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Definitions and abbreviationsof the haem-containing compounds cited in thiskwor

Haen compounc Abbreviation Definition
Haen Haen Prosthetic grou that consists of aniron atom
Fe' PPIX contained in the center of a heterocyclic porphyrin

ring, namely the protoporphyrin IX. It corresportds
the active protein-free unit of haemoglobin molecul

Haematii Haematii Haem containing a water or and hydroxide mole
axially bound in the fifth position of the iron(Jll
porphyrinic system

[B-haematii [B-haematii Synthetic haematin crystal standing for haemo
pigment equivalel
Haemozoir Hz Disposal pigmen- biocrystals which result from s¢

association of F& protoporphyrin IX - formed during
the digestion of methaemoglobin in several blood-
feeding parasites (th€€e" PPIX are held together
mainly througkn-n and |-Pr interactions

Haemglobin (Fe") Hb Oxyger-carrying F(' haemoprotein of erythrocyte
made up of four different polypeptide globin chains
that contain between 141 and 146 amino acids and a
Fe' PPIX active site

Methaemoglobi metHk Haematogenous pigment formed frolaemoglobin by
oxidation of the iron atom from the ferrous to feeic
state. A small amount is found in the blood norgall
but injury or toxic agents convert a larger projuortof
haemoglobin into methaemoglobin, which does not
function as an oxygen carrie

Fer\r/ylhaemogloin ferrylHb Oxidation product of hemoglobin following hydrog

(FeY) peroxide treatment.Oxidation of the iron atom fribra
ferrous or ferric to the ferryl states. Ferryl iras
reactive and unstabl

Haemichrom: Haemichrom: Haemichromes are lc-spin Fe" species closel
related to methaemoglobin (metHb). Haemichromes
mainly result from denaturation processes of
haemoglobin (Hb) and are characterized by the gtron
axial binding of two histidine residues to the ierr
center following displacement of the dioxygen.
Haemichromes are considered as markers of the
RBC'’s senescenc
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Synthesis

General methods:Melting points were determined with a Biichi MeltiRgint B-540 apparatusH
NMR and**C NMR spectra were recorded on Brucker ARX 250,cRen DRX 300, or Brucker DRX
500 spectrometers by using CR@Inot otherwise indicated. Chemical shift§ ére expressed in ppm
relative to TMS. Multiplicity is indicated as s figilet), d (doublet), t (triplet), m (multiplet), lfbroad
singlet), and cm (centered multiplet)qHtands for an aromatic proton in 1H NMR, i@dicates a
quaternary carbon in tHC NMR assignation) values are given in HZ°F NMR was performed using
1,2-difluorobenzene as external standafd {139.0 ppm). Electron Impact (EI) mass spectraewe
recorded at 70 eV on Jeol JIMS-700 and Finnigan TS@Qspectrometers at the Department of Organic
Chemistry at the Ruprecht Karls University, Heideth Elemental analyses were carried out in the
Microanalysis Laboratory of the Faculty of Chenysat the Ruprecht Karls University, Heidelberg.
Analytical thin layer chromatography (TLC) was merfied on pre-coated silica gel plates Polydtam
SIL G/UV254 from Machery-Nagel, and silica gel GBOm Macherey-Nagel (230-400 mesh) was
used for flash column chromatography.

General procedure 1:The bromonaphthalene (1.0 equiv.) was placed iargon-flushed flask. Dry
THF was added, and the mixture was cooled to -78€i (1.1 equiv.) was added dropwise, and the
mixture was stirred for 10 min at -78 °C. Then, tienzoyl chloride (1.1 equiv.) was added under
stirring, and the reaction mixture was stirred & <C for 30 min. The reaction mixture was then
allowed to warm to RT. The mixture was poured iatd0 mL 1:1 mixture of diluted HCI : saturated
NaCl and it was extracted twice with 20 mL,@t The organic phase was dried over Mg&@d
evaporated. The resulting oil was purified throflgsh chromatography.

(1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro-4¢trifluoromethyl)phenyl)methanone (5c).
OMe

oF Yellow oil
OO O ® Chemical formula: GH16F403
“i”/,/ Molecular weight: 392.34 g.mol
OMeO F 5¢ Yield = 42%

2-bromo-1,4-dimethoxy-3-methylnaphthalene (300 rh@)7 mmol) and commercially available 2-
fluoro-4-trifluoromethyl-benzoyl chloride (265 md.17 mmol) were treated according to general
procedure 1. The resulting yellow oil was puriftddough flash chromatography (cyclohexane:EtOAc
10:1). The product5c was obtained as yellow oil (175 mg, 0.45 mmol, $2%LC
(cyclohexane:EtOAc, 10:1 v/v):R 0.50;*H NMR (300 MHz, CDC}): § = 8.13-8.15 (cm, 1H), 8.02-
8.05 (cm, 1H), 7.86-7.91 (cm, 1H), 7.48-7.62 (ci),37.38-7.41 (cm, 1H), 3.92 (s, 3H, OgH3.79

(s, 3H, OCH), 2.33 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): § = 193.38 (C=0), 162.99 (dJcr = 270
Hz, GrF), 159.53 (@), 136.14 (@), 132.04 (CH,), 131.55 (@), 129.95 (@), 129.82 (@), 127.55
(CHay), 127.34 (@), 127.01 (q,"Jcr = 259 Hz, CB), 126.16 (CH), 124.54 (@), 123.36 (G), 122.65
(CHay), 122.52 (CH}), 121.19 (CH), 114.58 (CHy), 63.58 (OCH), 61.55 (OCH), 12.74 (CH); *F
NMR (282 MHz, CDC}): 6 = -63.29, (s, C§, -110.02 (dd>Jye= 10 Hz,*Jue= 7 Hz, F); EI-MS (70 eV,
m/z (%)): 392.1 ([M], 100), 377.0 (57), 362.0 (50). ESI positive-HRNI%;H16FsNayOs m/z: found
415.0904, calcd 415.0928.
(1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro-3trifluoromethyl)phenyl)methanone (5i).

OMe Yellow oil
‘O ‘ Chemical formula: gH16F,03
CF, Molecular weight: 392.34 g.mol
OMeO F 5i Yield = 86%

2-bromo-1,4-dimethoxy-3-methylnaphthalene (100 ®@56 mmol) and commercially available 2-
fluoro-3-trifluoromethyl-benzoyl chloride (90 mg,.3®2 mmol) were treated according to general
procedure 1. The resulting brown oil was purifiacotigh flash chromatography (cyclohexane:EtOAc
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10:1). The product5i was obtained as yellow oil (122 mg, 0.31 mmol, $6%LC
(cyclohexane:EtOAc, 10:1 v/v):{R 0.35;'H NMR (300 MHz, CDCJ): § = 8.13-8.15 (m, 1H), 8.03-
8.05 (m, 1H), 7.92-7.98 (m, 1H), 7.79-7.83 (m, 1ABO-7.62 (cm, 2H), 7.31-7.36 (m, 1H), 3.92 (s,
3H, OCH), 3.79 (s, 3H, OCH), 2.33 (s, 3H, Ch); **C NMR (75 MHz, CDCJ): 6 = 193.18 (C=0),
159.01 (d,Jcr = 269 Hz, G-F), 150.69 (@), 149.83 (G), 137.19 (CH), 135.05 (CH), 133.42 (Q),
131.63 (G), 131.51 (CHy), 128.50 (G), 128.43 (q,9cr = 259 Hz, CE), 128.38 (@), 127.52 (CH)),
126.13 (CH)), 124.40 (@), 124.18 (CH), 123.32 (@), 122.62 (CH,, d,J = 12.6 Hz), 63.54 (OC#},
61.55 (OCH), 12.75 (CH); EI-MS (70 eV,m/z(%)): 392.0 ([M], 25).

