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Reagents and materials

Dichloromethane (DCM) and methanol (MeOH) for sgtidase peptide synthesis (SPPS) were
freshly distilled before use. Acetonitrile (MeCNyasy HPLC grade. Fmoc-protected amino acids,
including 4-aminomethyl-benzoic acid (Amb) were ghased from Novabiochem. All other
reagents were analytical grade or higher and wseel without further purification. Air sensitive
reactions were performed under argon.

Instruments and characterization techniques

Analytical chromatograms were acquired on a Wal€r BPLC equipped with a Waters Atlantis
dC18 (4.6 x 100 mMm5um, 120 A) column (flow 1.2 mL/min) and a Water609DA detector)(
190-700 nm) or on a Dionex Ultimate 3000 RS UPLQigoed with an Acclaim RSLC 120 C18
(50 x 3.0 mm, 2.2um, 120 A) column (flow 1.2 mL/min) and a Dionex idiate 3000 RS diode
array detectorA(190-400 nm).

Preparative HPLC purifications were performed onNaters Prep LC Controller instrument
equipped with a Waters Atlantis Prep T3 OBD (1080xmnf, 5um, 100 A) column and a Waters
2489 UV-detector monitoring at 214 nm as well as a with a Goerz Servogr 120 peguarder.
milliQ H,O + 0.1 % TFA (A) and MeCN + 0.1 % TFA (B) were dses eluents.

ESI-MS spectra were acquired on a Thermo ScientifiQQ Orbitrap or on an Applied Biosystem
AB2000 Q-Trap spectrometer instrument. ESI(+) sasplere diluted in $#0/MeCN 1:1 + 1 %
formic acid, ESI(-) samples were diluted in®MeCN 1:1 + 1 % triehtylamine. MALDI-MS
spectra were acquired on an Applied Biosystemsayey Elite spectrometer using a 3,5-
dimethoxy-4-hydroxycinnamic acid (sinapinic acid)am-cyanocinnamic acid matrix.

NMR spectra were acquired on a Bruker Avance 308z ihstrument, NMR diffusion experiments
were performed on a Bruker Avance 400 MHz instrumen

UV-Vis spectra were acquired on a Varian Cary l@®dpectrophotometer equipped with a Varian
Temperature Controller thermostat.

CD spectra were measured on a Jasco J-715 spdatiopier equipped with a Haake FS
thermostat controlled by a Jasco PFD 350S device.

A SpectraMax250 (Molecular Devices) 96-well mictetiplate reader was used for the microtiter
plate assays, including the catalytic experiments.
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Synthesis and characterization

5,5-Bis(hydroxymethyl)-2,2’-bipyridine [bipy(CH >,OH),]

5,5’-di-(ethoxycarbonyl)-[2,2’']bipyridine (0.258 ¢g0.86 mmol, prepared according to the
literature[S1]) was dissolved in 4.4 mL anhydrod#FTunder Ar. The mixture was cooled to -78°C
in an acetone/C{s) bath, then 1 M LiAlE in THF (1.75 mL, 1.75 mmol) was added. The
heterogeneous mixture was stirred and allowed towap to -20°C. After 30 min, the mixture was
cooled again to -78°C and 2.7 mL 4:34THF mixture were added slowly. The mixture was
allowed to warm up to room temperature, then celitss added and the mixture was stirred for
further 15 min at room temperature. The solid wéieréd and washed with THF. The yellow
filtrate was concentrated at reduced pressure, thed under high vacuum overnight, yielding
0.150 g (0.69 mmol, 82 %) of the title compoundaagddish waxy solid, which was used in the
next step without further purification.

Rt 0.23 (DCM:MeOH 9:1). MS (ESI+): Calcd fori8:3N20,: m/z 239.08, Foundn/z 239.1
([M+H]").

'H-NMR (CDCl;, 300 MHz),8/ppm: 8.67 (s br, 2H, 2 C(6)H bipy), 8.40-8.37 4d,8.4 Hz, 2H, 2
C(3)H bipy), 7.87-7.83 (dd}= 2.1, 8.2 Hz, 2H, C(4)H bipy), 4.81 (s, 4H, 2 §HL.44 (s, 2H, 2
OH).

5,5’-Bis(bromomethyl)-2,2’-bipyridine [1]

10 mL MeCN/DCM 1:1 were added to crude bipy@CHi), (0.15 g, 0.69 mmol) and the mixture
was extensively sonicated. Dry DMF was added drspwintil complete dissolution. PHi0.422 g,
1.56 mmol) was added and after complete dissolutimn the resulting suspension,
N-bromosuccinimide (0.296 g, 1.61 mmol) was addéxd mixture turned latescent, then clear and
dark orange. After stirring for further 2 h withawsion of moisture, insoluble matter was filtered
out, the bright orange filtrates were concentratader reduced pressure to an oily orange solid,
which was purified by flash-chromatographmyhiexane/AcOEt 1:1), yielding 0.095 g (0.28 mmol,
37 %) of the title compound as a pale yellow solid

Rt 0.24 g-hexane/AcOEt 1:1). HR-MS (ESI+): Calcd fog-H811N2Br: m/z340.9283, Foundn/z
340.9301 ([M+H]); Calcd for G2H1oN2BroNa: m/z 362.9108, Foundn/z 362.9122 ([M+Nal)).

HPLC (18-60 % B in 10 min); £ 8.80 min.

'H-NMR (CDCl;, 300 MHz),d/ppm: 8.69-8.68 (dJ= 2.1 Hz, 2H, 2 C(6)H bipy), 8.42-8.39 (i

8.4 Hz, 2H, 2 C(3)H bipy), 7.87-7.84 (dik 2.2, 8.4 Hz, 2 C(4)H), 4.54 (s, 4H, 2 &BH)).

13C-NMR (CDCk, 76 MHz),d/ppm: 155.57 (C, C(2) bipy), 149.51 (CH, C(6)H bipy37.76 (CH,
C(4) bipy), 134.04 (C, C(5) bipy), 121.31 (CH, Ct3)y), 29.68 (CH, CH,Br).

General SPPS synthesis

Cysteine-containing peptide dendrimemd1( N2, N3, N4) were synthesized on solid-phase
employing the FmotBu strategy. The synthesis was performed manuallypaolypropylene
syringes attached to a rotating axis. The resintdga S Ram, loading 0.24 mmol/g, from Rapp
Polymere Gmbh was used as a solid support.

The Fmoc-protecting group was removed by treatméht20 % piperidine in DMF (2 x 10 min).
The general coupling protocol employed 3 eq eackmbc-protected amino acid and PyBOP in
N-methylpyrrolidone and 5 eq of DIEA. Coupling timmaere of 45 min for residues in the focal
point and doubled after each branching unit. Cotepkess of the coupling and deprotection steps
was checked with the trinitrobenzenesulfonic acitNBS) test. In case of incomplete
coupling/deprotection, the step was repeated. Aftmmpletion of the peptide sequences, the
peptides were Fmoc-deprotected and acetylatedAeg®/DCM 1:1 for 1 hour.
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Peptide dendrimers were cleaved from the resin fdeatrnent with the cleavage mixture
TFA/H,Oltriisopropylsilane/1,2-ethanedithiol 94:1:2.5:2.5 (v/vlv/ The crude products were
precipitated with chilled methyertbutylether, separed from the cleavage solutiondmgrdugation
(10 min at 4000 rpm), redissolved in milliQ,®l + 0.1 % TFA and lyophilized prior to HPLC
purification.

