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Global Drug Numbers

Source: United Nations Office on Drugs and Crime 2016 Report
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New Psychoactive Substances (NPS)

 Synthetic alternatives to traditional illegal drugs 
of abuse.
 Stimulant-like NPS: (e.g. “Bath salts”).
 Marijuana-like NPS: e.g. “spice”.
 LSD-like NPS: e.g. “N-bombs”.



Designer Drugs

http://www.nj.gov/oag/newsreleases11/pr20110817a.html
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Phenethylamines

Tryptamines

Piperazines

Cannabinoids

Cathinones

Amphetamines

“Analogs or derivatives of 
illicit drugs with modified 
structure”



Synthetic Cathinones

 Structurally and 
pharmacologically related 
to amphetamine, ecstasy 
(MDMA), cathinone.

 CNS stimulants.
 Sold in retail stores, 

internet, “head shops” as 
batch salts, plant food.
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AAPCC: 10,403 human exposures to synthetic cathinones
(from Jan 2011 and Dec 31,2014)



MS-Based Screening of Designer Drugs: 
Previous Work

 Peters, F.T., et al. (2003). J.Mass Spectrom. 38, 659-676. (18 amphetamines and piperazines)

 Kölliker, S., and Oehme, M. (2004). Anal.Bioanal.Chem. 378, 1294-1304. (55 phenethylamines)

 Takahashi, M., et al. (2009). Talanta 77, 1245-1272. (104 analytes)

 Wohlfarth, A., et al. (2010). Anal.Bioanal.Chem. 396, 2403-2414. (35 analytes)

 Shanks, K.G., et al. (2012). J.Anal.Toxicol. 36, 360-371. (33 cannabinoids;     26 cathinones/phenethylamines)

 Ammann, J., et al. (2012). J.Anal.Toxicol. 36, 372-380. (23 cannabinoids)

 Ammann, D., et al. (2012). J.Anal.Toxicol. 36, 381-389. (25 cathinones and phenethylamines)

 Guale, F., et al. (2013). J.Anal.Toxicol. 37, 17-24. (32 cannabinoids/cathinones)

 Scheidweiler KB, Jarvis MJ, Huestis, MA (2015). Anal. Bioanal. Chem. 407, 883-897 (47 synthetic cannabinoids metabolites in 
urine)

Problem statement:
There is a need for comprehensive methods capable of screening the larger universe 
of these drugs in clinical and forensic toxicological settings

Research Objective:
To develop a robust, rapid and comprehensive MS-based screening methods for 
designer drugs and to provide a novel and ample MS spectral database and library.



Evolution of Method Development and 
Overarching Goal

Designer Drug 
Class

Amount in 
Library

Synthetic
Cannabinoids 153

Cathinone 58
Phenethylamine 23

Other 11
Piperazine 8
Tryptamine 7

Indanes 3

LC-QQQ-MS

GC-QQQ-MS
EI, CI

LC-QTOF-
MS/MS

Total of 275 Designer 
Drugs

Screening Analytical Methods
Mass Spectral Database (MS/MS 

and MRM) Libraries



Designer Drug “Master List” 

 Master List of current or potential 
designer drugs/metabolites, identified 
from:

 Published literature.

 Government documentation.

 Commercial standard supplier listings.

 “PiHKAL” and “TiHKAL” by Alexander 
& Ann Shulgin.

 Online drug forums:

 http://www.bluelight.ru/vb/

 http://www.drugs-
forum.com/index.php

 Currently at 857 unique entries.

 Information collected:

 Structure.

 Molecular formula.

 Accurate mass.

 IUPAC name.

 Common name or abbreviation.

 CAS and Chemspider number (if 
available).

 Literature citations.

 Unique ID assigned and data compiled 
into a Personal Compound Database 
Library (PCDL; Agilent Technologies).

 Standards available for 275 compounds 
(Initial Batch of DD).

http://www.drugs-forum.com/index.php








Designer Drug Spectral Databases:
Current Status

 Collection of LC-QTOF MS/MS data and construction of PCDL 
completed.

 Spectra from 263 designer drug standards added to the PCDL.

 17 designer drug standards did not produce a 1000-count base peak.

