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Analysis of synthetic cannabinoids with GC-MS, IR and LC-PDA-MS
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In recent years, many kinds of synthetic cannabinoids have been found by Customs at Japan's border. Most of them

detected in our laboratory were pure and in powdery form, not in the form of “herbal products”. Synthetic cannabinoids

newly detected in our laboratory have chemical structures like indole amide, indazole amide, indole ester, indazole ester and

naphthyl ketone of indole, benzimidazole and carbazole. The purpose of this study was to develop an analytical procedure to

identify the chemical structures of unknown synthetic cannabinoids by using the analytical data of known compounds. In

this study, we analyzed 26 known synthetic cannabinoids with a gas chromatograph mass spectrometer (GC-MS), liquid

chromatograph mass spectrometer coupled with photodiode array detector (LC-PDA-MS) and infrared spectrometer. As a

result, it was found that the structures of unknown synthetic cannabinoids that have ester or amide bonds can be roughly

identified by GC-MS and LC-PDA-MS.
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Table1 Synthetic cannabinoids used in this study
No. Common name Chemical name
1 THJ-018 Naphthalen-1-yl(1-pentyl-1H-indazol-3-yl)methanone
2 THJ-2201 [1-(5-Fluoropentyl)-1H-indazol-3-yl](naphthalen-1-yl)methanone
3  JWH-018 benzimidazole analog [1-Pentyl-1H-benzo[d]imidazol-2-yl](naphthalen-1-yl)methanone
4  EG-018 Naphthalen-1-yl(9-pentyl-9H-carbazol-3-yl)methanone
5 NM2201 Naphthalen-1-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate
6  FDU-PB-22 Naphthalen-1-yl 1-(4-fluorobenzyl)-1H-indole-3-carboxylate
7 NNE1 N-(Naphthalen-1-yl)-1-pentyl-1H-indole-3-carboxamide
8 MN-18 N-(Naphthalen-1-yl)-1-pentyl-1H-indazole-3-carboxamide
9  5F-NNE1 N-(Naphthalen-1-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide
10 5F-MN-18 1-(5-Fluoropentyl)-N-(naphthalen-1-yl)-1H-indazole-3-carboxamide
11  QUPIC Quinolin-8-yl 1-pentyl(1H-indole)-3-carboxylate
12 5F-NPB-22 Quinolin-8-yl 1-(5-fluoropentyl)-1H-indazole-3-carboxylate
13 QUCHIC Quinolin-8-yl 1-(cyclohexylmethyl)-1H-indole-3-carboxylate
14  FUB-PB-22 Quinolin-8-yl 1-(4-fluorobenzyl)-1H-indole-3-carboxylate
15 5F-ABICA N-(1-Amino-3-methyl-1-oxobutan-2-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide
16 5F-AB-PINACA N-(1-Amino-3-methyl-1-oxobutan-2-yl)-1-(5-fluoropentyl)-1H-indazole-3-carboxamide
17 AB-CHMINACA N-(1-Amino-3-methyl-1-oxobutan-2-yl)-1-(cyclohexylmethyl)-1H-indazole-3-carboxamide
18 5F-ADBICA N-(1-Amino-3,3-dimethyl-1-oxobutan-2-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide
19 5F-ADB-PINACA N-(1-Amino-3,3-dimethyl-1-oxobutan-2-yl)-1-(5-fluoropentyl)-1H-indazole-3-carboxamide
20 ADB-CHMINACA N-(1-Amino-3,3-dimethyl-1-oxobutan-2-yl)-1-(cyclohexylmethyl)-1H-indazole-3-carboxamide
21  PX-1 N-(1-Amino-1-oxo-3-phenylpropan-2-yl)-1-(5-fluoropentyl)-1H-indole-3-carboxamide
22 PX-2 N-(1-Amino-1-oxo-3-phenylpropan-2-yl)-1-(5-fluoropentyl)-1H-indazole-3-carboxamide
23  FUB-APINACA N-(1-Adamantyl)-1-(4-fluorobenzyl)-1H-indazole-3-carboxamide
24  AMB Methyl 3-methyl-2-(1-pentyl-1H-indazole-3-carboxamido)butanoate
25 5F-AMB Methyl 2-[1-(5-fluoropentyl)-1H-indazole-3-carboxamido]-3-methylbutanoate
26 5F-ADB Methyl 2-[1-(5-fluoropentyl)-1H-indazole-3-carboxamido]-3,3-dimethylbutanoate
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Fig.1 Chemical structures of synthetic cannabinoids
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Table 2 Partial structures of compounds 5~26
R;-1 R:-2 R:-3 R:-4 R:-5 R;:-6 R:-7 R:-8