Table S1 Properties of the four Cys-Containing Dendrimidrs(n= 1-4) Employed for the Synthesis of the
Bipyridine Peptide DendrimeBPn (n= 1-4)

Nn Sequence MS (calc/found) yield (mg) [%]
N1° (AC-ES)-(ZEA) 4-(ZXY) -ZCD-NH, 4297.1/4297.0 210 [24]
N2? (Ac-QS)-(ZEA) 4-(ZXY) ,-ZCD-NH,** 4289.3/4289.0 44 [5]
N3? (Ac-QS)-(ZQA) 4~(ZXY) ,-ZCD-NH,* 4285.4/4286.6 25 [3.6]
N4 (Ac-K S)-(ZEA) 4-(ZXY) »-ZCD-NH," 4289.6/4289.0 92 [8.6]

% The synthesis and characterization ©®fL, N2, N3 was already described elsewhere.[S2]
® X= 4-aminomethyl-benzoic acid, AmEz= (9-2,3-diamino-propionic acid (branching unit), Dap.The
residues which differ among the four analoguesrabeld.

(Ac-Lys-Ser)-(Dap-Glu-Ala) s-(Dap-Amb-Tyr) ,-Dap-Cys-Asp-NH, [N4]
Synthesis scale: 2Q8nol (850 mg resin). After preparative HPLC puritioa 92.0 mg (17.7umol,
8.6 %) of the TFA salt of the title compouNd were obtained as a white fluffy solid.

MS(ESI+): Calcd for @H2saNs53065S: m/z4290.62, Foundn/z4291.0 ([M+HT).
UPLC (0-70 % B in 2.2 min): tr 1.462 min.

HPLC, UPLC and MS data of peptide dendrimers
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Figure S1.HPLC chromatogram of the purified peptide dendritddr Conditions: 18-60 % B in 10 mif,
214 nm.
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Figure S2.UPLC chromatogram of the purified peptide dendrifdd. Conditions: 0-70 % B in 2.2 min
214 nm.
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Figure S3. MS reconstruction for the purified peptide dendnimN4 (ESI +, AB Q-Trap).m/z 4291.0:
[M+H]", clc 4291.6m/z4329.0: [M+KT, clc 4329.6.
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Figure S4.HPLC chromatogram of the purified bipyridine péptidendrimeBP1. Conditions: 18-60 % B
in 10 min,A 214 nm.
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Figure S5 UPLC chromatogram of the purified bipyridine péptdendrimeBP1. Conditions: 0-50 % B in
2.2 min,k 214 nm.
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Figure S6.MS reconstruction for the purified bipyridine pielet dendrimeBP1 (MALDI+). m/z8774.0:
[M+H]", clc 8775.5m/z8796.0: [M+Na], clc 8797.5.
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Figure S7.HPLC chromatogram of the purified bipyridine peptdendrimeBP2. Conditions: 6-48 % B in
10 min,A 214 nm.
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Figure S8. UPLC chromatogram of the purified bipyridine pdptdendrimeBP2. Conditions: 0-40 % B in
2.2 min,A 214 nm.

N
o

sk | 8758.0
5004 |
4 8ed
4604 |
4484
4.2e4 |
4004
3.8e4 4
36e4 -
3404 |
32e4
3.0e4 |
2.8ed |
26e4
24e4
2264
2.0e4 |
1.8e4 |
1.6e4 -
1.4e4 -
1,254;: 8820.0
1.0e4

80000 |

6000.0-4

4000.04

20000 I |

L Lk

Intensity, cos

| ! | il ol & " 5 )
3500 4000 4500 5000 5500 6060 6500 7000 7500 8000 8500 9000 9500
Mass, amu

Figure S9. MS reconstruction for the purified bipyridine pielet dendrimerBP2. (ESI+ Q-Trap).m/z
8758.0: [M+HTJ, clc 8758.7m/z8820.0: [M+K+Na-H], clc 8818.7.

S8/37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

AU

1 ‘ 1 1 | 1 1 ‘ 1 1 | 1 1
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Minutes

Figure S10 HPLC chromatogram of the purified bipyridine péptidendrimeBP3. Conditions: 6-48 % B
in 10 min,A 214 nm.
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Figure S11.UPLC chromatogram of the purified bipyridine pdptidendrimeBP3. Conditions: 0-50 % B
in 2.2 min,A 214 nm.
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Figure S12.MS reconstruction for the purified bipyridine piejgt dendrimeBP3 (MALDI +). m/z8750.77:
[M+H]", clc 8751.9m/z8813.03: [M+Na+K-H]J, clc 8812.9.
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Figure S13 HPLC chromatogram of the purified bipyridine pdptidendrimeBP4. Conditions: 6-48 % B
in 10 min,A 214 nm.
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Figure S14.UPLC chromatogram of the purified bipyridine pdptidendrimeBP4. Conditions: 0-50 % B
in 2.2 min,A 214 nm.

8821.19 3.7E+4
100 [
i 8761.15

%0

: |
80 \
70 }

60

50

% Intensity

40 ‘ i
| { | sessss

30

8590/ ' Y ;o {
20 I!\ 7\/5\ l\/! \{ \ ‘l 8948.53
- 8505'3/3‘/ : \l \}/ f\ |

‘ N W 9044.07
19 \ { /832041 841520, /‘ N VAL \ W et
i 8136.40 1 / SN e A 9105.08
A S g o R it A A
Srort NS ’\/ ~ . ~/ 1 HJ/\ .

e Te— —ip
7345.0 8163.6 8482.2 8800.8 9119.4 9438.0
Mass (m/z)

Figure S15 MS reconstruction for the purified bipyridine pielet dendrimeBP4 (MALDI +). m/z8761.15:
[M+H]", clc 8759.4m/z8821.19: [M+Na+K-H]J, clc 8819.5.
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Metal binding tests

Data fitting procedure

The spectra were corrected for dilution after saditon of the buffer contribution (obtained from
blank spectra in the appropriate buffers). The gmes of isosbestic points (ensuring that one
predominant complex species was formed) was vdrifefore starting the fitting procedure.
Titration curves were prepared using the absorbanhtiee wavelengths of the maxima of the start
and end point of the titrations, as well as at waelength of maximum absorbance variation.
Normalized titration curves were plotted using thgo of the absorbance variation of each point
(AA() to the absorbance variation of the last pointhef titration AAn)). The average of the
normalized titration curves described above waertaks a measure of the molar fraction of the
metal-bound dendrimeryxng, €9 (1).

