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Identification of related substances of midazolam hydrochloride by LC-MS

JIN Rui, YAN Ruoning, LU Yuting, SONG Min, HANG Taijun"
Department of Pharmaceutical Analysis, China Pharmaceutical University, Nanjing 210009, China

Abstract This study aimed to identify the related substances of midazolam hydrochloride by liquid chromatography-
mass spectrometry (LC-MS). To separate the related substances of midazolam hydrochloride, gradient elution was
performed using acetonitrile and 25 mmol/L. of ammonium acetate (pH was adjusted to 5. 5 with acetic acid) as
mobile phase on Thermo BDS Hypersil C,4 column (100 mm X 4.6 mm, 2.4 pm). The accurate mass and
elemental composition of the parent ions and their product ions of related substances were determined by
electrospray-ionization quadrupole time-of-flight mass spectrometry (ESI-Q-TOF/MS). The structures of the
related substances were identified by spectral analysis and process synthesis, and some of them were further
confirmed by reference substances. Under the established HPLC condition, midazolam hydrochloride and its
related substances were adequately separated, and 22 major related substances were detected and identified by
hyphenated techniques in midazolam hydrochloride and its stressed samples, of which 8 were recorded as
impurities in the United States Pharmacopeia. The LC-MS techniques can effectively separate and identify the
related substances of midazolam hydrochloride and provide reference for the establishment of storage condition,
optimization of synthetic processes and quality control.
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Figure 1 Typical synthetic routes of midazolam hydrochloride
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Table 1 Material balance of the stressed samples of midazolam hydrochloride

Sample m/mg Area,p, Area, s Total area Total area/Sample weight Calibration
Normal 5.12 25057 041 244 425 25301 466 4.94x10° 1.00
Acid 5.02 22 582999 1211053 23794 052 4.74x10° 0.96
Alkaline 5.03 22983352 630032 23613384 4.69x10° 0.95
Oxidation 4.96 21119501 1278797 22 398 298 4.52x10° 0.91
Dry thermal 5.12 24 484 586 415227 24 899 813 4.86x10° 0.98
Wet thermal 5.01 25184 043 520 509 25704 552 5.13x10° 1.04
Dry photolysis 5.05 25365 361 440 405 25 805 766 5.11x10° 1.03
Wet photolysis 4.98 26 512 382 748 254 27260 636 5.47x10° 1.11
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Figure 2 HPLC-UV chromatograms of midazolam hydrochloride

a:Blank; b:Reference 0. 1%; c: Active pharmaceutical ingredients(API)
and its stressed solutions (d:Acid; e: Alkaline; f:Oxidation; g: Wet ther-
mal; h:Dry thermal; i:Wet photolysis; j:Dry photolysis); k:Impurity refer-

ences mixture; l:Impurity 11 reference

249. 085 0 (C,H,,FN,") . 244.035 7 (C,,H,CIFN* ) .
223. 081 3(C,;H, FN*) #1209. 065 2(C,,H,FN") , 4%

Table 2 LC-MS characteristics of midazolam related substances
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12 43 A7 X i BT B IR L AT W TR A5 A B S %

3.2.1 ¥R MmET WIEGRTZ

FER =4 A5 R B LU, R IE SR R 4 T2
A W A5 K HR R

ORI 32 B A AE R RRAE 24 0, O HLAE
568 1] 8 A 1) 2 A IR A R R S e AR BT LA 6
Wy 5T 3 J2 K 5 M 1) S T2 % R O g I e A
PRS0 ESI-Q-TOF/MS A5G <4 5 3[ M+H [
Y B 5T f: 344. 095 83, 5 B F 30 € H,CIFN,0" 4
N, KR TC R AN EL , 22 1 50 FoK s 36 Sk
A, Bk W 1) AR R R ) Ah T R 1 B
Hh Gl T 3 2% e A AT M K S T IR e

No. tp/min [M+H]" (m/z) Ton formula Dif./(x107°) Product ions (m/z) Origins
1 3.769 248.058 91 C,H,,CIN;0* 1.588 219,178,150,139,111,88 Dr
2 4.268 359.059 55 G gH,5CIFN,0,* 0.628 315,297,240,222,123,95 Dr
3 6.442 344.095 83 CgH,,CIFN,0* -0.623 315,297,274,123,109,95 Pr, Dr
4 8.441 342.080 08 CH,,CIFN,0* -0.919 325,311,307,278,260,211,177,116 Dr
5(A) 8.682 328.101 91 CgH,cCIFN,* 2.378 258,234,223,125,95 Pr
6(C) 8.975 304.101 13 CoH 6CIFN,* 0.264 287,246,211,109 Pr
7 8.976 358.075 49 CgH,,CIFN,0,* 0.506 315,297,235,222,123,95 Dr
8(B) 9.202 330.116 87 CgH sCIFN,* 0.273 301,273,260,211,166,109,95 Pr
9 9.866 342.081 55 CgH,,CIFN,0* 3.378 307,272,260,240,265,225 Dr
10(D) 10.183 342.080 49 CgH,,CIFN,0* 0.280 322,320,281,253,204 Pr, Dr
11 10.246 292.124 00 CgH sFNy* -1.548 250,231,210,183,155,128 Pr
12 10.788 342.080 78 CgH,,CIFN,0* 1.127 325,297,262,234,109 Dr
13(E) 11.976 348.054 89 C,¢H,,CIFN,0,* 0.909 330,302,287,227,123 Pr
14 12.477 289.054 47 C,sH,,CIFN,O* 2.161 261,259,226,206, 165,140, 109 Dr
15 12.638 326.085 55 C,¢H,,CIFN,* 0.215 297,261,243,221,201,128 Dr
16 14.057 343.064 69 C,¢H;CIFN,0," 0.816 315,297,246,150,123,109,95 Dr
17(F) 14.566 328.102 03 C,¢H,(CIFN* 2.744 297,258,222,205,109,95 Pr
API 15.194 326.085 54 CgH,,CIFN,* 0.185 291,249,244,223,209 API
18(G) 16.273 308.096 07 G gH,sCINS* 3.792 273,266,226,191,169,155,129 Pr
19 18.267 332.059 25 C,¢H,,CIFN,0,* -1.231 315,287,271,259,236,163,109 Pr
20 19.166 273.059 55 CsH,,CIFN,* 2.268 256,236,221,201 Dr
21(H) 19.928 326.085 76 CgH,,CIFN,* 0.860 299,258,250,222,189,128 Pr
22 20.239 273.059 51 CsH,,CIFN,* 2.122 177,150,136 Dr

Pr:Process related substance;Dr:Degradation product
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Figure 3 Chemical structures of midazolam related substances 1-22
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Figure 4 MS/MS spectra of midazolam and its related substances [M+H]* ions

API(m/z 326); 1(m/z 248); 2(m/z 359); 3(m/z 344); d(m/z 342); 5(m/z 328); 6(m/z 304); T(m/= 358); 8(m/= 330); Nm/z 342); 10(m/z 342); 11(m/z 292); 12

(m/z 342); 13(m/z 348); 14(m/z 289); 15(m/z 326); 16(m/z 343); 17(m/z 328); 18(m/z 308); 19(m/z 332); 20(m/z 273); 21(m/z 326); 22(m/z 273)
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Figure 5 Midazolam [M+H]"ion MS/MS fragmentation pathways
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