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Application of Chromatography with Mass Spectra
for Analyzing Emerging Drugs of Abuse
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In this study, GC/MS and LC/MS analyses of emerging drugs are evaluated and validated. There are only limited
literature and few data available, and this study has been engaged in establishing relevant methodologies and
database, including mass spectra of different derivatives, molecular weight and selection of qualifier/quantifier ions.
It is helpful to identify the emerging drugs, to realize the tendency of emerging drugs and to prevent the spread of
emerging drugs.
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LY ERGE e R, R,
DOB
(4-bromo-2, 5-dimethoxyamphetamine) “CH; Br
DOC
% | (4-chloro-2, 5-dimethoxyamphetamine) -CH; =
?ﬂi bol -CH -1
& (4-i0do-2, 5-dimethoxyamphetamine) )
45 | DOM
#H
(4-methyl-2, 5-dimethoxyamphetamine) -CH; -CH;
DMA
OCH, (2, 5-dimethoxyamphetamine) <Gk -H
bl 2C-B H -Br
(4-bromo-2, 5-dimethoxyphenethylamine)
R 2C-C
Rs (4-chloro-2, 5-dimethoxyphenethylamine) H Cl
OCHs 2C-1 . |
% (4-i0do-2, 5-dimethoxyphenethylamine) ) )
Z.|2C-D H CH
% | (4-methylo-2, 5-dimethoxyphenethylamine) 2
G|
= | 2C-E
(4-ethyl-2, 5-dimethoxyphenethylamine) H -CH,CH,
2612 . . -H N
(4-ethylthio-2, 5-dimethoxyphenethylamine)
2C-T-7
- o N
(4-(n)-propylthio-2, 5-dimethoxyphenethylamine) H S
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SEHIRUR - FTEER B -

AT G & B R 2 E AT E 1 FH 22 YR
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1. RAEE R EIGRENE
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Y1#&ENFH (mobile phase) HIHETF i ASEFAH (stationary
phase) [f » IREBER AR B B B =R 2N I TTE
o BERTE Y ©
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...............
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B 1.
1R G ol RA8 R #T/H AR R
MBS HBREETER -

R (GC) EERBRK M AT iR
(injection port) * TEmR FHHR LT - FHFEEHET
RHE (carry gas) RHERSLTE AEREZH - GC FHIHE
TREEZ BEIFE - B (column) AHIHEIEETE
F5EFHME (stationary phase) » FH A fl R 2518 5 4B
EREAFFHEIEREEARE - HRERETRENE
i (A BERSR HR BSHE R o GC fE T RIEAE
FECIRG] - G0 - EE VTSR - BIREE
FLEY - Wt HZED R i b R EEYE
FIEFE M S BB E ERYREE » R S YT

TT4EAb ) B9 ER - (IS GC BYZAT -

WHEE ST (LC) BG AT i RAYR[E] - BIFE
TRENE R RHE - ERFERI R AR E M RER, A
- AT AR A SRR R R R E A - RHE
Ao AR Al P B A o I B £ SO AT 93 R TEAH (normal
phase) E1i%4H (reverse phase) @M - — &S * IE
FERERL Z AR Y E R - HE R iR - H
Hi A Frag iR B RE R AEE AT (ultra-performance
liquid chromatography, UPLC) Ffi7 » Bl @758k
KA/ NR 2 um BYERE - RIDATEAS S22 R A R i
HIRTHE T » SRS EFERY TR - A& #E R AT R
TIEIEERIHE © TR NAE LR SO RET HAE 5
Yy 7 Ta A - SR SR/ N A e R

FTE BATAE RE Em R ) - HERSAM
& - WHERRER ~ FEM AR HAY_ A2
S - FHRE > IR EITERERE - 25
FE (HPLC #) RUR AR - it B A id SR
ETE - HAESEo B R - 2558
HEEE

