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ABSTRACT
Identification of new psychoactive substances (NPS) in biological and non-biological samples represents a
hard challenge for forensic toxicologists. Their great chemical variety and the speed with which new NPS
are synthesised and spread make stringent the need of advanced tools for their detection based on multi-
disciplinary approaches. For this reason, in August 2016, the “Unit of Research and Innovation in Forensic
Toxicology and Neuroscience of Addiction” (U.R.I.To.N.) was founded by the Forensic Toxicology Division of
the University of Florence. In this Research Unit, various professionals (i.e. forensic toxicologists, chemists,
physicians) collaborate to study all the aspects of drugs of abuse, especially NPS. Herein, we describe the
multidisciplinary approach comprising liquid chromatography coupled to tandem mass spectrometry
(LC–MS/MS), gas chromatography hyphenated to mass spectrometry (GC–MS) and solution nuclear magnetic
resonance analysis that allowed the identification of three NPS such as 1-(benzofuran-5-yl)-N-methylpropan-
2-amine, 2-amino-1-(4-bromo-2,5-dimethoxyphenyl)ethan-1-one (bk-2C-B), and 3-(2-aminopropyl)indole
(a-methyltryptamine) in seized materials.
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Introduction

Recent survey data (2016) show how the drug arena is getting far
more complicated compared to years before. As presented in the
last European Drug report1, not only we assist to the continuous
development of “new drugs”, but also to the upwards trending of
the more established ones, with the addition of new production
sites even in Europe. The term “new drugs”, or “new psychoactive
substances” (NPS), indicates a large number of synthetic molecules
which belong to a vast array of chemical families. NPS are usually
designed on the chemical scaffolds of classical drugs of current
use for abuse and/or therapeutic purposes. Since the 1970, many
NPS have been synthesised and described. Nowadays, by means
of the introduction of known NPS within the illicit drug market
together with new ones, there is a reappraisal of many of them2.
The EU Early Warning System reported in 2014 that almost 5000
(i.e., 40 tonnes) seizures of NPS across European countries were
accomplished, and among them NPS containing cathinones and
synthetic cannabinoids accounted for about the 80% of the total3.
Both the amount and diversity of NPS represent a hard challenge
for the Law Enforcement Agencies and for the Forensic
Laboratories appointed to detect and identify large quantities of
such substances. As for the legal interventions, European members
follow some useful and strategic planning tools such as: (i) EU

policy cycle on organised and serious international crime, (ii) EU
security strategies, and (iii) the EU drugs strategy 2013–2020 and
its current action plan 2013–2016.

NPS legal status can differ from country to country since they
are not under control of the International Drug Control
Conventions4. That implies national legislations to be continuously
updated on each new molecule and, in order to do so, the first
step is to get them identified. Under the Forensic Toxicology per-
spective, the breadth of the challenge is warring as well. As
reported into the UNODC Early Warning Advisory (EWA), 600 NPS
were present on the market up to December 2015, and since then
probably a larger number has become available5. Due to the
incessant introduction in the market of new NPS as well as to the
lack of reference standards and not yet established effective rou-
tine methods for their detection, there are challenges in the iden-
tification of some new chemical entities proposed as drugs. Thus,
over the last years, several new analytical methods have been
developed in order to improve the detection proficiency towards
NPS6. Most of them require advanced technologies, such as liquid
chromatography coupled to tandem (LC–MS/MS) or high reso-
lution mass spectrometry (LC–HRMS). These are very performing
tools but could be not enough when considering a totally
unknown compound or a reference material is unavailable.
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In these cases, uncorrelated and more specific chemical analysis is
surely beneficial7. The nuclear magnetic resonance (NMR) tech-
nique can provide detailed information when a structure identifi-
cation of unknown molecules is required. Considering the urgency
of a multidisciplinary approach and the previous NPS detection
experiences8, our Forensic Toxicology Division established a “Unit
of Research and Innovation in Forensic Toxicology and
Neuroscience of Addiction” (U.R.I.To.N.) in August 2016. It is the
first highly specialised unit in Italy, entirely focused on all aspects
of drugs of abuse (NPS on top) by means of a multidisciplinary
approach. In U.R.I.To.N., forensic and clinical toxicologists, neuro-
scientists, chemists, and physicians collaborate with the final intent
to obtain a full comprehension of the various aspects related to
NSP, which span from the analytical issues to the biological effects
and harmful effects. In this paper, we describe the analytical pro-
cedure, adopted by our Research Unit on a seized material, which
led to the identification of three NPS whose reference standards
were not in our possession. 1-(Benzofuran-5-yl)-N-methylpropan-2-
amine (5-MAPB), 2-amino-1-(4-bromo-2,5-dimethoxyphenyl)ethan-
1-one (bk-2C-B), and 3-(2-aminopropyl)indole (a-methyltryptamine,
AMT) were identified in three different coloured powders of the
same seizure (Figures 1 and 2).

