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Voacanga africana (Apocynaceae) is a small tropical African tree. The root bark and seeds of this tree contain a
number of alkaloids, including ibogaine (a hallucinogenic/aphrodisiac compound in bark), tabersonine (a major con-
stituteent of seeds) and other voacanga alkaloids, traditionally used in Africa for religious purposes. Recently, some
kinds of products containing this plant (root bark and seeds) have been distributed in the drug market in expectation of
its hallucinogenic/aphrodisiac effects. There has been no report that has discussed quantitative analyses of these
alkaloids in the products and their botanical origins. In this study, to investigate the trend of such a non-controlled psy-
chotropic plant of abuse, a simultaneous analytical method was developed using LC/MS for the voacanga alkaloids in-
cluding ibogaine and tabersonine in the commercial products of V. africana. Moreover, the botanical origins of these
products were investigated by DNA analyses. As a result of the LC/MS analyses, the products were classified into two
chemical types; an ibogaine-type and a tabersonine-type. The samples of the ibogaine-type contain ibogaine (0.05-0.6
%) and other voacanga alkaloids; voacamine, voacamidine and voacangine, while those of the tabersonine-type mainly
contain tabersonine (0.6-1.6%) . The sequence analyses of chloroplast DNA, trnL-F region suggested that most of the
products were derived from V. africana or closely related plants. They were classified into four genotypes based on
nucleotide sequence of the frnL-F IGS region. The proposed methods of chemical and DNA analyses would be useful for

investigating the trend in the distribution of the products of V. africana.
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TYUHRPHLTWBFaTFZ hIR (Apo-

|

EyEERRREERRT
*e-mail: goda @nihs.go.jp

cynaceae) KBTI H5ARAFETHS.V XITEFN
TNETOWEY) F2EBEL T, BERS v I HE
THRBLTWS, 2 - LR ibogaine 28F
T3 ETHALRA RY (Tabernanthe iboga Baill.)
®> Tabernaemontana BDHBETHO, 77U h
IR T, H<HSRBRRERBICANWSENS LFEK
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Fig. 1. Chemical Structures of Major Alkaloids in V.
africana Investigated in this Study

(1) Ibogaine (MW 310), (2) Voacangine (MW 368), (3) Tabersonine

(MW 336), (4) Voacamine (MW 704) and (5) Voacamidine (MW 704).

FEWEELE B ORI D, BTFOETIVA
O R®D 12 T%H 5 tabersonine DI 7 B EVE A
=B I NS5 vincamine (FavF 7 FURERAY
JV=F = F 7 Vinca minor L. DIEMERRS) D
BROFERELT,Y BEOETVAOA RD 1D
voacamine DSHiY TV T IEHEEFTHE LU TERE
HOBEMSBERHINTWVS. Y £, ibogaine
1%, BE - OB ERTIETELTHDN, ¥
2, BEIVERBRERXDHEDPBIEROBESRZ
BTHELTEEHEIRTWS, 19 LML, FEYD
RAPRERIZOWTIE, ST LR THRYN
—H L TWabITidRw., £k, ILHABNTHEE
L TW3 V. africana BEDOEH RS R U EFREHR
E2TokHERRN.

bhbhRBEETI, EWREBERT v /8
DRBEERBPEERZITOHIIEEZANEL, ¥PvIY
wialb—25A (200246 B X0 RREFEHED & L
THE), Salvia divinorum (2007 £ 4 B L VIBE
EhEUTHED, 79— SOEHRSCER
BATEREZHEL TS, 19 KRR T, SE
%4> ibogaine 2 5B S S MY V. africana 1% B
U, 127 —%v b ETERICHEL TWEAEY
MBEPLC, RO RS T 40— BB
% (LC/MS) XX 3 DET IO KRy
DEFREZToR. £, ZhHEHERBITON
T, R DNA, trnl-F S35 O W EE FFETIC X
HEFEREET /.

X B F XK

1. EHERUEE

125 —%y N ETHBALR V. africana 85
(BB 1, BT 4, BE3) RO 1RT) 2E#ET
SRR 1 BB ESHICEML -, Ibogaine (1 mg/
ml A% J—)V¥E#K) 3 Cerilliant # X O BA L /=,
Tabersonine hydrochloride (V. ajricana) 13 ICV
Biochemicals Inc. X DA L /=. Reserpine R TN5E
B CTHEEYE & L THW/ betamethasone
valerate (XMINMELOEALE. TOMORE
X, FlbsnWREEs O NS THERWE.
/e, MEBROBEAB 74 NVF—-& LT
UltraFree-MC (FL£8 0.45 um, Millipore #H81, MA,
USA) ZALZ.

2. BiaathFEE

2-1. TSN MR UZFEE S0mg it Ay
/=)y 1ml Z2iZ, BEFETTI1REREZTYL,
3000rpm 5 IO B LS BEEIT /2. TOH, L
18 & Ultrafree-MC % B VY, 10000 rpm 1 23[5O 3
DOEEEITVWEABLE, ZOMBKZEESFR
U, BBl E Uiz, LEsERHAE 5 ul 2 LC/MS
WKEBGHICERL, &#E—7 ORFFRRE, UV X
R MWVEKOIZAARY bMvERELE. £z, #&
BHANE 10yl 2 RITEMBME RS (TOFMS)
KEAL, BEEESHZT>&. LC/MS KUY
TOFMS 74T DEB R PG 2 L TITRT.

1) LC/MS 4
#£{& : 1100 Series LC/MSD (Agilent Technologies)
HPLC &
H < L ¢ Atlantis dC18(2.1 X 150 mm, 5 um, Waters)
BEMHE: A 10mMFEBY > =Y AREK pH
35,B: 7= MY IV, A/B=90/10 (0 min)—20/
80 (40 min, 20 min hold)
Fi#E 1 0.3ml/min, 75 LRE D 40°C, BEAE:S
ul
B 7+ 81 F—R7 LA (BIEHE 254, 280
nm) KUVEERSHTE
HESGRE
AF 26 TV O RS L —AF ik (ESD,
RIOTF14TE—R
TS5TAXANBE 160V, F¥yES5U—BFE
3500 V, B A 1N, 350°C, 13.0 L/min
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2) TOFMS IZXBHEBEEIHT

BEKIFICIZ PEG-Na600 Z2H L, SBED
NEEHEELTHRY ZIVA O ) D LBK
ZRERL .
88 © AccuTOF JMS100LC (HABFHALH)
AT MEE—RESI, RPF4TE—R, HR:
He, U744 A1 EE:15V, FUT 1 A28
JE:5V, UV XBE 5V, U771 X1
B 1 80°C, —— RJVEIE 12000V, RIEHH: m/z
100.0-1000.0

22. EESH BERAELEHEBE (84,7,
8: 50mg, HE1,2,3,5,6:25mg) ITAY /—IL1
ml Z2iA, BFFETTI1REBEZTN, 3000
pm 5 S OBLSBEERTO . D%, EFEZE
Ultrafree-MC % B T 10000 rpm 1 53], #0459
BEEATWEABLE ZoMmEK28M81,2,3,5,6
Id 500 £%, 25413 100 65, B 7, 81 1000 5T
FRLUE., THhATNOFRK I ml KNEEYE &
L T betamethasone valerate A ¥ J — )ViE# (10.0
pg/ml) % 100ul ZiMA, HEHERE L.

