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Materials and Methods

Cobalt(II) acetate tetrahydrate and iron(II) chloride tetrahydrate were purchased from Alfa Aesar
and Merck respectively. Tetrabutylammonium perchlorate (TBAP), ferrocene and anhydrous
dichloromethane (DCM) were purchased from Sigma Aldrich. All other solvents used for

electrochemical and spectroscopic measurements were of HPLC grade.

High-resolution mass (HRMS) spectra were recorded on a Bruker MaXis Impact mass
spectrometer. A Cary 8454 UV-Vis spectrometer by Agilent Technologies was used to measure

the UV-Vis spectra of the compounds.

"H NMR spectra were recorded on Bruker Avance III 400, Bruker Avance 500, Bruker Avance
600 spectrometers operating at 400.4 MHz, 500.13 MHz and 600.5 MHz respectively. °F NMR
spectra were measured on Bruker Avance III 400 and Bruker Avance 600 spectrometers operating
at 376.7 MHz and 565 MHz respectively. Chemical shifts are reported in ppm with respect to the

signals from the residual hydrogen atoms in the deuterated solvents, CDCl; and Pyridine-ds.

Electrochemical measurements were performed on a 3-electrode system using EMStat3 +
electrochemical system and the glassy carbon (working electrode), Ag/AgCl (reference electrode)
and platinum wire (counter electrode). 0.5 mM catalyst was used in the presence of 0.1 M TBAP
(supporting electrolyte) with scan rate of 100 mV/s. The redox potentials of the complexes are
reported with respect to ferrocene/ ferrocenium (Fc/Fc*) couple. The redox potential of Fc/Fc* in
acetonitrile was measured to be 0.45 V. For bulk electrolysis measurements, ~ 0.04 mM
acetonitrile solutions of catalysts with 0.1 M TBAP were subjected to a constant potential of -1.8
V (vs. Ag/AgCl) in an air-tight electrolytic cell, using a porous carbon electrode (working
electrode) and a platinum coil compartmentalized inside a glass tube with a porous fret (counter
lectrode). The electrolytic solution was purged with CO; for 20 min before doing

chronoamperometric measurements.

HPLC analysis was done in a Jasco HPLC instrument using a MD-4010 PDA detector, AS-4050
autosampler, PU-4180 pump. Flow rate was maintained at 4 mL/ min using acetonitrile as the

eluent through a LiChrospher RP18-5 Endcapped column (Length X i. d. 25 cm X 4.6 mm).

Gas Chromatographic analysis for the detection of gases evolved during the electrocatalytic

reduction of CO> was done using a 4210 GC System from Sion Industries with a TCD (thermal



conductivity detector). The amount of CO generated was quantified by its response in a HP-
MOLESIEVE column and helium as the carrier gas. The overhead gas inside the cell was taken
out with the help of a 1000 pL air-tight syringe (degassed beforehand with CO- several times).
The oven temperature was maintained at 40° C and the retention time of CO was 11 min. The

amount of CO evolved was quantified by calibrating against known volumes of pure CO.

For 1-Co(PPhs): Single crystals of 1-Co(PPhs) were dipped in Paratone-N oil and quickly
mounted on a Kappa CCD diffractometer in the presence of a stream of nitrogen at 200 K. Data
collection was done with monochromatic Mo Ka radiation using ¢ and o scans to cover the Ewald
sphere.! Accurate cell parameters were acquired with complete collections of intensities, and were
corrected in the usual way.? Using Olex2,? the structure was solved with the SIR2004* structure
solution program using Direct Methods and refined with the ShelxI® refinement package using
Least Squares minimization. Hydrogen atoms were calculated using the riding model. All non-

hydrogen atoms were refined with anisotropic displacement parameters.

