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Abstract: The abuse of new psychoactive substances (NPS) has been increasing dramat-
ic worldwide since late 2000s. By the end of 2019, more than 900 NPS had been repor-
ted to the United Nations Office for Drugs and Crime (UNODC). NPS can be subdivi-
ded in different groups, such as synthetic cannabinoids, synthetic cathinones, or novel
synthetic opioids (NSOs). Although the total number of emerging NPS has slowly
decreased in recent years, more and more NSOs have appeared on the illicit drugs
market. According to the European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) European Drug Report 2017, NSOs have been involved in overdose drug
related deaths in some parts of Europe and North America, these compounds have been

found in 82% of fatal overdoses. This phenomenon, related to the misuse of prescrip-
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Among NSOs are U-47700, U-49900,
or U-48800, and so on, which belong to the so-called U-drugs and are structurally non-

tion opioids, has been dubbed an “opioids crisis”.
related to classical opioids such as morphine and fentanyl. U-drugs substances were
originally synthesized in the 1970s and 1980s by the Upjohn Company. a pharmaceutical
company from Kalamazoo, MI, USA, and appeared on the illicit drug market since
2014. Since U-47700 was internationally controlled in 2017, compounds with similar
chemical structures, adapted from the original patented compounds, have emerged
across the illicit synthetic drugs market. An increasing number of deaths have been
associated with the use of U-drugs novel synthetic opioids, particularly in North Ameri-
ca. In 2015-2019, a series of six U-drugs novel synthetic opioids were identified by
means of ultra performance liquid chromatography-quadrupole time-of-flight-mass spec-
trometry (UPLC-QTOF MS), gas chromatography-mass spectrometry (GC-MS), and
nuclear magnetic resonance spectroscopy (NMR) in China. The mass-spectral fragmen-
tations of these compounds following electron ionization (EI) and electrospray ionization
(ESD under collision-induced dissociation (CID) mode were studied. Compounds were
analyzed on Aglient DB-5 MS column (30 m 0. 25 mm X 0. 25 pm) with an initial tem-
perature of 140 °C for gradient increased temperature by GC-MS, and Acquity UPLC
BEH C18 column (2. 1 mmX100 mX 1.7 ym) with 0. 1% formic acid aqueous solution
(A)-acetonitrile (B) as mobile phase for gradient elution by UPLC-QTOF MS. Accord-
ing to the structure and the typical fragmentations, these compounds could be easily
identified. The countless possibilities to create U-drugs novel synthetic opioids by small

changes in chemical structures pose a growing challenge to forensic analysts. So this

work will be helpful to assist forensic laboratories in identifying these kinds of com-

pounds or other substances with similar structure in case work.
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Fig. 1 Skeleton structure

of U-drugs novel synthetic opioids
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Table 1 Chemical structure and exact molecular mass of U-drugs novel synthetic opioids

BB
2L (CH2), 4 N =
g fetrt et e ATEE
Substituent group Molecular Exact
No. Compound
formula molecular
AR HR n Ry R mass
1 U-47700 3=Cl 0 CH; N(CH3), Cy5 H22 Cl; N, O 328.1109
4=Cl
2 U-49900 3=Cl 0 CH; N(CH;CH3), CisHzCL N2 O 356. 1422
4=Cl
3 U-48800 2=Cl 1 CH; N(CH3), Cy7H CI: N, O 342.1266
4=Cl
4 meelhyl U*47931E 4:31” 0 CH% N(CH%)Z Clﬁ HngI’Nz() 338 0994
5 MD-U-47700 3,4-Methylenedioxy 0 CH; N(CH3)» Ci17Hoy N, O3 304. 1787
6 Isopropyl-U-47700 3=Cl 0 CH(CH3)» N(CH3)» CisH2CLL N, O 356. 1422
4=Cl
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Fig. 2 Mass spectra of U-drugs novel synthetic opioids obtained by EI-MS
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Fig.3 Proposed fragmentation pathways of product ions