2. BREENE

BitEEASFRENSERE - AFEmD
EERGATAET O - EEASEE - BRE
FRAAE (inlet system) ~ BT 5 (ion source) » 'H &
538 (mass analyzer) B T-{EHIZY (ion detector)
BB I8 S T2 (data system) o & HEAR AR HER
PSR T M R B A T AT e A - A BB R R R
Bt e - 2Ry T RAEENT B
(gas chromatograph/mass spectrometer, GC/MS) &,
TAHEHT B 5% E  (liquid chromatograph/mass
spectrometer, LC/MS) °

BT R (ion source) MR AME AL
{217 AT N 3 (3 5L T TR o L e T (L 3%
it HElERRERZR - £ GC/MS JiHEE T
B27F (electron impact, EI) FI{LER#EEE (chemical
ionization, CI) + ifi LC/MS ‘i FH i 5t J& 25 8 i it i

E=t
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(electrospray ionization, ESI) F1A @R JJ{LE2 i fife
% (atmospheric pressure chemical ionization, APCI)
® o BB HTas (mass analyzer) (i fABET-JEF1HE T
EANER < [+ RIS [R5 =0R B e 128 7 L
(m/z) 5388 - HEIHE GC/MS 3¢ LC/MS i FIE &
e BslURAE: (quadrupole) ~ BET-FH (ion-trap) Eil
FRITHFM (time-of-flight) &5 S HTHEE T EE &
Siffrestk - mete REBET(HIHIER (ion detector) UK
AR - PR B (3R R BT 5 (electron
multiplier) » FHIFFSE AR HE AN ERHE B B
HAT2F i e e i el AR A 2 - i B
HIER(ES I - BEISHT7E N BB A SR AR EFIE R
F R B PO A (A B TR R

= mAEEN EHREEEHREERE
G718 paRiy

Hans H. Maurer ¥ A# 5 T %R L GC/MS 73
7 DOB ~ DOC il DOM FyRFFE » LB Al
AT = LR EREHYIRERE - W EE BRI
ARV ERELLE » AT HACE YR E RS - A
HERT AR o SRR R )05 2 YA R i B
ENEN - BB HiEY - 21
T B R LR - RTER BRI LB A — )
AETERY— A% EE (primary amine) @ ‘BB ERAHFE FA
@R 7 - HIERERP 2, 5 7 L EG—{EH
A 0 4 56T RS SR K MR EUARES (1
al : HESNNERET) £ o (B ERYFRER DY
TNRE N ZEY) R 1885 A M » LN » Hans H. Maurer
hFFRT 2C RIZEYIRZES > 1 1970 — 1980 4F
R - 2C RYNZEY)ZH Shulgin HE & - H1E
1990 FAAEIEE TS _LF M s R - (22 2
IR BRI 7 a8 (5-HT) EASLS » E|AZ
HEFEGUERG 3 5)8 - Hrp DL 5-HT, #8578 51
AUl - mT S8 P Bl e IRt AR S B L -

Hans H. Maurer J}&% 3219 — 8 5 57 B EE P11y
Woe » FEEBERF EYRIAHRE - {EH5T
] DLEg B - &l B RO ZE W) B A AH DL AR
RS AT DA R =R ERSR © (1) EFREAL
(o-demethylation) : L&Y 1 JeEfT EHFEALIE AL
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L&Y 2 5 (2) |1LHEIZ (oxidative deamination) : {1k
&Y 1 ETRRIZERLEY) 3 - L&Y 3 it
{TERIE (reduction) ILEALEY) 5 5 (3) HIEHHY
FREALRE (hydroxylation) : {L&%) 1 HEITFREAL
NIERHALEY) 4 - (LEY) 4 FulEfT EZR (LI
(L&Y 6 o BEECH S ERERE - NameEAl—(E
NEER - R RALEY 7 M LEY) 8 Ryl
A EY) - WIE 2 FyZd Eft e BHEEYI R TR
@(4) o