For 1-Fe(NO): Single crystals of 1-Fe(NO) were diffracted by a Rigaku XtalLab Pro
diffractometer, CuKa. (A=1.54184A) equipped with PILATUS 200 detector, -9<h<9, -48<k<48, -
13<I<13, frame scan width = 0.5°, scan speed 1.0° per 40 sec for low resolution and 200 sec for
high resolution, 27760 reflections collected, 11257 independent reflections (R-int =0.0557). The
data were processed with CrysAlis®. Structure solved with SHELXT’. Full matrix least-squares
refinement based on F2 with SHELXL? on 1158 parameters with 8 restraints gave final Ri=0.0528
(based on F?) and wR,=0.1378 for data with I>25(I) and, R;= 0.0605 and wR»=0.1434 on 11257
reflections, goodness-of-fit on F2 = 1.083 largest electron density peak 0.497 e’A-. Largest hole —
0.654 e’A-. The structure of 1-Fe(NO) has a disorder of the nitrosyl iron with ratios 87:13 and

68:32. Four fluorine atoms are also disordered in the crystal.



Synthesis and Characterization

10-(4,7-Dimethoxynaphthalen-1-yl)-5,15-bis(petafluorophenyl)corrolato-cobalt(I1I)-
triphenylphosphine, 1-Co(PPhs3)

1-Co(PPh3) was prepared and purified by following a previous report.® Recrystallization from a
mixture of DCM and hexane afforded pure crystals of the complex (26 mg, 94 % yield). UV-Vis
(toluene): Amax(€ x 10%) 379 nm (4.45), 413 nm (4.65), 559 nm (1.10), 591 nm (0.95). HRMS
(APCI negative mode) for C43H19CoF10N4O2 m/z = 872.0660 (measured, 100 %, [M -PPhs]),
872.0686 (calculated) [Figure S1]. '"H NMR (300 MHz, CDCls) 4 8.70 (d, J = 4.5 Hz), 8.46 (d, J
=4.5Hz), 8.44-8.31 (m), 8.21-8.15 (m), 8.12 (dd, /=4.8, 1.2 Hz), 8.05 (d, /= 4.8 Hz), 8.01 (d,
J=4.5Hz),7.94 (d,J=4.2Hz),7.79 (d,J=7.9 Hz), 7.14-6.89 (m), 6.79 —6.60 (m), 6.49 (d, J
= 2.5 Hz), 4.86 — 4.64 (m), 4.20 (s), 2.87 (s), 2.26 (s) [Figure S2]. ’F NMR (377 MHz, CDCls) &
-136.92—- -137.09 (m), -137.85 — -138.12 (m), -154.09— -154.233 (m), -161.97 — -162.12 (m), -
162.50 —-162.65 (m) [Figure S3].

10-(4,7-Dimethoxynaphthalen-1-yl)-5,15-bis(petafluorophenyl)corrolato-cobalt(I11)bis-
pyridine, 1-Co(Py):

1-Co(Py)2 was also synthesized and purified following the previous report.® Recrystallization in a
solvent mixture of DCM and hexane in the presence of a few drops of pyridine afforded pure
compound (20 mg, 80 % yield). UV-Vis (toluene-0.1% pyridine): Amax(€ X 10%) 438 nm (7.94),
586 nm (2.21), 611 nm (3.48) HRMS (APCI negative mode) for C43H19CoF10N4O2 m/z = 872.0625
(measured, 100 %, [M -Py>]"), 872.0686 (calculated) [Figure S5]. "H NMR (400 MHz, CDCls) &
9.14 (d, J = 4.2 Hz, 2H), 8.75 (d, J = 4.5 Hz, 2H), 8.65 (broad s, 2H), 8.53 (d, J = 4.2 Hz, 2H),
8.36 (d, J=9.3 Hz, 1H), 8.04 (d, /= 7.8 Hz, 1H), 7.02 (d, J = 7.8 Hz, 1H), 6.98 (dd, J=9.3, 2.5
Hz, 1H), 5.98 (s, 2H, para-H of pyridine), 5.69 (s, 1H), 5.07 (s, 4H, meta-H of pyridine), 4.22 (s,
3H), 2.20 (s, 3H) [Figure S6]. 'F NMR (377 MHz, CDCl3) § -138.07 — -138.46 (m, 4F), -154.59
(t, J=22.0 Hz, 2F), -162.69— -162.90 (m, 4F) [Figure S7].

