Northumbria Research Link

Citation: Lewis, Frank, Bird, Kathleen, Navarro, Jean-Philippe, El Fallah, Rawa, Brandel,
Jeremy, Hubscher-Bruder, Veronique, Tsatsanis, Andrew, Duce, James A., Tetard, David,
Bourne, Samuel, Maina, Mahmoud and Pienaar, llse S. (2022) Synthesis, physicochemical
characterization and neuroprotective evaluation of novel 1-hydroxypyrazin-2(1H)-one
iron chelators in an in vitro cell model of Parkinson's disease. Dalton Transactions, 51 (9).
pp. 3590-3603. ISSN 1477-9226

Published by: Royal Society of Chemistry
URL: https://doi.org/10.1039/d1dt02604f <https://doi.org/10.1039/d1dt02604f>

This version was downloaded from Northumbria Research Link:
https://nrl.northumbria.ac.uk/id/eprint/48222/

Northumbria University has developed Northumbria Research Link (NRL) to enable users
to access the University’'s research output. Copyright © and moral rights for items on
NRL are retained by the individual author(s) and/or other copyright owners. Single copies
of full items can be reproduced, displayed or performed, and given to third parties in any
format or medium for personal research or study, educational, or not-for-profit purposes
without prior permission or charge, provided the authors, title and full bibliographic
details are given, as well as a hyperlink and/or URL to the original metadata page. The
content must not be changed in any way. Full items must not be sold commercially in any
format or medium without formal permission of the copyright holder. The full policy is

available online: http://nrl.northumbria.ac.uk/policies.html

This document may differ from the final, published version of the research and has been
made available online in accordance with publisher policies. To read and/or cite from the
published version of the research, please visit the publisher’'s website (a subscription
may be required.)

ke Northumbria

University : : .
NEWCASTLE “8 UniversityLibrary


http://nrl.northumbria.ac.uk/policies.html

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2022

ELECTRONIC SUPPLEMENTARY INFORMATION

for the paper entitled

Synthesis, Physicochemical Characterization and Neuroprotective Evaluation of
Novel 1-hydroxypyrazin-2(1H)-one Iron Chelators in an In Vitro Cell Model of

Parkinson’s Disease

Frank W. Lewis,* Kathleen Bird, Jean-Philippe Navarro,[®@ Rawa EI Fallah, Jeremy Brandel,"!
Véronique Hubscher-Bruder,[®! Andrew Tsatsanis,d James A. Duce,[“@ David Tétard,[® Samuel

Bourne,©] Mahmoud Mainal® and Ilse S. Pienaarl®]

(4] Department of Applied Sciences, Faculty of Health and Life Sciences, Northumbria University,

Newcastle upon Tyne, Tyne and Wear NE1 8ST, UK. E-mail: frank.lewis@northumbria.ac.uk

b1 Université de Strasbourg, CNRS, IPHC UMR 7178, F-67000 Strasbourg, France. E-mail:
|.brandel@unistra.fr

[T School of Biomedical Sciences, The Faculty of Biological Sciences, University of Leeds, Leeds, West
Yorkshire LS2 9JT, UK.

[91 Alzheimer's Research UK Cambridge Drug Discovery Institute, Cambridge Bio-medical Campus,

University of Cambridge, Cambridge, UK. E-mail: jad205@cam.ac.uk

[ School of Life Sciences, University of Sussex, Falmer, Sussex BN1 9PH, UK. E-mail:

|.S.Pienaar@sussex.ac.uk

[T Institute of Clinical Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK.

