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1. Introduction

1.1 Background

New psychoactive substances (NPS) are defined by UNODC as “substances of
abuse, either in a pure form or a preparation, that are not controlled by the 1961
Single Convention on Narcotic Drugs or the 1971 Convention on Psychotropic
Substances, but which may pose a public health threat”. The term “new” does not
necessarily refer to newly designed substances but to substances that have recently
become available on the market. The global NPS market continues to be character-
ized by the emergence of large numbers of substances belonging to a diverse range
of chemical groups. As of November 2019, over 950 different substances have been
reported to the UNODC Early Warning Advisory (EWA) on NPS by Governments,
laboratories and partner organizations [1].

Classification of NPS by similarities in their chemical structure greatly assists in
understanding the scope and diversity of substances that have emerged as well as
aiding the development of analytical methods for their identification. One of the
predominant structural groups of NPS are synthetic cathinones. These are fS-keto
phenethylamines, that have similarities to amphetamine, methamphetamine and
MDMA in structure and mechanism of action. As of November 2019, over 160
individual synthetic cathinones have been reported to the UNODC EWA [1] giving
rise to a variety of analytical challenges requiring the need for sensitive, reliable and
reproducible analytical methods to detect and identify these substances. This has been
made even more challenging by the lack of affordable chemical reference standards,
appropriate analytical methodologies and scientific literature in this subject area.

Aside from cathinone, methcathinone, and pyrovalerone, which were placed under
international control prior to 2000, eight synthetic cathinones (3,4-methylenedi-
oxypyrovalerone (3,4-MDPV), 4-methylethcathinone (4-MEC), alpha-pyrrolidino-
valerophenone (a-PVP), ephylone, ethylone, mephedrone, methylone and pente-
drone) have been placed under international control between 2015 and 2019.

1.2 Purpose and use of the Manual
The present Manual is one in a series of similar publications dealing with the iden-
tification and analysis of various classes of drugs under international control. These

manuals are the outcome of a programme pursued by UNODC since the early 1980s,
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2 Identification and Analysis of Synthetic Cathinones in Seized Materials

aimed at the harmonization and establishment of recommended methods of analysis
for national drug analysis laboratories.

The present Manual is a revision of the manual on Recommended Methods for the
Identification and Analysis of Synthetic Cathinones in Seized Materials (ST/NAR/49),
which was published in 2015. It has been prepared taking into account recent emer-
gence of non-controlled synthetic cathinones and latest developments in analytical
technology with a view to providing the basis for reliable forensic scientific evidence
on synthetic cathinone-containing seized materials.

In accordance with the overall objective of the series, the present Manual suggests
approaches that may assist drug analysts in the selection of methods appropriate for
the sample under examination and provide data suitable for the purpose at hand,
leaving room also for adaptation to the level of sophistication of different laboratories
and various legal requirements. All methods included in this manual have been
validated according to international standards and many have been also published in
peer-reviewed scientific literature. Any new method that is to be used in the
reader’s laboratory must be validated and/or verified prior to routine use.

In addition, while there are several more sophisticated approaches, they may not be
necessary for routine operational applications. Therefore, the methods described here
should be understood as guidance; minor modifications to suit local circumstances
should not affect the validity of the results. The choice of the methodology and
approach to analysis, as well as the decision whether or not additional methods are
required, remain with the analyst and may also be dependent on the availability of
appropriate instrumentation and the level of legally acceptable proof in the jurisdic-
tion within which the analyst works.

Attention is also drawn to the vital importance of the availability to drug analysts
of reference materials and literature on drugs of abuse and the analytical techniques
used for their identification. Moreover, the analyst must of necessity keep abreast
of current trends in drug analysis, consistently following current analytical and
forensic science literature.

The Laboratory and Scientific Section of UNODC would welcome observations on
the contents and usefulness of the present Manual. Comments and suggestions may
be addressed to:

Laboratory and Scientific Section

United Nations Office on Drugs and Crime
Vienna International Centre

P.O. Box 500

1400 Vienna, Austria

Fax: (+43-1) 26060-5967

E-mail: unodc-lab@un.org

All manuals, as well as guidelines and other scientific-technical publications, may
be requested by contacting the address above.



2. General aspects

2.1 Description of the pure compounds

Synthetic cathinones are normally present as white or off-white powders although
they can come in a range of colours. Mephedrone for example, commonly appears
as white or yellow powder/crystals, with a distinct odour described as ranging from
fishy to vanilla or bleach. Although primarily encountered as a powder, mephedrone
has also been known to take the form of capsules/tablets, of varying design [2].
Some of the more commonly encountered synthetic cathinones are presented in
table 1.



Identification and Analysis of Synthetic Cathinones in Seized Materials

9-98-€p85zzL | HD | H *Hd 1>t suo-L-uedoud suoipaydap ‘SN
(outwejAyrsw)-g-(jAusydouo|yd-y)-| ‘auouIy1edy1awolo|yd-y
< 7 ¢ auo-|-uedoud , )
(IDH) 0-5£-86122| "HD | H HD 1> (ouiwelAy3a)-z-(ihuaydoiojyp-p)-1 | 230 PUOUILREIRS0IOIYDY
) € € € ) auo-|-uedoud auouiyred|Aylawip
e Ho by (outwejAyyawip)-z-(jAusydoioyo-v)-1 -N'N-0401YyD>-¥
L € 5. " suo-|-ueing ud
L-11-S/5208 H> | H HO Axorpaus|Ayow-i'e (OUILIE|AY3oW)-2-(|A-G-{OXOIPOZUST-£°L)-| gagan-ig ‘suolking
z-ss-Lieve | *HD | H *HD D€ , | 2uort-uedoudioutuie uoidoudng
(IAyAy1awip-1°1)]-2-(1Auaydoto|yd-g)-1
9-6/-ZEE80Y H> | H SH H auo-|-ueingjAuayd-|-(ouwe|Ayrow)-g auoJpaydng
: e auo-|-uedoud JING-¥
v-€0-65¥98Y HD H HD 18-y (oulwejAyraw)-z-(jAusydowoig-y)-| ‘3UOUIY1eIYIBWOWOIg-1
(I2H) SH® € 1g- auo-|-uedoud -y ‘auoulyledylaowoig-
s-ozgeeser | N0 | H Ho &v (ounwejAy3a)-z-(kuaydowoug-p)-| | DT SUCUIREMSOWCIEY
£-6/-£1952ZL | ‘HD | H *HD ‘HO¥ suo-j-uedoid J4IN-v ‘suoipazuag
(1AuaydjAyrsw-)- | -(ouiwe|fzuaq)-z
(a)qejiene "y '] '] g

mxmi\_\c aweu [ediway) uojjeinaiqqe/sweu uowwo)

Joquinu SyD spuanynisqns

sauouiyied d138YjuAs palajunodud Ajuowwod

L 3|qeL



Identification and Analysis of Synthetic Cathinones in Seized Materials

(1IDH) £ € S auo-|-uedoud B EE

-£8-€S0L6EL Ho H HO HOv (ouiwejAyraw)-z-(jAusydjAyle-y)-1 ‘auoulyieoyisw]Ayiz-y
. . < 2 auo-|-uedoud DINI-€

i Ho H Ho Ho¢€ (outwelAyraw)-z-(jAuaydjAyre-¢)-1 ‘auouiyiedyrpwiAyiz-

_ € € S| (T suo-|-uedoud b ER4

HO H Ho HC (outwejAyrsw)-z-(jAuaydjAyre-g)-1 ‘auouiyledypwiAyii-z

6-99-/68208 | ‘HO | H *H" H auo-|-uexayjAusyd- | -(ouiwe}Ay1a)-z auoipaxayAy13-N
e 5,2 € Sy auo--uedoud -y ‘auoulyiedyls|Aylg-

