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Differentiation of 2- and 6-isomers
of (2-dimethylaminopropyl)benzofuran by
tandem mass spectrometry

Reliable identification of new psychoactive substances of 2-(2-methylaminopropyl)
benzofuran and 6-(2-methylaminopropyl)benzofuran is problematic when analyzing by gas
chromatography-mass spectrometry method. It found that these two isomers can be reliably
differentiated by MS/MS spectra obtained by collision-induced dissociation of their protonated
molecules.
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Aunddpepenuymaums 2- n 6-nsomepos
(2-MeTunamuHonponun)6eHzodpypaHa MeTogoM
TaHAEMHOM MacC-CNeKTPoOMeTpum

[locToBepHas naeHTU(MKaLUs HOBBIX MCUXOAKTUBHBIX COBAUHEHNI 2-(2-MeTUIAMUHONPON)
6eH3o¢ypaHa 1 6-(2-mMetunamuHonponui)beHsotypaHa npobnemaTuiHa npy NpoBefeHUN aHa-
JM3a METOAOM XpOMaTOMACC-CNEKTPOMETPUM. YCTaHOB/EHO, YTO 3TV [Ba M30Mepa MOryT ObiTh
HafexHo audcepeHumpoBaHbl no MC/MC cnekTpaMm, MonyyYeHHbIM B pesy/bTate AuccoumaLmy,
VHIYLMPYEMOIi COyAApeHreM, X MPOTOHMPOBAHHBIX MOMEKYIL.
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CNEKTPOMETPUSI; MACC-CrEeKTPOMETPUS BLICOKOrO PaspeLLeHms, MacC-CreKTphbl 31eKTPOHHOM MOHM-
3aumm, MC/MC cnexTpbi.
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The compounds of 2-amino- isomers: 5-(2-aminopropyl)benzofuran

propylbenzofuran appeared on the illegal ~ (5-APB) and 6-(2-aminopropyl)benzo-
market of new psychoactive substances furan (6-APB) as well as their N-methyl
(NPS) starting in 2010 [I, 2]. Among derivatives (5-MAPB and 6-MAPB, re-
the most known (Fig. 1) there are two  spectively). The compounds 5-APB and
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6-APB are serotonin receptor agonists and
their pharmacological effects are similar
to amphetamine-type stimulants [3, 4]. In
the territory of the Russia the circulation
of 5-APB, 6-APB and these N-methyl de-
rivatives is controlled by legislation.

Since mass spectra of electron ioni-
zation (EI) of isomeric compounds of
2-aminopropylbenzofuran  have very
significant similarity, the question of dif-
ferentiation of these compounds is the
important practical problem associated
with the reliable identification of the
compounds and their metabolites. When
conducting analysis by gas chromatogra-
phy-mass spectrometry using typical gas
chromatography columns for drug iden-
tification with dimethylpolysiloxane non-
polar stationary phase (such as HP-5) the
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differentiation of compounds 5-APB and
6-APB or 5-MAPB and 6-MAPB is pos-
sible due to the differences in the values of
parameters of the chromatographic reten-
tion of these compounds (Fig. 2) or their
acyl derivatives [3, 4].

First in Autumn of 2015 we found in
the illegal trafficking another compound,
isomeric 5-MAPB and 6-MAPB, namely
2-(2-methylaminopropyl)benzofuran
(2-MAPB), whose structure was reliable
established using high-resolution mass
spectrometry and two-dimensional NMR
spectroscopy.

Compound 2-MAPB (Fig. 3) has not
only very similar to the 6-MAPB EI mass
spectrum (Match factor more than 900)
but the same chromatographic reten-
tion parameters (retention index of the
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Fig. 1. Chemical structures of most common derivatives
of 2-aminopropylbenzofuran on the illegal market
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Fig. 2. Comparison EI mass spectra and chromatographic retention indices (GI)
of compounds 5-MAPB (top) and 6-MAPB (bottom) according EKBDRUGS library [5]
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compounds GI=1546) [5], which does
not allow to distinguish reliably between
these compounds. The same values of re-
tention indices were registered by us [5]
for methyl (GI=1611) and trifluoroacetyl
(GI=1749) derivatives of 2-MAPB and
6-MAPB.

To address the question about the
possibility of accurate differentiation of
2-MAPB and 6-MAPB using mass spec-
trometry we have considered different
method of mass spectrometric ionization
of compounds. As this method the ioni-
zation by electrospray was chosen, which

is increasingly used in the determination
of drugs and their metabolites. Registered
in terms of collision-induced dissociation
(CID), high resolution MS/MS spectra
of protonated molecules of compounds
2-MAPB and 6-MAPB (Fig. 4) and their
methyl derivatives had significant differ-
ences that allow to identify these com-
pounds easily.

