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Abstract

A high performance liquid chromatography series quadrupole time-of-flight mass spectrometry
(HPLC-QTOF-MS) method was developed for the simultaneous determination of various new psy-
choactive substances. The method was validated. The results showed that the twelve kinds of
DL-MEH, 4-MMH, 4-MMC, 4-MEC, MDPV, ETA, RCS-4, BK-MBDB, 2C-C, 2C-B, 2C-E and AM2201 were
in the range of 40 ng-mL-! - 1 000ng-mL-! with good linearity, MAM-2201, JWH-073, JWH-018,
JWH-019, AM694, PB-22, JWH-250, JWH-203, JWH-307, UR-144 and JWH-122 were in the range of
4 ng-mL-1 - 1000 ng-mL-1 with good linearity, JWH-210 was in the range of 1 - 1000 ng-mL-1 with
good linearity (the correlation coefficients were more than 0.99); the detection limit of 23 new
drugs was 0.2 ng'mL-! - 40 ng-mL-1; quantitative limit 2 ng-mL-1 - 200 ng-mL-1; recovery rate 90% -
110%; the precision is less than 5%. This method was simple, automation, high accuracy, sensitiv-
ity and low detection cost. It is suitable for the qualitative and quantitative analysis for the new
drugs in practical cases.
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ASCENL T TR RO €3 o R DU ARAF K AT B 18] B % (HPLC-QTOF-MS) R Ry I 2 Fh i Bl ) e e B
B, XA BT TRAE . SR 2R =+ UF#F &+, DL-MEH. 4-MMH. 4-MMC. 4-MEC. MDPV.
ETA. RCS-4. BK-MBDB. 2C-C. 2C-B. 2C-E. AM22017£40 ng-mL-1~1000 ng-mL-1 {35 N £k R 17,
MAM-2201. JWH-073. JWH-018. JWH-019. AM694. PB-22. JWH-250- JWH-203- JWH-307- UR-144
JWH-1227£4 ng'mL-1~1000 ng-mL-1{{135 B 4 814 K 4, WH-2107E1 ng-rmL-1~1000ng-mL-1 {135 B 4 £&
HRIF(HRREIIKT0.99), 23MFHBREHREAE02 ngmL-1~40 ngmL-12ZF], EERE2
ng'mL-1~200 ng'mL-1Z [8], EIZRFEI0%~110%2 8], HEHEEL/NT5%. HTERARERE. B3
WHEER. WHRER. REEREANRAER R, & T R4 X325 ST e M B R .

Xeia
B, AR EE - RSB NRA ITH R, e, '
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1. 5|

AR v UM 1R 5 1 a5 AR TR L R] R DR S5 A% G 2 i (R W 15 31 1A R & I [1] [2] [3] [4]. 24
ML JLE, —REpim NP a 14, s RANEERELH, SEEESZ, AMEHif AT
HIREEOBET AT T B, W vk o R L CRMloK” L R 5, IXUHTYEE R
Tt s JLUR SR B B T B AE a8 5] [6] [7] [8] [9]. H Tk 2 Hupr M 4t b 40 2 i 4% G i i & i HE SR 1
I EA G WA — M 2, REHAEG DTS . MR L ARHAE °T 73 R P 2K
H KRR R 2% . DL-MEH . 4-MEC. 4-MMH. 4-MMC . MDPV J& < 74 5 2 %7 8L 25 i » JWH-018. IWH-307.
JWH-019. JWH-250, JWH-073. JWH-210. JWH-203. RCS-4. JWH-122. AM-2201 % )& & % KRR 23K
[10]-[15], &% BK-MBDB. 2C-C. 2C-B. 2C-E. AM694. PB-22. MAM2201. ETA %5 HAh2F KJEZK.
KOG URMEISH Y fh[16] [17] [18] [19].

