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Differentiation of regioisomeric analogs of controlled substances using GC-IR

Ken OKAMOTO#*, Satomi AKIMOTO?*, Toshinori ANDO*, Yoshihisa IKEDA*, and Naoki KURASHIMA*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In recent years, a large number of controlled substances analogs with high structural similarities have been found by the

Japan Customs at the border. Differentiation of regioisomers is a significant issue in forensic drug analysis especially for

new psychoactive substances, because, in most cases, controlled-substance analogs are not controlled. In this study, analysis

of regioisomers regarding 9 kinds of controlled substances including phenethylamines, piperazines, cathinones and synthetic

cannabinoids was studied using a gas chromatograph coupled with an infrared spectrometer (GC-IR). GC-IR analysis

yielded characteristic infrared spectra for individual regioisomers allowing their identifications.
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Table 1 Samples used in this study
No. Common name Chemical name

1 2FMP HCI ** 1-(2-Fluorophenyl)propan-2-amine hydrochloride

2 3FMP HCI ** 1-(3-Fluorophenyl)propan-2-amine hydrochloride

3 4FMP HCI ** 1-(4-Fluorophenyl)propan-2-amine hydrochloride

4 2-Methylamphetamine HCI 1-(2-Methylphenyl)propan-2-amine hydrochloride

5 3-Methylamphetamine HCI 1-(3-Methylphenyl)propan-2-amine hydrochloride

6 4-Methylamphetamine HCI ** 1-(4-Methylphenyl)propan-2-amine hydrochloride

7 2-APB HCl ** 1-(Benzofuran-2-yl)propan-2-amine hydrochloride

8 4-APB HCI 1-(Benzofuran-4-yl)propan-2-amine hydrochloride

9 5-APB HCl ** 1-(Benzofuran-5-yl)propan-2-amine hydrochloride

10 6-APB HCl ** 1-(Benzofuran-6-yl)propan-2-amine hydrochloride

11 7-APB HCl 1-(Benzofuran-7-yl)propan-2-amine hydrochloride

12 3-FPM HCI ** 2-(3-Fluorophenyl)-3-methylmorpholine hydrochloride

13 4-FPM HCI1 ** 2-(4-Fluorophenyl)-3-methylmorpholine hydrochloride

14 2FPP 1-(2-Fluorophenyl)piperazine

15 3FPP 1-(3-Fluorophenyl)piperazine

16 4FPP HCI ** 1-(4-Fluorophenyl)piperazine hydrochloride

17 2CPP 1-(2-Chlorophenyl)piperazine

18 3CPP * 1-(3-Chlorophenyl)piperazine

19 4CPP 1-(4-Chlorophenyl)piperazine
20 MDPV HCI * 1-(3,4-methylenedioxyphenyl)-2-(pyrrolidin-1-yl)pentan-1-one hydrochloride
21 2,3-Methylenedioxy-oa-PVP HCI ** 1-(2,3-methylenedioxyphenyl)-2-(pyrrolidin-1-yl)pentan-1-one hydrochloride
22 JWH-307 ** [5-(2-Fluorophenyl)-1-pentyl-1H-pyrrol-3-yl](naphthalen-1-yl)methanone
23 JWH-368 ** [5-(3-Fluorophenyl)-1-pentyl-1H-pyrrol-3-yl](naphthalen-1-yl)methanone
24 SF-QUPIC * Quinolin-8-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate
25 SF-QUPIC 4-hydroxyquinoline isomer Quinolin-4-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate
26 SF-QUPIC 5-hydroxyquinoline isomer Quinolin-5-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate
27 SF-QUPIC 6-hydroxyquinoline isomer Quinolin-6-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate
28 SF-QUPIC 7-hydroxyquinoline isomer Quinolin-7-yl 1-(5-fluoropentyl)-1H-indole-3-carboxylate

*: Narcotics, **: Designated Substances (As of March 19, 2016)
Nos. 7-11,21,22-28 : standard chemicals purchased from Cayman Chemical
Nos. 14-19 : standard chemicals purchased from Sigma-Aldrich