Thus, in the MS/MS spectrum of
2-MAPB as the main product ions with
m/z 58,0654 (100 %) and 159,0804 (1 %)
were observed but in MS/MS spectrum of
6-MAPB ions with m/z 159,0804 (100 %)
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Fig. 3. The chemical structure of the compound 2-MAPB and the comparison of its EI mass
spectrum with mass spectrum of 6-MAPB (bottom)
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Fig. 4. Comparison of CID spectra of protonated molecules
of the compounds 2-MAPB and 6-MAPB
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Fig. 5. The probable structure of the major fragment ions in the CID spectra
of the compounds 2-MAPB and 6-MAPB

and 131,0492 (36 %) were observed. The
intensity of the ion with m/z 58,0644 in the
spectrum of 6-MAPB did not exceed 1 %.
The differences in the spectra can be
explained by the advantageous formation
of stable cyclic structures for ions with
m/z 159,0804 and 131,0492 in the case of
compound 6-MAPB (Fig. 5). In the case

CoenyHeHust  2-aMMHOIPOIMIOEH-
3o¢ypaHa NOABWINCh Ha He/lerajibHOM
PBIHKE HOBBIX IICMXOaKTVMBHBIX COEJVIHE-
numit (HIIC), naunnas ¢ 2010 roga [1, 2].
Cpenn Hux Hambosee u3BecTHHI (puc. 1)
[Ba m30Mepa, 5-(2-aMmHOIpPONNIT)OeH-
3opypan (5-APB) n 6-(2-ammHompo-
nun)6ensodypan (6-APB), a Tawke mx
N-metunbubie npoussopubie (5-MAPB
n 6-MAPB, coorBercrBenno). Coenn-
HeHus 5-APB u 6-APB saBndaorca aHTa-
TOHMUCTaMM CEPOTOHMHOBBIX PpeIenTo-
POB U 10 cBOeMy (hapMaKOIOIMIeCKOMY
[eVICTBUIO MOFOOHBI CTUMY/SITOPAM aM-
¢dberammunoBoro pspa [3, 4]. Ha reppuro-
puu Poccun o6oport 5-APB, 6-APB u nx
N-MeTWIbHBIX TIPOU3BOJJHBIX KOHTPOJIN-
PYyeTcs 3aKOHOIATENTbCTBOM.

of compound 2-MAPB alternative pro-
cess with the formation of ion with m/z
58,0654 is favorable.

Thus, additional check CID spectra
of protonated molecules of compounds
2-MAPB and 6-MAPB allow to differenti-
ate these isomers reliably.

In russian

ITockonbKy Macc-CIIeKTpbl 37eKTPOH-
HOIl MOHM3aIMM M30MEPHBIX COelVHe-
HIIT 2-aMyHOIponmibensopypaHa oba-
JAIOT BeCbMa 3HAYUTENbHBIM CXOJCTBOM,
Bompoc auddepeHnmanuy 3TUX Coenn-
HeHWII MpefcTaBsieT cobOil BaKHYIO
IPaKTNYECKyI0 Mpo6/IeMy, CBA3AHHYIO
C IOCTOBEpHOJ upeHTU(UKaLMel Kak
caMMX COeNUHEHMII, TaK 1 UX MeTabomu-
ToB. IIpn mpoBefileHNM aHa/MN3a METOLIOM
XpOMAaTOMacC-CIIeKTPOMETPUN C UCIIONb-
30BaHMEeM TUINYHBIX /A OIpefeneHus
HAapKOTVMKOB Ta3oxpomarorpaduieckmux
KOJIOHOK C HEMOJISIPHON JUMETUIIIONN-
CHUJIOKCAHOBOJl ~ HENOJ[BIDKHOI  (a3oit
(tuma HP-5) puddepenunanus coemm-
HeHui1 5-APB u 6-APB, wmu 5-MAPB n
6-MAPB Bo3sMOXHa 3a CYeT pasInyms
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3HaYeHUII IapaMeTpoB XpoMaTorpagu-
YeCKOTO Yep>KUBaHMA 9TUX COeMHEHUI
(puc. 2), a Takke UX ALMIBHBIX IPOU3-
BOJHBIX [3, 4].

Ocenbio 2015 roga B HejerajibHOM
obopore Hamu BIepBble ObUIO OOHa-
PY>KEHO ellle OJHO COeAMHEeHue, MU30-
MepHoe 5-MAPB n 6-MAPB, a umenHo
2-(2-metunamuHonponnn)bensodypan
(2-MAPB), cTpykTypa KoTOporo Obima
TOCTOBEPHO YCTaHOBJIEHA C JICHONbB30-
BaHJEM MacC-CIIeKTPOMETPUU BBICOKOTO
paspemienna u asymepHol AMP-cnex-
TPOCKOIVI.