59,15, 10,12,16,19,
compound 711 8,24 13 17,20 6,14 23
R 18,21 22,25,26
2 1 Ry-1 R,-2 R,-3 R4 R.-5 R.-6 R,-7 R,-8 R,
e S B Qe S B o
11,12,13,
compound 56 7,89,10 “ 15,16,17 18,19,20 21,22 23 24,25 26
2.2 1uL
221 IR (Agilent6120)
Nicolet6700 3500 V
KBr 70V
4000~400 cm™* ESI
4cm? 190 400 nm
32 0.1 mg/mL
IR ESI uv
222 GC-MS
Agilent 7890(GC)/5977(MS) 3.
HP-5MS Ul 30 m><0.25 mm 1.D.,0.25 um(Agilent)
80°C(1 min) - (40°C/min)  320°C(10 min) 31 IR
320°C
El Ri R
230°C c=0
70V Table3  THJ-2201 2 5F-NPB-22 12
320°C 5F-AB-PINACA 16 5F-AMB 25
1uL Fig.2 1
50 1 4 Cc=0 1650
33 550 m/z cm’? 2 Fig.2 (a)
5 6 11 14 24 26
37.0cmis c=0 1750~1700 cm™ 2 Fig.2 (b), (d)
1 mg/mL 7 10 15 26 C=0
El 1650 cm* N-H 3400~3100 cm™*

2.2.3 LC-PDA-MS
Agilent 1260 infinity
XBridge C18(2.1>150 mm, 3.5 um, Waters

40°C
A 10 mM
B
A/B =30/70

0.3 mL/min

2 Fig.2 (c), (d)



Table 3 Wavenumbers of carbonyl stretching vibration

No. Common name Wavenurrber
(cm™)
1 THJ-018 1637
2 THJ-2201 1645
3 JWH-018 benzimidazole analog 1655
4  EG-018 1650
5 NM2201 1706
6 FDU-PB-22 1713
7 NNE1 1636
8 MN-18 1686
9 5F-NNE1 1635
10 5F-MN-18 1684
11  QUPIC 1717
12 5F-NPB-22 1731
13 QUCHIC 1723
14 FUB-PB-22 1717
15 5F-ABICA 1648 1623
16  5F-AB-PINACA 1662 1637
17  AB-CHMINACA 1695 1647
18 5F-ADBICA 1671 1628
19 5F-ADB-PINACA 1699 1650
20 ADB-CHMINACA 1695 1655
21  PX-1 1650 1625
22 PX-2 1702 1651
23 FUB-APINACA 1665
24  AMB 1738 1669
25 5F-AMB 1738 1654
26 5F-ADB 1728 1667
3.2 GC-Ms
3.21 El
1 4
1 4 E Fig.3
THJ-018 1 THJ-2201 2
JWH-018 benzimidazole analog 3
M1
miz 127 o
m/z 271 M1
1 [M-HT*
THJ-018 1 THJ-2201 2 M1
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Fig.2 IR spectra of (a)THJ-2201(2), (b)5F-NPB-22(12), (c)5F-AB-PINACA(16)

and (d)5F-AMB(25)
JWH-018 benzimidazole analog 3
[M-H]
EG-018 4
[M]* (m/z 391) o
(m/z 264)
B (m/z 334)

3)



10

300

GC-MS IR LC-PDA-MS
271 sz
@ 127 M]
|
THJ-018 (1) 155 [,\i‘_‘af i
1, | [
PR | Lo 4 b k. .
100 200 300 miz
271 360
®) 127 ]
THJ-2201 (2) 155
ae I .=|.J. S TR l A b .
100 200 300 miz
© 271 341
| 342
127 e T
JWH-018 | [M-H] 1= [m]
benzimidazole | | |
analog (3) L 155 J l
T N SR W U SO O |
100 200 300 m/z
334
Q) ' 391
EG-018 (4)
127
179
155 264 I
. I . ,l-.-l.l PP T —— R E—— - L. &
100 200