(1) Xmpnd@) = MvondGy (Nond, o) = AAw/ AA<= AAgl AAw)

According to the mass action law (eq 2), for eagheeimental point (., Gv) the binding constant
Bn can be obtained from the fraction of metal-boumthddimer (xipong). Conversely, given the
binding constant, for each experimental point tiaetfon of metal-bound dendrimer can be exactly
calculated by solving the (n*1yrade equation derived by (2).

(2) Bn= [MDNd}/(IM][Dnd] ") = Xwond/((Cu-ConeXmbnd) * (Cona (1-Xpnd))™)

The fitting algorithm calculated the binding comgtevhich minimizes the least squared error on the
experimental metal-bound dendrimer fraction. Amatee procedure was employed to compensate
the error induced by non quantitative binding & &md of the titration experiment (that is for the
difference betweenAyy andAA. in (1)).

Fitting with different dendrimer concentrations @ioned the concentrations calculated from
sample weight within ~15 % error.

Wherever uncertainties regarding binding stoichitsyneould arise, fitting was performed for both
theoretically possible binding stoichiometries atid two best fitting curves obtained were
compared: in all cases one stoichiometry display@auch better agreement with the experimental
data.
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Table S2.Variation of the Absorption Maxima of the Liganaison Titration with Ni(ll) and Fe(ll)

ligand metal pH Mo (NM) A’ (NM) et (nm)
BP1 Ni(I1) 4.0 311 314 (Y

BP1 Ni(ll) 6.5 297 312/319

BP2 Ni(I1) 4.0 312.5 313 (99

BP2 Ni(ll) 6.5 3115 312.5 ()

BP3 Ni(I1) 4.0 309 313 (Y

BP3 Ni(ll) 6.5 298 313

BP4 Ni(ll) 4.0 298 312.5/319%

BP4 Ni(ll) 6.5 297 3125

BP1 Fe(ll) 4.0 312 312 (F) 534
BP1 Fe(ll) 6.5 297 311

BP2 Fe(ll) 4.0 313 312.5 (#) 532
BP2 Fe(Il) 6.5 311 312.5 (%)

BP3 Fe(Il) 4.0 308 312 () 533.5
BP3 Fe(ll) 6.5 298 311.5 532
BP4 Fe(ll) 4.0 298 298 (H

BP4 Fe(ll) 6.5 302 309.5

2:1 Mix? Fe(l) 6.5 313 311 () 532

2 Absorption maximum of the free liganti Final absorption maximunf.Maximum of the MLCT band,
where present? Increase in the band intensity (hyperchromicitp)served.® Two maxima observed.
" Decrease in the band intensity (hypochromicitydesteed? 2:1 mixture ofBP4 andBPL

Spectrophotometric titrations and titration curves fitting

Titrations with Ni(Il)
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Figure S16.Spectrophotometric titrations 8P1 with Ni(ll) by addition of NiC}-6 H,O: (a) 50uM ligand
in AcONa buffer, pH 4.0; (b) 50M ligand in HEPES buffer, pH 6.5. Insets with figi of the normalized

titration curves. y (y= (A-f)/(A--Ao)) is the fraction of metal bound ligand, the ddttines represent the
confidence interval for the calculated titratiomai(solid line).
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Figure S17.Spectrophotometric titrations 8P2 with Ni(ll) by addition of NiC}-6 HO: (a) 30uM ligand
in AcONa buffer, pH 4.0; (b) 30M ligand in HEPES buffer, pH 6.5. Insets with figi of the normalized
titration curves. y (y= (A-f)/(A--Ao)) is the fraction of metal bound ligand, the ddttines represent the
confidence interval for the calculated titratiomai(solid line).
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Figure S18 Spectrophotometric titrations 8P3 with Ni(ll) by addition of NiC}-6 H,O: (a) 40uM ligand
in AcONa buffer, pH 4.0; (b) 40M ligand in HEPES buffer, pH 6.5. Insets with fig of the normalized
titration curves. y (y= (A-f)/(A--Ag)) is the fraction of metal bound ligand, the ddttines represent the
confidence interval for the calculated titratiomai(solid line).
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Figure S19.Spectrophotometric titrations 8P4 with Ni(ll) by addition of NiCL-6 H,O: (a) 40uM ligand
in AcONa buffer, pH 4.0; (b) 40M ligand in HEPES buffer, pH 6.5. Insets with fiti of the normalized
titration curves. y (y= (A-f)/(A--Ag)) is the fraction of metal bound ligand, the ddttines represent the
confidence interval for the calculated titratiomai(solid line).
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Figure S20.Spectrophotometric titrations &P2 with Fe(ll) by addition of Fe(Nix(SOy)»6 H,O: (a) 50
uM ligand in AcONa buffer, pH 4.0; (b) 5eM ligand in HEPES buffer, pH 6.5. Inset in (a) witting of
the normalized titration curve. y (y= (Aci(A.-Ao)) is the fraction of metal bound ligand, the ddttines
represent the confidence interval for the calcdlgiteation curve (solid line). Inset in (b) showithe loss of
the isosbestic point at 299 nm when the conceatrati added Fe(ll) was higher than i4.
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Figure S21.Spectrophotometric titrations &P3 with Fe(ll) by addition of Fe(Nix(SOy)»6 H,O: (a) 50

uM ligand in AcONa buffer, pH 4.0; (b) 50M ligand in HEPES buffer, pH 6.5. Insets with figi of the

normalized titration curves. y (y= (Ad(A--Ap)) is the fraction of metal bound ligand, the ddttines
represent the confidence interval for the calcdlaiteation curve (solid line).
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Figure S22 Spectrophotometric titrations &P4 with Fe(ll) by addition of Fe(Nix(SOy)»6 H,O: (a) 50
uM ligand in AcONa buffer, pH 4.0; (b) 5M ligand in HEPES buffer, pH 6.5. Inset in (b) wiitting of

the normalized titration curve. y (y= (Aci(A.-Ao)) is the fraction of metal bound ligand, the ddttines
represent the confidence interval for the calcdldteation curve (solid line).

S16/37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

Characterization of the metal complexes

HPLC comparison of bipyridine dendrimer ligands andtheir metal complexes

Free ligand solutions prepared for the spectrophetdc titrations (30-5@M in AcONa buffer, pH
4.0, or in HEPES buffer, pH 6.5) were used as ligatandards, the final solutions obtained after
the same experiments (containing 1.2-2.0 eq oflJF@(INi(ll), ligand dilution<4 %) were used as
metal complex standards.

Solutions were diluted 1:1 with eluent A just befdnjection. Analytical chromatograms were
recorded on the Waters 600 HPLC using the gradE8#80 % B in 10 min or 6-48 % B in 10 min,
monitoring ath 214 nm and at 525 nm for Fe(ll) complexes.