EBSL, LC/MS ORI T4 7E— RIZBU
58050 ibogaine (Mw 310) & U tabersonine
(Mw 336) 70O b3 F14> IM+H] E2E
AT TBI LK T /-, Ibogaine K&
U tabersonine DBRERIT, THhZTh 0.1, 0.25, 0.5,
0.75, 1.0 pg/ml DIBE AR L ZBEBERICBITS
HE& YO NIEXEY)E betamethasone valerate (1.0
pug/ml) KXHTHIE—HBENSHERLE. BEE
BRORE (HERERZE) 1%, 0.1ug/ml, 0.5ug/
ml, 1.0 ug/ml @ 3 BEZ DOWTHWHEOLEESR
BBEIETOROEBEL THIE L ERMSFML
. I2d, EERSHEEEIFMLU R LEMED
ZLLTREHLE BHRPOEILLEVMOEEER
(mg/g) I, BERABHAKROZBRE (ug/m) &5
WICERLUERBENSHBEL &,

3. DNA ¥EZE

& B2 MM-300 (Qiagen) IC X DPL /=,
$7K 20 mg & V¥ DNeasy Plant Mini Kit (Qiagen) %
FWT genomic DNA ZHi}, 8L~ Z0HOD
BB L LT, HEikDNA, trnl-FERICEGTEYE
DEVWEANERCRILETSIA -0 2HNT
PCR 275 Z &2k, trnL (UAA) Sexon i b
trnF (GAA) Z U #EE (Fig.2) ZHIEL .

g g
S S
3 g
n @
< < <
< < <
=) 2 <
§ § §
I trnL intron l trnL-F [G51

Fig. 2. Schematic of trnL. (UAA) and #rnF (GAA) Genes of
Chloroplast DNA

PCR X, BE#IZ Gene Tag NT DNA polymerase
(Nippon Gene) %, #%:{&|Z DNA engine, PTC-200
(MJ Research, ¥ Bio-Rad) 2L, LA FOIRE
TaY7 5 LMK VT 7 1 94°C, 4 min; 94°C, 30 sec,
50°C, 30 sec, 72°C, 45 sec, 40 cycle; 72°C, 4 min. Mon-
tage-PCR (Millipore) iZ& D PCR %L 0 RED
T4 —KRUTdINTP 2R\, ¥1L 7 b
V=PI I AR KDEEEREB L. Cycle se-
quencing 3K iZ1¥, BigDye Terminator v.3.1 Cycle
Sequence Kit (ABI) ZBW, fE#rid, ABI Prism
3100-Avant genetic analyzer (ABI) & Do 7=,
¥z, BEREMNOLEBAMITIE, clustal W 7O
To5hZE0fFo 7.

BREUER

1. TN

BHRBOPRYI DAY J — I AHHRIC DWW T LC/
MS i 2T, REINEZRENBE—ITDO0
T, BEETRHEINTWS V. africana DEER
& HERRET L .

B4 REHSE) OBBYORAS J —)VHIHK
ZLC/MS TathiL R/ onEZ/ O NI
b, EERBEHEBE—ZDO UV ART MVETRA
N7 MV % Fig. 3R U=, REFEER 15.6 2R
BWENE—D 113, ibogaine BEEHEYR DR,
UV ZART By, IAZARTZ BVER—TH Y, 5
BT/ TOFMS IZ XA BEBEEESHITBWVT
%, PIEfE 311.2106 A 5 ibogaine D7 T b >N
£ [M+H]* QAR CpoHyN,O (BFR{E 311.2123)
NHEERRETH o /2. iz, BEETTIT TIIHE
SNTVBEERRTOEEE RUEHRICBNTHT
ORBERERSMERENSHEL R IM+H]ITOE
R EEZR TS L, E—2 213 voacangine (CypHyy
N,0s, HISEfE 369.2149, il 369.2178), B —2
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Fig. 3. LC/PDA/MS Analysis of the Methanol Extract from Product No. 4 (root bark sample)
UV spectra of peak 1-4 on chromatograms monitored at UV 254 nm (A) and UV 280 nm (B) were shown (D). Mass spectra of each peak on total ion chro-

matogram (TIC) (C) were also shown (E).

3, 4 13 Z N E N voacamine ® L < 1% voacamidine
(Ci3sHs3N,Os, BISEfE 705.4077, HFR1E 705.4016)
CHBINE. BIIE—273,42D0WTH,
IM+H]*+0ftic, m/z353 ([IM+2H]2t) R m/
2337 (IM+2H—OCH;]*t) NEIRHINTS
D, Zhix, BERZHEINTWVWS voacamine fZ
U voacamidine DA ANRYT M)y &E—F L7220, §
7,8 CBsRBLE) 12DWTIE LC/MS i &2fTo
IPHER, 70O BT IATBNT, 854 LFE
o777 yAIvERL, REFERR 156 731
ibogaine D — 7 PRI N O EMG, B
B, 8RR EMRILLEBEATHEEEZLN
7z,

—%, #51,3,5 6 (BTEME ORBHORS
J — Vil % LC/MS T LR, &S8RO
rpux NS AREROTOT v 4V ERLE R
FE & LTS 3 O LC/MS BiEkR % Fig. 4 IR
L7, BEER 2.6 pICHEEINREREY—Y
1%, tabersonine EHEVAW DIRFFREE, UV ARY
RV, YAZARZ BMIVER—TH YD, Fiz, RET
o /= TOFMS L X 2 BEHEEBSITITBNWTD, #l
T fii 337.1887 A 5 tabersonine @ [M-+H]*+ DHE

H CyHysN,O, (BER1HE 337.1916) HHEERIBETH
o>, LML, Ths0®EMS, ibogaine Z D4
OF7IAhOA RERGEBREBENARho7z, B2
(BREH) ITDWTIX, LC/MS 43 #i 247 7z hk
B OHEL 3,5 6 LAKDTOT AV ERL,
{7 RS 22.6 431 tabersonine D& — 7 MEEFH X 1
o, 2O ENS, BR2E3ETFERERLL RS
ThdEELALNE.

EBZ, 1R (T iboga) ZEB;LTHRFGELT
W9 (BREE) KDOWTHRERIIRAS / —
JVCHIH U LC/MS 23t 2{To 7=, BIERSR % Fig.
51RUE. DIOE, T iboga BEBEINBZ
EAHEEIN T W5 ibogaine ED R MIRBE N
shpofe. LU, b= F 20T T Sh
EIZ, W< OO - HEREIN, TORN, £—
JIRRST 4 TE—REZBOTm/z609 DEE
BERLE., ©—Z 113, reserpine EIEEIK D%
R, UV ART BV, YZAARY MVER—T
HO, £/, ZOHWHWIZIOWT TOFMS ITL 5
EEBEEMWEIT >R LI A, reserpine ©
IM+H]*ERCHRRZETHE— RIS h
7. Reserpine [ZHIRMFIER 2/ U ERE TER
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Fig. 4. LC/PDA/MS Analysis of the Methanol Extract from Product No. 3 (seeds sample)

UV spectrum of peak 1 on chromatograms monitored at UV 254 nm (A) and UV 280 nm (B) was shown (D). Mass spectrum of peak 1 on TIC (C) was also
shown (E).

(D)
(A)UV254 nm UV spectrum Mass
spectrum
1
[ 2
20 260 300 M0 an =
(B)UV280nm | (E
1 TIC
L )
(. .‘Awl A_‘ A A o,
s 10 15 20 P2l 30 i,
{O)TIC
UV spectrum Mass m/z 609
spectrum {M+H}
1
5 10 15 20 25 30 (min) W o

Fig. 5. LC/PDA/MS Analysis of the Methanol Extract from Product No. 9 (powder sample)

UV and mass spectra of peak 1 (D) on chromatograms monitored at UV 254 nm (A) and UV 280 nm (B), and TIC (C) were shown. The analysis of standard
solution of reserpine (0.1 mg/ml MeOH solution) was also shown (E).

RUEBERZ2RTILEWTHY, FauFr by
BOA1 > BEPvR2 (Rauwolfia serpentina Benth.
ex Kurz) OEMSEEEIhZ7I)V A0 RELT

BFH/THS.202 S5E, 35905 R. serpentina I
SEhsiEsidRianih-o 758, BRI
X, BREINTWEEHO T. iboga TIE7<,
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reserpine Z 5 H T AMOMEY, BL X, WD
DOWEPOREMEER L TVRIAREENELSH
7z

2. EEM

Table 1 [ICEBR HEDE TR L /= ibogaine L f
tabersonine D EBFMTIRICBIT 2MREREIBE -
HEZRLE BEEEHICONT, 0.1-1.0 ug/ml
DR EHETRFRERENF SN, ibogaine T
3IMETCBWTHNRERES2.1%, EEE=S59
%, tabersonine TIIfASHIBHERE<4.1%, EES
71% L BIFREER L. Fi2, @memokt
BRA (S/N<3) KRUEERRA (S/N10) &, =
NFNIIT 0.005 KL 0.01 ug/ml TH o /=.