S1


mailto:frank.lewis@northumbria.ac.uk
mailto:j.brandel@unistra.fr
mailto:jad205@cam.ac.uk
mailto:I.S.Pienaar@sussex.ac.uk

CONTENTS PAGE
1. Organic Synthesis S3
2. Experimental Procedures S7
3. NMR Spectra S9
4. Mass Spectra S46
5. Determination of pKa Values of the Ligands and

Stability Constants of the Complexes S55
6. BBB Penetration Scores S64
7. DPPH Antioxidant Assay S75
8. Trolox Equivalent Antioxidant Capacity (TEAC) Assay S78
9. Neuroprotection against 6-OHDA Neurotoxicity S81
10. References S82

S2



1. Organic Synthesis

Discussion

The target 1-hydroxypyrazin-2(1H)-ones 6 were synthesized in two steps from amino acid ethyl esters
following the literature procedures as shown below in Scheme S1.1 Initially, reaction of glycine ethyl
ester hydrochloride 4a with hydroxylamine hydrochloride in alkaline water afforded the known
glycine hydroxamic acid 5a in 64 % yield.'*? Condensation reaction of 5a with 2,3-butanedione
afforded the known 1-hydroxypyrazin-2(1H)-one 6a®2® in 24 % yield (Scheme S1). Unfortunately,
application of this two-step procedure to the synthesis of 6b from alanine ethyl ester 4b failed to give
the desired product, due to the high solubility of the hydroxamic acid 5b in water. We subsequently
modified this procedure by using methanol as the solvent and we were able to obtain 5a from 4a in 56
% vyield (Scheme S1). However, application of this modified procedure to the synthesis of alanine
hydroxamic acid 5b%*2¢® from alanine ethyl ester 4b gave a mixture of 5b and another compound
(presumed to be the corresponding diketopiperazine) in low yield as judged by *H NMR spectroscopy.
Reaction of this mixture with 2,3-butanedione gave an intractable mixture of products from which the
novel 1-hydroxypyrazin-2(1H)-one 6b could not be isolated by chromatography. However, 1-
hydroxypyrazin-2(1H)-ones 6¢ and 6d were successfully obtained by this modified procedure from
the known hydroxamic acids 5¢*2*7 and 5d,2 albeit in only 13 % and 14 % overall yields from 4c and
4d, respectively (Scheme S1). There are some reports of multifunctional hydroxypyridinone metal
chelators containing phenolic antioxidant moieties that show promising efficacy against
neurodegenerative diseases by acting as radical traps as well as metal chelators.® Accordingly, we
synthesized 1-hydroxypyrazin-2(1H)-one 6d that contains a phenol moiety which could provide a
beneficial antioxidant mode of action in addition to iron chelation. Unfortunately, all our attempts to

isolate hydroxamic acids 5e-5g from amino esters 4e—4g met with no success.
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Scheme S1. Synthesis of 1-hydroxypyrazin-2(1H)-ones 6a—6g.

Due to the low yields obtained above and the failure to synthesize certain 1-hydroxypyrazin-2(1H)-
ones 6 by the procedure shown in Scheme S1, we sought a more general synthetic method which could
be applied to the synthesis of a broader range of these compounds. The synthesis of 1-hydroxypyrazin-
2(1H)-ones 6 in 4 steps from N-Boc amino acids via their protected hydroxamic acid benzyl esters was
previously reported.®->19 Inspired by this approach, we explored a new synthesis of 1-hydroxypyrazin-
2(1H)-ones 6 from activated N-Boc amino acid N-hydroxysuccinimide esters 7 as shown below in
Scheme S2.

Reaction of N-Boc-protected N-hydroxysuccinimide esters 7a, 7b, 7c¢, 7e and 7f with O-
benzylhydroxylamine generated the Boc-protected aminohydroxamic acid benzyl esters 8a, 8b, 8c, 8e
and 8f in high yields. Subsequent N-Boc deprotection (TFA in DCM) gave the free aminohydroxamic
acid benzyl esters 9b, 9c, 9e and 9f in excellent yields. However, despite the known formation of 6’a
from 9a (as HCI salt) and 2,3-butanedione reported in the literature,>!! attempted condensation
reactions of compounds 9b, 9c, 9e and 9f with 2,3-butanedione in our hands failed to generate the
desired 1-benzyloxypyrazin-2(1H)-ones 6’b, 6°c, 6’e and 6°f. This synthetic approach was

subsequently abandoned in favour of the approach outlined above in Scheme S1.
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Scheme S2. Attempted synthesis of 1-hydroxypyrazin-2(1H)-ones 6a—6f.