8-7€-61957CL HD H HD HD-v (1AuaydjAysa-b)-1-(OuIwelAyis)-z DEER 1y1eoy1s|Ay3-v
i 5,2 € 514 auo-|-uedoud -€ ‘auoulyiedyIR|AYIa-

HD H HD HD-€ (1AuaydiAy3e-£)-1-(ouIwe|Aysa)-z D33-€ 1Yy3eoy33jAYI3-€

_ s,z € Sy 2 suo-|-uedoud J33-¢

Ho H HO H2Z (JAuaydjAyra-g)-1-(ouiwe|Ayla)-z ‘auouiyreoyiajAyia-z

G-/€-65Z8L HS | H *HD H auo-|-uedoudjAuayd-|-(ouiwejAy1a)-z auouIyesy13

e s, .2 £,,€ " auo-|-uejuad(oulwe]Ayis)
915910256 | HD | H | ‘MO AxoipaualAytow-'e -2-(1A-5-10X01pOZUSG-E'L)-L auoifyda
auo-|-uedoud-|-(oujwejAyawi

1-85-1€259L | WD | HD | WD AxopaualAyraw-p'e gy m-_wm o oLw%m;ﬁW VINGQ-1g ‘uojiyrawig
(IDH) 3 € € ym i auo-|-uedoud JDNING-7'E
9-90-2//1801 HD H HO HO-v'e (outwejAyrsw)-z-(JAuaydjAylawip-¢'s)-1 | ‘suoulyreoylswiAylswiqg-y's
- . . ] suo-|-uedoud DNING-P'C

\ESECoSCel W H Ho Hov'e (outwe|Ayraw)-z-(AusydjAyzawip-y'g)-1 | ‘suoulyredyiswiAyiswia-y'e
. € € € . o ) auoweudajwelsw
8-££-920S€E H> | "HD HD H auo-|-uedoud|Auayd-| -(outwejAyiswip)-z suouI e AIBWIGNN

_co- € € S, et 9uo-|-ueinq

G-€8-982¢08 HD HD HD Axoipaus|Ayrow-'e (ouIwejAY1WIP)-Z-(jA-G-|OXOIPOZUSG-€'1)-1 suolfinqig

i ddd-b-0J0|Yd>-

(IDH) S-bz-L0€€6 *HD Dt suo-L-uedod| o o doidosdourpijoriAd

(1-1-uipijorihd)-z-(jAuaydoio|ys-y)-1

-D-010|YD-




Identification and Analysis of Synthetic Cathinones in Seized Materials

) < < < ) auo-|-uedoud JORIN-T
HD H H HJ0-C (outwejAyrsw)-z-(jAusydAxoylsw-g)-| ‘auouiyredoyrawixoylaw-g
¢ ¢ ¢ auo-|-uedoud s
L-7S-0€S HD H HD HDOO-t (ourwe|Ayyaw)-z-(1AusydAxoysaw-p)-1 VINING-1g ‘ducipayisiy
Z-r-0595 > | H *HD H auo-|-uedoudjfuayd-|-(ouiwe|Ayraw)-z suoulyIedYIBIN
. 3 € € i auo-|-uedouid JININ- ‘suoulyied
9-9v-508681 | HD H HD Ho-¥ (ouiwe|Ayzaw)-z-(jAuaydjAyisw-p)-1 | -yrswjAylaw-y ‘suoipaydan
L dAd-p-0Jonjj-f
(I5H) JAuipijouiAd ‘HH i auo-|-ueyuad ‘auousaydouajenourjosiAd
£-1€-7S€0S8 (IA-1-utp1jouiAd)-z-(1Ausydoionyy-y)-1 “p-0J0N14p
dHd-b-oJonjy-y
- AuipijouiAd | °y” - UO-L-UBXSY| .y ousydouexayoulpijoAd
AP H2 v (1A-L-uip1joLkd)-z-(|Auaydoion|y-p)-| 4 ;-c-%.n_s_ .
(IDH) 1 H o 1€ suo-|-uedoud JNL-E
S-07-0099vE L (outwejhyiaw)-z-(jAusydoionyy-€)-1 ‘duoulyIedIYI_BWOoIoN|4-€
(IDH) T H 1o iz auo-|-uedoud NI4T
8-L€-66597€L (oulwe|Ayraw)-z-(jAusydoionyy-g)-1 ‘suoulyiesyiswolon|4-g
- SHe € - auo--uedoud -y ‘auoulyedylaoion|4-
HD | H HD 4 (1Ausydoion|y-p)-L-(ouruejfyra)-z| 2337 1y3edy: 14-¥
- . . . suo-|-uedouid - 'suoipauds
S-0t-Lvv HD H HD i (ouwejAyraw)-z-(jAusydoiony-p)-1 JDIN4-Y paydsid4
S Z [T . QUO-|-ueinqg ,
699558708 | HD | H HD Axolpauajhyrow-y'e (OUILIR|AL13)-2-(|A-G-|OXOIPOZUBG-E*L )-| 8ag3-yg ‘suojfing
-9~ SHe € Axoipauajiylaw-p’ suo-L-uedoud auo|A
0-¥9-LE6CLLL HD H HD> IPRUS|AYIBW-1'E (ouIweAY33)-z-(|A--|oX0IpOZUSG-€"1)-| 1AY13
(a/qejiene '] | '] o
alaym) aweu [exjwayd uoljeInaiqqge/aweu Uowwo)
Jaquinu Sy sauanyisqns

(Panusu0d) sauoulyied 2133YuAs palsajunodus Ajuowwod

L 3|qeL




Identification and Analysis of Synthetic Cathinones in Seized Materials

ddV3aN-¥
(DH) £-50-2628L | HD | H | ‘H9 *Ho-t suo-L-ueluad| o donuadourwe Ay
(1AuaydjAyraw-p)- L -(ouiwe|Ay1a)-z

-0-|AY1eIN-17
davaiN-v

. S, C S, C € 1~ Quo-|-ueinq ,
(IDH) ¥-61-8928L| 'HD | H HD HD-t (AuaydiAurow-p)-L-(ouwelAurs)-z chcw:Qo_SnMJ__ﬁmmAhww
. . . . auo-|-uedoud D3IN-v
v8l-Zl9seel Ho H Ho HOY (1AuaydjAyrsw-p)- | -(ouiwe|Ay1a)-z ‘suouiy1eoyisjAyls N
. . . . auo-|-uedoud J3N-€
] HO | H Ho Ho¢ (1AusydjAyiaw-g)-1-(ouiwelhyya)-z ‘suoulyredy3alAyIsIN-g
. 2 . . auo-|-uedoud J3N-C
) Ho | H Ho Ho¢ (AuaydjAyisw-g)-1-(ouiwelhyia)-z ‘auoulyiesyia|AyisIN-z
dddaN-v'e

