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Abstract Objective: To explore the fragmentation patterns of synthetic cannabinoids by electron impact ( EI)
ionization mass spectrometry. Methods: Forty synthetic cannabinoids were systematically investigated by gas chro-
matography coupled to mass spectrometry (GC — MS). Ionization mode was EI (70 eV) and the acquisition range
was m/z 50 —600. Results: According to the different structures of the “head group” and “linked group” , forty
synthetic cannabinoids were divided into six categories, namely cumyl — carboxamide type, adamantyl — carboxam-

ide type, carbamoyl/methyl butyrate — carboxamide type, naphthylformyl type, benzoyl/phenylacetyl type and
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tetramethylcyclopropane — acyl type. Through the analysis of the mass spectrum of synthetic cannabinoids, the
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fragmentation pathways and characteristic ions of different types of synthetic cannabinoids were given. The main
EI = MS fragmentation patterns of synthetic cannabinoids were that both sides of the carbonyl group in the “linking
group” undergo o — cleavage, and the N atom on the indole/indazole parent nucleus was prone to y — H rear-
rangement, and loss of a R;. In addition, fragment ions m/z 116, 130, 144 and fragment ions m/z 117, 131,
145 were the characteristic fragments of indazole and indole parent nucleus, which could be used to identify the
parent nucleus of synthetic cannabinoids. Conclusion: These kind of compounds have strong fragmentation regu-
larity. When standard substances are lacking or commercial mass spectral libraries are difficult to obtain, the pro-
posed synthetic cannabinoids EI — MS fragmentation pathways can help to rapidly identify the structures of un-
known synthetic cannabinoids.

Keywords ; synthetic cannabinoids ; GC — MS; electron impact ionization tandem mass spectrometry ; structural clas-

sification ; fragmentation patterns; characteristic fragmentation ion
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Fig.1 Basic structures of six types of synthetic cannabinoids
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Tab.1 Structures of forty — four synthetic cannabinoids
) iy B4t 3 (substituent group) *HX*J‘%?D% 8 e
(type) (compound ) (relative (lot No. )
X R R, Rs molecular mass )
FILFNAL - Bk CUMYL —4en — PICA C CsHy - - 346 023001121XD09920200421
(cumyl — carboxamide type ) 5F — CUMYL - PINACA N CsH, F - - 367 GASS -508
5Cl - CUMYL - PINACA N CsH,,Cl - - 383 023001086XD10920200306
4CN - CUMYL - BUTINACA N CsHgN - - 360 GASS -507
CUMYL - THPINACA N C¢H,, 0 - - 377 002001008 FT00320160806
Mk - B 5F — APICA C CsH F - - 382 GASS -072
(adamantyl — carboxamide type) APINACA C CsH,, - - 364 GASS -052
4F - ABUTTACA C C,HgF - - 368 023001106XD08720200401
SRR T RS — B ADB - PINACA N CsH,, NH,  C,H, 344 023002034 X D12920200824
(carbamoyl/methyl butyrate — ADB - BUTINACA N C,Hy NH, CyHy 330 023002152SC06120210219
carboxamide type ) ADB - FUBINACA N C,HgF NH, C4Hyg 382 019001082YC02220181116
ADB - CHMINACA N C,Hj; NH, C4Hyg 370 022001123 XD04220200104
5F — AB - PICA C CsH, F NH, CyH; 361 005005050Y A00620161123
AB - CHMINACA N C,H; NH, C;H; 356 008002094 Y A00320160622
AB - FUBINACA N C;HgF NH, C3H, 368 GASS -044
AMB -4en - PICA C CsHy NH, CyH, 327 023001122XD07520200421
5F - AMB - PINACA N CsHyF CH;0 CyH, 327 005005049 Y A00520160613
AMB - FUBINACA N C,HgF CH;0 C;H, 383 008004033 YB01520170911
5F - EMB - PICA C CsH, F C,H;O0  C3H; 376 023001150XD09820200526
5F - EDMB - PICA C CsH F C,H;0  C,H, 390 0230030475C07120210528
5F - MDMB - PICA C CsH F CH;0 C,4Hy 376 018004046XD00320190703
4F - MDMB - BICA C C,HgF CH;0 C4Hy 362 GASS -504
4F — MDMB - BUTINACA N C,HgF CH;0 C4Hy 363 023001067 XD04320200117
MDMB - FUBINACA N C,HgF CH;0 C4H, 397 003001033FT01220160920
4CN - MDMB - BUTINACA N CsHgN NH, C,H, 355 023004069SC10620210901
ZEH 2 (naphthylformyl JHW -018 C CsHy, H H 344 009006076 Y A02820170320
type) JWH -019 C CgHys H H 355 006012011 YA02720170628
JHW -073 C C4Hy H H 327 002001058 FU02720170302
FUB - JWH -018 C C,HgF H H 379 GASS -056
JWH -122 C CsHy, H CH; 355 009007038Y A02920170828
MAM -2201 C CsH, F H CHj, 373 006012009Y A03020170329
JWH -210 C CsHy, H CH, CH, 369 GASS -064
EAM -2201 C CsHyF H CH,CH,4 369 004001057FT01020161108
JWH -081 C CsHy, H CH;0 371 009006076 Y A02820170320
FH/ Bk RCS -4 - CsH;, CH;0 - 321 004001083FU03620170223
(benzoyl/ phenylacetyl type) JWH -250 C CsH,, CH;0 - 321 023001040XD04020191216
AM - 694 - CsH, F 1 - 435 002001060FU02920170325
JWH -203 C CsHyy Cl - 339 001002023 FX00920180530
U F SRR b — R UR -144 - CsHy, - - 311 006012010YA02220170414
(tetramethyleyclopropane — acyl type) XLR - 11 - CsHpF - - 329 006012010Y A02220170414
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Fig.2 Total ion chromatograms of six types of synthetic cannabinoids
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Tab.2 Characteristic ions of cumyl — carboxamide synthetic cannabinoids

