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EXPERIMENTAL SECTION  

1. Materials and Reagents 

Reagents and solvents were purchased from commercial sources and used as received unless otherwise 

stated. Triethylamine and di-isopropylethylamine were distilled over potassium hydroxide and stored under 

argon. Ascorbic acid (AscH) (≥ 99 %) was purchased from Sigma-Aldrich® and used without further purification. 

Photoredox catalyst [Cu(bathocuproine)(Xantphos)](PF6) (PCCu),[1] and [Ir(ppy)2(bpy)](PF6) (HPCIr),[2] and 

complexes [Co(OTf)(Py2Tstacn)](OTf) (1)[3] and [Co(OTf)2(TPA)] (6),[4] and ligands N4Py,[5] DPA-Bpy,[6] 

BpcMe,[7] H-CDPy3[8] and (S,S)-PDP[8] were synthesized according to the literature procedures. Photoredox 

catalysts [Ir(ppy)2(dmab)](PF6) (NMe2PCIr) and [Ir(ppy)2(dcbpy)](PF6) (CO2HPCIr) were synthesized from a modified 

procedure from the literature.[9] Anhydrous acetonitrile was purchased from Sigma-Aldrich® Water (18.2 

MΩ·cm) was purified with a Milli-Q Millipore Gradient AIS system. All solvents were degassed by the freeze-

pump-thaw method and stored under argon. 

2. Instrumentation 

Nuclear magnetic resonance (NMR). NMR spectra were recorded on Bruker Fourier300, AV400, AV500 and 

AVIII500 spectrometers using standard conditions (300 K). All 1H chemical shifts are reported in ppm and have 

been internally calibrated to the residual protons of the deuterated solvent. The 13C chemical shifts have been 

internally calibrated to the carbon atoms of the deuterated solvent. The coupling constants were measured in 

Hz. 

Microanalyses. Elemental analyses were performed using a CHNS-O EA-1108 elemental analyzer from 

Fisons. Mass Spectrometry. Electrospray ionization mass spectrometry (ESI-MS) experiments were performed 

on a Bruker Daltonics Esquire 3000 Spectrometer using a 1 mM solution of the analysed compound, by 

introducing the sample directly into the ESI-source using a syringe.  

Mass Spectrometry. Electrospray ionization mass spectrometry (ESI-MS) experiments were performed on a 

Bruker Daltonics Esquire 3000 Spectrometer using a 1 mM solution of the analyzed compound, by introducing 

the sample directly into the ESI-source using a syringe. High resolution mass spectra (HRMS) were recorded 

on a Bruker MicroTOF-Q IITM instrument with an ESI source at Serveis Tècnics of the University of Girona. 

Samples were introduced into the mass spectrometer ion source by direct infusion through a syringe pump and 

were externally calibrated using sodium formate.  

Electrochemistry. All the electrochemical experiments were performed with a VSP potentiostat from BioLogic, 

equipped of the EC-Lab software. CV measurements were carried out under Ar atmosphere by using 1 mM 

solutions of cobalt complexes or Ir photoredox catalysts in CH3CN, with tetrabutylammonium tetrfluoroaborate 

(TBAPF6) as supporting electrolyte (0.1 M). A single-compartment cell was employed, with glassy carbon (GC) 

working electrodes (3 mm and 1 mm diameter). Additionally, a Pt wire was used as a counter electrode and a 

Ag/AgCl wire as pseudo-reference, immerged in a bridge tube containing the same electrolyte solution (0.1 M 

TBAPF6/CH3CN) and separated from the working solution by a porous tip. Ferrocene (Fc) was added to the 

solution as an internal standard and all the potentials are first referenced vs. the Fc+/0 redox couple and then 

vs. SCE. The working electrodes were polished by using 0.05 µm alumina powder (CHInstruments) on a 

polishing pad wet with distilled H2O, followed by rinsing with distilled water/acetone and sonication to remove 

the residues of alumina over the electrode. 

UV-Vis spectroscopy. UV-vis spectra were recorded on an Agilent 8453 diode array spectrophotometer (190-

1100 nm range) in 1 cm quartz cells. A cryostat from Unisoku Scientific Instruments was used for the 

temperature control. 

Fluorescence spectroscopy. Fluorescence measurements were carried out on a Fluorolog Horiba Jobin Yvon 

spectrofluorimeter equipped with photomultiplier [or InGaAs if using the nitrogen cooled detector] detector, 

double monochromator and Xenon light source. Sample preparation was same as that of absorption 

experiments in 1 cm quartz cells.  
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Gas chromatography analysis. The analysis and quantification of the starting materials and products were 

carried out on an Agilent 7820A gas chromatograph (HP5 column, 30m or Cyclosil-B column, 30m) and a flame 

ionization detector. The enantioselectivity was determined by comparison with the pure samples synthesized 

by the reported procedures.[10] 

Gas chromatography – mass spectrometry (GC-MS). GC-MS spectral analyses were performed on an 

Agilent 7890A gas chromatograph interfaced with an Agilent 5975c MS mass spectrometer. 

Parallel Pressure Transducer Hardware. The parallel pressure transducer sensors that we used for these 

studies is the same that was previously reported for the water oxidation studies in our group.[11] This is composed 

by 8 differential pressure transducers (Honeywell-ASCX15DN, ± 15 psi) connected to a hardware data-

acquisition system (base on Atmega microcontroller) controlled by a home-developed software program. The 

differential pressure transducer Honeywell-ASCX15DN is a 100 microseconds response, signal-conditioned 

(high level span, 4.5 V) output, calibrated and temperature compensated (0 ºC to 70 ºC) sensor. The differential 

sensor has two sensing ports that can be used for differential pressure measurements. The pressure calibrated 

devices to within ± 0.5 matm was offset and span calibrated via software with a high precision pressure 

transducer (PX409-030GUSB, 0.08 % Accuracy). Each of the 8 differential pressure transducers (Honeywell-

ASCX15DN, ±15 psi) produce voltage outputs that can be directly transformed to a pressure difference between 

the two measuring ports. The voltage outputs were digitalized with a resolution of 0.25 matm from 0 to 175 

matm and 1 matm from 176 to 1000 matm using an Atmega microcontroller with an independent voltage auto-

calibration. Firmware Atmega microcontroller and control software were home-developed. The sensitivity of H2 

analytics allows for quantification of the gas formed when low H2 volumes are generated. However, it could not 

be discarded that small amount of H2 were produced by inactive complexes. 

Gas chromatography identification and quantification of gases. Gases at the headspace were analyzed 

with an Agilent 7820A GC System equipped with columns Washed Molecular Sieve 5A, 2m x 1/8’’ OD, Mesh 

60/80 SS and Porapak Q, 4m x 1/8’’ OD, SS. Mesh: 80/100 SS and a Thermal Conductivity Detector. The 

quantification of the H2 obtained was measured through the interpolation of a previous calibration using different 

H2/N2 mixtures. 

In-house developed parallel photoreactor:  

An in-house developed parallel blue LED ( = 447±20 nm, 1030 mW @ 700mA) photoreactor with 25 equivalent 

positions was used to perform the photocatalytic reactions, allowing for strict reaction temperature control by a 

high precision thermoregulation Hubber K6 cryostat (more information reported elsewhere).[12] The reactor is 

made of two modules - a reaction module and an irradiation module – which are independently maintained at 

constant temperature thanks to independent liquid circuits enabling the heating/cooling of the reaction module 

and the cooling of the irradiation module. The modules consist of anodized aluminum blocks and are separated 

by a thermal insulating layer. The photoreactor is typically powered with a power supply of 80 V and current of 

0.7 A (2.1 W per LED). Light intensity can be easily change by modifying the current. The LEDs are fixed onto 

five different printed circuits (one for each row) all connected in series. Actinometry in combination with 

photodiode measurements were used to measure the quantity of photons at given electrical current source.[12-

14] 
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Figure S. 1.  In-house developed parallel photoreactor. 

 

 

Figure S. 2.  Reproducibility test at short reaction time of the 25-well photoreactor in the photoreduction of styrene (16) as 

model substrate. The reaction was stopped after only 35 min to better test the dispersion in speed of the reaction depending 

of the position in the photoreactor. Conditions A: Co-Cat (261 M, 3% mol), PCCu (261 M, 3% mol), 16 (8.7 mM) in 

H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation (447 nm) for 35 min at 15 ºC under N2. Yields determined by GC analysis after 

workup relative to a calibrated internal standard. Values were average of triplicates. Values are ethylbenzene (16a) GC-

FID yields. 

 

3. Experimental Procedures 

General procedure employed in reaction screening conditions for the light-driven reduction of 

monosubstituted aromatic alkenes (16-27). All catalytic reactions were conducted in a 20 mL septum-capped 

vial under vigorous stirring using an orbital stirrer and irradiating at 447 nm for 5h under nitrogen atmosphere 

at 15 ºC, unless otherwise indicated. Catalytic assays were performed using PCCu as photoredox catalyst (261 

M, 3% mol) in H2O:CH3CN:Et3N (6:4:0.2 mL) reaction solvent mixture, together with the corresponding 

Competitor 3:

Std. dev.   3 

4143 35 38 40

4339 42 42 39

3844 35 41

4140 45 40 40

3938 34 38 39

Blank
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substrate (8.7 mM), and complex 1 (261 M, 3% mol). After reaction completion, biphenyl was added as internal 

standard and the crude was quenched by adding 2 mL of AcOEt. The crude was purified by extraction with 

AcOEt (1 x 3 mL), an aliquote of the organic phase was passed through a plug of MgSO4 which was eluted with 

AcOEt. This sample was subjected to GC analysis to determine the conversion of 13a-m and the yield of the 

desired product a-m. All GC yields reported are an average of at least two runs. 

General procedure for the reduction of 1,1-disubstituted aromatic olefins (28-36). All catalytic reactions 

were conducted in a 20 mL septum-capped vial under vigorous stirring using an orbital stirrer and irradiating at 

447 nm for 24h under nitrogen atmosphere at -3 ºC, unless otherwise indicated. Catalytic photoreductions were 

performed in H2O:CH3CN:iPr2EtN (6:4:0.2 mL) reaction solvent mixture, substrate (4.4 mM), PCCu (261 M, 6% 

mol), 1 (261 M, 6% mol), unless otherwise indicated. A 447 nm LED was employed as light source. Biphenyl 

was added as internal standard after the reaction and the reaction was quenched by adding 2 mL of AcOEt. 

The crude reaction mixtures were purified by extraction with AcOEt (1 x 3 mL), the organic layer was passed 

through a MgSO4 plug which was eluded with more AcOEt. The resulting organic solution was subjected to GC 

analysis to determine the conversion of 15a-h and the yield of the desired products 16a-h respectively. All GC 

yields reported are an average of at least two runs. 

General procedure for product isolation. The light-driven photocatalytic reductions of a targeted substrate 

were carried out under the optimized conditions described above. The crude mixtures of at least 16 independent 

reactions (equally prepared) for each compound were combined and extracted with CH2Cl2 (3 x 40 mL). Organic 

fractions were combined, dried over MgSO4 and the solvent removed under reduced pressure. The resulting 

crude oil was purified by silica gel column chromatography with Hexane/AcOEt (9:1) to obtain the desired 

reduced product and the isolated yields reported are an average of at least 16 reactions.  