13 , auo-|-uedoud )
£-99-1vz€8L | |Auipijosikd HD AxoipausjAyraw-y'e (- L-UIPIO11Ad)-2-(|f--[OXOIPOZUSG-£/L)-1 mcocwﬁm__mﬁw_ﬁmﬂ_ﬂ_wm
oo L€ " auo-|-uejuad NAN-¥'E ‘duoiale
€99-€09/89 iAupijoLufd H'D Axorpauaifpaur-y'e (1A-1-uiptjouuAd)-z-(|A-g-|oxoIpozuag-£L)-| -noiAdAxoipaus|AysN-1's
) L€ e auo-|-uejuad NdAIN-€C ‘duoiale
Hutptjoukd H2 Axoipauaifpaur-ge (1A-1-uiptjosiAd)-g-(|A-p-|oxolpozuag-€L)-L -noukdAxoipaua)AyraN-€'C
) c € e auo-|-uedoud DINAIN-£'Z ‘Buoulyied
Ho | H Ho Axoipauaifupaur-ge (ourwejAyrow)-z-(|A-p-|oxo1pozuag-g'1)-1 -yrowhxoipaus|AyrsN-£'2
(IDH) € € € € . suo-|-uedoud SINAN-P ‘duou
pyi-spggpy, | 10 | H2 | MR Hov (outwejAyrswip)-z-(1AuaydiAysaw-)-1 | -1yresjAysewip-n N-IAUR -1

e € S, C € 1~ Quo-|-ueinq )

6-1G-910L€EEL HD H HD HD-¥ (1KuaydiAYrdW-p)-L-(OUILBAYIaW)-Z auoupaydnqlAyiaiN-t
dddON

€ € auo-|-uedoud|
€-60-€vz8Ly | AulpijonAd HD HJO-¥ (- L-UIp110.1Ad)-2- (KUY dAXOYIBW-p)-| mcocmﬁo_aowmm“wﬂﬁﬁmm
(DH) € € € ~ suo-|-uedoud JO3IN-€
z-osegesepl | M0 | M HD HOO¢ (ounwejAyraw)-z-(1AusydAxoypau-g)-L | ‘suouyresyrawAxoyraw-g




Identification and Analysis of Synthetic Cathinones in Seized Materials

dad-p

(IDH) 8-¥S-SLYEL | [AuipijoAd HO H auo-|-ueinq(jA-L-uip1joshd)-g-|Ausyd-| ‘suousYdOINGOUIPIO1IAG-D
8-LL-€96869 | ‘WD | H | ‘HD Axolpaua|Auaw-p'e suo-L-uejuad suo|Ayuad

’ (ourwe|Ayiow)-z-(1A-G-|oxo1pozuag-€'l)-1
€-£5-72L6/8 | HD | H ‘H H auo-| -uejuadiAuayd-|-(ourwelhyraw)-g 5U0.pPaLUSY

L€ suo-|-uejuad
€-€5-75€058 | Auipjouhd | “HD IAyaydeu (- L-uipijoLiAd)-z-(Kuajeyaydeu-)-| auoihyden

R € € z € i auo-|-uedoud(|Auayd SUGIDXD
HO H HOO'HD HOv -|[Ay1dW-p)- | -(oulwe|Ayiaw)-z-Axoyraw-¢ paxaN
dddIN
(1IoH) € € 4m. auo-|-uedoud|
9-8S-E6EELEL [AuiptjosiAd HD HD-t (1A L-uip1joLiAd)-z-(Ausyd Auraw-p)-| wcocw%_o_o_oawcwu__ot\a
-D-JAYIBIN-
dHdIN
(DH) 6, v € . auo-|-uexay ,
0-9€-7S0L6EL Autpljo1Ad HD HOv (1A-1-uip1joaAd)-z-(JAuaydjAyiaw-y)-| auouaydon@youlpljoAd
-0-|AYIDIN-¥
dadiN
cl- S e € auo-|-ueing s

(IDH) 6-SL-vleL | [AuiptjosiAd HD HD-¥ (1A-L-uip1josid)-z-(jAuayd Ayraw-t)-| suousydonngouipijolfd
-0-[AYIsIN-1
$-6.-82098L | ‘HD | H Hd AxopauajAypaw-p'e duo-|-uedoud aUolAYIIN

’ (outwejAyidw)-z-(|A--|oxo1pozuag-g'L)-L
_00- € € €. auo-|-uedoud SNIN-E
eo8-Ll6avel HO H Ho HO-€ (oulwejAyrow)-z-(jAusydjAyraw-¢)-| ‘auouiyreoydwiAyrsIN-€
. . . auo-|-uedoud DININ-Z
FiLlieavel Ho H HD HO-¢ (outwejAyrsw)-z-(jAusydjAyraw-g)-| ‘auouiyleoyiswiAyIsIN-z

(s/qejieae ' Y y ¥
alaym) aweu [exiwayd uoleINGIqQe/aUWeU UOWWOD)
Jaquinu Sy spuanyiIsqns

(Panusu0d) sauoulyied d133YuAs palsajunodus Ajuowwod

| 3|qeL




Identification and Analysis of Synthetic Cathinones in Seized Materials

) ¢ ¢ £ auo-|-uedoud[|Auayd DALY ‘@uou

HD H HD v (1Ayrdwouon|uy)-y]-L-(outwejhylsw)-z | -1yredylawjAylswouon|jul-f

dAd-HL

- JAuipijouiAd ‘HH |A-z-uajeyydeuouphyeiyay —oupkuel wc.o.._.\c\ﬁ&mmm_”-wﬂ_m__M_‘__Humwc ‘auouaydouisajenoulpijosiAd
pAyens1-g°£'9’s)-1-(1A-L-uipl| )T -p-ausjAyIBWeNBL-b'E

L€ dA\d-P

[-€€-0ESPL JAuipijosAd H H auo-|-ueyuad(|A-|-uipijoliAd)-z-|Auayd-| "3u0usYdoIB[EAOUIPIOLIAG-D

6, . dHd-P

9-98-GLYEL [AuiptjosiAd HD H auo-|-uexay(|A-L -uipijosikd)-z-|Auayd-| 3U0UBYAOIXBYOUIPIOLIAG-D
(IDH) 6-SS-SLYEL | 1Auptjonkd | “H'> H auo-|-ueday(jA-1-utpijo.iAd)-z-Auayd-| 8/d ddHd0

‘auouaydondayoulpi|oliid-o




10 Identification and Analysis of Synthetic Cathinones in Seized Materials

2.2 Use and abuse

Synthetic cathinones are commonly taken by insufflation (snorting) or orally, although
in recent years, the injection of synthetic cathinones has also been reported. Insuffla-
tion doses typically range from 20 to 80 mg, although it can be as low as 5 mg or
as high as 125 mg in some cases, with peak effects experienced in less than 30
minutes. The peak effects of mephedrone, which requires a high dose when insufflated,
have been reported to occur within 45 minutes to 2 hours after ingestion and effects
are reported to last for up to 2 to 3 hours [2]. Users of NPS may often perceive them
as safe and find them more attractive than traditional drugs of abuse. However the
toxicity and health implications associated with these products are largely unknown
[3]. Moreover, the descriptions on the package of these products regarding the con-
stituents are often inaccurate and misleading. Identical packages have often been found
to contain different psychoactive substances, thereby adding to the unpredictability of
the effects of these products. A number of studies have demonstrated that these prod-
ucts may contain substances under international control and that the psychoactive
constituents in the products are not consistent over time [4-6].

2.3 Pharmacology and toxicology

Some synthetic cathinones are structurally similar to the amphetamine-type stimu-
lants amphetamine, methamphetamine and MDMA and are reported to have similar
central nervous system (CNS) stimulant properties [7-10]. They can have a pro-
nounced effect on the levels and action of neurotransmitters such as serotonin,
dopamine and norepinephrine [7, 11-13]. Many cathinone derivatives have a single
chiral centre and thus exist in two enantiomeric forms with differing potencies. For
example, the (S)-enantiomers of cathinone and methcathinone have been reported
as being more potent than the (R)-enantiomers [2].