The analytical procedures included a first analysis by gas chro-
matography with flame ionisation detector (GC-FID) followed by
GC–MS and LC–MS/MS detection, all of them performed in the
laboratory of our Forensic Toxicology Division. In a later stage, a
NMR characterisation was carried out at the Neurofarba
Department of the University of Florence.

Materials and methods

Seized material

The seized material consisted in a small plastic bag containing:
19 folded slips of paper, 4 orange capsules, and 1 orange cap-
sule coloured in blue. A white amorphous powder was found
in all the slips of paper and in three orange capsules, a light
yellow amorphous powder in the fourth orange capsule and a
grey/red amorphous powder in the blue coloured capsule.
Upon the plastic bag were listed the prices of each dose
(Figure 2).

Chemicals and reagents

LC–MS CHROMASOLVVR methanol (MeOH), LC–MS CHROMASOLVVR

acetonitrile (ACN), LC–MS CHROMASOLVVR water (H2O), dimethyl
sulfoxide-d6 (DMSO-d6) “100%”, 99.96 atom %D, and heavy
water (D2O) 99.9 atom % D were purchased by Sigma-Aldrich
(St. Louis, MO).

Sample preparation

GC-FID, GC–MS and LC–MS/MS: 5mg of each sample was added
with MeOH (10mL) and then further diluted to 2 ng/mL.

NMR: 3mg of each sample was introduced into a 5.0-mm diam-
eter NMR-tube and dissolved with 0.5mL of DMSO-d6.

GC-FID

The first qualitative analysis was carried out with an Agilent 7890B
GC system (Agilent Technologies, Palo Alto, CA) equipped with a
FID. The column was an Agilent HP-5 (30m� 0.32mm, 0.25mm film
thickness). The starting temperature was set at 100 �C for 1min,
programmed to 125 �C at 25 �C/min for 1min and to 180 �C at
15 �C/min for 2min. We routinely use this method to identify the
presence of cocaine, heroin, morphine, D9-tetrahydrocannabinol,
ketamine, amphetamine, methamphetamine, 3,4-methylenedioxy-
methamphetamine (MDMA), 3,4-methylenedioxyamphetamine, 3,4-
methylenedioxy-N-ethylamphetamine.

GC–MS

The GC–MS instrument consisted in an Agilent 7890A GC system
equipped with an Agilent 7683B series autosampler and interfaced to
a single quadrupole Agilent 5975C mass spectrometer. The column
was an Agilent HP-5MS (30m� 0.25mm, 0.25mm film thickness). The
gas carrier (He) flow was constant at 1mL/min. The samples were
analysed in full scan mode (adopted libraries: NIST08, WILEY27,
SWGDRUG4). The oven temperature was initially set at 100 �C
for 2.25min, programmed to 180 �C at 40 �C/min and to 300 �C at
10 �C/min for 10min. Injector and transfer line temperatures were
always 300 and 230 �C, respectively. The injection volume was 1mL
in splitless mode. Data acquisition and elaboration were performed
using the Agilent MassHunter Workstation software package.

LC–MS/MS

Analysis was conducted using an HPLC Agilent 1290 Infinity sys-
tem interfaced with an Agilent 6460 Triple Quad LC/MS (QQQ),

Figure 1. Chemical structures of 5-MAPB, bk-2C-B and AMT.

Figure 2. Picture of the seized material.
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equipped with an electrospray ion source (ESI) operating in posi-
tive mode. The ESI configuration was: gas temperature 325 �C; gas
flow rate 10 L/min; nebuliser 20 psi; capillary 4000 V.
Chromatographic separation was performed through a Zorbax
Eclipse Plus C18 (2.1mm� 50mm, 1.8m, Agilent Technologies).
The mobile phase initially consisted of 5mM aqueous formic acid
(A) and ACN (B) 99:1. Gradient of elution was carried out by
increasing the % ACN to 30% within 6min; to 50% within 2min;
to 100% within 4min and isocratic for 3min. The flow rate was
0.4mL/min until 8min, then increase at 0.6mL/min within 2min.
Analysis was carried out first in scan mode (50–500m/z) in positive
and negative ionisation and then the collision-induced dissocia-
tions (CIDs) were studied at different collision energies (CE, 10, 20,
30 and 40 eV). Agilent MassHunter Workstation software package
was used for data acquisition and elaboration.

