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Identification and determination of related substances of timolol maleate "

TIAN Heng, WU Chun — min, YAN Quan — hong ™

( Guangdong Institute for Drug Control, Guangdong Institute for Drug Control NMPA Key Laboratory for Quality Control and Evaluation of Pharmaceutical
Excipients, Guangzhou 510525, China)

Abstract Objective: To establish a method for related substances determination in timolol maleate by ultra —
high performance liquid chromatography — quadrupole/orbitrap high resolution mass spectrometry ( UPLC — Q/ Orbi-
trap HRMS) , by which the impurities both in active pharmaceutical ingredients ( APIs) and preparations can be
recognized and determined. Methods: An ACE Excel3 C;; — AR column (150 mm x4. 6 mm, 3 pm)was used for

the separation and a mixture of 0. 01 mol + L.”' ammonium acetate solution with 0. 02% formic acid and methanol
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was employed as the mobile phase by gradient elution, at a flow rate of 0. 6 mL - min ~'. The detection wavelength

for UV detector was 295 nm, an HESI ( heated ESI) ion source was employed in both the positive mode and
negative mode. The possible fragmentation patterns prediction was conducted with the help of Mass Frontier 8. 0
and Compound Discover 3. 3. The related substances could be recognized and determined by means of the forced
degradation of the APIs, with the calibration by the correction factors and confirmation by the mass spectrum data
from UPLC — Q/Orbitrap HRMS. Results: The timolol impurity B[ 3 — (tert — butylamino) -2 — (4 — morpholino —
1, 2, 5 —thiadiazol —3 - yloxy ) propan —1 —ol ], timolol impurity D(4 — morpholino —1,2,5 — thiadiazol —2 — ol ) ,
timolol impurity E( (S,Z) —4 — ({1 — (tert — butylamino) — 3 — [ (4 — morpholino — 1, 2, 5 — thiadiazol -3 —yl)
oxy ] propan —2 —yl}oxy) —4 —oxobut —2 — enoic acid maleate salt) and timolol impurity C[ N — (tert — butyl ) —
2, 3 —bis (4 —morphloline -1, 2, 5 — thiadiazol —3 - yloxy) propan — 1 — amine maleate | were produced from the
APIs under selected conditions and separated well in the specified HPLC condition, the limit of quantitation was
0.05 pg - mL~"and the limit of detection was 0. 015 wg - mL ™' for HPLC — UV. The contents of individual impu-
rities were between 0. 000 4% —0. 09% and the results of total impurities were between 0. 02% — 0. 12% for the
samples from 4 different manufactures. The probable chemical structures of the 6 unspecified impurities were spec-
ulated according to the fragmentation pattern of fragment ions, combined with the fragment information, chemical
structure of API and the references. Conclusion:; The system solution can be obtained by the degradation of the
API, and be implied in the impurity analysis for the timolol maleate. The results can be used as a reference for the
quality control of timolol maletae.

Keywords : timolol maleate; B — blocke; related substance; identification of impurities; UPLC — Q/Orbitrap
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Fig.1 Chemical structures of timolol maleate and major impurities
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Fig.4 The chromatogram of the system suitability solution
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Fig.5 The EIC of the impurities in the system suitability solution
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Tab.1 Summary table of characterized impurities
JiA R RN HLeE R b S B Xt BRI SN * P2
(impurity (ion formula) (theoretical (measured value in (measured value in (deviation )/
name ) [M+H]* value) m/z degradation solution)m/z standard solution)m/z x10°
ENT 78 /R 2= 5 B (timolol impurity B) CyHyN,0;S+H™ 317.164 2 317.164 1 317.164 0 0
END YK /R A= % D(timolol impurity D) CeHgN;0,S +H™* 188.048 8 188.048 9 188.048 8 1
BEN Y& R 25 E (timolol impurity E) CHN,OS+H™ 415.164 6 415.164 2 415.164 5 1
WENL % /R 2% C(timolol impurity C) CoHyN,0,8, +H* 486.195 2 486.194 9 486.195 1 0
¥ (note) ;" AR T E i 22 A %F HE S0 52 445 SR 5 48 VA TR T 52 485 R 190 22 ( deviation between the test solutions and the standard solutions)
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Fig.6 The results of forced degradation
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5 pL, SR 6 YT, BEN I /R g T LY RSD (n =
6) A4 1. 2% K54 B LU o

2.4.4 FEEAE 2. 27 Ik & 6 i —
FLU(Y1909001 ) P ¥ 908, SR B (34, o
I REAT P, AR AR 3, R A R4 o
2.4.5 GERRSGKEMER 2. 27 FPRECH SRR
WL 3% 7% X Bl B 4 980, TS 990 3 R R, T A
Agilentif A 15, 5K A HPLC - UV 5% , 7 FR
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Tab.2 Results of regression equations and correction factors

i

LEME BT B AE R F- (liner regression equation and correction factor)

(name) Thermo3000 + ACE C,g —

SHIMADAZU + ACE Cig -

Agilent + UltimateC g

IEEN 7 K (‘timolol )
WENT Y& IR AR BT
(‘timolol lmpumy F)

