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Fragmentation of synthetic cannabinoids with
an isopropyl group or a tert-butyl group ionized
by electron impact and electrospray
Shigeki Akamatsu* and Masashi Yoshida
This study described a fragmentation pattern of 21 synthetic cannabinoids with an isopropyl group or a tert-butyl group by elec-
tron impact ionization quadrupolemass spectrometry and electrospray ionization time-of-flightmass spectrometry in the positive

mode. The compounds were categorized into four types according to substituted group such as a terminal amide and ester. The
characteristic fragment ion in each group was obtained. The main common fragment ions for the two ionizations were formed by
C–N cleavage of the amide group adjacent to the N-hetero rings. Additionally, the fragment ions indicated the difference in the
basic structure as well as substituted group, which are useful for estimating the chemical structures of unknown compounds.
Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction

Synthetic cannabinoids, oneof newpsychoactive substances, havebe-
come disseminated worldwide since 2009 by the international diffu-
sion of the so-called ‘Spice’ products [1]. The synthetic cannabinoids
have been reported to have a high affinity for cannabinoid receptors.
Many cannabimimetic compounds were controlled as designated
substances in Japan. However, new designer compounds have been
created by means of slight structural changes of known illicit com-
pounds. Cannabimimetic derivatives with an isopropyl group or a
tert-butyl group, such as AB-FUBINACA, ADB-FUBINACA, and ADBICA,
have been widely distributed since 2012 and controlled subsequently.
Twenty-two compounds with the isopropyl or the tert-butyl group are
controlled as of July 2015 in Japan, and derivatives with their groups
will have been increasing in the future.
Analytical methods for the identification and quantification of

synthetic cannabinoids need to be reliable and accurate for routine
monitoring and criminal forensics. Several analytical approaches are
generally used including the following: high-performance liquid
chromatography/photo-diode array detection, liquid chromatography–
mass spectrometry (LC/MS), and gas chromatography/mass
spectrometry (GC/MS) [2–5]. Mass and absorption spectra obtained
by these techniques are compared with the reference standard to
identify the detected compound. Without the reference standard,
the compound must be estimated from a detailed study of the
mass spectra. The accurate estimation of chemical structure is the
fastest way to identify the unknown compound.
Mass spectral fragmentation analyses in small molecule com-

pound including psychoactive substances have been reported so
far [6–8]. Most studies have shown characteristic fragmentation
based on the electron impact MS (EI-MS) using GC/MS. However,
to our knowledge, few studies for psychoactive substances have
attempted to the electrospray ionization MS (ESI-MS) using
LC/MS. In this study, the detailed fragmentation analysis of both
EI-MS and ESI-MS spectra in synthetic cannabinoids with the
J. Mass Spectrom. 2016, 51, 28–32
isopropyl group or the tert-butyl group using 21 available reference
standards was conducted. The result was that we summarized the
fragmentation pattern of these cannabinoids.
Materials and methods

Chemicals

Twenty-one synthetic cannabinoid standards (Table 1) were
purchased from Cayman Chemical (Ann Arbor, MI). Ammonium
acetate and methanol were purchased from Wako Pure Chemical
(Osaka, Japan). Acetonitrile was purchased from Sigma-Aldrich
(St. Louis, MO). Methanol and acetonitrile were of LC/MS grade.
Water was purified by a Milli-Q Water Purification System (Millipore,
Billerica, MA). The stock standard solutions (250mg/ml each) were
prepared in methanol and were stored at �20 °C. The working
standard solutions were also prepared by mixing the stock
solutions and diluting with methanol just prior to measurement.
The concentrations of the working solutions for GC/MS analysis
and LC/MS analysis were 10 and 0.1mg/ml, respectively.
Instrumentation

The analyses were carried out on an Agilent 6890N GC apparatus
(Palo Alto, CA) coupled with an Agilent 5973 inert quadrupole mass
spectrometer and an Agilent 1200 LC with an Agilent 6210 time of
flight mass spectrometer.
Copyright © 2015 John Wiley & Sons, Ltd.