EHWIEICED, & V. africana 815 % BEITIK
UTH#eE, XY/ —)L THHL, ibogaine RTA
tabersonine D A B % LC/MS THIEL /=. &3l
ERER % Table 2 IR LU 7=

BG4 RERS) X, #0.07% ibogaine &5
Bl TWe FEBEEERERELEZELEALGNOH

M7, 81, #0.8-0.9% ibogaine Z&HH L Tz,
B 7, 8 1XHF 4 DK 10 20 ibogaine ZEHH L T
WeZEhE, BEBREOBHEN THDEEZ DN
. —%, B, 3,5 6 (BPESEEE) W
1.0-1.7% tabersonine Z&H L TW/i=, /=, BT
EMRCELZEEZONS8H 2 GrRER) i,
%) 0.9% O tabersonine # &/ L Tz,

BEME LBETFRBOBICR S Nz INY —
DENVE, INETOXMBEL—BHLTBYD, £
A OBRWCERT S EEZ 55, EEHEY
OEDHSVILFEOENVITER TS HWEEDEET
ExW, F T, RKRIZ, DNAHEBRFIMBTICXL S
HIFEEN 2R A7,

3. DNA 9T

TrnL intron fEIR D EHTHER % Fig. 6 I, trnL-F
intergenic spacer (IGS) fEBRODAER % Fig. 7 IZRL
7=. V. africana B V%, tral intron EIRIC B W
T, IXRTH—OEERMNEZRL, EBREER]
5—%& ~R—2Z (DDBJ/EMBL/GenBank) D%

Table 1. Precision and Accuracy of the LC-MS Analysis of Ibogaine and Tabersonine

Linear Range Calibration Curve Concentraitons Precision Accuracy
Compounds (ug/m) (ug/ml) (ug/mD (%) (%)
0.1 1.8 —5.9
Ibogai 0.1-1.0 y=5.4352x+0.0560 0.5 21 0.8
ogaine -1, . . .
gal 2 0.9998
1.0 1.2 1.4
0.1 7 -7.1
. y=5.2582x+0.0854 3
Tabersonine 0.1-1.0 2 0.9983 0.5 4.1 1.4
1.0 0.9 —0.2
Table 2. Chemical and DNA Analyses of the Commercial ‘““Voacanga’’ Products
Chemical Analyses DNA Analyses
Products Forms
Compounds Contents (%) trnL-F IGS Genotypes

1 Seeds Tabersonine 1.1 Type 1

2 Powder Tabersonine 0.9 Type 1

3 Seeds Tabersonine 1.7 Type 1

4 Root bark Ibogaine 0.07 Type 2

5 Seeds Tabersonine 1.1 Type 3

6 Seeds Tabersonine 1.0 Type 4

7 Powder Ibogaine 0.9 Type 2

8 Powder Ibogaine 0.8 Type 2

9* Powder Reserpine N.T.** N.T.**

* Product No. 9 was sold as “‘iboga”
** N.T.: Not tested.
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Commerciolproducts AATTEGATTGEAGCCTTEGTATGEGEAAACCTACTAAGTGATAACTTTC AALTTCAGASS

AFZR4452 L L L L e e e e e

Commercialproducts 6 AAACCCCEEAATTAATAARAAGEGLC AATCCTGEAGCCAAATCCTSETTTTCCACA A XIC

AF214452 L L L L L L e e e e

................................ e

Commerciglproducts ACAAAAGSTTCATARAAACGAAAAAAGGEATAGGTGEGCAGAGACTTAACGEGAAGCTGTT 185

AF214452 L L L e e e e e

................................ 165

Commerciolproducts CTAACAAATGGAGTTEGCLGCE6TTEETAGAGAAACCTTTCCATLOGAAAATTCAG A 220

AF2L4452 L L L e e e

............................... 22

Commerciglproducts AAGG ATGAAGGATAAACGTATATACATACGTATTGAATACTATATGEAAATGATTAZS

AF214452 L L Lo e e

................................ 275

Commercialproducts ATGCCSACCCEAATEAATCTGCATTTTITCTATAAAAAAATAGAAGAATTGEGTGE T 338

AF2A4452 L L L Lo e

............... 326

Commerciclproducts G ATTCGEATTCCACATTGEAAGAAAGAATCEAATATTCATTGATCAAATAATTCATT 385

e ®B1
Commarciolproducts CLATAGTUOUTHETAGATCTTTTCAAGAACTGEATTAATI(GGOALCGAGAATAAAGATAG A 4
AF2L4452 L L e e e e e e e e e e e e e e e e e e e e e e e e 436
Commercialproducts 6 TCLCC G TTCTACATGETLCAATGCCGGCAACAATGAAATTTATAGTAAGASGE 496
AF214452 L L L e e e e e e e e e e e e e e e e e e e e e e e e 486

Fig. 6. DNA Sequence Alignment of trnL Intron Region of the Voacanga africana Products
A dot “.” and a hyphen ‘-’ indicate the same nucleotide as the top sequence and a gap, respectively.

Typel
Type2
Type3
Typed “ e e .
AF214208

Typel
Type2
Type3
Typad
AF214298

Typel
Typa2
Type3
Typed
AF214298

Typel

Fig. 7. DNA Sequence Alignment of frnL —F IGS Region of the Voacanga africana Products
A dot “.” and a hyphen ‘-’ indicate the same nucleotide as the top sequence and a gap, respectively.

B3 (Acc. no.: AF214452)29 & 490bp H 4bp %
&, —HLA SEOWETI, V. africana ®
EEEYRBIZAFTL TWRNED, YEERICH
FEEEMOBBANEZROBEEICDOWVWTOERIR
W, L7zdtoT, GEIOMERENS, BERTY
THBICHRET S V. africana BB OEFREZEE
TBHILITERVA, F—FRX—X LOEFIED
BN S, V. africana 50X, TOHEBGETH
5LEZENE.

—7%, trnL-F, IGS T, SHFEOEFNZ,
FECXS U 4 DOEFNT/HES L (Table 2),
WIFNHF—FIRXR—ZX LDOHYE S (Acc. no.:
214298) &, BWHREMKERLE. INS5OEET
BERRA B EOBRE KT S &, RGFHICBN

T, ibogaine BHBMOT O T 7 A V&R L BS
TARTtype 2 IZHHEEINTND HOD, taber-
sonine FARDTO T 7 1 )V &ERL BT, type
1,3, 4N THBY (Table 2), BLETHERS
BOMICHBEBERERWHT I LI TERM o .
TrnL intron fERIZB NV TIE, TXTOHEED, [FH
—QIEERAZEL TWB I ENS, S5MH, V.
aficana WHIT BNV TR SNz 2 BORS BRI,
FERHEM OEDH 5 VIIBEORVICX 5B D TR
<, FHEMOBNWIERTSZb D EEZ 6N,