General procedure 2:A solution of dimethoxynaphthalene (1.0 equiv.)diy DCM was cooled to O
°C and kept stirring for 30 min. Then, BB{1.0 equiv., 1 M in DCM) was added dropwise to the
solution, and the reaction mixture was stirred &C0or 2 h (TLC control). The reaction mixture was
quenched with MeOH. Saturated NaCl was added tonikure, which was extracted three times with
DCM and twice with EtOAc. The organic layers weoenbined, dried over MgSQand evaporated.
(2-fluoro-4-(trifluoromethyl)phenyl)(1-hydroxy-4-me thoxy-3-methylnaphthalen-2-yl)methanone
(6¢).

oMe o Yellow solid
‘O ‘ 3 Chemical formula: gH14F4O3
Molecular weight: 378.32 g.mol
OH O F 6C Yield = 68%

(1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro#ifluoromethyl)phenyl)methanonéc (230 mg,
0.60 mmol) was used as a starting material andetlegccording to general procedure 2. The resulting
yellow oil was purified through flash chromatogrgpibCM:cyclohexane 1:1). The produt was
obtained as a yellow solid (150 mg, 0.40 mmol, 68PAC (DCM:cyclohexane, 1:1 v/v): R 0.55;*H
NMR (300 MHz, CDC}): 6 = 12.87 (OH), 8.48-8.50 (m, 1H), 8.00-8.03 (m, 1AB9-7.74 (m, 1H),
7.52-7.63 (cm, 3H), 7.43-7.46 (m, 1H), 3.82 (s, BCH), 1.98 (s, 3H, Ch); °C NMR (75 MHz,
CDCl): ¢ = 195.71 (C=0), 160.46 (dJcr = 270 Hz, G-F), 159.53 (Q), 133.30 (G), 132.20 (G),
130.35 (@), 129.90 (@), 128.30 (CH), 123.44 (@), 123.37 (CH)), 123.29 (CH)), 122.72 (G), 120.08
(9, "Jcr = 259 Hz, CE), 119.79 (CH}), 119.06 (CH)), 118.91 (CH), 116.13 (G), 113.86 (CHy), 61.07
(OCH), 15.48 (CH); *F NMR (282 MHz, CDGJ): 6 = -63.01 (s, C§, -111.93 (dd>Jyr = 10 Hz,*ie
= 7 Hz, F); EI-MS (70eVim/z(%)): 378.0 ([M], 100), 363.0 (52), 345.0 (35).

(2-fluoro-3-(trifluoromethyl)phenyl)(1-hydroxy-4-me thoxy-3-methylnaphthalen-2-yl)methanone
(61).

OMe Bright yellow oil

OO O Chemical formula: H14F403
CF, Molecular weight: 378.32 g.mol

OH O E 6i Yield = 38%
(1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro@8fluoromethyl)phenyl)methanon®&i (400 mg,
1.02 mmol) was used as a starting material andetlezccording to general procedure 2. The resulting
dark yellow oil was purified through flash chromgitaphy (cyclohexane:EtOAc 10:1). The product
was obtained as bright yellow oil (150 mg, 0.40 mmMB8%). TLC (cyclohexane:EtOAc, 10:1 v/v); R
= 0.23;'"H NMR (300 MHz, CDCJ): § = 12.80 (OH), 8.47-8.50 (m, 1H), 8.00-8.03 (m, 1AY7-7.82
(cm, 1H), 7.68-7.73 (cm, 2H), 7.52-7.57 (m, 1HB6¢7.41 (cm, 1H), 3.81 (s, 3H, OG}H1.97 (s, 3H,
CHsz); °C NMR (75 MHz, CDCJ): § = 195.51 (C=0), 159.50 ({; 156.48 (dd Jcr = 262 Hz,*Jcr = 6
Hz, C-F), 146.99 (@), 133.47 (CH), 132.22 (G), 131.56 (d,?Jcqcr = 14 Hz, G), 130.87 (CH),
129.90 (dd,J) = 4.5 Hz,J = 1.8 Hz, CH}), 125.94 (CH}), 125.01 (CH,), 124.89 (G), 124.64 (d3Jcharr
= 4.7 Hz, CH), 122.66 (GQ), 122.21 (q;Jcr = 273 Hz, CB), 121.90 (CHy), 119.33 (dd?Jcqcr =33 Hz,
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C4-CFs) 116.08 (G), 61.09 (OCH), 15.51 (CH); **F NMR (282 MHz, CDGJ): ¢ = -61.49 (d,'Jgr = 13
Hz, CR), -115.91 {Jrr = 13 Hz,"Jur = 6 Hz, F); EI-MS (70 eMin/z(%)): 378.3 ([M], 48).

General procedure 3:The benzophenone derivative (1.0 equiv.) an@®g (2.0 equiv.) were placed

in a round-bottom flask. The flask was sealed urdgon, and 10 mL of dry acetone was added. The
reaction mixture was stirred at 50 °C for 2 h. Huspension was filtered through a pad of celite and
washed with 25 mL EO. The filtrate was concentrated under vacuum.
5-methoxy-6-methyl-10-(trifluoromethyl)-7H-benzol]xanthen-7-one (7c).

O White "cotton-like" solid
O o O CFs Chemical formula; GH13F;03
MeO Molecular weight: 358.31 g.mol
o) 7cC Yield = 77%

(2-fluoro-4-(trifluoromethyl)phenyl)(1-hydroxy-4-nigoxy-3-methylnaphthalen-2-yl)methanone 6c¢
(150 mg, 0.40 mmol) was used as a starting matandltreated according to general procedure 3. The
product7c was obtained as a white, cotton-like solid (110 @1 mmol, 77%), m.p. 167-169 °C;
TLC (DCM:cyclohexane, 1:1 v/v): &= 0.37;'H NMR (300 MHz, CDCJ): § = 8.62-8.69 (m, 1H),
8.42-8.44 (m, 1H), 8.13-8.16 (m, 1H), 7.90 (s, 1HY,3-7.78 (cm, 1H), 7.61-7.67 (m, 2H), 3.91 (s, 3H
OCHg), 2.93 (s, 3H, Ch); *C NMR (75 MHz, CDCJ): § = 177.64 (C=0), 154.21 (f; 152.02 (Q),
150.33 (@), 135.38 (q,"Jcqcr = 33 Hz, G-CFK), 131.24 (@), 130.26 (CH), 127.93 (CH), 126.63
(CHqy), 125.70 (Gg, 125.20 (GQ), 123.52 (GQ), 123.25 (q,"Jcr = 273 Hz, CE), 123.17 (CH), 122.28
(CHay), 120.53 (0 Jcharr = 4 Hz, CH,), 117.52 (Q), 115.44 (9 Jcharr = 4 Hz, CH,), 61.47 (OCH),
14.44 (CH); *°F NMR (CDCE, 282 MHz):d = -62.95 (s, C§; EI-MS (70 eV,m/z(%)): 358.0 ([M],
53); analysis (calcd, found for,§H,305F3): C (67.04, 66.64), H (3.66, 3.81). ESI positivBMS
CooH14 Fs03m/z: found 359.0893, calcd 359.0890.
5-methoxy-6-methyl-11-(trifluoromethyl)-7H-benzo]xanthen-7-one (7i).

