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Determination of synthetic

cannabinoids in urine by
UPLC-MS/MS
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Synthetic cannabinoids-highly potent

Photo: Stig Jaarvik/NRK



Confiscations conducted by Norwegian law
enforcers, 2011-2012
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Pipetting robot
Tecan Freedom EVO

100 pl urine, 1:10
methanol, buffer

Enzymatic hydrolysis

Analytical column

HSS T3 2,1X100mm

Mobile phase 0.1 % HCOOH/
acetonitrile

Runtime 2.5 min

UPLC-MS-MS

Acquity Xevo-TQ-S, EST+

Waters

Internal standard

TWH-250 COOH-d,,
TWH-018 COOH-d,
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Analyte Calibration LOQ Theoretical Between-  Bias ME
range (ng/mL) conc. assay (%) (%)
(ng/mL) (ng/mL) n=10,
(%CV)
AM2201 5-OH 10-10 0.3 1.5 8 2 85
indole
2.5 3 8
8 5 5 85
JWH-018 COOH 0.3-10 0.1 0.45 6 -3 83
2.5 5 1
8 3 -1 89
JWH-073 COOH 0.3-10 0.1 0.45 7 -4 69
2.5 4 -2
8 4 -2 73
JWH-081 COOH 0.5-10 0.2 0.75 6 -3 76
2.5 4 3
8 4 -0.3 78
JWH-122 COOH 0.3-10 0.1 0.45 9 -3 85
2.5 3 3
8 4 -1 89
JWH-203 COOH 0.3-10 0.1 0.45 7 -3 70
2.5 5 2
8 4 -1 76
JWH-210 COOH 0.3-10 0.1 0.45 8 -1 81
2.5 3 4
8 3 -1 84
JWH-250 COOH 0.5-10 0.3 0.75 4 -6 84
2.5 4 1
8 5 -1 85
RCS-4 COOH 0.5-10 0.2 0.75 9 -5 75
2.5 4 2
8 3 -4 82



°ec Application

* In routine since May 2013
+ 1800 samples

* Only 30 positive with JWH-073
COOH and JWH-018 COOH

- From 7 different individuals

... ST. OLAVS HOSPITAL




*s® Screening SPE-LC-Q-TOF

» Solid phase extraction
- Automation on Tecan

+ Simple validation of selected
compounds

... ST. OLAVS HOSPITAL
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... The challenge of new designer
drugs

lealth challenges

<Ana|yt|cal challenges >

 Juridical challenges

... ST. OLAVS HOSPITAL

UNIVERSITETSSYKEHUSET | TRONDHEIM
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s Analytical challenges

« What designer drugs are we looking for?

Low concentrations / need very sensitive
Instruments

« Unknown urine metabolites

 No reference material

... ST. OLAVS HOSPITAL

UNIVERSITETSSYKEHUSET | TRONDHEIM
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Scan for unknown designer drugs?

GCMS

L

LC-Q-TOF



Analysing-material on LC-Q-TOF

Confiscations

Forensic
blood/serum

Forensic urine

Special cases



http://www.bing.com/images/search?q=designer+drugs&FORM=HDRSC2&adlt=strict##
http://www.bing.com/images/search?q=designer+drugs&FORM=HDRSC2&adlt=strict##

How does LC-Q-TOF work?
LC Q TOF

Lc-ms/ToF  Fragmenter
|rl"a"
r /
II -|I LC-MS/TOF
,ll Ii"q GC MS/TOF S 7\ “
R x‘a-__.._.nf""f‘:‘h\\‘\—y—‘ —_— ~——
= =
Liquid Mass spectrometry, B
Chromatography guadrupol/collision cell
2 1 Q-TOF
ﬁ.’d—""ﬁ“ - l Quad Mass Filter (Q ctopole 2 = = ]
- M ol Fetoroe N CiEbE s, =
; I I_I II_J Ic;:'l-l_l-L
Lens 1and 2 Collision Cell DC Quad Pulser
1030JL 0L =
Rough Turho Turbo Turbo Turbo
Pump 1 1 2

The flight time of ions are converted to accurate mass, t= kvm/z
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One example:

« Cathinone MW 149 (nominal mass)
- MW 149.084060 (exact mass)

f

150,0904 m/z

v

Catha edulis (khat)



Exact mass vs nominal mass?

Exact, or calculated, mass of a molecule is the sum In the
molecular formula of the most abundant isotop.