7] E

BERS v ITHBICHET S V. africana B I
DT, BREROFET I HOAL RGO ET->
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el Ah, SEMIETORMRTREETS T
AOA RS OBVICE D 2BHEICHEINE T
bbb, B4 REEG) O ibogaine EHM L,
®E 1, 3,5 6 (EFHS) O tabersonine S HET
H5., iz, MBHERALEZBENARHTD 580K
RIBRBIZIOWTIR, BEPCTEETZT IV HOA
Ras, #5 7, 8 Atibogaine BE R, ZL THIG 2
A% tabersonne S HF M LRI NAEDT, £hT
N, 87, 8IEIMBEERKRMLL 28BS, B2
BTFz2RRLLLE-BRTHDEEZSNE. Lh
L, Zheg&A7V 04 ROoEWE, FERHEY D
BEEZED 5 NIEEMLIC K DBV OMIC, BICk5E
WIZEBRL TWSHEREDBETERN, £IT,
Zh o BEITDNWT, gk DNA, trnl-F fHIR D
WEEFTIC LD EFEEEN 2T 28R, TiH
KRBT ZHRT > HERBIX, V. africana D& D
B EFEEHI L TWB &HEESI NS, V. africana
DEDIT, ICE> TEAERFBEERD LD
BEMIBNTIE, ROIHET TIEERICEDK
S73FEY RO BB DTE L TW SN A REET
HEHFEBEN. SEFRLU RS G & BIZT#
WiIZL 5 EFREEN 2HAEDE BRI, V.
africana VRO BEBFERTOFEELLTEH
ThaLBEDbhS.
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Thirty-two psychotropic substances were listed as designated substances (Shitei-Yakubutsu, 31 compounds and 1
plant) in Japan by the Pharmaceutical Affairs Law in April 2007 for preventing the abuse of these substances. Subse-
quently, other psychoactive compounds were also added to this category, 40 substances (classified as 12 tryptamines, 17
phenethylamines, 3 piperazines, 6 alkyl nitrites, 1 diterpene and 1 plant) are controlled as designated substances as of
July 2009. However, new designer drugs are still distributed in illegal drug market according to the results of our annual
survey. This study presents the analysis of four newly distributed designer drugs detected from two products, which were
purchased from October 2008 to February 2009 in Japan. As the results of NMR, GC-MS and LC-MS analyses, three
phenethylamine derivertives, 1-(2-fluorophenyl)-N-methylpropan-2-amine (N-Me-2-FMP), 1-(2,5-dimethoxy-4-iso-
propylsulfanylphenyl) propan-2-amine (ALEPH-4) and 1-(2,5-dimethoxy-4-nitrophenyl) propan-2-amine (DON) and
a tryptamine derivative, N-ethyl-5-methoxy-N-propyltryptamine (5-MeO-EPT), were detected. N-Me-2-FMP and 5-
MeO-EPT were newly identified in this study. Additionally, ALEPH-4 and DON were found as novel illegal drugs dis-

tributed in Japan.

Key words——psychotropic substance; NMR; GC-MS; LC-MS; designer drug; drug abuse

#

HEE, BERT Y (WbOBRERS YY) &
FEN 56O BEAINTHS, Zhbsik
HRESEERORAELTHEAINRTED, Z0DFE,
AR PEALBEICE> TWA, Z0XdnME
XIS B, FR 18 FOEBEEKIEICLD,
R - PREEZEOEMEENDORBEE LOBE
DBENNHLEYROED ZBEEY & U THEEH
TBHZEERD, ERIOE4A1IBLD 298
Glritead 1Y) BSREINE D Zhitk g
EEYOHRBIZEA LD, —FH TH=RBEEEL
{EEPNLERERS v /I HHICHEREL TEY, ¥
B 204E 1 RiZ 5{k&%, ¥R 21 41 AlZiZ 6 bd
MINFH I THEEEME L THREEINE. ZhET

il

EEESEREETAR, SRR LR
*e-mail: goda@nihs.go.jp

2, ERL204E 1 HAICRBIIBESINEZ3ILEYE
BRE, 4098 G91baw 1Y) NEESIhTK
% (ERL21 47 ABRL). 4 2B, ZOL5RK
EEEZ, SBRLBEEYIMFRENINSFET
H5,

ARATE, BERS v JHROREEERER
HE9E U TR 204 10 A-Fh 21 £ 2 AIZBEW E
FOENEBERT v FRRBOSE, RMOE—7
BRHIN8BIZDONT, NMR, GC-MS KU LC-
MS 2B 2TV, FiiCHB TOREI TR
SN AEEBTONTHH RUVRIERSREZRT.
RB, SEBREINZ4LEBDOS B, 3{LEW
W, FR21FE 1B 16 HEOBEEYME LU TH I
3&fn & 172 1- (4-fluorophenyl) -N-methylpropan-2-
amine (N-Me-4-FMP), 1-(4-ethylsulfanyl-2,5-dime-
thoxyphenyl) propan-2-amine (ALEPH-2) & X N-
ethyl- N-isopropyl - 5 - methoxytryptamine (5-MeO -
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EIPT) OBEELETH o7z,
2 R F %k

1. SWEABRORE Ak 20 4 10 A-FEH
Q02 ARERER Sy T HHCBVWTHALL 2
SR (B 1 RS, MK 18R 2oicitl 2.
NMR ] & ¥ 1%, methanol-dy V& Merck #: &
(Darmstadt, Germany), methanol-'2C-d;, DMSO-ds
% SIGMA-ALDRICH : ISOTEC #:# (St. Louis,
MO) ZfHL/. LC-MS OBBHICAVEZT &
FZBMUIVEHPLC /L — REMEHA L. £OH
DOREIHHRRREEERAL .

2. NMR JE #REBNT, BRELZEL L
%, BEETY, BREENL, BB UTHEER
fEzefrot, HEZT>4k. NMR EEIZ,
JEOL 8 (Tokyo, Japan) ECA-600 %\ 7=, |
EREIX H, 3C ThHD, £ NMR ['H-NMR,
13C.NMR, Heteronuclear Multiple Quantum Coher-
ence (HMQC), Heteronuclear Multiple-Bond Corre-
lation (HMBC), Double Quantum Filtered Correla-
tion Spectroscopy (DQF-COSY), and Nuclear Over-
hauser Effect (NOE)] #2175 /.

3. MSRHEARHOREE  BMRERHI 2 mg
IZA¥Y J—)VvZ 1ml ik, BFHET 10 b2
frof. £k, BEERBISOu ZEHL, X5
J=)lvE2ml MATHEMRLEZ. 5T, EA5HE
(Ultrafree-MC, 0.45 ym filter unit, MILLIPORE %t
il Bedford, MA) 21T\, REWZEERDRWTH
FERELE L, b, dBRHIEERNL THiRicH
Wk,

4. GC-MS 9y¥r&# #HiE : [GC] 6890N/
[MS] 5975 MSD (Agilent #), 55/ : HP-IMS
(30mX0.25mm i.d., BEE 0.25 um, Agilent £-81
Santa Clara, CA), ¥+ U 7 —H4 X : He, 0.7ml/
min, FAE: A7V y MV X, AR 14, &
AR : 200°C, 515 ARE : 80°C (1 min hold)
—5°C/min—190°C (15 min hold) —10°C/min—310
°C (5min hold), A >{L¥E : Bl 3k, BRESBE
B 280°C. 7xdB, ZO&RME, BRICHEELE
ERYO—FRNEFR—THB.?

5. LC-MS 9#hsetE & : [UPLC] Waters
ACQUITY UPLC/[MS] Waters Single Quadrupole
Detector (SQD), 515 A : Atlantis HSST3 (2.1

mm i.d. X 100 mm, 1.8 um, Waters, Milford, MA),
57— KA 5 A ¢ Van Guard column (2.1 mm i.d. X5
mm, 1.8um, Waters), BEIfH A : 0.1% FH/KIA
&, BBHMEB:0I%XFBT b MUIVEK, 7
YL MM A/B95/5-20/80 (0~60 min, 5 min
hold), BHIEHEKE : 190-500nm, FHE : 0.3 ml/
min, J 3 AMEE 1 40°C, TAR: 1ul, BRH: 7
+ hF1F—R7 L1 iiEE (PDA) RUEES
brat.

51. BEEBaWEHE AF2fb:xbrhoXx
TL—AF 2 (BSD &, RPT+TE-F, B
YRIES 2 HiE (Desolvation gas flow) : N, 6501/h,
RAIEIRE (Desolvation temp.) : 350°C, d—>&
JE:30V, F¥ESYU—EJE 3000V, HIEHH :
m/z 50-500.

6. SOMEMS i EBE: (14 RE]
Direct Analysis in Real Time (DART) / [BE4#i5t]
AccuTOF JMS-T100 (JEOL &)

6-1. DART & ARIF1TE—K, HAR
B : He2.01/min, H ZABE :250°C, ——RKI B
E:3200V, EfE1:100V, BH2:250V.

6-2. TOF-MS&#H RIF+1+7E—RK, 14
SHARIS500V, UL hO ERE 950V,
UZ7AX1BE ISV, FUT 4 X2BE 5V,
SUVXBE SV, AUT 1+ X LIRE : 80°C,
HIFEHH : m/z 100-500. EEKIE : PEG600, K
EREI#EYE © diphenhydramine (C,;H,NO).