10-(4,7-Dimethoxynaphthalen-1-yl)-5,15-bis(petafluorophenyl)corrolato-iron(I1I)-nitrosyl,
1-Fe(NO)

1-Fe(NO) was prepared by previously reported protocols.” After evaporation of the solvents from

the reaction mixture, the crude product was dissolved in DCM to prepare a silica gel slurry and
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further subjected to a column chromatographic purification. By a solvent mixture containing 30 %
DCM-hexane, the red colored compound was isolated (25 mg, 45 % yield). Further
recrystallization using DCM-hexane afforded pure crystalline material in UV-Vis (toluene): Amax(€
x 10%) 380 nm (7.06), 551 nm (1.50). HRMS (APCI negative mode) for C43Hi9F10FeN4sO, m/z =
869.0679 (measured, 100 %, [M-NOJ"), 869.0703 (calculated) [Figure S8]. 'H NMR (400 MHz,
CDCl) 6 8.33 (d,/=3.7Hz), 8.30 (d, /= 3.6 Hz), 8.10 (d, /= 4.7 Hz), 8.05 (d, /= 4.7 Hz), 7.72
—7.61 (m), 7.32-7.31 (m), 7.15 (dd, J = 9.3, 2.5 Hz), 7.11 (dd, J = 9.3, 2.5 Hz), 6.91- 6.87 (m),
6.77 (d,J=2.4 Hz), 6.66 (d, J= 2.4 Hz), 4.14 (s), 4.13 (s), 3.49 (s), 3.31 (s) [Figure S9]. ’F NMR
(377 MHz, CDCl3) 6 -137.17 — -137.38 (m, 4F), -152.20— -152.32 (overlapping triplets, 2F), -
160.62 —-160.80 (m, 4F) [Figure S10].

10-(4,7-Dihydroxynaphthalen-1-yl)-5,15-bis(petafluorophenyl)corrole, 2

A 5 mL anhydrous DCM solution of BBr3 (926 pL, 9.76 mmol) was added dropwise into a 10 mL
DCM solution of 1 (100 mg, 0.12 mmol) under inert conditions at 0 °C. After completion of
addition, the reaction was kept stirring for 24 hours at room temperature. At the end of the reaction,
the reaction was washed using a saturated solution of NaHCOj3 and then twice with water. Finally,
after drying over anhydrous Na>SQOy4, the solvent was evaporated, and the product was purified by
a column chromatography using silica gel and 100 % DCM as eluent. Pure crystalline product was
obtained by recrystallization from DCM and hexane (160 mg, 83 % yield). UV-Vis (toluene): Amax
(€ x 10%) 424 nm (9.68), 562 nm (1.65), 616 nm (0.99), 640 nm (0.68). HRMS (APCI negative
mode) for C41H17F10N4O2 m/z = 787.1205 (measured, 100 %, [M -H]), 787.1197 (calculated)
[Figure S12]. 'TH NMR (300 MHz, CDCl3)  9.10 (d, J = 4.3 Hz, 2H), 8.57 (m, 4H), 8.41 (d, J =
4.7 Hz, 2H), 8.16 (d, J=9.1 Hz, 1H), 7.85 (d, /= 7.6 Hz, 1H), 7.00 (dd, J=9.1, 2.1 Hz, 1H), 6.80
(d,J=7.6 Hz, 1H), 6.27 (d, J = 2.1 Hz, 1H) [Figure S13]. ’F NMR (565 MHz, CDCls) & -133.83
(ddd, J=31.4, 23.8, 6.9 Hz, 4F), -148.75 (t, J = 20.8 Hz, 2F), -157.69— -157.76 (m, 4F) [Figure
S14].

10-(4,7-Dihydroxynaphthalen-1-yl)-5,15-bis(petafluorophenyl)corrolato-cobalt(I1I)bis-

pyridine, 2-Co(Py):

2-Co(Py): was prepared in a similar way as 1-Co(Py)z2 was prepared. The green colored reaction
crude was purified using silica-gel column and DCM:hexane:pyridine (4:1:0.01 ratio) as eluent