NMR

Nuclear magnetic resonance (1H NMR, 13C NMR) spectra were
recorded using a Bruker Avance III 400MHz spectrometer (Milan,
Italy) in DMSO-d6. Chemical shifts are reported in parts per million
(ppm) and the coupling constants (J) are expressed in Hertz (Hz).
Splitting patterns are designated as follows: s, singlet; d, doublet;
t, triplet; q, quadruplet; m, multiplet; brs, broad singlet; dd, double
of doublets. The assignment of exchangeable protons (OH and
NH) was confirmed by the addition of D2O.

Results and discussion

White powders

Samples of each white powder were analysed following our proto-
col. GC-FID analysis excluded the presence of the most common
drugs of abuse. GC–MS screening revealed 5-MAPB with a mean
estimated concordance among all samples of 72% (peak at 6.793
vs. SWGDRUG 3.0 spectral library, Figure 3). Identification of
5-MAPB was then supported by LC–MS/MS findings (Figure 4) and
definitely proved by NMR analysis.

Light yellow powders

Bk-2C-B was identified in all the light-yellow powders. The syn-
thetic cathinone was recognised by the GC–MS screening with a
main match of 24% (peak at 7.794 vs. SWGDRUG 3.0, Figure 5).
The study of the product ions in LC–MS/MS validated this finding
(Figure 6) as the fragmentation profile was highly comparable
with the ones reported in literature for bk-2C-B9. NMR confirmed
this hypothesis.

Grey/red powder

This powder was not pure, but consisted in a mixture of the previ-
ous substances and a third compound whose actual identification

Figure 3. GC–MS chromatogram of the white powder and mass spectrum of 5-MAPB.
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was possible by NMR analysis only. GC–MS screening (Figure 7)
gave evidence of the sole presence of bk-2C-B (mean concordance
between the spectra: 38%), and neither 5-MAPB nor AMT were
identified (even though AMT mass spectrum is filed in the
SWGDRUG 3.0 library). Thanks to the previous LC–MS/MS findings,
we were able to recognise bk-2C-B and 5-MAPB with the same
method, while the other compound stayed unknown. The attempt
to understand and draw the structure of the latter (peak at
3.203min, Figure 8), using data by LC–MS/MS only, was quite chal-
lenging. The main issue, after the detection of the [MþH]þ, was
the identification of the chemical formula. A couple of structures
were hypothesised (mainly AMT and its isomers), and NMR was
used to assess the presence of AMT among the others.

Discussion

In this paper, we report the NPS multidisciplinary detection pro-
cedure adopted by the U.R.I.To.N. Research Unit. This procedure
was based on a multi-analytical approach where each instrumenta-
tion provided specific findings that, once merged, lead to reliable
and indubitable structure identification. This kind of strategy rep-
resents the state-of-the-art for non-targeted analysis and various
technologies can be used and integrated each other. In recent
years, LC–HRMS systems have become the first technological
choice in structural investigation protocols as they allow to meas-
ure the exact mass (and chemical formula) of an unknown com-
pound and to deeply investigate its fragment residues. Besides the
usefulness, such a technique requires its data to be confirmed
with uncorrelated methods, such as NMR. In our protocol, GC-FID,

GC–MS and LC–MS/MS were used, together with NMR, to identify
three NPS (5-MAPB, bk-2C-B and AMT) in the absence of their ref-
erence materials (Figure 1).

5-MAPB is a 2-aminopropyl-benzofurane analogue of MDMA,
not subjected to control in Italy, and used for its stimulant and
entactogenic effects10. Sahai et al.11 showed that 5-MAPB binds
the dopamine transporters and slows down the reuptake of elec-
trically evoked dopamine in the rat accumbens. The same authors
also demonstrated that 5-MAPB, in analogy to amphetamine-like
substances, is responsible of reverse transportation of dopamine
induced euphoria, empathy and psychedelic effects12. The toxicity
profile of subjects exposed to 5-MAPB is similar to the one result-
ing from the assumption of MDMA13. Similar effects were also
observed for other benzofuran containing substances, such as the
5-APB (nor-5-MAPB)14.

The bk-2C-B is a compound structurally related to 2 C-B, a sero-
tonergic hallucinogen phenethylamine described for the first time
by Shulgin and Carter15. To date, little is known about the bk-2C-B
induced physiological effects, and useful information of this kind
can be only collected from forums on the web16. The presence of
the 2-amino-1-phenyl-ethanone core does not allow bk-2C-B to be
included among the analogues of 2-amino-1-phenyl-1-propanone
containing compounds, which are under legal control in Italy.