The GC separation was performed on an HP-1MS column (Agilent,
30m, 0.25mm i.d., and 0.25μm) with a Siltek guard column (Restek,
Bellefonte, PA, 1m, 0.25mm i.d.). The column temperature program
was set as follows: 200 °C hold for 1min, increase at 5 °C/min to
310 °C, and hold for 17min. The injector was held at 250 °C, and the
carrier gas was helium at a flow rate of 1.1ml/min. The injection vol-
ume was 1μl in splitless mode. The mass spectrometer was operated
in electron impact ionization mode with an electron energy of 70eV.
The other parameters were as follows: full scan mode, m/z 50–700;
ion source temperature, 230 °C; and quadrupole temperature, 150 °C.

The LC column was a Poroshell 120 EC-18 (Agilent,
3.0× 50mm, 2.7μm), and the guard column was a Inertsil ODS-
3 (GL Science, Tokyo, Japan, 3.0× 10mm, 3μm). The mobile
phase consisted of water with 10mM ammonium acetate (A)
and acetonitrile (B) at a flow rate of 0.5ml/min, with the gradient
elution program as follows: 0min, 10% B; 3min, 50% B; and
10min 95% B (5min hold). The column temperature was 40 °C,
and the injection volume was 1μl. The mass spectrometric anal-
ysis was performed using the following parameters: ionization
mode, ESI positive; capillary voltage, 4000 V; fragmentor voltage,
100, 200, 300, and 350V; drying gas (N2) flow rate, 10 l/min;
drying gas temperature, 350 °C; scan range, m/z 50–1000; and
reference masses, 121.0509 and 922.0098.

Results and discussion

EI-MS spectra

Representative EI-MS spectra of synthetic cannabinoids with an iso-
propyl group and a tert-butyl group are shown in Fig. 1. All

remaining EI-MS spectra are shown in Fig. S1. The molecular ions
were observed with very low abundance as expected, whereas
the high-abundance fragment ions showed the characteristics of
the chemical structures.

The major fragment ions of analytes were formed by C–N cleav-
age of the amide group adjacent to the N-hetero rings. The frag-
ment ions revealed the structures of the N-hetero ring side. When
the m/z value of this fragment ion was an odd number, the com-
pound had an indazole ring. Meanwhile, when the value was an
even number, the compound had an indole ring. Furthermore,
the value suggested the difference of a moiety attached to the
N atom of N-hetero ring (R3 group in Table 1). The fragment ions
formed by desorption of N-hetero ring from those ions also
indicated the presence of the R3 group. Just as an example, the
fragment ions at m/z 109, 145, and 253 suggested the presence
of a fluorobenzyl moiety (–CH2–C6H4F, m/z 109) as the R3 group
and an indazole ring because the ion formed by C–N cleavage of
the amide group (m/z 253) was an odd number. The ion at m/z 145
represents the fragment ion formed by desorption of the R3 group
from the ion at m/z 253.

The fragment ion generated by the desorption of the terminal
halogen atom such as fluorine and chlorine was also useful for
identifying the R3 group. This fragmentation occurred exclusively
in alkyl side chain, although the halogen atom in aromatic ring
such as FUB-AMB was not dissociated. The ion at m/z 213 was
formed by the halogen elimination of the ion at m/z 233 in
5F-AMB [Fig. 1(A)].

