Metabolism of brorphine, chlorphine, fluorphine and N-propionitrile chlorphine in human hepatocyte incubations and authentic N-propionitrile chlorphine case studies using high-resolution mass spectrometry
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Table 1.
	ID
	RT
	Biotransformation
	Proposed Molecular Formula
	[M + H]+ (m/z)
	Mass error,
Δ ppm
	Human Hepatocytes Peak area (ˣ 103)

	
	
	
	
	
	
	Rep I
	Rep II

	B1
	2.49
	N-Dealkylation (Piperidine) + Hydroxylation (Benzimidazole)
	C12H15N3O2
	234.1245
	3.34
	838
	940

	B2
	4.00
	N-Dealkylation (Piperidine)
	C12H15N3O
	218.1293
	-1.02
	5411
	5723

	B3
	9.64
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30BrN3O8
	592.1291
	-0.33
	781
	212

	B4
	10.04
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30BrN3O8
	592.1296
	-1.18
	1108
	781

	B5
	11.65
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30BrN3O8
	592.1298
	-1.52
	1708
	1685

	B6
	11.92
	Hydroxylation (Benzimidazole)
	C20H22BrN3O2
	416.0966
	-0.07
	46065
	41497

	B7
	12.09
	N-Glucuronidation (Benzimidazole)
	C26H30BrN3O7
	576.1345
	-0.89
	348
	346

	B8
	12.18
	Hydroxylation (Benzimidazole)
	C20H22BrN3O2
	416.0969
	0.36
	22977
	18852

	B9
	12.28
	Hydroxylation + O-Sulfation (Benzimidazole)
	C20H22BrN3SO5
	496.0538
	-0.34
	4789
	4515

	B10
	12.54
	Di-hydroxylation + O-Methylation (Benzimidazole)
	C21H24BrN3O3
	446.1078
	0.97
	2026
	1463

	B11
	13.00
	Hydroxylation (Benzimidazole)
	C20H22BrN3O2
	416.0969
	0.36
	3958
	2694

	Brorphine
	13.97
	Parent
	C20H22BrN3O
	402.1007
	2.42
	*791137
	*724837



Table 2.
	ID
	RT
	Biotransformation
	Proposed Molecular Formula
	[M + H]+ (m/z)
	Mass error,
Δ ppm
	Human Hepatocytes Peak area (ˣ 103)

	
	
	
	
	
	
	Rep I
	Rep II

	C1
	2.49
	N-Dealkylation (Piperidine) + Hydroxylation (Benzimidazole)
	C12H15N3O2
	234.1245
	1.48
	955
	980

	C2
	4.01
	N-Dealkylation (Piperidine)
	C12H15N3O
	218.1293
	-3.58
	9469
	10442

	C3
	9.01
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30ClN3O8
	548.1795
	-0.05
	269
	820

	C4
	9.35
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30ClN3O8
	548.1799
	0.32
	963
	1581

	C5
	11.02
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C26H30ClN3O8
	548.1792
	-0.34
	2498
	2605

	C6
	11.33
	Hydroxylation (Benzimidazole)
	C20H22ClN3O2
	372.1467
	-0.99
	52563
	41968

	C7
	11.54
	N-Glucuronidation (Benzimidazole)
	C26H30ClN3O7
	532.1842
	-0.14
	434
	464

	C8
	11.62
	Hydroxylation (Benzimidazole)
	C20H22ClN3O2
	372.1469
	-0.72
	29964
	21786

	C9
	11.76
	Hydroxylation + O-Sulfation (Benzimidazole)
	C20H22ClN3SO5
	474.0852
	-0.90
	6385
	5537

	C10
	12.10
	Di-hydroxylation + O-Methylation (Benzimidazole)
	C21H24ClN3O3
	402.1578
	0.71
	2419
	1852

	C11
	12.56
	Hydroxylation (Benzimidazole)
	C20H22ClN3O2
	372.1472
	0.13
	4775
	3017

	Chlorphine
	13.53
	Parent
	C20H22ClN3O
	356.1513
	-2.24
	*681998
	*701328





Table 3.
	ID
	RT
	Biotransformation
	Proposed Molecular Formula
	[M + H]+ (m/z)
	Mass error,
Δ ppm
	Human Hepatocytes Peak area (ˣ 103)

	
	
	
	
	
	
	Rep I
	Rep II

	F1
	2.50
	N-Dealkylation (Piperidine) + Hydroxylation (Benzimidazole)
	C12H15N3O2
	234.1241
	1.44
	633
	641

	F2
	4.01
	N-Dealkylation (Piperidine)
	C12H15N3O
	218.1290
	-2.30
	13891
	21012

	F3
	6.39
	Hydroxylation + O-Glucuronidation 
(Benzimidazole)
	C26H30FN3O8
	532.2089
	0.13
	202
	315

	F4
	7.09
	Hydroxylation + O-Glucuronidation 
(Benzimidazole)
	C26H30FN3O8
	532.2092
	0.28
	746
	959

	F5
	8.76
	Hydroxylation + O-Glucuronidation
(Benzimidazole)
	C26H30FN3O8
	532.2090
	0.03
	2800
	3957