AMT is a stimulant hallucinogen belonging to the chemical
class of unsubstituted synthetic tryptamines17. This molecule
presents a strong effect on the serotoninergic system due to the
high affinity for serotonin transporter and receptors. AMT is also
active on the dopaminergic and adrenergic receptors with a simi-
lar profile as the one of methamphetamine18. AMT induces

Figure 4. LC–MS/MS chromatogram of the white powder and merged mass spectrum (CE: 10 and 20 eV) of 5-MAPB.
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adverse effects including increase of the blood pressure, tachycar-
dia, nausea, impaired coordination, visual and auditory distor-
tions19. There have been deaths related to AMT use, especially in
co-consumption with other substances (cocaine, amphetamine,
MDMA, and cannabinoids)20. AMT is still legal in Italy, whereas its
isomer 5-(2-aminopropyl)indole (5-IT) is not.

GC-FID and GC–MS

The first step consisted in the GC-FID analysis aimed to exclude
the presence of the main drugs of abuse, in this case amphet-
amines and cocaine. GC–MS plays a key role in our protocol as it
can give an indication about the substances in the sample. For
this reason, our mass spectra libraries are periodically updated.
The high diagnostic skill of GC–MS screening is valuable for the
analysis of the white and yellow powders. Identification of 5-MAPB
and bk-2C-B, even if the concordances were not so high (espe-
cially for the phenethylamine), gave us a good starting point. The
LC–MS/MS analyses were easier because mainly aimed to the con-
firmation of GC–MS results. Regarding the grey/red powder, the
software recognised nothing but the bk-2C-B (38%) as in the yel-
low one. None of the other peaks were attributed to 5-MAPB and
AMT, later detected by LC–MS/MS and NMR analysis. This may be
mainly explained by their low amounts in the seized material. In
this case, the GC–MS analysis suggested partially true findings
underlining how important a multi-analytical strategy is.

LC–MS/MS

LC–MS/MS was negatively affected by high in-source fragmenta-
tion of all compounds (at standard ESI conditions, see
“Experimental” section) which makes identification of [MþH]þ

hard. For 5-MAPB, this drawback was not so intense and the pro-
tonated molecule was easy to see at 190m/z. Main fragments
were the benzofuranyl propilium and the benzofuranyl methylium
ions at 159 and 131m/z. ESI fragmentation was more intense for
bk-2C-B giving several product ions. Even though we were able to
recognised the protonated molecule and the typical bromine iso-
topic pattern with the MH þ0 (C10H13

79BrNO3
þ, 274m/z) and the

MH þ2 (C10H13
81BrNO3

þ, 276m/z) at similar intensities. The study
of CID at different collision energies provided a fragmentation pro-
file highly comparable with the ones described in literature for
this compound9.

LC–MS/MS scan analysis of the grey/red powder revealed the
presence of bk-2C-B (as indicated by the GC–MS), of 5-MAPB and
of a third unidentified compound (peak at 3.203min, main ion-
� 158m/z, Figure 8). No peaks were observed in negative ionisa-
tion mode. Identification of the unknown molecule was carried
out through an ad hoc strategy consisting both in the study of its
mass spectrum and research on compounds’ databases. The first
step was the measurement of the molecular weight (MW) reduc-
ing the fragmentor value (at 110, 90, 70 and 40 eV) in order to
decrease the in-source fragmentation. We identified the [MþH]þ

Figure 5. GC–MS chromatogram of the yellow powder and mass spectrum of bk-2C-B.
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at 175m/z with the highest abundance at 70 eV. Since the QQQ
does not allow to measure the accurate mass, it was not possible
to find the chemical formula. Studying the deconvoluted spec-
trum, we collected information about the elemental composition.
In particular we excluded the presence of Cl, Br and S by the ana-
lysis of the isotopic pattern: 175m/z (100%), MH þ0; 176m/z
(9.8%), MH þ1; 177m/z (0.7%), Mþ 2. Product ion analysis at

various collision energies provided several mass spectra compris-
ing specific fragments useful for the structure drawing: the phenyl
cation at 77m/z (C6H5

þ), the tropylium cation at 91m/z (C7H6
þ),

and the phenylvinyl cation at 103m/z (C8H7
þ). Another

important fragment was the one at 158m/z, originated from the
protonated molecule by the loss of ammonia (NH3, �17Da), typ-
ical of the primary amine (�NH2). It was possible to make some

Figure 6. LC–MS/MS chromatogram of the yellow powder and merged mass spectrum (CE: 10 and 20 eV) of bk-2C-B.