 Collection of LC-QQQ MS/MS data by Dynamic MRM 
completed for DEA and Japan lists.

 Collection of LC-QQQ MS/MS data by Triggered MRM 
completed.



“DEA Mix”

4-Methylmethcathinone (4-MMC)
2C-H
2C-D
2C-E
2C-C
2C-P
2C-N

2C-T-2
2C-T-4
MDPV

2C-I
(±)-CP-47,497

RCS-4
JWH-073

(±)-CP-47,497-C8-homolog
JWH-250
JWH-203
JWH-018
JWH-122
JWH-019
AM2201
JWH-081
JWH-398

RCS-8
JWH-200
AM694

“Japan Mix”

4-Methylmethcathinone (4-MMC)
3,4-Dimethylmethcathinone  (3,4-DMMC)

Methoxetamine
MDPV

(±)-CP-47,497-C8-homolog
JWH-022 (AM2201 N-(4-pentenyl) analog)

JWH-018
JWH-018 adamantyl carboxamide (2NE1)

AKB48
CB-13

Cannabipiperidiethanone
AM1220
AM2233

“Supermix”

Evolving mix that contains as many designer drugs and 
metabolites as possible (currently at 275 analytes).

Divided into 25 individual calibration mixes for  
validation purposes (0.01 – 100 ng/mL).



LC Separation of  35 designer drugs including 
DEA and Japan List using LC-QTOF instrument 
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Summary for Screening and Confirmation 
of Designer Drugs Using QTOF LC-MS/MS 

• Unique Designer Drugs Accurate-Mass Database and Library 
with 826 compounds, 263 with positive-ion spectra.

• High-resolution LC method on UHPLC column and simple mobile 
phase.

• Preliminary SPE method for serum using 35 representative 
drugs from multiple classes:

• > 60% absolute recovery for 33/35 drugs.

• 0.5 – 5 ng/mL LODs for 33/35 drugs (others were 10, 25 ng/mL).



Development of a Comprehensive 
LC-QQQ-MS/MS

Designer Drug Spectral Database
and Screening Confirmatory Method



FIA

• Confirmation of the precursor ion using flow injection analysis in MS2 full 
scan mode for all standards.

Optimizer/
MRM

• Optimization of fragmentor voltages and collision energies using Mass Hunter 
MS Optimizer software.

• Acquisition of precursor-to-product ion transitions (4 - 10 for each drug) in 
dynamic and/or triggered MRM mode. 

Chromatography

• On-column separation of designer drug mixes to obtain retention times 
(Zorbax Eclipse Plus C18 column, 2.1 x 100 mm, 1.8 mm).

Designer 
Drug Library

• Compilation of fragmentation data and retention times to generate MRM 
database.

• Validation against QTOF database.

Designer Drug LC-QQQ-MS Method 
Development Work Flow



“DEA Mix”

4-Methylmethcathinone (4-MMC)
2C-H
2C-D
2C-E
2C-C
2C-P
2C-N

2C-T-2
2C-T-4
MDPV

2C-I
(±)-CP-47,497

RCS-4
JWH-073

(±)-CP-47,497-C8-homolog
JWH-250
JWH-203
JWH-018
JWH-122
JWH-019
AM2201
JWH-081
JWH-398

RCS-8
JWH-200
AM694

“Japan Mix”
4-Methylmethcathinone (4-MMC)

3,4-Dimethylmethcathinone  (3,4-DMMC)
Methoxetamine

MDPV

(±)-CP-47,497-C8-homolog
JWH-022 (AM2201 N-(4-pentenyl) analog)

JWH-018
JWH-018 adamantyl carboxamide (2NE1)

AKB48
CB-13

Cannabipiperidiethanone
AM1220
AM2233

“Supermix”
Evolving mix that contains as many designer drugs 

and metabolites as possible (currently at 275 
analytes).

Divided into 25 individual calibration mixes for  
validation purposes (0.01 – 100 ng/mL).