* Molecular formula CyH,;NO

Exact mass :

oxC = Ox12 =108

11xH = 11x1.007825 =11.086075
1xN = 1x14.003074 = 14.003074
1xO = 1x15.994915 = 15.994915

Sum = 149.08406

17

Nominal mass:

Ox12 =108
11x1 =11
1x14 = 14
1x16 = 16
Sum = 149




Included atoms: Molecular formulas

Structural diversity, example: M = 149

C,H,N,0O,S PFClLBr: 120 18

Number of isomers according to MOLGEN C,H,N,O,S,P: 38 | 2ppm=10,0003
(Molecular structure generation; http://molgen.de) C,H, N, O: 27
No. Isomers Number number Accurate

Formula (MOLGEN) Beilstein NIST Exist mass M M+1 M+2 M+3
C;H;NO4 41580 0 0 NO 148,996038 100 3,89 1,29 0,05
C,H,N,0, 152977 0 0 NO 149,007271 100 3,51 1,08 0,04
C,H3;NO, 11449751 3 0 YES 149,011293 100 8,1 0,9 0,06
CH;3N;0, 99306 0 0 NO 149,018504 100 3,13 0,86 0,03
CsH3N50, 50459744 2 0 YES 149,022526 100 7,72 0,67 0,04
C,H3N 53109027 0 0 YES 149,026548 100 12,31 0,69 0,02
C,H,NOg 202072 10 0 NO 149,032421 100 4,99 1,13 0,05
C;H;N;O 39760215 5 0 YES 149,033759 100 7,34 0,44 0,02
C;H,N;0O, 822099 2 0 NO 149,043654 100 4,61 0,91 0,04
C,H;3N, 6505400 0 0 YES 149,044992 100 6,96 0,21 0

CgH,NO, 48687255 265 13 YES 149,047676 100 9,2 0,79 0,05
C,H-N.O, 633408 0 0 NO 149,054887 100 4,23 0,69 0,03
C,H,N;0 166085562 222 7 YES 149,058909 100 8,82 0,55 0,03
CH-,N-O, 121630 0 0 NO 149,066120 100 3,85 0,47 0,02
C;H;;NO, 121350 52 0 YES 149,068805 100 6,09 0,98 0,05
CgH,Ng 77737459 129 10 YES 149,070142 100 8,44 0,32 0,01
C,H;;N;O4 473871 1 0 YES 149,080038 100 571 0,75 0,04
CgyH,;NO 25 895621 724 45 YES 149,084060 100 10,31 0,68 0,03
C;H,;,N:O, 355574 0 0 NO 149,091271 100 5,33 0,53 0,02
CgHy; N, 49755227 182 5 YES 149,095293 100 9,93 0,44 0,01
C,H,;N,O 67609 0 0 NO 149,102504 100 4,95 0,31 0,01
CgHi5NO4 13539 23 2 YES 149,105188 100 7,2 0,84 0,05
CHy;Ng 2766 0 0 NO 149,113737 100 4,57 0,09 0

CsH,sN50, 44621 0 0 YES 149,116421 100 6,82 0,61 0,03
CyoHiN 2569697 558 40 YES 149,120443 100 11,41 0,59 0,02
C,H,.NO 26983 0 0 NO 149,127654 100 6,44 0,39 0,02



