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Table S1. Rank Orders of inhibition for 5-carboxy-8-hydroxyquinoline (10X1), N-oxalylglycine
(NOG), 2,4-pyridine dicarboxylic acid (2,4-PDCA) and 4-carboxy-8-hydroxyquinoline (4C8HQ)
against 20G oxygenases. Near equal ICs, values are grouped. Where multiple 1Cs, values are present
(see Table 1 in Main Text), values derived from the same assay conditions were selected. 1 = most
potent inhibitor.

20G oxygenase Rank Order of Inhibition

10X1 NOG 24-PDCA 4C8HQ
PHD2 2 1 3 4
FIH 3= 1= 1= 3=
KDM4A (JMID2A) 1 4 2= 2=
KDM4C (JMJD2C) 1 4 2= 2=
KDM4D (JMJD2D) 1 4 2 3
KDMA4E (JMJD2E) 1 4 2= 2=
KDM3A (JMID1A) 1 2 3 4
KDM6B (IMJD3) 1 2 4 3
KDM6A (UTX) 1 3 4 2
KDM2A (FBXL11) 2= 4 1 2=
PHFS8 1= 4 3 1=
KDMS5C (JARIDIC) 3= 2 1 3=
BBOX1 4 3 1 2
AlkB 3= 2 1 3=
Mean Rank Order 1.78 2.85 2.14 2.57
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Table S2. Metal Coordination data from crystal structures for AlkB, FIH, KDM4A (JMJD2A)
and KDM6B (JMJD3) showing interatomic distances between metal and the H(His-
1)XD/E...H(His-2) protein ligands. Structures with 10X1 are highlighted in bold. Increased
interatomic distances between the metal and His-2 observed with 10X1/GSK-J1 are highlighted in
red. Two inhibitor molecules were observed to be bound in the active site in the case of N-3-
dihydroxybenzamide - here this structure is likely not representative.

Resol His-  Asp/ Asp/ His
Protein PDB Ref Metal Ligand(s) 1 GluOl GluO2 -2
A A A
AlkB 4JHT Current Mn" 10X1 1.2 22 21 35 2.4
313 ! Mn" 206G, 1.4 22 22 34 2.2
2FDG 2 Fe' Succinate, TmAT 2.2 23 20 2.8 2.2
2FDJ 2 Fe' Succinate 2.1 22 23 35 2.3
3BIE °® Mn"  20G, DNA 1.7 22 22 34 2.2
FIH 30D4 Current zn" 10X1 2.2 22 20 3.0 35
4BIO  Current Fe' I0X1 25 22 24 2.8 3.6
1H2K 4 Fe"  NOG, HIF peptide 2.2 21 21 3.4 2.1
1H2m ¢ zn"  NOG, HIF peptide 2.5 20 21 3.4 2.0
iycr ° Fe"  N-oxalyl-D-phenylalanine 2.7 23 22 3.6 2.4
2CGO °© Fe' Fumarate 2.4 23 19 3.3 2.3
2CGN ° Fe' Succinate 25 22 20 3.2 2.4
2Wox Fe' 2,4-PDCA 2.1 23 21 3.4 2.4
2WA4 7 Fe''  N,3-dihydroxybenzamide 25 22 54 7.0 2.3
SWA3 ! o' 3—i_1ydroxyphenyl(oxo)acetic 25 23 21 3.3 2.3
acid
KDM4A 3NJY ¢ Ni'" I0X1 2.6 24 22 2.7 3.6
4BIS  Current  Ni" 4C8HQ 25 23 21 35 2.3
20x0 ° Ni'" NOG, H3K9me2 2.0 22 22 3.4 2.2
2077 ° Ni'" NOG, H3K9mel 2.1 23 21 35 2.1
2082 ° Ni'" NOG, H3K36me3 2.3 23 21 35 2.1
20Q7 ° Ni"  NOG 2.2 23 22 35 1.9
20Q6 ° Ni" NOG, H3K9me3 2 21 21 35 2.1
2Q8E Y Ni" NOG, H3K36me3 2.1 21 21 35 1.9
2QsD ¥ Ni"  succinate, H3K36me2 2.3 23 22 34 2.2
2PXy H Fe'" NOG, H3K36mel 2 21 24 35 2.2
2p5B M Fe' NOG, H3K36me3 2.1 22 21 34 2.1
2vD7 Y Ni" 2,4-PDCA 2.3 22 22 3.4 2.2
2wwy Ni"  O-benzyl-N- 2.6 23 20 3.4 2.1
(carboxycarbonyl)-D-tyrosine
KDM6B 2XXZ Current Ni" I0X1 1.8 21 21 33 37
2XUE ™ Fe 20G 2.0 21 19 37 2.1
4ASK M Co"  GSK-J1 1.9 22 22 34 3.9
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Table S3. Data Collection and Refinement Statistics Table.