We also explored the reactions of glycine hydroxamic acid 5a with both aromatic and aliphatic a-
ketoaldehydes (glyoxals) as shown below in Scheme S3. Reaction of 5a with phenylglyoxal in
ethanol/water at reflux afforded the novel 1-hydroxypyrazin-2(1H)-one 10a in 30 % yield as a single
regioisomer. Similarly, reaction of 5a with 4-methoxyphenylglyoxal and 4-fluorophenylglyoxal gave
10b and 10c as single regioisomers in 27 % and 24 % yields, respectively. As with 1-hydroxypyrazin-
2(1H)-one 6d, we sought to convert 10b into a 1-hydroxypyrazin-2(1H)-one bearing a phenol moiety
with potential antioxidant activity. Accordingly, deprotection of the methoxy group of 10b with boron
tribromide in DCM afforded the novel 1-hydroxypyrazin-2(1H)-one 10d in 21 % vyield. Reaction of
5a with pyruvaldehyde gave the novel 1-hydroxypyrazin-2(1H)-ones 11a and 12a as a 12:1 mixture
of regioisomers, as judged by 'H NMR spectroscopy (Scheme S3). The major regioisomer was
tentatively assigned as 11a on the basis that the free primary amino group of 5a would preferentially
react with the aldehyde carbonyl group of the glyoxal, rather than the less electrophilic ketone carbonyl
group. These regioisomers proved inseparable by recrystallisation or chromatography, and were
studied without further purification.
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2. Experimental Procedures

Synthesis of N-Boc hydroxamic acid benzyl esters 8a—8f: General procedure

o
0] 0]
H,NOBn
BocHN\)J\ _N — > BocHN\)J\ _0OBn
T 0 DCM, 1t E
R o R
Ta-T7f 8a-8f

To a solution of the appropriate N-Boc amino acid N-hydroxysuccinimide (OSu) ester 7 (1.47 mmol)
in DCM (20 mL) at room temperature was added O-benzylhydroxylamine (1.47 mmol, 1 eq). The
solution was allowed to stir at room temperature for 24 hours. The solvent was evaporated to afford
the crude N-Boc hydroxamic acid benzyl ester 8 as an oil that crystallised contaminated with N-

hydroxysuccinimide. This mixture was used in the next step without further purification.

N-Boc glycine hydroxamic acid benzyl ester 8a®>! §4(399.8 MHz, CDCls, MesSi) 1.40 (9H, s,
(CHz3)3), 3.67 (2H, s, CH2NHBoc), 4.82 (1H, br s, NH), 4.88 (2H, s, OCH2Ph), 5.25 (1H, br s, NHBoc),
7.36 (5H, s, ArH).

N-Boc alanine hydroxamic acid benzyl ester 8b*! §1(399.8 MHz, CDCls, Me4Si) 1.28 (3H, d, J 6.8,
CHsCH), 1.38 (9H, s, (CHa)s), 4.05 (1H, app t, J 6.8, CHsCH), 4.86 (2H, s, OCHPh), 5.29 (1H, d, J
6.4, NHBoC), 7.27-7.36 (5H, m, ArH).

N-Boc phenylalanine hydroxamic acid benzyl ester 8c¢2* §14(399.8 MHz, CDCls, Me4Si) 1.36 (9H,
s, (CHs)3), 2.96-3.06 (2H, m, CHCHPh), 4.20 (1H, g, J 7.6, CHNHBoc), 4.62-4.84 (2H, m, OCH-Ph),
5.26 (1H, d, J 7.6, CHNHBoC), 7.17-7.36 (10H, m, ArH).