Examples of structural isomers of cathinone 19

"_l
(www.chemspider.com, 829 hits)
Altogether 25 895 621 structural isomers possible
Stereoisomers not included
CH, H Gy CHa oA LM CH, Hn s
~ ”/‘gj
CyH ;NO | o ia /é S\C |
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http://www.chemspider.com/Chemical-Structure.6034.html
http://www.chemspider.com/Chemical-Structure.6034.html
http://www.chemspider.com/Chemical-Structure.7199.html
http://www.chemspider.com/Chemical-Structure.7199.html
http://www.chemspider.com/Chemical-Structure.7343.html
http://www.chemspider.com/Chemical-Structure.7343.html
http://www.chemspider.com/Chemical-Structure.10886.html
http://www.chemspider.com/Chemical-Structure.10886.html
http://www.chemspider.com/Chemical-Structure.20447.html
http://www.chemspider.com/Chemical-Structure.20447.html
http://www.chemspider.com/Chemical-Structure.14795.html
http://www.chemspider.com/Chemical-Structure.14795.html
http://www.chemspider.com/Chemical-Structure.24872.html
http://www.chemspider.com/Chemical-Structure.24872.html
http://www.chemspider.com/Chemical-Structure.25033.html
http://www.chemspider.com/Chemical-Structure.25033.html
http://www.chemspider.com/Chemical-Structure.27788.html
http://www.chemspider.com/Chemical-Structure.27788.html
http://www.chemspider.com/Chemical-Structure.69348.html
http://www.chemspider.com/Chemical-Structure.69348.html
http://www.chemspider.com/Chemical-Structure.73329.html
http://www.chemspider.com/Chemical-Structure.73329.html
http://www.chemspider.com/Chemical-Structure.77383.html
http://www.chemspider.com/Chemical-Structure.77383.html
http://www.chemspider.com/Chemical-Structure.91326.html
http://www.chemspider.com/Chemical-Structure.91326.html
http://www.chemspider.com/Chemical-Structure.109297.html
http://www.chemspider.com/Chemical-Structure.109297.html
http://www.chemspider.com/Chemical-Structure.120178.html
http://www.chemspider.com/Chemical-Structure.120178.html
http://www.chemspider.com/Chemical-Structure.127123.html
http://www.chemspider.com/Chemical-Structure.127123.html
http://www.chemspider.com/Chemical-Structure.132038.html
http://www.chemspider.com/Chemical-Structure.132038.html
http://www.chemspider.com/Chemical-Structure.167492.html
http://www.chemspider.com/Chemical-Structure.167492.html
http://www.chemspider.com/Chemical-Structure.208123.html
http://www.chemspider.com/Chemical-Structure.208123.html
http://www.chemspider.com/Chemical-Structure.211065.html
http://www.chemspider.com/Chemical-Structure.211065.html
http://www.chemspider.com/Chemical-Structure.246771.html
http://www.chemspider.com/Chemical-Structure.246771.html
http://www.chemspider.com/Chemical-Structure.255148.html
http://www.chemspider.com/Chemical-Structure.255148.html
http://www.chemspider.com/Chemical-Structure.513739.html
http://www.chemspider.com/Chemical-Structure.513739.html
http://www.chemspider.com/Chemical-Structure.564151.html
http://www.chemspider.com/Chemical-Structure.564151.html
http://www.chemspider.com/Chemical-Structure.2334404.html
http://www.chemspider.com/Chemical-Structure.2334404.html
http://www.chemspider.com/Chemical-Structure.9150856.html
http://www.chemspider.com/Chemical-Structure.9150856.html
http://www.chemspider.com/Chemical-Structure.9237694.html
http://www.chemspider.com/Chemical-Structure.9237694.html
http://www.chemspider.com/Chemical-Structure.10135604.html
http://www.chemspider.com/Chemical-Structure.10135604.html
http://www.chemspider.com/Chemical-Structure.10234473.html
http://www.chemspider.com/Chemical-Structure.10234473.html
http://www.chemspider.com/Chemical-Structure.10570219.html
http://www.chemspider.com/Chemical-Structure.10570219.html
http://www.chemspider.com/Chemical-Structure.11422.html
http://www.chemspider.com/Chemical-Structure.11422.html

Collision cell fragments the parent ion, TOF give accurate mass of both
parent- and daughter ions

Exact mass 149.084060

Retention time

33: 2.118: +ESI EIC(150.0914) Scan Frag=

0
o NH,
©/\ @A :
2 - Hs
105.06988 \ 117.0579 \ 132.0806 150.0904
in. 11 Scans) CID@12.0 (150.014 -> =) cathinone_ug.d \
—
'

12.U0J0

80 a5 90 95

100 105 110

115 120 125 130

135 140 145 150 14

Counts vs. Mass-to-Charge (m/z)

The accurate masses of fragments and retention times are compared to database
(exact mass of 9000 compounds) and library (MSMS spectra from 3000 injected

reference material).

No hit—Chemspider—Correlator / Co-operation other labs. Retrospectively!
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The landscape of designer drugs
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Sorted by effect

Psvyvchedelics

5’-substituted

tryptamines
Related to: bufotenin

NEOMe series

Related to: 2C-x series 20C-x series

25C-MBOMe Related to: mescaline
5 MeQ-DMT  5-MeO-DALT SELNBOME e pen
5 MeO-MIPT 5 MeO-MET SEO-MBOMe
5 MeO-DIPT 5 MeO-DPFT 2C- 2C-E
LT ZC_T_?ZC—EI—FLY 2Cp
5-MeO-AET Ergolines
T Related to: LSD, LSA
. . ALD-52 .
:Ia 4’ -substituted LA-SS Az (LSZ) Psychedelic
tryptamines E amphetamines
DIFT t tamln_es_ T ALY amphetamines
DALT Related to: psilocin ETH-LAD Related to: 2C-x, amphetamine
HMT 4-AcO-DMT 4-HO-DPT DoB DOM
DET 4_AcO-DET 4 HO-DALT DoC DOET
DEAT 4 HO-MIPT 4 HO-DIPT Dol TMA-2
A MES-DMT Bromo-dragonFLy"
Cannabinoids

