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Abstract: As of October 2022, the United Nations Office on Drugs and Crime (UNODC)
Early Warning Advisory (EWA) has monitored over 1 150 new psychoactive substances
(NPS) that had appeared in 137 countries and territories, including 76 substances that
were notified for the first time in 2022. The increasing popularity of NPS has become a
policy challenge and a major international concern, and poses potential risks for public
health. Ketamine and ketamine analogues belong to g-keto-arylcyclohexylamines, which

are classified into dissociative NPS due to their “dissociative anesthetic” effect. Accord-
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ing to the monitoring data of the National Narcotics Laboratory, as of August 2022, ten
ketamine structural analogues have been detected in China, including 2-(2-chlorophe-
nyl)-2-(ethylamino) cyclohexan-1-one (NENK), 2-(3-methoxyphenyl)-2-(ethylamino)
cyclohexan-1-one (MXE), 2-phenyl-2-(methylamino) cyclohexan-1-one (DCK), and
2-(2- fluorophenyl )-2-( methylamino ) cyclohexan-1-one (2-FDCK), 2-(ethylamino)-
2-phenylcyclohexan-1-one (2-ox0-PCE), 2-(methylamino)-2-(2-methylphenyl) cyclohex-
an-1-one (2-MDCK), 2-(ethylamino)-2-(2-fluorophenyl) cyclohexan-1-one (2-FXE),
2-(2-bromophenyl)-2-(methylamino) cyclohexan-1-one (2-BDCK), and 2-(ethylamino)-
2-(thiophen-2-yl) cyclohexan-1-one (tiletamine), and 2-(ethylamino)-2-(2-methylphe-
nyl) cyclohexan-1-one (deoxymethoxetamine). According to the structures, these com-
pounds can be seen as structural analogues of ketamine with benzene ring replaced by
fluorine, bromine, methyl and methoxy groups, or with methyl group on the nitrogen
atom replaced by ethyl group, or with benzene ring replaced by furan group. NENK,
MXE, DCK and 2-FDCK have already been included in the annexes of the law in China,
while 2-oxo-PCE, 2-MDCK, 2-FXE, 2-BDCK, and tiletamine have not been listed in the
regulation. In order to evade the supervision of the law, new types of ketamine
analogues have been continuously produced and offered for sale on the NPS market.
These emerging new compounds have posed a great challenge to the testing and identifi-
cation ability of forensic science laboratories around the world. The knowledge of MS
fragmentation pathway characteristics of known structure NPS is essential for the struc-
ture elucidation of new types of NPS. In order to investigate the mass fragmentation
characteristics of ketamine analogues, NENK, MXE, DCK., 2-FDCK., 2-oxo-PCE,
2-MDCK, 2-FXE, 2-BDCK, and tiletamine were analyzed using gas chromatography-
Orbitrap mass spectrometry (GC-Orbitrap-MS) and ultra-high performance liquid chro-
matography-quadrupole time of flight-mass spectrometry (UPLC-QTOF-MS). High-
resolution mass spectra were obtained by electron impact (EI) and electrospray ioniza-
tion collision-induced dissociation (ESI-CID), the structures and fragmentation path-
ways of main ions were deduced. The product ions of ketamine analogues were mainly
formed by the loss of CO, C,H;+, C;H;+, C,Hy+, C;H;; +/C;H,;+ in EI mode, and
were mainly formed by the loss of H,O, CH,NH,/C,H;NH,, CO, C,H;, C,H,O in
ESI-CID mode. The ketamine analogues distinguishing features were summarized by
investigating the high-resolution mass spectrometric characteristics, which can provide a
reference for the identification of new ketamine analogues with similar chemical
structures.

Key words: gas chromatography-Orbitrap mass spectrometry (GC-Orbitrap-MS) ; ultra
high performance liquid chromatography-quadrupole time of flight-mass spectrometry
(UPLC-QTOF-MS); new psychoactive substances (NPS); ketamine; ketamine ana-

logues; fragmentation pathway
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Fig.1 Chemical structures of ketamine and ketamine analogues
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Fig. 4 Proposed fragmentation pathways of ketamine analogues in EI mode
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7 :a. ketamine; b. NENK;c. MXE;d. DCKje. 2-FDCK;{. 2-oxo-PCE;
g. 2-MDCK; h. 2-FXE;i. 2-BDCK;j. tiletamine; k. K14 ;1. deoxymethoxetamine
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ESI-CID mass spectra of ketamine and ketamine analogues
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Table 1 Main product ions of ketamine and ketamine analogues in ESI-CID mode