Synthetic cathinones produce a variety of behavioural effects, and can affect locomo-
tor activity, thermoregulation, learning and memory [7]. Short-term adverse effects
reported following mephedrone use are variable and may include loss of appetite,
blurred vision, anxiety, post-use depression, confusion, hallucinations, short-term psy-
chosis and mania [14-16]. Similarly, clinical reports have noted that 3,4-MDPV use
can result in anxiety, paranoia, memory loss and aggression [7]. Individuals intoxi-
cated with ephylone displayed a variety of symptoms including palpitations, tachy-
cardia, agitation, aggression, hallucinations, coma and, in some cases, death [17, 18].
Intoxication by synthetic cathinones may also lead to severe adverse effects including
acute liver failure, acute kidney injury, high blood pressure and tremor [19, 20]. A
number of synthetic cathinone users have also reported the development of tolerance,
dependence or withdrawal symptoms with prolonged use [2].

With regard to the metabolism of synthetic cathinones, mephedrone has been exten-
sively studied and a number of metabolites have been characterized [15, 16, 21].
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The major Phase I metabolites have been shown to be products of simple oxidative,
reductive and N-dealkylation reactions [15]. The Phase I metabolites of mephedrone
subsequently undergo extensive Phase II metabolism to form glucuronides as a
prelude to excretion [21].






3. Synthesis of synthetic cathinones

The chemical synthesis of cathinones is facile and usually follows a two-step pro-
cess. Typically the initial synthesis is of an a-bromoketone (from the pre-requisite
arylketone) followed by a nucleophilic substitution with an appropriate amine to
give the corresponding freebase of the cathinone. Due to the instability of the free-
base, the cathinones are conveniently isolated as their corresponding hydrochloride
or hydrobromide salts [22]. The first reported synthesis of mephedrone was by Saem
de Burnaga Sanchez in 1929 [23], where 1-tolylpropan-1-one was a-brominated and
then reacted with methylamine to produce racemic 4-methylmethcathinone. This
method could be adapted for the synthesis of a wide range of cathinones as shown
in figure L.

Figure I. Example of synthetic routes for selected cathinone derivatives [24].
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> vl ¢ e sl ey

Y =H, MeO, F or CF,

R = Me, Et, Pr R,and/or R, = H, Me, Et,'Bu, Bn or %ND X =ClorBr

Reagents/conditions: (a) Br,/HBr/CH,Cl,/rt/1 h; (b) NHR,R,.HCI/NEt,/CH,Cl,/rt/24 h; (c) NHR,R,/NEt,/CHClI,/reflux/24 h;
(d) HCI-dioxane/propan-2-ol/rt/1 h and (e) HBr-AcOH/AcOH/rt/1 h.

These synthetic routes can be used in clandestine manufacture. However, if 4-meth-
ylephedrine is available, this can also be utilized via an oxidation step to produce
mephedrone. This method is believed to be stereoselective if the reactant is a single
enantiomer. However, due to the complexity of producing the pure enantiomers of
4-methylephedrine it is unlikely that this route is used routinely in clandestine labo-
ratories. [9]
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4. Qualitative and quantitative
analysis of seized materials
containing synthetic cathinones

4.1 Introduction

Generally, in attempting to establish the identity of a controlled drug or NPS in
suspect material, the analytical approach must entail the determination of at least
two uncorrelated parameters, one of which should provide information on the chemi-
cal structure of the analyte, for example infrared spectroscopy (IR), mass spectrom-
etry (MS), or nuclear magnetic resonance (NMR). The choice of parameters in any
particular case needs to be contextualized to the drug involved and the resources
available. Judicial requirements may also dictate the analytical requirements.

4.2 Sampling

The principal reason for a sampling procedure is to permit an accurate and meaningful
chemical analysis and interpretation. Because most qualitative and quantitative
methods used in forensic drug analysis laboratories require very small quantities of
material, it is vital that these small quantities are representative of the bulk from
which they have been drawn. Sampling should conform to the principles of analytical
chemistry, as laid down, for example, in national pharmacopoeias or by regional or
international organizations. For general aspects of qualitative sampling of multi-unit
samples, refer to the Guidelines on Representative Drug Sampling (www.unodc.org/
documents/scientific/Drug_Sampling.pdf) [25].

4.3 Extraction and sample preparation
Samples should be prepared according to their morphology as follows:
Powders: A solution should be prepared at a concentration of approximately 1 mg/

mL in methanol or ethanol.

15
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Tablets/Capsules: Select a representative number of tablets according to the proce-
dure in Guidelines on Representative Drug Sampling [25]. The sample should be
ground to a fine powder, if not already in powdery form, and solution(s)
prepared.

Syringes or glassware: Should be washed with a minimum amount of solvent e.g.
methanol or ethanol.

Synthetic cathinones are typically present in their hydrochloride forms, and hence
the following extraction using a base may result in a better peak shape during
GC-MS analysis for some synthetic cathinones (e.g. ethylone).

Basic extraction procedure: Add an appropriate volume of water to an appropriate
amount of powder (~1-2 mg/mL), basify the solution to approximately pH 11 using
a suitable base (e.g. 1N NaOH solution) and extract with an equal volume of organic
solvent such as ethyl acetate or chloroform.

Analytical notes

e  Synthetic cathinones are less stable in their base forms and are sensitive to
air, moisture and pH [26]. It is advisable not to basify the solution to greater
than pH 12.

e Synthetic cathinones that degrade at high pH (pH >12) are the halocathi-
nones such as 4-BEC, 4-BMC, 4-CMC, 4-FEC and flephedrone. In particular,
the ortho positional isomers of the halocathinones, such as 2-FMC, are highly
unstable in their base forms and multiple degradation peaks can be observed
in the gas chromatogram of the sample solution after basification.

e The rate of degradation can be minimized by storing the solutions at -20°C.

4.4 Presumptive colour tests

Presumptive tests are non-specific tests, which can be used to identify which class
of compounds a substance belongs to. However, they cannot be used to identify a
specific compound within that class. Therefore, confirmatory tests must always be
carried out in conjunction with these preliminary tests. Presumptive colour tests give
a positive result simply by a colour change being observed on the addition of rea-
gents to the substance of interest.

A negative control is required when undertaking presumptive testing to ensure that
any colour change observed is due to the reaction between the substance and the
reagents, and not to the reagents alone. In addition, it also ensures that the apparatus
being used is thoroughly clean with no possibility of contamination. If possible, a
positive control should be carried out on a reference standard or a known sample
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of the compound expected to be present in the sample to give an indication of the
colour change that should occur.

One of the most suitable presumptive tests for synthetic cathinones is the Zimmer-
mann test (also sometimes referred to as the Janovsky test), which provides a clear
and unambiguous response for both the hydrochloride and hydrobromide salts in
most cases.

The Zimmermann colour test can also be used to differentiate between the halometh-
cathinones (such as 4-BMC and 4-CMC) and ketamine. While the halomethcathi-
nones give the same colour test response as ketamine for colour tests such as
Marquis, Simon’s and the modified cobalt thiocyanate test, different colour test
responses are observed for the Zimmermann colour test.