for U-drugs novel synthetic opioids obtained at EI-MS mode
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Fig. 4 Mass spectra of U-drugs novel synthetic opioids obtained by LC-ESI-Q TOF MS
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Table 2 Main fragment ions information for U-drugs novel synthetic opioids obtained at ESI-CID mode

o B BT ‘ﬂﬁi'fﬁ Iﬁ—li@ﬁ if.ﬂﬂﬁ ﬁi’ﬁ *ﬁXﬂiﬁJﬁ
Compound Ion Chemical Theoretical Experimental Error/ Relative
formula mass (m/z) mass (m/z) 106 intensity/ %
U-47700 [M+H]" Cis Hz3 Cl N, OF 329.1182 329.1187 1.52 11.9
A CiuHisCLNO™ 284.0603 284. 0608 1.76 100
B CsHsCl NO™ 203.9977 203.9977 0 40. 8
C CH;CLOT 172. 9555 172. 9558 1.73 92. 6
D CsH;3Cly 144. 9606 144. 9608 1. 38 11.2
E CsHo ™ 81. 0699 81. 0700 1. 23 6.0
F - - - - -
U-49900 [M+H]' CisHz7 Cl; N, OF 357. 1495 357. 1499 1.12 16. 3
A Ciy HigCLNO™ 284.0603 284. 0605 0. 70 100
B CsHsCl NO™ 203.9977 203.9973 —1.96 38.7
C C;H;3;CLOY 172. 9555 172.9552 —1.73 72.6
D CsH;Cly 144. 9606 144. 9607 0. 69 7.3
E Cs Hy 81. 0699 81. 0698 —1.23 6.5
F - - - - -
U-48800 [M+H]! Ci7Hy; CLL N, O 343.1338 343.1343 1. 46 15.2
A C15 HisCINO™ 298. 0760 298. 0765 1. 68 100
B CoH o Cl NO™ 218.0134 218.0137 1. 38 55.4
C — — — — —
D C;H;ClL, ! 158. 9763 158. 9765 1. 26 23.4
E CeHy ™ 81. 0699 81. 0698 —1.23 6.6
F C;Hyy N* 112.1121 112. 1119 —1.78 23.8
N-methyl U-47931E [M+H]! 16 Hos BN, OT 339. 1067 339. 1065 —0.59 13.4
A Cis Hi7 BrNO™ 294. 0488 294. 0485 —1.02 100
B CsHyBrNO™ 213. 9862 213. 9864 0.93 33.0
C C;H,BrO* 182. 9440 182. 9442 1. 09 78. 8
D CsH,Br' 154. 9491 154. 9494 1.94 9.3
E CeHy ™ 81. 0699 81. 0700 1.23 5.6

53}
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Compound Ton Chemical Theoretical Experimental Error/ Relative
formula mass (m/z) mass (m/z) 106 intensity/ %
MD-U-47700 [M+H]" Ci7Has N2 O3 305. 1860 305. 1856 —1.31 10. 3
A Cis HigNO; * 260. 1281 260. 1282 0. 38 100
B CoHigNO; © 180. 0655 180. 0658 1.67 21. 6
C CsHs 03 149. 0233 149. 0235 1. 34 78.0
D C/H;0; 7 121. 0284 121. 0282 —1.65 6.3
E Cs Hy 81. 0699 81. 0698 —1.23 4.6
F - - - - .
Isopropyl-U-47700 [M+H]' Cig Har Cl, N, O 357. 1495 357. 1499 1.12 8.1
A Ci5 Hyo CINO™ 312.0916 312.0913 —0.96 100
B CioH12CL NO™ 232.0290 232.0293 1. 29 14.1
C C/H;CLOT 172. 9555 172. 9553 —1.16 57.1
D CsH;3Cly 144. 9606 144. 9605 —0.69 5.3
E CeHy ™ 81.0699 81.0700 1.23 9.3
F - - - - -
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