Figure 7. GC–MS chromatogram of the grey/red powder.
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conclusions: (1) the compound had at least one phenyl ring equal
to 4 unsaturation degrees; (2) C atoms were �8; (3) H atoms were
�7; (4) I atom was not present because of its mass (MW: 129Da);
(5) since the unknown compound had an even MW, according to
the empirical nitrogen rule, N atoms must be even. Resuming all
these findings and considering only the most feasible atoms’
ratios, the compound could be described by the generic chemical
formula of C8-15H7-20N2-4O0-2F0-1. The mMass – Open Source Mass
Spectrometry Tool software (downloadable at http://www.mmass.
org/download/) provided us only four suitable chemical formulas:
C10H7FN2, C9H10N4, C10H10N2O, C11H14N2. We typed them in vari-
ous compounds’ databases21, but the number of available struc-
tures was very huge. For this reason, we looked inside the NPS
database of our Research Unit (available at http://allerta.dronet-
plus.eu/) and we found a correspondence for the formula
C11H14N2 in AMT and its isomers. The fragmentation pattern was
consistent with their structures and comparing our mass spectrum
with the ones described in literature, we observed a high concord-
ance, especially for AMT20a.

NMR

The 400MHz 1H NMR spectrum of the 5-MAPB sample in DMSO-d6
(S1 in Supporting information), clearly revealed a doublet signal
(d) at 1.15 ppm, with a typical vicinal coupling value of 6.8 Hz inte-
grating for three protons, along with a singlet (s) at 2.16 ppm and
integrating for the same value (three protons). These signals can
be surely ascribed to 30-methyl and to the N-methyl groups,

respectively, placed at the 5-position of the benzofuranic scaffold.
The one proton signal at 20 position was easily identified with the
multiplet centred at 3.22 ppm. The enantiotopic methylene pro-
tons at 10 position gave two doublet of doublets (dd) both inte-
grating for one proton and centred at 2.79 ppm (J 13.2 and 9.6 Hz)
and 3.28 ppm (J 13.2 and 4.4 Hz) respectively. As expected each
enantiotopic proton gave a geminal (J 13.2 Hz) and a vicinal cou-
pling of 13.2 and 4.4 Hz, respectively. Such values are in good
agreement with the Karplus equation on the correlation between
vicinal coupling constants values and dihedral angles22. The pres-
ence of the benzofuranyl scaffold substituted at position 5, was
assessed by means of: (i) two doublets at 6.95 and 7.97 ppm with
a J coupling of 2.0 Hz, which can be ascribed to the protons in
position 3 and 2 respectively. (ii) The proton in position 6 was
identified as the doublet of doublets signal (dd; J 8.4 and 1.6 Hz)
at 6.95 ppm. The typical vicinal aromatic coupling with the proton
at position 7 (8.4 Hz) was easily ascribed, whereas the smaller cou-
pling value of 1.6 Hz can be justified as the results of any rota-
meric effect given from the closed alkyl side chain and occurring
within the NMR experimental acquisition time. (iii) As proof of
such interpretation is worth mentioning that the proton at pos-
ition 4 gave a doublet at 7.65 ppm with a J coupling value of 1.
6 Hz. (iv) Partially superimposed to the proton signal at position 4,
was the proton at 7 position which gave a doublet with a vicinal
coupling value of 8.4 Hz. Finally a broad singlet at 8.95 ppm and
integrating for two protons was also present. The addition of two
drops of D2O into the DMSO-d6 solution of the sample (S2 in
Supporting information) determined a total suppression of such a

Figure 8. LC–MS/MS chromatogram of the grey/red powder and merged mass spectrum (CE: 10 and 20 eV) of AMT.
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signal, thus giving evidence that the 5-MAPB is present as an
ammonium salt which counter ion was not determined in the set
of experiments herein reported (Figure 9).

The 13C NMR at 100MHz afforded 12 signals, and its DEPT-135
deconvolution revealed the presence of one signal down (methy-
lene) and eight signals up, thus in agreement with the 5-MAPB
structure (S3 and S4 in Supporting information). A final proof of
the NMR based structure elucidation of 5-MAPB was also given
from the HSQC experiment which correlated in two dimensions
the 1H and the 13C monodimensional spectra (S5 in Supporting
information).

