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Emerging/Designer Drugs – “Fixing Bad”

1 US DEA data through 2015 and discovery/synthesis rates from Cayman and LGC (2016-2017)

Roughly 15-45 new ‘designer drugs’ hit the streets (globally) each year1

A trillion dollar business globally

New designer drugs are NOT on current target analysis lists/ databases!
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• Usually, we don’t.
• Complex sample matrices
• Blood/Plasma – Urine – Hair
• Classic ‘needle in a haystack’ problem

How do you find something you don’t know to look for?

1 The Control Center

• Sometimes we get lucky
• “Bag of white powder”
• Single (or small number) or analytes
• Relatively pure

1

For forensic use only.
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• Molecular weight (Accurate mass)

• Elemental Composition

• Isotope Ratio

• Fragmentation pattern (MS2 or MSn)

• Retention Time

What “Identifies” a Compound?

MW

Elemental Comp

Isotope Ratio

Spectral Match

RT
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NH

Our Database of Drugs

For forensic use only.
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• Rely heavily on targeted screening approaches using as complete a database as possible

• Only can find what you already know.

• Rely on seizures of drugs during arrests which are transferred to reference libraries for identification

• Only can find what others have identified

• Leaves most labs lagging far behind the real situation at street level.

Typical Approaches – Playing ‘Catch-up’

For forensic use only.
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How to Find What you Don’t Know Is There

Need to take a complex biological 
sample and determine what (if any) 
compounds are suspect

Step 1 – Find out what is there

Create a list of unknown peaks 
(unique molecular weights)

Proceed to find and identify suspect 
compounds

For forensic use only.
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Thermo Scientific Compound Discoverer: Destination Unknowns

Unknown Analysis

Identification

Metabolism

For forensic use only.
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• Too many terms:
• A peak, a “feature”, a compound, a component….

• A “peak”
• Spectral peak – a single observed m/z in a spectra
• Chromatographic peak – one or more m/z that create a time dependent elution

• A “feature”
• A single m/z chromatographic peak

• A component
• Collection of all observed features from isotopes and adducts
• Assignable a single molecular weight
• Analogous to a “compound”

Challenges: Terminology

Our (Thermo) Terminology

For forensic use only.
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One Compound isn’t just One Feature

One component detected 
as 8 adduct groups, a total 
of 21 different m/z values.

Full MS at 70,000 resolution

Human plasma sample

Untargeted peak detection 
with Compound Discoverer

For forensic use only.
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One Compound isn’t just One Feature

Co-elution / peak 
shape comparison of 
all A0 isotopes

Full MS at 70,000 resolution

Human plasma sample

Untargeted peak detection 
with Compound Discoverer

For forensic use only.
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• An ‘average’ sample will contain:
• Between hundreds to tens of thousands of features
• Dozens to several thousand unique compounds

• An ‘average’ compound is detected as:
• Between 2 to 20+ individual isotopes
• Multiple different adducts

• Source fragmentation adds to this complexity.

What’s in a Peak…

For forensic use only.
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• With our list of components in our samples we can ask…

• Is there something in this sample (group) that isn’t in my control?
• Is there something that I haven’t seen before?
• Is there anything suspect?

Differential Analysis – One Potential Tool

Historical or “clean” reference samples compounds “Suspect” sample compounds

Suspect 
compounds

For forensic use only.
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• Molecular weight (Accurate mass)

• Elemental Composition

• Isotope Ratio

• Fragmentation pattern (MS2 or MSn)

• Retention Time

What “Identifies” a Compound?

For forensic use only.



15

Molecular Weight – What Does it Tell us?

Single m/z value

Assume [M+H]

Calculated MW – 221.11

Search ChemSpider +/- 0.25

115,383 possibilities

…we have no clue what this is…
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Molecular Weight – How about Accurate Mass!

Single m/z value

Assume [M+H]

Calculated MW – 221.1054

Search ChemSpider +/- 5ppm

6,435 possibilities
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…we still have no clue what this is…

For forensic use only.
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Going Even Further – Elemental Composition with Very High Resolution
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Elemental Composition – Surely that will help…

C₁₂H₁₆O₃N

These are real unknown compounds

Must use an ‘open’ elemental 
composition set

Can’t ‘cheat’ and artificially limit 
elements and ranges

Must include fluorine (common 
synthetic trick to ‘hide’ designer drugs)

For forensic use only.
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Elemental Composition – Surely that will help…

2x 13C18O

NH

O

OO

C₁₂H₁₆O₃N

For forensic use only.
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Elemental Composition – Surely that will help…

C₁₂H₁₆O₃N

Single ‘best’ elemental composition

Search ChemSpider for only that 
formula

6,432 possibilities

…we still have no clue what this is…
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C₁₂H₁₆O₃N

For forensic use only.