Zimmermann test reagents

A small amount of the sample to be tested should be added to a dimple well of a
spotting tile and the reagents added sequentially. Negative controls should be used.
Any colour change or other noticeable effect occurring immediately on addition of
the following reagents should be noted and observations made again after five
minutes.

e Add 2 drops of 1% w/v 1,3-nitrobenzene in methanol, then

e add 2 drops of 15% w/v potassium hydroxide in water.

The results observed with the Zimmermann test for a variety of cathinones are
presented in table 2.

Table 2. Typical results obtained for a variety of cathinones and ketamine using
the Zimmermann test

Drug Immediate colour change Colour after 5 minutes
Benzedrone No colour change Pale pink
4-BMC Yellowish-green Brown
Bupropion No colour change No colour change
Butylone (After ~10 secs.) Very pale pink |Dark purple
4-CMC Yellowish-green Brown
Ethylone Light pink Dark pink
Eutylone No colour change Slight purple
Flephedrone Light purple Dark purple
Ketamine Light pink Purple
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Table 2. Typical results obtained for a variety of cathinones and ketamine using the
Zimmermann test (continued)

Drug Immediate colour change Colour after 5 minutes
3,4-MDPV Yellow Yellow
Mephedrone Light purple Dark red/purple
Methcathinone |Dark purple Dark purple
Methedrone (After a few secs.) Dark purple |Dark purple
Methylone (After ~10 secs.) Light purple Dark purple
2-MMC Dark purple Dark purple
3-MMC Purple Dark purple
4-MEC (After ~10 secs.) Light purple Purple with dark purple specs
a-PVP Light yellow Light yellow (no change in colour)
4-TFMMC Dark purple Dark purple

4.5 Raman spectroscopy

Raman spectrometers are available both as bench-top spectrometers as well as hand-
held devices. While, bench-top Raman devices can be used for the identification
and characterization of cathinones [27], handheld Raman devices are also useful for
rapid and non-destructive presumptive field testing of cathinones [28].

Handheld Raman devices are suited to operate in field conditions as analysis can be
performed directly through transparent or translucent packaging material (e.g. plastic,
glass) with minimum or no sample preparation. It is also important to recognize and
understand the limitations of such devices, for example, interferences of fluorescence
from sample. As such, these devices should only be utilized as a preliminary screening
tool to provide information on the possible identity of the seized material and should
always be complemented by another confirmatory technique.

The handheld Raman device makes use of a laser beam and as such, it is important
to be aware of the associated safety issues and take necessary precautions, for
example, the use of protective gloves and eye protection, handling the device at the
recommended distance. Scanning dark-coloured material directly must be avoided
as the laser beam can potentially cause the material to burn or ignite. Never use
the device on samples suspected to contain explosives.

For general aspects of the use of handheld Raman devices, refer to the
Guidelines on Handheld Raman Field Identification Devices for Seized Material
(https://www.unodc.org/unodc/en/scientists/guidelines-on-raman-field-identification-
devices.html) [28].
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4.6 Microcrystal tests

Microcrystal tests are quick, simple, and extremely sensitive tests for the identifica-
tion of substances. They involve the formation of crystals from the reaction of the
target compound with a chemical reagent, followed by the analysis of the resulting
crystals by means of a microscope and comparison with reference material. The use
of a polarized light microscope is recommended in accordance with the procedure
used. The reference material may be photographs of known microcrystals, or refer-
ence standards/known drug samples which are analysed similarly.

Procedures have been reported using mercury chloride [29] and mephedrone was
observed to form characteristic “paddlewheels and rosettes of blades” (figure II).

Reagent
The reagent is an aqueous solution of mercury chloride at a concentration of 10 mg/mL.

Reference standards should be prepared as aqueous solutions at concentrations of
10 mg/mL.

Method

Mix an aliquot (10 uL) of the test solution (10 mg/mL) with 10 pL of the reagent on
a glass slide. Gently swirl with a plastic pipette tip a few times to aid nucleation and
crystal formation and let the mixture settle for 5-10 minutes. When possible, a positive
control using reference standards should be carried out alongside the test solution.

Structurally similar substances may show similar looking microcrystal patterns at higher
concentrations. Hence, care should be taken in interpreting microcrystal patterns.

Figure Il. "Paddlewheel and rosette of blades”-shaped crystal observed during
a microcrystalline test for mephedrone [30]
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4.7 Thin layer chromatography

Thin layer chromatography (TLC) is a commonly used technique for the separation
and identification of drugs. It is inexpensive, rapid, sensitive, flexible in the selection
of both the stationary and mobile phase and amenable to a wide variety of sub-
stances, in base and salt form, ranging from the most polar to non-polar materials.
A retention factor (Ry) can be calculated for each compound within a sample to
provide a tentative discrimination of compounds within a drug class.

Distance from origin to sample spot
R, value =

Distance from origin to solvent front

TLC provides chromatographic separation and identification of the components when
used in conjunction with a drug reference standard but TLC does not provide any
structural information about the drug. Subsequently, it is used in combination with
other techniques to confirm unequivocally the identity of the drug.

TLC Plates (stationary phases)
Coating: Silica gel G with a layer thickness of 0.25 mm and containing an inert

indicator, which fluoresces under UV light wavelength 254 nm (Silica gel GF,s,).

TBypical plate sizes: 20 x 20 cm, 20 x 10 cm, 10 x 5 cm (the latter should be used
with the 10 cm side vertical with the TLC tank).

Solvent systems

The following solvent system should be prepared as accurately as possible by use
of pipettes, dispensers and graduated (measuring) cylinders. The solvent system
should be placed in a glass TLC tank for a sufficient time to allow vapour phase
saturation to be achieved prior to the analysis.

Ethyl acetate, methanol and (25%) ammonia - (89.5 : 10.0 : 0.5 v/v/v).

Preparation of standard solutions

These should be prepared at a concentration of between 1 to 5 mg/mL in methanol
(or according to laboratory protocol) and stored in a dark and cool place.

Sample solutions

Prepared as per section 4.3.
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Spotting and developing

The samples, together with suitable negative and positive controls, are applied as
separate spots. Apply approximately 1 pL and 5 pL aliquots of the sample solution,
2 pL of the standard solution(s) and 2 pL of solvent (as a negative control) onto
the TLC plate. Spots should be applied carefully to avoid damaging the plate’s
surface.

Analytical notes

e The starting point of the run, i.e. the “spotting line” should be at least 2 cm
from the bottom of the plate.

e The spacing between applications of sample (spotting points) should be at
least 1 cm and spots should not be placed closer than 1.5 cm to the side
edge of the plate.

e To avoid diffuse spots during development, the size of the sample spot should
be as small as possible (2 mm) by applying solutions in several aliquots rather
than a single discharge.

e Allow spots to dry and place plate into solvent-saturated tank (saturation of
the vapour phase is achieved by using solvent-saturated pads or filter paper
as lining of the tank).

e The solvent in the tank must be below the spotting line.

e Remove plate from the development tank as soon as possible after the solvent
reaches the development line (at least 1 cm from the top of the plate) marked
beforehand; otherwise, diffused spots will occur.

Visualization/detection

Reagent: Dissolve 2 g ninhydrin in 100 mL ethanol (2% ninhydrin)

Plates must be dried prior to visualization. The solvent can be allowed to evaporate
at room temperature or removed with a hot air blower. The plate should be viewed
under UV light (254 nm) with any spots being noted before being sprayed with
ninhydrin reagent (2%). The plate should then be placed into an oven at 80°C and
until all spots have developed (~40 min). Once removed from the oven, the spots
should be marked with a pencil and then the R, value calculated for each.

