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Supplementary figure 1 LogKp,uu,BBB residuals versus the Tanimoto distance plot. The residuals represent the absolute difference between the predicted and observed logKp,uu,BBB values. The Tanimoto difference is calculated as 1 – Tanimoto similarity which is based RDKit topological fingerprints as similarity of test set on training set. The labeled compounds are the with the Mahalanobis distance identified outliers.


Supplementary Table 1. The list of descriptors used for the various machine learning algorithms obtained from Molecular Operating Environment (MOE) with their short description and class together with the Boruta feature selection (BFS) decision.
	Physicochemical properties
	Class
	Description
	BFS

	a_nN
	2D
	Number of nitrogen atoms, characterizing molecular composition
	C

	h_pstates
	2D
	Entropic state count at pH 7, representing the protonation state of the compound
	C

	lip_don
	2D
	The count of hydrogen bond donors based on Lipinski's Rule of Five
	T

	opr_leadlike
	2D
	Binary descriptor indicating whether it follows (less than 2 violations) the Oprea Lead-like Test
	T

	PEOE_RPC+
	2D
	Relative positive partial charge derived from PEOE method (charge is transferred between bonded atoms until equilibrium)
	C

	PEOE_VSA+6
	2D
	Sum of van der Waals surface areas of atoms with a partial charge between 0.30 and 0.35, providing further detail on surface charge distribution.
	T

	Q_VSA_FPNEG
	2D
	Fractional negative polar van der Waals surface area, showing the extent of the surface that is negatively charged.
	C

	RPC-
	2D
	Relative negative partial charge, indicative of electron-rich regions.
	C

	SlogP_VSA1
	2D
	Surface area descriptor associated with Log of the octanol/water partition coefficient within a range of -0.4,-0.2, indication contribution of specific molecular regions to hydrophobicity.
	C

	SMR_VSA1
	2D
	Sum of van der Waals surface areas for atoms with a molar refractivity in a range of 0.11-0.26, giving insight into molecular polarizability.
	T

	vsa_acid
	2D
	Approximation of Van der Waals surface area of acidic regions in the molecule, indicating areas capable of donating protons under physiological conditions.
	C

	vsurf_CP
	3D
	VolSurf Critical packing parameter, indicating molecular compactness and packing density.
	C

	vsurf_HB1
	3D
	Hydrogen bond donor capacity derived from the VolSurf methodology, quantifying the hydrophobicity of a molecule.
	C

	vsurf_HL2
	3D
	Second hydrophilic-lipophilic balance descriptor, highlighting the balance between hydrophilic and hydrophobic regions.
	C

	BFS = decision on the descriptor by Boruta feature selection (1)
C = confirmed
T = tentative




Supplementary table 2. List of included drugs with the observed and predicted Kp,uu,BBB values within the training set.
	Drug
	Kp,uu,BBB
	Ref

	
	Predicted
	Observed
	

	acyclovir*
	0.17
	0.316
	(2)

	alovudine
	0.18
	0.164
	(3)

	alprenolol
	0.61
	0.77
	(4)

	ambroxol
	0.39
	0.3
	(5)

	amprenavir
	0.09
	0.076
	(6)

	antipyrine
	0.86
	1.057
	(7)

	apomorphine-R#
	-
	10.75
	(8)

	atenolol
	0.15
	0.16
	(4)

	baicalein*
	0.03
	0.023
	(9)

	bupivacaine#
	-
	0.582
	(10)

	bupropion
	1.65
	3.3
	(11)

	camptothecin
	0.18
	0.26
	(12)

	carbamazepine
	0.63
	1.02
	(13)

	cefazolin#
	-
	0.06
	(14)

	ceftazidime#
	-
	0.026
	(15)

	ceftriaxone#
	-
	0.053
	(15)

	citalopram
	0.89
	1.43
	(16)

	clozapine
	0.09
	0.021
	(17)

	cocaine
	0.38
	0.37
	(18)

	codeine#
	-
	1
	(13)

	colchicine*
	0.07
	0.04
	(19)