O GFs Light yellow "cotton-like" solid
‘ © O Chemical formula: GH15F:03
Ve Molecular weight: 358.31 g.miobl

(2-fluoro-3-(trifluoromethyl)phenyl)(1-hydroxy-4-nigoxy-3-methylnaphthalen-2-yl)methanone 6i
(150 mg, 0.40 mmol) was used as a starting matanidltreated according to general procedure 3. The
product7i obtained as a light yellow, cotton-like solid (12@, 0.33 mmol, 86%), m.p. 198-200 °&t
NMR (300 MHz, CDCY}): ¢ = 8.64-8.67 (m, 1H), 8.53-8.57 (m, 1H), 8.17-8(&® 1H), 8.02-8.05 (m,
1H), 7.76-7.81 (cm, 1H), 7.67-7.73 (cm, 1H), 7.4837(cm, 1H), 3.93 (s, 3H, OGH 2.97 (s, 3H,
CHz); **C NMR (75 MHz, CDCJ): § = 177.39 (C=0), 151.79 ¢ 151.51 (G), 150.50 (G), 131.27 (q,
3Jchare = 4 Hz, CH,), 131.24 (@), 130.99 (CH), 130.29 (CH,), 126.90 (CH), 125.55 (G), 124.04
(Cy), 123.70 (GQ), 123.48 (CHy), 123.33 (CHy), 123.13 (q;Jcr = 273 Hz, CB), 122.14 (CH,), 119.08
(0, “Jcqer= 32 Hz, G-CR), 117.31 (G), 61.54 (OCH), 14.46 (CH); >F NMR (282 MHz, CDGJ): ¢ =
-61.31 (s, CF); EI-MS (70 eV,m/z (%)): 358.0 ([M], 60), 343.0 (100); analysis (calcd, found for
CaoH1303F3): C (67.04, 66.95), H (3.66; 3.80). ESI positivBMS GoH14 Fs03 m/z: found 359.0912,
calcd 359.0890.
(1,4-dihydroxy-3-methylnaphthalen-2-yl)(2-fluoro-4{trifluoromethyl)phenyl)methanone (3c*).

oH oF Bright orange crystals
OO ‘ s Chemical formula: @H12F403
Molecular weight: 364.29 g.mol

OH O E 3c* Yield = 52%
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(1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro#ifluoromethyl)phenyl)methanonéc (250 mg,
0.64 mmol) dissolved in 40 mL DCM was cooled to®@&nd kept stirring for 30 min. Pure BB61
uL, 0.64 mmol, 1.0 equiv.) was added dropwise tosthlation, and the reaction mixture was stirre@ at
°C for 1 h. The reaction mixture was quenched \BithmL MeOH. Saturated NaCl was added to the
mixture, and it was extracted with DCM (2 x 50 mIhe organic layer wad dried over Mg&Sénd
evaporated to give 500 mg of a red-orange soli@. fEd-orange residue was recrystallized in 10 mL of
a 10:1 cyclohexane:EtOAc mixture. The prod8ct was obtained as bright orange crystals (121 mg,
0.33 mmol, 52%), m.p. 104 °C (dec:y NMR (300 MHz, CDCJ): 6 = 12.55 (s, 1H, OH), 8.46-8.49
(m, 1H), 8.06-8.09 (m, 1H), 7.69-7.74 (cm, 1H),1#&A62 (cm, 3H), 7.45-7.42 (m, 1H), 4.68 (s, 1H,
OH), 1.94 (s 3H, CH; *C NMR (75 MHz, CDCJ): 6 = 194.44 (C= O) 161.87 (& 159 31 (@,
147.61 (dNcr = 311.7 Hz, GF), 144.77 (G), 143.80 (@), 134.15 (dq; JchF— 33 Hz,%Jcr = 9 Hz,
CyCh), 132 66 (CH), 131.88 (d,J = 10.3 Hz, CH), 127.92 (@), 127.17 (CH,), 125.44 (CH),
124 98 (d, JCqCF— 23 Hz, @), 122.84 (CHy), 122.70 (CH), 122.10 (CH), 116.27 (@), 114.89 (dd,
2JcqcE= 25 Hz 3JcHar-F = 4 Hz, CHy), 13.76 (CH); *°F NMR (CDCk, 282 MHz):6 = -63.44 (s, CH, -
111.44 (dd3J4r = 10 Hz,*Jue = 7 Hz, F); EI-MS (70 eVin/z(%)): 364.1 ([M], 100); analysis (calcd,
found for Q9H1203F4) C (62 64, 62. 20) H (3 32, 3. 08) ESI pOSItIVR—MS CioHi1gFsNay O3 m/z:
found 385.0458, calcd 385.0468.
5-hydroxy-6-methyl-10-(trifluoromethyl)-7H-benzo[c]xanthen-7-one (4c).

O Bright yellow solid

o CF3 Chemical formula: @H11F303
O O Molecular weight: 344.28 g.mol
HO Yield = 63%, Overall yield after 6 steps
o 4c from menadione: 26% (Viac*)

(1,4-dihydroxy-3-methylnaphthalen-2-yl)(2-fluorofgifluoromethyl)phenyl)methanondc* (100 mg,
0.275 mmol) was used as a starting material araderleaccording to general procedure 3. The regultin
red-orange solid (90 mg) was recrystallized in 5 oyclohexane:EtOAc:acetone, 10:1:0.1 v/v. The
product4dc was obtained as a bright yellow solid (60 mg, Gririol, 63%), m.p. 229-231 °¢H NMR
(300 MHz, CDC}): ¢ = 8.64-8.67 (m, 1H), 8.46-8.48 (m, 1H), 8.28-8(8&1, 1H), 7.95 (s, 1H), 7.63-
7.81 (m, 3H), 5.33 (s, 1H, OH), 2.96 (s, 3H, LH°C NMR (75 MHz, DMSOds): 6 = 176.87 (C=0),
153.74 (G), 148.96 (G) 146.30 (G), 133.43 (d 2chcp— 32 Hz, G-CR), 129.66 (CH\), 128.97 (Q),
127.57 (CH), 126.60 (Cldr) 124.73 (G), 123.37 (q;Jcr = 273 Hz, CE), 122.72 (CHy), 122.37 (Q),
122.30 (CH), 120.10 (q2JcHarr Visible, CHy), 116.92 (G), 115.92 (G), 115.88 ( dJ) = 3.9 Hz, CH)),
14.01 (CH), **F NMR (CDCk, 282 MHz):d = -63.03 (s, C§j, EI-MS (70 eV,m/z (%)): 344.0 ([M],
100), analysis (calcd, found for 4E1105F3): C (66.28, 66.23), H (3.22, 3.58). ESI positivBeM#S
Ci9H12F303 m/z: found 345.0739, calcd 345.0733.
2-[(4-(trifluoromethyl)phenyl)carbonyl]-4-(methoxymethoxy)-3-methylnaphthalen-1-ol (3c-MOM)

7 Orange oil

Chemical formula: gH17 R0

O
CF3 h
Molecular weight: 408.34 g.nidl

Overall Yield = 64% (5 steps)
OH O 3c-MOM

The synthesis ddc-MOM and benzoxanthorke (49% vyield in 6 steps from menadione) 8izMOM
will be described separately, along with all redatiata acquired in electro- and physico-chemistry.
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Physico-Biochemical Studies
The experimental conditions related to (i) the sghotometric titration of haematitin dimer by the
substrates, (ii) the-haematin inhibition assay, and (iii) the metHbuetbn assay, are available in ref. 1.