Nos. 1-6 : compounds synthesized in our laboratory

Nos. 12-13,20 : imported goods identified by our laboratory
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Fig.1 Chemical structure for each compound used in this study (No.1-16 in the table 1).
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Fig.2 Chemical structure for each compound used in this study (No.17-28 in the table 1).
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WA DHRE @ 320°C
A B —T x—ARSE : 320°C 23 HHIAH

A A UPRIRE : 230 °C

DU EEABIEEE 150 °C
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A A AL« BLik

222 GC-IR
il AR a~ 7T 7 T890A/RIN 5 Fe N EE DiscovIR
(A7 a~ k7T 7122 Tld Agilent Technologies 1

B, PRI 5y Y6 E FHIZ D W T UL Spectra Analysis
Instruments £F5)

4YBES Z 2 : DB-5ms (30 m X 0.25 mm id., 5 0.25 pm)

(Agilent Technologies f1:5%)
HZ HIEE :50°C (1 min) —[10 °C/min]—320 °C (10 min)
E A 10270y (5:1-10:1)

WEHHE R OREHI OV TIE, B2 7 mador SRR L, K
1.0 mg/mL OWEFEIR Z AR LTz,

R OREHZ W TIE, SRR ORI E 5720, ke
HBRITERIR S 721%, 0.1 mol/L KEgfbT N YU 7 DoKERE &N,
7oA VT OB T LV E G L, kiEEET N Y oA
THiAK L, #9 1.0 mgmL OJERIEE K L.

3. # R
31 FMP OfIEERMAI IR

FMP DAL B B D GC-MS REFIERI R N~ A AT b LD
7T T A " A% Table2 GRE No.1—3) 12, GC-IR {fREFRFH
KOFIIAL A B VOIS % Table 3 GREF No.1—3) 12,

VEARE: 1L < RAAY R OFIIIL A LA Fig3 RO (7T

Table 2  Analytical data of substances obtained by GC-MS analysis

No. Compounds Rt.(min) Fragment ions of GC-MS mass spectra

I 2-FMP 8.62 44(100), 109(26), 83(11), 138(7), 152(2)

2 3EMP 8.74 44(100), 109(23), 83(11), 138(5), 152(2)

34 FMP 8.76 44(100), 109(25), 83(11), 138(4), 152(1)

4 2-Methylamphetamine 10.15 44(100), 91(12), 105(12), 77(10), 115(4), 134(3), 148(1)

5" 3-Methylamphetamine 10.00 44(100), 91(14), 105(13),  77(11), 115(4), 134(4), 148(1)

6 4-Methylamphetamine 10.10 44(100), 91(15), 105(14),  77(11), 115(4), 134(4), 148(1)

7 2-APB 13.48 44(100), 131(25), 132(20), 77(12), 102(4), 175(3), 63(3)

8 4-APB 13.18 44(100), 131(23), 77(14), 132(8), 102(6), 175(3), 63(3)

9" 5_APB 13.48 44(100), 131(23), 77(13), 132(9), 102(5), 175(3), 63(3)

10 6-APB 13.50 44(100), 131(22), 132(18), 77(13), 102(4), 175(3), 63(3)

117 7-APB 13.07 44(100), 13121), 77(13), 132(9), 102(5), 175(3), 63(3)

12 3-FPM 13.15 71(100), 42(37), 56(37), 43(26), 195(16), 123(13), 95(12), 135(9), 109(9)

137 4FPM 13.14 71(100), 42(37), 56(37), 43(28), 195(14), 123(15), 95(11), 109(10), 135(9)

14 2FPP 13.45 138(100), 180(32), 122(19), 95(8), 56(6), 109(6), 75(5)

15 3FPP 1437 138(100), 180(33), 122(15), 95(12), 56(6), 109(5), 75(5)

16 4FPp 14.02 138(100), 180(30), 122(18), 95(13), 56(6), 109(5), 75(5)

17 2CPP 15.27 154(100), 196(21), 138(15), 161(13), 111(8), 56(7), 75(5)

18 3CPP 16.65 154(100), 196(32), 138(10), 111(8), 56(6), 75(5)