& ®

R 20 EECEW TN EBERS v /I H8G
D56, RO -SRI ShZHBITONT,
GC-MS, LC-MS U NMR IZ X D i &7 o 7=,
TORE, 3BOT72RXFINTIVRILED
(Compound 1-3) KU1 8D Y 'y 3 VRS
# (Compound 4) DFf 4 {LEWASHETEEE R
TSy Tl ELTRHENE Fig. 1). UTFIZZ
NS EYORBEREICET D007 — & 2RT.

1. Compound 1 DEIE HBEEH D GC-MS
SMER—FRBETHRET > MR, 2 RFKFR
8.79 43T Compound 1 DY — 7 SR X N [Fig. 2
(@], TOIAZARY MIVIiE Fig. 2 IZRTEY
Thol. —7F, LC-MSHHTiX, 6.3 51T m/z
168 [M+H]*OE—7 BB [Fig. 3(a)],
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2
1"(
& H g g 4 2 N
5 U 2N MeO. 5, LANZNH, MeO 5. 1aa-NHe MeO. 3a 1
1 P 5 | 1 2
3 /k , ° y 6 7 2
Y st §74Y 27 0Me ON" 472 0me 7 ag 3
1: N-Mc-2-FMP 2: ALEPH-4 3: DON 4: 5-McO-EPT
Q/\(g\ MeOmNHz MBOKI\/NHZ MeO., : A ’NT/
E s OMe O,N OMe N
N-Me-4-FMP @ ALEPH-2® 2C-N 5-MeO-EIPT ¥
Fig. 1. Structures of Chemical Drugs
) Designated substances.
Abundance Abwrdance
g @ || (b)
2000600 00000
1800000 1 800000 3
1600000 ¥ 4
1400000 600000)
1200000 500000
1000000 4 00000
00000 300008
600000 ¥
400000 2
200000 I'4 ¥ | -
iy 500 1000 150D 00 2800 G000 W00 4000 4500 5000 Tig» 5001000 1500 20 "Z00 W0 B0 &0 “"‘1
56 Mz 109 Mmdancs “
4000000 " (c) 500000 (e)
2500000 N 000 miz 44
~ Compound 1 <000, MeO. NH, Compound 3
2500000 F ot
I 258 3:;"; ON OMe
1508000 2000001
1008000 1 150000}
mof o r w M 100000 M1
Coae B | osm | WimwlFw | 18 80030 0 s T N s B yyus W Wop zm 20
D N I I T T G 0 TIO T 1 07 150 0 0 290 2oz
|/ Lind
[rtendance | r—
100
140000 Compound 2 z (d) +eonoms S
1300000 Compound 4
1200000
1100000 miz 180
o0y d
500000 MeO. N
800000 L
700000
00300 N
500000 H mz 100
400900
B o w M
LM tooo0f 43 2 g b w7 1 P %0
. ) R TR R

Fig. 2. GC-MS Data of Two Products

GC-MS chromatograms of the extract of two products (a and b) . GC-EI mass spectra of the detected peaks at 8.79 min (1: N-Me-2-FMP, c), 26.30 min (2:
ALEPH-4, d), 26.61 min (3: DON, e) and 38.74 min (4: 5-MeO-EPT, f).

UV AXRY RV Fig. 3()ICRTEBO TH o /=,
E 51T, DART-TOFMS IZ X 2 EHE BT T,
m/z 168.11806 iIZ [M+H]+tD¥ — 7 BRI h,
MR iE, CoHisFN (B FhfE 168.11885, —0.79

mmu) EHEEI N,

INSHRIZ, BEEDT

# % N-Me-4-FMP DX X7 MVF—FIZEERIL T
W9 RIZ, NMRBI@2f7o7=&23, AFJ
# [0y 1.24 ppm (3H, d, J=6.5 Hz), J, 15.7 ppm]
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100- 1881 (a)
[M+H]*
N 2
L1681
1374
B THY % i l L Ly L ¥ ¥ Tiv 1 ¥ ) 1 m
50 100 150 200 250 300 350
100 2703 ) H
[M+H]" 6.0e-2
4 0e-24
* 2z 3
2.0e-24 263 a8
- 0.0- nm
250 300 350
c
100- 212 (© 6.08.241218° (8
[M+H]* k
/ 40e29 |, o
E3 " 2 K
3 2788
\ 2.0e-2-
bs22 s
2022 E
¥ WIOE ES——— S ——— ¥ 0.0 nm
100 200 300 400 300 400 500
180- 213 (d 208 G))
[M+H]" E
/ 7.5e-24
# 2 5082
0523 3
1000 ’ 2.56-2 z59
1744 “
O-bediebrrmeprirpreptretrrreere VI 0.0 am
100 200 300 400 250 300 350
Fig. 3. HPLC-ESI Mass and UV Data of Compounds 1-4

HPLC-ESI mass and UV spectra of the detected peaks at 6.3 min (1: N-Me-2-FMP, a and ¢), 18.2 min (2: ALEPH-4, b and f), 9.6 min (3: DON, cand g) and

12.4 min (4: 5-MeO-EPT, d and h).

BN N-AF ) [0y 2.74 ppm (3H, s), J. 31.0 ppm]
BEBXNE. E7m, 6 116.7, 123.9, 125.9, 130.8,
132.9, 162.6 ppm I C-F hwFU 7 EEZ BN
E—r B 5= (Table 1). —7F, oy 7.14, 7.18,
7.32,7.34 ppm (each 1H) IZEAIZIN4DO0D7 0
T4 7abE, 1L, 2BBRR B LHES
NehyFUTRRLEZEMNS, AABBEO
w2 ERT N-Me-4-FMP 13RIz 5LE
MEEZ 5N (Fig.land Table 1) .9 & 5 I

HMQC, HMBC, DQF-COSY, NOE % Jls, f##iL
=% % (Fig. 4), Compound 1, N-Me-4-FMP
DAL BEMIKTH B 1- (2-fluorophenyl) -N-methyl-
propan-2-amine (N-Me-2-FMP) & [REl&E L 7= (Fig.
1 and Table 1),

2. Compound2 @ [E%E  GC-MS 7 #f © %
B, REFEFR 26.30 4012 Compound 2 DB — &7 78
BHEEN, m/z2691C MI*OHTFA A E—2H
BElah [Figs. 2(a) and (d)]. —%, LC-MS
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Table 1. NMR Data of Chemical Drugs®

N-Me-2-FMP in methanol-d, ALEPH-4 in methanol-d, DON in DMSO-d;
No.
BC 'H HMBC? BC 'H HMBC? BC 'H HMBC?
1 33.5 3.17, 1H, dd, 2,3, 1,2,6 387 2.78,2H,m 2,3, 1,2,6 35.0 2.95, 1H, dd, 2,3,1,2,6
J=13.6, 4.8 Hz J=13.0, 6.7Hz
2.86, 1H, dd, 2,3,1,2,6 2.83, 1H, dd, 2,3,1,2,6
J=13.6, 9.3 Hz J=13.0,6.7Hz
2 56.8 348, 1H, m 1,3, 1, N-Me 48.80 336, IH,m 1,3, 46.6 3.46, 1H, q, 1,3, 1
J=6.7Hz
3 15.7 1.24, 3H, q, 1,2 205 1.17,3H,d, 1,2 18.4 1.14,3H, d, 1,2
J=6.5Hz J=6.5Hz J=6.7Hz
1 123.9, d, — — 127.0 — —_ 132.2 — —
J=14.4 Hzo
2 162.6, d, — — 152.9 - — 150.8 — —
J=244.2 Hz?
3 130.8, d, 7.34, 1H, m, 1,2,5 117.2  6.96, 1H, s 1,2,4,5 107.6 7.51, 1H,s 1,2,4,5
J=7.2Hz? overlapped
4 116.7, d, 7.14, 1H, ddd, 2,5 123.9 — — 137.9 — —
J=23.1Hz? J=10.3,7.9,1.0Hz
5 125.9, d, 7.18, 1H, td, 1,3,4,6 154.3 — — 146.3 — —
J=29Hz9 J=79,1.0Hz
6 132.9, d, 7.32, IH, m, 1,2,5 1159 6.82,1H,s 1,2,4,5 117.6  7.28, 1H, s 1,2,4,5
J=4.3Hz? overlapped
1" —_ —_ — 37.5 349,1H,m 4,27/3" - — —
27/3" — — — 23.4 1.22,6H,d, 1" — — —
J=6.5 Hz
2'-OMe — — -— 56.4 3.79,3H, s 2 56.5 3.81,3H,s 2
5'-OMe — - — 56.9 3.81,3H,s 5 57.2 3.88,3H,s 5
NH, — — — — -— — — 8.00, 2H, brs —
N-Me 31.0 2.74, 3H, s 2 — — — — — —

a) Recorded at 600 MHz ('H) and 150 MHz (1*C), respectively; datain é ppm (Jin Hz). b) J=8 Hz, The proton signal correlated with the indicated carbons.
¢) Observed as doublet signals by coupling with fluorine. d) Recorded in methanol-12C-d,.

