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Abstract: 2-Benzylbenzimidazole opioids, also referred to “ nitazenes” , has been noted with
increasing frequency in the recreational drug market. These compounds were first synthesized in the
1950s, marking the pharmaceutical industry’s initial achievement of high-level morphine-like activity
without relying on the complex phenanthrene moiety of poppy alkaloids. Although nitazenes exhibit
strong analgesic properties and have been used in in vitro receptor study and in vivo addiction
behavior research, they have never been approved for any pharmaceutical or clinical applications due

to risks such as addiction and respiratory depression. Since 2019, nitazenes have seen a rapid surge in
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the illicit drug market, with underground laboratories synthesizing them as alternatives to opioids like
fentanyl and heroin. The chemical structures of nitazenes have been swiftly modified to evade
regulatory control, leading to the emergence of novel compounds. In order to investigate the mass
fragmentation characteristics of nitazenes and encapsulate the analytical strategy of structural
identification, ten mitazenes, including 2-(2-(4-ethoxybenzyl)-5-nitro-1H-benzo[d]imidazol-1-yl)-
N,N-diethylethan-1-amine (etonitazene), 2-(2-(4-chlorobenzyl)-5-nitro-1H-benzo[d]imidazol-1-yl)-
N,N-diethylethan-1-amine (clonitazene), and N,N-diethyl-2-(2-(4-isopropoxybenzyl)-5-nitro-1H-
benzo[d]imidazol-1-yl)ethan-1-amine (isotonitazene), etc were analyzed using gas chromatography
coupled with quadrupole/time of flight-mass spectrometry (GC/Q-TOF MS) and ultra-performance
liquid chromatography coupled with quadrupole-Orbitrap mass spectrometry (UPLC-Q-Orbitrap MS).
The mass fragmentation pathways of the studied compounds were examined under both electron
ionization (EI) and electrospray ionization (ESI) with high-energy collisional dissociation (HCD)
mode, they have both congruencies and distinctive features. Under EI mode, nitazenes predominantly
undergo a-cleavage at the nitrogen-containing substituents at the 1st position, leading to the formation
of an iminium cation, which is typically observed as the base peak in the mass spectra. While, under
ESI-HCD mode, the cleavage of the C—N bond occurs at the 1st position, yielding a cation derived
from the substituents, which manifests as the base peak with a mass increment of 14 u relative to the
iminium cation observed under EI mode. The insights garnered from this study are anticipated to
significantly enhance the structural elucidation of nitazenes, thereby contributing to the advancement
of analytical methodologies in the field of forensic chemistry and drug analysis.
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Fig.2 TIC chromatogram of nitazenes by
GC/Q-TOF MS
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Fig. 3 EI mass spectra of nitazenes
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Fig. 4 Proposed fragmentation pathways of nitazenes under EI mode
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Fig. 5 ESI-HCD mass spectra of nitazenes
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Table 1 Main product ions of nitazenes under ESI-HCD mode
N o HISH SE .
FE A (REIE T B flst ik (a Sk s
L . . Theoretical mass ~ Experimental mass 6
No. Compound  Retention time/min Ton Chemical formula (m/2) (m/2) Error/x10
1 Etonitazene 7.71 [M+H] CyHyuN,0;" 397.2234 397.2226 -2.01
A CH N 100.1121 100.1123 2.00
B C,H,,N* 72.0808 72.0813 6.94
C CyH,,0" 135.0804 135.0803 —0.74
D C,H,0 107.0491 107.0493 1.87
2 Clonitazene 7.95 [M+H]" CyH,,CIN,O," 387.1582 387.1573 —2.84
A CH,N* 100.1121 100.1122 1.00
B CH,N' 72.0808 72.0812 5.55
C CHCI' 125.0153 125.0151 -1.60
3 Isotonitazene 8.40 [M+H]" CH; N,O;" 411.2391 411.2378 -3.16
A CH,N* 100.1121 100.1122 1.00
B CH,N' 72.0808 72.0812 5.55
C CyoH;;0° 149.0961 149.0958 -2.01
D CH,0" 107.0491 107.0492 0.93
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No. Compound Retention time/min  Ion  Chemical formula (m/2) (ml2) Error/x10

4 Metonitazene 6.83 [M+H]"  CyHy;N,O5" 383.2078 383.2066 -3.13

A CHuN' 100.1121 100.1122 1.00

B CH(N* 72.0808 72.0812 5.55

C CH,0" 121.0648 121.0647 —0.83

5 Menitazene 7.56 [M+H]"  CyHyN,Oy' 367.2129 367.2118 -3.00

A CHuN' 100.1121 100.1122 1.00

B CH(N* 72.0808 72.0812 5.55

C CeH," 105.0699 105.0699 0

6 Ethyleneoxynitazene 6.82 [M+H]"  CpHyN,O5 395.2078 395.2068 -2.53

A CHuN' 100.1121 100.1122 1.00

B CH N* 72.0808 72.0812 5.55

C CoH,0" 133.0648 133.0646 -1.50

D CeHy' 105.0699 105.0701 1.90

7 5-Methyl Etodesnitazene 5.59 [M+H]"  Cy;Hy,N;0" 366.2540 366.2531 —-2.46

A CeH  N* 100.1121 100.1122 1.00

B CyHoN” 72.0808 72.0812 5.55

C CoH,,0" 135.0804 135.0802 —1.48

D CH,0" 107.0491 107.0492 0.93

8  N-Pyrrolidino protonitazene 8.68 [M+H]"  CyuHuN,O5" 409.2234 409.2224 —2.44

A CeHpN" 98.0964 98.0966 2.04

B C;HN" 56.0495 56.0501 10.70

C CyoH;;07 149.0961 149.0959 -1.34

D C;H,0" 107.0491 107.0493 1.87

9  N-Pyrrolidino etodesnitazene 4.86 [M+H]"  CyuH,N;0" 350.2227 350.2218 -2.57

A CH,,N" 98.0964 98.0966 2.04

B C3HN" 56.0495 56.0501 10.70

C CoH,;,0" 135.0804 135.0802 —1.48

D CH,0" 107.0491 107.0493 1.87

10 N-Piperidinyl etonitazene 7.89 [M+H]"  CyHpuN,O5' 409.2234 409.2223 —2.69

A CH,N" 112.1121 112.1121 0

B CsH,(N* 84.0808 84.0812 4.76

C CoH;,07 135.0804 135.0802 —1.48

D CH,0 107.0491 107.0492 0.93
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