Flow Injection Analysis Screening
(DEA mix)

Fig. 1a: Full Scan TIC of JWH-081(4-methoxy-1-
naphthalenyl)(1-pentyl-1H-indol-3-yl)-methanone)

LC Conditions (FIA)
Injection volume: 1µl of 1ppm JWH-081 in 

MeOH solution

Mobile phase A (20%): 5mM Ammonium Formate, 
0.1% Formic Acid, H2O 

Mobile phase B (80%): 0.1% Formic acid, Methanol

Flow: 0.4ml/min

Stoptime: 1minuteFig. 1b: Mass Spectrum confirming molecular 
[M+H]+ ion of JWH-081(C25H25NO2)



Flow Injection Analysis Screening  
(Japan Mix)

Fig. 2a: Full Scan TIC of AM1220([1-[[(2R)-1-
methyl-2-piperidyl]methyl]indol-3-yl]-(1-naphthyl) 
methanone)

LC Conditions (FIA)
Injection volume: 1µl of 1ppm JWH-081 in 

MeOH solution

Mobile phase A (20%): 5mM Ammonium Formate, 
0.1% Formic Acid, H2O 

Mobile phase B (80%): 0.1% Formic acid, Methanol

Flow: 0.4ml/min

Stoptime: 1minuteFig. 2b: Mass Spectrum confirming molecular 
[M+H]+ ion of AM1220(C26H26N2O)



MRM Optimization/Confirmation
Mass Hunter Optimizer Software:
Optimizer Parameters
Fragmentor Coarse Range 60-210 V

Collision Energy Range 0-60 V

Cell Accelerator Voltage 7

Table 1. Excerpt from Summary 
Table of Optimization data for 
DEA list which shows 4 transitions 
for each compound, optimized 
fragmentor voltages and collision 
energies and the abundance of 
each product ion. 



Compound 
Name Formula

Mass Precursor Product Frag CE Rel %

JWH-081 C25H25NO2 371.19 372.2 185 80 24 100.0

JWH-081 C25H25NO2 371.19 372.2 157 80 44 37.9

JWH-081 C25H25NO2 371.19 372.2 127 80 60 27.7

JWH-081 C25H25NO2 371.19 372.2 214.1 80 20 29.0

Table. 2 Optimized transitions of JWH-081

Fig. 3 Shows the correlating product ion 
peaks produced following CID of [M+H]+ 

ion during optimization 

MRM Optimization/Confirmation  
(DEA Mix)



Table. 3 Optimized transitions for AM-1220
Fig. 4 Shows the correlating product ion 
peaks produced following CID of [M+H]+

ion during optimization 

MRM Optimization/Confirmation 
(Japan Mix)

Compound 
Name Formula

Mass Precursor Product Frag CE Rel %

AM-1220 C26H26N2O 382.2 383.2 98.1 85 36 100.0

AM-1220 C26H26N2O 382.2 383.2 112.1 85 20 84.1

AM-1220 C26H26N2O 382.2 383.2 155.1 85 24 40.9

AM-1220 C26H26N2O 382.2 383.2 127.1 85 60 31.0



QTOF Confirmation

Fig.5a
MH Optimizer product ions of 
AM-1220

Fig. 5b
QTOF fragmentation pattern 
at 40eV of AM-1220



Chromatographic Separation
(DEA MIX B) LC Conditions for Column Separation

Column: Zorbax Eclipse Plus C18 column, 2.1 x 
100mm, 1.8 µm

Injection volume: 20µl of 10ng/ml DEA MIX B solution in H2O

Gradient: 1.0 min Mobile phase A (95%)
Mobile phase B (5%)

9.5 min Mobile phase A (10%) 
Mobile phase B (90%)

Flow: 0.4ml/min.

Stoptime: 14 mins.

Temperature: 40.00 °C

DEA MIX B
2C-N JWH 019

2C-I AM2201

RCS-4 JWH 398

JWH 203 JWH 200

(±)-CP 47,497-C8-homolog (non-ionizable)

Fig. 6 Chromatographic separation of DEA MIX B  



Chromatographic Separation
(Dynamic MRM – Complete DEA MIX)

LC Conditions for Column Separation

Column: Zorbax Eclipse Plus C18 
column, 2.1 x 100mm, 1.8 
µm

Injection volume: 20µl of 100ng/ml DEA MIX B 
solution in H2O

Gradient: 1.0
min

Mobile phase A (95%)
Mobile phase B (5%)

9.5 
min

Mobile phase A (10%) 
Mobile phase B (90%)

Flow: 0.4ml/min.