o

3: DON 4: 5-MeO-EPT

DQF-COSY  smammn

HMBC -~
selected NOE -°7 7%

Fig. 4. HMBC, DQF-COSY and NOE Correlations of Compounds
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ST, 18.2 40 m/z 270 [IM+H] T DY — 7 43
BEEn [Fig. 3(b)], UV A7 ML Fig. 3()
WRTHEOD THoz. I 51T, DART-TOFMS T
2R EEEDHMTIE, m/z270.15351 i

M+H]tovr—288Alxh, #HRRE, CuHy
NO,S (FEh{E 270.15277, +0.74 mmu) EHFEIH
2. RiZ, NMRB@Ez2fro/z& I A, AFIVE
[0y 1.17 ppm (3H, d, J=6.5 Hz), J, 20.5 ppm], 2
DDA MFIE [0y 3.79, 3.81 ppm (each 3H, s), &,
56.4,56.9 ppm] RUA V7O E [dy 1.22 (6H,
d, J=6.5Hz), 3.49 (IH, m)] &&ZZxvhdL—7»
WNEB SN~ (Table 1), F/z, 220327 Ly
br7oRFaw 70k [dy6.82, 6.96 ppm
(each 1H,s)] O —I7BBAIZNEZZI MG, 2
W1, 2, 4, SBRRCECEEEETSLEESN
72. ¥BIT, 1 RITENOE ZRIE L=k, oy 6.96
ppm D7 O T4 w7 b>y (H3) &, 2L
DARFVERTrYTOCVE (H-17) SHB
NHEN, —F, g 6.2ppm DT AT 4w IS
Ok (H6) i, SCEOAMFITE, XFL 2
(H-1) RUORAF> (H-2) LHHERHSN= (Fig.
4). I, BE2KTNMR ZHRIE, L
B (Fig. 4), Compound 21, 1-(2,5-dimethoxy-4-
isopropylsulfanylphenyl) propan-2-amine (ALEPH-
4) EFIE L7 (Fig. 1 and Table 1),

3. Compound 3 DFFE GC-MSH#HzEfro
kSR, R 26.61 4312 Compound 3 D —
IR ERN [Fig. 2], TOTXZARY MLiZ
Fig. 2() IZ;RTBO TH Y, m/z240i2 M]I+D45
FAF - E N/ LC-MS 44 Ti3,
9.6 M m/z241 [M+H]ITOE— 7 NEHEEH
[Fig. 3(c)], UV A% MJVid Fig. 3(g) ITRT &
DTHo. X5IZ, DART-TOFMS iT &k 5855
BEHSWFTIE, m/z241.11955 1 [M+H]+tDOE—
BB, BRRXE, CLHENO0, (BiRE
241.11883, +0.72mmu) E#EEI N, KIZT,
NMR Blfg #7272 &2 A, AFIVE [0y 1.14
ppm (3H, d, J=6.7Hz), 6, 18.4ppm] KU 2DD
ARNFE [0y 3.81, 3.88ppm (each 3H, s), I,
56.5, 57.2 ppm] OB — 7 HBEHEI X /= (Table 1),
Fi, 220327y NFuRTFaovsTaRy
[617.28,7.51 ppm (each 1H,s)] O — 7 MEH X
NEZEND. 31 1,2,4, s BNV OBEEE

THEHEINRE., 51T, 1 RITNOE 2HEL
TeRER, ou7Slppm DY O T4 v 77Ok
(H-3) 1, 2fLOA FELEENA LN, —
#, ou728ppm DT O F 1w 7ok (H-
6) X, SMDOARFIERUTAFL > (H-1) &
HESH BN (Fig. 4). 51, 882 KT
NMR Z#lE, @ L7-&R (Fig. 4, Compound
31X, 1-(2,5-dimethoxy-4-nitrophenyl) propan-2-a-
mine (DON) &[E@E L7~ (Fig. 1 and Table 1),

4. Compound 4 D[FE Compound 4 {Z D
TiE, "B GC-MS & fro72& 25, &
FelEME 38.74 Fice— U kit Eh [Fig. 2(a) ],
FDIAANRY MVIEFig. 2D IRTED ThH o
7=. LC-MS 7 #F T, 124 212 m/ z261
M+H]*OE—7 38#En [Fig. 3(d)], UV X
K7 MUVE Fig. 3 IZRTED Thol. ITHIT,
DART-TOFMS Z X 5 EHEE ST T, m/z
261.19677 I [IM+HI*OE—7 MBS N, HER
Hld, CieHasN,O (BEER{E 261.19669, +0.08 mmu)
CHEFEINZ. RIZ, NMRBIEZRToREZ 5,
2DDAFLOE—Y [C-1” (64 3.24ppm (2H,
dd, J=16.2, 7.6 Hz), &, 54.0 ppm), C-2" (Jy 3.09
ppm (2H, m), 6. 21.8 ppm) I RN A hF I HDOE—
%7 [Ju 3.82ppm (3H, s), . 56.3 ppm] HSEHIX R
7= (Table 2). F7=, dy 6.78 (1H, dd, J=9.0, 2.4
Hz), 7.04 (1H, d, J=2.4Hz), 7.24 ppm (1H, d, J=
9.0Hz) IT1,2, 4 BRNCELMEEEIND Ny
TULTERT3IDD7ORT w70k HE
HaEhadEEHIZ, 6y 7.13ppm (IH) T3> 7L
v hOTUORT w770 RERE N (Ta-
ble2). &6, TFIVE [C1” (dy 3.14ppm
(2H, q, J=7.4Hz), J. 48.9 ppm), C-2" (Oy 1.27
ppm (3H,t,J=7.4Hz),5.9.8ppm)] &EZbh5%
V- Nz CheBRI, BEEWTH
% 5-MeO-EIPT D ARZ MV —# BRI L T
.9 LML, 5-MeO-EIPT OV F O L EIZH
REBE—TEFBHEIHT, Y RbvicFTo )V E
[C-1" (0y 2.98 ppm (2H, m), J; 55.5 ppm), C-2”
(6u 1.69 ppm (2H, m), &, 19.0 ppm), C-3” (Jy 0.98
ppm (3H, t, J=7.4Hz), 6. 11.5ppm)] &EZbh
BE—UNERAEN/Z (Table2). EHICHEE2 K
JT NMR Z #IE, Bl E#E (Fig.4), Com-
pound 4 |, N-ethyl-5-methoxy-N-propyltryptamine
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Table 2. NMR Datum of 5-MeO-EPT?

5-MeO-EPT in methanol-dy

No.
13C H HMBC?
2 124.6 7.13,1H, s 3',3a,7a
3 110.7 — —
3a 128.5 — —
100.9 7.04, 1H, d, J=2.4 Hz 3,5,6',7a
S 155.2 — —
112.8 6.78, 1H, dd, J=9.0,2.4Hz 4',5,7a
7 113.2 7.24, 1H, d, J=9.0 Hz 5,3a
7a  133.5 — —
1 54.0 3.24,2H,dd,J=16.2,7.6Hz 3',17,1"
2 21.8 3.09, 2H, m, overlapped 1,2,3,3a
1" 48.9 3.14, 2H, q, J=7.4 Hz, 1,27,17
overlapped
2" 9.8 1.27,3H,t,J=7.4Hz 17
1”555 2.98,2H, m 1,17, 2" 3"
2" 19.0 1.69,2H, m 17, 3"
3" 11.5 0.98,3H,t, /J=7.4Hz 1", 2"
5

OMe 56.3 3.82,3H,s

a) Recorded at 600 MHz ("H) and 150 MHz (13C), respectively; data in
Jd ppm (Jin Hz). b) J=8 Hz, The proton signal correlated with the indi-
cated carbons.