N-Boc valine hydroxamic acid benzyl ester 8e'#13 §,4(399.8 MHz, CDCls, Me4Si) 0.88 (3H, d, J 6.4,
(CHs)2CH), 0.90 (3H, d, J 6.4, (CHs)2CH), 1.39 (9H, s, (CHs)s), 1.96-2.02 (LH, m, (CHs)2CH), 3.70
(1H, t, J 8.4, CHNHBoc), 4.88 (2H, s, OCH.Ph), 5.28 (1H, d, J 8.4, CHNHBoc), 7.28-7.37 (5H, m,
ArH), 9.45 (1H, br s, NHOCH:Ph),

N-Boc leucine hydroxamic acid benzyl ester 8f'! 51(399.8 MHz, CDCls, MesSi) 0.85-0.87 (6H, m,
(CH3)2CH), 1.39 (9H, s, (CHa)s), 1.41-1.47 (1H, m, (CH3)2CH), 1.54-1.60 (2H, m, (CH2CH(CHa)z),
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3.97 (1H, g, J 8.0, CHNHBoc), 4.88 (2H, s, OCH2Ph), 5.17 (1H, d, J 8.0, CHNHBoc), 7.24-7.37 (5H,
m, ArH), 9.45 (1H, br s, NHOCH_Ph).

Synthesis of hydroxamic acid benzyl ester TFA salts 9b—9f: General procedure

)
TFA +
BocHN\)J\ OBn — s H3N _0Bn
R R
8b-8f 9b-9f

The appropriate crude N-Boc hydroxamic acid benzyl ester 8 (1.47 mmol) was dissolved in DCM (10
mL) and trifluoroacetic acid (10 mL) was added. The solution was allowed to stir at room temperature
for 24 hours. The solvents were evaporated to afford the crude TFA salt 9 as a clear oil. The oil was
triturated with diethyl ether (10 mL) and the resulting white solid was filtered and washed with diethyl
ether (10 mL) and allowed to dry in air to afford the pure TFA salt 9 as a white solid.

Alanine hydroxamic acid benzyl ester TFA salt 9b*! Obtained from 7b in 87% overall yield.
51(399.8 MHz, DMSO-ds) 1.24 (3H, d, J 7.2, CHsCH), 3.64 (1H, br s, CHsCH), 4.77 (1H, d, J 11.2,
OCH:Ph), 4.81 (1H, d, J 11.2, OCH2Ph), 7.34-7.38 (5H, m, ArH).

Phenylalanine hydroxamic acid benzyl ester TFA salt 9¢*>® Obtained from 7c in 78% overall yield.
0H(399.8 MHz, D.0O) 2.91 (1H, dd, J 14.0 and 8.4, CHCHzPh), 2.99 (1H, dd, J 14.0 and 6.8,
CHCHzPh), 3.82 (1H, dd, J 8.4 and 6.8, CHCH2Ph), 4.41 (1H, d, J 11.0, OCH2Ph), 4.59 (1H, d, J 11.0,
OCH2Ph), 7.06-7.13 (4H, m, ArH), 7.20-7.26 (6H, m, ArH).

Valine hydroxamic acid benzyl ester TFA salt 9e’2* Obtained from 7e in 91% overall yield.
5H(399.8 MHz, D,0) 0.69 (3H, d, J 6.4, (CHs)2)CH), 0.73 (3H, d, J 6.4, (CHs)2)CH), 1.88 (1H, sp, J
6.4, (CH3)2CH), 3.38 (1H, d, J 6.4, CHNHs"), 4.75 (1H, d, J 11.2, OCH:Ph), 4.80 (1H, d, J 11.2,
OCH,Ph), 7.27-7.32 (5H, m, ArH).

Leucine hydroxamic acid benzyl ester TFA salt 9f'! Obtained from 7f in 84% overall yield. 51(399.8
MHz, D20) 0.65 (3H, d, J 6.0, (CHs)2CH), 0.67 (3H, d, J 6.0, (CHs),CH), 1.01-1.10 (1H, m,
(CH3)2CH), 1.37 (2H, t, J 7.2, CH2CH(CHa)2), 3.56 (1H, t, J 7.2, CHNH3"), 4.74 (1H, d, J 11.2,
OCH,Ph), 4.82 (1H, d, J 11.2, OCH,Ph), 7.25-7.34 (5H, m, ArH).
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3. NMR Spectra