	DAMGO
	0.06
	0.09
	(20)

	diazepam
	0.68
	0.982
	(21)

	digoxin
	0.02
	0.024
	(7)

	diltiazem
	0.57
	0.9
	(7)

	diphenhydramine
	1.40
	3.85
	(22)

	duloxetine
	0.81
	0.6
	(23)

	escitalopram
	0.88
	0.78
	(24)

	fexofenadine
	0.11
	0.104
	(7)

	fluorescein
	0.04
	0.018
	(25)

	fluoxetine#
	-
	1.25
	(16)

	ganciclovir
	0.06
	0.18
	(7)

	genistein*
	0.03
	0.04
	(26)

	granisetron
	0.27
	0.13
	(27)

	imipramine
	0.08
	0.015
	(28)

	indomethacin
	0.08
	0.1
	(29)

	levetiracetam
	0.21
	0.31
	(30)

	levofloxacin
	0.16
	0.34
	(31)

	lidocaine
	0.54
	0.457
	(10)

	mannitol
	0.02
	0.014
	(32)

	mecamylamine
	0.92
	1.05
	(16)

	6-mercaptopurine*
	0.08
	0.0413
	(33)

	methotrexate
	0.02
	0.018
	(29)

	metoclopramide
	0.61
	0.669
	(34)

	metoprolol
	0.49
	0.64
	(4)

	midazolam
	0.44
	0.652
	(34)

	mitragynine
	0.67
	0.579
	(35)

	morphine#
	-
	0.38
	(29)

	M6G#
	-
	0.29
	(36)

	naltrexone#
	-
	0.407
	(37)

	naringin
	0.01
	0.0068
	(38)

	norfloxacin
	0.07
	0.034
	(39)

	nortriptyline
	0.94
	0.85
	(16)

	ofloxacin
	0.14
	0.118
	(39)

	omeprazole
	0.13
	0.15
	(40)

	ondansetron
	0.24
	0.19
	(4)

	oxycodone#
	-
	2.9
	(41)

	paliperidone
	0.26
	0.5
	(29)

	paroxetine
	0.87
	1.29
	(16)

	pefloxacin
	0.13
	0.147
	(39)

	pemetrexed
	0.03
	0.012
	(7)

	phenytoin
	0.21
	0.26
	(29)

	pindolol
	0.33
	0.34
	(4)

	pregabalin
	0.10
	0.1
	(42)

	probenecid
	0.04
	0.02
	(43)

	quinidine
	0.29
	0.173
	(37)

	remoxipride
	0.77
	0.8
	(44)

	risperidone
	0.44
	0.97
	(29)

	sertraline
	0.89
	1.27
	(16)

	stavudine
	0.20
	0.33
	(45)

	sucrose
	0.01
	0.0027
	(46)

	sumatriptan
	0.13
	0.13
	(7)

	temozolomide
	0.28
	0.46
	(47)

	tetramethylpyrazine*
	1.12
	2.25
	(48)

	theophylline#
	-
	0.99
	(7)

	tiagabine
	0.03
	0.006
	(6)

	tolcapone
	0.11
	0.17
	(4)

	tramadol
	1.59
	2.9
	(22)

	varenicline
	0.58
	0.96
	(16)

	zidovudine
	0.15
	0.15
	(45)

	* The Kp,uu,BBB values are not determined at steady state neither the area under the curve values are extrapolated to infinity.
# These compounds are excluded since they have a Tanimoto similarity higher of 0.7 





Table 3 List of included drugs with the observed and predicted Kp,uu,BBB values within the test set.
	Drug
	Kp,uu,BBB
	Ref

	
	Predicted
	Observed
	

	acetaminophen
	0.36
	0.73
	(11)

	apomorphine-S
	0.65
	5
	(8)

	atomoxetine
	0.95
	0.7
	(49)

	bumetanide
	0.10
	0.013
	(50)

	caffeine
	0.24
	0.96
	(32)

	cefadroxil
	0.07
	0.022
	(51)

	cefuroxime*
	0.09
	0.042
	(52)

	cimetidine
	0.11
	0.104
	(7)

	entacapone
	0.12
	0.14
	(4)

	gabapentin
	0.10
	0.13
	(13)

	ketoprofen
	0.06
	0.12
	(53)

	lamotrigine
	0.17
	0.643
	(34)

	levobupivacaine
	0.61
	0.41
	(10)

	memantine
	0.71
	1.8
	(22)

	M3G
	0.03
	0.08
	(54)

	propranolol
	0.73
	1.562
	(7)

	raclopride
	0.24
	1.1
	(44)

	salicylate
	0.07
	0.13
	(43)
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