Materials and Methods: Distilled water was purified by passing it throughmixed bed of ion-
exchanger (Bioblock Scientific R3-83002, M3-830@6 activated carbon (Bioblock Scientific ORC-
83005). DMSO (E. Merck, Uvasol, for spectroscopySigma, Bioreagent, for molecular biology),
acetonitrile (E. Merck Uvasol, for spectroscopyhdachloroquine (Sigma, diphosphate salgre
obtained from commercial suppliers and used witHorther purification. Haematin (E€PIX(OH))
solution was prepared from haemin equine Type RH"@PIXCI, Sigma-Aldrich) and 50% aqueous
ammonia (ESI-MS CID experiments) vigorously stirrad room temperature (RT) for 1 h. Stock
solutions (DMSO) of the substratelc{4¢ CQ, AQ) for the different assays were freshlypared in
Eppendorf tubes just before the experiments. Adclstsolutions were prepared using an AG 245
Mettler Toledo analytical balance.

Electrospray Mass Spectrometric MeasurementsElectrospray mass spectra of haem complexes
were obtained with a Bruker Daltonics MicroTOF dpameter (Bruker Daltonik GmgH, Bremen,
Germany) equipped with an orthogonal electrospEyl) interface. Calibration was performed using
Tuning mix (Agilent Technologies). CID experimenigre performed with a capillary exit (cone
voltage) ranging from 120 to 400V with 20V incrersh Stock solution of haematin
([F€" PPIX(OH)*" or [Fe" PPIX(OH)]*") was freshly prepared from haemin (ferriprotopgrh
chloride, F€" PPIX(CI)]?") just before use in 50% ammonia. Stock solutiomerfizoxanthondc (5
mM) was prepared in GEN, while chloroquine @Q, 2.91 mM) and amodiaquindQ, 2.28 mM)
were prepared in water. Haematin and the subsf{dteor CQ or AQ) were mixed together in
CH3CN/H,0O (50:50v:v) in order to obtain equimolar concentrations o LM. Prior to analyses, the
samples were further diluted at 50 uM in LONI/H,O/HCO,H (50:50:1v:v:v). The sample solutions
were then introduced into the spectrometer souitteassyringe pump (Harvard type 55 1111: Harvard
Apparatus Inc., South Natick, MA, USA) with a floate of 5 pL.mif.

Electrochemistry: Cyclic voltammetry (CV) and square wave voltammg8WV) experiments of
menadione, benzylMQc, benzoylIMD2c, and benzoxanthondg and7i were performed on a Voltalab
50 potentiostat/galvanostat (Radiometer Analyticalptrolled by the Voltamaster 4 electrochemical
software at different scan rates and at room teatper (25 + 1 °C). A conventional three-electrodi c
(10 mL) was employed with a glassy carbon disk frgmectroscopic graphite rods set into a Teflon
tube 6= 0.071 crf) as a working electrode, a Pt wire as a countstelde, and KCI (3.5 M)/Ag/AgCl
reference electrode (+205 mV vs NHHJrior to a voltammetry experiment, the workingeelede was
mechanically polished with and without alumina srmspon (ESCIL, 0.3 um) on a silicon carbide paper
(800/2400 grit) followed by sonication in Milli-Qater. The menadione, benzylMIg, benzoylMD2c,

and benzoxanthonetc or 7i solutions (~1 mM) were prepared with spectroscgparle DMSO (E.
Merck, Uvasol, for spectroscopy or Sigma, Bioreagtm molecular biology) as solvent and with 0.1
M tetrabutylammonium hexafluorophosphate (NBl&) as electrolyte support. All the solutions were
carefully deoxygenated with argon for 30 min (Sig@veclear cartridge). The electrode was installed
into the voltammetric cell along with the platinwwvire counter electrode and the reference. The
substrates were then introduced (~ 10 mL), andsthation was again purged for 10 min with argon

! Johann, Let al. A physico-biochemical study on potential redoxieys as antimalarial and anti-schistosomal dr@ysr.
Pharm. Des18, 3539-3566 (2012).

2 Mishra, E.et al. Axial imidazole binding strengths in porphyrinoidbalt(lll) complexes as studied by tandem mass
spectrometryJ. Am. Soc. Mass Spectro23, 1428-1439 (2012).

® Sawyer, D. T., Sobkowiak, A. & Roberts, J Hlectrochemistry for Chemistg™ Ed.; Wiley: New York,1995 p 192.
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(Sigma Oxiclear cartridge) before the voltammetkperiment was initiated. Voltammograms were
generally recorded at a sweep rate of 200 MVTée redox potentials:k were determined from the
corresponding oxidation and reduction potentialdl. potential measurements were referred to a
saturated calomel electrode (SCE).

MetHb reduction coupled assay with GR/NADPH:hGR andPfGR were purified and quantified as
described previously? A 1 mL solution containing metHb (8 pM final), tlrug (40 pM final),
NADPH (120 uM final) was incubated at 25 °C in G&fbr. hGR or PIGR was then added (100 nM
final) and the reaction followed by UV-vis absogptispectrophotometry between 300 and 700 nm.
Different controls showing the essential requiretradrthe benzoylMD2c, in the presence of GSH or
GSSG are shown in Fig. S7.

Continuous metHb redox assay in the presence of tH@R/NADPH system: Stock solutions of 2
mM of the drugs in DMSO were freshly prepared. Sohgiof 0.8 mM metHb in water and 16 mM
NADPH in water were prepared and kept at 0 °C dutire experiment. In a Hellma optical céllH
0.5 cm), 878 uL of thbGR buffer, 40 pL of the metHb solution (0.8 mM), |20 of the drug solution
(2 mM), and 30 pL of the NADPH solution (16 mM) weintroduced at 25 °C (Lauda E200/011
thermostat and a Huber Minichiller cooler) for 3¥n. Then, 32 pL of the GR stock solution (12.5
pnM) was added. After the redox cycling had stop@€dp L of a 16 mM NADPH solution was added.
The reaction was monitored by UV-vis absorptioncspphotometry on a Cary 50 or Cary 300
spectrophotometer with the scanning kinetics metiWodpectrum was measured every 10 min or 30
min, depending on the experiment, between 300 &ddn for the stated period of time. The kinetic
data were processed with the Specfit program.

Procedure for ferrylHb determination via sulfHb: Several 1 mL samples of the metHb reduction
reaction were prepared at the same time in sepapgtendorf vials and tempered at 25 °C according to
the continuous metHb redox assay above. The essaynwnitored every 30 min by UV-Vis
spectrophotometry for 7 hours (fig. 3b and fig. $8a&Every hour one new sample (500 pL) was taken
and transferred into a cuvette [Hellma optical @eH 1 cm)]. This cuvette was placed in another
spectrophotometer and the reaction mixture wadedasith 10 pL of catalase (EC 1.11.1.6, 61 Units
final as defined by Sigma) for 30 seconds to dgstmxess of bD, and then with 5 pL of ag. Ma
solution (200 mM stock solution). Spectra were rded every min for a period of 20 min to ensure
equilibration. The characteristic peak for sulfHB20 nm was integrated to determine its area using
Origin as data processing progralfg; S8b).