IEND VK /R 4=
(timolol impurity B)

WEILIR /KR C
(timolol impurity C)
WK /KA D
(timolol impurity D)

Y =9727.23X +641.94,r =1. 000
Y =10 407. 60X +759.32,r =1.000,0. 93

Y=9253.72X +1 324.12,r =1.000 0,1. 05

Y =10 806. 51X +2 055.63, r =1.000,0. 90

Y =18 192. 08X +1 741. 81,r =1.000,0. 53

Y =13 358. 81X +733.206 1,r =1.000
Y =14 151.91 X -50. 14,r =1.000,0. 94

Y =12 857.39X +1 153.92, r =1.000,1. 04

Y =15061.58 X —322.11,r =1.000,0. 89

Y =25095.73X +1 198.45,r =1. 000,0. 53

Y =13 204. 28X +7 310. 89,r =1. 000
=14 324.46X +1 080.70,r =1. 000,0. 92

Y =12 942.35X +1 174. 13,1 = 1.000,1. 02

Y =14 981. 34X +3 465.90,r =1. 000,0. 88

Y =25198.09X +1 345.31,r =1.000,0. 52

®3 EEMRRE

AR (%)

Tab.3 Results of repeatability test

WENRIE /K2R D

(timolol impurity D)

WENE /R R E

(timolol impurity E)

WENT /R 44 B

(timolol impurity B)

WENT I R A4 F

(timolol impurity F)

WEN Y& IR AR C

(timolol impurity)

BRI

(total impurities )

IRRARHIZRT

(unspecified impurity)

0. 001 0. 002 0. 002 /* 0.01 0. 001 0.02
0. 001 0. 002 0. 001 / 0.01 0. 001 0.02
0. 001 0. 002 0. 002 / 0.01 0. 002 0.02
0. 001 0. 002 0. 002 / 0.01 0. 001 0.02
0. 001 0. 002 0. 001 / 0.01 0. 001 0.02
0. 001 0. 002 0. 002 / 0.01 0. 002 0.02
A (note) :“ = " R/NTFREMBR 0. 000 3% ( means less than the LOD 0. 000 3% )
2.4.6 FWRREME BC2.27 pECHI LR PRI
MRS S AT, EIRCE 0.2 4\6\8\10 FI2h 2.5 FEEIGE SR
Jei s A3 A HERE I R | BERD 3 /R J\T K 0 7 AR i i B B HEVRAE i, #22. 27 TR 7 3 e sl 3t i v
V) 25 T O S ik /0>, D U 9% 3K g R HC At 2% o e T AR 2. 1017 TR B 3% A5 4R A Agilent A €2

KA A, s ik nn%ﬁ?&%ﬂ%%iﬁﬁﬁ‘@%i&

Jie 1'5({5“ 7€, 45 R W3k 4,

x4 BXYRNEER

Tab.4 Results of related substances test

42 (content ) /%

Elin=2

(hatch WENL Y& R ZRJ5T D WEN IR IRAR T WENIRRATT B WENE IR F WEN IR /RARNT C BORRH B

No.) (‘timolol (timolol (timolol (‘timolol (timolol (unspecified (total

impurity D) impurity E) impurity B) impurity F) impurity C) impurity)  impurities)

201910001 0.003 0.000 8 0.000 4 0. 001 0.01 0.000 5 0.02
201910002 0. 003 0.000 9 0.000 6 0. 001 0.02 0. 000 4 0.03
201811001 0.002 0.000 5 0.001 0.002 0.03 0.000 6 0.03
'Y1909001 0.001 0.002 0.002 /" 0.01 0.001 0.02
'Y1909002 0.001 0.007 0.003 / 0. 004 0.001 0.02
Y1910003 0.001 0. 008 0. 006 / 0. 008 0.001 0.02
19030711 0.001 / 0.009 0. 003 0. 004 0.09 0.11
2020030 0. 002 / 0.01 / 0.02 0.09 0.12
TH (note) ;:“ "y < KM FR 0. 000 3% ( means less than the LOD 0. 000 3% )
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2.6 RINZEB T

BR“2. 37 Fp I S BRI RO, £ B oA iR 1 10 5
IR W igp A BB i R A Y T 53 Ak 6 AR IR
o SRAT“2. 17 TF A @A s 2, IE 503 1)
B, RS — Z T BB B T HER m/z 1

PAEFT m/z G55 BRI T ) L T
FHIRSCHR, X AR R R HEAT 0T o 25 R M 2% A —
TR A i A SR S AR 5o R R R
1~3.5.6 WLF SCHRARIE" " 3401 8 1 B i
BT 530k — 2K

RS OARMBFE B BIEFNHEN G544

Tab.5 The mass spectrum data and probable chemical structure of the unknown related substances