19" 4CPP 16.74 154(100), 196(32), 138(13), 111(9), 56(5), 75(5)

20 MDPV 20.70 126(100), 127(9), 149(4), 65(2), 84(2), 96(2)

21 2,3-Methylenedioxy-a-PVP 20,04 126(100), 127(9), 149(3), 65(3), 84(2), 96(2)

22 JWH-307 2921 385(100), 155(63), 127(38), 314(35), 258(28), 328(26), 188(26)

23 TWH-368 2925 385(100), 155(69), 127(42), 314(39), 328(35), 258(26), 188(25)

24 5F-QUPIC 3126 232(100), 144(17), 116(7), 376(4), 89(3)

25 Z_Fﬂgilrjgycquinohne omer 31.34 232(100), 144(15), 116(6), 89(3), 376(1)

26 gﬂ;%?g;umohne omer 31.28 232(100), 144(15), 116(6), 89(3), 376(0.3)

27 gfﬁ%[fggquimhne omer 3236 232(100), 144(15), 116(6), 89(3), 376(1)

28 ;_F};S}rjgycquinolme comer 32.76 232(100), 144(15), 116(6), 89(3), 376(2)

Rt.: Retention time, Each value in parenthesis shows the ratio of abundance of the fragment ion to that of the base peak ion (=100).
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Table 3  Analytical data of substances obtained by GC-IR analysis