Glycine hydroxamic acid 5a




Alanine hydroxamic acid 5b
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Tyrosine hydroxamic acid 5d
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1-Hydroxy-5,6-dimethylpyrazin-2(1H)-one 6a
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1-Hydroxy-3-benzyl-5,6-dimethylpyrazin-2(1H)-one 6¢
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1-Hydroxy-3-(4-hydroxybenzyl)-5,6-dimethylpyrazin-2(1H)-one 6d
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N-Boc glycine hydroxamic acid benzyl ester 8a

S21



N-Boc alanine hydroxamic acid benzyl ester 8b
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N-Boc phenylalanine hydroxamic acid benzyl ester 8c
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N-Boc valine hydroxamic acid benzyl ester 8e
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N-Boc leucine hydroxamic acid benzyl ester 8f
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Alanine hydroxamic acid benzyl ester TFA salt 9b
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Phenylalanine hydroxamic acid benzyl ester TFA salt 9c
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Valine hydroxamic acid benzyl ester TFA salt 9e
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Leucine hydroxamic acid benzyl ester TFA salt 9f
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1-Hydroxy-6-phenylpyrazin-2(1H)-one 10a
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1-Hydroxy-6-(4-methoxyphenyl)-pyrazin-2(1H)-one 10b
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1-Hydroxy-6-(4-fluorophenyl)-pyrazin-2(1H)-one 10c
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1-Hydroxy-6-(4-hydroxyphenyl)-pyrazin-2(1H)-one 10d
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1-Hydroxy-6-methylpyrazin-2(1H)-one 11a and 1-Hydroxy-5-methylpyrazin-2(1H)-one 12a
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4. Mass Spectra

1-Hydroxy-3-(4-hydroxybenzyl)-5,6-dimethylpyrazin-2(1H)-one 6d
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1-Hydroxy-6-phenylpyrazin-2(1H)-one 10a
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1-Hydroxy-6-(4-methoxyphenyl)-pyrazin-2(1H)-one 10b
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1-Hydroxy-6-(4-fluorophenyl)-pyrazin-2(1H)-one 10c
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1-Hydroxy-6-(4-hydroxyphenyl)-pyrazin-2(1H)-one 10d
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Type: FTMS + p

1-Hydroxy-6-methylpyrazin-2(1H)-one 11a and 1-Hydroxy-5-methylpyrazin-2(1H)-one 12a

LN

Scan: #156064 ps 1 IT: 041 ML 7.33E8

QR |} |« BT

ESIFull rms [100.00-700.00]

<)

Uy 4 .
102.12821
R=56406
z=+1
a0 A
80
] 148.03228
a R=4G306
z=+1
£
p 60 4
o
{=
[}
I2 127.05047
3 a0 A R=50706
o =+1
L1
=
)
o 40
[
a0
o0 ] 13015923 165.02721
R=5000 iy
118.12299 z=+1 R_zi4+1106
10313151 R=51106
R=56602 z=+1 200.13954
10 e ; 150.03551 R=38702 181.00108
128.05374 134.11768 R=4B207 171.01421 . _.R=a1002  209.09387
R=49602 R=43406 PR R=42906 14304788 187.00918" 159 03273 R=32506
=+ ] z=+1 L = L pliaoz R=#1302  R=33202 - z=+1
i L | . ] | 1 L, Ll , [; | . [ | ['“II
100 120 140 160 180 200
m/2

S54




5. Determination of pKa Values of the Ligands and Stability Constants of the

Complexes

Protonation studies with ligand 11a
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Figure S1. Spectrophotometric titrations vs pH of ligand 11a between (A) —0.5 < pH < 2.08 (batch

titration, [11a] = 2.57 x 10* M) and (B) 2.61 < pH < 10.17 (direct titration, [11a] = 2.55 x 107* M).