It is worth noting that the abundances of the amide cleavage
fragment ions bound to the R3 group were higher than those of
the amide cleavage ions formed by the loss of the R3 group. For ex-
ample, the ion at m/z 214 was higher than the ion at m/z 144 in

Table 1. Chemical structures of the analytes

No. Name X R1 R2 R3

1 ADBICA CH (indole) C(CH3)3 (tert-butyl) CO–NH2 pentyl

2 5F-ADBICA CH C(CH3)3 CO–NH2 5-fluoropentyl

3 MDMB-CHMICA CH C(CH3)3 CO–OCH3 cyclohexylmethyl

4 5F-ABICA CH CH(CH3)2 (isopropyl) CO–NH2 5-fluoropentyl

5 MMB2201 CH CH(CH3)2 CO–OCH3 5-fluoropentyl

6 ADB-PINACA N (indazole) C(CH3)3 CO–NH2 pentyl

7 5F-ADB-PINACA N C(CH3)3 CO–NH2 5-fluoropentyl

8 ADB-CHMINACA N C(CH3)3 CO–NH2 cyclohexylmethyl

9 ADB-FUBINACA N C(CH3)3 CO–NH2 4-fluorobenzyl

10 5F-ADB N C(CH3)3 CO–OCH3 5-fluoropentyl

11 MDMB-CHMINACA N C(CH3)3 CO–OCH3 cyclohexylmethyl

12 MDMB-FUBINACA N C(CH3)3 CO–OCH3 4-fluorobenzyl

13 AB-PINACA N CH(CH3)2 CO–NH2 pentyl

14 5F-AB-PINACA N CH(CH3)2 CO–NH2 5-fluoropentyl

15 5Cl-AB-PINACA N CH(CH3)2 CO–NH2 5-chloropentyl

16 AB-CHMINACA N CH(CH3)2 CO-NH2 cyclohexylmethyl

17 AB-FUBINACA N CH(CH3)2 CO-NH2 4-fluorobenzyl

18 AMB N CH(CH3)2 CO–OCH3 pentyl

19 5F-AMB N CH(CH3)2 CO–OCH3 5-fluoropentyl

20 MA-CHMINACA N CH(CH3)2 CO–OCH3 cyclohexylmethyl

21 FUB-AMB N CH(CH3)2 CO–OCH3 4-fluorobenzyl
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Figure 3. Proposed mechanism of McLafferty rearrangement.

Figure 1. EI-MS spectra of 5F-AMB (A) and ADBICA (B).
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ADBICA [Fig. 1(B)]. This means that the C–N cleavage of the amide
group is given priority over the loss of the R3 group.
The fragment patterns differed between compounds with the

isopropyl group and the tert-butyl group (R1 group in Table 1).
Additionally, the fragmentation was affected by the terminal
substituted group (R2 group in Table 1). The compounds were cat-
egorized into four types in terms of R1 group and R2 group. Fig. 2
shows the proposed fragmentation mechanisms for four types of
compounds. In compounds with the isopropyl group, a C–N bond
between the isopropyl group and the amide group was dissociated
regardless of the R2 group. The ion at m/z 265 and 269 was gener-
ated by the C–N cleavage in 5Cl-AB-PINACA [Fig. 2(A)] and FUB-AMB
[Fig. 2(C)], respectively. This mechanism is designated as McLafferty
rearrangement, associated with γ-H shift and β-cleavage (Fig. 3)[9].
The γ-H is essential for this C–N cleavage, suggesting that this
fragment ion is unique to the compounds with the isopropyl group.
The C–N cleavage was not actually detected in compounds with the
tert-butyl group, because there is no γ-H.
When the R1 group was the tert-butyl, the fragment patterns varied

with the R2 group. The fragment ions formedby loss of terminal amide
(R2=CO–NH2, m/z 44) from the molecular ions were detected for all
compounds with the terminal amide (α-cleavage of amide group)
[Fig. 2(B)]. The abundance of [M-44]+ was relatively high, which indi-
cates that the desorption of the terminal amide occurs first. The
Figure 2. Proposed mass spectral fragmentation for 5Cl-AB-PINACA (A),
ADB-CHMINACA (B), FUB-AMB (C), and 5F-ADB (D).

wileyonlinelibrary.com/journal/jms Copyright © 2015 J
fragment ion of [M-73]+ formed by loss of m/z 29 from that of
[M-44]+ was also unique to these compounds. However, in the case
of the terminal methyl ester (R2=CO–OCH3) [Fig. 2(D)], the fragment
ions generated by loss of terminal methyl ester (m/z 59) were not
always detected, although the fragment ion of [M-59]+ was clearly
detected in compounds with the isopropyl group. In compounds with
tert-butyl group, the abundance of the fragment ion formed by loss of
tert-butyl group (m/z 56) was higher than that of [M-59]+. The
fragment ion of [M-88]+, serially generated by loss of m/z 32 after
desorption of tert-butyl group, was detected.