and obtained (19 mg, 75% yield). UV-Vis (toluene-0.1% pyridine): Amax (€ x 10%) 438 nm (6.20),
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588 nm (1.79), 612 nm (2.48). HRMS (APCI negative mode) for C41H15CoF10N4O2 m/z = 844.0388
(measured, 100 %, [M-Py:]"), 844.0373 (calculated) [Figure S15]. "H NMR (500 MHz, Pyridine-
ds) 6 9.59 (d, J=4.2 Hz, 2H), 9.35 (d, J = 4.6 Hz, 2H), 9.21 (d, J = 4.3 Hz, 4H), 9.06 (d, J=9.1
Hz, 1H), 8.15 (d, /= 7.6 Hz, 1H), 7.55 (d, J = 9.1 Hz, 1H), 7.43 (d, J= 7.5 Hz, 1H), 6.66 (s, 1H)
[Figure S16]. ”F NMR (188 MHz, Pyridine-ds) -138.85 (ddd, J = 54.6, 25.9, 8.1 Hz, 4F), -155.14
(t,J=21.7 Hz, 2F), -163.20 (ddd, J = 47.5, 25.6, 8.3 Hz, 4F) [Figure S17].

10-(4,7-Di-tert-butyldimethylsilyl-naphthalen-1-yl)-5,15-bis(petafluorophenyl)corrole, 3

To a vial containing 1 mL of anhydrous DCM solution of free-base corrole 2 (20 mg, 0.025 mmol)
and imidazole (8.5 mg, 0.125 mmol), tert-butyldimethylsilyl chloride (18.8 mg, 0.125 mmol) was
added and the reaction was stirred overnight under inert atmosphere. At the completion of the
reaction, the reaction mixture was washed with water and dried over anhydrous Na>SO4. The
solvent was evaporated and the crude product after chromatographic separation on a silica gel
column using 15% DCM-hexane as eluent afforded the desired compound 3 (20 mg, 78 % yield).
UV-Vis (toluene): Amax (€ x 10%) 424 nm (8.58), 568 nm (1.69), 618 nm (1.14), 640 nm (0.86).
HRMS (APCI negative mode) for Cs3HasF10N4O2Si2 m/z = 1015.2898 (measured, 100 %, [M -H]
), 1015.2927 (calculated) [Figure S18]. 'H NMR (500 MHz, CDCl3) 6 9.11 (d, J = 3.0 Hz, 2H),
8.61 (s, 2H), 8.57 (s, 2H), 8.50 (d, J = 3.8 Hz, 2H), 8.39 (d, /= 9.1 Hz, 1H), 7.96 (d, /= 7.5 Hz,
1H), 7.11 (d, J = 7.0 Hz, 2H), 6.56 (s, 1H), 1.26 (s, 9H), 0.54 (s, 6H), 0.53 (s, 9H), -0.48 (s, 6H)
[Figure S19]. °F NMR (377 MHz, CDCl3) & -137.77 — -137.99 (m), -152.92 (t, J = 20.5 Hz), -
161.70 —-161.95 (m) [Figure S20].

10-(4,7-Di-tert-butyldimethylsilyl-naphthalen-1-yl)-5,15-bis(petafluorophenyl)corrolato-
cobalt(IIT)bis-pyridine, 3-Co(py):

3-Co(py): was prepared in a similar protocol as discussed for the synthesis of 1-Co(py): and 2-
Co(py):2. The crude product was purified by column chromatography using silica gel column and
DCM:hexane:pyridine (1:6:0.01) to get the pure form of 3-Co(py)2 (18 mg, 75 % yield). UV-Vis
(toluene-0.1% pyridine): Amax (€ x 10%) 439 nm (7.60), 587 nm (2.05), 612 nm (3.26). HRMS
(APCI negative mode) for Cs3sHa3CoF10N4O2Si> m/z = 1072.2109 (measured, 100 %, [M -Py2]),
1072.2091 (calculated) [Figure S21]. '"H NMR (500 MHz, Pyridine-ds) 4 9.56 (d, J = 4.2 Hz, 2H),
9.38 (d, J = 4.5 Hz, 2H), 9.24 (d, J = 4.1 Hz, 2H), 9.07 (d, J = 4.7 Hz, 2H), 8.08 (d, J = 7.7 Hz,
1H), 7.37 (dd, J=9.2,2.2 Hz, 1H), 7.25 (d,J= 7.7 Hz, 1H), 6.88 (d, J=2.1 Hz, 1H), 1.22 (s, 9H),

7



0.59 (s, 9H), 0.49 (s, 6H), -0.35 (s, 6H) [Figure S22]. "°F NMR (377 MHz, Pyridine-ds) 5 -138.86
—-139.13 (m), -155.15 (t, /= 21.4 Hz), -163.01 — -163.30 (m) [Figure S23].