Parasitology and cell biology studies

Chemicals

ML276 or (R,Z)N-((1-ethylpyrrolidin-2-yl)methyl)-2-(2-fluorobenzilene)-3-oxo-3,4-dihydro+2-
benzo[b][1,4]thiazine-6-carboxamide) was providegdilie laboratory of Pr. Katja Becker. CB83Nr
(4-hydroxy-1-naphthalenyl)-2,5-dimethyl-benzeneso#fmide was purchased from Interchim
(Montlugon, France). The compounds diamide &, N,N',N'-tetramethylazodicarboxamigde
phenylhydrazine, nicotinamide, 6-aminonicotinamidesferrioxamine (DFO) and epigallocatechin-3-
gallate (EGCG) were purchased from Sigma-Aldridiock solutions of compounds were prepared in

“ Nordhoff A., Bucheler U. S., Werner D. & Schirnfer H. Folding of the four domains and dimerizatane impaired by
the Gly446-Glu exchange in human glutathione reductase. Imafitins for the design of antiparasitic drugs.
Biochemistry32: 4060-4066 (1993).

® Farber, P. M., Arscott, L. D., Williams, C. H., &er, K. & Schirmer, R. H. Recombinaflasmodium falciparum
glutathione reductase is inhibited by the antimalatye methylene blu€&:EBS Lett422 311-314 (1998).

S9



pure water (nicotinamide, DFO, EGCG) or in DMSQ,(P_TM101 (or compound 7a in ref. @&,
ML276, CB83 and 6-aminonicotinamide). All stockdns were stored in aliquots at -20 °C.

P. falciparum strains and cultures: In vitro studies using livindg®. falciparumblood stage parasites
were performed in three different laboratories ¢latory A = Department of Infectiology, University
of Heidelberg, Germany; laboratory B = Museum Nadio d'Histoire Naturelle, Paris, France;
laboratory C = Interdisciplinary Research Centrestus Liebig Giessen University, Germany], herein
after referred to as laboratory A, B or C. Cultuoé®. falciparumstrain 3D7 (chloroquine sensitive) or
strain Dd2 (chloroquine resistant) were maintainedording to standard protocblsnder individual
routine culture conditions as previously descrifmdaboratory A2 laboratory B’ and laboratory ¢°

Growth inhibition assays: Antimalarial activities (presented as siCvalues (Table 2) on the
chloroquine sensitive 3D7 strain and the CQ residbal2 strain) of compoundk:, 3¢, 4c, 7¢, 7i, 7],
and CQ were determined in laboratory C by tfE] [hypoxanthine incorporation assHy,as
described?

In vitro drug interaction studies: In vitro interactions between the benzylMIz and derivatives
(P_TM101,4c) or experimental molecules (DFO, ML276, EGCG, CB®@&@re investigated using the
fractional inhibitory concentration (FIC) index debed in the established fixed-ratio isobologram
method™? in which a two-dimensional array of serial concations of test compounds is used to
demonstrate that paired combinations of agentsegart inhibitory effects that are higher (synergy;
FICso < 1.0) or lower (antagonism; FICso > 1.0) than the sum of their effects alone. Fisgssess the
method, a paired combination of two sepafatetock solutions used at different ratio was tested
revealed a clear additive effe@ FICso = 0.98 £ 0.02), as expected. These assays wei@med in
laboratory A (DFO, EGCG, P_TM1014c) or in laboratory B (ML276, CB83). Briefly, an
asynchronous blood stage culturdPoffalciparumstrain 3D7 was incubated for 48 h in the preserice o
decreasing drug concentrations in a microtiterep{&®o parasitemia, 1.5-2 % haematocrit). Drugs were
applied alone and in combination at fixed conceiamnaratios (ratio A : B (v:v) = 1:4, 2:3, (2.5:3,5
3:2, 4:1) and analysed in threefold serial dilusiol@Cso values of drugs A and B alone were determined
on the same plate to ensure accurate calculatidrugfinteractions. Also, the lead parent benzyllMD
was combined to itself (control assay of additite)estimate the impact of experimental errors
introduced by handling. Parasite growth was asdess&aboratory A using a SYBRgreen protosol,
and in laboratory B by théHi] hypoxanthine incorporation assarithmetical and graphical analyses
of results were performed. For arithmetical analy#iie fractional inhibitory concentration (FIC) of
each drug in a given combination was calculatedraieg to the following definitions: FIC (A) = Kg

of A in combination / 1G, of A alone and FIC (B) = 1§ of B in combination /1g, of B alone. The sum

® Miiller, T. et al Glutathione reductase-catalysed cascade of redagtions to bioactivate potent antimalarial 1,4-
naphthoquinones — a new strategy to combat malaaialsitesJ. Am. Chem. So&33 11557-11571 (2011).

" Trager, W. & Jensen, J. B. Human malaria parasitesntinuous cultureSciencel 93 673-675 (1976).

8 Ehrhardt, K.et al. The mitochondrial electron transport chain igpdissable for the antimalarial activities of methge
blue and the lead 1,4-naphthoquinone 2-[4-(triftumethyl)benzyl]-menadioneAntimicrob. Agents Chemothebz7,
2114-2120 (2013).

° Fromentin Y.et al Synthesis of novel guttiferone A derivatives-vitro evaluation towardPlasmodium falciparum
Trypanosoma bruceindLeishmania donovankur. J. Eur. Chem65, 284-294 (2013).

10 Kasozi, D.et al. Real-time imaging of the intracellular glutathéomedox potential in malaria parasfasmodium
falciparum Plos Pathog9, e1003782 (2013).

' Desjardins, R. Eet al Quantitative assessment of antimalarial activityvitro by a semiautomated microdilution
technique Antimicro. Agents Chemothet6, 710-718 (1979).

2 Fivelman, Q. Let al. Modified fixed-ratio isobologram method for stily in vitro interactions between atovaquone and
proguanil or dihydroartemisinin against drug-remiststrains oPlasmodium falciparumAntimicrob. Agents Chemother.
48, 4097-4102 (2004).
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of FIC (A) and FIC (B) ¥ FIC) was established for each combination and thermean value of the
four > FICs was calculated. A me&hFIC = 1 was assumed to reflect an additive eftechdifferent
interaction, a meap FIC < 1 a synergistic interaction and a mgaRIC > 1 an antagonistic interaction
between the tested drugs. The graphical present@siobolograms) was established by plotting peafirs
FIC values of drug A and drug B for each combirmatio

The fixed-ratio isobologram method was not applieafor nicotinamide or 6-aminonicotinamide
because it was not possible to determine thejs W@lues due to poor growth inhibition activitiesdan
poor solubility of the compounds. Though to expltdrein vitro interactions, the 163 values of lead
benzylMD 1c were determined in the presence of a fixed dosecotinamide or 6-aminonicotinamide,
which showed no inhibition of parasitic growth whapplied alone. I values were determined in
laboratory A using a SYBRgreen protocol.