AIkB.Mn.IOX1  FIH.Zn.IOX1 FIH.Fe.lOX1 KDMA4A.Ni.4C8HQ KDM6B.Ni.lOX1

PDB acquisition AJHT 30D4 4BIO 4BIS 2XXZ

codes

Data collection

Beamline DLS 104 DLS 104 DLS 103 DLS 104-1 (0.9163)  DLS 102 (0.9795)

(Wavelength, A) (0.9763) (0.9763) (0.9794)

Detector ADSC Q315r ADSC Q315r  Pilatus 6M Pilatus 6M ADSC Q315r

Data processing HKL2000% MOSFLM,*®*  XDs,*® XDS,* SCALAY MOSFLM,*®

SCALAY SCALAY SCALAY

Space group P1 P4.2,2 P4.2,2 P2,2,2 P2:2:2;

Cell dimensions

a, b, c(A) 36.84, 38.85, 86.40, 86.40, 86.71,86.71, 100.69, 150.15, 56.76, 71.43,

40.45 147.20 147.1 57.45 159.70
o, By (°) 77.62, 75.01, 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90
66.10
No. reflections 60068 (5299)* 28069 21369 31126 (3048)* 61104
(3031)*
Resolution (A) 38.77-1.18 38.64—-220 56.59-2.45 60.19-2.49 29.16-1.8
(1.22-1.18)*  (2.32-2.20)* (2.54—2.45)* (2.58—2.49)* (1.9-1.8)*
Reym OF Rinerge™™ 0.080 (0.333)*  0.086 (0.69)* 0.086 0.1 (0.787)* 0.1 (0.96)*
(0.802)*

/ol 18.45 (3.83)* 13.4 (1.1)* 12.8 (2.2)* 11.8 (2.2)* 8.5 (2.0)*

Completeness (%) 93.30 (85.70)*  99.9 (100)*  99.3(100)*  99.8 (99.9)* 99.9 (100)*

Redundancy 4.1 (3.1)* 8.9 (9.2)* 7.1 (7.4)* 5.5 (5.8)* 4.8 (4.8)*

Wilson B value (A%  13.80 445 54.5 30.9 24.0

Refinement

Ruork Riree” 0.159/0.166 0.176/0.212  0.201/0.234  0.193/0.224 0.184/0.216

No. atoms

-Protein (A/B) 1610 2848 2759 2785/ 2807 2400/ 2311

-l0OX1/4C8HQ 14 14 14 14/ 14 14/ 14

-Water 269 146 123 128/ 135 164/ 155

B-factors (A?%)

-Protein 19.90 62.67 59.52 40.47/ 40.53 28.58 /34.92
-l0OX1/4C8HQ 15.14 44.64 46.80 38.05/ 43.30 17.38/22.58
-Water 32.70 57.28 51.79 36.34/ 37.30 19.66/ 20.18

R.m.s deviations

-Bond lengths (A) 0.009 0.01 0.011 0.007 0.013

-Bond angles (°) 1.25 1.17 1.39 1.26 1.35

*Highest resolution shell shown in parenthesis.

**Rgym = X I-<I>|/3’1, where | is the intensity of an individual measurement and <I> is the average

intensity from multiple observations.