Table S3 Results of the HPLC Comparison of the Free Ligasnad their Metal Complexes

ligand t; ligand t, ligand + Ni (11) (min) t. ligand + Fe(ll), pH 4.0 t ligand + Fe(ll), pH 6.5
(min) (min) (min)

BP1° 5.18 5.12 5.15 5.39

BPZ 7.81 7.78 20% 7.73, 80 % 7.90 7.82

BPS 7.69 7.68 7.58 7.80

BP4° 7.49 ND? ND° 15 % 7.39, 85 % 7.49

2 peaks detected also)ab25 nm are bold’ The gradient 18-60 % B in 10 min was used forahalyses.
° The gradient 6-48 % B in 10 min was used for thayses® No data.
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Figure S23.HPLC comparison of the ligarBP1 (a), of its Ni(ll) complex (b), and of its Fe(l€pmplexes
in AcONa buffer, pH 4.0 (c) and in HEPES buffer, gtb (d). Conditions: 5@M ligand, 1.5 eq metal,
analysis on the Waters 600 HPLC, 18-60 % B in 19, métection af. 214 nm (inset in (c) detected’ab25
nm, selective for [F&bipy)s]-like complexes).
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Spectrophotometric test of reversibility of the stechiometric change in Fe(ll) complex
formation for BP1

The peptide dendrimeéBP1 was dissolved in 12 mM AcOH under argon to a cotre¢ion of 50
uM and 1.0 mL of the resulting solution was transddrin a septum stoppered UV cell. After
recording the spectrum of the free ligand, 252.5 mM Fe(NH)»(SOy). (1.2 eq) were added and
the spectrum was recorded after 1 and 2 h. The asibsought to 6.5 by addition of 16 1.0 M
NaOH and spectra were recorded after 1, 2, 4, Thé.pH was brought to 4.0 by addition of dI2
1.0 M HCI and spectra were recorded after 12, Zhhle. pH was brought back to 6.5 by addition of
12 uL 1.0 M of NaOH and a spectrum was recorded affen.ZFinally, the pH was brought back to
4.0 by addition of 1L 1.0 M HCI and a spectrum was recorded after 12 h.

1.5 1y —
11 —— BP1+Fe(ll), pH 3.5 after1h at pH 6.5
T after2h atpH 6.5 after4 h at pH 6.5
1.2 1 after8 h at pH 6.5 after 12 h at pH 4.0
@ [ after24 hatpH 4.0
& ]
= |
s 09
_E o
O E
2 06 -
< ]
N, 450 500 550 600
- S 7"——\
0

250 300 350 400 450 500 550 600 650
Wavelength (nm)

Figure S24.Spectrophotometric test of the change in Fe(mdlrig stoichiometry upon pH change for the
bipyridine dendrimer ligan@P1. The ligand, 5QuM in AcOH 12 mM, is added with 1.2 eq Fe(ll). After
equilibration, the pH is shifted to 6.5 by additiohl M NaOH and spectra are acquired at increatiines
until disappearance of the MLCT band (inset), ttrenpH is brought back to 4.0 by addition of 1 NZIH
and spectra are acquired until no further increasiee intensity of the MLCT band is observed. Tsnggven
are referred to the last pH switch. The incomptetovery is probably due to partial oxidation ofIFeat
pH 6.5 by atmospheric oxygen leaking into the cell.
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Determination of the apparent pK,

The lyophilized bipyridine peptide dendrim@P1 was dissolved in milliQ kD to a concentration
of 0.20 mM. 0.25 mL aliquots of the resulting saatwere added with 40 HCI 4 mM (3.2 eq).
For measurements on the 3:1 Fe(ll) complexB#tl, 0.50 eq of a 5.0 mM solution of
Fe(NHy)2(SOy)2'6 HO (freshly prepared under argon) were added taatdified ligand solution
and the mixture was allowed to equilibrate withlagmn of air until the characteristic 3:1 Fe(ll)
complex color was observed.

The initial pH of the sample was read, then aligquait5ul. NaOH 5.0 mM (0.5 eq) were added and
after equilibration the pH was read. NaOH additioastinued until p# 9. For each experiment a
graph of the buffering poweAYnao/ApH) was built and the apparent pWas obtained from the
maximum of the smoothed graph.

9 16
(a) —— BP1 (b) 14 ] apppK,=5.3 ——
8 1 BP1+ Fe(ll) 5 l ?
] =12 |
7 1 2
| 10 -
- ]
o 6 2 8 1
5 % 6
4 @
] 2
3 ¥ 0 T T T T T T T T
0 40 3 4 5 v 8 9

10 . 20 30 6

Equivalents NaOH pH
Figure S25.(a) Acid-base titration of the free bipyridine demer ligandBP1 and of the same ligand in the
presence of 0.5 eq Fe(ll). (b) Calculated bufferogver (equivalents of base for unit pH variatifar) the
free ligand and for the ligand in the presence .6fdly Fe(ll). Conditions: initial ligand concentoat 0.2
mM in H,O plus 3.2 eq 4 mM HCI, addition of 0.5 eq 5 mM N&@er point. The peak in the buffering
power graph shows the apparent, jpKthe 26 side-chain carboxylic groups of the juEptiendrimer.
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BP1/BP4 mixed Fe(ll) complex

Job-plot analysis of Fe(ll) complexation by BP1/BP4nixtures

The bipyridine dendrimer ligand&P1 andBP4 were dissolved in 20 mM HEPES buffer, pH 6.5, at
0.20 mM concentration. Mixtures of the two solusorontaining b uL (n = 0-10) of the former
and 5(10-n) uL of the latter (total dendrimer ligand amount: diMol) were transferred into 11
wells of a microtiter plate and diluted with 1Q0. HEPES buffer (total dendrimer ligand
concentration 67uM). A control well was filled with 15QL HEPES buffer. The plate was read in
the interval 283 A/nm < 600,AX = 3 nm. 3uL 5.0 mM Fe(NH)2(SQy), (15 nmol) were added to
each well and after 1 h equilibration the plate weesd again. The control spectrum was subtracted
from the sample spectra and a Job plot (Figure) 826 prepared by plotting the absorbance
increase af. 525 nm (around the expected maximum of the MLCThdbéor [Fé' (bipy)s]-like
complexes) against the molar fraction of dendrihigand BP1 (Xgp1).

The maximum of the Job-plot lied in the intervad & xgp; < 0.4, thus supporting a 2BP4/BP1
ligand ratio, in agreement with the complex foran{ffé'(BP4),(BP1)], corresponding to the 3:1
Fe(ll) complex with the lowest net charge at pH @.able S4).

0.2 0.2 T
(a) ] —p=—nitial ( b) I ' —i—Netincrease
E0.16 - —e—Final £0.16 x=0.33
Lo Te]
ol ] ol
e 0.12 - 8042
W 1 ©
S 8
% 0.08 c 0.08
8 3
o 1 &
8 0.04 W g 0.04
< ] <T
0 +—————r 0 ety
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
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Figure S26.Job-plot experiment on mixtures BP1 andBP4 added with 1.5 eq Fe(ll): absorbance variation
atX 525 nm (a) and net absorbance increase (b) agawiat fraction oBP1 (xgp1). The dashed line in (b)
represents the molar fraction corresponding todbmposition of the mixed complex [BH#4).(BP1)].
Conditions: total dendrimer ligand concentrationu®¥in 20 mM HEPES buffer, pH 6.5.