Stoptime: 14 mins.

Temperature: 40.00 °C

Table 4. Summary Table of Optimization 
data for DEA list which shows 4 transitions 
for each compound, optimized fragmentor
voltages and collision energies, relative 
abundances reported as percentages and 
retention times.



Chromatographic Separation
(Dynamic MRM – Complete DEA MIX)

Fig. 7 shows the on-column separation of 23 of 26 compounds recently scheduled by the DEA 
NB of the 3 compounds missing: 2 are non-ionizable (CP family) and 1 shows inadequate chromatography

JWH-081



Chromatographic Separation
(Dynamic MRM – Complete DEA MIX)

Compounds Ret. time [M+H]+ 

2C-N 5.431 227.1

2C-H 5.565 182.1

4-MMC 5.678 178.1

2C-C 6.541 216.1

MDPV 6.546 276.2

2C-T-2 7.135 242.1

2C-I 7.191 308

Fig. 8 Enlarged view of co-eluting compounds in DEA mix



Chromatographic Separation
(Dynamic MRM – Complete DEA MIX)

Fig. 7 shows the on-column separation of 23 of 26 compounds recently scheduled by the DEA 
NB of the 3 compounds missing: 2 are non-ionizable (CP family) and 1 shows inadequate chromatography

JWH-081



Chromatographic Separation
(Dynamic MRM – Complete DEA MIX)

Figs. 9a and 9b - Enlarged view of co-eluting compounds in DEA mix

Compounds Ret. time [M+H]+ 

RCS-4 11.108 322.2

JWH-250 11.132 336.2

JWH-073 11.174 328.2

127
155

228.1

169.1
141.1
115.1

144

JWH-019 JWH-122

Is there cross-talk?

Compounds Ret. time [M+H]+ 

JWH-122 12.055 356.2

JWH-019 12.070 356.2

Fig. 9bFig. 9a



Is There Crosstalk Between JWH-122 
and JWH-019?

 Common precursor with no response for unique products = NO CROSSTALK



Unique Products for Common Precursor

 Because the main 2 transitions for each of JWH-019 and JWH-022 are 
unique, the correct identities can be determined even though they co-elute



Chromatographic Separation
(Dynamic MRM – Complete Japan MIX)

Fig. 10 shows the on-column separation of12 of 13 compounds recently scheduled in Japan 
NB the missing compound (1) is non-ionizable (CP family) 



Compounds Ret. time [M+H]+ 

MDPV 6.547 276.2

3,4-DMMC 6.539 192.1

CANNABIPIPERIDIETHANONE 7.735 377.2

AM-2233 7.788 459.1

Fig. 11 - Enlarged view of           
co-eluting compounds in JAPAN mix

Chromatographic Separation
(Dynamic MRM – Complete Japan MIX)



LC-QQQ Separation of 176 Designer 
Drugs



Summary for LC-QQQ- MS/MS 
Screening 

 LC-QQQ-MS is effective in producing characteristic MS/MS spectra and 
chromatography specific to several hundred designer drugs including DEA and 
Japan List. 

 Quantification data for the majority of the designer drugs studied showed 
concentrations in the parts per billion range with adequate linearity.

 The use of a triggered MRM database with up to ten transitions for each compound 
coupled with the characteristic chromatography data obtained allows the LC-QQQ-
MS to be a highly discriminatory analytical tool when conducting the analysis of 
designer drug isomers



Recent efforts



General Conclusions

• A high resolution MS/MS spectral library was created that has spectral data at 
three different collision energies for 263 designer drugs. 

• The Collision Induced Dissociation (CID) fragment spectra is very specific and 
enable peak identification with high accuracy.

• A compound database that includes structural and chemical information was 
created for an additional 550 designer drugs.

• LC-QQQ-MS is effective in producing characteristic MS/MS spectra and 
chromatography specific to several hundred designer drugs. 

• Single quadrupole and triple quadrupole MRM databases are now available 
for 261 designer drugs.
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