2C FRYNEYRIAHRRT (1) 2C FHrfk
&1 ST E (deamination) 2R EEFE (1L
&Y 2)  [HEEAV AR R E A - Bt
A POR MR R AL E - EMPREEE (k&
Y1 6) S (L& 5) s QL& 1 {E 285 /Y
U FETEREPELEY 3 - BN RET
N WZE LIV &Y 6 8b&Y) 7 siE =217
Hha [ R TP RGBSR (L&Y 4) - TR LER]
DIEEIE (k&Y 9) » HE(TERNIE - AIEHEE
¥ (L&D 8) « 7 2C FHEYWIRHEEH - TNiw
AW S E - AR RE Y R LEY 6~ 1L
a7 EbEY 8 - I=EAEY RIS i
= 0 MHEHERSN - 2@ 3 Ry 2C FHEYHIHHRER
[C)I

Fr e AT - R BEEY) < AT B —(ERS
£ HP PR aa s - EEERI R Tk
FEAC I ER K ~ WRAH — WA ZE B AL B2 AT AR
(microwave-assisted acetylation) * HF|FA#{L5
Y5381 (systematic toxicological analysis, STA)
{57 228 B i (R 2 BRI R Y - ek
¥HE 2 B B A MO AHERR - BT SRR
IREJFIF STA B INPARERH » 5% U™ mhRizEl
DL STA BT LR bATAR B A B MR N BY 2B
(b B A R R - BAREH IR E R R
%] PME R Z B (b AT A Yy s AR A ) -

GC/MS {EFT B Y Ry e b - NS
AREHIGEERE] - EE 2NN - S R
BRENLEY) - BRI EMEESEEEYIE
THEHE F#FE -OH » -NH, » -NHR Ei -COOH %5
BHREE: » pTERA S EA A ORI 2K
B o MR LEATE B LEAT A BB A Y)



OCHs OH
NH, NH,
R R
O-demethylation OH OH
2 7
N
OCH3; Oxidative OCH; \O O OH
NH, deamination 0 Reduction o oH
—_— — B
R R 5 > R
OCHj OCHj OCH, OH
8
1 3 5
ocC \O /
R=Br ; DOB HisoH OH /
R=Cl ; DOC Hydroxylation NH, NH,
R=l ; DOI —/
R=CH,; DOM = » .
R=H ; DMA
OCHjs OH
. 6

2. RIS, KGR

Oxidation
e
5

_O 0
o D\N Reduction
Deamination R o \ /O:QfVOH
/ BRI RE R™~ 0"

2 6
O-demethylation | O NH3 | N-acetylation —0
R OH 97 O

1 R EOH Glucuronidation
R=Br : 2C-B and/or sulfation
R=Cl; 2C-C e NH, !
R=l; 2C-I
R=CHs; 2C-D R ?
R=CH,CHs ; 2C-E
R=SCH,CH;, ; 2C-T-2 3

R=SCH,CH,CHj5 ; 2C-T-7 gt 0 OH
PAARZAARC] Deamination Reduction > :@fv
| & OH

O 0 8
Oxidation
. R OI-PH
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g - BURIR B REE: ERYS - DARHE S A Y as
FABHNEHHEZE M - FIR RGN B EEr i -
AP EENT AT E T EA L E (alkylation)
fig (L& (acylation) » B/KE(L (silylation) DAK EE4T
4 EE Y > & 2 Frn B T4 LERE T E
FINTAEALRIE ~ SERSHI T AERE - EEHA
WFZEFr IR 2 AT 24E 1YY & @ AA ~ TFA ~ PFPA
HFBA -~ PFOC -~ 4-CB » TFA/MTBDTFA  PFPA/
MTBDTFA £ HFBA/MTBDTFA - A (%) 2C-B
Fofil - R EAT YR LR EERE - £ 3 R
2C-B SHERTEYINILESEE® - B 4k 2C-B &47
442 ) o