Gas-evolution monitoring studies. Each experiment was conducted in a 20 mL volume-calibrated-vial caped 

with a septum equipped with stir-bars and containing the solvent mixture and reagents. Each reaction vial was 

connected to one of the ports of a differential pressure transducer sensor (Honeywell-ASCX15DN) and the other 

port to a reference reaction. Reference reactions, have all components of the reaction except the catalyst. The 

reaction and reference vials are kept under the same experimental conditions to compensate the noise due to 

temperature-pressure fluctuations. To ensure a constant and stable irradiation, the LED sources were equipped 

with a water refrigeration system. This is composed for a refrigerated aluminum block by a Huber cryothermostat 

(refrigeration system, Minichiller -40ºC-20ºC). This block is shaken by an Orbital Shaker (IKA KS 260 Basic 

Package) which provides the agitation of the reaction vessels during the irradiation time. The aluminum block 

accommodates 16 vials (20 mL) capped with septum in which the reaction takes place. Each vial is submitted 

and located over a LED irradiation source (Royal-Blue Rebel LEDs ( = 447±20 nm). The reaction began when 

the LEDs were turned on. At this point, the hydrogen evolved from the reactions was monitored by recording 

the increase in pressure of the headspace (1 second interval). The pressure increment is the result of the 

difference in pressure between the reaction and reference vials. After the hydrogen evolution reached a plateau 

the amount of the gas formed was measured equilibrating the pressure between reaction and reference vials. 

The gases at the headspace of the reaction vials and references in each of the reactions were quantified by the 

analysis of an aliquot of gas at the headspace (0.2 mL) by gas chromatography.  

Poisoning studies with Hg0. Catalytic reactions were performed in the presence of Hg(0) in a 10 mL septum-

capped vials. Each experiment was conducted following the general procedure described above for the light-

driven reduction of compounds 16-27. Hg(0) was added in large excess (>2000 equiv. with respect to catalyst) 

before starting the reaction by weighting it directly in the reaction vial prior addition of the stock solutions of all 

the other components. The solution was vigorously stirred for 5 minutes with an orbital stirrer and then the 

kinetics were performed by irradiating with a LED at 447 nm for 2h. The yield of 16a was determined at several 

points during the kinetic study by taking aliquots of the reaction at different times. The LEDs were switched off 

and a new argon-purged syringe was used to take each aliquot. The yield at each time was determined by GC-

FID by the ratio between the area of the substrate and the area of the reduced product.  

Kinetic studies under H2 atmosphere. Catalytic reactions were performed in the presence of H2 in a 10 mL 

septum-capped vials. Each experiment was conducted following the general procedure described above for the 
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light-driven reduction of compounds 16-27. The reaction vials were then purged with pure H2 before starting the 

reaction. Then, kinetic experiments were performed by irradiating with a LED at 447 nm for 2h. The yield of 16a 

was determined at several points during the kinetic study by taking aliquots of the reaction at different times. 

The LEDs were switched off and a new argon-purged syringe was used to take each aliquot. The yield at each 

time was determined by GC-FID by the ratio between the area of the substrate and the area of the reduced 

product.  

General procedure employed for the deuterium studies with olefins 17, 18, 23, 28, 35 and 41. All catalytic 

reactions were conducted in a 10 mL septum-capped vial under vigorous stirring using an orbital stirrer and 

irradiating at 447 nm for 5h under nitrogen atmosphere at 15ºC, unless otherwise indicated. At least 16 identical 

reactions were used for each olefin to be able to isolate the deuterated products and analyse them. Catalytic 

assays were performed using PCCu as photoredox catalyst (261 M, 3% mol) in D2O:CH3CN:Et3N (6:4:0.2 mL) 

reaction solvent mixture, together with the corresponding substrate (8.7 mM), and complex 1 (261 M, 3% mol). 

After reaction completion, the crude mixtures of the independent reactions (equally prepared) for each 

compound were combined and extracted with CH2Cl2 (3 x 40 mL). Organic fractions were combined, dried over 

MgSO4 and the solvent removed under reduced pressure. The resulting crude oil was purified by silica gel 

column chromatography with Hexane/AcOEt (9:1) to obtain the desired reduced product and the isolated yields 

reported as the average of the 16 reactions. Modifications to the standard conditions: i) to obtain deuterated 

products [D]-28a and [D]-35a 6 mol % 1 and PCCu (6 mol%), as well as 4.4 mM substrate in D2O:CH3CN:iPr2EtN 

(6:4:0.2 mL) irradiated (447 nm) for 24 h at -3 ºC under N2 were used; ii) to obtain the deuterated dimeric product 

[D]-28b, standard conditions were used but modifying the substrate concentration to 16 mM and irradiation 5 h 

at 30 ºC; for olefin 41 standard conditions were used changing the substrate concentration down to 4.4 mM and 

irradiation at 25 ºC for 24 h. 

 

4. Electrochemistry of selected Co catalysts 

 

 

Figure S. 3.  Cyclic voltammetry (CV) of cobalt complexes 2, 3, 4, 5 and 6 (1 mM concentration) measured in dry acetonitrile 

and  tetrabutylammonium tetrafluoroaborate (TBAPF6) as supporting electrolyte using a three-electrode configuration under 

nitrogen atmosphere (see above for set-up details). Scan rate = 100 mV/s, glassy carbon working electrode. Potentials are 

referenced versus Ferrocene. 
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5. Synthesis of ligands and iridium and copper PC and characterization  

Synthesis of iridium photoredox catalysts and characterization 

dmab (2,2’-bipyiridine-4,4’-bis(dimethylamino)) ligand was synthesised as previously reported literature.[9, 15]  

Synthesis of [Ir(ppy)2(dmab)](PF6), (NMe2PCIr). IrCl3·xH2O (405 mg, 1.356 mmol), phenylpyridine (1.55 ml, 

10.85 mmol, 8eq), and ethylene glycol (15 mL). The reaction mixture was sonicated before microwave irradiation 

to increase homogeneity of the solution. The reaction was set in the microwave at 200 ºC for 60 min. A bright 

yellow solution with a pale-yellow solid was obtained. Then, dmab (493 mg, 2.035 mmol, 1.5 eq) was added 

and the reaction vessel was set again in the microwave reactor for 45 min at 200 ºC at normal power to afford 

an orange solution. The reaction mixture was cooled to r.t. and diluted with DI H2O (15 mL) and extracted with 

DCM (3 × 150 mL) (4 × 150 mL). The organic layers were combined and dried with anhydrous MgSO4, filtered 

and the solvent removed in vacuo to afford a yellow solid. The solid was dissolved in some mL of MeOH and, 

to this concentrated solution, ammonium hexafluorophosphate in MeOH (10.0 g in 100 mL of MeOH) was 

added. A yellow precipitate rapidly appeared, was filtered and dried to afford NMe2PCIr in 76% yield (0.915 g, 

1.03 mmol). 1H NMR (400 MHz, Acetone-d6) δ 8.19 (d, J = 8.1 Hz, 2H), 7.96 – 7.87 (m, 4H), 7.85 (d, J = 6.8 Hz, 

2H), 7.44 (d, J = 6.7 Hz, 2H), 7.20 (t, J = 6.6 Hz, 1H), 6.97 (t, J = 7.5 Hz, 2H), 6.80 (td, J = 7.5 Hz, 2H), 6.73 

(dd, J = 6.7, 2.8 Hz, 1H), 6.35 (d, J = 8.3 Hz, 2H), 3.19 (s, 12H). 13C NMR (101 MHz, Acetone-d6) δ 169.18, 

156.98, 155.99, 153.72, 149.70, 149.55, 145.15, 138.86, 132.69, 130.93, 125.61, 124.00, 122.55, 120.38, 

110.32, 106.61, 39.65. 19F NMR (376 MHz, Acetone-d6) δ -72.71 (d, J = 707.4 Hz). 32P NMR (162 MHz, Acetone-

d6) δ -141.15 (hept, J = 707.4 Hz). 

 

 

Scheme S. 1. Synthetic route for NMe2PCIr. 

 

Synthesis of [Ir(ppy)2(dcbpy)](PF6), (CO2HPCIr).This photoredox catalyst was synthesized following a 

previously modified procedure.[16] [Ir(ppy)2(µ-Cl)]2 (50.0 mg, 0.047 mmol) as a solution in dichloromethane (6 

mL) was added to a suspension of 4,4′-dicarboxy-2,2′-bipyridine (22.78 mg, 0.093 mmol) in methanol (6 mL). 

The reaction mixture was heated to reflux with stirring for 3 h under N2 atmosphere, and then sodium acetate 

(excess) in methanol (1.5 mL) was added. The mixture was heated for further 2 h and then cooled to room 

temperature. 

 

The solvent was removed under reduced pressure, hexafluorophosphoric acid (1 M, 5 mL) was added, and the 

suspension was stirred for 1 hour. The product was then filtered, washed with water (2 × 10 mL), and extracted 

into methanol. A saturated solution of ammonium hexafluorophosphate in methanol (2 mL) was added, and the 

mixture was stirred for further 30 min. The solvent was removed under reduced pressure, and the residue was 

extracted into dichloromethane and filtered. The mixture was condensed and purified through a short silica path 

using CH2Cl2 for the elution. The solvent was removed under reduced pressure to give iridium [bis(C,N-

phenylpyridine)-N,N-4,4′-carboxy-2,2′-bipyridine] hexafluorophosphate as a dark-red powder (39.0 mg, 46%). 
1H-NMR (acetone-d6, 400 MHz, 300 K) δ, ppm: 9.34 (s, 1H), 8.33 (d, 2H, J = 5.6 Hz), 8.25 (d, 2H, J = 8.0 Hz), 

8.17 (dd, 2H, J = 5.6, 1.6 Hz), 7.97 (td, 2H, J = 7.9, 1.5 Hz), 7.94-7.88 (m, 4H), 7.14 (ddd, 2H, J = 7.3, 5.9, 1.4 

Hz), 7.06 (td, 2H, J = 7.6, 1.2 Hz), 6.94 (td, 2H, J = 7.4, 1.3 Hz), 6.34 (dd, 2H, J = 7.5, 0.9 Hz). 13C{1H}-NMR 
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(acetone-d6, 100.6 MHz, 300 K) δ, ppm: 168.4, 164.8, 157.6, 152.7, 150.6, 150.4, 144.9, 141.6, 139.8, 132.4, 

131.4, 129.2, 125.9, 125.6, 124.6, 123.7, 120.9. MS (GC): 745.0 [M]. 

 

 
Scheme S. 2. Synthetic route for CO2HPCIr. 

- Mass spectrometry characterization of PCIr photoredox catalysts 

Table S. 1. Measured m/z: 743.2442 for NMe2PCIr (expected: 743.2469). 

 
 

 

 
Figure S. 4. HR-MS spectrum (top: full range, and bottom: zoom in the peak) for complex NMe2PCIr. 

 
Table S. 2. Measured m/z: 745.1448 for CO2HPCIr (expected: 745.1408). 
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Figure S. 5. HR-MS spectrum (top: full range, and bottom: zoom in the peak) for complex CO2HPCIr. 

 

- Electrochemical characterization of PCIr photoredox catalysts 

 

 

Figure S. 6. Cyclic voltammograms of NMe2PCIr (1 mM, green), HPCIr (1 mM, blue), CO2HPCIr (1 mM, red) and 1 (1 mM, 

purple). CVs were recorded using TBAPF6 (0.1 M) as a supporting electrolyte in dry acetonitrile. Scan rate = 100 mV/s, 

glassy carbon working electrode. Potentials are referenced versus SCE. Eox(NMe2PCIr) = 1.09 V; Eox(HPCIr) = 1.25 V; 

Eox(CO2HPCIr) = 1.31 V; Ered(NMe2PCIr) = -1.81 V; Ered(HPCIr) = -1.40 V; Ered(CO2HPCIr) = -1.01 V. 
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Table S. 3. Summary of reduction potentials measured for the PCIr series and the calculated for the excited state. 