ESI-MS spectra

ESI-MS spectra were obtained at the exact mass using time of flight
mass spectrometer. The spectra suggested the molecular informa-
tion owing to soft ionization and varied among four fragmentor
voltages. The abundance of [M+H]+ was high in fragmentor voltage
of 100 V, while the abundance of [M+Na]+ was high in that of 350 V.
In addition, the fragment information was also obtained in voltage
from 100 to 350V, although the number of ions was less than the
EI-MS spectra. Four spectra of ADB-PINACA are shown in Fig. 4.
The ion at m/z 345.2280 in Fig. 4(A) corresponds to [M+H]+

(C19H29N4O2
+, m/z 345.2285), and the ion atm/z 367.2098 in Fig. 4(D)

corresponds to [M+Na]+ (C19H28N4O2Na
+, m/z 367.2104). All

remaining ESI-MS spectra in voltage of 200 V are shown in Fig. S2.
The main fragment ions in ESI-MS were formed similarly to EI-MS

by the cleavage of the amide group adjacent to the N-hetero rings.
The peak of amide cleavage was prominent especially in 200 and
300V. The ions at m/z 215.1184 and 215.1179, equivalent to
[M-129.1033]+, indicate the amide cleavage in Fig. 4(B) and (C),
respectively. The fragment ion of [M-16.0193]+ was formed by loss
of NH2 (m/z 16.0187) for compounds with the terminal amide
(R2 =CO–NH2 in Table 1). For example, the ion at m/z 328.2022,
equivalent to 328.2020 (C19H26N3O2

+), represents the fragment
ion formed by loss of NH2 in ADB-PINACA (Fig. 4(B)). However, the
fragment ion formed by loss of terminal amide (m/z 44.0136) was
not always detected unlike in the case of EI-MS. The fragment ion
of [M-44.0142]+ was generated for the compounds with the
ohn Wiley & Sons, Ltd. J. Mass Spectrom. 2016, 51, 28–32



Figure 4. ESI-MS spectra of ADB-PINACA. Fragmentor voltage: (A) 100, (B) 200, (C) 300, (D) 350 V.
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indazole ring as shown in Fig. 4(B). Meanwhile, the compounds
with the indole ring, such as ADBICA and 5F-ABICA, are more
likely not to detect the fragment ion of [M-44.0142]+ as far as
we investigate in this study. This means that the charge distribu-
tion of whole chemical structure also has an important part in
Table 2. Characteristic fragment ions of the analytes

X a
R1

a R2
a

EI ESI (100 V)

CH C(CH3)3 CO–NH2 M-44, M-73, M-129, M-129-(R3)
a, c M+1.0073 M-

CO–OCH3 M-56, M-88, M-144, M-144-(R3) M+1.0073 M-

CH(CH3)2 CO–NH2 M-44, M-99, M-115, M-115-(R3) M+1.0073 M-

CO–OCH3 M-59, M-114, M-130, M-130-(R3) M+1.0073 M-

N C(CH3)3 CO–NH2 M-44, M-73, M-129, M-129-(R3) M+1.0073 M-

CO–OCH3 M-56, M-88, M-144, M-144-(R3) M+1.0073 M-

CH(CH3)2 CO–NH2 M-44, M-99, M-115, M-115-(R3) M+1.0073 M-

CO–OCH3 M-59, M-114, M-130, M-130-(R3) M+1.0073 M-

The m/z value in ESI is calculated to four places of decimals.
aRefer to in Table 1.
bExcept compounds with 4-fluorobenzyl group.
cParentheses indicates the molecular weight of the substituted group.