No. Compounds Rt.(min) Wavenumber(cm™) of GC-IR infrared spectra
1 2-FMP 875 3348,3264, 3177, 2962, 2928, 1583, 1492, 1454, 1230, 1182, 1124, 1112, 911, 861, 825, 759
3349, 3264, 3177, 2962, 2929, 1616, 1587, 1487, 1448, 1249, 1141, 1089, 944, 878, 824, 786,
2 3FMP 889 210 %03
3 AFMP 891  3349,3262,3175,2961, 2928, 1601, 1510, 1454, 1220, 1158, 1101, 913, 852, 811, 765, 708
4 2-Mothylamphetamine 1028 g;goéggé%gqghson,2958,2926, 1605, 1490, 1459, 1379, 1366, 1344, 1129, 1119, 1066, 913,
s Mot lo1s  3352,3266,3177,3023, 2959, 2924, 1609, 1589, 1488, 1456, 1380, 1367, 1344 1134, 1098,
y'amp : 1068, 867, 827, 781, 743, 701
6 4-Mothylamphetamine 1024 3;4719%;;%62,921;;132958,2924,1607, 1517, 1452, 1380, 1366, 1345, 1135, 1112, 1069, 1039, 913,
7 2 APB 1315 3222’7304’1587’ 1455, 1426, 1370, 1349, 1316, 1295, 1254, 1106, 1008, 944, 863, 828, 800,
o AAPE 12.90 32?0,75227, 1613, 1537, 1485, 1429, 1381, 1367, 1347, 1245, 1139, 1087, 1048, 914, 899, 869,
o 5.APE 1310 2959,2926, 1537, 1469, 1446, 1382, 1368, 1349, 1332, 1263, 1199, 1127, 1111, 1030, 913, 884,
19200790, 771. 760, 738
2960, 2926, 1620, 1586, 1532, 1488, 1432, 1346, 1320, 1292, 1262, 1145, 1129, 1101, 1026, 875,
10 6-APB 1316 ¢13 596 771, 738
1 7 APE 1276 %380,742‘22;,941‘541,1483, 1427, 1368, 1332, 1259, 1182, 1161, 1127, 1092, 1033, 913, §77. 844,
2963, 2856, 1619, 1593, 1491, 1450, 1378, 1353, 1323, 1267, 1239, 1143, 1128, 1087, 1053,
12 3-FPM 12.88 7003, 873, 788, 771. 697
3 AFPM 1287 3382332253’3})608’1513’ 1447, 1377, 1323, 1266, 1222, 1159, 1128, 1087, 1054, 1001, 969, 944,
3238, 2946, 2829, 1613, 1502, 1452, 1380, 1341, 1325, 1241, 1208, 1141, 1102, 1064, 1040, 944,
14 2FPP 1317900, 809, 755, 720
B 14,06 %32%%249,2831,1615,1582,1497, 1452, 1383, 1332, 1253, 1180, 1148, 1109, 1000, 973, 837,
16 4FPP 13.66  3242,2947,2827, 1510, 1454, 1380, 1332, 1237, 1164, 1144, 1062, 940, 906, 829, 816, 714, 704
17 2CPP 1535 3237.2944,2826, 1591, 1480, 1452, 1376, 1340, 1321, 1229, 1140, 1121, 1056, 1040, 942, 904,
33803762, 750, 724, 686
18 3CPP 16.80 3243, 2947, 2830, 1596, 1565, 1488, 1452, 1381, 1332, 1241, 1147, 1104, 987, 953, 841, 775, 682
lo acpp 1676 %3182248,2829,1598, 1497, 1452, 1381, 1336, 1287, 1240, 1148, 1111, 1095, 1056, 939, §22.
20 MDPV 2053 2960, 2874, 2798, 1673, 1605, 1505, 1488, 1442, 1353, 1291, 1255, 1141, 1096, 1037, 935, 810
21 23-Methylenedioxy-a-PVP 1991 2961, 2874, 2802, 1681, 1629, 1595, 1451, 1264, 1220, 1184, 1062, 944, 879, 838, 772, 739, 728
vy IWH.307 2879 2327,2931,1635,1557,1516,1456, 1379, 1271, 1246, 1191, 1140, 1105, 1021, 892, 788, 763,
2957,2932, 1636, 1616, 1586, 1554, 1515, 1456, 1378, 1280, 1271, 1257, 1232, 1188, 1140,
23 JWH-368 28.84  1077.1022. 893, 867, 838. 788, 751, 696, 674
24 5F-QUPIC 3029 2945, 1720, 1534, 1503, 1469, 1385, 1316, 1210, 1165, 1089, 1064, 971, 817, 788, 751
55 SF-QUPIC 3030 2946, 1726,1602, 1533, 1505, 1489, 1468, 1423, 1398, 1381, 1302, 1246, 1207, 1152, T09%,
4-hydroxyquinoline isomer . 1065, 1043, 1016, 963, 813, 770, 752
26 SFQUPIC 3023 2944, 1721, 1597, 1534, 1470, 1402, 1382, 1206, 1155, 1082, 1015, 966, 880, 853, 804, 771, 751
5-hydroxyquinoline isomer
57 SF-QUPIC S10o 29451719, 1601, 1534, 1503, 1466, 1402, 1387, 1323, 1206, 1152, 1118, 7096, 1078, 1016, 986,
6-hydroxyquinoline isomer . 818,772,751
SE-QUPIC 2945, 1718, 1533, 1505, 1488, 1469, 1384, 1323, 1246, 1202, 1153, 1116, 1096, 1074, 984, 81,
28 T 31.52
7-hydroxyquinoline isomer 774,751

Rt.: Retention time
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Fig.3 Mass spectra of 2-FMP, 3-FMP and 4-FMP by GC-MS.
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Fig4 Infrared spectra of 2-FMP, 3-FMP and 4-FMP by GC-IR.
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Fig.5 Mass spectra of 2-Methylamphetamine, 3-Methylamphetamine and 4-Methylamphetamine by GC-MS.
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Fig.6 Infrared spectra of 2-Methylamphetamine, 3-Methylamphetamine and 4-Methylamphetamine by GC-IR.
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KO8 738 e (S EREE DY, 6-APB Tl 813 em™!, 796 cm™ KX
738 e IZHARE OWIY, 7-APB TIE 790 cm™” K TR 745 em™ 1258
VIR AS FL & 47z
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Fig.7 Mass spectra of 2-APB, 4-APB, 5-APB, 6-APB and 7-APB by GC-MS.
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Fig.8 Infrared spectra of 2-APB, 4-APB, 5-APB, 6-APB and 7-APB by GC-IR.
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FREE LRI BN T O AL E B AR TR R 22 R R S e o T,