M R RIRERNEEE (method validation) » %
DU HE R VR Z IS A B R R B % - LT

Eiw RN EIRE - S5 E MR 500 ng/mL £
HE i PR o A PLRR A R TR £20% DA > A
EEREREE £20% DI > HIZBREEE BT
EMR (limit of quantitation, LOQ) ; & /314 &
PEBEFE2 500 ng/mL 1518 i 2 FE S BE T om AR A2
1E £20% DA » HIEZIRAE E 2% E EMIR (limit of
detection, LOD)  fiHl [RIEH 2C RYNEEY) 2 Tiik
o AR M EIERR T 2C-B A 2C-1 7€ 50—2000
ng/mL Z [ - HERETE 40—2000 ng/mL [ » Hfg
PEFARIGREETRIAE 0.99 DAL 5 [EICRFITHY 70%
2 98% Z[H » 2C-B » 2C-C ~ 2C-T-2 #1 2C-T-7 %
EIECERTAE 80% DAL » 1 2C-1 SEHEIER A
70% 3 3AfT T EERY H S R B H R A 0 $9/)N
R 10% © 3= 4 B DL 2C 2312 PFPA 1iT4EY) GC/MS

k2. ATAACEBAL T F R 94T AL R E ~ REME] AT A X -

EVEN [ R I

AT AR

Bt e °|
(alkylation)

R—NH, + R,—C——0H —» R,—C—O0R, *+ NH;

2, 4-Dinitrofluorobenzene (DNFB)

B2 e
(acylation) ﬁ

X=F-~Cl-Br-1I

R—|(I_:—X + H2N—R' — R—C—NH—FR’ + HX

R—C—x * HO—R —> R—C—oOR’

Acetic anhydride (AA) ~ Trifluoroacetic
anhydride (TFA) » Pentafluoropropionic
anhydride (PFPA) * Heptafluorobutyric
anhydride (HFBA) * Perfluorooctanoyl
chloride (PFOC) »
4-Carbethoxyhexafluorobutyryl chloride
(4-CB) * P-nitrobenzoyl chloride

+ HX (PNBC)  Propionic acid anhydride
(PAA) »

Hexyl-chlororformate (HC) »
Butyl-chlororformate (BC) »
N-methyl-bis-trifluoroacetamide (MBTFA)

5% (@ | +OHY
(silylation) |

TMCS (Trimethylchlorosilane) * MSTFA
(N-Methyltrimethylsilyltrifluoroacetamide)

PFPA (TFA, HFBA)/
N-Methyl-N-(t-butyldimethylsilyl)

HX | trifluoroacetiamide (MTBSTFA) with 1%
trimethylchlorosilane
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% 3.2C-B &A1 a4k -

Br

2C-B iTAEYAE TEEER R R,
Acetic anhydride (AA) Ww)l -H
Butyl-chlororformate (BC) ,m)oko P -H
2, 4-Dinitrofluorobenzene (DNFB) ~ N 151
Hexyl-chlororformate (HC) MN)OLO PN -H

OCHs R,

OCHs

N-methyl-bis-trifluoroacetamide (MBTFA)
N-Methyl-N-trifluoroacetamide (MSTFA)
Trifluoroacetic acid (TFA)

(¢
“
w

TFA/MTBSTFA

Pentafluoropropionic anhydride (PFPA)

(@]
N

!
o

e
j\

PFPA/MTBSTFA

i
I

Heptafluorobutyric anhydride (HFBA)

(@)
)

M
~

HFBA/MTBSTFA

W
j\

Propionic acid anhydride (PAA)

it

Perfluorooctanoyl chloride (PFOC)
C7F1s5

1>

P-nitrobenzoyl chloride (PNBC)

5
e

o}
=
-

o}

4-Carbethoxyhexafluorobutyryl chloride
(4-CB)

)