As for the bk-2C-B sample, the 400MHz 1H NMR in DMSO-d6
(S6 in Supporting information) revealed: (i) two singlets at 3.90
and 3.90 ppm, each integrating for three protons which belong to
the methoxy moieties present at position 2 and 5; (ii) a singlet at
4.35 ppm and integrating for two protons of the methylene moi-
ety; (iii) two singlets at 7.47 and 7.63 ppm of the aromatic protons
at position 3 and 6; (iv) a broad singlet at 8.32 which integrated
for three protons. In analogy to the 5-MAPB, the addition of two
drops of D2O into the DMSO-d6 solution of bk-2C-B, determined a
total suppression of such a signal (S7 in Supporting information).
Therefore, it is reasonable to assume that bk-2C-B is protonated
at the nitrogen atom. Again no further experiments were run
with the intent to determine which counter ion is associated
(Figure 10).

The structure of bk-2C-B was also in agreement with the
obtained 1H decoupled–13C NMR data which afforded for 10 sig-
nals, and among them the peak at 192.5 ppm confirmed the pres-
ence of the carbonyl at 10 position (S8 in Supporting information).
The DEPT-135 experiment clearly reported four signals up, in
agreement with two aromatic CHs and two methoxy groups, and
a signal down as only one methylene group was present. Finally,
the HSQC experiment determined a clear correlation between the
protons and the carbons of the bk-2 C-B claimed structure (S9 and
S10 in Supporting information).

The identification of the remaining compound 3-(2-aminopro-
pyl)indole (a-methyltryptamine, AMT) by means of NMR techni-
ques proved to be quite demanding and not feasible, as the
substance was present in very small amounts. Attempts to collect
a sufficient quantity of material to be used for NMR investigations
were done by means of preparative silica gel thin layer chroma-
tography separations, using 20% methanol in dichloromethane as

mobile phase. The 400MHz 1H NMR in DMSO-d6 of the collected
material (not shown) revealed a very small amount of the a-meth-
yltryptamine present. Among the key signals necessary to
undoubtedly assign the structure only the peak at 8.00 ppm and
2.52 (overlapped with the residual DMSO) were identified 23.

Conclusion

The multidisciplinary approach, herein described, well represents
an effective attempt to face the NPS detection challenge. The
establishment of a highly specialised research unit, “U.R.I.To.N.”,
allowed to improve the identification skills of our Forensic
Toxicology Division, as well as the exchange of knowledge and
know-how among scientists with different expertise. In this paper,
we applied this cooperation strategy to the identification of 5-
MAPB, bk-2C-B and AMT in three different coloured powders from
the same seizure. Their recognition was possible, even without the
reference standards, by the combination of advanced analytical
techniques (GC–MS, LC–MS/MS, and NMR) that provided peculiar
information useful to puzzle up the molecular structures of the
NPS present in the seized materials. The advantage offered by the
cross interaction between the consortium members is also repre-
sented by the reduction of the times associated to the identifica-
tion of the substances. Typically in a time frame of 4–6 h the
identification of multiple NPS as rough substances in seized mater-
ial is complete. This is an important example of how the collabor-
ation and cooperation between different fields of knowledge is
fundamental and desirable in order to be more effective and
responsive to the NPS phenomenon and its continuously changing
nature.

Disclosure statement

The authors declare no conflict of interest. The authors are solely
responsible for the content and results presented in this paper.

References

1. European Drug Report 2016: Trends and Developments.
European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA). Available from: http://www.emcdda.europa.eu/
system/files/publications/2637/TDAT16001ENN.pdf [last
accessed 27 Apr 2017].

2. (a) Valter K, Arrizabalaga P. Designer drugs directory.
Amsterdam: Elsiever; 1998. (b) Bertol E, Pascali J, Palumbo D,
et al. 3-MeO-PCP intoxication in two young men: first in vivo
detection in Italy. Forensic Sci Int 2017;274:7–12.

3. European Drug Report 2015: Trends and Developments.
European Monitoring Centre for Drugs and drug Addiction
(EMCDDA). Available from: http://www.emcdda.europa.eu/
system/files/publications/974/TDAT15001ENN.pdf [last
accessed 27 Apr 2017].

4. https://www.unodc.org/unodc/en/commissions/CND/conven-
tions.html [last accessed 27 Jan 2017].

5. https://www.unodc.org/LSS/Page/NPS/Resources [last
accessed 27 Apr 2017].