 Eº(IrIII/II) 
(V vs SCE) 

Eº(IrII/III) 
(V vs SCE) 

(E00)
[17-18] 

(nm) 

E00 
(V vs SCE) 

Eº(Ir*III/II) 
(V vs SCE) 

Eº(Ir*III/IV) 
(V vs SCE) 

NMe2PCIr -1.81 1.09 500 2.48 0.67 -1.39 
HPCIr -1.40 1.25 600 2.07 0.67 -0.82 

CO2HPCIr -1.01 1.31 670 1.85 0.84 -0.54 

[17] J. I. Goldsmith, W. R. Hudson, M. S. Lowry, T. H. Anderson, S. Bernhard, J. Am. Chem. Soc. 2005, 127, 7502; 

[18] W. E. Jones Jr.; M. A. Fox J. Phys. Chem. 1994, 98, 5095. 

The energy E00 was calculated from Planck’s equation: E00 = hv = hc/λ. E00 was calculated in Joules taking the Planck 

constant as h = 6.62607015·10-34 J·s, the speed of light constant as c = 2.99792·1017 nm·s-1 and the corresponding 

wavelength λ in nm. The obtained E00 (J) was converted to Volts dividing by the elementary electric charge (electron) in 

Coulombs (1.60217733·10-19 C). The value of λ for each complex was taken at the first peak of the emission spectra as an 

approximation to the 0-0 transition (energy gap between the zeroth vibrational level of the ground and excited states of the 

PC). The corresponding λ and E00 values are included in table S1 in the supporting information. 

 

Figure S. 7. Linear correlation of the experimental E1/2(IrIII/II) vs σ. *the redox potential of tBuPCIr has not been measured but 

has been taken from litrature for comparative reasons. 

 

-Absorption and emission spectra of of PCIr photoredox catalysts 

 

Figure S. 8. Normalized absorption and emission spectra of a) HPCIr, b) NMe2PCIr, and c) CO2HPCIr at 10 μM concentration in 

CH3CN, (V = 2 mL); cell path length = 1 cm; T = 25 °C. 

- Synthesis of copper photoredox catalysts and characterization 

Xantphos, Batho-H and Batho-SO3
- ligands were used as obtain from commercial sources.  

Batho-Cl ligand was synthesized according to previously reported procedures following scheme S1.[19] 1H-NMR 

(400 MHz, CDCl3) δ(ppm): 8.24 (s, 2H), 7.63 (s, 2H), 2.93 (s, 6H). 
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Synthesis of Batho-I ligand: batho-I was synthesized from a modified procedure from literature.[20] Briefly, 

batho-Cl (0.15 g, 0.54 mmol) was dissolved in DCM (2 mL). Then, HCl 4M (0.5 mL) in 1,4-dioxane were added 

and a purple precipitate formed the solution. After 5 min the reaction was cannulated, and the purple precipitate 

dried under vacuum. Then, the solid was mixed with dried NaI (1.62 g, 20 eq) in anhydrous MeCN (6 mL) and 

refluxed for 72 h, after which time the reaction had turned yellow. After cooling to rt, NaOH (10%, 5 mL) was 

added and the rude was extracted with DCM (3 x 30 mL). Organic phases were dried using anhydrous MgSO4 

and the solvent removed under reduced pressure. The oil was purified by silica column chromatography using 

AcOEt:hexnes:MeOH (16:3:1) mixture and 1 % NH3 as eluent, obtaining a yellow solid in 93 % yield. 1H-NMR 

(400MHz, CDCl3) δ (ppm): 8.11 (s, 2H), 8.03 (s, 2H), 2.88 (s, 6H). 

 

 

Scheme S. 3. Synthetic procedure for the syntehsis of batho-I ligand. 

Copper derived photoredox catalysts PCCu, IPCCu and SO3PCCu were synthesised from a modified procedure 

from the literature.[1] 

 

Synthesis of IPCCu: In an oven-dried Schlenk tube, [Cu(MeCN)4]PF6 (0.17 g, 0.44 mmol, 1 equiv.) and 

Xantphos (0.26 g, 0.44 mmol, 1 equiv.) are dissolved in dry DCM (to give a final concentration around 0.05M) 

at rt. The resulting solution is stirred at reflux overnight. The reaction mixture was then allowed to cool to room 

temperature and batho-I ligand (0.20 g, 0.44 mmol, 1 equiv.) was added at room temperature dissolved in a 

minimal amount of DCM. The reaction mixture turned yellow, orange and red while addying the diamine ligand 

and was left stirrying at rt for 3 h until no further color change was observed (at this point a pale orange solution 

was observed). The reaction mixture was then filtered and the filter cake washed with DCM. The organic solved 

was removed under reduced pressure. The resulting solid was purified by recrystallization in a DCM/Et2O 

mixture at rt yielding a dark yellow solid in 89 % yield. 1H-NMR (400MHz, CDCl3) δ (ppm): 8.14 (s, 2H), 8.02 (s, 

2H), 7.22-7.18 (m, 6H), 7.05-6.98 (m, 20H), 2.23 (s, 6H), 1.67 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 160 (Cq), 

145 (Cq) 136 (Cq), 133.9 (Ph-C), 132.9(Ph-C), 130.9(Ph-C), 130.3(Py-C), 129.9 (Ph-C), 128.9 (Ph-C), 128.7 

(Ph-C/Py-C), 35.5 (Cq), 28.5 (-CH3), 26.7 (-CH3). 

 



13 
 

 

Scheme S. 4. Synthetic route for IPCCu. 

Synthesis of SO3PCCu: In an oven-dried Schlenk tube, [Cu(MeCN)4]PF6 (0.16 g, 0.43 mmol, 1 equiv.) and 

Xantphos (0.25 g, 0.43 mmol, 1 equiv.) are dissolved in dry DCM (to give a final concentration around 0.05M) 

at rt. The resulting solution is stirred at reflux overnight. The reaction mixture was then allowed to cool to room 

temperature and batho-SO3
- ligand (0.24 g, 0.43 mmol, 1 equiv.) was added at room temperature dissolved in 

a minimal amount of MeCN to guarantee its complete solubility. The reaction mixture turned orange and was 

then heated at 50 ºC for 24 h to enable complete solubility and reactivity of the batho-SO3
- ligand. The reaction 

mixture was then allowed to cool to room temperature and filtered and the filter cake washed with DCM. The 

organic solved was removed under reduced pressure yielding a dark yellow solid in 80 % yield. 1H-NMR 

(400MHz, CDCl3) δ (ppm): 7.82-7.78 (m, 2H), 7.66-7.60 (m,6H), 7.32-7.25 (m, 10H), 7.17-7.09 (m, 20H), 2.40 

(s, 6H), 1.75 (s, 6H). 13C NMR (101 MHz, CD3CN:D2O (2:1)) δ 160 (Cq), 145 (Cq), 133.6 (Ph-C/Py-C), 132.4 

(Ph-C), 130.9 (Ph-C), 130.6 (Cq), 130.2(), 129.4 (Py-C), 128.9, 127.1 (Ph-C), 126.9 (Ph-C), 126.4 (Ph-C), 126.2 

(Ph-C), 124.1 (Py-Cq), 28.6 (-CH3), 27.6 (-CH3). 

 

 

Scheme S. 5. Synthetic route for SO3PCCu. 
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- NMR Characterization of PCCu photoredox catalysts 

 
Figure S. 9. APT-13C spectra of IPCCu in CDCl3. ATP: Attached proton test. The compound presented very low solubility in 

CDCl3.  

 

 
Figure S. 10. DEPT-13C spectra of SO3PCCu in CD3CN:D2O mixture. The compound presented very low solubility.  
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- Mass spectrometry characterization of PCCu photoredox catalysts 

Table S. 4. Measured m/z: 1101.0122 for IPCCu (expected 1101.0152). 

 
 

 

 

 

 
Figure S. 11. HR-MS spectrum (top: full range, and bottom: zoom in the peak) for complex IPCCu. 

 

 

Table S. 5. Measured m/z: 1159.1836 for SO3PCCu (expected: 1159.1836). 
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Figure S. 12. HR-MS spectrum (top: full range, and bottom: zoom in the peak) for complex SO3PCCu. 

 

- Electrochemical characterization of PCCu 

Table S. 6. Summary of reduction potentials measured for the PCCu series. 
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- Spectroscopic characterization of PCCu 

 

 

Figure S. 13. UV-vis absorption spectrum of PCCu (0.1 mM) in MeCN. 

 

 

Figure S. 14. UV-vis absorption spectrum of IPCCu (0.1 mM) in MeCN. 

 

 

Figure S. 15. UV-vis absorption spectrum of SO3PCCu (0.1 mM) in MeCN. 
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Figure S. 16. UV-vis absorption spectrum of PCCu (0.1 mM) in H2O:MeCN (3:2). 

 

 

Figure S. 17. UV-vis absorption spectrum of IPCCu (0.1 mM) in H2O:MeCN (3:2). 

 

 

Figure S. 18. UV-vis absorption spectrum of SO3PCCu (0.1 mM) in H2O:MeCN (3:2). 

 

0

2000

4000

6000

8000

350 400 450 500

ε
(M

-1
)

Wavelength (nm)

max 388nm
ε= 7650 cm-1 M-1

0

2000

4000

6000

8000

350 400 450 500

ε
(M

-1
)

Wavelength (nm)

max 396 nm
ε= 6060 cm-1 M-1 

0

2000

4000

6000

8000

350 400 450 500

ε
(M

-1
)

Wavelength (nm)

max 388 nm
ε= 5810 cm-1 M-1



19 
 

 

Figure S. 19. UV-vis absorption spectrum of SO3PCCu (0.1 mM) in H2O. 

 

 

Figure S. 20. Emission spectrum (ex = 388 nm and em max is 581 nm) of PCCu (0.1 mM) in MeCN. 

 

 

Figure S. 21. Emission spectrum (ex = 398 nm and em max is 601 nm) of IPCCu (0.1 mM) in MeCN. 
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Figure S. 22. Emission spectrum (ex = 382 nm and em max is 560 nm) of SO3PCCu (0.1 mM) in MeCN. 

 

 

Figure S. 23. Emission spectrum (ex = 388 nm and em max is 583 nm) of PCCu (0.1 mM) in H2O:MeCN (3:2). 

 

 

Figure S. 24. Emission spectrum (ex = 396 nm and em max is 587 nm) of IPCCu (0.1 mM) in H2O:MeCN (3:2). 
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Figure S. 25. Emission spectrum (ex = 388 nm and em max is 586 nm) of SO3PCCu (0.1 mM) in H2O:MeCN (3:2). 

 

Table S. 7. Summary of the spectroscopic data and redox ptential of the excited sate for the copper photoredox catalysts. 

 

 

6. Synthesis of substrates 

-Synthesis of but-1-en-2-ylbenzene (29) 

  

But-1-en-2-ylbenzene (29) was prepared by a Wittig olefination according to previously reported procedure.[21] 

1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.46-7.43 (m, 2H), 7.38-7.33 (m, 2H), 7.31-7.27 (m, 1H), 5.31-5.29 

(m, 1H), 5.09-5.08 (m, 1H), 2.55 (m, 2H), 1.14 (t, J = 7.6 Hz, 3H). MS (GC): 132.1 [M]. 