(5-MeO-EPT) &RE L7 (Fig. 1 and Table 2).

N-Me-2-FMP, ALEPH-4, 5-MeO-EPT X, & h
Th, ER21E1 AXOHEFISNZEEEY TH
% N-Me-4-FMP, ALEPH-2, 5-MeO-EIPT O #4558
Pk TH-7= (Fig. 1). £/, DONIZ, ok=
UEBE (5-HT,) O7 IR NTH B 2-(2,5-
dimethoxy-4-nitrophenyl) ethanamine (2C-N)® @ %
HBETHok (Fig.1). 723, N-Me-2-FMP, 5-
MeO-EPT R4 EIHO THESNZHDTH D,
ALEPH-4, DON IZDWTIZEMNTH O TH@EHR
HeENEHDTHS. DONITHEEHE M OBRB X
N, E»O3LEMI, WThbE—BRERS N
SR ENE.

% =®

N-Me-2-FMP i3, 4EZ)® THRESNLE?
THol. —FH, NN-FEAFNVIEETH S 1-(2-
fluorophenyl) propan-2-amine (2-FMP) %, K-V
RUBATORBEIBE TN TS, 7 HEER
KL TREAHETHS. Lorl, 2-FMP OREME
T& 5 1- (3-fluorophenyl) propan-2-amine (3-FMP)
R, {EEHEYWTH S 1- (4-fluorophenyl) propan-2-a-
mine (4-FMP) ¥, £/ 7 I VWODAALHEER

RE/T I VEBMERREOHREESRERT
ERREINTNS. "D =, bhbhofrok
EETH, 4FMP KT N-Me-4-FMP #5805 v
MNCEHBEHERUVCEEROERRENNA SN
1 Ui=gio T, ZOREEMENS, N-Me-2-
FMP IZH RO R IREHAZ RTINS I N
5. ALEPH-4 ZBELTIE, ZhETIEEERD
WET RV, LEEYYE mescaline Z2EE L
Quantitative structure-activity relationships '
(QSAR, EEMIEMAMEE) LR EDLFEEEZHN
2N ONOFMEIETIE, FEEMOBENLIEEYE
MREBENTWS, 1419 DON ORBERICEL T
i, SHT I 582D I &%, RUAR
LIV EREREZETH I EBRBRICHSEINATY
% 61718 F 1 5.MeO-EPT X4 EHFO TRIEIN
ALEMTHHA, BEEYTDHD S 5-MeO-EIPT
D4V FaEERTOE IV EICERIN-LEY
TH5.9 Lo T, TOBEEMENS, Rk
OPRERAZRT I EBNTFEHINS.

SERHE N 4LEMDO B, 3{LEYN, F
B 21 5 1 HICHBI I N8 EEY OBEEMAET
BolIEMD, 5%8b, 2 OHERESEELE
BYNEBERT v RS E U THET BN E
Hahd Fi, BEPICH—-OBERS YRS
ERAESESETTRL, B—R/{BPIcEEEDRE
BRIV ERAIEZ T —2ANSEBMT 3
ZEHTFHEINSG.

& E]

ER 20 FECBERI v HBRBWTHEWE
FTeh=8BITDONWT, GC-MS, LC-MS kT8
NMR IZ XD 21T, FIRRERERS v T
FELT, 72XFINVTIVRILEHTH S N-
Me-2-FMP, ALEPH-4, DON, RURNYTFHI 2%
AWM TH B 5-MeO-EPT D 4 (k& EREL .
723, N-Me-2-FMP, 5-MeO-EPT 34 [8 %)% T [H
EINZILAYWTH Y, ALEPH-4, DONIZDWT
FENTHD TRENED SNLAYMTHS. &
WRAERE, SBRORENTFEINIFREERS
v RS, BEAIORHIAHEY 2T 2B0F
BRRFRNEED 1D THEEELLND,

HE  APRR, BEFENEHARMESL
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Simple and Rapid Screening for Target Compounds Using Direct Analysis in Real Time (DART)-MS

Direct Analysis in Real Time (DART)-MS
EAUHEREORENE
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1. BU®IC

BE, RL eWROGHFEL UTHEESTESER S A
TV, FiekAF VEORARICL Y, BEAGEHSEMSD .,
SHBIRECAWETNT B I LA TREE o TE M,
NoDAF LBEBEBCIER - BEE. L —¥F—BHSD
BT &2 T 5 REND 5720, HEAMICIZEE S h-kED
AFX Y EEERAT 3 L2k 3, Direct Analysis in Real Time
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fa - MRkHE e, SRR T 2 Y LT 3 Fe R
ERRBHh ORE Y-, B HIEMIEO SRS, sk
2y - s, BEEOAL Vw7 OMEE4 & SVEEEE]
BRE IR T2, BT, Hi4 v 71 VAR
(HIN1) EMEET ST L—x Y —REHHAMIZDONT,
ML AN AEA Y FaR—Y g v Lt 94 LE
HIZHEA LT 3 LA & EHEDART-TOFMS T4 #7345 =
LIDED, BHEAAMOERET > TOAREME S hT
VB, AT DARTA A Y LEIZ DV CRIBIC ST
Ll dil, ReDWFMGRE PO, EEMIBEOR S
AR B AT I ERIC RN & A RS
DN OBRBIZDNTIERT 5,
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2. DARTA # 1{ti&

2-1. DARTA & v{bkokH

DARTD 4 # V{LEE L, BHZIREOE T - 5 F»ARR AV
AR EMEMEAT S Z L 2E3< (H1)v2%, DART
ITEAZNEHZ (FITAY T2 L RER) B=—FL
BROBBIIED I XvE2FET S, 77 XPOHER
FOKEBHAET 4 A0 BRRO Y 9 PERICKOREE
L, FHBIREED PSRBT DO AN KEA ZHNHH E N3,
IO, =2 —IlkD HZXEMET S Z L TRBORIEK
UWE L H 6 DRSS A {BE L, KoBBEMICA 4V kE
TOZENTEEL BB, "YU T LEFALBAEDEAAY
LA, HEIREED ) & 4 & R R DK FHMEEfER
FTBEZLIZEDERTEARDI X Z—AF 2V OFEEZ R
IZES 7o N UBEBRBEEAGhTED., SR ERIGL
TEIZ [M+EI*SER SIS, £, B4 4 LR,
FIRICARFORGFRUOBRSTF L OHEEEMAICESS S
o b VBBRIETH S LfEES R, TiC [M—H]- 2k &
NB, 44 ahZEIZ. DARTICEA T 5 4 AHEPEEIC
0T B2,

2-2. TLCLDARTA A {bik

BibkLk5 iz, KRET CREMBI -RET, R
FEREEMDbTEREA A Y LETS> =0, B~ b
74— (TLC) OV — b ETHEEL 7308 & T
THIELETRETH B0, ZORE, FL— b EIZZY &
U-LEBEMTEILICKD, BEMICESELTLED
(A)

PFrfumted Gas heater Orifice corn
disk electrodes
s, Gasout
Gasin ~_{ “p" EESRE R Y
1BEE ukaldyl %6
@ &
Detecter
- MS
Needle electrode Grid elecirode Sample

Samples
Solid: pick up samples with tweezers
Liquid: dip a glass rod into samples

Powder: wrap samples in a piece of
glass-fibered paper

(B)

Place samples between the ion source

0.

