 5: 48.04, 43.11,
148.59, 132.98, 126.84, 124.95, 128.39, 120.31,
129.92, 130.72, 138.92, 131.86, 130.72, 20.65.
2% )5 F: ESI-MS m/z: 406.1. 'H-NMR (400 MHz,
DMSO-dg) d: 3.21 (d, 8H), 8.81 (s, 1H), 7.10
(m, 2H), 6.68 (d, 1H), 6.63 (d, 1H), 7.18 (m,
1H), 7.38 (d, 1H), 7.26 (m, 1H), 7.22 (s, 1H),
7.30 (d, 1H), 7.08 (d, 1H), 2.30 (s, 3H), 2.18
(s, 3H). *C-NMR (100 MHz, DMSO-d) &: 48.12,
43.45, 148.56, 127.40, 125.12, 126.57, 126.35,
131.84, 129.04, 14138, 129.71, 120.54, 127.00,
135.24, 126.79, 139.48, 131.66, 142.51, 135.38,

128.11, 20.66, 19.85.

2t G: IR (em™): 3272.5, 2 946.5, 28943,
1600.3, 1586.7, 1586.7, 1470.7, 1048.3, 1231.0,
766.2. ESI-MS m/z: 314.1. 'H-NMR (400 MHz,
DMSO-ds) J: 3.22 (s, 2H), 2.96 (s, 2H), 9.24
(br-s, 1H), 2.70 (s, 2H), 3.09 (s, 2H), 7.39 (d,
1H), 7.16 (d, 2H), 7.30 (d, 1H), 7.53 (m, 1H),
7.71 (d, 1H), 7.09 (d, 1H), 2.51 (s, 3H), 2.26
(s, 3H). C-NMR (100 MHz, DMSO-d;) d: 53.70,
4543, 15131, 131.17, 125.47, 140.66, 125.24,
12230, 126.05, 140.02, 132.02, 141.44, 136.25,
127.41, 21.09, 18.95.
24 ARpEAMIRLE

SRR VIV TRE ST BN 0.4 mg/mL,
T HIRE S R O G LU TSR, R G iE
W& 1% A2 (32 AL B. C. D\ E. F.
G. IR 2,4- Z HEEMORR 2-1R6 ) A
TR PO TR
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WA . WU R G0 IE M 10 uL,
HENBAETEAL, ekt R, e, wEE
BRSSO I )/ 3 min, A THLARIR
R VGTT S AL 2 o R G0 IE FH v v 0% 1
DL 2, MBI AT LLE H, PR 225 G-
FBT Dy AT AL SURBRIRE VU] 495 By 2-1
AR 220 By 2,4- " HILOR . J4)i Cy J4R F,
FLrPoRH A8 Al [ S VR R DO PRV T 5 2125 B 1R 70 25 E
KT 15, 4 CREZ) 2015 R E R,
SR, SRR, TR E A AR T,
TBAHE  FIREANTH E rI SRR
PEVTUEE 7 A2 0T 2 AN AR BRI S A BR A U )
FHE 2 R 5 B R R4, BT (il Uty USP Big B
BT 19000, SFRF A 1.01~1.70, WHE 2.