J. Mass Spectrom. 2016, 51, 28–32 Copyright © 2015 John W
the fragment pattern for ESI-MS, because there is a sufficient
distance between the terminal amide group and the N-hetero
ring. The fragment ion of [M-59.0139]+ was formed by loss of
the terminal ester for most compounds with the terminal methyl
ester (R2 =CO–OCH3, m/z 59.0133).
m/z

ESI (200 V, 300 V) ESI b (350 V)

16.0193, M-129.1033 M+22.9892, 144.0444, 116.0495, 89.0386

59.0139, M-144.1030 M+22.9892, 144.0444, 116.0495, 89.0386

16.0193, M-115.0877 M+22.9892, 144.0444, 116.0495, 89.0386

130.0874 M+22.9892, 144.0444, 116.0495, 89.0386

16.0193, M-44.0142, M-129.1033 M+22.9892, 145.0396, 117.0447, 90.0338

59.0139, M-144.1030 M+22.9892, 145.0396, 117.0447, 90.0338

16.0193, M-44.0142, M-115.0877 M+22.9892, 145.0396, 117.0447, 90.0338

59.0139, M-130.0874 M+22.9892, 145.0396, 117.0447, 90.0338
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In the fragmentor voltage of 350V, the abundance of amide
cleavage fragment ion bound to the R3 group was low, and the
fragment ion dissociated from the R3 group was easily detected.
When the compound had the indole ring, the fragment ions were
located at m/z 144.0444 (C9H6NO

+), 116.0495 (C8H6N
+), and

89.0386 (C7H5
+). The compound with the indazole ring also had

three fragment ions at m/z 145.0396 (C8H5N2O
+), 117.0447

(C7H5N2
+), and 90.0338 (C6H4N

+). Actually ADB-PINACA had frag-
ment ions at m/z 145.0397, 117.0439, and 90.0343 as shown in
Fig. 4(D). Interestingly, for compounds with 4-fluorobenzyl group
in the R3 group, the previously mentioned three ions were not de-
tected differently from the other compounds with fluorine moiety.
Instead, two fragment ions were generated at m/z 109.0448
(C7H6F

+) and 83.0292 (C5H4F
+). This phenomenon is probably

because of the stability of ionized 4-fluorobenzyl group. The
fragmentation for ESI-MS is profoundly affected by both the ease
of ionization and the site of ionization.

Estimation of chemical structures by both EI-MS spectra and
ESI-MS spectra

Table 2 shows a summary for characteristic fragmentation of syn-
thetic cannabinoids with the isopropyl group and the tert-butyl
group using GC/MS and LC/MS. These fragment ions indicates the
difference not only in the substituted group but also in the basic
structure such as the N-hetero ring, which are useful for estimating
the chemical structures. However, the fragmentation did not occur
with absolute regularity, especially in ESI-MS spectra, and a
substance-specific ion was observed. The substance-specific ion
can be also useful for identifying the compound.

Concluding remarks

In this paper, a fragmentation of synthetic cannabinoids with an
isopropyl group and a tert-butyl group was investigated using
EI-MS and ESI-MS. The main fragment ions for both EI-MS and
ESI-MS were formed by the cleavage of the amide group adjacent
to the N-hetero rings. The detailed fragmentation analysis by multi-
ple ionization techniques was efficient to distinguish the basic
structure and the substituted group of compounds. The proposed
fragment pattern is applicable to estimate the chemical structure
of unknown compounds.
wileyonlinelibrary.com/journal/jms Copyright © 2015 J
Finally, new designer drugs including synthetic cannabinoids
have been created worldwide. Most compounds have a basic
skeleton similar to controlled substances, which suggests that
further studies of fragmentation analysis for each skeleton are
required.
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