FAIE 2 1 ( characteristic fragmentation ion) m/z

75 &Y

(No.) (compound) A B C D E F G H I J K
1 CUMYL —4en - PICA - - 228 212 173 144 130 116 103 91 77
2 5F-CUMYL - PINACA 352 - 249 233 174 145 131 117 103 91 77
3 5Cl-CUMYL - PINACA 368 278 265 249 174 145 131 117 103 91 77
4 4CN - CUMYL - BUTINACA 345 255 242 226 174 145 131 117 103 91 77
5 CUMYL - THPINACA 362 - 259 243 174 145 131 117 103 91 77
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Fig.3 The EI - MS chromatogram and characteristic fragmentation ions of 5SF - CUMYL - PINACA
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Fig.4 Proposed fragmentation pathways of product ions for cumyl — carboxamide synthetic cannabinoids

2.4.2 EWIkE - MG BORRER  FEe NIk -
MM 28 5 R RR 3R 19 EL B (& v, 70 1 8 1 I
AR R R E T AN TR TRE—ST
CO 1338 4 R, hekei, af ik — B 0 2= A it iy
BT Co Al R HE AT s| e/ ms| e 5t BH 28 5~ D BoA
Fer AR, LU A T BERE S AT C - N AR o
Wiklo FER 1 D, mg|iwe/mg| g 36 | 5051 Ab e A
y-HEHE RE—0 7 RS TR ET
F, BAE S E 2B B . R AT H

f B HEE H O 117 (35 X =N ) g 116 (24 X = C
W), YR B T F L] gl 2 i SR B
JER PR ER AT RE AT (5 5| I B 5| e 25 4 o Jo iy EE 23591
H135.93.77 iR E T GULI A T a Nk
S0, R AT T 48 78 43 SR R 38 45 49 Hh < W1 ot
WIIAE e, 3 3 0 3 T Wlke - BER% 26 & R R
RAYFEERIER 1. S Oy APINACA B EI - MS
PSR IR S 1 W e — TG 2R 45 1R RR 3% ] fiE
2SR AE L 6