FURBRIR B VETT

N

e
G alpricrE 24 T
D T P -

0 10 20 30 40

t/min

2 ApERAMREEIEE
Fig.2 HPLC chromatogram of system suitability solution

25 TREMRE

(1) PR AR AR 23 IRR I ERIRIR & v
7710 mg & 25 mL &)+, 0 2 mL 1 mol/L
HCI f1 2 mL 1 mol/L NaOH, ‘& 60 C4fF N 8
h, HOHRE S, HRSARmRE R 2. (2) ik
B fife s FREEURIRI A PEYT 10 mg & 25 mL S,
I 0.5 mL 30% H,0,, & 60 C 444 N4 20 min.
(3) [l 2 o il B = RRIAIR R IR B VE VT & T
100 Chn#A 8 h, HUHBGA, ARG, Bl
FESEREE A 0.4 mg/mL. (4) FDEGIRAIESMEG
HREEAR: 23 IFREN 10 mg ZURFRIR S PEVT E 25 mL 3%
HIEHH, 2051E (4500 £500) Ix YEIATHIA 25 W
LAMTFAPoRCIRST 48 h, HUH, TGRSR,
PCSHIRE B 0.4 mg/mL. AN 7] B 4 1240 7 )
TEBCHBIANET 00 10 2% O BRI, AR S T
o wRiI AR A A BSR4 R, &
g % % ST Al A o LI 3
26 ZMHXRER

3 M SRR PUVT fZ4 ) AL By C. D.
E. F. G\ 24-HIEMUR, -3 E 45 10 mg, N
IANAHEARCHN G, TR 0.4 mg/mL.
WA T RIRFE 53734 8+ 44 24 1, 0.5, 0.2 pg/mL
WL AR ANBAR TS, Il ik, WAk 1.
2.7 EERFAK R

PL 0.2 pg/mL NI AW, ol iiRE S 0.1,

IS RETTT vy RHT KB R
WK T AR i A ek

t/min

3 EERReiLE
Fig. 3 HPLC chromatogram of degradation

0.08+ 0.02. 0.01 pg/mL RFVEHH, FEA5HLLN
10 B JE 0y e w R . SIRIRIR VU] . 2400 A
B. C. E. F. G M EREMAKELN 0.2 pg/mL, #4
Jit D e B RIKEE N 0.8 pg/mL, AUHERE 2,4-
FHERRIR . 2-VR BRI 1) o S BRI FE 43 0 0.02,
0.25 pug/mL. A 5 BRI BE R FE i IESLERE 6 1K,
RSD {HTE 10% LA ; 5 Lk 3 B 9 B K de /R
W, SRS TEIT. 22t A, B C. E. F. G

1 PRI EE I O 0.02 pg/mL, 2%t D € & R
fEo4 0.08 pg/mL, #R4H R 2,4- Z HIERICR . 2-1R
IR My 1) S HE BRI 43 712 0.01, 0.10 pg/mL.
2.8 AGIEREM

SRR VYT JRURL25AE Sl . R G IE F
WRAE 4 C R MIBCE 1. 2. 4. 8. 24, 48, 93 h
I 5 5 oM VT AR, % s e T A RSD i3I
LO%LAY, FF&ERleE, RMEIRFRIKE YT R 2
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Table 1 Linearities of vertisidine hydrobromide and its related substance
el oA IR r 2RV A/ (ng'mL ™)
SRR YT Y=18 244X—390.4 1.000 0 0.20~8.00
B4R A Y=19 553X—488.3 0.999 9 0.20~8.08
Z4J% B Y=23 774X—182.2 1.000 0 0.21~8.20
i C Y=31204X—5 622.5 0.999 8 0.26~8.44
4 Jit D Y=4905X—223.2 0.999 9 0.81~8.12
it E Y=23 541X—902.5 0.999 9 0.20~8.09
At F Y=22 920X—2 067.7 0.999 4 0.21~8.41
X G Y=13 786X—42.6 1.000 0 0.20~8.12
2,4- " FEERICR Y=215.9X+1.53 0.999 6 0.02~1.00
2- IR TR Y=25405X—5229.3 0.999 9 0.25~10.2

FE S RGOS PR 4 CICE 93 h IWERE
29 HBEERE

I3 SRR T POV T JrORE 2 RS IR PRIK 5 1Y
TR A S 2017071101 2017071102
2017071103, 2017071104) FEiE R, “FATRCH 6
PR A, WKE N 0.4 mg/mL, HEAE 10 ul,
S8 F AT PN T (A, 45 2 I TR RSD {E 43
AN IERIZS 0. 0.02%. 0.01%. 0.01%. 0.02%, JA
BRSSP ARAT AR5, FURE i P AR H
TR G, 25 G I TR RSD 43 514 0.54%1.0.28%
0.38%- 0.44%, PITFEER, RINZIERGH L RLF,
2.10 [EEIRLE