Coenunenne 2-MAPB  (puc. 3)
obnafaeT He TOMBKO OYEHb CXOJHBIM
¢ 6-MAPB Macc-clieKTpoM 3/1eKTPOH-

NH
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5-APB
H
XY T
(0]
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Hoit moHusanyy (Match dakrop 6onee
900), HO ¥ OAMHAKOBBIMM IIapaMeTpa-
MU XpoMarorpaduyeckoro yaepKuBa-
HUA (MHJEKC yIep>KMBaHUA COeNUHEHNI
GI=1546) [5], 4TO He MO3BOJSIET HAMEXK-
HO Pas3mMuuThb aTu coepuuenns. OnyHa-
KOBble 3HAueHUA JVHIEKCOB YJep>KuBa-
HUA 3aperuCTPUPOBAHbI HaMM [5] Taioke
mist metmnbHbix (GI=1611) n Tpudro-
panermnbHbix (GI=1749) mpousBogHBIX
2-MAPB u 6-MAPB.

[lna pemreHuss BoOIpoca O BO3MOX-
HOCTU [OCTOBepHOI muddepeHmanm
2-MAPB n 6-MAPB c ncnonbzoBanuem
MacC-CIeKTPOMETPUU HaMu ObIT paccMO-
TPEeH MHON MAacC-CIEeKTPOMETPUIECKUI
METOJl MOHM3al[Myu coefuHeHuin. B ka-

L
0 NH,

6-APB
(T L
0 N -
6-MAPB H

Puc. 1. XuMudeckue CTpyKTyphl Hanbosee paCIpOCTPaHEHHBIX Ha HeIeraJIbHOM pPhIHKe
IIPOU3BOJHBIX 2-aMMHOIPOIMIOeH30(pypaHa
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Puc. 2. CpaBHeHUe MacC-CIIeKTPOB 3/IEKTPOHHOI MOHU3ALNY U UHEKCOB
xpomarorpagudeckoro yaep>xkusanns (GI) coennuennit 5-MAPB (Bepxy) u 6-MAPB
(BHM3y), o ganubM 616mmoTex EKBDRUGS [5]

160



YecTBe TAKOrO MeTofia OblTa BbIOpaHa
MOHM3ALMs 3IEKTPOPACIbUIEHNEM, BCe
60iee aKTUBHO MpUMeHsIeMasi IIPYU OIpe-
IeeHN) HapKOTUYEeCKUX CPENCTB U UX
MeTabOoMUTOB. 3aperncTpUpOBaHHbBIE B
YC/IOBUAX AUCCOLMALINU, MHAYLMPYEMO
coypaperreM ([IVIC), MC/MC crexTpsl
BBICOKOTO paspelleHysi IPOTOHUPOBAH-
HBIX MOJEKYN coenyHeHmit 2-MAPB nu
6-MAPB (puc. 4), a Taxxe UX METUIbHBIX
IMPOVU3SBONHBIX, MMENIN CYLeCTBEHHbIE
pasnmuuus, O3BOJISIONINE JIETKO UIEHTN-
bUIMPOBaTh ITY COEUHEHN.

Tax, B MC/MC crniextpe 2-MAPB B Ka-
YecTBe OCHOBHBIX HOH-TIPORYKTOB Ha-

6/r0ar0TCs MOHBI ¢ m/z 58,0654 (100 %)
u 159,0804 (1 %), a B MC/MC cnekxtpe
6-MAPB - nonsl ¢ m/z 159,0804 (100 %)
1 131,0492 (36 %). VIHT€eHCMBHOCTD MOHA
c m/z 58,0644 B ciexTpe 6-MAPB He mipe-
Boicua 1 %.

Pasnuumsa B CHeKTpax MOTYT ObITh
0OBSICHEHDl BBITOAHBIM 00pa3oBaHMEM
CTaOM/IBHBIX LMK/INIECKIX CTPYKTYP /LS
MOHOB ¢ m/z 159,0804 u 131,0492 B cny-
vae coefnHeHusA 6-MAPB (puc. 5). B cny-
vae coenuuenusi 2-MAPB 6naronpusiten
a/IbTepPHATUBHBII Tpolecc ¢ obpasoBa-
HIeM MOHa ¢ m/z 58,0654.
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Puc. 3. Xumnueckas ctpykrypa coenunennsa 2-MAPB u cpaBHenne ero macc-criekrpa
97IEKTPOHHOI MOHU3ALUM C MacC-ClieKTpoM 6-MAPB (BHu3y)
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Puc. 4. CpaBrenne criektpos JJVIC npoTOHMPOBaHHbBIX MOJIEKYII COEIMHEHNIT
2-MAPB u 6-MAPB
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2-MAPB 6-MAPB

VAN

C3HsN* CoH,O* C14H1, 0"
m/z = 58,0651 m/z=1310491  m/z=159,0804

Puc. 5. BeposTHBIe CTPYKTYPbI OCHOBHBIX (pparMeHTHBIX MOHOB B criekTpax IVIC coenyHeHuit
2-MAPB un 6-MAPB

Takum 06pasom, jononHuTenpHast pe- 1 6-MAPB nosBosnsieT JocToBepHO fud-
ructpauysa cruekrpos JVIC nmporoHupo- — ¢epeHIpoBaTh 3TV U30MEPBHI.
BaHHbBIX MOJIEKYN coefuHenuit 2-MAPB
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