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Abstract: Synthetic cannabinoids (SCs) are a series of structurally related analogs con-
tinually created to evade surveillance and sanction, which pose more severe hazards

compared with traditional marijuana. Currently, synthetic cannabinoids have become the
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most diverse and widely abused classes of new psychoactive substances (NPS). Consid-
ering the serious threat posed by these substances, our country has regulated all catego-
ries of synthetic cannabinoids since July 1, 2021, which means that the establishment of
rapid screening strategies of synthetic cannabinoids shall be further promoted. Here, a
method of ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) was developed for the simultaneous determination of 112 synthetic
cannabinoids in hair. The hair samples were firstly extracted with methanol, and the su-
pernatant was taken for injection. Then 0.1% formic acid aqueous solution and 0. 1%
formic acid acetonitrile solution were used as mobile phase, and the ACQUITY UPLC
BEH C18 chromatographic column was used for separation. The samples were analyzed
under the scheduled MRM mode through two or three ion channels specially selected for
each compound with optimized collision energy. A major challenge in this experiment is
the differentiation of isomers or synthetic cannabinoids with a similar mass number espe-
cially for the mass spectrometry, so the optimization of chromatographic conditions was
thoroughly investigated, and a general chromatographic method for the 112 synthetic
cannabinoids and two complementary methods for isomers were finally determined. The
methodological validation results showed that the detection limits of 112 synthetic can-
nabinoids ranged from 0.5 to 5 ng/g. the linear correlation coefficient () was better
than 0. 999 0, and the matrix effect and extraction recovery were 81.0%-117.8% and
80. 4 %-119. 7% with different concentration levels (1, 5, 25, 100 ng/g) s respectively.
Finally, fifteen hair samples in actual cases were detected by this method and the results
showed that five kinds of synthetic cannabinoids were identified and quantified with the
contents range of 1. 4-48. 2 ng/g. Furthermore, the results also exhibited minimal back-
ground interference in chromatograms of actual samples, indicating that this established
strategy has high quantitative accuracy and can be widely used in the qualitative and
quantitative analysis of practical cases. In addition, the method has high efficiency in
high-throughput screening, which can simultaneously identify all kinds of synthetic
cannabinoids reported in China so far.
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Fig. 1 General skeleton structures of synthetic cannabinoids
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Table 1 Information of representative synthetic cannabinoids

YXHE BB F B F R T R/ e V)
s [{asg 7]
English Precursor Product ion
No. Compound