*Reacior = Thal|Fons(hkD)| — k [Feac(hkD|l/ T hialFons(nkl)| for the working set of reflections; Reee is the
Riactor fOr ~5% of the reflections excluded from refinement.
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Figure S1. Stereo-views from crystal structures of 10X1 bound to AlkB (PDB ID: 4JHT), FIH
(PDB ID: 4B10), KDM4A (JMJD2A, PDB ID: 3NJY)? and KDM6B (JMJD3, PDB ID: 2XXZ).
The electron density maps (Fo-Fc omIT) are for IOX1 contoured to 6 and 3o in the AlkB and FIH
complex structures respectively. Dotted lines indicate apparent hydrogen-bonds / polar interactions.
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Figure S2. Views from crystal structures of 10X1 bound to AlkB (PDB ID: 4JHT), FIH (PDB
ID: 4BIO), KDM4A (JMJD2A, PDB ID: 3NJY)? and KDM6B (JMJD3, PDB ID: 2XXZ2),
overlaid with structures with 20G/NOG. Metal translocation is highlighted.
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Figure S3. Views from crystal structures of I0X1 bound to KDM4A (JMJD2A, PDB ID: 3NJY)®
and AIkB (PDB ID: 4JHT). Red labels highlight residues from the AIkB complex structure. Two
conformations were observed for both Tyr122 and Leul28 in the AIkB structure, which is likely due
to the partial occupancy (50 %) of IOX1 in the active site.
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Figure S4. Structure of GSK-J1.
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Figure S5. Inhibition of KDMA4A in HelLa cells by dmPDCA and DMOG.
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Figure S6. Inhibition of KDMG6B (left) and KDM2A (right) in HeLa cells by 10X1, dmPDCA
and DMOG.
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Figure S7. Cytotoxicity of IOX1, dmPDCA, DMOG and Staurosporine in HeLa cells.

Recombinant Protein Production

PHD2,” FIH,* KDM4A,° KDM4C,* KDM4D,* KDMA4E,”* KDM3A,? KDM6B,”> KDMB6A,*
KDM2A,** PHF8,” KDM5C?* and AIkB® were heterologously expressed in E. coli as described.
BBOX1 was expressed in Baculovirus as described.?

In Vitro Inhibition Assays

In vitro inhibition studies were carried using either AlphaScreen assays (PHD2, KDM4A/C/DI/E,
KDM3A, KDM6A/B, KDM2A, PHF8 and KDM5C),? formaldehyde dehydrogenase coupled assays
(AIkB,”* KDMB6A), a fluoride detection based assay (BBOX1),?” and MALDI-MS based assays (FIH,

PHFS8).

AlphaScreen Assays

AlphaScreen (Amplified Luminescence Proximity Homogeneous Assay) inhibition assays
were carried out as previously reported.? ?® Assays were carried out in 384-well plates using
white Proxiplates (Perkin Elmer). Hydroxyethyl-piperazine-ethane sulfonic acid (HEPES)
buffer was purchased from Apollo Scientific. Ferrous ammonium sulphate (FAS) was made
fresh in 20 mM HCI to a concentration of 400 mM and then diluted to 1 mM in deionised
water. Bovine serum albumin (BSA) was free of fatty acid and globulin (Sigma A7030).
AlphaScreen General 1gG detection kit was purchased from Perkin Elmer. Biotinylated
peptides were synthesised in house or purchased from GLS China (Shanghai, China) or
Pepceuticals (Leicestershire, U.K.). Antibodies against peptide products were as previously
reported. All other reagents were from Sigma-Aldrich. Protocols for the KDM2A, KDM3A,
KDMA4A/C, KDM5C, KDM6B and PHF8 assays were as previously reported. The KDM6A
inhibition assay was carried out in a total volume of 10 uL containing KDM6A (200 nM),
20G (10 uM), ferrous iron (10 pM), Biotin-H3(14-34)K27me3 peptide (250 nM), non-
biotinylated H3(14-34)K27me3 peptide (1 uM) and inhibitor (1 % DMSO in final reaction).
The reaction was stopped after 1 hour by addition of EDTA (30 mM) and the product peptide
(biotinylated) was detected by addition of 5 uLL of AlphaScreen donor and acceptor beads that
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previously had been incubated with the anti-dimethyl-Histone H3 (Lys27) antibody
(Millipore 07-452). The sample was then left for 1 hour before analysis in a BMG Labtech
Pherastar FS plate reader. Data were normalised to the no enzyme control and ICs, values
calculated from nonlinear regression curve fits using GraphPad Prism 5.