Table S4.Total Net Charge of Triplets &P4 andBP1 at Acidic and Neutral pH

total net charge pH 40 total net charge pH 65
ratio BP4/BP1 3 ligands 3:1 Fe(ll) compl& 3 ligands 3:1 Fe(ll) compl&x
0:3 0 + 2 - 78 - 76
1:2 + 16 +18 - 46 - 44
2:1 + 32 + 34 - 14 - 12
3:0 + 48 + 50 +18 + 20

 Total net charges at pH 4.0 and 6.5 are calculatedidering the side-chain carboxylic functionfyfu
protonated or deprotonated, respectively, whereasside-chain amino groups are assumed to be always
fully protonated.” Actually observed 3:1 Fe(ll) complexes are markedold. ¢ This complex was most
likely detected by HPLC in a mixture (see Table, 85t never found as only species formed.
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Characterization of the complex [F& (BP4),(BP1)]

HPLC

Solutions of the pure ligands, of each of the ldgmplus 1.5 eq Fe(ll) and a 2:1 mixture of the
ligands, all at a (total) concentration of BBl in HEPES buffer, pH 6.5, as well as the content
the well which displayed the strongest MLCT bang;$x0.3) in the Job plot experiment, were
diluted 1:1 with eluent A. A 2:1 mixture of th@éinds at a total concentration of @@ in AcONa
buffer, pH 4.0, plus 1.5 eq Fe(ll) was also tesfetalytical chromatograms were recorded on the
Waters 600 HPLC using the gradient 6-48 % B in 11®, monitoring af. 214 and 525 nm
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Figure S27.HPLC chromatograms @dP4/BP1 2:1 mixtures, total concentration about|8@. (a) Mixture
in HEPES buffer, pH 6.5, in the absence of Fe(H).Mixture in HEPES buffer, pH 6.5, added with &&
Fe(ll). (c) Mixture in AcONa buffer, pH 4.0, addedgth 1.5 eq Fe(ll). Insets in (b) and (c): chrongaoms
detected ak= 525 nm (selective for [Eébipy)s]-like complexes).

Table S5.HPLC Comparison of the Dendrimer LigarBB4 andBP1 and of their Mixed Fe(ll) Complexes
atpH 6.5and 4.0

4 npia 2:1 Mix + 1.5 eq 2:1 Mix + 1.5 eq
BP1 BP4 2:1 Mix Fe(ll), pH 6.8 Fe(ll), pH 4.0
A 214 nm 8.35 min 7.49 min 67.7 % 7.49 min,96.1 % 7.39 min, 8.3 % 7.38 min,
32.3 % 8.35 min 3.9 % 8.32 min 50.7 % 7.47 min,

29.7 % 7.71 miff,

11.3 % 8.32 min
A 525 nm - - - 7.38 min 40.2 % 7.38 min,

59.8 % 7.72 mih
& 2:1 mixture ofBP4 andBP1, total concentration 50M, in HEPES buffer, pH 6.8 2:1 mixture ofBP4
andBP1, total concentration 6pM, in HEPES buffer, pH 6.5, plus 1.5 eq Fe()BQ,),. © 2:1 mixture of
BP4 andBP1, total concentration 50M, in AcONa buffer, pH 4.0, plus 1.5 eq Fe(NHSQy).. ¢ The peak
at tr 7.71 min can be identified as [B®@)(BP1),], since it is a [F&bipy)s]-like complex (active ak 525
nm) and its stoichiometry balances the repartitibhoth ligands af. 214 nm, see Table S6.

Table S6 Stoichiometric Balance of the Ligand Compositiam 2:1 Mix + 1.5 eq Fe(ll), pH 4.0 (Last
Column in Table S5)

Composition Founfd Attribution BP1 BP4
33.3 %BP1, 8.3% 7.38 min  [Fe(BP4),(BP1)] 83% 1/3+ 8.3% 2/3+
66.7 %BP4 50.7 % 7.47 min, BP4 50.7 % +

29.7% 7.71 min  [Fe®BP4)(BP1),] 29.7 % 2/3+ 29.7 % 1/3 +
11.3% 8.32 min BP1 11.3% = =
33.9 % 66.1 %

% Relative area at 214 nm; peaks detected alsd.&25 nm are marked bold.

At pH 6.5 only one 3:1 Fe(ll) mixed complex is fardh(see also Figure S27), with the formula
[FeBP4),(BP1)], as obtained by the Job-plot experiment. Thisglex has the smallest predicted
net charge under the experimental conditions (ssaerTS4). At pH 4.0 two 3:1 mixed Fe(ll)
complexes are observed and a different complexifted with [FeBP4)(BP1),], prevails. This is
most likely due to the fact that at pH 4.0 thedattomplex has a smaller net positive charge than
the former (see Table S4).
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UV-Vis

A 2:1 mixture ofBP4 andBP1 at a total concentration of 5 in HEPES buffer, pH 6.5, was
prepared by dilution of solutions of the pure ligann milliQ HO. 1.00 mL of this solution was

titrated with 2.5 mM Fe(Ni2(SOy), as described in the main text for the single ldgaand the
acquired spectra were treated as described abayua¢FS28).

1.2 1
(@) | (b)
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Figure S28.(a) Spectrophotometric titration of a 2:1 mixtureBRP4 andBP1, total concentration 5AM in
HEPES buffer, pH 6.5, by addition of 2.5 mM Fe(lS0O,).. (b) Fitting of the normalized titration curve
(relative absorbance variation, y, against amodinnetal added) for the same experiment assuming the

formation of the complex [FBP4),(BP1)]. The gray dashed lines represent the confidémeeval for the
calculated titration curve.
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NMR diffusion measurements

The lyophilized bipyridine peptide dendrimers wdigsolved in 0.5-0.6 mL D to a concentration
of 0.3-1.0 mM and their pH was adjusted to thedtxglue (4.0 or 6.5) by addition of 0.2 M NaOD
(freshly prepared by careful addition of ice colgdDto NaH). 3:1 Fe(ll) complex solutions were
prepared by addition of 0.28-0.32 eq of a 10-15 mwdlution of Fe(NH)2(SOy),:6H,0 in DO
(freshly prepared under argon).

The probes for the 2:BP4/BP1 mixture and its Fe(ll) complex were prepared diowes: the
lyophilized peptide dendrimers were dissolved y©Olat a concentration of 0.5 mM f&P1 and
1.0 mM forBP4. In two Eppendorf vials 0.25 mL of each solutioerer mixed and the pH of the
resulting solutions was adjusted to 6.5-7 with .2NaOD, then 1QuL 11 mM Fe(NH)(SQy); in
D,0 (0.88 eq) were added to one solution.

All samples were transferred into NMR tubes whiatrevclosed and protected from humidity and
air with Parafilni™.