Bt 25 A EE R H 202, B AT N AR R A K TR, AR R Y N IR R ER .
AR A G RE %5 58 0 SR AR K B MRS [20] S FH ey BORUAE Ei — = 58 DU BT ol o 6 FH 90 BT D7 32,
oA BROK R 2R 11 5 AR IR B8 T AR AT T IR FE, S TR L ) Ao A KRR R e e
EENT; AREEERFEIRBAR P OEIRE . B TEBURIE ARG - PUSECH R E 8
P& KR Z, B 20°C-min~t SE R THE 2 280°C, LA 10°C-min " B R THE 2 300°C (4 A E AT R I s
EEH IR T JWH-203. JWH-250. RCS-4. JWH-018. JWH-019. JWH-122. AM-2201 A1 JWH-210
S 8 P A ORI 2 0 B B AT S BBl [21] s A 2 AU 48 i o0 i 8, s R AR [22) R A = F A e Y
WAT TR Bk CRE R VE A . FE R VAR . 4-F S B RV I AT T e e o . BT A 22 R # A
ORI BEE[23] K A B - SRR VA 2 MR PR SR 4-MEC. MDPV Al 3 Bl & RCK
JBR# JWH-018. JWH-250. AM-2201 #EATHRTIN, S 1 XA Bl OR R 25 R I 78 i 2470 ot 56 3 2 2 i ) ot
(1 R T 1 5 AT
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AR FH T e RSCBURH €2 1 o TR = DU AROAT "RAT IR [ B v s D S B 1 o6F 24 Mo Y 2 i HEAT 1 5E Tk
SERIT AT, AL 7 2 MEAL R SRR AT 1% R e BT SE 1k D RE SR ORISR T RARE
FEMBEAT PRI A, JF HLAT AR 52 P oA I 2 A A3, JFXHZINEREAT TIIE, AR

A AR M E TARIRAE 7 — RS OuMER . PREERITT 3.

2. SKERRRSY
2.1, {358

JRHEA: Triple QTOF 5600 (35 [E AB SCIEX 2 dl); AHE X : 1290Infinity (32[H Agilent 2 7).

2.2. 5l

AL A 2B B T BRI By P 2w (FEIE) a7k R B BR 5 B A | 5 Milli-Q 4tk

A (ERE), g ali) IR 4R e H SIGMA-ALDRICH A & (£ ).

2.3. SLWAE
23.1. HRElE

DL-MEH. 4-MMH. 4-MMC. 4-MEC. MDPV. ETA. MAM2201. JWH-073. JWH-018. JWH-019,
BK-MBDB. 2C-C. 2C-B. 2C-E. AM694. AM2201. PB-22. JWH-250. JWH-203. JWH-307. UR-144.
JWH-122. JWH-210. RCS-4[24] [25]%) 9 1 mg-mL ™ ZBEWAW, HIA 8 —Fritft, & 1 fix.

Table 1. Names and structures of 24 drugs
= 124 MERBMRELEHN

CAS 5 LR FmES o F ZERI =0
18760-80-0 M JE ER T PR L R SRR DL-MEH CuHZNO
H
N
o/
H
N\
83986-67-8 A- FA PR RO T i G R 4-MMH CuHi7NO
——NH
1189726-22-4 4-FRBE R R TR 2R R 4-MMC Cu:H1sNO
(o]
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Continued
HN>
1266688-86-1 4-FRBE 2 RV AL R 4-MEC C12H1;7NO2 \<\\
o}
24622-62-6 MV R AR gt i R R 2 MDPV C1sH21NO3 {
i O
(0]
7432-25-9 21 ETA Ci7H1N20 N
/k
N
3
1-(5-F ik )-3-(4- H k- 1-
1354631-24-5 L MAM2201 CaH2FNO N
2 F )3 e e O .
.
z
N
208987-48-8  1-T HE-3-(1-%% FHL AL | JWH-073 CosHaNO \ ~ Yo
N
209414-07-3 11 HE-3-(L1-25 P I ) 15 JWH-018 C2H2sNO
209414-08-4 1- CLE-3-(1- 25 H Ik ) g e JWH-019 CasH2sNO
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(o]
2-FEIE-1-[34- i
17762-90-2 (7 FR = 483 % ) -1 BK-MBDB CiHisNO3 o ™~
THAEE R & <
o
0/ 2c-C
NH2
88441-14-9 2,5- = FA Bk-A-E R 2R 2C-C C1oH1CINO,
C1
N
O/ 2C-B
NH2
66142-81-2 4-18-2,5- ~ FA R 7 2C-B C1oH1BINO,
Br
~
O/ 2C-E
NH2
71539-34-9 2,5- " HSEFE-4- 2 H IR 2 2C-E C12H1NO;
N
[1-(5- 4 R 35 -1H-M8| W3- CaoH1FINO
335161-03-0 A AM694
FE] (-T2 HE) F R
.
(8- TV - WA