In vitro interaction of the lead parent benzylMD 1c with tle hGrx1-roGFP2 protein: The
recombinant hGrx1-roGFP2 protein was heterologoasbrexpressed and prepared for measurements
as described’ In short, a stock solution of 5 mit in DSMO was diluted to 500 pM, 50 pM and 5
UM in a standard reaction buffer (as described) raxked with 1.25 pM of purified and reduced
hGrx1-roGFP2 protein to final concentrations of 100 uM, 10 uM, and 1 uM in a 96-well plate.
After 15 min, 4 h, and 24 h incubation at room tenapure, the emission of hGrx1-roGFP2 (510 nm)
was measured after excitation at 405 and 480 nanpglate reader (M200, Tecan) with gains set to 75
and 60, respectively. We calculated the ratio efémission (405/480 nm) and plotted it against time
concentration of antimalarial drugs. In addition,excitation spectrum was scanned from 340-504 nm
with emission at 530 nm after 15 min, 4 h, and 2dcabation.

To exclude a direct interaction betwebnand the redox probe, the inhibitor was first ireteol with

the isolated recombinant hGrx1-roGFP2 protein. Afie min only the highest concentration of
compoundlc tested (1 mM corresponding to 20,000 x%cQvhich is pharmacologically not relevant),
led to a 405/488 nm ratio increase from 0.57 td {B4-fold change). In comparison, 1 mM of the
oxidizing agent diamide (which served as positioetol) led to a ratio increase from 0.57 to 3.%6{6
fold change) (Fig. S10a). This result was suppootedpectral analyses (Fig. S10d). After 4 h andh 24
incubation with 1 mM1c the 405/488 nm ratios increased to 2.3 and 2gpectively, which was
partially induced by the solvent DMSO at 24h (Fi§d0b and S10c), while lower concentrations
showed hardly any effects. Again, these resulteveaipported by spectral analyses (Figs. S10e and
S10f). In summary, a direct interaction between poamd 1c and the redox sensor influencing the
results at pharmacologically relevant concentratioould be excluded.

Imaging of the glutathione redox state inPlasmodium after 1c treatment: Cloning the glutathione
redox sensor hGrx1-roGFP2 as well as cultivatiambitol synchronization, and transfection of the
chloroquine-sensitivé®. falciparum3D7 strain were carried out in laboratory C as deed® P.
falciparum 3D 7" ¢ FP2parasitized RBCs were enriched and prepared forasiopy as described.
Compoundlc was freshly dissolved in DMSO [5 mM] and diluted pre-warmed (37 °C) Ringer's
solution. Immediately treatment 20 mM-ethylmaleimide was added to the cells to non-rstbr
block sulfhydryls. Microscopy was carried out asa#ed™ In brief, we excited hGrx1-roGFP2 at
405 nm and at 488 nm and detected emissions at5300nm. Images were analysed by a custom
written MatLaB (The MathWorks, www.mathwork.de) &rsis suite (M.D. Fricker, Dept. Plant
Sciences, Oxford). Images were corrected for audodiscence bleeding into the 405 nm channel, the
background for each channel was subtracted and@b&88 nm ratio was computed on a pixel-by-
pixel basis. The region of interest was a wellgedi cytosolic area of morphologically intact paesi
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Cultivation and separation of ring-parasitized RBCand control non-parasitized RBC, treated of
not with the lead parent benzylMD 1c and phenylhydazine: P. falciparum parasites (Palo Alto
strain, Mycoplasmdree) were cultivated in freshly drawn normal RB@s 2% haematocrit and
synchronized as describ&Briefly, schizont stage parasitized normal RBCarégitemia > 95%) were
mixed for invasion with washed normal RBCs and kegirowth medium (RPMI 1640, containing 25
mM Hepes, 30 mM glucos2,mM glutamine, 0.02 mM adenine, 24 MMHCG;, 32 pg/l gentamicin,
and 10% A decomplemented human plasma). After 19 h incubatia humidified C@air incubator,
the ring-enriched fraction was separated on anteaed from a discontinuous 40/80/90% Percoll
gradient (Sigma) containing mannitol (6% wt/vol¥tex 19 h incubation rings were enriched to approx.
> 70% by the above procedure. Parasitemia andifmasrphology were assessed by light microscopy
after Diff-Quik® Fix staining (Medion Diagnostics GmbH, Didingenyit3erland). Non-parasitized
control RBCs were incubated and treated in a simailay without schizont inoculation at time 0. Ring-
parasitized and non-parasitized RBCs, treated pwitb the lead benzylM[1c 500 nM (10-fold 1G),

2.5 uM (50-fold 1Gg) or 5.0 uM (100-fold IGg) or supplemented with 2.0 mM phenylhydrazine, were
suspended at 30% haematocrit in HANKS solution Veith mM glucose, pH 7.45, and incubated at
37.5 °C. After 4 h incubation, hypotonic ghosts evprepared from the ring-enriched fraction (approx.
70% parasitemia) and from the non-parasitized cbRBCs.

Quantification of membrane-bound haemichromes in gbsts prepared from non-parasitized and
ring-parasitized RBCs, and from non-parasitized G6B-deficient RBCs: Haem bound to the
cytoplasmic face of the membrane as insoluble hetemines was analysed in the hypotonic gHdsts
prepared under non-reducing conditions in the mesef Complef® protease inhibitor and Trolox
((£)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carax acid, Sigma, 100 pM final) cocktail from
the ring-enriched fraction (approx. 70% parasitdneiad from the non-parasitized control RBEs.
Every ghost preparation was divided into two aligué\ first aliquot of 15 pL ghosts was solubilized
for 3hat4°Cin1mLof 0.1 N NaOH containingr EDTA and 0.05% (vol/vol) Triton X100 to
quantify the total haem content (haemoglobin + lifsle haemichromes). A second aliquot of 15 pL
ghosts was solubilized for 1 h at room temperaitue mL of PBS containing 3 mM EDTA and 0.05%
(vol/vol) Triton X100 and used to quantify haemdgia Haem from both ghost aliquots was quantified
by measuring the haem-dependent, luminol-enhanoeihéscence as describ®dEach luminescence
measurement (5 pL aliquots) was repeated 3-4 times-measurement variability never exceeded 2-
3%. The haemichrome content was calculated frondlififierence between total haem and haemoglobin
haem. Haemichrome haem was the major componeatadfiiaem in control rings (88% of total haem),
while membrane-bound haemoglobin was a minor faabf total haem. Additional experiments using
the same method described before were performeti witn-parasitized G6PD-deficient RBC
(Mediterranean variant with < 1% of normal enzyroBvity) characterized by high sensitivity towards
oxidants like diamide and phenylhydrazine.

13 Turrini, F. et al Phagocytosis oPlasmodium falciparurnfected human red blood cells by human monocytes:
involvement of immune and nonimmune determinants dependence on parasite developmental si&lged 80, 801-
808 (1992).

1 Steck, Tet al Inside-out red cell membrane vesicles: prepanaitd purificationSciencel 68, 255-257 (1970).

15 Ayi, K. et al Enhanced phagocytosis of ring-parasitized mugaythrocytes: a common mechanism that may explain
protection against falciparum malaria in sickléttead beta-thalassemia treé8lood 104, 3364-3371 (2004).