(C) Electronic spectra and (D) distribution curves ([11a] = 2.55 x 10~ M) of the protonated species
of ligand 11a. Solvent: H20O, I = 0.1 M (NaClO4), T=25.0 °C.
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Protonation studies with ligand 10a in water
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Figure S2. Spectrophotometric titrations vs pH of ligand 10a between (A) —0.75 < pH < 2 (batch
titration, [10a] = 1.95 x 10~* M) and (B) 2.12 < pH < 11.79 (direct titration, [10a] = 1.02 x 10~* M).
(C) Electronic spectra and (D) distribution curves ([10a] = 1.95 x 10~ M) of the protonated species

of ligand 10a. Solvent: H20O, 1 =0.1 M (NaClOg), T=25.0 °C.
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Protonation studies with ligand 10a in MeOH/H20 (80/20 w/w)
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Figure S3. Spectrophotometric titrations vs pH of ligand 10a between (A) —0.37 < pH < 0.63 (batch

titration, [10a] = 1.02 x 10~* M) and (B) 2.43 < pH < 11.88 (direct titration, [10a] = 1.01 x 107 M).

(C) Electronic spectra and (D) distribution curves ([10a] = 1.02 x 10~ M) of the protonated species
of ligand 10a. Solvent: MeOH/H20 (80/20 w/w), I = 0.1 M (NaClO4), T=25.0 °C.
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Protonation studies with ligand 6d
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Figure S4. Spectrophotometric titrations vs pH of ligand 6d between (A) —0.36 < pH < 2.36 (batch
titration, [6d] = 3.0 x 107* M) and (B) 1.78 < pH < 11.47 (direct titration, [6d] = 9.98 x 107> M). (C)
Electronic spectra and (D) distribution curves ([6d] = 3.0 x 10™* M) of the protonated species of
ligand 6d. Solvent: MeOH/H20 (80/20 w/w), 1 = 0.1 M (NaClO4), T=25.0 °C.
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Protonation studies with ligand 6¢
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Figure S5. Spectrophotometric titrations vs pH of ligand 6¢ between (A) —0.04 < pH < 2.11 (batch
titration, [6¢] = 3.0 x 10* M) and (B) 2.49 < pH < 11.74 (direct titration, [6¢] = 9.98 x 107> M). (C)
Electronic spectra and (D) distribution curves ([6¢] = 1.54 x 10~* M) of the protonated species of
ligand 6¢. Solvent: MeOH/H20 (80/20 w/w), I = 0.1 M (NaClQOy4), T= 25.0 °C.
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Fe3* complexation studies with ligand 6a
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Figure S6. Spectrophotometric titration vs pH of Fe** complexes of ligand 6a between (A) —0.5 <
pH < 1.25 (batch titration, [6a] = 3.78 x 107* M, [Fe®*] = 1.26 x 10™* M) and (B) 1.97 < pH < 12.04
(direct titration, [6a] = 2.38 x 10~* M, [Fe3*] = 7.14 x 10> M). (C) Electronic spectra and (D)
distribution curves ([6a] = 2.38 x 10™* M, [Fe**] = 7.14 x 103 M) of the Fe*" complexes of 6a.
Solvent: H20, 1 =0.1 M (NaClOgy), T=25.0 °C.
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Fe3* complexation studies with ligand 10a
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Figure S7. Spectrophotometric titration vs pH of Fe** complexes of ligand 10a between (A) —0.36 <
pH < 1.80 (batch titration, [10a] = 1.02 x 10 M, [Fe*"] = 3.20 x 10> M) and (B) 2.34 < pH < 8.03
(direct titration, [10a] = 1.02 x 1073 M, [Fe3*] = 3.12 x 10™* M). (C) Electronic spectra and (D)
distribution curves ([10a] = 1.02 x 10™* M, [Fe**] = 3.20 x 1073 M) of the Fe** complexes of 10a.
Solvent: MeOH/H20 (80/20 w/w), 1 =0.1 M (NaClQa), T= 25.0 °C.
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Fe3* complexation studies with ligand 6d
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Figure S8. Spectrophotometric titration vs pH of Fe** complexes of ligand 6d between (A) —0.36 <
pH < 2.36 (batch titration, [6d] = 3.0 x 107 M, [Fe**] =8.0 x 1075 M) and (B) 1.97 <pH < 12.04
(direct titration, [6d] = 1.04 x 10 M, [Fe*"] = 3.23 x 107> M). (C) Electronic spectra and (D)
distribution curves ([6d] = 1.04 x 1074 M, [Fe3*] = 3.23 x 10> M) of the Fe** complexes of 6d.
Solvent: MeOH/H20 (80/20 w/w), 1 =0.1 M (NaClQa), T= 25.0 °C.
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Fe3* complexation studies with ligand 6¢
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Figure S9. Spectrophotometric titration vs pH of Fe** complexes of ligand 6¢ between (A) —0.36 <
pH < 1.83 (batch titration, [6¢] = 3.0 x 10* M, [Fe3*]1 =9.38 x 1075 M) and (B) 1.97 <pH < 12.04
(direct titration, [6¢] = 1.02 x 107 M, [Fe®*"] = 3.12 x 107> M). (C) Electronic spectra and (D)
distribution curves ([6¢] = 1.02 x 10* M, [Fe®**] = 3.12 x 10> M) of the Fe3* complexes of 6c¢.
Solvent: MeOH/H20 (80/20 w/w), 1 =0.1 M (NaClQa), T= 25.0 °C.
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6. BBB Penetration Scores