335161-24-5 [1-(5-JiH)- 1H- 5113 AM2201 CasH2FNO o AN

H-1-FE T

1400742-17-7  1-JKFEM5|Wk-3- H R -8- Ik g PB-22 Ca23H22N20; o
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1-10%E-3-(2- o QAN
864445-39-6 o~ JWH-250 Ca2HasNO
FF 4 B 6 2 T 65 ) s g i
2
o [¢]]
1-%3-3-(2-
86445-54-5 o JWH-203 C2H2CINO
S ) 51 wte g y
(5-(2-FR A HE)-1- T -
914458-26-7 1H-FErE -3-5E) (25-1- JWH-307 CasH24FNO
£)F R
HsC, H
o CHs
N CHs
1-1H-3-(2,2,3,3-
1199943-44-6 UR-144 CaHaNO
VY SR ) A ae \ e
N
NN
CHs
619294-47-2 i JWH-122 CasHasNO ’\—\—N P
25 PP )5 2T
)
1-/R H-3-(4- 7. 31
824959-81-1 - JWH-210 CaH2NO
A A B e ® )
o AN
1-7%3-3-(4-
1345966-78-0 o~ RCS-4 CaiH2sNO2
PR 42 B ) e s O
'~
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PRAERACH] : KSR BOE BRI &, FLE AL 100 pg-mL™ FIRFR . BEE RN 1000 ng-mL,
200 ng-mL™*. 100 ng-mL™*. 40 ng-mL™*. 4ng-mL*. 1ng-mL . 0.5ng-mL™*. 0.2 ng-mL™'. 0.1 ng-mL™ ¥
BEEEARAEVAT, B T-20°CUKAERA7 % s “F4THCH] 80 ng-mL™". 20 ng-mL™', 10 ng-mL™*. 2 ng-mL™"ff)
AR VA YR T 5 o HH B 2R

2.3.2. UBEFH

itk 5t i AE Agilent ZORBAX ECLIPSE Plus C18 (2.1 x 50 mm ,1.8-Micron) & i 4%, #:3 30°C,
JiiE 400 pl-mL™; HEFEE 1 uL, AN 20 mmol ZER¥HEW, WERMZE pH 4.00, B HINZ K. FRH
6 FEE R IE P T VR 0 C ) 47 B B AR R REAT AN, B PR AR PP LG 2.

Table 2. Elution procedure of mobile phase gradient

= 2. RENERE IR IZ

I} 8] (min) JiH (uL-min ) A(%) B(%)
0 400 90.0 10.0
2 400 90.0 10.0
9 400 5.0 95.0
16 400 5.0 95.0
18 400 90.0 10.0
20 400 90.0 10.0

FRVE A SR RS B UR(ESD), BRI, %R AT E S 100 22 1000 YEE A P AT
Hi, B (TEM): 500°C, B RE 350°C, %L S(GS1): 50 Pa, THE#siid A 10 L-min™, %f
B in#<(GS2): 50 Pa, <735 (CUR) 35 Pa, HiJE(IS): 5500 V, fif{# AE % (CE) 35 + 20 eV, % #% HiJE(DP):
80 eV. ifil Analyst TF 1.7 Software k43 % 4, fH] MultiQuant 3.0 #4174 &b F[26] .

3. BFR5WL
3.1. NSRS MR = EMRAT CTHREREER G 24 #HEdEe

H L) UPLC-QTOF-MS 75 [Al IR Al 24 Mg 2 fn vy, 7 BERCRES . o B it &l 1
Ny AR YRR SR T R T T IR 3 R
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Figure 1. Total ion flow chart for simultaneous detection of 24 new drugs by triple quadrupole time of flight mass spectrometry

E 1. MA=ZENRF TEE LRGN 24 MR SR B ETRE
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Table 3. Mother and daughter ions and retention time of 24 new drugs
T3 2AMIBEERNEETF. FETRIRENE