Naphthoylindoles

Functionally related to naturally occurring cannabinoids including THC

WIN-55,212-2 AB-001

Phenylacetylindoles

JWH-018 JWH-013 CP-4T, 457 JWH-250
JWH-0T2 JVWH-021 CP-47 497, C& homologue JWWH-251
CP-55,940 JWH-203

JWWH-122

Benzoylindoles

JWH-200

AN-1221
AN-2201

RCS-8
JWH-133

JWH-161 22D

CB52

Cyclopropanoyl-
indoles

aphthoylpyrroles

JWVH-307
JWWH-147

AM-554 ARk

AN-1241 i:;i‘;;; JWH-030
AM-2233 ' HU-210
A-TS5 250 HU-211

RCS-4

JWWH-175 HU-331

0-1812 j

22
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Stimulants

Cathinones

Related to: methcathinone,
cathinone, amphetamine,
MDA
KMephedrone

KMethwlone

Pentedrone
Flephedrone

Related to:
Pyrovalerone, Prolintane

MDPW
a-PVP
a-FBP

a-PPP
MDPWP
MOPWP

Methiopropamine

e

Camfetamine

Butylone bk-PMRLA MDBZP TFMPP
Benzedrone 5 _APB
“-MEC 6-APB
6 ADPB
4-methylaminorex
Desoxypipradrol 4-gthylaminorex
MDA
Phenylalkyl- "‘ZD:IT
pyrrolidines -
5-14al Dimethocaine

Ethwyiphenidate

Piperazines
Related to: piperazine

BZP
MBZP
DBZP

mCPP
pFPP
MeOPP

Substituted
amphetamines
Related to: amphetamine,
methamphetamine
4-FA
4-FM.A
3-FA

3-FMA
PR
PRIKA

o '
Dissociatives

Related to: ketamine, PCP

Methoxetamine
3-MeO-PCP
4-MeQ-PCP
3-Me0-PCE

2-Mel0-ketamine

)\

Sedatives

Opicids
Related to: morphine,
fentanyl, herocin
a-methylfentanyl
J-methylfentanyl
MPPP
DO-desmethyltramadol
T-acetoxymitragynine

Metonitazene
AH-TE21

Phenazepam

Major families and subfamilies of research chemicals,and some of their most prominent members.


http://www.drugs-forum.com/forum/showwiki.php?title=Category:Research_Chemicals#ixzz2LqP5MQt0

Sorted by chemical properties =

o)
NH,
_ , OH 5
S. L. Hill & S. H. L. Thomas a O/\/
2

Phenylalanine
v
o methlyated phenethylamines
e.g. amphetamine, Phenethylamine Methylenedioxy-phenethylamines
methamphetamine

- .

Ring substituted methylene-

i

B ketonated

Ring substituted amphetamines Ring substituted phenethylamines

amphetamines dioxyphenethylamines

Others D-series Benzod Cathinone Substituted 2C Series Others [ ketonated MDMA
e.g. e.g. ifurans - cathinones e.g. e.g. substituted MDEA
PMA DOB e.g. e.g. 2CB Mescaline methylene MDA
PMMA DOC bromo- mephedrone 2CI Tyramine dioxyphene
4-MTA DOI dragon- methedrone 2CD Dopamine thylamines Amino
TMA DOM Fly methcathinone 2CT-2 e.g. indans
TMA-2 DON (ABDF) bupropion 2CT-7 N-benzvl ethylone e.g.
2MA DOEF flephedrone 2CP N 'df;_iv[‘l;{,es methylone MDAI
3IMA DOET 2C-B- ethcathinone 2CE ° SIAIL

DOPR Fly zzcr: SCRCR MDPV MBDB
Amino- DOTFM 2CT-8 NBOM ) MDPPP
indans Aleph-1 2CT-9 ; € 6APB
e.g. Aleph-6 2CT-21 6APDB

¢ Alegh-? 2CF i%%l:ﬁ_

2AI Ariadne 2CcC ' ¢
2AT Beatrice MOPPP 2C-TFM
MMAI G3 Naphyrone

G5

- Fig. 4. Classification of the phenthylamines.
o

NHz


http://en.wikipedia.org/wiki/File:L-Phenylalanin_-_L-Phenylalanine.svg
http://en.wikipedia.org/wiki/File:L-Phenylalanin_-_L-Phenylalanine.svg
http://en.wikipedia.org/wiki/File:Fenyloetyloamina.svg
http://en.wikipedia.org/wiki/File:Fenyloetyloamina.svg
http://en.wikipedia.org/wiki/File:2C-E.svg
http://en.wikipedia.org/wiki/File:2C-E.svg

How make an illicit drug “legal™?