e [l 5v BLERTR ] S L 2%
75 ‘ﬂ:ﬁ% s} [i] Lk Chemical Theoretical Experimental Error/
No. Compound tr/min fon formula mass (m/z) mass (m/z) X106
1 Ketamine 3. 64 A’ Ci; Hi7 CINOT 238.0993 238. 0997 1.68
B’ Ci3 Hys CINT 220. 0888 220. 0889 0.45
c’ Ci2Hy2ClIOT 207. 0571 207. 0571 0
D' Cy2 Hyo CIY 189. 0466 189. 0464 —1.06
E’ Cii Hp2 CIT 179. 0622 179. 0620 —1.12
F' CyoHg ClY 163. 0309 163. 0305 —2.45
G’ C;HsClH 125. 0153 125. 0153 0
H' CHsN' 32. 0495 32. 0494 —3.12
2 NENK 4.70 A C1, HyyCINO™ 252. 1150 252. 1157 2.78
B’ Ci, Hy7 CIN 234. 1044 234.1048 1.71
c' Ci2Hy2 CIO? 207.0571 207. 0575 1.93
D' Ci2 HyoCIH 189. 0466 189. 0468 1. 06
E’ Cii Hp Cl 179. 0622 179. 0628 3.35
F’ CyoHgClIT 163. 0309 163. 0312 1. 84
G’ C;HgClT 125. 0153 125. 0159 4. 80
H' CoHgN* 46. 0651 46. 0653 4. 34
3 MXE 4. 66 A’ Cis Hyo NO, + 248. 1645 248. 1646 0. 40
B’ Cy5 Hag NO™ 230. 1539 230.1536 —1.30
c’' CisHi5 0, " 203. 1067 203. 1069 0.98
D' Ci3Hi3 07 185. 0961 185. 0961 0
E' Ci2Hi507 175. 1117 175. 1119 1. 14
F' CiiHOF 159. 0804 159. 0803 —0.63
G’ CgHo O 121. 0648 121. 0648 0
H' C;HgN™ 46. 0651 46. 0649 —4. 34
4 DCK 2.79 A’ Ci; HigNO* 204. 1383 204. 1382 —0.49
B’ CisHi N 186. 1277 186. 1276 —0. 54
c’' Ci2Hi;0° 173.0961 173. 0962 0.58
D' CioHpy ™ 155. 0855 155. 0857 1.29
E’ CiHyst 145. 1012 145. 1011 —0.69
F' CioHg " 129. 0699 129. 0697 —1.55
G’ C;H ™ 91. 0542 91. 0542 0
H' CHsN™ 32. 0495 32. 0494 —3.12
5 2-FDCK 2.63 A’ Ci3H;; FNO* 222. 1289 222.1293 1. 80
B’ Ci; HisFN* 204. 1183 204. 1186 1.47
(o C;2H, FO* 191. 0867 191. 0867 0
D' CizHioF* 173. 0761 173. 0760 —0.58
! C; Hp, F 163. 0918 163.0918 0
F' CioHgF™ 147. 0605 147. 0603 —1.36
G’ C;HgF 109. 0448 109. 0449 0. 92

H' CHN+ 32. 0495 32. 0496 3.12
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3 (A= 5¥ BLiRTR ) S {E B2
78 ‘ﬂ:é% st ] aki Chemical Theoretical Experimental Error/
No- Compound tr/min fon formula mass (m/z) mass (m/z) X106
6 2-0x0-PCE 3.43 A’ C1 HyoNO* 218.1539 218. 1540 0. 46
C' Ci2 Hy30° 173. 0961 173. 0963 1. 16
D' CioHy * 155. 0855 155. 0854 —0. 64
E' Cy Hyst 145.1012 145.1011 —0.69
F' CioHy ™ 129. 0699 129. 0695 —3.10
G' CH; * 91. 0542 91. 0543 1. 10
H' C;HgN™ 46. 0651 46. 0649 —4. 34
7 2-MDCK 4.11 A’ C1i HyoNO* 218.1539 218. 1550 5. 04
B’ CiaHygN* 200. 1434 200. 1432 —1.00
c' Ci3Hi50° 187. 1117 187. 1125 4.28
D' CizHy ™t 169. 1012 169. 1008 —2.37
E’ CioHys+ 159. 1168 159. 1171 1.89
F' ChnHi ™ 143. 0855 143. 0855 0
G’ CsHy ™ 105. 0699 105. 0703 3.81
H' CHsN™* 32.0495 32.0496 3.12
8 2-FXE 3.35 A’ Ci Hi gy FNOT 236. 1445 236. 1446 0. 42
B’ Ci Hy; FN* 218. 1340 218. 1343 —1.38
c’ Ci2H12 FOT 191. 0867 191. 0868 0.52
D' CioHy F* 173. 0761 173. 0758 —1.73
E’ CiHp, F™ 163. 0918 163. 0917 —0.61
F' CioHgF* 147. 0605 147. 0603 —1.36
G’ C;HsF* 109. 0448 109. 0449 0.92
H' CyHgN'* 46. 0651 46. 0649 —4. 34
9 2-BDCK 4.22 A’ C13Hy;z BrNO™ 282. 0488 282. 0482 —2.13
B’ CisHis BrN™ 264. 0382 264. 0383 0.38
c’ Ciz Hi2 BrO™ 251. 0066 251. 0069 1. 20
E' Cii Hp2Brt 223.0117 223.0110 —3.14
F' CyoHgBr™ 206. 9804 206. 9801 —1.45
G’ CrHsBrt 168. 9647 168. 9651 2.37
H' CHs N 32.0495 32. 0494 —3.12
10 Tiletamine 2. 87 A’ Ci2 HigNOS™ 224.1104 224. 1109 2.23
C' CioHy; OS? 179. 0525 179. 0525 0
E’ CoHy ST 151. 0576 151. 0577 0. 66
F' C;H,S* 123. 0263 123.0263 0
G’ CsH;S* 97.0106 97.0105 —1.03
H' CyHgN* 46. 0651 46. 0649 —4. 34
11 Deoxymethoxetamine 5.17 A’ Ci15s Hza NOT 232.1696 232.1702 2.58
c' Ci3H;507 187. 1117 187. 1114 —1. 60
D' Ci3Hys 169. 1012 169. 1016 2. 37
E’ CioHys+ 159. 1168 159. 1172 2.51
F' ChHp, 143. 0855 143. 0853 —1.40
G’ CsHy ™ 105. 0699 105. 0702 2. 86
H' C;HgN™ 46. 0651 46. 0653 4. 34
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Fig. 6 Proposed fragmentation pathways of ketamine analogues in ESI-CID mode
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