 

-Synthesis of (3-methylbut-1-en-2-yl)benzene (30) 

 

(3-methylbut-1-en-2-yl)benzene (30) was prepared by a Wittig olefination according to previously reported 

procedure.[21] 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.39-7.33 (m, 4H), 7.31-7.28 (m, 1H), 5.18-5.17 (m, 

1H), 5.07-5.06 (m, 1H), 2.92-2.82 (m, 1H), 1.13 (d, J = 6.8 Hz, 6H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, 

ppm: 155.81, 142.85, 128.11, 127.02, 126.62, 109.97, 32.35, 22.05. MS (GC): 146.1 [M]. 
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MeCN:H2O (2:3) 396 6060 587 8217 532 2.33
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SO3PCCu MeCN:H2O (2:3) 388 5810 586 8708 492 2.52

MeCN 382 3530 560 8321 -1.66 490 2.53 0.87
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-Synthesis of (3,3-dimethylbut-1-en-2-yl)benzene (32) 

 

(3,3-dimethylbut-1-en-2-yl)benzene (32) was prepared by a Wittig olefination acording to previously reported 

procedures.[21] 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.35-7.28 (m, 3H), 7.20-7.18 (m, 2H), 5.22 (d, J = 1.6 

Hz, 1H), 4.82 (d, J = 1.6 Hz), 1.17 (s, 9H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 159.85, 143.50, 

129.01, 127.28, 126.24, 111.51, 36.13, 29.68. MS (GC): 160.1 [M]. 

-Synthesis of 1-methoxy-4-(prop-1-en-2-yl)benzene (33) 

 

1-methoxy-4-(prop-1-en-2-yl)benzene (33) was prepared by a Wittig olefination acording to previously 

reported procedures.[21] 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.44-7.41 (m, 2H), 6.89-6.86 (m, 2H), 5.30-

5.29 (m, 1H), 5.00-4.99 (m, 1H), 3.82 (s, 3H), 2.14-2.13 (m, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, 

ppm: 159.07, 142.56, 133.76, 126.59, 113.54, 110.66, 55.29, 21.92. MS (GC): 148.1 [M]. 

 

-Synthesis of 1-(prop-1-en-2-yl)-4-(trifluoromethyl)benzene (34) 

 

1-(prop-1-en-2-yl)-4-(trifluoromethyl)benzene (34) was prepared by a Wittig olefination acording to previously 

reported procedures.[21] 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.60-7.54 (m, 4H), 5.45-5.44 (m, 1H), 5.20-

5.19 (m, 1H), 2.17-2.16 (m, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 144.76, 142.21, 133.74 (d, J 

= 19.5 Hz), 132.11 (d, J = 9.96 Hz), 128.56 (q, J = 14.28 Hz), 125.77, 125.17 (q, J = 3.8 Hz), 114.55, 21.66. MS 

(GC): 186.1 [M]. 

 

-Synthesis of methyl-5-phenylhex-5-enoate (35) 

 

Methyl-5-phenylhex-5-enoate (35) was prepared by Wittig olefination of the corresponding commercially 

available ketone according to previously reported procedure.[22] 1H-NMR (CDCl3, 500 MHz, 300 K) δ, ppm: 7.42-

7.38 (m, 2H), 7.35-7.30 (m, 2H), 7.29-7.24 (m, 1H), 5.30 (d, J = 1.4 Hz, 1H), 5.07 (q, J = 1.3 Hz, 1H), 3.66 (s, 

3H), 2.55 (td, J = 7.7, 1.2 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.79 (quint, J = 7.5 Hz, 2H). 13C{1H}-NMR (CDCl3, 

100.6 MHz, 300 K) δ, ppm: 174.17, 147.73, 141.07, 128.57, 127.69, 126.34, 113.16, 51.72, 34.82, 33.61, 23.61. 

MS (GC): 204.0 [M]. 

-Synthesis of 5-phenylhex-5-en-1-ol (36) 
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A oven-dried 50 mL two-necked round-bottomed flask equipped with a stirring bar and a dropping funnel and 

connected to an argon inlet was charged with dry CH2Cl2 (10 mL) and substrate S1 (604 mg, 2,96 mmol). The 

flask was immersed in dry-ice/acetone bath. Then, a solution of DIBAL-H 1M (5,8 mL, 5,92 mmol) in THF was 

slowly added via the dropping funnel. After being stirred for 2h at dry ice temperature, the cooling bath was 

removed and the mixture allowed to warm to room temperature. The reaction was quenched with saturated 

ammonium chloride solution, the mixture was extracted two times with diethyl ether and the combined organic 

layers were washed with brine, dried over magnesium sulfate and concentrated under reduced pressure. Then, 

pure product was obtained in 70% (363 mg) by flash chromatography in silica gel (hexanes/ethyl acetate 

(80:20). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.43-7.37 (m, 2H), 7.36-7.30 (m, 2H), 7.29-7.23 (m, 1H), 

5.27 (d, J = 1.5 Hz, 1H), 5.07 (q, J = 1.4 Hz, 1H), 3.64 (q, J = 5.5 Hz, 2H), 2.54 (td, J = 7.4, 1.3 Hz, 2H), 1.66-

1.47 (m, 4H), 1.22-1.16 (m, 1H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 148.5, 141.4, 128.4, 127.5, 

126.3, 112.6, 63.0, 35.2, 32.5, 24.5. 

 

-Synthesis of (E)-5-phenylpent-4-en-1-ol (39) 

 

(E)-5-phenylpent-4-en-1-ol (39) was prepared according to previously reported procedures.[23] 1H-NMR 

(CDCl3, 400 MHz, 300 K) δ, ppm: 7.37-7.26 (m, 4H), 7.23-7.16 (m, 1H), 6.42 (dt, J = 15.8, 1.5 Hz, 1H), 6.23 (dt, 

J = 15.8, 6.9 Hz, 2H), 3.71 (t, J = 6.5 Hz, 2H), 2.36- 2.27 (m, 2H), 1.81-1.71 (m, 2H), 1.44 (s br, 1H). 13C{1H}-

NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 137.8, 130.6, 130.2, 128.7, 127.1, 126.1, 62.6, 32.4, 29.5. 

 

-Synthesys of (E)-5-phenylpent-4-enamide (41) 

 

(E)-5-phenylpent-4-enamide (41) was prepared according to previously reported procedures.[24] 1H-NMR 

(CDCl3, 400 MHz, 300 K) δ, ppm: 7.37-7.35 (m, 2H), 7.34-7.30 (m, 2H), 7.25-7.22 (m, 1H), 6.50-6.45 (m, 1.5 

Hz, 1H), 6.28-6.22 (m, 2H), 5.56-5.51 (br m, 2H), 2.61-2.56 (m, 2H), 2.44- 2.41 (m, 2H). 13C{1H}-NMR (CDCl3, 

100.6 MHz, 300 K) δ, ppm: 174.51, 137.26, 131.16, 128.53, 128.51, 127.22, 126.06, 35.48, 28.68. MS (GC): 

175.1 [M]. 

 

-Synthesis of (1-(2-phenylcyclopropyl)vinyl)benzene (42) 
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(1-(2-phenylcyclopropyl)vinyl)benzene (42) was prepared according to previously reported procedures 

through a Corey-Chaykovsky reaction[25] and further Wittig olefination gave the targeted olefin.[21] 1H-NMR 

(CDCl3, 400 MHz, 300 K) δ, ppm: 7.53-7.47 (m, 1H), 7.31-7.22 (m, 5H), 7.21-7.15 (m, 1H), 7.15-7.11 (m, 2H), 

5.36 (s, 1H), 5.05-5.02 (m, 1H), 2.03-1.91 (m, 2H), 1.42-1.35 (m, 1H), 1.30-1.22 (m, 2H). 13C{1H}-NMR (CDCl3, 

100.6 MHz, 300 K) δ, ppm: 148.5, 142.7, 141.2, 128.6, 128.4, 127.7, 126.2, 125.9, 109.5, 28.0, 26.6, 16.0. MS 

(GC): 220.1 [M]. 

 

7. Control experiments in the photoreduction of styrene (16) 

Styrene (16) was used as a model substrate for the optimization of the catalytic conditions when using PCCu as 

photoredox catalyst and 1 as catalyst. 

- Optimization of the catalytic system 

Table S. 8. Optimization of the catalytic conditions for the reduction of 16 using PCCu as photoredox catalyst and 1 as 

catalyst. 

 

 

 

 

Entry 
[Substrate] 

(mM) 

Temp. 

(ºC) 

[1] 

(mol %) 

[PCCu] 

(mol %) 

% Yield 

16a 

% Yield 

16b 

1 16.5 35 1 1.5 67 11 

2 32 35 3 3 64 11 

3 16.5 35 3 3 81 6 

4 8.7 35 3 3 86 4 

5 8.7 35 3 1.5 92 4 

6 8.7 35 3 0.75 83 7 

7 8.7 15 3 3 91 0 

8 8.7 15 3 3[a] 10 0 

9 8.7 15 3 3[b] 78 0 

Conditions: 1 (% mol), PCCu (% mol), substrate (mM) as indicated in the table in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation 

at = 447 nm for 5 h at 35 or 15 ºC under N2. Yields were determined by GC analysis after workup of the reaction and they 

are relative to a calibrated internal standard. Values are average of triplicates. [a] IPCCu was used instead of PCCu. [b] SO3PCCu 

was used instead of PCCu.  
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- Control experiments 

Table S. 9. Blank experiments for styrene (16) reduction when using PCCu as photoredox catalyst and 1 as catalyst. 

 

 

 

 

 

Entry  
[Substrate] 

(mM) 

[PCCu] 

(mol%) 

[1] 

(mol%) 

Temperature 

(º C) 
% Conv. % 16a % 16b 

1 16.5 1 0 35 2 n.d. n.d. 

2 16.5 0 1.5 35 2 n.d. n.d. 

3 32 3 0 35 3 n.d. n.d. 

4 32 0 3 35 4 n.d. n.d. 

5 16.5 3 0 35 2 n.d. n.d. 

6 16.5 0 3 35 3 n.d. n.d. 

7 8.7 3 0 35 4 n.d. n.d. 

8 8.7 0 3 35 2 n.d. n.d. 

9 8.7 1.5 0 35 4 n.d. n.d. 

10 8.7 0 3 35 3 n.d. n.d. 

11 8.7 0.75 0 35 1 n.d. n.d. 

12 8.7 0 3 35 2 n.d. n.d. 

13 8.7 3 0 15 2 n.d. n.d. 

14 8.7 0 3 15 3 n.d. n.d. 

15 8.7 3 0 25 2 n.d. n.d. 

16 8.7 0 3 25 3 n.d. n.d. 

17 8.7 3 0 45 1 n.d. n.d. 

18 8.7 0 3 45 2 n.d. n.d. 

19 8.7 3 0 55 1 n.d. n.d. 

20 8.7 0 3 55 3 n.d. n.d. 

21 8.7 3 0 80 2 n.d. n.d. 

22 8.7 0 3 80 3 n.d. n.d. 

23 32 10 0 55 4 n.d. n.d. 

24 8.7 10 0 55 2 n.d. n.d. 

25 32 10 0 45 4 n.d. n.d. 

26 8.7 10 0 45 3 n.d. n.d. 

27 32 10 0 35 2 n.d. n.d. 

28 8.7 10 0 35 1 n.d. n.d. 

29 32 10 0 15 1 n.d. n.d. 

30 8.7 10 0 15 2 n.d. n.d. 

Conditions: 1 (% mol), PCCu (% mol), substrate (mM) as indicated in the table in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated at 

= 447 nm for 5 h at each temperature under N2. Yields were determined by GC analysis after workup and they are relative 

to a calibrated internal standard. Values are average of triplicates.  
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- Screening of cobalt salts 

Table S. 10. Control experiments for 16 reduction when using PCCu as photoredox catalyst and different cobalt salts. 