Fs wam BT (m-2) THET(m2) PR B I ] (min) A
1 DL-MEH 180.14 162.13 115.10 10.94 Q+
2 4-MMH 180.14 121.07 91.06 11.66 Q+
3 4-MMC 178.12 160.11 144.08 11.70 Q+
4 4-MEC 208.13 144.08 131.07 12.07 Q+
5 MDPV 276.16 175.08 126.13 13.15 Q+
6 ETA 265.13 146.09 131.07 15.56 Q+
7 MAM2201 374.19 169.07 232.11 17.21 Q+
8 JWH-073 328.17 155.05 127.06 17.26 Q+
9 JWH-018 342.18 155.05 127.06 17.52 Q+
10 JWH-019 356.20 155.05 127.05 17.78 Q+
11 BK-MBDB 222.11 146.10 183.08 11.73 Q+
12 2C-C 216.08 184.03 169.01 12.22 Q+
13 2C-B 260.03 227.98 212.96 12.38 Q+
14 2C--E 210.15 178.10 163.08 12.79 Q+
15 AM694 436.05 230.93 202.94 16.74 Q+
16 AM2201 360.18 155.05 127.06 16.98 Q+
17 PB-22 359.18 21412 144.05 17.19 Q+
18 JWH-250 336.20 121.07 91.06 17.25 Q+
19 JWH-203 340.15 125.02 188.14 17.43 Q+
20 JWH-307 386.19 155.05 127.06 17.71 Q+
21 UR-144 312.23 21412 125.10 17.88 Q+
22 JWH-122 356.20 169.07 214.12 17.73 Q+
23 JWH-210 370.22 183.08 155.09 17.94 Q+
24 RCS-4 322.18 135.05 135.64 17.15 Q+

32. IEFEE

3.2.1. ¥RV

SR FH AR 58 A S bR 2R [27] 0 RGBS [+ 94 P55 10 3 284 2 0 VB A s VA (12000 ng-miL ™t
200 ng-mL"t, 100 ng-mL™*. 40 ng-mL™', 4ngmL'. 1ngmL™. 0.5ngmL". 0.2ng-mL*. 0.1ng-mL™),
DUBT Y 25 i BOR FE N REAR R X, AHNGET A3 S~ S I AR AL bR Y ZebilbraEth 2, 45 RS0, Bl
SE [ 24 PG BY TS B bR AE Bh 26 A 2% 2B (N T 0.99, DL-MEH. 4-MEC. 4-MMH. 4-MMC. MDPV.
ETA. RCS-4. BK-MBDB. 2C-C. 2C-B. 2C-E. AM2201 74 & ji (i i £ 5 HIK FE 4E 40-1000ngemL™
75 Bl N e 1k R 3, MAM-2201. JWH-073. JWH-018. JWH-019. AM694. PB-22. JWH-250. JWH-203.
JWH-307. UR-144. JWH-122 #i5% f (g i #75 2k FE 576 4 ng-mL™'~1000 ng-mL~" 50 BBl py £k 1tk 1
If, IWH-210 WA HIRFELE 1 ng-mL*~1000 ng-mL " (70 FE Py etk R4, A0 B 25 (K b g i 2
AAERATTRE . MK RS A B WA 4
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Table 4. Linear regression equation, correlation coefficient and linear range of 24 new drugs
= 4. 24 MRS RMNEMEEITSE. HXRBRELMTEE

e )75 7% LB LA B (ng-mL)
DL-MEH y = 1.239¢% + 2.283¢* 0.100 40~1000
4-MEC y = 1.870e* + 3.771¢* 0.999 40~1000
4-MMH y =9.689¢’x + 1.811¢* 0.999 100~1000
4-MMC y = 1.860e’ + 1.842¢* 0.100 100~1000
MDPV y = 4.834e% + 3.206¢* 0.999 40~1000
ETA y = 4.126¢°-5.022¢° 0.100 40~1000
MAM-2201 y =9.052e% + 1.944¢° 0.996 4~1000
JWH-073 y = 6.790e’ + 1.536¢° 0.997 4~1000
RCs-4 y = 8.090e’ + 2.808¢° 0.997 80~1000
JWH-018 y =9.371e’ + 1.386¢° 0.998 4~1000
JWH-019 y =9.732e + 1.683¢° 0.998 4~1000
JWH-210 y = 1.325e"x + 2.498¢° 0.997 4~1000
BK-MBDB y = 1.937e% + 2.297¢* 0.100 40~1000
2c-C y = 2.669¢’X — 7.455¢° 0.100 40~1000
2C-B y =254’ — 2.112¢° 0.999 200~1000
2C-E y =9.802e”x + 7.545¢° 0.100 200~1000
AM694 y =5.576e’ + 4.526¢° 0.100 4~1000
AM2201 y =7.351e% + 1.884¢° 0.100 40~1000
PB-22 y = 4.844e% + 9.371¢* 0.999 4~1000
JWH-250 y = 8.036e’ + 1.682¢° 0.999 40~1000
JWH-203 y = 6.891e’ + 9.894e* 0.999 4~1000
JWH-307 y = 7.360e’ + 3.105¢° 0.998 4~1000
UR-144 y = 1.087e% + 2.335¢° 0.999 4~1000
JWH-122 y = 8.813e’x + 2.613¢° 0.999 4~1000