abbreviation ion(m/z) (Collision energy/eV)
1 2- B - 1- 1 - 3- (1- 2% F k) v e JWH-007 356. 2 155.0% (34), 127.1 (70), 228.1 (34)
2 -0 JE-3-C1-Z% o 356 g e JWH-019 356. 2 155.0% (33), 127.1 (67), 228.1 (34)
3 15 3-2-(2-F 2R ) -4- (1- 28 F RS i s JWH-370 382. 2 155.0% (28). 127.1 (75)
4 1I-(1-ZEH ) -4 A L 2 CB-13 369. 2 171.1% (38), 155.0 (36), 299.1 (26)
5 N-(4: Wl e-1-3 ) -4- F KL -1- 13 JE-5- 28 Jik- AMPPPCA 406. 3 135.17%(38), 107.1 (36). 255.1 (26)
1 H- Ntk -3~ L ke
6 ZE-1-HE(9-7R H-9H-nRms-3- 4 F R EG-018 392. 2 155.0% (34), 264.1 (36),179.1 (63)
7 [9-(5- U F)-9H-MRME-3-FE ] (25-1-35) FE EG-2201 410. 2 155.07 (32), 127.0 (75)
8 N-(&Mlkg-1-3)-1-(FF & JE W ) -1 H- ACHMINACA 392.3 135.1%(33), 93.1 (71),107.1 (68)
g i -3~ Y P
9 N-(-ZE B2, 2- —H R H-1- ADB-FUBINACA  383.2 253.17 (35), 338.2 (21), 109.0 (58)
CA- 0N S ) W5 -3 Y 7 Jie
10 N-(&Rlke-1-38)-2- 1k He-2 H-m| me-3-H Bt e APINACA-2H 366. 2 135.17 (38), 107.1 (55), 189.1 (39)
11 1-(5-FURe 3k ) -1 H-g| me-3- B iR - 1- 25 fig 5F-SDB-005 377. 2 233.1% (18), 213.1 (35), 145.0 (50D
12 N-(1-83E-3,3- “H - 1-8 00 T-2-30)- ADB-FUBICA 382. 2 252.1%(28), 109.0 (54)
1= CA- 4 ) - L H-W6| k- 3- FY i e
13 N-C1-4 W e ) - 1- 78 B v - 3- Y gk f APICA 365. 3 135.17(38), 214.1 (32), 188.1 (30)
14 -G - N-(Z8-1-3)- 1 H-1|ms-3- F ik e 5F-MN-18 376. 2 233.17(24), 145.0 (54), 213.1 (36)
15 1-C4-FUR 3 5| -3~ FH 1R -8-ns mk i FUB-PB-22 397.1 252.1" (19>, 109.0 (49
16 2-[1-CA-F ' ) - 1 H- 5| W3- P /i 4 4 - MDMB-FUBICA 397.1 252.1% (20), 109.0 (50)
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English Precursor Product ion
No. Compound
abbreviation ion(m/ =) (Collision energy/eV)
17 2-[1-CA-30 7 ) - 1 H- 5| W3- 1 4 4 - AMB-FUBICA 383.2 252.17 (21), 109.0 (47)
3L T R 11 B
18 2-[ 1-CA-R 75 2 -1 H-ngf| W3- o 2 2 MEP-FUBICA 383.2 252.1% (20), 109.0 (47)
SR Y B
19 (54 % i ) 15| W3- FY 2 - 8- e b i 5F-PB-22 377. 2 232.2%(25), 144.0 (54)
20 2-[ 1-(5-FR R ) -1 H- 05| Wk -3- Y it 4 4 - 5F-MDMB-PICA 377.2 232.27 (20), 144.0 (55)
- TR R
21 2-[1-(5-9R & 3 ) -1 H-Wg| W3- H ok 8 35k -3~ 5F-EMB-PICA 377. 2 232.2%(22), 144.0 (54)
HI5L T R & T
22 N-(1-F3-3.3- “HI2E-1-H N T-2-4)-1-  ADB-BUTINACA  331.2 201. 1% (35), 145.0 (56), 286.2 (13)
T -1 H-ng] g -3- HY ik fre
23 N-C1-% Pk k-2 3 R 35 ) - 1- 3¢ s - AB-PINACA 331. 2 215. 1% (33), 286.2 (20), 314.2 (12)
3-M %
24 2-[1-C5-9R e ) -1 H-1a| -3 B ik 4 3 ]- 5F-AMB-PICA 363. 2 232.1%(25), 144.0 (55), 116.0 (76)
3-HURE T /R W
25 2-[1-(4-JR T H)-1H-W|-3-F & 2k -  4F-MDMB-BUTICA  363.2 218.1* (22), 144.0 (55), 116.0 (76)
SR TR AR
26 N-(1-ZH-3,3- B E-1-5 R T-2-3)-1- ADB-BINACA 365. 2 235.17 (33), 320.2 (20), 348.2 (12)
R - 1 H-mg - 3- H
27 N-(1-ZH-3-F E-1- R T-2-3)-1- 5CI-AB-PINACA 365. 2 249.1% (32), 320.2 (21), 213.1 (45)
(5508 HE) -1 H-n5| me -3 i Jiie
28 N-(1-H & R B H-2- 1 BE Y 3 ) -1-(5- 5F-AMB 364.2 233.1%(30), 304.2 (21D, 213.1 (40)
ALK ) g -3 Y i
29 2-[1-CA- T 5 -1 H-moj| i - 3- F gk 4 3 - 4F-MDMB- 364. 2 219. 1% (33), 304.2 (20), 177.0 (50)
- R TR T R BUTINACA
30 1-C5-F NG 3) M| -3 H R -1-25 NM-2201 376.2, 232.1  232.1* (18), 144.0 (31)., 116.0 (47)