1 ll
Vo o/
V7 271
V7

Fig.3 EI-MS spectra of (a) THJ-018(1), (b) THJ-2201(2), (c) JWH-018 benzimidazole analog (3) and (d) EG-018(4)
3.2.2 El m/z 109
5 26 R1
5~26 El Fig.4 R:-7
322(1) R. 6, 14 14 m/z 109
Table 2 R;-1~6 5, 7~13, 15~22, 24~26 6 m/z 252
R1 RZ
R:-8 23
Table 4 m/z 109
m/z 144 m/z 145 6, 14 m/z 143 23 m/z 145
Ri1-7, R1-8 6, 14, 23
Table 4 Specific peaks of compounds 5~26
5,9,15, 10,12,16,19,
compound 7,11 8,24 13 17,20 6,14 23
18,21 22,2526
g..c;> 214 O> 215 O> 232 O; 233 ;__C_)> 240 3‘5’ 241 O> 252 O> 253
Rl J\\T/@ Ny N Ny Am VS\@ v ..... N VN ..........
KO 109 F 109 F
Ry-1 R;-2 R-3 F R4 F R;-5 Ry-6 Ry-7 R;-8
Base peak 109 (14)
(i) 214 215 232 233 240 241 252 (6) 109
Fragment 252 (14) 253
ion peaks 144 145 144 145 144 145 109 (s) 145
(m/z) 143
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3.22(2) R R2-6 21,22 m/z 91
R, Table 5
M Ro-7 23
Ro-1 Ro-2 5~10 (o m/z 150 m/z 253 M-150
m/z 115
R2-3 11~14 m/z 116 R2-8 24, 25 R»-9 26
1- El m/z 115
K Ry-1 Ry-2 5~10 m/z 115 R,-8 24,25 o
m/z M-59 R2-9 26
R;-4~6 15~22 m/z M-56 m/z M-88 m/z M-56
(o m/z M-44 Fig.5 McLafferty
R2-5 18~20 m/z M-73
Table 5 Fragment ions specific to R,-1~R,-9 of compounds 5~26
compound 56 7,8,9,10 11,12,13,14 15,16,17 18,19,20 21,22 23 24,25 26
; 91 150 . |
R Ohﬂ Nrm’ (/(;\O”H NHggNnﬂ NH R %\A 4 ﬁz:_' /0 : NJf
: SR et S - e
N O “p M4 ﬁ»M » r O %, M59 I
Ry-1 Ry-2 Ry»-3 Ry-4 Ro-6 Ry-7 Rz-8 R2-9
Fragment
- M-44 M-44 M-150 M-56
ion peaks 115 115 116 M-44 M-73 91 150 M-59 M-88
(m/z)
H, . " .
(e} .C o) .
-e H)L (0] -CH (0]
O. J]\ 2 ' HO )J\
o O
H Ri —> N Ry j/\H Ry — Y\ NJ\ R,
_0 o H fe) o H
- - -
m/z M-56
Fig.5 Proposed mechanism to generate the fragment ion m/z M-56
3.3 LC-PDA-MS THJ-2201 2 JWH-018
3.3.1 ESI benzimidazole analog 3 EG-018
[M+H]" 4
5 26 R,
3.32 Uv 291~299 nm
1 4 302~309 nm
Table 6 5 26 219~220 nm 203 nm
Table 7
1 4 THJ-018 1
Table 6 AAmax in UV spectra of compounds 1-4
No. Common name Amax (NM)
1 THJ-018 219 320
2 THJ-2201 219 320
3 JWH-018 benzimidazole analog 219 290
4 EG-018 218 277 297 340
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Table 7 2Amax in UV spectra of compounds 5-26

Indole compounds Indazole compounds
R, No. Common name Anmax (NM) No. Common name Amax (NM)
NM2201 219 294
Rel FDU-PB-22 219 293
NNE1 220 299 8 MN-18 219 309
Re2 5F-NNE1 220 299 10 5F-MN-18 220 309
11 QUPIC 203 216 228 294 12 5F-NPB-22 203 226 302
R.-3 13 QUCHIC 203 216 294
14 FUB-PB-22 203 213 227 293
15 5F-ABICA 218 291 16 5F-AB-PINACA 209 302
Rt 17 AB-CHMINACA 209 303
18 5F-ADBICA 218 291 19 5F-ADB-PINACA 209 302
Red 20 ADB-CHMINACA 210 303
R2-6 21 PX-1 216 291 22 PX-2 208 302
Ro-7 23 FUB-APINACA 209 302
24 AMB 209 302
R 25 5F-AMB 209 302
R2-9 26 5F-ADB 209 302
34
IR LC-PDA-MS GC-MS Fig.6

Sample of a Synthetic Cannabinoid
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| | | |
Ester Amide
| |
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R1 Table 5 R2 Table 6

Presumed chemical structure

Fig.6 Analytical procedure to presume the chemical structure of a synthetic cannabinoid which has ester or amide bonds
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Fig.4 EI-MS spectra of compounds 5- 16