18 Schwarzer, Eet al. A luminescence method for the quantitative deieation of phagocytosis of erythrocytes, of
malaria-parasitized erythrocytes and of malarighm@nt.Br. J. Haematal88, 740-745 (1994).
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Figure S1 Three-step synthetic route to benzoxantheteed J144, DAL105) and/c, 7i and structure
of the benzoylIMD3c-MOM. Reagents and conditions: a) 1.0 equiv. bromohabdrie, 1.1 equiv. 2-
fluoro-benzoyl chloride, 1.1 equiv. BuLi, dry THH8 °C, 30 min; b) 1.0 equiv. BBr3 (1 M in DCM),
0 °C, 2 h; c) 2.0 equiv. K2CO3, dry acetone, 50 2@y, b’) 1.0 equiv. pure BBr0O °C, 1 h. The
preparation of the benzoyl-1-hydroxyMOM-protectedrnadiol3c-MOM (DAL126) will be described
elsewhere in a chemistry journal.
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Figure S2.Cyclic voltammograms (a, ¢, €) and square wavVergifitial pulse voltammograms (b, d, f) of
menadione, benzylMOlc, benzoylMD 2c, benzoxanthondc, and the methoxylated benzoxanthahie
used as a model, recorded at 25.0 °C in argon-gupg4SO.

[menadione] = 1.44 mM;l = 0.1 M NBuPF; v = 200 mV &. Reference Ag/AgCl.

[1c]o = 1.12 mM;l = 0.1 M NBuPFR; v= 200 mV §.

[2do = 1.30 mM;l = 0.1 M NBuPFs; v= 200 mV §.

[4co = 1.17 mM;| = 0.1 M NBuPFs;; v = 200 mV §. The dashed line corresponds to CV of the
background system (DMSO + 0.1 M NBu4PF

[7i]o = 1.21 mM;l = 0.1 M NBuPFs;; v = 200 mV &. The dashed line corresponds to CV of the
background system (DMSO + 0.1 M NBu4PF
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Figure S3.Stability of the benzoxanthorke in aqueous buffer (a) at pH 7(ghosphate bufferdnd (b) at
pH 5.2 (acetate ammonium buffer) at 22 °C.
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Figure S4 (left column) Spectrophotometric titration of hadunder itste1t dimeric form, logKpim =
6.82) by benzylMD1c, benzoylMD 2c, reduced benzoylMBc*, benzoxanthondc, and chloroquine
(CQ), and (right column) electronic spectra of haemtre free drugs, and of their corresponding
Fe'PPIX.drug complexes. Solvent: 0.2 M aqueous sodium HERE®r pH 7.5T = 25.0 °Cj] = 1 cm.
(@) [FE"PPIX]o = 2.09 x 10 M; (1) [1d«/[Fe" PPIX]o = 0; @) [1do/[Fe" PPIX]o = 2.53.

(b) |Og Krenppix1c = 6.8 £ 0.2.

(c) [F&"PPIX]o = 3.20 x 10 M; (1) [2d«/[Fe" PPIX]o = 0; (2) Rdo/[Fe" PPIX], = 4.04.

(d) |Og Krenppixoe = 5.7 £ 0.2.

(e) [F"PPIX]o = 3.10 x 10 M; (1) [3c*]o/[F€" PPIX]o = O; (2) Bc*]o/[Fe" PPIX]o = 2.07.

(f) |09é|§FemPP|x3_c* =6.1 idso-l.- ’ N ’ )

(9) [FE"PPIX]o = 3.0 x 10 M; (1) [4d]o[F€" PPIX], = 0; (2) Bdo/[Fe" PPIX], = 4.2.

(h) |Og Krenppixac = 5.5+ 0.2.

(i) [Fe" PPIX]o = 3.36 x 10 M; (1) [CQ]d/[Fe" PPIX], = 0; (2) CQ]u/[F€" PPIX], = 1.03.

() log Brenippixy2co = 13.17 + 0.07.
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Figure S5.Inhibition of B-haematin crystallization by benzoylMZx, reduced benzoylMBc*, measured
by UV-visible absorption spectrophotometry usingigipe (5% by volume) as reporting reagent. (&)c,
UV-visible absorption spectra. (b, d, f) % of intidn of p-haematin crystallization as a function of drug
(equiv.) / haematin (equiv.) ratio. Solvent: 0.2+4\0.02 M sodium HEPES buffer pH 7.5. The cross (x)
and the squaraa] labels correspond to two independent replicatdde thedash line corresponds to the

averaged values.

2¢: 1Csp (equivalent inhibitor) = 2.8; % inhibition ~ 52%.
3c*: ICs (equivalent inhibitor) = 2.7; Y%ax inhibition ~ 57%
4c: ICsp (equivalent inhibitor) = 2.3; %y inhibition ~ 70%.
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Figure S6.UV-visible absorption spectra recorded as a famctif time in the coupled assay in the presence of
thehGR/NADPH system. Plots showing (a) the absenceaifHin(Fe') reduction in the presence of benzylMD
1c (121 uM NADPH + 81 nMiGR + 7.95 pM metHb + 40 plic) and (b)the direct metHb(F¥) reduction in
the presence of the reduced dihydrobenzoyl®® (7.95 uM metHb + 50 uMc*), respectively. Solvent:
water (47 mM phosphate buffer pH 6.9 + 1 mM EDTRG0 mM KCI); T = 25.0 °C; (1) t = 0; (2) t = 60 min.
(c) Plot showing the metHb(E& reduction in the presence of benzoyl@B(no GSSG). (d) Electronic spectra
of the reactants and the products of metHBjFeduction. Solvent: water (47 mM phosphate bufidr6.9 + 1
mM EDTA + 200 mM KCI);T = 25.0 °C; 121 uM NADPH + 81 nMGR + 7.95 uM metHb + 40 uM 2c; (1) t
= 0; (2) t = 60 min. (e) Plot showing the metHB{fFeeduction in the presence of benzoxanthdne(f)
Electronic spectra of the reactants and the prsdottmetHb(F&) reduction. Solvent: water (47 mM
phosphate buffer pH 6.9 + 1 mM EDTA + 200 mM KNz 25.0 °C; 53 uM NADPH + 133 nMGR + 7.95
MM metHb + 40 uM 4c; (1) t=0; (2) t = 19.8 min.
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Figure S7. Controls showing the essential requirement ofzbgiMD 2c in the NADPH-dependent GR-
mediated metHb reduction. Solvent: water (47 mMgphate buffer pH 6.9 + 1 mM EDTA + 200 mM
KCI); blue (1) t =0 h, magenta (2) t = 2 h. (ajigb) no influence of the reducing GSH at 100 puM. onM,
respectively, on Hb generation; (c) no influence VMADPH on Hb generation; (d) No influence of
NADPH/GR on Hb generation; (e) no influence of NADBR/GSSG on Hb generation in the absence of
the redox mediator; (f) no influence € on Hb generation in the absence of NADPH/GR; (§HJds not
able to reduce&c to induce Hb generation; (h) no influence of béktfy 1c on metHb reduction in the
absence of NADPH/GR.
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Figure S8. (a) UV-visible absorption spectra recorded as rction of time showing the metHb redox
cycling in the presence of benzoylMIg. Solvent: water (47 mM phosphate buffer pH 6.9 mNI EDTA +
200 mM KCI). MetHb (32 uM), benzoylIM2c (40 uM), NADPH (480 pM), SOD (7.2 U/mIBfGR (400
nM), 25 °C; red curve=start (0 h), blue curve=end); (b) the indirect determination of ferrylHlxample
after 1 h; the spectrum of sulfHb obtained after alddition of NgS with the integration of peak at 620 nm;
(c) Solvent: water (47 mM phosphate buffer pH 6.2 mM EDTA + 200 mM KCI). MetHb (32 uM),
benzoylMD2c (40 uM), NADPH (480 uM)PfGR (400 nM), 25 °C; red curve=start (O h), bluevesrend (7
h); (d) close-up of Soret band of spectra in figcrée) haemichrome and haemochrome referencerapect
fully-recorded spectrum, black curve: metHb (8 piMphosphate buffer (pH 7), red curve: additiorSafS
(16:1) to metHb—> irreversible haemichrome, blue curve: addition NdS,0, to haemichrome—>
haemochrome. (f) close-up of Q-band region of speict figure E; (g) ferryHb autoreduction over 15 h
oxidation reaction of metHb (80 uM) by,8, (800 uM) in phosphate buffer (pH 7), black curierrylHb
(start = 0 h), red curve: ferrylHb decay (end =H)5 (h) addition of Ng5,0,4 to solution after 15 k>
haemochrome; (i) the formation of ferryHb by®4, continuously generated by glucose oxidase, and
autoreduction of ferryHb over 3 h leading to hadmae (prove by conversion to haemochrome): fully-
recorded spectrum: oxidation reaction of metHb k8),uglucose oxidase (0.6 pg/mL)/D-glucose (0.8 mM)
system in phosphate buffer (pH 7), black curve:Hbgfstart = 0 h), red curve: ferrylHb formation asetay
(end = 3 h); blue curve: addition of 80, to solution after 3 i» haemochrome; (j) close-up of Q-band
region of spectra in figure I; (K) the formation fefrryHb by HO, over 2 minutes, addition of catalase, 60
min of reaction, addition of N&0O, leading mainly to deoxyHb(k) fully-recorded spectrum: oxidation
reaction of metHb (8 uM) by 4D, (80 uM) in phosphate buffer (pH 7), black curvesthb (start = 0 h), red
curve: ferrylHb formation (2 min), blue curve: ewd autoreduction (62 min), pink curve: addition of
NaS,0, to solution after 62 mir> mainly deoxyHb; (1) close-up of Q-band region péstra in figure K.
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Figure SQ MetHb stability in aqueous buffer. (a) metHb (8) over 24 h; solvent: water (47 mM
phosphate buffer pH 6.9 + 1 mM EDTA + 200 mM K@ilie = 0 h, magenta = 241h+ 1 cm; (b) metHb
(8 LM) over 2 h; solvent: water (47 mM phosphat#dypH 6.9 + 1 mM EDTA + 200 mM KCI); blue =
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Figure S10. In vitro interaction of hGrx1-roGFP2 protein with the lebednzylMD 1c. Compoundlc at
different concentrations was studied for its effech the 405/480 nm ratio of isolated recombinaBixi-
roGFP2 protein in a microplate reader (a) afterib, i) after 4 h, and (c) after 24 h incubatioack column
represents mean values of three independent rigsicA spectral scan from 340 to 504 nm was cawigd
after (d) 15 min, (e) 4 h, and (f) 24 h incubation.
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NMR spectra of (1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro-4-
(trifluoromethyl)phenyl)methanone (5c): 1H spectrum, 13C & DEPT135 spectra.

