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A method for identifying designer drugs of synthetic cathinones
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2-7-11, Aomi, Koto-ku, Tokyo 135-8615 Japan

In recent years, so-called “designer drugs”, which are chemicals whose structures are similar to illicit drugs, have been
widely distributed and abused in Japan. Synthetic cathinones, one group of designer drugs, have similar structures to
stimulants, and also stimulate the central nervous system like stimulants. When analyzing synthetic cathinones, as there is
no data on many of them, it is necessary to analyze their chemical structures from measurements, and to perform
position-isomeric distinctions since only some position-isomers of certain synthetic cathinones are controlled by law. In this
study, we analyzed synthetic cathinones using an infrared spectrometer (IR), gas chromatograph mass spectrometer
(GC-MS), liquid chromatograph mass spectrometer coupled with photodiode array detector (LC-PDA-MS) and nuclear

magnetic resonance (NMR) spectrometer, and studied how the chemical structures could be analyzed from the data
collected.
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Table 1  Synthetic cathinones used in this study
Sample .
Chemical Name Common Name Mw
Number
1 2-(Ethylamino)-1-(3-methylphenyl)propan-1-one 3-MEC 191
2 2-(Methylamino)-1-(2-methoxy-4,5-methylenedioxyphenyl)propan-1-one N-Methyl-bk-MMDA-2 237
3 1-(3,4-Dimethylphenyl)-2-(ethylamino)butan-1-one 3,4-Dimethyl-NEB 219
4 2-(Ethylamino)-1-(4-methylphenyl)pentan-1-one 219
5 2-(Ethylamino)-1-(4-fluorophenyl)pentan-1-one 223
6 1-(3,4-Dimethylphenyl)-2-(ethylamino)pentan-1-one 233
7 1-(3,4-Dimethoxyphenyl)-2-(ethylamino)pentan-1-one DL-4662 265
8 2-(Dimethylamino)-1-(3,4-methylenedioxyphenyl)pentan-1-one N,N-Dimethylpentylone 249
9 1-(4-Fluorophenyl)2-(isopropylamino)pentan-1-one 4-Fluoro-NPP 233
10 2-(Ethylamino)-1-(indan-5-yl)pentan-1-one bk-1vVP 245
1 2-(Ethylamino)-1-(4-methylphenyl)hexan-1-one 233
12 1-(4-Fluorophenyl)-2-(methylamino)hexan-1-one 4-Fluoro-Hexedrone 223
13 1-(4-Fluorophenyl)-2-(methylamino)octan-1-one 4-Fluoro-Octedrone 251
14 1-(3,4-Methylenedioxyphenyl)-2-(pyrrolidin-1-yl)butan-1-one MDPBP 261
15 1-(Indan-5-yl)-2-(pyrrolidin-1-yl)butan-1-one 5-PPDI 257
16 2-(Pyrrolidin-1-yl)-1-(thiophen-2-yl)butan-1-one a-PBT 223
17 1-(4-Fluorophenyl)-2-(pyrrolidin-1-yl)pentan-1-one 4-Fluoro-a-PVP 249
18 1-(4-Fluorophenyl)-2-(piperidin-1-yl)pentan-1-one 4-Fluoro-o-PVP 263
piperidine analog
19 1-(2,3-Dihydrobenzofuran-5-yl)-2-(pyrrolidin-1-yl)pentan-1-one 5-DBFPV 273
20 1-(3,4-Dimethylphenyl)-2-(pyrrolidin-1-yl)pentan-1-one 3,4-Dimethyl-a-PVP 259
21 2-(Pyrrolidin-1-yl)-1-(5,6,7,8-tetrahydronaphyhalen-2-yl)pentan-1-one TH-PVP 285
22 1-Phenyl-2-(pyrrolidin-1-yl)hexan-1-one a-PHP 245
23 1-(4-Methylphenyl)-2-(pyrrolidin-1-yl)hexan-1-one MPHP 259
24 1-(3,4-Dimethoxyphenyl)-2-(pyrrolidin-1-yl)hexan-1-one 3,4-Dimethoxy-a-PHP 305
25 1-(3,4-Methylenedioxyphenyl)-2-(pyrrolidin-1-yl)hexan-1-one MDPHP 289
26 1-(Indan-5-yl)-2-(pyrrolidin-1-yl)hexan-1-one 5-BPDI 285
27 1-Phenyl-2-(pyrrolidin-1-yl)heptan-1-one a-PHPP 259
28 1-(4-Methoxyphenyl)-2-(pyrrolidin-1-yl)heptan-1-one 4-Methoxy-o-PHPP 289
29 1-(4-Fluorophenyl)-2-(pyrrolidin-1-yl)heptan-1-one 4-Fluoro-a-PHPP 277
30 1-Phenyl-2-(pyrrolidin-1-yl)octan-1-one a-POP 273
31 1-Phenyl-2-(pyrrolidin-1-yl)nonan-1-one a-PNP 287
2.2 0V
221 IR 230°C
Nicolet6700 33-550 m/z
4000-400 cm*
2cm’? 37.0 cm/s
32 2.2.3 LC-PDA-MS
KBr Agilent 1260 infinity
222 GC-MS XBridge C18 150 mm>2.1 mm I.D.,
Agilent 7890(GC)/5975(MS) 3.5 um (Waters)
DB-5MS 30 m>0.25 mm 1.D.,0.25 um 40°C
(Agilent) A:10 mM
80°C(1 min) - (40°C/min) - 320°C(5 min) B:
320°C A/B =30/70
luL 0.30 mL/min
50:1 luL
320°C (PDA)
El PDA 180-400 nm
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Table2 Fragment ions of EI-MS spectra