Formaldehyde Dehydrogenase (FDH) Coupled Assays

Ku™ values for 20G with KDM6A and AIkB were determined using FDH coupled assays.
Samples (total volume 25 pL) were monitored over initial time points as described, and
kinetic parameters were determined by plotting the Michaelis-Menten equation using
GraphPad Prism 5. For KDM6A, samples contained KDMG6A (2.5 uM), 20G, non-
biotinylated H3(14-34)K27me3 peptide (500 uM), ferrous iron (50 uM), NAD (2 mM) and
formaldehyde dehydrogenase (0.0125 units) in 50 mM HEPES 50 mM NaCl pH 7.5 buffer.
AlkB samples contained AlkB (2 uM), 20G, oligonucleotide containing 1-methyladenine (20
uM, sequence GC-1meA-AGGTCCCGTAGTGCG, ATD Bio, U.K.) ascorbate (100 pM),
ferrous iron (10 uM), NAD (500 uM) and formaldehyde dehydrogenase (0.025 units) in 50
mM HEPES buffer pH 7.5. For AIKB inhibition assays, samples also contained inhibitor (2.5
uL). Enzyme, FDH and inhibitor were preincubated for 15 minutes prior to addition of other
reagents. Data were normalised to the no enzyme control and 1Cs, values calculated from
nonlinear regression curve fits using GraphPad Prism 5.

MALDI-TOF Assays

Inhibition assays for FIH and PHF8 were carried out as follows. For FIH inhibition, samples
(total volume 10 pL) containing FIH (1 pM), consensus ankyrin peptide (sequence
HLEVVKLLLEAGADVNAQDK, 100 uM), 20G (10 uM), ascorbate (100 pM), ferrous iron
(10 uM) and inhibitor in 50 mM HEPES pH 7.5 buffer, were incubated for 5 minutes before
guenching with MeOH (20 uL). Enzyme, ascorbate, ferrous iron and inhibitor were pre-
incubated for 15 minutes prior to addition of substrate and 20G. After quenching, aliquots of
each sample (1 pL) were then mixed with 1 uL of 1 mg/mL a-cyano-4-hydroxycinnamic acid
and assessed by matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF)
Mass Spectrometry (Micromass). PHF8 samples (total volume 10 pL) contained PHF8 (2
MM), 20G (15 pM), non-biotinylated H3(1-14)K4me3K9me2 peptide (10 pM), ascorbate
(100 uM), ferrous iron (10 uM) and inhibitor in 100 mM HEPES 500 mM NaCl pH 7.5
buffer. Reactions were quenched after 10 minutes using MeOH (20 uL) before MALDI-MS
analysis. Data were normalised to the no enzyme control and 1Cs, values calculated from
nonlinear regression curve fits using GraphPad Prism 5.

Crystallography

Recombinant forms of AIkB,” FIH,* KDM4A® and KDM6B' were expressed in Escherichia coli
BL21 (DE3) and purified as reported. Crystals of AlkB, FIH, KDM4A and KDM6B in complex with
I0X1/4C8HQ were grown in sitting drops under conditions described in Table S4. In general,
crystals were cryoprotected by transferring to a solution of mother liquor supplemented with 15-25 %
v/v glycerol before being cyro-cooled in liquid N,. Data were collected from single crystals at 100K
using synchrotron radiation at the Diamond Light Source (DLS) beamlines. The data were processed
as outlined in Table S3. Structures of AlkB, FIH and KDM4A were solved by molecular replacement
using PHASER? or by isomorphous replacement using PHENIX*’; PDB ID 1H2K (for FIH), 3T4V
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(for AIkB), 20X0 (for KDM4A) were used as initial search models. A single wavelength anomalous
dispersion (SAD) dataset was collected for KDM6B.IOX1 seleno-methionine derivatized crystal. The
structure of KDM6B.10X1 complex was solved as described.™* Iterative rounds of model building and
refinement using COOT® and PHENIX?* and/or CNS* were performed until the decreasing R and
Riee NO longer converged. All residues were in acceptable regions of Ramachandran plots as
calculated by MolProbity.*® Data collection and refinement statistics are shown in Table S3.