R3 SNk -BEXGHARZHNERRIEETR

Tab.3 Characteristic ions of adamantyl — carboxamide synthetic cannabinoids

Fa=" e FHAE B ( characteristic fragmentation ion) m/z

(No. ) (compound) A B C D E F G H 1 J
1 5F — APICA - 307 279 232 - 144 135 116 93 77
2 APINACA 337 308 280 215 150 145 135 117 93 77
3 4F — ABUTIACA 341 - - 219 150 145 135 117 93 77
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Fig.6 Proposed fragmentation pathways of product ions for adamantyl — carboxamide synthetic cannabinoids
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x4 SFBE/ TERPE-BREASHARENIEFES TR
Tab.4 Characteristic ions of carbamoyl/methyl butyrate — carboxamide synthetic cannabinoids
25 e EM LSS T characteristic fragmentation ion)m/z
(type) (No.) (compound) A B C D E F G H
R BB 1 ADB -PINACA - 300 271 - 215 145 131 117
(carbamoyl — carboxamide 2 ADB - BUTINACA - 286 257 - 201 145 131 117
synthetic cannabinoids) 3 ADB - FUBINACA 326 338 309 - 253 145 131 -
4 ADB - CHMINACA - 326 - - 241 145 131 -
5 5F - AB - PICA - 303 - 248 232 144 130 116
6 AB - CHMINACA - 312 - - 241 145 131 -
7 AB - FUBINACA - 324 - - 253 145 131 -
THERH R - W% 8 AMB —4en - PICA - - - 228 212 144 130 116
(methyl butyrate — carboxamide 9 S5F — AMB - PINACA - 304 - 249 233 145 131 116
synthetic cannabinoids ) 10 AMB - FUBINACA - 324 - 269 253 145 131 -
11 5F - EMB - PICA - - - 248 232 144 130 116
12 S5F - EDMB - PICA 334 317 288 - 232 144 130 116
13 5F - MDMB - PICA 320 - 288 - 232 144 130 116
14 4F - MDMB - BICA 306 - 274 - 218 144 130 116
15 4F - MDMB - BUTINACA 307 304 275 - 219 145 131 117
16 MDMB - FUBINACA 341 - 309 - 253 145 131 -
17 4CN - MDMB - BUTINACA 314 311 282 - 226 145 131 117
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Fig.7 EI -MS chromatogram and characteristic fragmentation ions of 4F - MDMB - BUTINACA
. R, )
oH | : P HN
" HN HN =0
R
N\ \ \ X
X X N
. YN Y N b
R, O —l R, R, R, 1
},/( A B C D
R O .
HN o 3 / 7 //O )
D \X \ + \X Q—\\
X N’ X N’ N
N | N Il H
\ R, H
R, E F G H
R,=NH,/OCH,/ IfR,=FUB Q
OCH,CH,
F
F
CHF" mz109 CHJF m’z83

&8

SREBE/ TRPHE - BREGHRARIHRBIER

Fig.8 Proposed fragmentation pathways of product ions for carbamoyl/methyl butyrate — carboxamide type synthetic cannabinoids
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Tab.5 Characteristic ions of naphthylformyl synthetic cannabinoids

Fe e HFAE B F ( characteristic fragmentation ion) m/z

(No) (compound) A B C D E F G H 1 J K
1 JHW -018 324 - 284 270 - 214 167 155 127 144 116
2 JWH -019 338 - 284 270 - 228 167 155 127 144 116
3 JHW -073 310 - 284 270 - 200 167 155 127 144 116
4 FUB - JWH -018 362 - - 270 - 252 - 155 127 - -
5 JWH -122 338 340 298 284 270 214 181 169 141 144 116
6 MAM -2201 356 358 298 284 270 232 181 169 141 144 116
7 JWH -210 352 340 312 298 270 214 195 183 155 144 116
8 EAM -2201 370 358 312 298 270 232 195 183 155 144 116
9 JWH -081 354 340 314 300 270 214 197 185 157 144 116
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Fig.9 EI - MS chromatogram and characteristic fragmentation ions of JWH -122
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Fig.10 Proposed fragmentation pathways of product ions for naphthylformyl synthetic cannabinoids
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Tab.6 Characteristic ions of benzoyl/phenylacetyl synthetic cannabinoids

= k&Y HEIE B F ( characteristic fragmentation ion ) m/z

(No) (compound) A B C D E i G H
1 RCS -4 264 290 214 186 144 130 135 116
2 JWH =250 - - 214 - 144 - - 116
3 AM - 694 360 308 232 204 144 130 - 116
4 JWH -203 - 214 - 144 - - 116
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Fig.11 EI -MS chromatogram and characteristic fragmentation ions of RCS -4
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Fig.12 Proposed fragmentation pathways of product ions for benzoyl/phenylacetyl synthetic cannabinoids
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Tab.7 Characteristic ions of tetramethylcyclopropane — acyl synthetic cannabinoids
Fe Nl $FAE B F ( characteristic fragmentation ion) m/z
(No) (‘compound) A B C D E F
1 UR - 144 296 229 214 144 130 116
2 XLR -11 314 247 232 144 130 116
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Fig.13 EI - MS chromatogram and characteristic fragmentation ions of XLR —11
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Fig. 14 Proposed fragmentation pathways of product ions for tetramethylcyclopropane synthetic cannabinoids
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