 

 

 

 

 

Entry Co-Salt % Conv. 16 % Yield 16a 

1 Co(SO4) x 7H2O 0 0 

2 Co(AcO) x 4H2O 0 0 

3 Co(NO3) x 6H2O 0 0 

4 Co(acac) 0 0 

5 CoCl2 0 0 

6 Co(OTf)2(MeCN)2 0 0 

7 1 (synthesized) 100 91 

8 1 (in situ generation) 100 90 

Conditions: Co-salt (261 M, 3% mol), (PCCu (261 mol, 3% mol), substrate (0.087 mmol, 8.7 mM) in 

H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated at = 447 nm for 5 h at 15 ºC under N2. [b] PCCu (2.5 mol, 1.5% mol), 

substrate (0.16 mmol, 16.5 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h at 30 ºC under N2. 

Yields were determined by GC analysis after workup of the reaction and they were relative to a calibrated internal 

standard. Values are average of triplicates.  
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8. Screening of photoredox catalysts and cobalt catalysts in the reduction of styrene (16) to ethylbenzene (16a) 

 

 
 
Figure S. 26. Comparison between the reduction potential of selected substrates, photoredox catalysts, and cobalt catalysts used in this study.  
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Figure S. 27. Photocatalytic reduction of styrene (16) to ethylbenzene (16a) by the selected photoredox catalysts. Catalytic 

conditions A: 1 (261 M, 3%), PCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation 

at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal 

standard. Values were average of triplicates. Represented values are as follows: Conv %, % yield 16a, % yield 16b. Values 

from the blank reactions without complex 1 are also represented. *Formation of an adduct with the electron donor (see GC-

FID chromatogram Figure S. 109). 

 

 

 

Figure S. 28. Photocatalytic reduction of styrene (16) to ethylbenzene (16a) by the selected nickel complexes. Catalytic 

conditions A: Catalyst (261 M, 3% mol), PCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 

mL) irradiation at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated 

internal standard. Values were average of triplicates. Represented values are as follows: Conv %, % yield 16a, % yield 16b. 
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Figure S. 29. Photocatalytic activities of different cobalt-based complexes in 16a and 16b formation. Top: 16a and 16b 

formation activity. Bottom: selectivity of 16a vs 16b. Conditions A: Co-Cat (261 M, 3% mol), PCCu (261 M, 3% mol), 16 

(8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation (447 nm) for 5h at 15 ºC under N2. Yields determined by GC analysis 

after workup relative to a calibrated internal standard. Values were average of triplicates.  
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Figure S. 30. Photocatalytic activities of different pentadentate cobalt-based complexes in H2 and 16a formation. 
[a]Conditions A: CoII-cat (3 mol%), PCCu (3 mol%), Substrate (8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated 5 h (447 

nm) at 15 ºC under N2. Quantity of reduced product (mol 16a) determined by GC analysis after workup relative to a 

calibrated internal standard. H2 was quantified by GC-TCD analysis of an aliquot of the head-space of the reaction. Values 

were average of triplicates.  

 

 
 

 
Figure S. 31. Photocatalytic activities of a family of tetradentate cobalt complexes based on the PyMe2tacn ligand with 

different electronic effects in H2 and 16a formation. [a]Conditions A: CoII-cat (3 mol%), PCCu (3 mol%), Substrate (8.7 mM) 

in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated 5 h (447 nm) at 15 ºC under N2. Quantity of reduced product (mol 16a) 

determined by GC analysis after workup relative to a calibrated internal standard. H2 was quantified by GC-TCD analysis of 

an aliquot of the head-space of the reaction. Values were average of triplicates.  
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9. Effect of the temperature in the photoreduction of styrene (16) and α-methylstyrene (28) to 

ethylbenzene (16a) and cumene (28a) respectively. 

 

 
 

 
Figure S. 32. Plot of the yield of reduced products 16a and 28a and their dimers 16b and 28b versus the reaction 

temperature. Catalytic conditions: A: 1 (261 M, 3% mol), PCCu (261 M, 3% mol), substrate 16 (0.087 mmol, 8 mM) in 

H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at  = 447 nm from 2h to 24h (depending on the temperature) at a given 

temperature under N2. B: 1 (261 M, 6% mol), PCCu (261 M, 6% mol), substrate 28 (9 mol, 4.4 mM) in 

H2O:MeCN:iPr2EtN (6:4:0.2 mL) irradiateion at  = 447 nm from 2h to 24h (depending on the temperature) at a given 

temperature under N2. Yields were determined by GC analysis after workup of the reaction and they were relative to a 

calibrated internal standard. Values are averages of triplicates. Dotted line indicates product yield in the photoreduction of 

16 when the reaction is not thermostated (~ 45 ºC). 
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10. Optimization of aromatic 1,1-disubstituted olefins 

-methylstyrene (28) was used as a model substrate for the optimization of the catalytic conditions when using 

PCCu as photoredox catalyst and 1 as catalyst. 

 
Table S. 11. Variation of the substrate concentration using the optimized conditions for styrene derivatives (16-27, see 

table 4 main text) photoreduction. 

Entry  
[Substrate] 

(mM) 

[PCCu] 

(mol%) 

[1] 

(mol%) 
ED 

T 

(ºC) 
% Conv. % 28a % 28b 

Mass 

loss 

1 8.7 3 3 TEA 15 100 40 45 15 

2 8.7 3 0 TEA 15 9 4 0 5 

3 4.4 3 3 TEA 15 100 45 38 17 

 

 

Table S. 12. Variation of the electron donor (ED) using the best substrate concentration from table SI.1.10. (4.4 mM) and 

the optimized conditions for styrene derivatives (16-27, see table 4 main text) photoreduction. 

Entry  
[Substrate] 

(mM) 

[PCCu] 

(mol%) 

[1] 

(mol%) 
ED 

T 

(ºC) 
% Conv. % 28a % 28b 

Mass 

loss 

1 4.4 3 3 TEA 15 100 45 38 17 

2 4.4 3 3 DIPEA 15 100 56 26 18 

3 4.4 6 6 TEA 15 100 47 34 19 

4 4.4 6 6 DIPEA 15 100 61 15 24 

 

 

Table S. 13. Variation of the dual catalytic system loading using the best ED (DIPEA) and substrate concentration (4.4 mM). 

Entry  
[Substrate] 

(mM) 

[PCCu] 

(mol%) 

[1] 

(mol%) 
ED 

T 

(ºC) 
% Conv. % 28a % 28b 

Mass 

loss 

1 4.4 3 3 DIPEA 15 100 56 26 18 

2 4.4 3 6 DIPEA 15 100 58 19 23 

3 4.4 3 12 DIPEA 15 100 60 16 24 

4 4.4 6 3 DIPEA 15 100 57 20 23 

5 4.4 6 6 DIPEA 15 100 61 15 24 

6 4.4 6 12 DIPEA 15 100 61 13 26 

 

 

Table S. 14. Variation of the temperature ED (DIPEA), substrate concentration (4.4 mM) and 6 mol% loading of the dual 

catalytic system. 

Entry  
[Substrate] 

(mM) 

[PCCu] 

(mol%) 

[1] 

(mol%) 
ED 

T 

(ºC) 
% Conv. % 28a % 28b 

Mass 

loss 

1 4.4 6 6 DIPEA 15 100 61 15 24 

2 4.4 6 6 DIPEA 3 100 85 15 0 

3 4.4 6 6 DIPEA -3 100 91 9 0 

Conditions: 1 (% mol), PCCu (% mol), substrate (mM) in H2O:CH3CN:Et3N or H2O:CH3CN:iPr2EtN (6:4:0.2 mL) irradiation at 

= 447 nm for 5 h at 15 ºC or 24 h at 3 and -3 ºC under N2. Yields were determined by GC analysis after workup of the 

reaction and they were relative to a calibrated internal standard. Values are averages by triplicates.  
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Table S. 15. Control studies with selected 1,1-disubstituted olefins (28 – 31).  

Entry Substrate 
[PCCu] 

(mol%) 

[1] 

(mol%) 
% Conv. 

% Yield 

alkane 

% Yield 

dimer 

1 
28 

3 3 100 40 45 

2 3 0 9 4 0 

3 
29 

3 3 100 71 11 

4 3 0 8 3 0 

5 
30 

3 3 59 58 1 

6 3 0 13 3 0 

7 
31 

3 3 83 83 0 

8 3 0 10 4 0 

9 
32 

3 3 5 0 0 

10 3 0 6 0 0 

Conditions: 1 (% mol), PCCu (% mol), substrate (8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h 

at 15 ºC under N2. Yields were determined by GC analysis after workup of the reaction and they were relative to a calibrated 

internal standard. Values are averages by triplicates 

 

11. Catalytic assays of the photoreduction of aromatic 1,2-disubstituted olefins 

 

Table S. 16. Light-driven reduction of selected aromatic 1,2-disubstituted olefins (28-36). 

 

 

 

Catalytic conditions A: 1 (261 M, 3% mol), PCCu (261 M, 3% mol), substrate (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N 

(6:4:0.2 mL) irradiation at  = 447 nm for 5h at 15 ºC under N2. [a]Catalytic conditions B: 1 (261 M, 6% mol),PCCu (261 M, 

6% mol), substrate 18 (0.044 mmol, 4.4 mM) in H2O:CH3CN:iPr2EtN (6:4:0.2 mL) irradiation at  = 447 nm for 5 h at 15 ºC 

under N2. [b]Catalytic conditions B at 50 ºC. [c]Catalytic conditions B at 80 ºC. Yields were determined by GC analysis after 

workup of the reaction and they are relative to a calibrated internal standard. Values are averages of triplicates. 
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12. Oxygen tolerance 

Table S. 17. Effect on oxygen in the reaction outcome.  

 

Entry  [Substrate] (mM) [PCCu] (mol%) [1] (mol%) ED T (ºC) % Conv. % yield % dimer 

1 (16) 8 3 3 TEA 15 100 91 0 

2 (28) 4.4 6 6 DIPEA -3 90 81 8 

Conditions: 1 (% mol), PCCu (% mol), substrate (mM) in non-deoxygenated H2O:CH3CN:Et3N or H2O:CH3CN:iPr2EtN 

mixtures (6:4:0.2 mL) were mixed under air and irradiated at = 447 nm for 5 h at 15 ºC or 24 h at 3 and -3 ºC 2. Yields were 

determined by GC analysis after workup of the reaction and they were relative to a calibrated internal standard. Values are 

averages by triplicates.  

 

13.  Mechanistic studies 

 

 
Figure S. 33. a) On-line monitoring of the photochemical H2 production in the presence of increasing concentrations of 16. 

b) Monitoring of the formation 16a at increasing concentrations of 16. Conditions A: 1 (3 mol%), PCCu (3 mol%), Substrate 

(2, 4, 8.7 and 16 mM, unless otherwise noticed) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated 5 h (447 nm) at 15 ºC under N2. 

The yield of 16a was determined at several points during the kinetic study by taking aliquots of the reaction at different times. 

The LEDs were switched off and a new argon-purged syringe was used to take each aliquot.  
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Figure S. 34. a) Initial rates of the formation of product 16a under optimized catalytic conditions varying the cobalt catalyst 

(1) concentration, and b) the respective double Ln-plot initial rates (mol 16a·s-1) vs 1 (mol). Conditions A: 1 (0.1 to 1.5 mol%), 

PCCu (3 mol%), Substrate (8.7 mM) in H2O:CH3CN: Et3N (6:4:0.2 mL) irradiated 20 min (447 nm) at 15 ºC under N2. The 

yield of 16a was determined at several points during the kinetic study by taking aliquots of the reaction at different times. 

The LEDs were switched off and a new argon-purged syringe was used to take each aliquot.  