21

Sample Fragment
Number 1 2a 2b 3 4
1 72 119 91
2 58 179 152
3 86 133 105 190 58
4 100 119 91 176 58
5 100 123 95 180 58
6 100 133 105 190 58
7 100 165 137 222 58
8 100 149 121 206 58
9 114 123 95 194 72
10 100 145 115 202 58
11 114 119 91 176 58
12 100 123 95 166 44
13 128 123 95 166 44
14 112 149 121 232 84
15 112 145 115 228 84
16 112 111 83 194 84
17 126 123 95 206 84
18 140 123 95 220 84
19 126 147 119 230 84
20 126 133 105 216 84
21 126 159 131 242 84
22 140 105 77 188 84
23 140 119 91 202 84
24 140 165 137 248 84
25 140 149 121 232 84
26 140 145 115 228 84
27 154 105 77 188 84
28 154 135 107 218 84
29 154 123 95 206 84
30 168 105 77 188 84
31 182 105 77 188 84
3212 3214
22 23 24 25  Fragment 2a 5 9 17 18 Fragment4 m/z
2b miz 22 m/z 58 9 miz 72 17
Fragment 2a 2b m/z 105 77 m/iz 84 18 miz 98
1 23 m/z 119 91
1 25 m/z 149 121 14 CH, 14 CH, 14
2 24 m/z 165 137 2 345
22 m/z 14 44 60
m/z 15 Fragment 4
46 62
Fragment 322 TFA
2a 2b 3221
3.213 2-(Ethylamino)-1-(4-methylphenyl)pentan-1-one (4)
TFA El Fig.5 TFA
22 27 30 31 Fragmentl 2a 3 Fragment 1’ 28’
m/z Fragment 1 m/z 140 154 168 182 (IM1H
m/iz 14 Fragment 2a 3 miz 1 2 10 Fragment 4’
105 188 14 11 Fragment 2b’
CH; Fragment 1 CH, TFA
Fragment 1 El Fig.6-1 6-2 Fragment m/z
2a 3 Table 3
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Fig.5 EI-MS spectrum of TFA derivative of 2-(ethylamino)-1-(4-methylphenyl)pentan-1-one (4)
Table 3 Fragment ions of EI-MS spectra of TFA derivatives
Sample Fragment

Number r 2a’ 2b 4 [M]*

1 168 119 91 287

2 154 179 333

3 182 133 105 154 315

4 196 119 91 154 315

5 196 123 95 154 319

6 196 133 105 154 329

7 196 165 137 154 361

9 210 123 95 168 333

10 196 145 115 154 341

11 210 119 91 154 329

12 196 123 95 140 319

13 224 123 95 140 347

1 2 Fragment 4’ 9 TFA
3211 2 30 60 90 120
2 Fragment 2b’ Fig.7 TFA
Fragment 2b’ 120
9 TFA
2 TFAA TFA
TFA
3222 TFA
TFA 30 4-Fluoro-NPP (9)

TFA
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Fig.7 Total ion current chromatogram of TFA derivatives of 4-fluoro-NPP (9) by reaction time:
(a) 30 minutes, (b) 60 minutes, (c) 90 minutes, and (d) 120 minutes
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3.3 LC-PDA-MS 3.4 NMR
331 ESI '"H-NMR Fig.9-1 92 93 94 95
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1) R.M.Silverstein, F.X.Webster and D.J.Kiemle “ MS, IR, NMR 7 7, P.97(2006), (
)
2)
19(2), 77 (2014).
3) , 50, 55 (2010).
4) , 53, 75 (2013).

5) M. Hesse, H. Meier and B. Zeeh “ -UV, IR, NMR, MS - 2 7", P1 (2010),(
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