FIRFRIR VT I FEE R U4 G, FREL
SRR TR 10 mg 9 370 )& 10 mL S
o, BCIZY0 G P4 200 pg/mL, BHZRR G P4
20, 200, 300 uL % 3 053 NN SR RIS P T T
JEORER IR s A AR D AR 22 21 B2 o WT 23 I Bc i 0.4
4. 6 pg/mL 3 MNMREEIFE S 3 4, HEHATIE,
R R g R EoRZ8m G W IR
100.4%, RSD {4 1.06%.
2.1 AR

HPLC RGES S HALFRR AL £ 5%; AT
W £0.1 mL/min; #HE+2 C; = LM HH] +2%.
#:%% HPLC RGBS HOHN ZIRIRIFTTT K R 4
T FH PV 5 2 ot SR BRI UV T B AR £
B[RRI 23 B2 BE TR AR Ak o &85 SR A5 2% O S IR R VA 5 1
VT IRA R B B 18] (1K) RSD {E /N T 10%, 20 B
BIRT 1.5, SRR VUV THE S iR SRR TR B
PEYT R FRIRE s 24 ) RSD {E4/M T 10%,

FFae, RWRGSHHTER LT,
212 HENE

SRBRIE VY T : FREE RIS VUYT 10 mg
B 25 mL i, IS AR R R A

SRR TR VEVT Fr s ML 20 o iban, PRIGE
AR Y TERRIKEVEYT 4 mg) & 10 mL &
M, IniE AR, AR AR, iR
HIAHRZIE, 25, B, B EIEWIERE .

AR S VA £ P v QAT 5 2 5T G AR B I ()
A ) 2% 5, F2e b b i LU T AR T 5 AN 1988 i
0.1%, HAth s — 24 FUE AR KT 1%IK ST
WA TR 0.1 1% (0.1%), 524 U I R FIAN TS
KT 1%TFPETT IR TRIAR I 0.5 F% (0.5%). /M T
1%IR B UV T W T AR 1K 0.05 1% (0.05%) 4% i
AT ZWEATE . ST 24 G A, LAy
HARENG . WK 2.

F2 HERBARPEXMRBNESSR
Table 2 Quantitative detection of related substance in

sample solution

PESARE e Lo L
FRA ARG HAh IR
SRR 161024 100.00 0 0 0
PEYTIERL 161028 100.00 0 0 0
SRR 17031201 99.99  0.01 0 0.01
PYT 17031202 99.99  0.01 0 0.01
17031203 100.00 0 0 0.00
17031204 99.99 0.01 0 0.01
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7E HPLC i [ ferh, 4 L RIFRIE 17
P IRV G R T, MR TROK, %
L GLBNAH TS 0 R I, G £ 4 08 B 46 Ay A e
AR T 2 B 43 T, 1 ELBR BE R A RO,
WS I G FF LR, b i 2 )5
I, AE&AN B RE S T HAS BB (IR 7Y
TTIEEIE . ETF RIS RE T, 552 T msht =
R LEHINEE 0.03%~0.1%, KIL =5 LR
TR A EEAER, Seusi el mahd A
7 0.05%. RHAEIERE T, XL T Waters. Agilent
1 Phenomenon ] ODS-C s 2 i%44:(250 mm X 4.6 mm,
5um), AL LA EI,

ASCRH HPLC V247 & T SR BRI 78T IR AH
K, Fmd o, R 2ot gk
AT T S BE, 7 B B3 T AN %5 1) [ g A2
Oy TR o 4B ICH 55 B R o ] 2 e 7y A U732
kg s A HPLC A& SOl 77 v AT 1 7385
Bk, HEEME. gt @8R, R, J7ok
WREL IR WA E TR T RIS RUE .
V2R SRR DO VO T AT A S IR 5T B A v 1)
FELNVA T A I X IS T
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