Firstly, for each Fe(ll) complex, a standard HPNMR spectrum was acquired and evaluated to
verify that the sample was diamagnetic (absengaEmagnetic line broadening and shifts).

For the diffusion experiment the standard Brukds@program, ledbpgp2s, employing longitudinal
eddy current delay (LED), a bipolar gradient pujssr, and 2 spoil gradients was utilized.
Rectangular gradients with a total duratioh ¢f 4-6 ms were used. The LED delay was 5 ms.
Gradient recovery delays were 2(06. Diffusion timesA were 125-150 ms. Measurements were
performed at 30.0°C.

The program Bruker Topsin 3.0b was used for datstment. Individual rows of the 25-40 quasi-
2-D diffusion databases were phased and baselimected, then NMR signals were integrated
manually, thus defining several (15-30) points fiting the diffusional decay according to (3),
wherey is a constanty(= 4258 G's') and G is the gradient strength.

@3) 1= |O_e-D- (18G)% (A-8/3)10*

For each integral i, the program calculated aditdecay curve and the related diffusion coefficient
Di. The curves were visually inspected to veriflirfgg quality and averaged diffusion coefficients
D were calculated. Hydrodynamic radjiwere obtained from the diffusion coefficients tigb the
Stokes-Einstein relationship (D sK/(6mnr,), withn = 1.09510° Pas, viscosity of DO at 30°C).
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Figure S29.'"H-NMR spectra (400 MHz) dBP1 0.5 mM in O + NaOD, pH 4.0 (a) and pH 6.5 (b). Insets
show the aromatic portions of the spectra.

S24/37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

§.330
——82%
T817
7478
B 7408
7118
€889

J’.|r|l J‘\I '['U | \ || m
L ASAN L RN W
535 f3E @ @ geoBgE 54
D R M m om b e wm o m e e m i o i i e

Figure S30."H-NMR spectrum (400 MHz) oBP1 0.9 mM in DO + NaOD, pH 4.0, after addition of 0.30
eg Fe(NH)x(SO,),-6H,0. The inset shows the aromatic portion of the spet
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Figure S31."H-NMR spectra (400 MHz) d8P30.3 mM in O + NaOD, pH 4.0 (a) and pH 6.5 (b).
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Figure S32.'"H-NMR spectra (300 MHz) d8P30.3 mM in O + NaOD, pH 4.0

addition of 0.28 eq Fe(NHb(SOy),:6H,0.

(a) and pH 6.5 (b), after
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Figure S33."H-NMR spectra (300 MHz) d8P4 0.8 mM in O + NaOD, pH 4.0 (a) and pH 6.5 (b).
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Figure S34."H-NMR spectra (300 MHz) of the 2:1 mixture BP4 andBP1, total concentration 0.65 mM

in D,O + NaOD, pH 6.5 (a) and of the same mixture pl29 @q Fe(NR)(SOy),-6H,0 (b). Insets show the
aromatic portions of the spectra.
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Circular dichroic (CD) measurements

Freshly prepared solutions of 3:1 bipyridine peptittndrimer/Fe(ll) complexes (identified by the
presence of the characteristic MLCT visible banthi corresponding spectrophotometric titration)
25-50uM in the appropriate buffer (AcONa buffer, pH 4d0,HEPES buffer, pH 6.5) were tested,
as well as 5M solutions ofBP1 in both buffers and of the 1BP1/Fe(ll) complex in HEPES
buffer. The two buffers were used as blanks.

Instrumental parameters: 250\/nm < 600, scan speed 100 nm/min, step 0.5 nm, bandhi¢x
nm, response 1.0 sec. Reduced volume 1.0 cm opatlalquartz cells thermostated at 25.0°C were
employed. 6-8 scans were recorded and averageckdon sample. After subtraction of the
appropriate blank, circular dichroic signalsA) were converted into total molar ellipticitie ()

and the spectra were smoothed.
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Figure S35.CD spectra oBP1 and of its Fe(ll) complexes (both m®1 in ligand, at the pH given) in the
spectral region of the bipyridyl chromophore. Siolns at pH 4.0 were prepared in AcONa buffer, sohs
at pH 6.5 were prepared in HEPES buffer.
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Catalytic assays

Determination of the amount of oxidized substrate

ortho-Phenylenediamine (OPD) is quantitatively oxidizgdNalQ, according to the stoichiometry
of eq. (4):

(4) CsHa(NH,)2 + NalO; — NalOs + HO + GHa(=NH),

The (colorless) quinone imine product reacts furthigh the unreacted substrate to give a colored
substance with an absorption maximum close to 425 after longer standing such colored
substance begins to polymerize and polymers ptatgover time.

To verify that the absorbance of the colored sutzsgtat 425 nm was proportional to the amount of
oxidized OPD and to obtain the proportionality dans the following experiment was performed.
OPD (1.63 mg, 14.amol) was dissolved in 3.69 mL 20 mM HEPES buffdt, §.5, purged with
argon, yielding a 4.0 mM solution. Aliquots of theother solution were diluted with the same
buffer to prepare a 1.0 mM and a 0.4 mM daughtértiem. The required amounts of the three
solutions were pipetted into the wells of a midestiplate and buffer was added, so that four rows
of 12 wells containing 6QL of OPD solutions at 0-3.3 mM concentration werepared.

NalO, (6.95 mg, 31.8&umol) was dissolved in 1.59 mL milliQJ@ purged with argon, yielding a 20
mM mother solution. Aliquots of the mother solutiaere diluted with milliQ HO to prepare a 10
mM and a 5 mM daughter solution.

After reading the plate, gL aliquots of the 5, 10, 20 mM NalQolutions were added to each well
of the first, second, third row, respectively, wdees the wells of the fourth row were used as a
control. After shaking gently for 10 min at 25.0tke plate was read. The Nal@ddition was
repeated five more times with the same procedure.

For each well the absorbance)a#25 nm in the six readings was plotted and grapée built
comparing the wells within the same row. No sigmaifit variation among the readings was
observed for the wells of the control row. On tlatcary, within each of the three other rows, all
wells displayed the same linear increase with megateviations from linearity as the amount of
added NalQ@increased (Figure S36a).

UPLC analyses showed the complete disappearartbe substrate peak from the wells which had
reached a plateau (Figure S37), thus confirmindhifpothesis of quantitative oxidation.

Since the oxidation is quantitative and the linaof the first portion of the graph supports ahn
proportionality between measured absorbangepofyy) and concentration of oxidized substrate
(Copp)oy, it is possible to write eq. 5 according to ttaribert-Beer law:

(5) Aopp(ox)= EbCoPD)OX

Considering the experimental setup (cylindricakt-thottomed wells), the optical path b is

proportional to the solution volume. For a givencamt of oxidized substrate in a wellofox),

the concentration is inversely proportional to fisdution volume and therefore also to the optical
path, so that the absorbance is dilution insergsitdepending only on the amount of oxidized
substrate. The relationship between absorbanceoxididzed substrate amount is expressed in eq.