Table S1. Predicted BBB score of compound 6a.

6a
Property Value | To
Number of Aromatic Rings (Aro_R) 1 0.82
Number of Heavy Atoms (HA) 10 |0.65
Molecular Weight (MW) 140.14
Number of Hydrogen Bond Acceptor (HBA) 3
Number of Hydrogen Bond Donor (HBD) 1

MWHBN [MWHBN = (MW"(-0.5)*HBN), 0.34 |0.71
where HBN=HBA+HBD]

Topological Polar Surface Area(TPSA) 55.12 | 0.62
pKa 458 |0.23
BBB SCORE 3.88
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Table S2. Predicted BBB score of compound 6c¢.

6c
Property Value | To
Number of Aromatic Rings (Aro_R) 2 1.00
Number of Heavy Atoms (HA) 17 0.98
Molecular Weight (MW) 230.26
Number of Hydrogen Bond Acceptor (HBA) 3
Number of Hydrogen Bond Donor (HBD) 1
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.26 |0.93
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 65.42 | 0.54
pKa 5.53 |0.47
BBB SCORE 4.70
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Table S3. Predicted BBB score of compound 6d.

6d
Property Value | To
Number of Aromatic Rings (Aro_R) 2 1.00
Number of Heavy Atoms (HA) 18 0.99
Molecular Weight (MW) 246.26
Number of Hydrogen Bond Acceptor (HBA) 4
Number of Hydrogen Bond Donor (HBD) 2
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.38 |0.55
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 75.35 | 0.47
pKa 5.96 | 0.58
BBB SCORE 4.05
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Table S4. Predicted BBB score of compound 10a.

10a
Property Value | To
Number of Aromatic Rings (Aro_R) 2 1.00
Number of Heavy Atoms (HA) 14 1 0.89
Molecular Weight (MW) 188.18
Number of Hydrogen Bond Acceptor (HBA) 3
Number of Hydrogen Bond Donor (HBD) 1
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.29 |0.87
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 51.48 | 0.64
pKa 3.18 |0.00
BBB SCORE 4.47
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Table S5. Predicted BBB score of compound 10d.

10d
Property Value | To
Number of Aromatic Rings (Aro_R) 2 1.00
Number of Heavy Atoms (HA) 15 0.93
Molecular Weight (MW) 204.18
Number of Hydrogen Bond Acceptor (HBA) 4
Number of Hydrogen Bond Donor (HBD) 2
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.42 |0.40
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 53.5 | 0.63
pKa 4 0.11
BBB SCORE 3.83
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Table S6. Predicted BBB score of compound 11a.

11a
Property Value | To
Number of Aromatic Rings (Aro_R) 1 0.82
Number of Heavy Atoms (HA) 9 0.56
Molecular Weight (MW) 126.11
Number of Hydrogen Bond Acceptor (HBA) 3
Number of Hydrogen Bond Donor (HBD) 1
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.36 | 0.65
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 31.01 | 0.78
pKa 3.98 [0.11
BBB SCORE 3.97
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Table S7. Predicted BBB score of compound 2.