FPM DFANLEBVER O FRIMBIL A 7 R VIZHBVT, 1700—
650 cm™ DY HEIK COL & B IR COWME A S RATER Sz
KT, 900—650 cm™ OFELFEKICI\T, 3-FPM T3 788 cm™ &
V697 em™ 1 HIFREE DWRILAS B, 540 % DI LT, 4-FPM T 830
em™ I HFREE DYWL AS JL S 7.
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Fig.9 Mass spectra of 3-FPM and 4-FPM by GC-MS.
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Fig.10 Infrared spectra of 3-FPM and 4-FPM by GC-IR.
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em’ O PIKBEIK TN 8 RAE IR T O WITE 7R 2 RO STz
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Fig.11

Mass spectra of 2FPP, 3FPP and 4FPP by GC-MS.
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Fig.12 Infrared spectra of 2FPP, 3FPP and 4FPP by GC-IR.
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CPP DHEANLEBMERD GC-MS REFIERI R N~ A AT b LD
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2BV T bRV TR RN SR o Tz, £z,
m/z 161 D7 7 7 A2 A A3 2CPP IR 72 b D TH D T2
2CPP OHFHRIFIRETH 5743, 3CPP & 4CPP OFHBIZHEETH -
7-.

CPP OANLE BMIR DRI A R S T FUN T, 1700—650
em™ O ELFEI THLE B AR T OHMRERNER S .
2CPP Tl 1480 cm™, 1229 e 21X 1040 em™ (258N AS B, B 4L
% DIZRE LT, 3CPP T 1596 cm™ Jo UF 1241em™ (258 WY, 4CPP
TIE 1497 em™ J T8 1240 em™ I HBWIRILAS 7L S 7.
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Fig.13 Mass spectra of 2CPP, 3CPP and 4CPP by GC-MS.
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Fig.14 Infrared spectra of 2CPP, 3CPP and 4CPP by GC-IR.
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MDPV & 2,3-Methylenedioxy-0-PVP @ GC-MS AHFIRF I} O~ A
AR NVDT T T A hA A% Table 2 GREF No.20—21) 12,
GC-IR {RFFIRFHE S OFRIMIUL AT I )L ORI S % Table 3 (B
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P AR CHARE e 22 R HER S e o 72

MDPV & 2,3-Methylenedioxy-0-PVP D FRIMBIL AT N AZES
T, 1700—650 em™ ORI CALE ALK T O MR A 22 R
DHER S TZ. MDPV T 1673 cm™, 1488 cm™, 1442 cm™, 1255
em’ B 1037 em! WA R B R B 0T LT,
2,3-Methylenedioxy-0-PVP Tl 1681 cm™”, 1451 cm™, 1220 cm’,
1062 em™ K T8 944 em™ (TR L S 7=
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Fig.15 Mass spectra of MDPV and 2,3-Methylenedioxy-a-PVP by GC-MS.
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Fig.16 Infrared spectra of MDPV and 2,3-Methylenedioxy-a-PVP by GC-IR.
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& TR/ SRR S A2, TWH307 T 763 em IS L
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FRE DI R BTz,
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Fig.17 Mass spectra of JWH-307 and JWH-368 by GC-MS.
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Fig.18 Infrared spectra of JWH-307 and JWH-368 by GC-IR.
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SF-QUPIC & & DL E BIER 0D GC-MS SRR L Vv~ 2 2~
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1700—650 cm™ O E AR A7 SRR DRI Aok I 237 TR
T5H 2 & THMERERNHER S -, SF-QUPIC TiE, 1720 cm™
& 1089 em™ ITHVILIL S /L B, 788 em™ I LoD B FAERIZIX
FLONRWIRIAS L H417=. 5F-QUPIC 4-hydroxyquinoline isomer
TIE, 1726 cm™ & 1098 em™ IZHEWRINAS R &40, 963 em™ (2>
PLE SR SR W R E ORI A B S 47z, SF-QUPIC
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Fig.19 Mass spectra of SF-QUPIC and 5F-QUPIC hydroxyquinoline isomers by GC-MS.
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Fig.20 Infrared spectra of SF-QUPIC and SF-QUPIC hydroxyquinoline isomers by GC-IR.
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Ly UA R VAT H MDPV & 2,3-Methylendioxy-a-PVP (2D
WTC, GCIR W= &4T 7. ZORERE, EHEOREEIC
59, NP UROBEBBEAOEVZIAREICHENT S Z LN T
& E£e, RUBUVROBEHRERDOHNEIL DER TS
A RTH D IWH-307 N IWH-368 [IZ2WT b, N EMARET
R 72 AR D ZERD B BRI T 5 Z L TE Tz,