	F6
	9.03
	Hydroxylation (Benzimidazole)
	C20H22FN3O2
	356.1771
	0.82
	42087
	49278

	F7
	9.18
	N-Glucuronidation (Benzimidazole)
	C26H30FN3O7
	516.2137
	-0.06
	155
	290

	F8
	9.28
	Hydroxylation (Benzimidazole)
	C20H22FN3O2
	356.1767
	-0.15
	38975
	41764

	F9
	9.48
	Hydroxylation + O-Sulfation (Benzimidazole)
	C20H22FN3SO5
	436.1337
	0.25
	5109
	6239

	F10
	10.04
	Di-hydroxylation + O-Methylation (Benzimidazole)
	C21H24FN3O3
	386.1878
	1.36
	1259
	1169

	F11
	10.51
	Hydroxylation (Benzimidazole)
	C20H22FN3O2
	356.1772
	1.17
	3883
	5191

	Fluorphine
	12.08
	Parent
	C20H22FN3O
	340.1806
	-3.50
	*352996
	*396320

	F12
	12.72
	N-Oxidation (Piperidine)
	C20H22FN3O2
	356.1770
	0.98
	1066
	1628




	ID
	RT
	Biotransformation
	Proposed Molecular Formula
	[M + H]+ (m/z)
	Mass error,
Δ ppm
	Human Hepatocytes Peak area (ˣ 103)

	
	
	
	
	
	
	Rep I
	Rep II

	N1
	5.78
	N-Dealkylation (Piperidine)
	C15H18N4O
	271.1551
	-0.16
	80477
	78290

	N2
	10.65
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2048
	-1.45
	9982
	9954

	N3
	10.79
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2052
	-1.28
	947
	1131

	N4
	11.36
	N-Dealkylation + Hydroxylation (Benzimidazole)
	C20H22ClN3O2
	372.1468
	-1.18
	1879
	2040

	N5
	11.66
	N-Dealkylation + Hydroxylation (Benzimidazole)
	C20H22ClN3O2
	372.1472
	-0.19
	495
	493

	N6
	11.77
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2052
	-0.78
	6809
	6714

	N7
	12.79
	Hydroxylation (Benzimidazole)
	C23H25ClN4O2
	425.1733
	-0.59
	29583
	30024

	N8
	13.24
	Di-hydroxylation + O-Methylation (Benzimidazole)
	C24H27ClN4O3
	455.1845
	-0.26
	843
	758

	N9
	13.55
	De-cyanation to alcohol (Propionitrile)
	C22H26ClN3O2
	400.1782
	-0.19
	3383
	3315

	N10
	13.66
	N-Dealkylation (Benzimidazole)
	C20H22ClN3O
	356.1518
	-0.92
	3248
	3397

	N11
	13.72
	Hydroxylation (Benzimidazole)
	C23H25ClN4O2
	425.1739
	0.28
	1596
	1631

	N12
	14.27
	N-oxidation (Piperidine) +  Hydroxylation (Benzimidazole)
	C23H25ClN4O3
	441.1692
	0.78
	863
	885

	N-Propionitrile chlorphine
	14.52
	Parent
	C23H25ClN4O
	409.1780
	-2.12
	*533912
	*533923

	N13
	14.90
	N-Oxidation (Piperidine)
	C23H25ClN4O2
	425.1736
	-0.04
	6233
	6153


Table 4.

	ID
	RT
	Biotransformation
	Proposed Molecular Formula
	[M + H]+ (m/z)
	Mass error,
Δ ppm
	Case #01
	Case #02
	Case #03
	Case #04
	Case #05

	
	
	
	
	
	
	B01
	U01
	HU01
	B02
	U02
	HU02
	B03
	U03
	HU03
	B04
	U04
	HU04
	U05
	HU05

	N1
	5.78
	N-Dealkylation (Piperidine)
	C15H18N4O
	271.1551
	-0.16
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔

	N2
	10.65
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2048
	-1.45
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	✔
	n.d.

	N3
	10.79
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2052
	-1.28
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	✔
	n.d.

	N6
	11.77
	Hydroxylation + O-Glucuronidation (Benzimidazole)
	C29H33ClN4O8
	601.2052
	-0.78
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	✔
	n.d.

	N7
	12.79
	Hydroxylation (Benzimidazole)
	C23H25ClN4O2
	425.1733
	-0.59
	✔
	✔
	✔
	✔
	✔
	✔
	n.d.
	✔
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	✔

	N10
	13.66
	N-Dealkylation (Benzimidazole)
	C20H22ClN3O
	356.1518
	-0.92
	✔
	n.d.
	n.d.
	✔
	✔
	✔
	n.d.
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.

	N11
	13.72
	Hydroxylation (Benzimidazole)
	C23H25ClN4O2
	425.1739
	0.28
	n.d.
	✔
	✔
	n.d.
	✔
	✔
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	✔

	N-Propionitrile chlorphine
	14.52
	Parent
	C23H25ClN4O
	409.1780
	-2.12
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	✔
	n.d.
	n.d.

	N13
	14.90
	N-Oxidation (Piperidine)
	C23H25ClN4O2
	425.1736
	-0.04
	n.d.
	n.d.
	n.d.
	✔
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	n.d.
	✔


Table 5.