2
Property Value | To
Number of Aromatic Rings (Aro_R) 1 0.82
Number of Heavy Atoms (HA) 10 0.65
Molecular Weight (MW) 141.12
Number of Hydrogen Bond Acceptor (HBA) 3
Number of Hydrogen Bond Donor (HBD) 2
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.42 |0.39
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 34.37 | 0.76
pKa 6.02 | 0.60
BBB SCORE 3.87

S70




Table S8. Predicted BBB score of compound 3.

3
Property Value | To
Number of Aromatic Rings (Aro_R) 1 0.82
Number of Heavy Atoms (HA) 11 |0.72
Molecular Weight (MW) 155.11
Number of Hydrogen Bond Acceptor (HBA) 4
Number of Hydrogen Bond Donor (HBD) 2
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.48 |0.00
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 79.53 | 0.44
pKa 3.7 |0.06
BBB SCORE 2.46
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Table S9. Predicted BBB score of DFP 1.

DFP 1
Property Value | To
Number of Aromatic Rings (Aro_R) 1 0.82
Number of Heavy Atoms (HA) 10 0.65
Molecular Weight (MW) 139.15
Number of Hydrogen Bond Acceptor (HBA) 2
Number of Hydrogen Bond Donor (HBD) 1
MWHBN [MWHBN = (MWA(-0.5)*HBN), 0.25 |0.95
where HBN=HBA+HBD]
Topological Polar Surface Area(TPSA) 38.95 | 0.73
pKa 3.68 | 0.06
BBB SCORE 4.37
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Table S10. Comparison of predicted BBB scores with percentage neuronal rescue from 6-OHDA

neurotoxicity at 100 uM dose of the compound.

Compound BBB Score % 6-OHDA Rescue
(at 100 uM)

6a 3.88 100
6¢c 4.70 89
6d 4.05 64
10a 4.47 63
10d 3.83 76
1la 3.97 60
DFP 1 4.37 117
2 3.87 93

3 2.46 84
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6-OHDA Rescue (at 100 uM) as a function of BBB Score
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Figure S10. Plot of predicted BBB scores versus percentage neuronal rescue from 6-OHDA
neurotoxicity at 100 uM dose of the compound, showing no clear correlation between the two
properties (e = 6a—6d, 10a, 10d and 11a, m =2 and 3, A = DFP 1).
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7. DPPH Antioxidant Assay
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Figure S11. Percentage inhibition of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by ligand 6a
after 24 hours (24h) and 48 hours (48h).
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Figure S12. Percentage inhibition of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by ligand
11a after 1 hour (1h), 24 hours (24h) and 48 hours (48h).
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Figure S13. Percentage inhibition of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by ligand
10a after 1 hour (1h), 24 hours (24h) and 48 hours (48h).
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Figure S14. Percentage inhibition of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by ligand 6d
after 24 hours (24h) and 48 hours (48h).
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Figure S15. Percentage inhibition of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by ligand 6¢
after 1 hour (1h), 24 hours (24h), 48 hours (48h) and 72 hours (72h).
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8. Trolox Equivalent Antioxidant Capacity (TEAC) Assay
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Figure S16. Percentage of ABTS inhibition (TEAC) by ligand 6a (ABTS = 2,2"-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)).
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Figure S17. Percentage of ABTS inhibition (TEAC) by ligand 11a (ABTS = 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)).
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Figure S18. Percentage of ABTS inhibition (TEAC) by ligand 10a (ABTS = 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)).
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Figure S19. Percentage of ABTS inhibition (TEAC) by ligand 6d (ABTS = 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)).
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Figure S20. Percentage of ABTS inhibition (TEAC) by ligand 6¢c (ABTS = 2,2'-azinobis-(3-
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Figure S21. Percentage of ABTS inhibition (TEAC) by Trolox (ABTS = 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid)).
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9. Neuroprotection against 6-OHDA Neurotoxicity
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Figure S22. Comparison of the percentage neuroprotection against 6-hydroxydopamine (6-OHDA)
neurotoxicity in SH-SY5Y neuroblastoma cells by compounds 6a, 6¢, 2, 3 and DFP 1 (at 100 uM

compound dose).
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