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Synthetic cannabinoids (SCs) are a class of novel 

psychoactive substances (NPS) usually sold as 

‘legal highs’ via online shops. The SC CUMYL-

4CN-BINACA was originally described in a patent 

application of Bowden et al. from 2014.[1]  

In January 2016, the compound emerged on the 

European drug market.[2] At our institute, the 

substance was detected in 15 ‘legal high’ products 

in 2017.  

Literature 

In the present work the in vitro and in vivo phase I 

metabolic profiles of the new synthetic 

cannabinoid CUMYL-4CN-BINACA were 

investigated. The butanoic acid metabolite (M04) 

and the monohydroxylated metabolite (M09) were 

evaluated as the most reliable biomarkers for urine 

analysis.  

Liquid chromatography conditions 

• UHPLC Nexera X2 (Shimadzu) 

• Kinetex C18 column (100 mm × 2.1 mm, 100 Å, 2.6 μm) 

• Solvent A (1% ACN, 0.1% HCOOH, 2 mM  NH4
+HCOO-) 

• Solvent B (ACN with 0.1% HCOOH, 2 mM NH4
+HCOO-) 

Mass spectrometry conditions 

• QTRAP® 5500 (Sciex) 

• Positive ionization mode 

• Multiple reaction monitoring (MRM) 

• Enhanced product ion scan (EPI) 

• Precursor scan (Prec) 

In vitro microsomal phase I metabolism 

• Pooled human liver microsomes incubated  

• Incubation 1 h at 37 °C with CUMYL-4CN-BINACA 

• Extraction with ACN 

Biomarker evaluation with authentic samples 

• 16 human urine samples from forensic casework 

• Incubation of 0.5 mL aliquot with β-glucuronidase (1 h, 45 °C) 

• Extraction with ACN / 10 M NH4
+HCOO- 

Due to the lack of commercially available 

reference standards, a pooled human liver 

microsome assay was applied to generate in vitro 

reference spectra of CUMYL-4CN-BINACA phase 

I metabolites. In total, 27 phase I metabolites of 

CUMYL-4CN-BINACA were detected in vivo. M04 

was the most abundant metabolite among the 16 

authentic urine samples and should be used when 

maximum sensitivity is required (e.g. drug 

abstinence testing).  

The metabolic pathways included N-desalkylation, 

hydroxylation, formation of dihydrodiols, formation 

of the 4-hydroxy-butyl metabolite, oxidation to the 

butanoic acid metabolite and combinations of these 

reactions. 

For CUMYL-4CN-BINACA the prevalence in SC 

positive urine samples analyzed  in 2017 was 

28%, suggesting a rapidly growing market supply. 

Therefore, we strongly  recommend to update LC-

MS/MS screening methods with the respective 

MRM transitions. 

Fig. 3: Total ion chromatograms (MRM) of the in vitro and in vivo  samples 

 and the evaluated urinary biomarkers. 

Fig. 5: EPI spectra (in vivo) of M04 and M09 with postulated 

 fragmentation (CE 35 eV with  a CES of 15  eV) 

Fig. 4: Postulated phase I in vivo metabolic pathways of  

 CUMYL-4CN-BINACA. 

Fig. 6: Positive Cumyl-4CN-Binaca samples in relation to all positives. 

Fig. 2: LC-MS System with chromatographic conditions  and MS 

 modes for metabolite identification. 
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Since SCs are extensively metabolized prior to 

renal excretion, the in vivo main metabolites are 

the targets for urine analysis. To identify reliable 

CUMYL-4CN-BINACA consumption markers for 

urine analysis, in vitro phase I metabolism 

studies were conducted and the tentative main 

metabolites were evaluated within a collective of 

authentic human urine samples. 
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Fig. 1: Selection of products containing CUMYL-4CN-BINACA 

 analysed at  the Institute of Forensic Medicine. 
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M04 (RT: 13.6) 

C21H23N3O3 

[M+H]+:  366.1812 Da 

M09 (RT: 12.8) 

C22H24N4O2 

[M+H]+: 377.1972 Da 

The most abundant in vivo phase I metabolite 

with intact nitrile function, representing a  

CUMYL-4CN-BINACA-specific marker is M09, 

showing the hydroxylation at the cumyl moiety. 
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