6. (a) Andrade AF, Mamo SK, Gonzalez-Rodriguez J. Rapid
screening method for new psychoactive substances of foren-
sic interest: electrochemistry and analytical determination of
phenethylamines derivatives (NBOMe) via cyclic and differen-
tial pulse voltammetry. Anal Chem 2017;89:1445–52.
(b) Mollerup CB, Dalsgaard PW, Mardal M, Linnet K. Targeted

Br

O

O

NH3
O

bk-2C-B

2

3

2'
1

6

5

4

1'

Figure 10. Chemical structure and numbering of 20-ammonium-1-(4-bromo-2,5-
dimethoxyphenyl)ethan-1-one (bk-2C-B).

O

N

5-MAPB ammonium ion

2

3 2'

7

6

5
4

3'

1' HH

Figure 9. Chemical structure and numbering of 1-(benzofuran-5-yl)-N-methylpro-
pan-2-ammonium ion (5-MAPB).

848 E. BERTOL ET AL.

http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://dx.doi.org/10.1080/14756366.2017.1333987
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/2637/TDAT16001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/974/TDAT15001ENN.pdf
http://www.emcdda.europa.eu/system/files/publications/974/TDAT15001ENN.pdf
https://www.unodc.org/unodc/en/commissions/CND/conventions.html
https://www.unodc.org/unodc/en/commissions/CND/conventions.html
https://www.unodc.org/LSS/Page/NPS/Resources


and non-targeted drug screening in whole blood by UHPLC-
TOF-MS with data-independent acquisition. Drug Test Anal
2016. [Epub ahead of print]. doi: 10.1002/dta.2120
(c) Borg D, Tverdovsky A, Stripp R. A fast and comprehensive
analysis of 32 synthetic cannabinoids using Agilent triple
quadrupole LC–MS-MS. J Anal Toxicol 2017;41:6–16.
(d) Vaiano F, Busard�o FP, Palumbo D, et al. A novel screen-
ing method for 64 new psychoactive substances and 5
amphetamines in blood by LC–MS/MS and application to
real cases. J Pharm Biomed Anal 2016;129:441–9.
(e) Smith JP, Sutcliffe OB, Banks CE. An overview of recent
developments in the analytical detection of new psycho-
active substances (NPSs). Analyst 2015;140:4932–48.

7. SWGDRUG Recommendations (edition 7.0, 2014). Available
from: http://www.swgdrug.org/Documents/SWGDRUG%20-
Recommendations%20Version%207-0_Archived.pdf [last
accessed 27 Apr 2017].

8. (a) Bertol E, Mari F, Boscolo Berto R, et al. A mixed MDPV
and benzodiazepine intoxication in a chronic drug abuser:
determination of MDPV metabolites by LC–HRMS and dis-
cussion of the case. Forensic Sci Int 2014;243:149–55.
(b) Bertol E, Vaiano F, Di Milia MG, Mari F. In vivo detection
of the new psychoactive substance AM-694 and its metabo-
lites. Forensic Sci Int 2015;256:21–7.

9. Frison G, Odoardi S, Frasson S, et al. Characterization of the
designer drug bk-2C-B (2-amino-1-(bromo-dimethoxypheny-
l)ethan-1-one) by gas chromatography/mass spectrometry
without and with derivatization with 2,2,2-trichloroethyl
chloroformate, liquid chromatography/high-resolution mass
spectrometry, and nuclear magnetic resonance. Rapid
Commun Mass Spectrom 2015;29:1196–204.

10. Welter J, Kavanagh P, Meyer RM, Maurer HH. Benzofuran
analogues of amphetamine and methamphetamine: studies
on the metabolism and toxicological analysis of 5-APB and
5-MAPB in urine and plasma using GC–MS and LC-(HR)-
MS(n) techniques. Anal Bioanal Chem 2015;407:1371–88.

11. Sahai MA, Davidson C, Khelashvili G, et al. Combined in vitro
and in silico approaches to the assessment of stimulant
properties of novel psychoactive substances – the case of
the benzofuran 5-MAPB. Prog Neuropsychopharmacol Biol
Psychiatry 2017;75:1–9.

12. (a) Nakagawa Y, Suzuki T, Tada Y, Inomata A. Cytotoxic effects
of psychotropic benzofuran derivatives, N-methyl-5-(2-amino-
propyl)benzofuran and its N-demethylated derivative, on iso-
lated rat hepatocytes. J Appl Toxicol 2017;37:243–52.
(b) Shimshoni JA, Winkler I, Golan E, Nutt D. Neurochemical
binding profiles of novel indole and benzofuran MDMA ana-
logues. Naunyn Schmiedebergs Arch Pharmacol 2017;390:
15–24.

