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Table S1 A list of predicted degradation pathways of 4-CEC, 4-Cl-α-PVP, 4-Cl-α-PPP and 4-F-PHP derived from in vivo and in vitro experiments in human biological samples

	Compound
	Metabolic pathway
	Exact mass
	Ionisation mode
	Elemental composition
	Structure

	4-Chloroethcathinone (4-CEC) (parent)
	-
	212.0837
	ESI+
	C11H15ClNO+
	[image: ]

	
	N-desethylation (Nor-4-CEC)
	184.0524
	ESI+
	C9H11ClNO+
	[image: ]

	
	N-desethylation-β-keto-reduction
	186.0680
	ESI+
	C9H13ClNO+
	[image: ]

	
	Oxidative dehalogenation
	194.1176
	ESI+
	C11H16NO2+
	[image: ]

	
	N-desethylation-N-oxygenation
	200.0473
	ESI+
	C9H11ClNO2+
	[image: ]

	
	Hydroxylation 
	208.1332
	ESI+
	C12H18NO2+
	[image: ]

	
	β-keto reduction (dihydro-4CEC)
	214.0993
	ESI+
	C11H17ClNO+
	[image: ]

	
	Carboxylation 
	222.1125
	ESI+
	C12H16NO3+
	[image: ]

	
	N-oxygenation
	228.0786
	ESI+
	C11H15ClNO2+
	[image: ]

	
	Carboxylation
	242.0578
	ESI+
	C11H13ClNO3+
	[image: ]

	4-Cl-α-PVP (parent)
	
	266.1306
	ESI+
	C15H21ClNO+
	[image: ]

	
	N,N-dealkylation
	212.0837
	ESI+
	C11H15ClNO+
	[image: ]

	
	N,N-dealkylation-β-keto-reduction
	214.0993
	ESI+
	C11H17ClNO+
	[image: ]

	
	N,N-dealkylation-N-oxygenation
	228.0786
	ESI+
	C11H15ClNO2+
	[image: ]

	
	Hydroxylation 
	262.1802
	ESI+
	C16H24NO2+
	[image: ]

	
	β-keto-reduction
	268.1463
	ESI+
	C15H23ClNO+
	[image: ]

	
	Carboxylation 
	270.0891
	ESI+
	C13H17ClNO3+
	[image: ]

	
	Carboxylation 
	276.1594
	ESI+
	C16H22NO3+
	[image: ]

	
	Carbonylation
	280.1099
	ESI+
	C15H19ClNO2+
	[image: ]

	
	N-oxygenation
	282.1255
	ESI+
	C15H21ClNO2+
	[image: ]

	
	N-oxygenation-β-keto-reduction
	284.1255
	ESI+
	C15H23ClNO2+
	[image: ]

	4-Cl-α-PPP (parent)
	
	238.0993
	ESI+
	C13H17ClNO+
	[image: ]

	
	N-N-dealkylation
	184.0524
	ESI+
	C9H11ClNO+
	[image: ]

	
	N-N-dealkylation-β-keto-reduction
	186.0680
	ESI+
	C9H13ClNO+
	[image: ]

	
	N-N-dealkylation-N-oxygenation
	200.0473
	ESI+
	C9H11ClNO2+
	[image: ]

	
	N-N-dealkylation-β-keto-reduction-N-oxygenation
	202.0629
	ESI+
	C9H13ClNO2+
	[image: ]

	
	Oxidative dehalogeation
	220.1332
	ESI+
	C13H18NO2+
	[image: ]

	
	Hydroxylation
	234.1489
	ESI+
	C14H20NO2+
	[image: ]

	
	β-keto-reduction
	240.1150
	ESI+
	C13H19ClNO+
	[image: ]

	
	N-N-dealkylation-carboxylation
	242.0578
	ESI+
	C11H13ClNO3+
	[image: ]

	
	N-N-dealkylation-β-keto-reduction-carboxylation
	244.0735
	ESI+
	C11H15ClNO3+
	[image: ]

	
	Carboxylation 
	248.1281
	ESI+
	C14H18NO3+
	[image: ]

	
	Carbonylation 
	252.0786
	ESI+
	C13H15ClNO2+
	[image: ]

	
	N-oxygenation
	254.0942
	ESI+
	C13H17ClNO2+
	[image: ]

	
	N-oxygenation-β-keto-reduction
	256.1099
	ESI+
	C13H19ClNO2+
	[image: ]

	4-F-PHP (parent)
	
	264.1758
	ESI+
	C16H23FNO+
	[image: ]

	
	N-N-dealkylation
	210.1289
	ESI+
	C12H17FNO+
	[image: ]

	
	N-N-dealkylation-β-keto-reduction
	212.1445
	ESI+
	C12H19FNO+
	[image: ]

	
	N-N-dealkylation-N-oxygenation
	226.1238
	ESI+
	C12H17FNO2+
	[image: ]

	
	Oxidative dehalogenation
	262.1802
	ESI+
	C16H24NO2+
	[image: ]

	
	β-keto-reduction
	266.1915
	ESI+
	C16H25FNO+
	[image: ]

	
	N-N-dealkylation-β-keto-reduction-carboxylation
	268.1343
	ESI+
	C14H19FNO3+
	[image: ]

	
	Hydroxylation 
	276.1958
	ESI+
	C17H26NO2+
	[image: ]

	
	Carbonylation 
	278.1551
	ESI+
	C16H21FNO2+
	[image: ]

	
	N-oxygenation
	280.1707
	ESI+
	C16H23FNO2+
	[image: ]

	
	N-oxygenation-β-keto-reduction
	282.1864
	ESI+
	C16H25FNO2+
	[image: ]

	
	Carboxylation 
	290.1751
	ESI+
	C17H26NO3+
	[image: ]
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