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Abstract Objective: To identify the structure and determine the source of unknown impurities present at levels
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greater than 0.1% in representative pharmaceutical excipient benzalkonium chloride samples, in accordance with
ICH Q3A guidelines. Methods: A new LC—MS method suitable for the structure prediction of related substances of
benzalkonium chloride was established. The separation was performed on an Acclaim 120 Cis column (250 mm x
4.6 mm, 5 pm) using a mobile phase consisting of methanol (mobile phase A) and 20 mmol * "' ammonium formate
aqueous solution (pH 3.5, mobile phase B) with gradient elution at a flow rate was 1 mL * min™". The post—column
split was set to 1 @ 3. MS data were collected in positive ion mode using an electrospray ionization (ESI) source.
The structures of unknown impurities were inferred using a “Diagnostic fragment ion extension strategy” and
confirmed by comparing the chromatographic and mass spectrometric behaviors of the impurities with those of
reference substances. Additionally, the source attribution and genotoxicity prediction of the detected impurities
were performed. Results: A total of five unknown impurities were detected in a representative sample of
benzalkonium chloride by the newly established LC-MS method, and their structures were inferred. The structures
of four impurities were confirmed using two commercially available reference substances and two reference
substances synthesized in a directionally oriented manner. Impurity D was identified as N-benzyl-N,N-dimethyl—
1-phenylmethanaminium chloride. Impurity E as N-benzyl-N-methyl-1-phenylmethanamine. The impurity G
as N-benzyl-N-methyldodecan—1—amine, and impurity H as N,N-dibenzyl-N-methyldodecane—1-ammonium
chloride. Impurity F was hypothesized to be an isomer of the formula C;sH7N. Predictions using Nexus 2.6.0
software indicated that all the above impurities fell into category 5 and had no genotoxic potential. Furthermore, the
method successfully located four unknown impurities detected by the USP method in benzalkonium chloride related
substances using impurity reference standards. Conclusion: This study systematically examines the structure and
safety risks of potential impurities in benzalkonium chloride, providing valuable insights for enhancing quality
control standards and pharmacopoeia criteria both domestically and internationally.
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Tab.1 Mass spectrum information and inferred structure of benzalkonium chloride and its unknown impurities

[laey] P rg ] [M+H]" W T HEMIZE R
(compound ) (retention time ) /min mlz (fragment ion ) ( presumed structure )
D 8.360 226.157 0%  91.053 0. 134.096 3,166.078 8, —“NA: " HIREGAfb bk
( impurity D ) 181.100 3 ( N-benzyl-N, N-dimethyl-1-phenylmethanaminium chloride )
I E 13.607 212.1414  91.0534.120.0824,181.101 1 HIZE
(impurity E ) ( N-benzyl-N-methyl-1-phenylmethanamine )
R F 27.852 276.2668  91.0527.184.205 8 = N
(impurity F ) ( N-benzyldodecan—1-amine )
ARG 37.040 290.2827  91.0505.198.220 8 N— BV —N- T he R
(impurity G ) ( N-benzyl-N-methyldodecan—1-amine )
| 42311 380.328 9%  134.0956.166.076 4,181.101 2, N, N- 7 RH -N- HIE ¢ —1- Sk
(‘impurity H ) 198.221 3,288.267 1 (N, N—dibenzyl-N-methyldodecane—1-ammonium chloride )
C12-BAC 31.165 304.329 1% 212.2447,136.1123 b TR AR S LB

( N-benzyl-N, N-dimethyldodecan—1-aminium chloride )

C14-BAC 51.177 332.329 3%  240.266 7.136.1119 RRLLYE R S S =

( N-benzyl-N, N-dimethyltetradecan—1—aminium chloride )

11 (note ): *. [M=CI|” 1 J1 25+ ([M=CI|” fragment ion )

x2 FIHEER S DRMFEROUZELENY
Tab.2 The chemical structures of benzalkonium chloride and 5 unknown impurities
1A% (compound ) R, R Rs X
Z&J5 D (impurity D ) * Me Bn Me ClI”
Z4J5t E (impurity E ) Me Bn / /
Rs 45 F (impurity F) H CizHos /
]L/Rz JJ% G (impurity G ) Me Crots / /
X\R‘ Z4 i H* (impurity H ) Me Bn CioHos CI”
C12-BAC* Me CioHos Me CI”
C14-BAC* Me CiaHao Me CI”