-H

'r\

-
-

-

RSB HITERME L

REAR - ARIEHRE (0 g SRR BREE A A

R~ EEmIR - ECRRBERE % BURE] LY kg it
JfEE PR B FH 29,2 73 A

VARG T E R (LC/MS) SBAG & 47 Bk B i
BEREN—SGE - I EZEE R E
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:- . (a) Somrs LOLsS CB. 221 swmdnd: Do . T C=TFTRAL> <=> = ﬂ/
E 1 ity
= — 2C-B (4-bromo-2, 5-dimethoxyphenethylamine)
Ry C10H14BrN02
2scoes Mol. Wt.: 260.13 .
mc.;_ma,gm_m@._sﬂ_-m% i vl | ] 1 21>
e - a a =3 a a Y= B8
Soan G226 7.8 mnmidnd 2C-IW.ID -1 BOS> <=3
<so00 2C-B-ACETYL, derivative
soocoo C1oHgBrNOg &
ZOoooo Mol. Wt.: 302.16
1 =000
= ol 2= =Tl‘
: oo = ET-7=3 ET=T=1
] (0 )
s 2C-B-BC, derivative Bogirtnd
soeeo C45H5,BrNO, w
soooo Mol. Wt.: 360.24
25S5se 2C-B-DNFB, derivative '—Q—w.
:sgm C16H1GBrN306 s
ot Mol. Wt.: 426.22

—

2C-B-HC, derivative
C47H,6BrNO,
Mol. Wt.: 388.3

o At CeS.mEm

2C-B-MBTFA, derivative
C4,H43BrF;NO,
Mol. Wt.: 356.14

Soan 385 V.S 1S mind 2=\ C-aS83 -3

2C-B-TFA/MTBSTFA, derivative
C,gHy7BrF3NOSSi
Mol. Wt.: 470.4

S e

38
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2C-B-PFPA, derivative
C43H3BrFsNO,
Mol. Wt.: 406.14
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R e S CEE. DR e ST T, e s e S T G

soeesst () gon ﬂ
et 2C-B-PFPA/MTBSTFA, derivative =
=== C1gHo7BrFsNO,Si S
==s=== Mol. Wt.: 520.4 =
. e TR O L . 3 A T TDN, e s DR OO
scocoo 1) on,
moooos 2C-B-HFBA, derivative . -
o Cy4H43BrF;,NO, .
TR Mol. Wt.: 456.15
;;mg (k)_” - = -
s===== e 7 °§I
=+coos 2C-B-HFBA/MTBSTFA, derivative H —CFr
Secooo CypHz7BrF7NO,Si -
iss==s Mol. Wt.: 570.41 <

i

180000 2C-B-PAA, derivative
:zoooo- C13H18BrN03
FQOOO0. Mol. Wt.: 316.19
BOOOO e
SOO00 Lam
IO 7 5 e T
o L1 ' ||| :;u'h ‘i ‘.Eg 133 M 171 18sS
==Y ==Y 150 i 1do 1&0 1=o

Bros ST cS.O27F smind: ZES-ILIS C-SBAd -3

i 2C-B-PFOC, derivative
R CygH13BrF5sNO; ocH,
e Mol. Wt.: 656.18 i

- - — 2C-B-PNBC, derivative

Sevee C47H17BrN;05 -
TT=== Mol. Wt.: 409.23 ’ I /Q/

S Sei ca s = -

Sooooo 20'B‘4CB, derivative acHy
oot C,H1gBrFENO, SE—
et Mol. Wt.: 510.22

-E;
EX 1) e

=T Er——y

4.2C-B &4TAMZ T : (a) R4T4 5 (b) ACETYL-4#7445 ;5 (c) BC-#744% ; (d) DNFB-#744% ; (e) HC-
P14 5 () MBTFA-#74 4% ; (g) TFA/MTBSTFA-#744 5 (h) PFPA-#744% ; (i) PFPA/MTBSTFA-#7 4
4 5 (j) HFBA-4#744% 5 (k) HFBA/MTBSTFA-#74 4% 5 (1) PAA -#744% ; (m) PFOC-#744% ; (n) PNBC-
#TAEY 5 (0) 4-CB-#T 44
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% 4.2C % 7| %4 PFPA #7441 GC/MS 24T Z M2 4% » 44 E » LOD » LOQ ~ BNk E RIS EHE -