(6).
(6) AorPD(0x)= bn(opD)ox [n(opD)ox: NopPD(0) by quantitative oxidation]

The proportionality constartt is the slope of the graph of the average absoebaurease against
substrate amount (Figure S36b) in its linear partiad allows one to obtain the amount of oxidized
substrate in moles from the well absorbance.
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Since the kinetic experiments were designed to kiaysame total volume of solution in each well
(Vi, 105 pL), in the calculations related to such experimeittss possible to work with
concentrations throughout. A proportionality constal referred to the concentration by the total
volume  can therefore be defined and obtained from eq. (7)

(7) bnoppyox= b(Ciopp)oxVt) = b’CiopD)ox b’ =bV;=2.547 £ 0.053 mM
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Figure S36.(a) Maximum absorbance increase. @25 nm by oxidation of OPD with different amounfts

NalQ, as a function of the substrate amount. (b) Fittihthe averaged experimental results accordirtheo
relationship A =bneepyox ased on the linear region of the graph (oxidiz&€dD& 30 nmol, corresponding to
A <0.7). Error bars represent the uncertainty inptioportionality constarth (0.02426 + 0.00050 nmid).
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Figure S37 UPLC comparison of OPD in control well (a) andtloé content of a well treated with excess
NalO, (b). Conditions: 50 nmol OPD in both wells, 240aimNalO, added in b, after 1 h equilibration.
Gradient: 0-30 % B in 2.2 mii, 214 nm.
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Test of oxidation catalysis

Preparation of the solutions of the Fe(ll) complexe

[Fe(bipy)]?": Fe(NH,)2(SOy)2>6 H,0O was freshly dissolved in milliQ 40 under argon stream at a
1.00 mM concentration. 2,2’-bipyridine (bipy) wasssblved in miliQ HO at a 3.00 mM
concentration. Equal volumes of both solutions waneed under argon and the resulting solution
was diluted 1:5 with milliQ KO, yielding a 10quM [Fe(bipy)s]?* solution.

[Fe'(BP1)]: Fe(NH,)x(SOy)>6 HO was freshly dissolved in milliQ 40 under argon stream at a
1.10 mM concentration. LyophilizeP1 was dissolved in HEPES buffer, pH 6.5, at a
concentration of 0.111 mM. 0.11 mL Fe(WKHSOy). solution (1.07 eq) were mixed with 1.02 mL
bipy(CH,N1), solution, yielding 1.13 mL 100M [Fe"(BP1)] solution.

Both solutions were freshly prepared shortly befoeekinetic experiment.

Experimental setup

A 4.0 mM mother solution of OPD and 1.0 mM, 0.4 ndNuted solutions were prepared in HEPES
buffer, pH 6.5, as described in the preceding gectiA 100 uM solution of Fe(ll) source
(Fe(NH,)2(S0Oy)2:6 H,O or one of the complexes described above) waspedp

The required amounts of the three substrate solitamd of HEPES buffer were pipetted into the
wells of a microtiter plate so that one control ramd two sample rows of 12 wells each with 0-200
nmol OPD in 65 (control row) or 60 (sample rows)solution were obtained. 40_ 10 mM HO,
(freshly prepared by dilution of 30 %®&, with milliQ H,O) were added to each well and the plate
was mixed thoroughly. 5L 100 uM Fe(ll) source solution were rapidly added to tiwve sample
rows (starting from the wells containing the sm&tli@mount of substrate) and the plate was mixed
thoroughly. The plate was then kept at 25.0°C dratkan gently during 4 h, with readings\a425

nm every minute.

For the bipyridine-peptide dendrimer complex twddpendent experiments were performed.

To verify the stability of the [F€BP1)] complex under the experimental conditions, aftes
oxidation catalysis test a microtiter well solutiprepared from 40 uL 10 mMJ@, and 5uL 100
uM [Fe'"(BP1)] in 60 uM 20 mM HEPES buffer was analyzed by UP(ER). S38a) and compared
with the 100 uM [F&BP1)] mother solution (Fig. S38b).
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(a) | (b)...
{

200+
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Fig. SSBUPLC comparuison of 4iBM [Fe'L'(BPl)] |n 12 mM HEPES buffer, pH 6.5, Lafter 4 hoursatreent
with 3.9 mM HO, (a) and of the 100M [Fe" (BP1)] mother solution. UPLC conditions: Dionex UPLC,
gradient 0 - 70 % B in 2.2 mik,214 nm.
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Data treatment

Conversion graph, relative conversion, TON, TOF da

For each well, a graph of the absorbance incremvastprepared by subtracting the initial reading
from all data. The graph was transformed into aveosion graph through the proportionality
constanb’ obtained as described in the preceding sectiaer Afnoothing all series independently,
the average conversion for each set of experimeraaditions (Fe(ll) source and substrate
concentration) was calculated, as well as theadlancertainty. Net conversion data for the series
of the three Fe(ll) sources were obtained by sabiig the conversion values of the control series
at a given initial substrate concentration from tibial conversion data at the same initial substrat
concentration. From the original graph, consistifig241 time points for 48 series (12 substrate
concentrations for the three Fe(ll) sources andcibrol data), a simplified graph displaying
conversion at selected times for the most concieatraeries for each Fe(ll) source and for the
control experiment was prepared (Figure 4a in thenrtext).

Total relative conversion and net relative convarsiata were obtained for each series by dividing
the corresponding total conversion and net conerrdata by the initial substrate concentration. A
graph of the maximum net relative conversion asnation of substrate concentration was prepared
(Figure S39). Net turnover number (TON) data westaimed by dividing the corresponding net
conversion data at selected reaction times (103Q0min, as well as 1, 2, 3, 4 h) by the initial
concentration of the Fe(ll) source (Table S7). AT@N graph was prepared by plotting net TON
data as a function of substrate concentrationlattse times (Figure S40a). Net turnover frequency
(TOF) data were obtained by dividing the corresprogechet TON data by the reaction time. A net
TOF graph was prepared by plotting net TOF values dunction of substrate concentration at
selected times (Figure S40Db).
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Figure S39.Net relative conversion of the substrate for OR@ation by HO, as a function of its initial
concentration for the three Fe(ll) sources tesgedatalysts after 1 and 4 hours. Conditions: sates.095 —
1.9 mM, HO, 3.9 mM, Fe(ll) source 4.8M, pH 6.5 (HEPES buffer 12 mM), 25°C.
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Figure S40.Net turnover number (TON, a) and net turnoverdergy (TOF, b) for OPD oxidation by.€,

as a function of its initial concentration for ttneee Fe(ll) sources tested as catalysts aftedM4drours. The

same color coding was used as in Figure S39. Tdek ltdar in (a) corresponds to stoichiometric cosieer

(TON = 1). Conditions: substrate 0.095 — 1.9 mM;OH3.9 mM, Fe(ll) source 4.8M, pH 6.5 (HEPES
buffer 12 mM), 25°C.