When TLC is carried out on substituted cathinone compounds, various colours and
shapes of spots are observed. The spots produced by each compound vary in colour
(black/blue/purple) when viewed under UV light (table 3).
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Table 3. TLC results for a variety of cathinone compounds (spray reagent nin-

hydrin 2%; UV = 254 nm)

Drug Spot colour under short A UV light R; value
Benzedrone Black line 0.83
Bupropion Black line 0.60

Butylone Light blue spot 0.20
Ethylone Faint spot 0.24
Eutylone Light blue spot 0.32
Flephedrone Black spot 0.15
4-MDMC Black spot 0.33
3,4-MDPV Light blue spot 0.55

4-MEC Black spot 0.25

Mephedrone Black spot 0.13

Methcathinone Black spot 0.17
Methedrone Black spot 0.14
Methylone Faint spot 0.14
2-MMC Black spot 0.18
3-MMC Black spot 0.16
Naphyrone Bright blue/purple spot 0.44
Pentedrone Black spot 0.34

a-PVP Black spot 0.58

4-TFMMC Faint line 0.27

Analytical notes

e R, values are not always reproducible due to small changes in plate
composition and activation in solvent systems, tank saturation or development
distance. Therefore, the R; values provided are indications of the chromato-
graphic behaviour of the substances listed.

e |t is essential that reference standards are run simultaneously on the same
plate.

e For identification purposes, both the R; value and the colour of the spots
after spraying with the appropriate visualization reagents should always be
considered.

4.8 Gas chromatography with mass spectrometry

Gas chromatography-mass spectrometry (GC-MS), one of the most commonly used
hyphenated techniques for the identification of drug samples of forensic significance,
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is commonly used as a confirmatory test for the cathinones. It affords two independ-
ent means of analysis (chromatographic separation and mass fragmentation data).
There are a wide range of instruments available and analysis should be undertaken
using standard analytical capillary columns.

Preparation of the standard and sample solution

A reference standard of the drug should be prepared at a concentration of 1 mg/mL
in methanol or ethanol, or prepared using basic extraction as mentioned in section
4.3. For the sample solution, a representative sample of the drug to be analysed is
prepared as above.

There are various GC-MS methods emerging within the peer-reviewed literature for
the analysis of cathinone compounds and forensic science laboratories may adopt
these or carry out the appropriate research to generate their own method. It is criti-
cal that, whatever method is used, it is appropriately validated. Two general methods
for the analysis of synthetic cathinones are presented in this Manual.

GC-MS operating conditions

GC oven conditions:

Column:

Injection parameters:

Injector temp:

Carrier gas:

Detector:
lonization mode:

Scan parameters:

GC Interface temp:
MS source temp:

MS quadrupole temp:

Method 1

80°C for 3 minutes,
increased to 280°C at a rate
of 40°C/min and then held
isothermal at 280°C for 4
minutes

5% phenyl/95% methyl
silicone column (HP-5MS),
12.5 m length x 0.25 mm
i.d., 0.33 ym film thickness

1 pL aliquot of sample
injected with a split ratio of
40:1.

280°C

Helium, inlet pressure: 8 psi

El mode, 70 eV
TIC Full scan 35-600 amu

280°C
230°C
150°C

Method 2 [24]

90°C for 1 minute, increased
to 300°C at a rate of 8°C/
min and then held isother-
mal at 300°C for 10 minutes

5% phenyl/95% methyl
silicone column (HP-5MS),
30 m length x 0.25 mm i.d.,
0.25 pm film thickness

2 pL aliquot of sample
injected with a split ratio of
75:1.

225°C

Helium, inlet flow: 1 mL/min

El mode, 70 eV
TIC Full scan 50-550 amu

300°C
230°C
150°C
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Identification using GC-MS is accomplished by comparing the retention time and
mass spectrum of the analyte with that of a reference standard. All compounds
identified by GC-MS and reported by the analyst must be compared to a current
mass spectrum of the appropriate reference standard, preferably obtained from the
same instrument, operated under the same conditions.

Analytical notes

e When reference standards are not available, the use of reference data from
external sources or user generated libraries, may be considered depending
on the purpose at hand and national legal requirements.

e Reference data must be properly validated, for example, validation study of
the external reference data, comparability with different analytical conditions,
peer review.

e The use of reference data must be documented and, where applicable, their
impact and limitations, for example, compounds with similar fragmentation
patterns, should be clearly stated.

Typical fragments of synthetic cathinones are as shown in figure III.

Figure lll. Characteristic mass fragmentation pattern for synthetic cathinones
+
I I
N, N+ et
\ ~
R :\ R4*>R1( *(/R4+R (\C

acylium ion  iminium ion aryl ion

Table 4 provides reference data from GC-MS analysis using methanol, ethanol or
basified water/ethyl acetate as the extracting solvent.
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Analytical notes

e The nominal mass which is observed in the El mass spectrum is calculated
using the mass of the most abundant naturally occurring stable isotope of
each element rounded to the nearest integer value that corresponds to the
mass number, whereas the molecular weight is the average mass which is
calculated using the atomic weight of the respective elements. The atomic
weight is the weighted average of the atomic masses of the different isotopes
of each element in the molecule.

e The structure of an unknown synthetic cathinone can be predicted using the
predicted mass fragmentation ions of synthetic cathinones shown in figure
ll. For example, with both mass ions m/z 91 and m/z 119 observed in a
mass spectrum, a synthetic cathinone containing a methyl substituent in the
phenyl ring can be expected.

Potential analytical problems associated with GC-MS analysis of synthetic cathi-
nones may arise due to oxidative degradation of synthetic cathinones [31, 32]. The
oxidative decomposition of a cathinone species may result in the formation of an
enamine or imine as shown in figure IV. The imine arises from the loss of hydrogen
from the nitrogen, whereas the enamine arises from the loss of hydrogen from the
carbon-carbon bond. The decomposition product may co-elute with the parent drug,
producing mass spectral changes between analyses. A notable change in the mass
spectrum will be a characteristic 2 Da shift in the base peak, which is attributed to
the loss of 2H to form an imine/enamine. An example of proposed fragments for
flephedrone and its artefact is shown in table 5 [31]. Degradation can be minimized
by reducing the GC temperature, decreasing residence time in the inlet and
eliminating active sites [31].

Figure IV. Oxidative decomposition of a cathinone to form imine and enamine
species.

Conjugated imine Unconjugated imine Enamine
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Table 5. Proposed fragments for flephedrone and its oxidative degradation
artefact [31].

Iminium ion
(base peak) Acylium ion Aryl ion
Flephedrone N
? 4 H, o|
| X N r/N\ AN | \C+
F = E | = E Z
m/z = 181 m/z = 58 m/z = 123 m/z = 95
Flephedrone artefact .
T H, Il
S ¢
F F F
m/z = 179 m/z = 56 m/z = 123 m/z = 95

4.9 Liquid chromatography with ultraviolet-
visible spectroscopy

Liquid chromatography (LC) is another major separation technique used in forensic
drug analysis. Reversed phase LC is most commonly used for the analysis of drugs
in seized materials and the most universal and versatile column is a bonded octadecyl
silica column (C18). Column length, diameter, particle size, pore size and carbon
load should be considered in the selection of the column. As there are a large variety
of stationary and mobile phases available to the analyst, all methods must be prop-
erly validated and/or verified prior to use in casework. The liquid chromatograph
is typically coupled to an ultraviolet (UV) — visible (VIS) spectrometer for detection.
Two methods are listed in this Manual, one using LC as a quantitative technique
for quantification of mephedrone and identification of mephedrone and methylone
in the presence of a number of common adulterants [22]. The other method is used
for the general identification of synthetic cathinones using retention times (RT) and
UV spectra comparison. While the UV spectrum is not able to provide unequivocal
structural identification of the synthetic cathinone, it is a useful tool for the differ-
entiation of positional isomers [33-35].