Table S1 Crystallographic data

Empirical formula

Coa Ha1 CoF1o N4 O P

C43H19F10FeN503

Fw 1177.91 899.48

Radiation MoKa. (A= 0.71073) CuKa (A= 1.54184)

Crystal symmetry Monoclinic Monoclinic

Space group P2i/e Pn

a(4) 8.609 (3) 8.1606 (3)

b(A) 25.25(3) 40.3164 (8)

c(A) 25.400 (12) 11.4724 (4)

a(deg) 90.00 90

Adeg) 105.318 (12) 106.081 (3)

y(deg) 90.00 90

V(d?) 5324 (7) 3626.8 (2)

Z 4 4

M (mm™) 0.439 4.261

T (K) 200 100

Dealed (g cm’™) 1.469 1.647
2.32t048.28 8.316 to 136.502

20 range (deg)

e data (Rint)

7813 (0.0920)

11257 (0.0557)

RI (>20(])

0.0944 (6781)

0.0528 (9860)

WR2 (all data)

0.1952 (7813)

0.1434 (11257)

GOF

1.348

1.083

CCDC

1913981

1913983
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50% probability.
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Figure S11. X-ray structure of 1-Fe(NO) revealing the disordered iron nitrosyl centers. The
structure contains two molecules in the asymmetric unit. The occupancies are refined. In one type
of molecule Fel-N5-O1 is 87.1% and Fel A-N5A-O1A is 12.9%; in the other type, Fe2-N4-O10
is 68.4% and Fe2A-N4A-O10A is 31.6%.
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Figure S13. '"H NMR spectrum of 2 in CDCl; (300 MHz).
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Figure S14. ’F NMR spectrum of 2 in CDCl3 (565 MHz).
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Figure S16. '"H NMR spectrum of 2-Co(Py)z in pyridine-ds (500 MHz).
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Figure S18. HRMS spectrum of 3 [M -H]J".
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Figure S20. ’F NMR spectrum of 3 in CDCl3 (377 MHz).
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Figure S24. Cyclic voltammetric patterns of 0.5 mM acetonitrile solutions of (a) 1-Co(PPh3)
(black), 1-Co(Py)2 (red) and 2-Co(Py): (pink) and (b) 1-Fe(NO) (red), tpfc-Fe(NO) (blue) and
tpfc-Fe(Cl) (green) in presence of 0.1 M TBAP.

Table S2. Electrochemical data (0.5 mM metallocorrole, 0.1 M TBAP, scan rates of 0.1V/s) with
potentials listed vs. Ag/AgCl*

Compound Name Redox Potentials (V)
1-Co(PPh3)® 0.69, -1.45
1-Co(Py)," 0.50, -1.44
2-Co(Py)," 0.52,-1.48
1-Fe(NO) 0.03,-1.52
tpfc-Fe(NO) 0.09, -1.43
tpfe-Fe(Cl) © 0.49, -1.52

(a) The potential recorded for the Fc¢/Fc* couple in CH3CN was 0.45 V.

(b)  The redox potentials of the Co "™ couples are not listed due to their irreversible
nature.

(c)  The redox potentials of the Fe """ couple is not listed due to its irreversible nature.
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Figure S25. Cyclic voltammograms of acetonitrile solution of 0.5 mM 1-CoPPhs in the presence
of argon (black) and carbon dioxide (red) respectively. The potentials are vs. Ag/AgCL.
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Figure S26. Cyclic voltammograms of acetonitrile solution of 0.5 mM 1-CoPy: in the presence of
argon (black) and carbon dioxide (red) respectively. The potentials are vs. Ag/AgCl.
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Figure S27. Cyclic voltammograms of acetonitrile solution of 0.5 mM 2-CoPy: in the presence of
argon (black) and carbon dioxide (red) respectively. The potentials are vs. Ag/AgCl.
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Figure S28. Gas chromatography plots displaying the signals corresponding to (a) a pure CO
sample with retention time of 11 min and (b) that corresponding to a headspace gas mixture after
2 hours of bulk electrolysis of a solution containing 1-Fe(NO) as the catalyst.
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