31 N-(&RlE-1-H)-1-(4- R HEH-1H-1 M- 4F-ABUTINACA  370. 2 135.17°(29), 93.1 (71), 107. 1 (63)
3-TP Bt
32 ~(5-FRR ) -3-(2., 2.3, 3- U HE B FR Y 5F-UR-144 330. 2 125.17(31), 232.1 (34), 297.3 (37)
T 35 ) | e
33 N-(1-EH:-3.3- “H - 1-FMT-2-4)-  ADB-4en-PINACA  343.2 213.17 (35), 298.2 (20), 171.1 (53)
1-CA-JR - 13 ) -1 H-mg| -3 Y i iz
34 1-(5-FUR I ) -2- (1-25 H Bk 358 ) 2 Ik ms BIM-2201 361. 2 127.1%(75), 155.0 (42), 273.1 (31)
35 N-C1-4{ 3&-3-H 3154t T-2-3)-1-(49il  AB-FUBICA 368. 2 252.1%(25), 109.0 (53), 351.2 (14)
MR -1 H-mg] -3 Ik file
36 -5 ) -1 H-ME g IR [ 2, 3-b I I -3~ 5F-BTP7AIC 368. 2 233.17 (19), 145.0 (47)
B (QH- 2 [d][1,2,3] = m-1-3) fig
37 2-[1-(5-R R 3L ) -1 H-ng| m-3- F ok 2, 3% - 5F-MPP-PICA 411. 2 232.1%(23), 144.0 (57)
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English Precursor Product ion
No. Compound
abbreviation ion(m/ =) (Collision energy/eV)
38 1-(5-F N 3E) -1 H-5 -3~ R -1-4 W1 e TR 5F-APINAC 385. 2 135.1% (38). 107.1 (64)
39 (U-FELURBE-1-3) [ 1-(5-9 Uk ) -1 H-ng| 5F-BEPIRAPIM 408. 2 232.1* (27), 144.0 (60)
-3~ T H il
40 1-(A-RUE T 3E)-N-(2-FE JE T -2-35) - 4CN-CUMYL- 361. 2 226. 1% (31), 243.1 (16), 145.0 (56)
TH-15] -3~ e Jie BUTINACA
41 N-C1-% P -2- 1 L P ) - 1- (-3 AB-FUBINACA 369. 2 324.17(23), 109.0 (57), 253.1 (34)
F ) | -3 F G
42 N-Ql-Z P -2, 2- T HO-1-(5-4) 5F-ADBICA 362. 2 232.17 (35), 345.2 (15), 144.0 (56)
SR EE ) 15| -3~ HY 5k
43 N-QUZ I mE3E-2.2- — H S 3 -1 ADB-PINACA 345. 2 215. 1% (34), 300.2 (21), 328.2 (13)
| - 3- F i iz
44 N-Ql-Z3E-3.3- T L1440 T-2-40)- 5F-ADB-PINACA  363.2 233.1* (36), 318.2 (21), 177.0 (50)
1- (59 3 ) -1 H-15) -3 F1 g Ji
45 2-[1-(4-FFH)-1H-m|mg-3-HI 2 -  EMB-FUBINACA  398.2 109.07 (55), 324.2 (21>, 352.1 (17)
3-WHET R Z R
46 1-(G5-FERFE) - N-(Z5-1-38) - 1 H-ng| k- 5F-MN-24 375. 2 232.1%(30), 144.0 (57), 206.1 (25)
3-H Ik iz
47 2-[ 13- 1 H-ng|mg-3- F E 2 3L - EDMB-PINACA 374.2 215. 1% (35), 300.2 (22), 328.2 (17)
3,3- T HE TR L Mg
48 S RHE-2-(2FERN-2-F)-2.5- T4 CUMYL- 373.2 255.1%(20), 185. 1 (54), 237. 1 (48)
TH-EBEL 4, 3-b 05| - 1-1 PEGACLONE
49 1-(5-FURH) -N-(2-FE R -2-) -1 H- 5F-CUMYL- 368. 2 174,17 (44), 230.1 (33), 348.2 (33)
Mt [ 2, 3-b I nk E-3- 1 ik i P7AICA
50 3.3-THIE-2-[1-(4- - 1- ) -1H- MDMB-4en- 358. 2 213.17 (34), 298.2 (21), 145.0 (56)
s P -3- Y I S5 1T IR HY R PINACA
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Fig. 5 Optimization results of ion source parameters for 13 representative synthetic cannabinoids
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Table 2 Test results of actual cases

¥ bt A KRR Z & 1 Content of synthetic cannabinoids/(ng/g)
Sample 4CN-CUMYLBUTINACA MDMB-4enPINACA 4F-MDMBBUTICA  ADB-BUTINACA 5F-MDMB-PICA

1 25.0 37.9 38. 6 24. 4
2 3.3 19.2 5.1 48. 2 7.0
3 12.4
4 32.5 37.3
5 2.3 13.2
6 24.4 1.4 17.1
7 — 44. 1 — 33.0 18.3
8 — 44.7 — 23.5 4.3
9 — 8.3 — 11.2 —
10 5. 0 12.1 — — —
11 — 34.3 — — —
12 22.4 23.1 — 27.8 —
13 — 6.0 — 31.2 —
14 30. 2 13.1 — 25.9 —
15 — — — 2.2 —
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