Table S4. Crystallization conditions

AIkB.Mn.IOX1 FIH.Zn.10X1 FIH.Fe.lOX1 KDMA4A Ni. KDMB6B.Ni.
4C8HQ 10X1
Sample AIkB (0.44 mM  FIH (0.25 mM FIH (0.25 mM KDMA4A (0.25  KDM6B (0.25
composition in 50 mM in 10 mM in 50 mM Tris mM in 10 mM mM in 20 mM
Hepes pH 7.5) HEPESpH 7.5, pH75)+FeCl, HEPESpH7.5, TrispH 8.0,
+ MnCl, (1 200 mM NaCl) (1 mM)+10X1 200 mM NaCl, 150 mM NaCl,
mM) + 10X1 (1 +10X1 (0.25 (1 mM) 5% glycerol) + 5 % glycerol,
mM) mM) Ni (1 mM) + 0.5 mM TCEP)
4C8HQ (1 mM) +
Fe(NH,)2(SOy),
(10 uM) +
I0X1 (2 mM)
Crystallization ~ 0.1M HEPES 0.1M HEPES 0.1M HEPES 0.1 M Bis-Tris 0.1 M Tris pH
condition pH 7.5, 0.264 pH75,1.75M pH75,12M propane pH 7.5, 8.0, 37.5 % 2-
M NacCl, 23% ammonium ammonium 0.02 M Methyl-2,4-
w/v PEG 3350  sulfate, 2% w/v  sulfate, 3% w/v  sodium/potassiu  pentanediol,
PEG 400, 0.002 PEG 400, 0.001 m phosphate, PEG 1000, 0.03
M ZnCl, M FeCl, 20% w/ivPEG M MgCl,, 0.03
3350 M CaCl,
Vapor diffusion  Sitting drop, Sitting drop, Sitting drop, Sitting drop, Sitting drop,
conditions protein-to-well  protein-to-well ~ near anaerobic  protein-to-well  protein-to-well
ratio, 1:1, 293K ratio, 1:1, 293K (PO, <0.1 ratio, 1:1, 277K  ratio, 1:1, 293K
ppm), protein-
to-well ratio,
1:1, 293K

Theory and Computational Methods

Potential energy landscapes of 10X1 and 4C8HQ bound within the active site of KDM4A (PDB IDs:
3NJY and 4BIS respectively) were analyzed via the optimization of energy calculations using
Schrédinger 9.0. Structure frameworks of the binding pockets are shown in Figure S8. In each model,
the chelating Ni(ll) ion was replaced with Fe(ll) to represent the biological systems.

Quantum chemical calculations were carried out using density functional calculations with the 6-
31G* basis set for all atoms. The M06 hybrid density functional was employed for all calculations.**
This functional consists of meta-hybrid hybrid GGA DFT functional® and M06 family functionals
which are parametrized including both transition metals and non-metals.

Energy values for the KDM4A-10X1 complex, the KDM4A-4C8HQ complex, KDM4A and the
ligands respectively were calculated using energy minimization methods. The calculated energy
difference between the KDM4A-IOX1 complex and the corresponding KDM4A-4C8HQ complex
(Equation S1) was -7.98 Kcal mol™.
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Figure S8. Structure frameworks used for potential energy calculations of 10X1 (left) and
4C8HQ (right) binding to KDMA4A, as derived from crystal structures (PDB IDs: 3NJY? and
4BIS respectively).

difference
DE IOX1-4C8HQ — DE KDM4A 10X1 ~ DE KDM4A 4C8HQ

_ complex
- [E KDM4A 10X1 ~ (E kpmaa t E IOXl)]
complex
- [E KDM4A 4C8HQ ~ (E kpmaa T E 4CBHQ)]

Equation S1. Determination of the energy difference between 10X1 and 4C8HQ binding to
KDM4A.