(1. DARTA # LD L < &P

NI AR E_ LR, BUC X B KA E OB EEERT
LENRPEEHETE B9, TLCHEFELDEFETH Y, ik
B MY 9w 22FBTERBO—RAZ ) =V FHHHIZE
EHXRBH, FEEL 2RI OMERIC OV TIE, UVIRIR
EEREIIFEL 2227, BEUEN+HHEEEL A\,
DART-TOFMS# ¥ 5 Z &ick b, 4HL - RS DOERME
EFMABZEEL, TLICS VL — F E5HEL 2B D TR
HEEHTREL 2 0. BIRAMLAMOBEERE R HHARD
BEICBWTHERAOMFEIIEZ L EL I3,

2-3. DART-MSHIEIZI51) 2 FIitE L 't
DART-MS#IEIZ, [HMBEA 4 VIBIch X T4 &0
RERAR TS 52502, FERAR ORI & ARE L
EhT&EE, UL, STEET, 44 VLEF 2OEHE A
BOWER. EECHEES. SRR OBEBI G L B8y
YTNEABRENER SN, —EOLHFTFTTREO L AV
Lo mggL o, F—2OFEESREL 2, £, BR
BEMELTBA A VLB ADEEANEBEOBELN
ZB7DII, BEMMBELDA V& —T x 4 AEHEHE
Ry TEBER U CERAMEBNOEZN S ¥ 2 &R 5%
BICAF VEEATEZ L&D, BBELELELTH S,
Shaoxia Yub i&, DARTIZ # ¥ 5 A EHBIE B0 et 412
#tL (DART-MS/MS). I#EREF OB 4 H3MOHE 417
V. BEY Y FLVEARRKE O EBOSTOBERYE, B
E. BEEREIL TV, ZOER, v MEh~y Y
Anxzyd= (FLESEWaH 4 ORI OBHFTIL.
1 MIBEICH T 2EEEAR (n=9) O - /EEOHH
% (% CV) 331%ThH-7z, £/, 2ng/mLA 520, g/mL
D4 Zisbl 3EVRERGRECERE S o1, BE (%
CV) RUIEFEE (% Bias) HICBIFLERERLE, 55
20 KY 2T A& FWHRE 7 v | OSBRI @R U 7
L2, Whkouv b5 7EE (LC) IZMS/MSEEREL
THBERE L2384 L. DART-MS/MS#% Fi v THEEHIE L
IBEOMBEREYREICKE EXRERBYD S hkd 572,
AVBER (Mg, E8AEC 12—, FIsuy-2%)
PHRELTHHAMED~ MY o AR EED, 7R
FATFRYOEIIZ, (CAEPIZK > TEBEE AR %2 1TH
BOEREVRBELIE b 505, BYERORELE, BB
HAREE Eh 5 ERBOTESFICE . DART-MSIEEA
uRELEZON D,

3. BEEEYIORS I~ DR

3-1. WRER F T v SR OBST 53 H
M4, FREEPHAVAIGE DAL LT, MK F 72
BRI B4 25 (LS Y 2 O R & R TR
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F. BLHINTVA, EEF I v 7 &3, —c, RERY
PP SRREE B [HEE] %7203 ik cidge &
nTwzus, 2hs LENOEEEEETL L rEbh
BWE (ABWIZARSh-8 0, RARMEUFHIcHERT
B3LDEED) THh, s ADEMHIHTSZL%H
e LTEbE, IRB%Shs 8D ERT, BT - /85
BHRRIE T, —RIIBEEHOR EX T ALY g v,
AV —3y Ve ETEBIIATBARTH > 25,
BICEDFEOMTEIE L, @EFEERHSOEEFNAE 2
BEizof, ThoDOREICHRT L, 200695 (FH18)
OIEFERIEIZ L D, FRRI9FELR & 0 IBEZHIEE 2 1T
Eh, BEF I v ST MMM EhE, LL—F
T, BHIAE L < & - 2 LEABRALAORER L LT, §
WERRE LSS EHREEF 7 v 7HlR) ORESE
SEREEE R ->T05, Zh6DOBFEIE, RSO+ E
BL., RO, Bk, BT, Mg ke skak
RECIRSE A N0 . BEEEOWIHE SRS I T TI
FEINTNBED, ERICED LD LEHRRAHEETh T
BB EESTOEVEDHE N, DD, £,
% DRMOFBHERSIZ OO TONEETS L L iz, FE
DR EFHTE200, YEOBWA Y —=V FFHED
BREDEELBEE A>T\ 5, R4 IZEEED. B, B

KEOHELE T IMIRELF 7 v 736 ({8 —F
v FEES) o0 T, MEEESOMAE A TH IS,
DART-TOFMS# B WT, REMLEHHRIERTTH 5
YL I YVA AZHYV Y NI Ay, NN
PAFALPYTEIVREYELTT I FOMLAMOHIH
Fita (H2), ZORE, 218R» 655 & L6k
AHOVThPICEYE TS [MHHI* M A v BELEY - &

e Ny /TN
l \ 7
°\ NSy
0, H
N
Salvinorin A Mescaline Hanmine
Ny
s !
: N M
/C[Q [ ]:i NN H
~, -
N ; ]
THarmaline N, ¥-Dimethyltryptamine (DMT) Lysergamide (LSA)

2. ggﬂ&t LAEMREBEE RSy TRBICEEh 3L OR

Salvinorin A [M+H-60]* DART-TOFMS . i B |
(A) arasetes LCMS , w433 [Salvinorind
- [M+HT
TIC - i [T
b I
Salvinorin A [M+H] o
10871 miz 433
3217037
/z 373 )‘
1210%01 27920502 43218216 ; n
09, Lt e d g Ll b T e et
i w40 TR s 5 10 15 20 25 30 min
: DART-TOFMS § mic2i
o LC-MS
(B) Mescaline [M+H] * IM#H]

-
Mescaling je
-

= TIC
T Ao

NA m/z212

T £ T T T T
5 10 15 20 25 30 Win
Harmine {M+H}* DART-TOFMS " w243 LC-MS
© 21310867 - M
M - TIC
A
. - Harmine .
Harmaline [M+H] miz 213
21611759
21470541+ Harmzﬂint
5 21612811 2 m/fz 215
sagegng, MOQS PRICTEN | sm gy sz 7 % v = 7 ¥ ﬂ
e 409 60 (/) s 10 15 2 25 3p in

[3. BHEMBEE KTy THRONE, DART-TOFMSD T AXNRY MV BRUA & / —ILiHMOLC-MST AL o907 bS5 4
(A) “HILET” (BRERE. DBRPYNES U LARE). (B) “Yo~rO” (SRY£7VHE. OERS A XHY SBH).
(C) “NI=5" FBFEH. NI BUNLTY LEH)
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Utk &h, E5ICKBEEERE K O LAYOMBHERE 17
ST T, EERTOHEENTRETH > 72, /=, FIRIT-
EHEBOX S 7 - LM OLC-MSHIE SR & DART-
TOFMSHIER B LB L L Z 5. Bl mEES
HETERII—FH LA, ZThesWROMUEHBRDRER %3
AT, PLEORERS» 5. SHESHER & Ui
B &SR BRI 5 DI, DART-TORMS % BV 7=43
MENZFETH S Z LR E N, BHE, Jh5iEmR
HELCMSTHAMT BIRIZIE, BB AEE AR A5
1H & 7= 0 ISRRE L E TH 5 5, DART-TOFMS % F»
72 IR ARG, IR & 15188 L IEE I
HTHB, &5ICDARTHIZIZHEARBEZMET. WD
A, BUL B, 5 BRRS 2R TE 3, Lo
T, AEORBEL»EL T, B2 LCMSEOM5L
BESHIFHEORBE L TEHVWBEZLAHETHD, XY
— SV SHEROBEEEED I LN TES, —KAY
Y — = 7 % DART-TOFMS TiT 5 7. LCMS®# 2o 1
< + &5 7ERSWE (GCMS) SO5EAMFEEMNT
BRADRE. EEBETS LW ) —EHOFESEEEF 5 v
FOGEE LTERATH 3 EE L bR,

3-2. THECHE L B X h 3 MW OBER ST
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KEREURIE ., R R AR A E R U b A B D
FETH L S BSOS S hTo sk e LT,
Kk (Cannabis satival.). Y us ¥y - vuv v %8615
GIEMEDOIE (WhWBEv Py svydalb—4a) RUS
~+A (i} U Papaver somniferum L.J U Papaver setigerum DC.
DERBEARICBE DT THRAL B 2B LU TEBEL -
Z0) ICEHL., ZThoilF PO EEERS S IZDART-
TOFMS# WM L7z, BAcHidG e Li-Smicgash
BEEBEERTOBEETLKL -, 4. K5IZ&EHBO
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[M+HIHIcHE% T a4 v ELE -2 LTRETEZ L
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