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PRESENTATION OUTLINE

▪ Types of Isomers

▪ Significance of Isomers

▪ Ways to Separate

▪ Examples
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TYPES OF ISOMERS
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TYPES OF ISOMERS

▪ Positional Isomers

– Movement of atoms or 
functional groups to other 
positions of the molecule

– More common***

– Generally, somewhat easier to 
differentiate during analysis

▪ Stereoisomers

– Varying three-dimensional 
orientation / positioning 

– Generally, much more difficult 
to differentiate during analysis



7



8

SIGNIFICANCE OF ISOMERS
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SIGNIFICANCE OF ISOMERS

▪ Pharmacology

– Activity

– Potency

– Receptor System
• E.g., cannabinoid CB1 vs. CB2
• Agonist (full vs. partial)
• Antagonist

– Metabolism
• Sites of biotransformation
• Location of functional groups
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SIGNIFICANCE OF ISOMERS

▪ Pharmacology

– Activity

– Potency

▪ Legal Status

– Explicit Language

– Isomer / Analogue Laws

– o-FF – Schedule I

– m-FF – Not Scheduled

– p-FF – Schedule I
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SIGNIFICANCE OF ISOMERS

▪ Pharmacology

– Activity

– Potency

▪ Legal Status

– Explicit Language

– Isomer / Analogue Laws

▪ Downstream Impacts

– Public health → CDC death certificate data

– Public safety → DEA drug scheduling efforts

NFLIS Public DQS
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WAYS TO DIFFERENTIATE
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WAYS TO DIFFERENTIATE

▪ Chromatography

– Gas Chromatography (GC)

– Liquid Chromatography (LC)

▪ Mass Spectrometry (MS)

– Single Dimensional vs. Multi-Dimensional

– High Resolution (HRMS)

▪ Complementary Techniques

– Infrared Spectroscopy (IR)

– Nuclear Magnetic Resonance (NMR)

– Others
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EXAMPLES
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3-METHYL FENTANYL
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3-METHYL FENTANYL

▪ Two diastereomers → cis-3-methyl fentanyl and trans-3-methyl fentanyl 

▪ Potency → cis-3-MF is ~8x greater than fentanyl and trans-3-MF similar to fentanyl 

cis-3-MFtrans-3-MF

Fogarty et al. (2018) https://doi.org/10.1002/dta.2414 

https://doi.org/10.1002/dta.2414


17

FLUOROFENTANYLS
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FLUOROFENTANYL (FF) ISOMERS

▪ “Fluorofentanyl” can exist in many 
forms but substitution on the 
aniline ring is most common

– ortho-Fluorofentanyl

– meta-Fluorofentanyl

– para-Fluorofentanyl

▪ o-FF and p-FF are Schedule I

▪ Reported potencies (comp. to fent.):

– o-FF → approx. 4x more potent

– m-FF → approx. 6x less potent

– p-FF → approx. 3x less potent
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PARA-FF VS. ORTHO-FF CHROMATOGRAPHY
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NITAZENE ANALOGUES
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NITAZENE ANALOGUES

▪ Like all drug analogue series, there are various isomer pairs (+) that exist (or could exist)

– Some are distinguishable by mass spectrometry alone

– Some are identical by mass spectrometry but distinguishable by chromatography

– Lack of separation/differentiation could lead to data issues or anomalies 
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NITAZENE ANALOGUES
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NITAZENE ANALOGUES

Isotonitazene

Protonitazene
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N,N-DIMETHYLPENTLYONE
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N,N-DIMETHYLPENTLYONE

▪ Like all drug analogue series, there are various isomer pairs (+) that exist (or could exist)

– Some are distinguishable by mass spectrometry alone

– Some are identical by mass spectrometry but distinguishable by chromatography

– Lack of separation/differentiation could lead to data issues or anomalies 
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“-YLONE” M/Z 250 ISOMERS 
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N,N-DIMETHYLPENTLYONE

▪ Some of the m/z 250s are 
distinguishable by MS alone

▪ Chromatographic separation 
might be required

– Not necessarily for identification 
but for confirmation and 
quantitation when multiple 
isomers might be present

– 10.14 min – N-Propyl Butylone

– 10.41 min – N,N-Dimethylpentylone

– 10.91 min – N-Ethyl Pentylone

*This was our second method

Publication pending
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ALPHA-PHP VS. ALPHA-PIHP



29

ALPHA-PHP VS. ALPHA-PIHP

▪ Not distinguishable by MS data

▪ A retention time shift (compared to 
standards) could indicate that a 
new isomer is appearing

▪ Split / co-eluting peaks could affect 
testing and reporting

a-PiHP a-PHP
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FXE – 2- & 3-FLUORO ISOMERS
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FLUOROEXETAMINE (FXE)

▪ Drug exists in two isomeric forms: 2-fluoro-2-oxo PCE and 3-fluoro-2-oxo PCE (FXE)

▪ Two isomers looks identical by MS

▪ Does differentiation matter for a tox case???

– Consistency with crime lab

2-fluoro-2-oxo PCE 

FXE
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SYNTHETIC CANNABINOIDS
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SYNTHETIC CANNABINOIDS
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4’CL-DESCHLOROALPRAZOLAM
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ALPRAZOLAM VS 4’CL-DESCHLOROALPRAZOLAM

▪ The two isomer can be differentiated by MS data if intensity is high enough

▪ Alprazolam positive screens but failing confirm criteria
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METHYLMETHCATHINONE
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METHYLMETHCATHINONE
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DISCUSSION & CONCLUSIONS
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DISCUSSION & CONCLUSIONS

▪ There is no “one-size-fits-all” solution to NPS isomers

– The tools exist but it’s a balance of time and resources

▪ Absolute determination can be significant

▪ Isomer differentiation can influence interpretation 
(e.g., potency) and expert opinions (e.g., legal status)

▪ Communicate and collaborate (when possible)

▪ AK’s Opinion: Reporting unspecified isomer is still 
better than not reporting the drug at all…

– The key is reporting properly
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To distinguish or          
not distinguish,           
that is the question. 
-Shakespeare (probably)
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THANK YOU!    QUESTIONS?

Alex J. Krotulski, Ph.D.
Associate Director – CFSRE

Program Manager – NPS Discovery
alex.krotulski@cfsre.org 
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