. . R HEZE B S FEWRET Hi2e
G5 Ao HIRE L g/ . . . . . -
(ion formula) (estimate (theoretical ~ ( measured (main fragmentation ~ (derivation)/
(No. ) (sample) min
[M+H]* chemical structure) value)m/z  value)m/z ion) m/z x10°
1 RoEMMEER 41 CHN;0;S+H* N g 204.0437 204.043 7 186.033 4, 160.017 0, 0
( system suitability lNl\s/NH 113.070 9 ™ ,69. 044 8 **
solution)
2 AR 7 T (test 6.2  C,H,N,0,S+H" [O“ 291.148 5 291.148 5 235.085 9, 162.033 2, 0
solution ) NH on 144. 022 7,74. 060 1
DO
\sfw/ /“%
3 BEIR W (test 7.7 C3HuN,O05S +HY e 347.1384 347138 2% 291.075 5, 245.070 1, 1
. IS !
solution ) s on 172.017 5,74. 060 O
NT N/\(
[1
4 5 B 7 R (test 129 CuHuN,0,S+H* [Oj 301.169 3 301.169 3 245.106 6, 228.080 1, 0
solution ) /)Y 188. 048 8,58.065 1
N\st/ NN NH
5 42 B 7 TR (test 2.7 C;H;N;O,S+H* [Oj 202.064 5 202.064 3% 184.053 7, 158.038 2, 1
solution ) N 143.014 6
Ao
N
6 250 TR 30.6  C,yH;N;0,S+H* 244.1114 244.111 1 183.048 8, 160.017 4, 1

( system suitability

solution )

O
Aol

144. 022 6,68.049 5

T (note) ;" oA R 22 R B (H 5 & V8 W I 72 45 S 17l 22 ( mass deviation between the test solutions and the standard solutions) ;  #x " i 5
SCHR— 30 BB 7B A B 7 (he parent ions or the fragment ions were consistent with the literature )

RAZRT 1 LR BRI 258 4.1 min, — 2% it
WETE IE 0B T 8530 T B B TR B m/z 4> R
204.043 7 F1 202.028 1, #E M & 4 — ( 5wk
-4 -JE) -1,2,5 -BET M -3 - (2-4) -
1= 4, Sy R NG 9% K v ) AR I — ek 5 A 5 0 T
L TR T ) DR U W R ER b i AR A R,
5 SCHRARGE — B . BP 2021 a1 %24 R
H-fiw 44 g BEL 3% IR 28 T G, R HE AT B 1 B
IEEFET 9 7 S5 R ik e — 3K
T

RHNZ= T 2 PR EE R 294 6. 2 min, — 2% JT ik
TEIE 8 TR R85 T 10K m/z Jy 291. 148 5 4fE
MA1-(1,1 -—HLEKE) -3-1[4-12-KC

RWEHR L

Fedk) —-1,2,5 - -3 - SL ]S -2 - TNEE, H
WEE ) 3 7 11%) NEh b B DRIy 28 7 A 1 2% o, SC iR i i H
Ih o FRWEN I8 IR AE R 1k sl 0 R R AR T 7™ A= I e i 4
RO IR o A R M 2z — IR S R AR R R
ot B A2 AR BH TS PEZY oy H ok RN 16 R L 43 2
— U IEB TR R 9 R S eI A 2R R AR
— 3, WA 8,

RAGT 3 PR ETRIZ928 7.7 min, — 2% %
FEIE BB BE B FRE A m/z y 347. 138 2 #E
VN, VIR R N IR B 1 R A A 7 AR I AR B, A SC
Rk 3 JEL oy T SR R E 1 9% R A = = — 1 IE
BT R R I A R R — 3L
L9,
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Fig.7 The Possible fragmentation pathways of unknown impurity 1
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Fig.8 Possible fragmentation pathways of unknown impurity 2

m/z 235.085 9

N=— N= N
S /E s, oH i, ji oH
N OH N
N N/\r N N/\r _ N/\(
%O K\TO H
(0] O (0]
[M+H]*
m'z 347 138 4 m/z 347.138 4 m/z291.075 5

o S

OH
! © I
m/z 347.138 4 ©

{3

m/z 204.043 7

HO
3ﬁ¥ M et
\N/
OH
N/ NH PR
oy Y

m/z 347.138 4

m/z 88.0756 9

m/z235.085 9

NH
N/)wé (0]
\
S —NH,

m/z 162.033 2

o3
NEH/OH

5,
N

m/z304.120 0

HNA( HQ
'
Ne O\)w l( N=*° N OJ\/ 2
J s N=
NG N/ H N7 1\( S\N/ N/
d |
% I K1|
o o o
m/z 347.138 4

m/z 301,032 9
B9 RENFE3 HENRBRE

Fig.9 Possible fragmentation pathways of unknown impurity 3
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RHZETA (PR EE IR 209 12. 9 min, — 243, IOBENIRIR A8 & 1 IR AL AR (2R o, IR
TEIE S FRGCT BB PGB 0 AT L 301,169 3 4 LT mv A5 I A SRk i A2 — 2, ILIAT 10,

N +H* N tHy Hzﬁ 7L rHy Hzﬁ \%
~ 7
O, N O,
N 7 >am 7 NN
m/z 74.096 43 m/z 58.065 13

M 300.162 00 m/2301.169 27 \
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Fig.10 Possible fragmentation pathways of unknown impurity 4
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Fig.11 Possible fragmentation pathways of unknown impurity 5
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Fig.12 Possible fragmentation pathways of unknown impurity 6
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