Cell-Based Assays
Constructs

Flag-tagged full length KDM4A® and KDM6B™ were used for immunofluorescence assays.
Overexpression of wild type KDM2A resulted in perinucleolar foci and incomplete
demethylation of histone 3 lysine-36Me2 throughout the nucleus. To distribute KDM2A and
therefore its enzymatic activity more evenly throughout the nucleus we overexpressed
KDM2A with a point mutation in the CXXC domain, K601A which abrogates KDM2A
binding to unmethylated CpG dinucleotides.*

Cell culture

HeLa cells were cultured at 37 °C and 5 % CO, in RPMI 1640 medium (Sigma Aldrich) and
supplemented with 10 % FCS (Invitrogen), 1 % Glutamax (Invitrogen), and 1 % Penicillin-
streptomycin (Lonza). HeLa cells were seeded into 96-well clear-bottom optical-grade plates
(BD Biosciences) at 8000 cells per well and allowed to settle overnight. The next day, the
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medium was changed to antibiotics-free medium. For each well, 0.1 pg of plasmid and 0.25
uL of Lipofectamine 2000 (Invitrogen) were each incubated in 25 uL of OptiMEM
(Invitrogen) for 5 minutes at room temperature. The two solutions were then combined and
mixed gently but thoroughly and incubated for 20 minutes at room temperature. The mixture
was then added to the cells. Four hours later, the medium was changed to regular culture
medium with antibiotics and dosed with varying concentrations of compound. The amount of
DMSO in each well was kept constant throughout the plate. The cells were incubated for a
further 24 hours before being fixed for immunostaining.

Immunostaining

Cells were fixed in 4 % formaldehyde for 20 minutes, permeabilised in 0.5 % Triton-X 100
for 6-10 minutes, and blocked in 3 % FCS for 1 hour with a PBS wash in between each step.
The primary antibodies were then added to the cells in blocking solution and left overnight.
The next day, cells were washed 3 times in PBS, incubated with secondary antibodies for 1
hour, rinsed 3 times in PBS again, and counterstained with DAPI before imaging.

Imaging

Immunostained cells were imaged on the BD Pathway high content analyser (BD
Biosciences). Briefly, the exposure time for DAPI, Alexafluor 488 and Alexafluor 568 was
set up so as to utilise the entire 12-bit dynamic range. The system’s autofocus and montage
capture features were employed so as to automatically obtain multiple sharp images for each
well, thus, increasing the sample size. After image acquisition, the data was imported and
analysed in Attovision (BD Biosciences). Measurement of the fluorescence intensity of the
Flag-tag and histone modification staining was restricted to the nucleus of each cell. The
nuclei were automatically identified by DAPI staining. Cells expressing low amounts of the
exogenous demethylase, where Flag-tag staining was dim, were omitted from analysis.
Finally, the average intensity of the histone modification staining for the remaining cells in
each well was exported to BD IDE (BD Biosciences) and Prism 5 (Graphpad) for plotting.

Chemical Synthesis

N-oxalylglycine (NOG) and dimethyloxalylglycine (DMOG) were synthesised as reported.*’ 2,4-
pyridinedicarboxylic acid (2,4-PDCA) was purchased from Aldrich. Dimethyl-2,4-
pyridinedicarboxylate (dmPDCA) was synthesised from 2,4-PDCA as reported.*® 5-carboxy-8-
hydroxyquinoline (I10X1) and 4-carboxy-8-hydroxyquinoline were synthesised as described below.
Reagents and solvents were from Aldrich. TLC monitoring was performed using precoated
aluminium-backed plates (Merck, silica 60 F254). Melting points were determined using a Leica
Galen 11l hot-stage melting point apparatus and microscope. Infrared spectra were recorded on a
Bruker Tensor 27 FT-IR spectrometer. NMR spectra were acquired using a Bruker DPX400 NMR
spectrometer. Chemical shifts (8) are given in ppm, and the multiplicities are given as singlet (s),
doublet (d), triplet (t), quartet (q), multiplet (m), broad (br). Coupling constants J are given in Hz (x
0.5 Hz). High resolution mass spectra (HRMS) were recorded using a Bruker MicroTOF
spectrometer.