T - T MMM T ORI o0~
SRR R R R BN & R R Ry N

4 EeT..eoareounnunung g an
=y

LJ123F311.927 10 (1D 1H) CDCI3 300MHz

=1

—3.,92
—3.73
—2,330

2 OMe

1 Me

N s
>

L

cyclohexane
H water + grease

® T T T T ‘2 T T |I T
3C) CDCI3 300MHz
wle 5 R0 5 ¥
n_l 11123927 21 (DEPT 13C)
]l 11123927 20(1013C)
] 7 CHy 2 OCH;
o] 1 CH3
v |y
| 7CH.+11CV I
& . ar 2 OCH3
{1 including both
=] quadruplets assigned 1 CH
E 3
1  toCFs;and C-CF;
="
1 cyclohexane
‘g;pm““““"“"' T L O I L L L L B
200 180 160 140 20 100 80 60 40 20

Parameters
LJ123F31.927 10 (1D 1H)

Fl:

- Size : 32768 points complex

- Spectral Width : 6172.6394 Hz

- Carrier Frequency : 300.13187 MHz
- Nucleus : 1H

Number of scans : 16

Type : 1D

Spectro : BRUKER 300 MHz

Probe : 5 mm Dual 13C/1H Z3494/0392
Date : Thu Jul 02 13:33:00 GMT 200¢
Temperature : 298.7 K

Solvent : CDCIZ

OMe
oo

OMeO F
5¢c

Parameters
1j123.927 20 (1D 13C)

F1:

- Size : 32768 points real

- Spedral Width : 17985.611 Hz

- Carrier lrequency : 75.475296 MHz
- Nucleus : 13C

Numnber of scans : 1024

Type : 1D

Spectro : BRUKER 300 MHz

Prabe : 5 mm Dual 13C/1H Z3494/0392
Date : FriJul 03 02:30:42 GMT 2009
Temperature : 298.7 K

Solvent: CDCI3

OMe
o

OMeO F
5¢c

S26



NMR spectra of (1,4-dimethoxy-3-methylnaphthalen-2-yl)(2-fluoro-3-
(trifluoromethyl)phenyl)methanone (5i): 1H spectrum, 13C & DEPT135 spectra.
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1H NMR spectra of (2-fluoro-4-(trifluoromethyl)phenyl) (1-hydroxy-4-methoxy-3-

methylnaphthalen-2-yl)methanone (6c¢).
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NMR spectra of (2-fluoro-3-(trifluoromethyl)phenyl)(1-hydroxy-4-methoxy-3-
methylnaphthalen-2-yl)methanone (6i): 1H spectrum, 13C & DEPT135 spectra.
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NMR spectra of 5-methoxy-6-methyl-10-(trifluoromethyl)-7H-benzo[c]xanthen-7-one

(7c): 1H spectrum, 13C & DEPT135 spectra.
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NMR spectra of 5-methoxy-6-methyl-10-(trifluoromethyl)-7H-benzo|[c]xanthen-7-

one (7c): zoom of 13C & DEPT135 spectra.
[j153k.945 10 (1D 13C) CDCI3 300MHz
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NMR spectra of 5-methoxy-6-methyl-11-(trifluoromethyl)-7H-benzo[c]xanthen-7-one
(7i): 1H spectrum, 13C & DEPT135 spectra.
[161.1017 12 (1D 1H) CDCI3 300MHz
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NMR spectra of 5-methoxy-6-methyl-11-(trifluoromethyl)-7H-benzo[c]xanthen-7-
one (7i): zoom of 13C & DEPT135 spectra.
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1H and 13C NMR spectra of (1,4-dihydroxy-3-methylnaphthalen-2-yl)(2-fluoro-4-
(trifluoromethyl)phenyl)methanone (3c*).
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NMR spectra of 5-hydroxy-6-methyl-10-(trifluoromethyl)-7H-benzo[c]xanthen-7-one
(4c): H spectrum, 13C & DEPT135 spectra.
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NMR spectra of 5-hydroxy-6-methyl-10-(trifluoromethyl)-7H-benzo[c]xanthen-7-

one (4c): zoom of 13C & DEPT135 spectra.
[j144.1050 10 (1D 13C) DMSC 300MHz
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1H NMR spectrum of 2-[(4-(trifluoromethyl)phenyl)carbonyl]-4-(methoxymethoxy)-3-
methylnaphthalen-1-ol (3c-MOM).
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