13. Hofer KE, Faber K, M€uller DM, et al. Acute toxicity associated
with the recreational use of the novel psychoactive benzo-
furan N-methyl-5-(2 aminopropyl)benzofuran. Ann Emerg
Med 2017;69:79–82.

14. Iversen L, Gibbons S, Treble R, et al. Neurochemical profiles
of some novel psychoactive substances. Eur J Pharmacol
2013;700:147–51.

15. (a) Shulgin AT, Carter MF. Centrally active phenethylamines.
Psychopharmacol Commun 1975;1:93–8.
(b) Shulgin AT, Manning T, Daley PF. The Shulgin index.
Psychedelic phenethylamines and related compounds. Vol.
1. Berkeley, CA: Transform Press; 2011.

16. (a) Bluelight. The Big & Dandy bK-2C-B Thread – Part 1.
Available from: http://www.bluelight.org/vb/threads/694585-
The-Big-amp-Dandy-K-2C-B-Thread-Part-1 [last accessed
27Apr 2017].
(b) reddit. bk-2C-B. Available from: https://www.reddit.com/r/
Drugs/comments/1qbne0/bk2cb/

17. Hill SL, Thomas SH. Clinical toxicology of newer recreational
drugs. Clin Toxicol (Phila) 2011;49:705–19.

18. (a) Arunotayanun W, Dalley JW, Huang XP, et al. An analysis
of the synthetic tryptamines AMT and 5-MeO-DALT: emerg-
ing ‘Novel Psychoactive Drugs’. Bioorg Med Chem Lett
2013;23:3411–5.
(b) Nagai F, Nonaka R, Satoh Hisashi Kamimura K. The effects
of non-medically used psychoactive drugs on monoamine
neurotransmission in rat brain. Eur J Pharmacol 2007;
559:132–7.

19. (a) Shulgin A, Shulgin A. Book II of TiHKAL: the continuation.
Berkeley, CA: Transform Press; 1997.
(b) Long H, Nelson LS, Hoffman RS. Alpha-methyltryptamine
revisited via easy Internet access. Vet Hum Toxicol 2003;
45:149.

20. (a) Elliott SP, Brandt SD, Freeman S, Archer RP. AMT (3-(2-
aminopropyl)indole) and 5-IT (5-(2-aminopropyl)indole): an
analytical challenge and implications for forensic analysis.
Drug Test Anal 2013;5:196–202.
(b) Boland DM, Andollo W, Hime GW, Hearn WL. Fatality due
to acute alpha-methyltryptamine intoxication. J Anal Toxicol
2005;29:394–7.

21. https://chemspider.com, https://pubchem.ncbi.nlm.nih.gov/
[last accessed 27 Apr 2017].

22. Karplus M. Vicinal proton coupling in nuclear magnetic res-
onance. J Am Chem Soc 1963;85:2870–1.

23. Robaa D, Enzensperger C, Eldin Abulazm S, et al. Chiral
indolo[3,2-f][3]benzazecine-type dopamine receptor antago-
nists: synthesis and activity of racemic and enantiopure
derivatives. J Med Chem 2011;54:7422–6.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 849

https://doi.org/10.1002/dta.2120
https://doi.org/10.1002/dta.2120
https://doi.org/10.1002/dta.2120
https://doi.org/10.1002/dta.2120
http://www.swgdrug.org/Documents/SWGDRUG&hx0025;20Recommendations&hx0025;20Version&hx0025;207-0_Archived.pdf
http://www.swgdrug.org/Documents/SWGDRUG&hx0025;20Recommendations&hx0025;20Version&hx0025;207-0_Archived.pdf
http://www.bluelight.org/vb/threads/694585-The-Big-amp-Dandy-K-2C-B-Thread-Part-1
http://www.bluelight.org/vb/threads/694585-The-Big-amp-Dandy-K-2C-B-Thread-Part-1
https://www.reddit.com/r/Drugs/comments/1qbne0/bk2cb/
https://www.reddit.com/r/Drugs/comments/1qbne0/bk2cb/
https://chemspider.com
https://pubchem.ncbi.nlm.nih.gov/

	Advances in new psychoactive substances identification: the U.R.I.To.N. Consortium
	Introduction
	Materials and methods
	Seized material
	Chemicals and reagents
	Sample preparation
	GC-FID
	GCMS
	LCMS/MS
	NMR

	Results and discussion
	White powders
	Light yellow powders
	Grey/red powder

	Discussion
	GC-FID and GCMS
	LCMS/MS
	NMR

	Conclusion
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