Method 1 — quantification of mephedrone

Preparation of standard solutions

For the preparation of the calibration standard solutions, 2.0 mg of mephedrone was
added to a 100 mL volumetric flask and dissolved in mobile phase to give a
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20 pg/mL solution. This solution was then suitably diluted to give calibration stan-
dards ranging from 0.5 pg/mL to 10 pg/mL each containing nicotinamide (2.5 ug/
mL) as internal standard.

Preparation of sample solutions

Solutions were prepared at a concentration of approximately 10 pg/mL of mephedrone
and methylone.

Column: HiChrom ACE 3 C-18, 150 x 4.6 mm i.d., 3 ym particle size
Isothermal at 22°C

Mobile phase: 28:72 (v/v) methanol: 10 mM ammonium formate (adjusted
to pH = 3.5 with formic acid)

Flow rate: 0.8 mL/min
Detection: photodiode array-UV detector (258 nm for cathinones)
Injection volume: 10 pL

Internal standard: nicotinamide, 2.5 pug/mL

Results for mephedrone

Linear range: 0.5-10 pg/mL
Repeatability: RSD < 3%
Correlation coefficient:  0.993

Table 6. HPLC retention times for mephedrone and methylone, in the presence
of eight common adulterants [22]

Drug Retention time (t;) in minutes (t, = 2.2 min)
Nicotinamide (IS) 2.67
Paracetamol 3.7
Caffeine 4.9
Methylone 6.4
Lidocaine 9.0
Mephedrone 9.8
Ketamine 11.1
Heroin 15.6
Cocaine 171
Benzocaine 34.4
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Method 2 — Qualitative identification of synthetic cathinones using RT
and UV spectrum

Preparation of the standard and sample solution

A reference standard of the drug should be prepared at a concentration of 1 mg/mL
in methanol, or prepared using basic extraction as mentioned in section 4.3. For
sample solution, a representative sample of the drug is prepared as above. When
using ethyl acetate as the extracting solvent, the solvent has to be evaporated and
reconstituted in methanol as the UV absorbance of ethyl acetate (UV cut off =
260 nm) may interfere with the UV profile of the compound of interest.

Column: Hypersil-BDS column, 150 x 2.1 mm i.d., 5 pm particle size
Isothermal at 25°C

Mobile phase: Solvent A: 10 mM TEAP (triethylammonium phosphate) buf-
fer solution (pH = 3.0)

Solvent B: Acetonitrile

Flow rate: 0.4 ml/min
Detection: photodiode array-UV detector
Total run time: 29 min

Elution programme: 1 — 60% B in first 20 min, hold at 60% B for 6 min, then
ramp down to 1% B

Table 7. LC retention times and A, for selected synthetic cathinones

Drug Approx RT (min) Amax (NM) *
4-BEC 10.7 266
Buphedrone 7.7 252
4-Chloro-N,N-dimethylcathinone 9.4 262
Dibutylone 8.45 236, 324, 284
Ephylone 10.8 236, 322, 282
N-Ethylhexedrone 12.25 252
Ethylone 7.25 234, 320, 282
Eutylone 8.8 236, 322, 284
4-Fluoro-a-PHP 13.45 256
2,3-MDMC 7.2 230, 260, 348
2,3-MDPV 1.4 232, 262, 350
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3,4-MDPV 1.3 236, 324, 284
4-MEAPP 12.6 264
2-MEC 9.2 206, 252
3-MEC 9.4 206, 256
4-MEC 9.4 264
Mephedrone 8.7 264
4-Methylbuphedrone 10.3 264
Methylone 6.45 234, 320, 282
Mexedrone 9.1 264
2-MMC 8.45 206, 252
3-MMC 8.7 206, 256
a-PBP 8.7 254
Pentedrone 9.85 252

Figure V. UV spectra of 2,3-MDMC and methylone. Positional isomers at the

phenyl ring can be differentiated by their UV profile.

2,3-MDMC

methylone

*Note: UV spectral profile and absorbance are dependent on a number of factors
which include solvent, sample concentration, pH and sample temperature.

4.10 Liquid chromatography-tandem mass

spectrometry

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) is a powerful con-
firmatory technique which combines the separation features of conventional LC with
the detection capabilities of a tandem mass spectrometer, resulting in significantly
increased selectivity. Its low limits of detection allow for trace analysis and the
analysis of biological specimens such as blood and hair. With high sensitivity and
selectivity, LC-MS/MS is suitable for both qualitative and quantitative analysis of
synthetic cathinones in seized materials and biological specimens.



32 Identification and Analysis of Synthetic Cathinones in Seized Materials

There are a number of methods in the scientific literature for the analysis of synthetic
cathinones by LC-MS/MS, using different mass analysers: time-of-flight (TOF),
quadrupole or ion trap. The following are two examples of LC-MS/MS (triple quad-
rupole mass spectrometry systems) methods for the separation and identification of
several synthetic cathinones [36].

LC-MS/MS operating conditions
LC: Method 1 [36] Method 2
Column: Agilent Zorbax Eclipse XDB C-18, ACQUITY UPLC HSS T3 column,
(75 mm x 4.6 mm id 3.5 ym) (2.1 mm x 100 mm id 1.8 pm)
Mobile phase: (A) 95% water, 5% acetonitrile, (A) 10 mM ammonium formate
0.1% formic acid (by volume) with 0.1% formic acid (by
. volume)
(B) 95% acetonitrile, 5% water,
0.1% formic acid (by volume) (B) Acetonitrile with 0.1%
formic acid (by volume)
Gradient: Initial conditions; 90% A: 10% B Initial conditions; 85% A:15% B
0-2 mins; isocratic 90% A: 10% 0-0.5 mins; isocratic 85% A:15%
B B
2-7 mins; linear 90% A: 10% B  0.5-5 mins; linear 85% A:15% B
- 60% A: 40% B -70% A:30% B
7-9 mins; isocratic 60% A: 40% 5-7.5 mins; linear 70% A:30% B
B -5% A:95% B
7.5-7.6 mins; linear 5% A:95% B
- 85% A:15% B
7.6-10 mins; isocratic 85%
A:15% B
Flow rate: 0.6 mL/min 0.4 mL/min
Column room temperature 30°C
temperature:
Injection volume: 5L 2 pL
MSIMS:
Instrument: Agilent 6410A triple quadrupole Waters Xevo TQ-S Mass
Analyzer
Detection mode : Multiple Reaction Monitoring (MRM)
lonization mode: positive electrospray ionization (ESI*)
Capillary voltage: 2.5 kV 0.5 kV
Drying gas 325°C at 5 L/min 400°C at 800 L/hr
temperature
Nebulizer pressure: 60 psi
Optimized collision energies and fragmentor voltages for selected cathinones are given
in tables 8 and 9.
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Table 8. Optimized MRM parameters for selected synthetic cathinones (Method
1)

. Product ions ..
Precursor ion [M+H]* Fragmentor| Collision energy V
Drug +
[M+H]* o o voltage V o o
transition | transition Il transition | transition Il
Butylone 222 174 204 100 16 9
Flephedrone 182 164 149 100 11 22
3,4-MDPV 276 126 135 125 27 27
4-MEC 192 174 144 100 11 32
Mephedrone 178 160 144 90 10 36
Methedrone 194 176 161 90 8 18
Methylone 208 160 132 90 16 30
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4.11 Fourier transform infrared spectroscopy

The confirmation of the identity of a substance can be achieved by fourier transform
infrared (FTIR) spectroscopy. Unequivocal identification of a synthetic cathinone,
in particular the specific positional isomer, is possible from each unique spectrum
due to its unique fingerprint infrared pattern. For powders which are reasonably
pure, the infrared spectrum of the powder can be acquired directly using the atten-
uated total reflectance fourier transform infrared (ATR-FTIR) spectrometer without
any sample preparation or with the KBr disc method using the sample preparation
below. Table 10 shows the main infrared (IR) absorption bands (cm™) for selected
synthetic cathinones.