Cl

NH
\

@)

Ketamine

O/\/N H2

Phenethylamine

/
0

NH
A

O

Methoxetamine

B ketonated
amphetamines

24


http://en.wikipedia.org/wiki/File:Ketamine.svg
http://en.wikipedia.org/wiki/File:Ketamine.svg
http://en.wikipedia.org/wiki/File:Methoxetamine.png
http://en.wikipedia.org/wiki/File:Methoxetamine.png
http://en.wikipedia.org/wiki/File:Fenyloetyloamina.svg
http://en.wikipedia.org/wiki/File:Fenyloetyloamina.svg

This 1s not Chiron! 25
"Chemists” in clandestine laboratories

-Most of it made outside Europe
In low cost countries,

-Intermediary Europe for mixing /
packing /distribution




Case 1

— Bought as etizolam, methoxetamine, UR 144
— Analyzed as etizolam, methoxetamine, JWH 210
— The leaves had been sprayed with JWH 210 (yellow powder), not UR144

Etizolam

Methoxetamin JWH 210 =

26


http://en.wikipedia.org/wiki/File:JWH-210_structure.png
http://en.wikipedia.org/wiki/File:JWH-210_structure.png

Case 2
Synthetic cannabinoids

Inmates at a drug rehabilitation clinic were apparently
under the influence of a drug, but their urine screenings

were negative.

Confiscation showed JWH 018



http://en.wikipedia.org/wiki/File:JWH018.svg
http://en.wikipedia.org/wiki/File:JWH018.svg

ZT

Case 3 >

~0

Users bought drug as
amphetamine

— Not expected result,
Injected more

— Reaction:"crossing eyes,
bodily disaste, "blackout” for
24 hours

— Drug was PMMA, not
amphetamine

MEDISINEN I BILDER

Parametoksymetamfetamin

En mann kjepte dette hvite pulveret som
ifolge selgeren var «meget god amfetaminy.
Han injiserte litt av stoffet. men det forventede
kicket uteble. og han injiserte derfor litt til. Da
opplevde han eyemuskelkramper («oynene
beveget seg 1 kryss») og et intenst kroppslig
ubehag («kloe. indre uro. hjerteklapp og svet-
ting»). deretter en slags «blackout» som varte
iover et dogn. Fire andre personer injiserte det
samme pulveret. med liknende erfaringer. Vi
mottok pulveret til analyse og fant at det besto
av parametoksymetamfetamin (PMMA).
PMMA er et sentralstimulerende middel.
strukturelt beslektet med amfetamin og metyl-
endioksymetamfetamin (MDMA. «ecstasy»).
men billigere & produsere. Stoffet er i omlop i
Norge. som pulver og tabletter. Det ser ut som
og selges som amfetamin eller ecstasy. De
fysiske effektene av PMMA — som takykardi
og varmefolelse — likner dem brukerne kan
oppleve etter inntak av amfetamin og MDMA.

2008

Imidlertid er de psykiske effektene — som
eufori og forsterkede sanseinntrykk — mindre
uttalte. Dessverre kan fraver av de psykiske
effektene lede brukerne — som tror de har inn-
tatt svakt MDMA eller amfetamin — til & innta
mer. I verste fall kan dette fore til potensielt
dodelige forgiftninger. med hjerterytmefor-
styirelser, hjerneslag. hypertermi. kramper og/
eller organsvikt.

Norge er et av de hardest rammede lande-
ne i Europa nér det gjelder PMMA-dodsfall.
med over 20 registrerte dedsfall siden som-
meren 2010. Den utbredte bruken av amfe-
tamin i Norge antas a vare noe av forklarin-
gen.
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Case 4
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Ketamine Methoxetamine

A client bought white tablets thought to be ketamine.
« Became catatonic, restless, tachycardic, confused.
* Drug was methoxetamine.
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« LC-Q-TOF in designer drug-search

» High specificity / accurate mass for all compounds, vital for
identification for new designerdrugs

» High sensitivy / detects low concentrations

» Compare to updated database/library

» Use data retrospectively

» Co-operate with other labs /new drugs, spectra-info

 Still challenges

» Constant flow of new drugs!

» Not updated database/library fast enough

» Low concentrations/unknown urine metabolites
» No reference material
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Thank you for listening!

see ST. OLAVS HOSPITAL
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