Table S7.Net TONs for the Oxidation of OPD by.@,in the Presence of Different Fe(ll) Sourtes
cOPLQy(mM) 0.095 0.19 0.29 0.38 0.48 0.57 0.76 0.95 1.141.52 1.91

Fe™ aqn 10’ 0.011 0.068 0.021 0.001 0.104 -0.004 0.020 10®. 0.081 0.074 0.125
Fe* (aqn 20’ 0.034 0.084 0.013 -0.031 0.128 -0.016 0.012.168® 0.088 0.114 0.154
Fe* (aqn 30’ 0.050 0.108 0.013 -0.050 0.118 -0.011 0.007.20Dp 0.105 0.183 0.181
Fe€' a1 h 0.068 0.095 -0.019 -0.078 0.128 0.051 0.035.25® 0.114 0.256 0.252
Fe* g 2 h 0.030 0.078 -0.101 -0.140 0.140 0.021 0.036.314 0.116 0.318 0.325
Fe* ., 3 h -0.009 0.035 -0.145 -0.213 0.077 -0.006 0.048.389 0.157 0.403 0.454
Fe' g, 4 h -0.054 -0.010 -0.188 -0.279 0.020 -0.012 ©.060.455 0.200 0.474 0.549

[Fe(bipy)], 10° 0.061 0.072 -0.014 -0.006 0.075 0.035 0.01D.137 0.047 0.104 0.211
[Fe(bipy)], 200 0.165 0.154 0.010 -0.001 0.120 0.095 0.083.238 0.136 0.225 0.344
[Fe(bipy)], 30’ 0.232 0.200 0.034 -0.024 0.175 0.128 0.161 0.268218. 0.346 0.426
[Fe(bipy)], 1 h 0.452 0.336 0.144 -0.020 0.294 0.292 0.47151@® 0.533 0.611 0.724
[Fe(bipyl],2h  0.697 0547 0.358 0.053 0.647 0578 0.75890%. 1.014 1.258 1.450
[Fe(bipyl],3h 0.908 0.730 0.528 0.090 0.770 0.789 1.153334. 1563 1.862 2.044
[Fe(bipyl], 4h 1.083 0.882 0.634 0.175 0.895 0970 1.471674. 1986 2.369 2.522
[F"(BP1)], 100 0.858 1.234 1493 1776 1.978 2.138 2.808.17B 3.609 4.088 4.402
[Fe'(BP1)], 20" 1507 2.124 2578 3.077 3.378 3.676 4.820.395 6.120 6.981 7.546
[Fe'(BP1)], 30" 2.007 2.822 3.419 4.084 4476 4871 6.395.119 8.102 9.286 10.047
[F'(BPD)],1h 3.152 4317 5284 6372 7.026 7.686 10.081.302 12.827 14.625 16.092
[Fe"(BPl)], 2h 4544 6.430 8.014 9.376 10.747 11.653 14.982 16.6B8.846 21.827 23.812
[Fe"(BPl)], 3h 5716 7.659 9.495 11460 13.143 14.577 4%.121.356 24.331 27.362 30.236
[Fe"(BPl)], 4h 6.312 8.800 11.347 13.881 16.188 18.042 4@B. 26.368 29.783 33.406 35.942
% Net turnover numbers (TONs) were calculated bydiig net conversions (experimental conversion minus
the conversion observed in the control experimant)he time given by the concentration of the Fe(ll
source. The associated uncertainties are in thgeesad.03-0.3 for Iféaq), 0.03-0.6 for [Fe(bipy] and 0.04-

2.7 for [F€(BP1)], growing both from shorter to longer reactiomdis and from lower to higher substrate
concentrations. Conditions: Fe(ll) source gh8, H,O, 3.9 mM, pH 6.5 (HEPES buffer 12 mM), 25°C.
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Reaction velocity graph, pseudo-first order rate costant

For each series, a graph of the velocity of theodd@ce variation was prepared by dividing the
absorbance increment with respect to the firstingadf each series by the experimental time. The
graph was transformed into a total reaction veyogiaph through the proportionality constahis
described above. After smoothing all series inddpatly, the average reaction velocity for each set
of experimental conditions was calculated, as waglthe related uncertainty. Net reaction velocity
data for the series of the three Fe(ll) sourceevedtained by subtracting the velocity data of the
control series at a given initial substrate conditn from the total reaction velocity data at the
same initial substrate concentration. From theimaiggraph, consisting of 241 time points for 48
series, a graph of the initial velocity was obtdir®y plotting the reaction velocity at t= 0 as a
function of the substrate concentration for eacfilFsource and for the control data. Similarly, a
net initial velocity graph was obtained from thé reaction velocity at t= 0 (Figure S41a).

Total and net pseudo-first order rate constlitdata were obtained by dividing the corresponding
initial (t= 0) reaction velocity data by the initisubstrate concentration. A graph of the net pseud
first order rate constant as a function of the sabs concentration was plotted (Figure S41b).
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Figure S41.Net initial velocity (a) and net pseudo-first ardate constank' (b) as a function of substrate
concentration for the three Fe(ll) sources tesgedagalysts in OPD oxidation by,®,. Conditions: substrate
0.095-1.9 mM, kD, 3.9 mM, Fe(ll) source 4.8M, pH 6.5 (HEPES buffer 12 mM), 25°C.

Lineweaver-Burke graph, determination ofKy and Kcat

Lineweaver-Burke plots were prepared only for the' (BP1)] series, since it was the only series
displaying both catalysis (TON> 1) and a clear idion trend in the net conversion graph. The
reciprocal of the net initial velocity (ldvwas plotted against the reciprocal of the initabstrate
concentration (1/[3). The linear portion of this graph (Figure 4b lre tmain text) was fitted to eq.
(8), yielding the velocity at catalyst saturatigpvas the inverse of the intercept (q) a0gfVimax as
the slope (m), wheredg,was obtained by dividingmsx by the concentration of the complex ([E],
4.8 uM). Table S8 displays the values of the MichaelisAteén parameters obtained from the

fitting.

(8) 1o = LVmax+ (Km/Vimax):(1/[Slo) o= q + m(1/[S]o) Vmax=Keat[E]
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Table S8.Michaelis-Menten Parameters for the'[f&P1)]-Catalyzed OPD Oxidation by,

K £ sKy (mM)b Vimay £ SVia (“M'S-l)b Keart Skeay (S-l)c Keal K £ S(ka/Km) (S-l 'mM-l)d

1.51+0.19 0.0776 + 0.089 0.0163 + 0.0019 0.0198100053

% Results are given after subtraction of controltgbation. P Ky/Vimax @and Viax Were obtained from the
Lineweaver-Burke double reciprocal pldtk., was obtained by dividing . by the concentration of
[F€"(BP1)]. ?k..{Ky was obtained by dividing the reciprocal gf/Mm.«by the concentration of [FBP1)].
Conditions: [F&BP1)] 4.8 uM, substrate 0.095 — 1.9 mM, ,& 3.9 mM, pH 6.5 (HEPES buffer 12 mM),
25°C.
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