21

• Molecular weight (Accurate mass)

• Elemental Composition

• Isotope Ratio

• Fragmentation pattern (MS2 or MSn)

• Retention Time

What “Identifies” a Compound?

For forensic use only.
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mzCloud - Library Solutions from Thermo Fisher Scientific

High Quality – Extensive Curation

HRAM MS/MS and MSn data

Integrated search with Compound Discoverer

Integrated solutions for small molecule 
research applications in LC- HRAM MS 

For forensic use only.
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mzCloud (www.mzCloud.org)

For forensic use only.
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More Information

Extensive MS/MS and MSn

• Dozens to thousands of 
spectra per compound

• 10-20 Different HCD 
Energies

• Dynamically optimized 
trap CID energy

• No limits on how you run 
your instrument

For forensic use only.
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Diversity is Critical – Don’t Blind your Unknown Analysis

mzCloud contains a wide structure 
diversity

Compounds grouped into sixteen broad 
categories

“If it ionizes, we put it into mzCloud”

For forensic use only.
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“The Lineup” - Finding a Suspect by Process of Elimination

Human samples are FILLED with “non-
human” analytes

• Food ingredients/additives
• Cosmetics
• Environmental exposure compounds

If we can ID these, we can set them aside 
and focus on what’s left.

For forensic use only.
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“The Lineup” - Finding a Suspect by Process of Elimination

Oxybenzone, a sunscreen ingredient

Obviously we don’t need to worry about 
this suspect.

For forensic use only.
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• Designer drugs are often synthetic analogues of current compounds.

• Small change in structure = change in MW, formula, RT, and fragments = Totally missed!!

…but, they are still structural analogues!

Using Libraries more Intelligently – Similarity Searching

For forensic use only.
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Libraries are for Learning – Not Just ID

For forensic use only.
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Libraries are for Learning – Not Just ID

All MDA/MDMA analogues with 
different MW’s… suspicious!

For forensic use only.
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Getting Creative – Using What we Know in New Ways
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Many new designer drugs are 
synthetic analogues of 
existing drugs designed to 
escape targeted detection

Except for “entirely new” 
classes of drugs, we know at 
least a few analogues 
already.

We can USE that knowledge!

For forensic use only.
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Compound Class Fragment Ion Searching
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Class-Based Fragment Set

Build a representative ‘set’ of 
fragment ions from known 
compounds

Recruit high frequency 
fragment ions to the fragment 
set

Use this set of associated 
fragments to find structurally 
related analogues

For forensic use only.c
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Using What We Know

Example scenario:

Eight total samples – 4 each for urine 
and plasma

2 “suspect” samples and 2 “clean” 
samples for each matrix.

Search for ‘ecstasy-like’ compounds 
using fragments from known analogues 
(11 total fragments in the set).
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Our Workflow – Not “unknown” for long…

Combined approach

Unknown detection

Multiple tools

For forensic use only.
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Use All the Tools Together – Seeing Everything at Once

Differential Analysis

Look first at ‘new’ peaks in 
our suspect sample

For forensic use only.
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Use All the Tools Together – Seeing Everything at Once

Urine (suspect)
Urine (clean)

For forensic use only.
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The New Tool in the Kit – Class Based Searching

Bring in more tools – Class 
Based score

Suspect compound has a 
55% class score.

For forensic use only.
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The New Tool in the Kit – Class Based Searching

Continue narrowing in on the suspect.

Combine elemental composition and 
fragmentation annotation to build up the 
case.

For forensic use only.
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Use All the Tools Together – Seeing Everything at Once

Use all the tools together

Similar spectra to safrole (and 
several other ecstasy analogues)

For forensic use only.
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Emerging/Designer Drugs – “Fixing Bad”

1 US DEA data through 2015 and discovery/synthesis rates from Cayman and LGC (2016-2017)

Combine Multiple Tools

• Untargeted Detection and Differential Analysis

• Similarity Searching

• Class-Based Peak Annotation
For forensic use only.
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MyCompoundDiscoverer.com – Help and Information

For forensic use only.
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Thank you.
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