e BRI S HUE D TS I R R R bR O 22 «

322 BHRSEER

AEFMPIRERR LY 3.1 WOZMR A IR, AR R ey 10:1 iz i) e 5 fR 28]
R PR 5 E SR L 5.

3.2.3. BEENSH

AT % 24 FOHEL AR5 A 100 ng-mL L, REYHERE 6 UG A BIC R A, R R R i
WRH5E RSD, L% 807 ki) B A 5 38 RS 2

535 3 AR 1 s 22 (RSD) SR AR AP IR A6 S, AR v (R 2 (RSD) = i ffi 25(SD)
TS RIS AT I (X) x 100% [29]0 %5883 5ok 3 B 1T 5045 LU 4, W81 RSD #/h T 5%, 754
R 1) [ 5% b, 22 39207 V22 RS 6 LT
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Table 5. Precision, repeatability, recovery and RSD, detection limit and quantitative limit of 24 new drugs
FL5 24AMIBEESRMERE. ESM. EWERERSD. BHR., EER

A %% RSD% HEHE M RSD% [ %% K6 HFR (ng-mL) & &R (ng-mL)
DL-MEH 5.52 6.65 97.70 (7.94) 0.5 10
4-MEC 3.13 3.55 110.84 (6.12) 4 40
4-MMH 31.68 12.80 97.33 (3.08) 0.5 100
4-MMC 4.09 3.38 96.17 (2.47) 0.2 100
MDPV 3.65 4.44 96.72 (2.05) 4 20
ETA 39.27 4.65 99.60 (1.98) 4 20
MAM-2201 14.27 8.30 108.31 (3.80) 0.5 4
JWH-073 5.59 1.40 108.40 (3.86) 1 4
RCS-4 15.34 1.25 98.27 (4.27) 4 80
JWH-018 9.39 1.22 106.36 (1.79) 0.5 2
JWH-019 16.07 2.55 102.50 (1.53) 0.5 4
JWH-210 8.17 3.17 114.30 (5.78) 0.5 4
BK-MBDB 1.29 3.97 104.04 (2.15) 40 200
2C-C 27.05 1.46 104.78 (4.19) 4 40
2C-B 4,75 8.17 106.37 (3.68) 40 200
2C-E 1.98 2.30 107.27 (9.90) 4 200
AM694 4.65 3.32 100.96 (3.73) 1 4
AM2201 14.38 1.04 100.52 (16.3) 4 20
PB-22 3.13 0.64 118.03 (1.47) 0.2 2
JWH-250 11.27 3.01 111.50 (1.40) 1 40
JWH-203 15.78 0.93 108.92 (2.88) 1 4
JWH-307 2.20 1.00 122.17 (4.14) 0.5 4
UR-144 4.75 8.75 113.97 (0.46) 0.5 4
JWH-122 8.72 1.79 114.91 (3.20) 0.5 4
324 EEM
¥ 24 PhEE LA HIS 6 R IA M, R OISR IFIE, &M IS AR, RSD B, EEMEN,

% 5.
3.2.5. mHEEIWE

TE25 VR TP AR AERE S 0 B A0 R, TICE 9 100 ng-mL (I INFREE AW . BEE SR =K,
SR [30]. #5358 T 2 i R SR T H B4l SR L 46 5.
4, gig

RIS T — BN 2 SLhr TR I8 R H) 24 PPl & 101 & F1 2 & UPLC-QTOFMS %, B
(T R R, R S AT AL PR R | {815, UPLC-QTOFeMS 777 H A 7 i pr B 25 MK 22, 20 Mt 1A %,
THE, R RS R R T, AT ZESERR TR AT REGRR IR 24 Pl R B A R R4 T O A A AER E BT
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