%W@ ol o i 2 LOD LOQ ER | HNEE | HiEE R
(PFPA fiT4E) (ng/mL) (ng/mL) | (ng/mL) (%) (%, n=3) | (%,n=9)
2C-B »=0.0016x +0.0596 | 50—2000 | 0.999 50 50 94 2.5-9.6 9.9
2C-C »=0.0032x+0.1366 | 40—2000 | 0.999 40 40 98 0.4—43 3.8
2C-T-2 | y=0.0018x+0.037 | 40—2000 | 0.999 40 40 88 1.5-9.1 9.3
2C-T-7 | y=0.0019x+0.009 | 40—2000 | 0.998 40 50 89 0.9-9.9 8.0
2C-1 »=0.0081x+0.1955 | 50—2000 | 0.999 50 50 70 1.0—-5.5 4.3

* 5.2C 27134 LC/MS 5 # 2 E 4 ~ M & E ~ LOD » LOQ » Bk R fofg T JE -
= ARG LOD LO R BE | HEBE
i ik fiif/ff a (ng/mL) (ng/n?L) IE];EC)+ (ilii 3) (E/HH ?i 9)
2C-B »=0.0018x —0.0553 | 100—2000 | 0.995 1 3 83 0.5—72 7.9
2C-C »=0.0017x+0.0012 | 100—2000 | 0.996 3 5 93 2988 9.7
2C-T-2 | y=0.0023x —0.0405 | 100—2000 | 0.999 1 3 89 1.7-6.8 5.7
2C-T-7 | y=0.0016x+0.1685| 100—2000 | 0.996 1 3 94 1.6—8.4 8.8
2C-1 »=0.0057x+0.147 | 100—2000 | 0.999 3 5 66 0.7—9.5 6.3

(library) FLESAEIR - Al fE B g B i A2 (R s 0 AT
I B H 2 TR EEY) - AT HATE ZEY) it 5 I Y 8 R A
PG - RBEL R B ZE AT EIA A R e A
B ERERHE - [FIN ARSI A YA iE N 20
800 fEZEY)") o S48 - i1 EFEEY (on-line extraction)
PR Tty B HE R - SPE B A B EdS
SAf R - AR R AR L B R A - RS
NERRAIHES] - BIAT RIS 58 RN ~ 43 BEAE 3L
SRS EES Y o S A 2 B I e R N =
(multiple reaction monitoring, MRM mode) 19 /515
w7 LSS DOB » DOC 5 12 fEZ2JEfhdn4A
il 2C-B ~ 2C-1 %5 8 1 2C RY%EY) - DL H A
58 (tryptamines) ~ WKIE (piperazines) 3L 35 faHT
FUE 2R & & - BE SR N i it e &
AR ERE - SRR ST - ERERRA]
15 ngmLl" s MG N A ISR ER &
Fob e [ 3t T L B2 P v g s
W DUERH L B POEE E TR - HAEEAW
7200 TEHT B FSEY) 8 8 5T - IR 2C SR 5
S AE R AT RS T AT R (PR PR R
—R ~ &R E S For (BA 2C-B Bl o 1F
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FERERCA T 2C RYIZEY) LC/MS ST 2 i i
&iEITE 100—2000 ng/mL 2 [+ SRIERIR 2 15
099 DAL BN EEMIRSBIAE 3 F S ng/mL
DUF - [EIRATE 80% » H A ~ H R FE /N A
10% © 3% 5 Fc Ry 2C SRYIEEY) LC/MS 30T .21
=i REEE  EHEMEEMR - BICERIREE
gf o

1 I\Egﬁ

SEYIE 2 E 5 2R R A B R - ¥
BN ~ ML & E SRR AR BERZE - JTF
2B A B ) H 2380 - 2 REZEY) & B IR
HOTE L H 2 B - SO F 2B A B (£ 25 a1 T
{E BB EZEA—3 - GC/MS &2l FH 4 be
NEB Ry AR AT TR - IR R FHE B
WA T HERE - RERNFERESE - #
Hfg—EYE S B AR aEE T R B
AmE R an LB BT I E R SR AT i
T LLE R -

LC/MS HIEERAER Al 734 GC/MS ANE & 70T



4(a) 2CB

EIC 243 + MS2 (261.0)

(b) 2C-B-D5

EIC 249 + MS2 (267.0)
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