 

 

 

 
Figure S. 35. a) Initial rates of the formation of product 16a under optimized catalytic conditions varying the copper 

photoredox catalyst (PCCu) concentration, and b) the respective double Ln-plot initial rates (mol 16a·s-1) vs PCCu (mol). 

Conditions A: 1 (3 mol%), PCCu (0.25 to 3 mol%), Substrate (8.7 mM) in H2O:CH3CN: Et3N (6:4:0.2 mL) irradiated 20 min 

(447 nm) at 15 ºC under N2. The yield of 16a was determined at several points during the kinetic study by taking aliquots of 

the reaction at different times. The LEDs were switched off and a new argon-purged syringe was used to take each aliquot.  
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Figure S. 36. Initial rates of the formation of product 16a under optimized catalytic conditions varying the equivalents of 

triethylamine (TEA). Conditions A: 1 (3 mol%), PCCu (3 mol%), Substrate (2, 4, 8.7 and 16 mM, unless otherwise noticed) 

in H2O:CH3CN (6:4 mL), Et3N (16.5 equiv. and 50 equiv., respectively), irradiated 20 min (447 nm) at 15 ºC under N2. The 

yield of 16a was determined at several points during the kinetic study by taking aliquots of the reaction at different times. 

The LEDs were switched off and a new argon-purged syringe was used to take each aliquot.  

 

 

14. Selectivity: competition experiments 

Table S. 18. Optimization conditions towards ketone reduction (43) in presence of styrene (16). 

Entry 
Nº 

LEDs 

Light intensity 

(mmol·h·s-1 

photons)[13] 

PC 
Mol % 

PC 
Mol % 1 

Ratio 

%43a / %16a 

Selectivity for the ketone 

(%43a / (%43a+%16a)) 

1 1 2.05·10-3 PCCu 1.5 1 1.9 65 

2 1 2.05·10-3 NMe2PCIr 1.5 1 2.6 72 

3 3 6.16·10-3 NMe2PCIr 1.5 1 7.1 88 

4 3 6.16·10-3 NMe2PCIr 1.5 0.5 9.1 90 

5 3 6.16·10-3 NMe2PCIr 3 0.5 15.4 94 

6 3 6.16·10-3 NMe2PCIr 3 0.25 24.7 96 

7 7 1.44·10-2 NMe2PCIr 3 0.25 > 100 100 

General catalytic conditions: 1 (mol%), PC (mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiated (447 nm) for 4 h at 25 ºC under N2. 

 

Table S. 19. Optimization conditions towards olefin reduction (16) in presence of ketone (43). 

Entry 
Nº 

LEDs 

Light intensity 

(mmol·h·s-1 

photons)[13] 

PC 
Mol % 

PC 
Co-cat 

Mol % 

Co-cat 

Ratio 

%16a / %43a 

Selectivity for the olefin 

(%16a / (%43a+%16a)) 

1 1 2.05·10-3  PCCu 1.5 1 1 0.5 35 

2 1 2.05·10-3  CO2HPCIr 1.5 1 1 1.2 54 

3 1 2.05·10-3  CO2HPCIr 1.5 CO2Et1 1 2.2 68 

4 1 2.05·10-3  CO2HPCIr 1.5 CO2Et1 3 3.1 76 

5 1 1.67·10-4  CO2HPCIr 1.5 CO2Et1 3 >100 100 

General catalytic conditions: Co-Cat (mol%), PC (mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N 

(6:4:0.2 mL) irradiated (447 nm) for 4 h at 25 ºC under N2 
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Figure S. 37. Monitoring of the competition between substrates 43 and 16 under catalytic conditions. Top: 

yield during the first 10 minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 

43 has not been totally reduced; bottom, all the reaction time monitorization (3.5 hours). [a]Conditions: 1 (1 

mol%), PCCu (1.5 mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiated 

(1 LED, 447 nm, 2.05·10-3 mmol·hν·s-1 photons) for 4 h at 25 ºC under N2. [b]The plotted data is the ratio 

between the amount of the reduced product formed and the sum of the amount of the reduced product 

formed and the unconverted starting material. [c] The black dotted line indicates the point where substrate 

16 starts reacting. Selectivity for ketone reduction 65% and for olefin reduction 35%. 

 

0

20

40

60

80

100

0 2 4 6 8 10

1
0

0
*(

n
 P

/(
n

 S
 +

 n
 P

))

Reaction time (min)

Series3

Series4

0

20

40

60

80

100

0 50 100 150 200

1
0

0
*(

n
 P

/(
n

 S
 +

 n
 P

))

Reaction time (min)

Series3

Series4



38 
 

 

 

 

 

 

Figure S. 38. Monitoring of the competition between substrates 43 and 28 in the catalytic conditions. Top: 

yield during the first 30 minutes of irradiation, it can be seen that the reduction of substrate 28 starts even 

when 43 has not been totally reduced; bottom, all the reaction time monitorization (3.5 hours).  [a]Conditions: 

1 (1 mol%), PCCu (1.5mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiated (1 LED, 447 nm, 2.05·10-3 mmol·hν·s-1 photons) for 4 h at 25 ºC under N2. [b] The plotted data is 

the ratio between the amount of the reduced product formed and the sum of the amount of the reduced 

product formed and the unconverted starting material. [c] The black dotted line indicates the point where 

substrate 28 starts reacting. Selectivity for ketone reduction 80% and for olefin reduction 20%. 
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Figure S. 39. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 20 

minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 43 has not been totally 

reduced; bottom, all the reaction time monitorization (75 min). [a]Conditions: 1 (1 mol%), NMe2PCIr (1.5 mol%), 

Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (1 LED, 447 nm, 

2.05·10-3 mmol·hν·s-1 photons) for 75 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. [c]The black dotted line indicates the 

point where substrate 43 reaches full conversion. Selectivity: 72%. 
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Figure S. 40. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 10 

minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 43 has not been totally 

reduced; bottom, all the reaction time monitorization (20 min)  [a]Conditions: 1 (1 mol%), NMe2PCIr (1.5 mol%), 

Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (3 LEDs, 447 nm, 

6.16·10-3 mmol·hν·s-1 photons) for 20 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. [c]The black dotted line indicates the point 

where substrate 43 reaches full conversion. Selectivity: 88%. 
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Figure S. 41. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 8 

minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 43 has not been totally 

reduced; bottom, all the reaction time monitorization (20 min). [a]Conditions: 1 (0.5 mol%), NMe2PCIr (1.5 

mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (3 LEDs, 447 nm, 

6.16·10-3 mmol·hν·s-1 photons) for 20 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. [c]The black dotted line indicates the 

point where substrate 43 reaches full conversion. Selectivity: 90%. 
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Figure S. 42. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 6 

minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 43 has not been totally 

reduced; bottom, all the reaction time monitorization (20 min). [a]Conditions: 1 (0.5 mol%), NMe2PCIr (3 mol%), 

Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (3 LEDs, 447 nm, 

6.16·10-3 mmol·hν·s-1 photons) for 20 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. [c]The black dotted line indicates the 

point where substrate 43 reaches full conversion. Selectivity: 94%. 
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Figure S. 43. Monitoring of the competition between substrates 43 and 16.  Top: yield during the first 6 

minutes of irradiation, it can be seen that the reduction of substrate 16 starts when 43 has not been totally 

reduced; bottom, all the reaction time monitorization (14 min) - [a]Conditions: 1 (0.25 mol%), NMe2PCIr (3 

mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (3 LEDs, 447 nm, 

6.16·10-3 mmol·hν·s-1 photons) for 14 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. [c]The black dotted line indicates the point 

where substrate 43 reaches full conversion. Selectivity: 96%. 
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Figure S. 44. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 20 

minutes of irradiation, it can be seen that the reduction of substrate 43 starts when 16 has not been totally 

reduced; bottom, all the reaction time monitorization (220 min). [a]Conditions: 1 (1 mol%), CO2HPCIr (1.5 

mol%), Substrate A + B (16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (1 LED, 447 nm, 

2.05·10-3 mmol·hν·s-1 photons) for 220 min at 25 ºC under N2. [b] The plotted data is determined by GC 

analysis after workup and relative to a calibrated internal standard. Selectivity (taken at the end): 54%. 
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Figure S. 45. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 30 minutes of 

irradiation, it can be seen that the reduction of substrate 43 starts when 16 has not been totally reduced; bottom, 

all the reaction time monitorization (380 min). [a]Conditions: CO2Et1 (1 mol%), CO2HPCIr (1.5 mol%), Substrate A + B 

(16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (1 LED, 447 nm, 2.05·10-3 mmol·hν·s-1 photons) 

for 380 min at 25 ºC under N2. [b] The plotted data is determined by GC analysis after workup and relative to a 

calibrated internal standard. [c] The black dotted line indicates the point where substrate 16 reaches full conversion. 

Selectivity: 68%. 
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Figure S. 46. Monitoring of the competition between substrates 43 and 16. Top: yield during the first 120 minutes 

of irradiation, it can be seen that the reduction of substrate 43 starts when 16 has not been totally reduced; bottom, 

all the reaction time monitorization (400 min). [a]Conditions: CO2Et1 (3 mol%), CO2HPCIr (1.5 mol%), Substrate A + B 

(16.5 mM), A:B (1:1), in H2O:CH3CN:Et3N (6:4:0.2 ml) irradiated (1 LED, 447 nm, 2.05·10-3 mmol·hν·s-1 photons) 

for 400 min at 25 ºC under N2. [b] The plotted data is determined by GC analysis after workup and relative to a 

calibrated internal standard. [c] The black dotted line indicates the point where substrate 16 reaches full conversion. 

Selectivity: 76%. 

 

 

 

 

 

 

 



47 
 

15. Computational studies of the reduction potential of selected aromatic olefins 

 

DFT calculations for the one electron redcution of selected aromatic olefins and the one electron reduction 

of their benzylic radicals generated by first HAT with the [Co-H] were calculated using the Gaussian09 

program.[26] Geometry optimizations were performed in the unrestricted spin formalism, with the B3LYP hybrid 

exchange-correlation functional[27-29] and the standard 6-31G* 6d basis set for all atoms. An extra quadratic 

convergent SCF step was added when the first-order SCF did not converge (“scf=xqc” keyword). The solvation 

effect of water was introduced in geometry optimizations and energy through the SMD polarizable continuum 

model PCM-SMD.[30-32] Dispersion effects were also included using the Grimme D2 correction.[33] The 

geometries have been edited with the Chemcraft program. 

 

The located stationary points were characterized by analytical frequency calculations at the same level of 

theory than geometry optimizations. Gibbs energy values (G) were obtained by including thermal, solvation and 

Grimme corrections to the potential energy computed with the 6-311+G** 6d basis set on equilibrium 

geometries:  

G = E6-311+G** + Gcorr. + Gsolv. + Edisp.  (1) 

 

where the thermal correction (Gcorr.) was obtained from gas phase analytical Hessians calculations at 298.15 K, 

the solvation energy (Gsolv.) was calculated as the difference of the total free energy in gas phase and in water 

at the same level of theory and geometry and Edisp. is the dispersion correction.  

 

- Redox reactions 

The standard one electron redox potentials relative to the SHE electrode were calculated by: 

Eo = −
∆G0 − ∆GSHE

.

F
  (2) 

 

where ∆G0 is the standard free energy change associated with the reduction reaction, F is the Faraday constant 

(23.061 kcal·mol-1V-1) and ∆𝐺𝑆𝐻𝐸
.  is the free energy change associated with the proton reduction to H2 (-4.28 V). 