T (note ): *. 225 D 225 H., 12-BAC fl 14-BAC "1'[1) N #28 N* #F (the N in impurity D, impurity H, 12-BAC, and 14-BAC is the N* ion )
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R+ TRE RN, CAS A 1687-68-9,

334 % G WSS A G AT REAY AR X
DL 4-G, 7 m/z 290.282 7 AbAF [M+H|" BTk, 575
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14; MS/MS i & v i =F 5 19 85 67 T m/z 198.220 8
b, R FE S 1A R (mlz 92) T Y, 5 C12-BAC
B R BB F miz 212.244 7 /0 14, B 1S 3 milz
91.050 5 AT G AFAE R Ik, BOEWI A= G 454
A N- 3 -N= B 5w e, CAS R 68397-57-9,
335 ZuPT H MZMEE 24T H W] REAY R K
UL & 4-H, TF m/z N 380.328 9 4t 47 [M=CI]" B 1 I,
58 F 20 CyHuN* A B, % C12-BAC Y m/z [M=CI]*
276, B4 i D BE B 1 £ 154, B+ — e 5L, m/z
198.221 3 524 it G i\ &5 F AH 0L, vt B 4% H 17
Tt TR BARIEGCEZ AR (mz90), miz
134.095 6. m/z 166.076 4. m/z 181.101 2 5 Z% Jif D fit:
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ZR05 H L5 g N, N—= 93 —N= B3 b —1-
SfbEL, CAS 2 108789-53-3,

3.4 ZRT D RIZRE H ASA A b

3401 =D AAE H AR BOG RS N, N-

I 3.0 g FGEALTE 3.0 g B TSR 1, BOoH e
fir N— F 3k —N— - e 3K 5.0 ¢ ALK 2.5 ¢
BT 2, %5, H RS 48 h, 4T02s i h i ik
AL A EEE R, B B IA T AR O TR
LT 4 CCUKFE S 12 h, T2 % 300 mL 43 3 K
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FAPRS Thl  o
342 24D FIZRRT H B4 B “3.4.17 T
T ) A Al Ak Y 2% RS R 2 B R R
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3.5 ARSI ZE A ARIE
351 ZERIETTEE AMRIBOETE (IR ) - BBR/K
TR T R “3.4.17 TT Z% B i 5 29 5 mg 5 AL
Bk R 500 mg AFEE 5], R, B T LA
M7E

JE i (MS) « BU“3.4.17 T 2% JFORS il & 1k
] o % o IR v E 431 A 0.005 mg - mL! ) B
R, VRS IR A B 2 R D) 80% HH /K V45 W Tt
ZhAH, i 0.3 mL - min™"; B P44 20 B8 m/z
100~600, 5% F ESIIFHEA T 1F 2 152 R 1 85 A=K
ESET S
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Jok o e 3, A A 16 Uk, T ARSIk 400 MHz i
7 "H-NMR 934 .
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Fig. 6 Carbon atom number of impurity D
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Fig. 10 HPLC chromatograms of various manufacturers in benzalkonium chloride (210 nm)

£3 AR HFHEHEH HPLC iR

Tab.3 HPLC results of benzalkonium chloride from different manufacturers

e (BRI #rtit (content ) /%

(‘compound ) (retention time )/min A J~%¢ (manufacturer) B ]~ % ( manufacturer )  CJ % ( manufacturer) D J~ % ( manufacturer )
ZRJ% A (impurity A ) 17.755 0.17 0.34 0.12 0.22
ZJ5 B (impurity B) 20.113 0.09 / 0.08 0.02
ZJ5T C (impurity C) 40.080 0.59 / / 0.11
Z&J5 D (impurity D ) 19.412 0.53 0.08 0.05 0.14
Z&f5t E (impurity E ) 21.378 0.10 / 0.03 0.04
Z&% G (impurity G ) 48.748 0.87 0.07 0.19 0.31
2% H (impurity H) 49.727 243 0.12 0.14 0.59
C12-BAC 44.503 93.95 74.60 75.42 78.63
C14-BAC 54.327 0.79 23.51 23.64 19.29

H (note ): /7 s KA (not detected ); 2% B T 257 nm Fll%E (impurity B was measured at 257 nm )
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