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Abstract: The new psychoactive substances (NPSs) are defined as a category of substances of abuse,
either in a pure form or a preparation, that are not listed in the control table by the 1961 Single
Convention on Narcotic Drugs or the 1971 Convention on Psychotropic Substances, but may pose a
public health threat. In July 2024, a total of 1245 individual NPSs have been reported to the United
Nations Office on Drugs and Crime (UNODC) by 142 countries and territories worldwide. The
growth in the number of NPSs has become a great challenge and a potential threat to global public
health. The phencyclidine-type substances are classified into the group of dissociative NPSs, because

they produce feelings of detachment and dissociation from self and the environment. These effects
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are produced through antagonism of ionotropic N-methyl-D-aspartate (NMDA) receptors in the
central nervous system. Some of phencyclidine-type substances are scheduled as narcotics under
the Administration of Non-Pharmaceutical Narcotic Drugs and Psychotropic Substances in China,
(2-FDCK),
2-(ethylamino)-2-Phenylcyclohexan-1-one (2-0xo-PCE), 2-(2-bromophenyl)-2-(methylamino) cyclohexan-
I-one (2-BDCK), 2-(ethylamino)-2-(2-fluorophenyl) cyclohexan-1-one (2-FXE), 2-(methylamino)-2-
(2-methylphenyl) cyclohexan-1-one (2-MDCK) and so on. However, some new phencyclidine-type

including  ketamine,  2-(2-fluoromophenyl)-2-(methylamino)  cyclohexan-1-one

substances are produced by introducing slight modifications to the chemical structure of controlled
substances to circumvent drug controls. These emerging substances have posed a significant
challenge to the identification of forensic science laboratory around the world. Therefore, the
knowledge of MS fragmentation pathways of known structure NPSs is very important for the
structure elucidation of emerging new type of NPSs. In this study, a method based on gas
chromatography-mass spectrometry (GC-MS) and liquid chromatography quadrupole time-of-flight
mass spectrometry (LC-QTOF MS) was established for the analysis of phencyclidine-type NPSs in
e-cigarette oil. The e-cigarette oil was extracted by methanol, then analyzed by GC-MS and LC-
QTOF MS. The mass spectra were obtained under electron impact (EI) and electrospray ionization
(ESI) modes, respectively, the structure and fragmentation pathways of main fragment ions were
deduced. Finally, an unknown component was identified as a NPS of phencyclidine-type, 2-
(propylamino)-2-phenylcyclohexan-1-one (2-oxo-PCPr), through structural analysis. Its characteristic
fragment ion information acquired by GC-MS and LC-QTOF MS was similar to 2-0xo-PCE. This
study provides a reference approach for the identification of small amount of NPSs by comprehensive
analysis of their electron ionization mass spectrometry (EI-MS) and electron ionization tandem mass
spectrometry (ESI-MS/MS) fragmentation patterns in the absence of reference materials.

Key words: new psychoactive substances (NPSs); gas chromatography-mass spectrometry (GC-
MS); liquid chromatography quadrupole time-of-flight mass spectrometry (LC-QTOF MS);
e-cigarette oil; 2-(propylamino)-2-phenylcyclohexan-1-one (2-o0xo-PCPr)
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Table 1 Characteristic fragment ions of unknown and 2-oxo-PCE under EI-MS mode
A I3 PR FE ] FEFHERE R BT
Name Molecular formula tp/min Main characteristic fragment ion (m/z)
RAY CsH, NO 7.695 58 77 91 104 117 132 146 160 174 203
2-0x0-PCE C,H,(NO 7.165 44 77 91 104 117 132 146 160 189
&2 REMWF 2-0x0-PCE K ESI-MS HEEF B F
Table 2 Characteristic fragment ions of unknown and 2-0xo-PCE under ESI-MS mode
Ak EaELE| s HHAE e R
Name fr/min Chemical formula Theoretical mass (m/z) Experimental mass (m/z) Error/x10°°
Ry 3.105 C,sH,,NO" 232.1696 232.1695 -0.43
C,sH,N* 214.1590 214.1591 0.47
C,,H;0" 173.0961 173.0960 -0.58
C,H,," 155.0855 155.0855 0.00
C,Hys' 145.1012 145.1009 -2.07
CoHy" 129.0699 129.0699 0.00
CoHy" 117.0699 117.0696 —2.56
C.H; 91.0542 91.0540 —2.20
CH,' 67.0542 67.0543 1.49
C3H (N* 60.0808 60.0810 3.33
2-0x0-PCE 2.961 C,,H,)NO" 218.1539 218.1536 -1.38
C,H; ;N 200.1434 200.1428 —3.00
C,,H:0" 173.0961 173.0962 0.58
C,H,," 155.0855 155.0861 3.87
C,Hys' 145.1012 145.1013 0.69
CoHy" 129.0699 129.0698 -0.77
CoHy" 117.0699 117.0699 0.00
C.H; 91.0542 91.0543 1.10
CH,' 67.0542 67.0544 2.98
C,HgN" 46.0651 46.0652 2.17
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Fig. 6 Chemical structure of 2-oxo-PCPr
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