Polymorphism is a solid-state phenomenon which can pose some challenges in the
identification of cathinones by FTIR. Some cathinones exist as two distinct poly-
morphs and therefore exhibit some spectral differences in FTIR analysis, for exam-
ple, ethylone. Due to molecular conformational differences at the crystal lattice of
each polymorph, ATR-FTIR spectra can vary significantly making it difficult for
identification. [37]. Sample recrystallization might be required in these cases.

Analytical notes

e  The KBr disc method consists of grinding a dry sample to a very fine powder,
then mixing about 2 mg of homogenized sample powder with 200 mg of
carefully dried and ground KBr. After grinding, the mixture is pressed into a
thin transparent disk.

e  KBr should be “IR Grade” and dried at 105°C for a minimum of one hour.
It can be stored in a desiccator containing a strong desiccant (silica gel) or
left in the oven and removed when required.
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4.12 Gas chromatography-infrared detection

Gas chromatography-infrared detection (GC-IRD) is one of the most useful analyt-
ical techniques for the differentiation of positional and structural isomers, based on
their unique IR fingerprint patterns. It affords two independent means of analysis
(chromatographic separation and infrared data) and can be applied to complex sam-
ple matrices. This makes it a more powerful technique than FTIR.

The following examples illustrate the use of GC-IRD in differentiating both posi-
tional and structural isomers [42]. The retention times and IR spectra quality match
factors are shown in tables 11 and 12.

Solid deposition GC-IRD operating conditions

GC conditions:

GC oven conditions: 80°C for 5 min, increased to 280°C at a rate of
24°C/min, and then held isothermal at 280°C for 7
min. Total run time: 21 min

Column: 5% phenyl/95% methyl silicone column (HP-5MS),
30 m length x 0.25 mm i.d., 0.25 pm film
thickness

Injection parameters: 2 pL aliquot of sample injected with a split ratio of
5:1

Injector temp: 280°C
Carrier gas: Helium, 1.2 mL/min constant flow

IRD conditions:

Transfer line temperature:  280°C

Oven temperature: 280°C

Restrictor temperature: 280°C

Disk temperature: -40°C

Dewar cap temperature: 30°C

Disk speed: 12 mm per minute

Pressure: approx. 3 x 10 Torr or less

IR algorithm matching: First derivative correlation (generated by the

software). The software generates a quality match
factor in the range of 0-1, with 0 being the best
match possible.

Note: The quality match factors shown in the examples below are based on
user validated in-house library and a value of less than 0.1 indicates a positive
identification.
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Table 11. Differentiation of mephedrone and its positional isomers using
GC-IRD [42]
O
2 H
3 N
Mephedrone (4-MMC)
4
Dru Quality match Quality match factor
9 factor (when match to the other isomer)
3-MMC 4-MMC
2-MMC 0.0309
0.8683 0.9027
2-MMC 4-MMC
3-MMC 0.0045
0.8680 0.8096
2-MMC 3-MMC
4-MMC 0.0057
0.9076 0.8178
Figure VI. IR spectra of 2-, 3- and 4-MMC. Reprinted with permission from [42].

Copyright 2019 by Elsevier B.V.
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Table 12. Differentiation of the structural isomers dibutylone, pentylone and
eutylone using GC-IRD [42]

O | O (0]
6] N\ 6] H\ 0 H\/
C ( (
(0] (0] o]

Dibutylone Pentylone Eutylone
. Quality match factor
Drug Quality match factor (when match to other isomer)
Pentylone Eutylone
Dibutylone 0.0018
0.5662 0.5393
Dibutylone Eutylone
Pentylone 0.0022
0.5658 0.2439
Dibutylone Pentylone
Eutylone 0.0020
0.5382 0.2455

Figure VII. IR spectra of dibutylone, pentylone and eutylone. Reprinted with
permission from [42]. Copyright 2019 by Elsevier B.V.
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4.13 Nuclear magnetic resonance spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy is a powerful analytical technique
that can be used for the elucidation of molecular structure and purity determination
(under the correct analytical conditions). The complete functional group assignment
of a molecule can be determined using NMR experiments involving 1-dimensional
proton ('H) and carbon (*C) spectra and a combination of 2-dimensional correlation
experiments such as NOESY (Nuclear Overhauser Effect Spectroscopy) and HMQC
(Heteronuclear Multiple-Quantum Correlation). The structural assignment of
mephedrone is shown in table 13.

Figure VIII. Structure of mephedrone with labelling of molecular positions

Table 13. Structural assignment of mephedrone, spectra carried out in deuter-
ated methanol, 'H spectrum (500MHz), *C Spectrum (125MHz) [43]

Position 'H signal (ppm) muslit?gl?clity cong‘g:\?“(r}?Hz) 13C signal (ppm)
1 - - - 196.6
2 5.09 quartet 7.2 60.5
3 1.57 doublet 7.2 16.3
1 - - - 131.7
2'/6’ 7.62 doublet 85 130.1
3'/5' 7.42 doublet 85 131.0
4 - - 147.6
7' 2.45 singlet - 21.8
N-CH,4 2.77 singlet - 31.7

It should be noted that the absolute values of NMR chemical shifts, resolution of
signal multiplicity and coupling constants can vary depending on a number of factors
including but not limited to solvent, temperature and magnetic field strength of the
instrument. The NMR spectra of mephedrone in other solvents are also available in
the literature [22, 44].
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NMR for the discrimination of positional isomers

NMR spectroscopy can be used to assist in the discrimination of positional isomers.
Mephedrone (4-MMC) for example is a 1,4-para substituted aromatic molecule with
a symmetric distribution of protons on the aromatic ring. As such, the '"H NMR
signals of the aromatic protons show a splitting pattern characteristic of such an
AA’/BB’ system. 2-Methylmethcathinone (2-MMC) (1,2-ortho substituted system)
and 3-methylmethcathinone (3-MMC) (1,3-meta substituted system) lack the sym-
metric distribution of aromatic protons in 4-MMC and thus generate more compli-
cated splitting patterns as shown in table 14.

Table 14. NMR splitting patterns of mephedrone and its positional isomers

Drug Structure Splitting pattern of aromatic protons [45]
Ha, (0] H
H
4-MMC 0 ~
Ha
Hy
Ha, (0] H
N\
3-MMC
Hy Ha
HC
Ha (0] H
Ho N |
2-MMC |
HC
Hy

Thus, 4-MMC can be easily discriminated from its positional isomers. However, it
can be difficult to definitively discriminate between 2-MMC and 3-MMC without
further complementary experiments. A similar analysis can be used to discriminate
between para substituted cathinones and their ortho/meta positional isomers.
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