The ∆𝐺𝑆𝐻𝐸
.  value was derived using the Fermi-Dirac statistics for the treatment of electron thermodynamics.[34]  

 

 

Figure S. 47. DFT bond dissociation energies for the selected substrates. All energies are in kcal·mol-1.  
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Figure S. 48. DFT calculated redox potentials for the above reduction processes derived from the selected substrates: one 

electron reduction of the olefin, and one electron reduction of the benzylic radical. All the potentials are referred to SCE. 
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Figure S. 49. DFT calculated thermodynamic values for the reduced ring-opened and ring-retention products for the 

represented radical clocks.  
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16. NMR full characterization of the deuterium labelling mechanistic studies 

 

 

Figure S. 50. 1H-NMR spectrum (CDCl3, 400 MHz, 300 K) of the isolated products 17a and [D]-17a using H2O (Top) or D2O 

(99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate (0.087 

mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 mL) irradiated at  = 447 nm and 15 ºC for 5h, under N2. Inset: 

amplification of the area of the –CHD and the –CH2D. 
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Figure S. 51.  13C{1H}-NMR spectrum (CDCl3, 100.6 MHz, 300 K) of the isolated products 17a and [D]-17a using H2O (Top) 

or D2O (99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate 

(0.087 mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 mL) irradiated at  = 447 nm and 15 ºC for 5h, under N2. Inset: 

amplification of the area of the –CHD and –CH2D. 
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Figure S. 52.  1H-NMR spectra (CDCl3, 400 MHz, 300 K) of the isolated products 18a and [D]-18a using H2O (top) or D2O 

(99.9 % in deuterium) (bottom) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate (0.087 

mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm and 15 ºC for 5 h, under N2. Inset: 

amplification of the area of the –CHD and the −CH2D. 
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Figure S. 53.  13C{1H}-NMR spectra (CDCl3, 100.6 MHz, 300 K) of the isolated products 18a and [D]-18a using H2O (Top) 

or D2O (99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate 

(0.087 mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm and 15 ºC for 5 h, under N2. Inset: 

amplification of the area of the –CH2D and –CHD with the insertion of deuterium showing the triplet due to the C–D coupling. 
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Figure S. 54. 1H-NMR spectra (CDCl3, 400 MHz, 300 K) of the isolated products 23a and [D]-23a using H2O (top) or D2O 

(99.9 % in deuterium) (bottom) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate (0.087 

mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm and 15 ºC for 5 h, under N2. Inset: 

amplification of the area of the –CHD and the −CH2D. 
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Figure S. 55. 13C{1H}-NMR and 13C{1H}-DEPTQ-135-NMR spectra (CDCl3, 100.6 MHz, 300 K) of the isolated products 23a 

and [D]-23a using H2O (top) or D2O (99.9 % in deuterium) (bottom) in the solvent mixture, respectively. Conditions: 1 

(3 mol%), PCCu (3 mol%), substrate (0.087 mmol, 8.7 mM) in H2O (or D2O):CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm 

and 15 ºC for 5 h, under N2. Inset: amplification of the area of the –CH2D and –CHD with the insertion of deuterium showing 

the triplet due to the C–D coupling. 
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Figure S. 56. 1H-NMR spectra (CDCl3, 400 MHz, 300 K) of the isolated products 28a and [D]-28a using H2O (top) or D2O 

(99.9 % in deuterium) (bottom) in the solvent mixture, respectively. Conditions: 1 (6 mol%), PCCu (6 mol%), substrate (0.044 

mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 ml) irradiated at  = 447 nm and -3 ºC for 24 h, under N2. Inset: 

amplification of the area of the –CD and the −CH2D. 
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Figure S. 57. 13C{1H}-NMR and 13C{1H}-DEPT-135-NMR spectra (CDCl3, 100.6 MHz, 300 K) of the isolated products 28a 

and [D]-28a using H2O (top) or D2O (99.9 % in deuterium) (bottom) in the solvent mixture, respectively. Conditions: 1 (6 

mol%), PCCu (6 mol%), substrate (0.044 mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 ml) irradiated at  = 447 

nm and -3 ºC for 24 h, under N2. Inset: amplification of the area of the –CH2D with the insertion of deuterium showing the 

triplet due to the C–D coupling. 
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Figure S. 58. 1H-NMR spectrum (CDCl3, 400 MHz, 300 K) of the isolated products 36a and [D]-36a using H2O (Top) or D2O 

(99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 mol%), PCCu (6 mol%), substrate (0.044 

mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 nm and -3 ºC for 24h, under N2. Inset: 

amplification of the area of the –CH vs -CD. 
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Figure S. 59. 13C{1H}-NMR and 13C{1H}-DEPT-135-NMR spectrum (CDCl3, 100.6 MHz, 300 K) of the isolated products 36a 

and [D]-36a, using H2O (Top) or D2O (99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 

mol%), PCCu (6 mol%), substrate (0.044 mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 

nm and -3 ºC for 24h, under N2. Inset: amplification of the area of the -CH2D with the insertion of deuterium showing the 

triplet due to the C-D coupling.  
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Figure S. 60. 1H-NMR spectrum (CDCl3, 400 MHz, 300 K) of the isolated product 28b and [D]-28b using H2O (Top) or D2O 

(99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 mol%), PCCu (6 mol%), substrate (0.165 

mmol, 16.5 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 nm and 30 ºC for 5h, under N2.  

 

Harom

Harom

CH3

CH2D

Reaction in H2O

Reaction in D2O

GC-MS (m/z): 238.1 

GC-MS (m/z): 240.0 



61 
 

 

Figure S. 61. 13C{1H}-NMR and 13C{1H}-DEPT-135-NMR spectrum (CDCl3, 125.8 MHz, 300 K) of the isolated product 28b 

and [D]-28b using H2O (Top) or D2O (99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 

mol%), PCCu (6 mol%), substrate (0.165 mmol, 16.5 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 

nm and 30 ºC for 5h, under N2. Inset: amplification of the area of the -CH2D showing the triplet due to the C-D coupling.  
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Figure S. 62. 1H-NMR spectra (CD3OD, 400 MHz, 300 K) of the mixture of products 41 and 41b using D2O (99.9 % in 

deuterium) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), substrate (0.087 mmol, 8.7 mM) in 

D2O:CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm and 25 ºC for 5 h, under N2. Inset: amplification of the area of the 

olefin characteristic signals. 
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Figure S. 63. 13C{1H}-NMR and 13C{1H}-DEPTQ-135-NMR spectra (CD3OD, 100.6 MHz, 300 K) of the mixture of products 

41 and 41b using D2O (99.9 % in deuterium) in the solvent mixture, respectively. Conditions: 1 (3 mol%), PCCu (3 mol%), 

substrate (0.087 mmol, 8.7 mM) in D2O:CH3CN:Et3N (6:4:0.2 ml) irradiated at  = 447 nm and 25 ºC for 5 h, under N2. Inset: 

amplification of the area of the olefin characteristic signals (their appearance as singlets and not triplets correspond with no 

insertion of deuterium). 
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Figure S. 64. 1H-NMR spectrum (CDCl3, 400 MHz, 300 K) of the isolated product 42b and [D]-42b using H2O (Top) or D2O 

(99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 mol%), PCCu (6 mol%), substrate (0.044 

mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 nm and -3 ºC for 24h, under N2. 

 

 

Reaction in H2O 

Reaction in D2O 

GC-MS (m/z): 222.1 

GC-MS (m/z): 224.2 

Harom 

Harom 

C-Holefin (b) 

C-Holefin (b) 

CH2 (d)   

a 

a 

b 

b 

c 

c 
d 

d 

CHD (d)   

CH2 (c)   

CH2 (c)   

CH3 (a)   

CH2D (a)   



65 
 

 

Figure S. 65. 13C-NMR spectrum (CDCl3, 100.6 MHz, 300 K) of the isolated product 42b and [D]-42b using H2O (Top) or 

D2O (99.9 % in deuterium) (Bottom) in the solvent mixture, respectively. Conditions: 1 (6 mol%), PCCu (6 mol%), substrate 

(0.044 mmol, 4.4 mM) in H2O (or D2O):CH3CN:iPr2EtN (6:4:0.2 mL) irradiated at  = 447 nm and -3 ºC for 24h, under N2.  
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17. NMR of the radical clock ring-opening products 

(1-(2-phenylcyclopropyl)vinyl)benzene  

 

 
Figure S. 66. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of the isolated product 42b (in H2O). 
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Figure S. 67. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of the isolated product 42b (in H2O). 
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Figure S. 68. 1H-1H COSY (CDCl3, 400 MHz, 300 K) spectrum of the isolated of product 42b (in H2O). 
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Figure S. 69. 1H-13C HMBC (CDCl3, 400 MHz, 300 K) of the isolated product 42b (in H2O). 
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Figure S. 70. 1H-NOESY (CDCl3, 400 MHz, 300 K) of the isolated product 42b (in H2O). 
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18. NMR spectra of synthesized substrates and isolated products  

 

 

 
Figure S. 71. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 29. 

 



72 
 

 
Figure S. 72. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 30. 
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Figure S. 73. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 30. 



74 
 

 
Figure S. 74. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 32. 
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Figure S. 75. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 32. 



76 
 

 
Figure S. 76. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 33. 
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Figure S. 77. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 33. 
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Figure S. 78. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 34. 
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Figure S. 79. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 34. 
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Figure S. 80. 1H-NMR (CDCl3, 500 MHz, 300 K) spectrum of substrate 35.  
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Figure S. 81. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 35. 
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Figure S. 82. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 36. 
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Figure S. 83. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 36. 
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Figure S. 84. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 39. 
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Figure S. 85. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 39. 
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Figure S. 86. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of substrate 41. 
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Figure S. 87. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of substrate 41. 
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Figure S. 88. 1H-NMR (CDCl3, 500 MHz, 300 K) spectrum of substrate 42. 
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Figure S. 89. 13C{1H}-NMR (CDCl3, 125.75 MHz, 300 K) spectrum of substrate 42. 
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Figure S. 90. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 17a. 



91 
 

 
Figure S. 91. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 17a. 
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Figure S. 92. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 18a. 
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Figure S. 93. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 18a. 
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Figure S. 94. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 19a. 
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Figure S. 95. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 22a. 
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Figure S. 96. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 22a. 
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Figure S. 97. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 23a. 
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Figure S. 98. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 23a. 
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Figure S. 99. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 24a. 
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Figure S. 100. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 24a. 
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Figure S. 101. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 29a. 
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Figure S. 102. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 29a.  
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Figure S. 103. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 33a. 
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Figure S. 104. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 33a.  
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Figure S. 105. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 34a. 



106 
 

 
Figure S. 106. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 34a.  
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Figure S. 107. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 35a. 
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Figure S. 108. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 35a. 



109 
 

 
Figure S. 109. 1H-NMR (CDCl3, 400 MHz, 300 K) spectrum of product 36a. 
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Figure S. 110. 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) spectrum of product 36a. 
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Figure S. 111. 1H-NMR (CDCl3, 500 MHz, 300 K) spectrum of product 28b. 



112 
 

 
Figure S. 112. 13C{1H}-NMR (CDCl3, 125.75 MHz, 300 K) spectrum of product 28b. 
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19. NMR data of the isolated products 

- Isolated alkanes 

 

17a (92%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.17-7.15 (m, 2H), 6.89-6.87 (m, 2H), 3.83 (s, 3H), 2.66-

2.62 (m, 2H), 1.28-1.24 (m, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 157.63, 136.41, 128.72, 

113.74, 55.28, 28.00, 15.93. MS (GC): 136.1 [M]. 

 

18a (81%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.41-7.38 (m, 2H), 7.23-7.21 (m, 2H), 2.74-2.68 (m, 2H), 

1.39 (s, 9H), 1.34-1.29 (m, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 148.38, 141.17, 127.54, 

125.21, 34.37, 31.48, 28.31, 15.54. MS (GC): 162.1 [M].  