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

5-carboxy-8-hydroxyquinoline (10X1)

O.__OH
c
b| S d
a N/ e
OH

Acrolein (0.65 mL, 9.73 mmol) was added dropwise to a refluxing solution of 3-amino-4-
hydroxybenzoic acid (1.00 g, 6.53 mmol) in 6N HCI (15 mL) and stirred at reflux for 2 h. The
reaction mixture was cooled to r.t., diluted with water (15 mL), adjusted to pH 8 with aqueous
ammonia and filtered. The filtrate was acidified to pH 4 with acetic acid and the resulting
precipitate isolated by filtration and dried under vacuum. Purification by reverse phase
chromatography afforded the product (563 mgs, 46%) as a pale brown powder. mp 275-277
°C (dec) [lit. mp 278-280 °C]; 64 (200 MHz, DMSO-dg) 9.49 (1 H, dd, J = 9.0, 1.0 Hz, H,),
8.93 (1 H,m Hy), 827 (LH,d, J=8.0Hz He), 7.71 (L H, dd, J = 9.0, 4.0 Hz, Hy), 7.14 (1 H,
d, J = 8.0 Hz, Hy); dc (100 MHz, DMSO-ds) 168.1 (C=0), 158.3, 148.6, 138.6, 137.9, 133.9,
128.5, 128.5, 123.8, 116.8, 110.6;

O._OH ‘
[ 10X1
N
OH
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 160 140 120 100 80 60 ppm
4-Carboxy-8-Sulfoquinoline
0O~ __OH
C
b| x d
a N/ €
SO3H

Fuming sulphuric acid (65 % SO, 1 mL) was added dropwise to 4-quinolinecarboxylic acid
(1 g, 5.68 mmol) inside a 10 mL microwave vial. The vial was sealed and the reaction
mixture heated at 200 °C in a sand bath for 2 h. The mixture was left to cool down to room



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

temperature and water (5 mL) was added dropwise. The black residue was triturated with
water until formation of a homogenous white powder occurred. The powder was collected by
filtration and dried under reduced pressure to give the product (886 mg, 61 %) as a white
powder. mp > 300 °C [lit. mp > 300 °C]; vma/cm™ 1721 (C=0); 5y (400 MHz, DMSO-d5)
9.50(1H,d,J=55Hz H,),882(1H,d,J=85Hz H),849 (L H,d,J=75Hz H), 8.43
(1 H,d,J=55Hz H,) 8.05 (1 H, dd, J =85, 7.5 Hz, H); dc (100 MHz, DMSO-ds) 166.5
(C=0), 148.5, 146.9, 138.8, 135.2, 133.3, 130.9, 129.1, 126.7, 123.5; m/z (ESI') 252 ([M-H]);
HRMS (ESI") C1H,NNaO,S, ([M+Na]") requires 275.9937; found 275.9940.

4-carboxy-8-hydroxyquinoline (4C8HQ)

OH

8-Sulfoquinoline-4-carboxylic acid (1 g, 3.95 mmol) was dissolved in a solution of potassium
hydroxide (5 g, 89.3 mmol) in water. The solvent was evaporated under reduced pressure.
The residue was heated above 300 °C with a heat gun until a colour change from off-white to
dark yellow occurred. The residue was left to cool to room temperature and dissolved in water
(200 mL). The pH was adjusted to 4.5 with agueous hydrochloric acid and the solution was
extracted with ethyl acetate (500 mL) three times. The combined organic layers were
combined and dried over anhydrous Na,SO, and the solvent was evaporated to give 4C8HQ
(542 mg, 73 %) as a yellow solid. mp 259 °C [lit. mp 259 °C]; vma/cm™ 2539 (O-H); 5y (400
MHz, DMSO-d) 8.96 (1 H, d, J=4.5 Hz, H,), 8.07 (1 H, d, J=8.0 Hz, H,), 7.93 (1 H, d, J=4.5
Hz, Hp), 7.54 (1 H, t, J=8.0 Hz, Hy), 7.15 (1 H, d, J=8.0 Hz, H.); dc (100 MHz, DMSO-d;)
168.6 (C=0), 154.5, 148.6, 140.2, 137.3, 129.8, 126.2, 123.2, 116.2, 112.4; m/z (ESI') 188
([IM-H]); HRMS (ESI?) C1oHgNOs, ([M+H]") requires 190.0499; found 190.0501.

| 4C8HQ

OH

TR e —— me\«

T — T — T —T T T — T — T T
180 160 140 120 100 80 60 40 ppm
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