NV T T UROBEERNERRD APB RO U VROE
HAER 72 5 SF-QUPIC & # Oz i SBAERIZ >V T GC-IR %
Wi & T ol FORER, XUV T I UBRELIEIX U VR
DOEHRERDOZERIZONT Y, WREICHNT 2 Z LN TE

WEORE VRO BERBEOBEIT K DAL E R R
(TFMPP, DMA Ut MDBP) [Z2WTO#EE O ¥icmz <, &
MBI T DHERN G, GC-IR 2LV JIE ST AR R~
MUiE, BHEEMEOR B U, NV T I UVRKDFR Y v
B O B O N K A ALE RO BV CTIER A2
ThireEZLND.

Flo, TOGNITED, RS BED 72 ORI E KIEIZHIE

LT, BRGORAMINART MVERIET D ENRTELHI L
Mo, WES OBHITMEOERZE THONSEERD O35
BRI O THFBROMBRIERFRIZIT S 9 2T, EFITAHZ
ROMFETHDLEZEABND.

5, = O

9 A DS (FMP, Methylamphetamine, APB, FPM,
FPP, CPP, MDPV & 23-Methylenedioxy- a -PVP, JWH-307 &
JWH-368, 5F-QUPIC) |ZfRDALEHEMEERIZOVT, GC-MS KT
GC-IR IZ K DHIEEIT ST,

GC-MS TOHHFER N BIL, v AART MUZEWT, WTh
DACERMEERIC IV T S R RS MR CE T, (R EMEE
DFEBINTE 2o Tz, —J, GC-IR TOHNMFERSIX, ot
WAL AT B ZIBUNT, WTIONALE MR 3 T b B
RERMERTE, MBERMAOBBINAIETH T2, FICEE
IINTIZ £ D FRBIUAS RS & s 7z FMP & APB IZHR W T H AR
BT B Z ERARE T H -T2, F2, AT E /A RTH
% JWH-307 & JWH-368 O ¥ B EHEER O &
5F-QUPIC & ZDX /U VEBROEHRLADENIZIBWN TS, Rob
W AR S AT CHREICHERANT 2 Z E B A[RE CTh o7z,

X ®m

1) A.L. Thigpen, T Awad, J DeRuiter, C.R. Clark : Journal of Chromatographic Science, 46, 900 (2008).
2) K. Zaitsu, H. Miyagawa, Y. Sakamoto, S. Matsuta, K. Tsuboi, H. Nishioka, M. Katagi, T. Sato, M. Tatsuno, H. Tsuchihashi, K. Suzuki, A. Ishii :

Forensic Toxicol, 31, 292 (2013).

3) S. Negishi, Y, Nakazono, Y.T. Iwata, T. Kanamori, K. Tsujikawa, K. Kuwayama, T. Yamamuro, K. Miyamoto, T. Yamashita, F. Kasuya, H. Inoue :

Forensic Toxicol, 33, 338 (2015).

4 VEF EEZ, mY ORE, mE R, LRy 322 BB ROPTATER, 55, 65(2015).
5) P EHE RO AR SV — B & E — BT, P33 (1963), (FTLE).

6) H.M. Maher, T. Awad, C.R. Clark : Forensic Science International, 188, 31 (2009).

7) H.M. Maher, T. Awad, J. DeRuiter, C.R. Clark : Forensic Science International, 192, 115 (2009).

8) K.M. Abdel-Hay, T. Awad, J. DeRuiter, C.R. Clark : Forensic Science International, 195, 78 (2010).