 

19a (92%) 1H-NMR (CDCl3, 300 MHz, 300 K) δ, ppm: 7.12 (s, 4H), 2.63 (q, J = 7.8 Hz, 2H), 2.34 (s, 3H), 1.24 

(t, J = 7.8 Hz, 3H). MS (GC): 120.1 [M]. 

 

22a (53%) 1H-NMR (CDCl3, 300 MHz, 300 K) δ, ppm: 7.43-7.40 (m, 2H), 7.15-7.08 (m, 2H), 2.62 (q, J = 7.8 Hz, 

2H), 1.24 (t, J = 7.8 Hz, 3H). 13C{1H}-NMR (CDCl3, 75.45 MHz, 300 K) δ, ppm: 143.15, 131.32, 129.65, 119.26, 

28.33, 15.48. MS (GC): 184.0 [M].  

 

23a (66%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.29-7.27 (m, 2H), 7.17-7.13 (m, 2H), 2.64 (q, J = 7.6 Hz, 

2H), 1.25 (t, J = 7.6 Hz, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 142.62, 131.25, 129.20, 128.36, 

28.26, 15.52. MS (GC): 140.0 [M].  

 

24a (61%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.37-7.35 (m, 1H), 7.27-7.20 (m, 2H), 7.17-7.13 (m, 1H), 

2.79 (q, J = 7.6 Hz, 2H), 1.26 (t, J = 7.6 Hz, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 141.61, 

133.79, 129.51, 129.35, 127.06, 126.80, 26.74, 14.04. MS (GC): 140.0 [M].  
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29a (57%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.32-7.29 (m, 2H), 7.22-7.20 (m, 2H), 2.62 (sext., J = 6 

Hz, 1H), 1.67-1.58 (m, 2H), 1.27 (d, J = 5.6 Hz, 3H), 0.85 (t, J = 5.6 Hz, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 

300 K) δ, ppm: 147.68, 128.22, 127.05, 125.74, 41.69, 31.18, 21.84, 12.26. MS (GC): 134.1 [M]. 

 

33a (74%) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.19-7.17 (m, 2H), 6.88-6.86 (m, 2H), 3.22 (s, 3H), 2.89 

(sept., J = 6.8 Hz, 1H), 1.26 (s, 3H), 1.25 (s, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 157.64, 

141.05, 127.23, 113.68, 55.25, 33.27, 24.21. MS (GC): 150.1 [M]. 

 

34a 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.59-7.56 (m, 2H), 7.37-7.35 (m, 2H), 2.99 (sept, J = 6.8 Hz, 

1H), 1.31 (s, 3H), 1.29 (s, 3H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 152.86, 133.74 (d, J = 19.4 

Hz), 128.75 (d, J = 11.57 Hz), 128.48 (d, J = 6.94 Hz), 126.75, 125.24 (q, J = 3.82 Hz), 34.11, 23.74. MS (GC): 

188.1 [M]. 

 

35a (66%). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.33-7.25 (m, 2H), 7.22-7.15 (m, 3H), 3.64 (s, 3H), 2.69 

(sext., J = 6.9 Hz, 1H), 2.30-2.24 (m, 2H), 1.65-1.46 (m, 4H), 1.25 (d, J = 6.9 Hz, 3H). 13C{1H}-NMR (CDCl3, 

100.6 MHz, 300 K) δ, ppm: 174.2, 147.3, 128.5, 127.1, 126.1, 51.6, 39.9, 37.9, 34.3, 23.3, 22.4. GC (MS): 206.1 

[M]. 

 

36a (83%). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.32-7.25 (m, 2H), 7.21-7.16 (m 3H), 3.59 (td, J = 6.5, 

4.6 Hz, 2H), 2.69 (h, J = 7.0 Hz, 1H), 1.66-1.49 (m, 4H), 1.38-1.13 (m, 6H). 13C{1H}-NMR (CDCl3, 100.6 MHz, 

300 K) δ, ppm: 147.7, 128.5, 127.1, 126.0, 63.1, 40.1, 38.3, 33.0, 24.0, 22.5. MS (GC): 178.1 [M].  

 

28b (45%). 1H-NMR (CDCl3, 500 MHz, 300 K) δ, ppm: 7.21-7.18 (m, 6H), 7.10-7.08 (m, 4H), 1.34 (s, 12H). 
13C{1H}-NMR (CDCl3, 125.75 MHz, 300 K) δ, ppm: 146.81, 128.61, 126.61, 125.46, 43.63, 25.18. MS (GC): 

238.2 [M]. 
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- Characterization of the deuterated alkanes 

 

1-(ethyl-1,2-d2)-4-methoxybenzene ([D]-17a). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.15-7.13 (m, 2H, 

Harom), 6.87-6.85 (m, 2H, Harom), 3.82 (s, 3H, O-CH3), 2.62-2.58 (m, 1H, CHD), 1.28-1.24 (m, 2H, CH2D). 13C{1H}-

NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 157.62, 136.36, 128.68, 113.73, 55.27, 27.53 (t, J = 19.1 Hz, CHD), 

15.79-15.30 (m, CH2D). 

 

 

1-(tert-butyl)-4-(ethyl-1,2-d2)benzene ([D]-18a). (54%, *this isolated yield was that low due to the volatility of 

the product) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.37-7.34 (m, 2H, Harom), 7.19-7.17 (m, 2H, Harom), 2.67-

2.63 (m, 1H, CHD), 1.35 (s, 9H, (CH3)3), 1.29-1.23 (m, 2H, CH2D). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, 

ppm: 148.5, 141.3, 127.6, 125.3, 34.5, 31.6, 28.0 (t, J = 19.5 Hz, CHD), 15.3 (t, J = 19.3 Hz, CH2D). MS (GC): 

164.0 [M]. 

 

 

1-chloro-4-(ethyl-1,2-d2)benzene ([D]-23a). (33%, *this isolated yield was that low due to the volatility of the 

product) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.26-7.23 (m, 2H), 7.14-7.10 (m, 2H), 2.63-2.57 (m, 1H, 

CHD), 1.22-1.18 (m, 2H, CH2D). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 142.7, 131.4, 129.3, 128.5, 

28.0 (t, J = 19.4 Hz, CHD), 15.3 (t, J = 19.3 Hz, CH2D). MS (GC): 142.0 [M].  

 

 

(1-methylethyl-1,2-d2)benzene ([D]-28a). (38%, *this isolated yield was that low due to the volatility of the 

product) 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.31-7.27 (m, 2H), 7.24-7.21 (m, 2H), 7.20-7.15 (m, 2H), 

1.27-1.23 (m, 2H, CH2D). 13C{1H}-NMR (CDCl3, 100.6 MHz, 300 K) δ, ppm: 128.64, 126.74, 126.07, 23.93 (t, J 

= 19.4 Hz, CHD). MS (GC): 122.1 [M]. 

 

 

5-phenylhexan-5,6-d2-1-ol ([D]-36a). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.32-7.28 (m, 2H, Harom), 7.21-

7.18 (m, 3H, Harom), 3.63-3.59 (m, 2H, O-CH2), 1.64-1.53 (m, 4H, (CH2)2), 1.28-1.24 (m, 4H, CH2D and CH2). 



116 
 

13C{1H}-DEPT-135-NMR (CDCl3, 125.8 MHz, 300 K) δ, ppm: 128.30, 126.94, 125.84, 62.94, 38.04, 32.85, 23.84, 

22.19, 21.88 (t, J = 19.2 Hz, CH2D). 

 

 

(2,3-dimethylbutane-2,3-diyl-1,4-d2)dibenzene ([D]-28b). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.20-

7.18 (m, 6H, Harom), 7.10-7.08 (m, 4H, Harom), 1.33 (s, 10H, (CH3)2 and (CH2D)2). 13C{1H}-DEPT-135-NMR (CDCl3, 

125.8 MHz, 300 K) δ, ppm: 128.59, 126.60, 125.45, 25.13, 24.87 (t, J = 19.2 Hz, CH2D). 

 

 
(Z)-(pent-3-ene-1,4-diyl-1,5-d2)dibenzene ([D]-42b). 1H-NMR (CDCl3, 400 MHz, 300 K) δ, ppm: 7.35-7.31 (m, 

2H, Harom), 7.30-7.25 (m, 3H, Harom), 7.21-7.19 (m, 2H, Harom), 7.15-7.12 (m, 3H, Harom), 5.53-5.52 (m, 1H, olefin-

CH), 2.68-2.63 (m, 1H, CHD), 2.34-2.29 (m, 2H, CH2), 2.05-2.02 (m, 2H, CH2D). 13C{1H}-NMR (CDCl3, 100.6 

MHz, 300 K) δ, ppm: 146.81, 128.61, 126.61, 125.46, 43.63, 25.18. MS (GC): 238.2 [M]. 

 

20. Selected chromatograms for the reduction reactions  

 

 

Figure S. 113. GC-FID chromatogram of the reaction mixture when using IPCCu and 1 as dual catalytic system. Catalytic 

conditions A: 1 (261 M, 3%), IPCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation 

at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal 

standard. Values were average of triplicates. 
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Figure S. 114. GC-FID chromatogram of the reaction mixture when using IPCCu in the absence of 1. Catalytic conditions A: 
IPCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h at 15 

ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal standard. Values were average 

of triplicates. 

 

 

Figure S. 115. GC-FID chromatogram of the reaction mixture when using SO3PCCu and 1 as dual catalytic system. Catalytic 

conditions A: 1 (261 M, 3%), SO3PCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiation at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated 

internal standard. Values were average of triplicates. 
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Figure S. 116. GC-FID chromatogram of the reaction mixture when using SO3PCCu in the absence of 1. Catalytic conditions 

A: SO3PCCu (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h 

at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal standard. Values were 

average of triplicates. 

 

 

 

Figure S. 117. GC-FID chromatogram of the reaction mixture when using NMe2PCIr and 1 as dual catalytic system. Catalytic 

conditions A: 1 (261 M, 3%), NMe2PCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiation at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated 

internal standard. Values were average of triplicates. 
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Figure S. 118. GC-FID chromatogram of the reaction mixture when using NMe2PCIr in the absence of 1. Catalytic conditions 

A: NMe2PCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h 

at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal standard. Values were 

average of triplicates. 

 

 

 

Figure S. 119. GC-FID chromatogram of the reaction mixture when using HPCIr and 1 as dual catalytic system. Catalytic 

conditions A: 1 (261 M, 3% mol), HPCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiation at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated 

internal standard. Values were average of triplicates. 

 

 



120 
 

 

Figure S. 120. GC-FID chromatogram of the reaction mixture when using HPCIr in the absence of 1. Catalytic conditions A: 
HPCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h at 15 

ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal standard. Values were average 

of triplicates. 

 

 

 

Figure S. 121. GC-FID chromatogram of the reaction mixture when using CO2HPCIr and 1 as dual catalytic system. Catalytic 

conditions A: 1 (261 M, 3%), CO2HPCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) 

irradiation at = 447 nm for 5 h at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated 

internal standard. Values were average of triplicates. 
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Figure S. 122. GC-FID chromatogram of the reaction mixture when using CO2HPCIr in the absence of 1. Catalytic conditions 

A: CO2HPCIr (261 M, 3% mol), 16 (0.087 mmol, 8.7 mM) in H2O:CH3CN:Et3N (6:4:0.2 mL) irradiation at = 447 nm for 5 h 

at 15 ºC under N2. Yields determined by GC analysis after workup relative to a calibrated internal standard. Values were 

average of triplicates. 
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