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S1. General information 

All reactions were performed under a N2 atmosphere using Schlenk or glovebox techniques, 

unless otherwise stated. All chemicals without a detailed synthesis description here were 

purchased from commercial sources (Sigma Aldrich, Alfa Aesar, TCI and Strem) and used 

without further purification, unless otherwise noted. All amines and alkenes were dried over 

CaH2, distilled and degassed prior to use in catalytic experiments. Solvents were dried 

according to standard procedures and stored over activated molecular sieves (4 Å). Toluene-

d8 and C6D6 were purchased from Cambridge Isotope Laboratories, dried over sodium/ketyl 

and distilled prior to use. CDCl3 was purchased from Cambridge Isotope Laboratories and used 

directly. Experiments conducted on an NMR tube scale were performed in J. Young NMR tubes 

(8” x 5 mm) sealed with screw-type Teflon caps. All glassware was dried in a 180 °C oven 

overnight before use. 

1H and 13C NMR spectra were recorded on Bruker 300 MHz and 400 MHz Avance 

spectrometers at ambient temperature. Chemical shifts (δ) are given relative to residual protons 

of the solvent and are reported in parts per million (ppm). Coupling constants J are given in 

Hertz (Hz). The following abbreviations are used to indicate signal multiplicity: s = singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet, and br = broad. GC/MS analyses were conducted 

on an Agilent 7890B GC with an Agilent 5977 inert CI mass detector, utilizing methane as the 

ionization gas. 

Calculations were performed using Gaussian 09 D.01 software.1 The hybrid function M06L was 

used on all systems.2 Def2-SVP basis sets were applied to all geometric optimizations and 

frequency calculations.3 Def2-TZVP basis sets were then applied for single point calculations. 

Solvent (toluene) effects were included using the SMD model.4 Orbital analysis was performed 

using Multiwfn,5 and molecular orbitals were illustrated using VMD.6 
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S2. Synthesis of Metal Complexes and Substrates 

Tantalum Complexes and Ligands 

Tantalum complexes and corresponding proteo ligands were prepared according to literature.7-

10  

 

1-(tButyl)imidazolidin-2-one (HL1) 

 

HL1 was prepared following a modified literature procedure.11 2-Imidazolidone (1.7 g, 20 mmol) 

was slowly added to 5 ml ice-bath cooled concentrated sulfuric acid under vigorous stirring. 

The mixture was stirred for another 15 min, and tBuOH (3.0 g, 40 mmol) was added dropwise. 

The reaction was slowly warmed to room temperature and regularly checked by GC-MS until 

most 2-imidazolidone was consumed. The mixture was poured onto 100 g ice, neutralized using 

1 M NaOH (aq.) and extracted using DCM (3 x 20 ml). The combined organic phases were 

washed with brine, dried over Na2SO4 and all solvent was removed in vacuo. The resulting solid 

was recrystallized from hexanes and sublimed under vacuum (1.2 g, 42%). 

 

Cyclization and Radical Clock Substrates 

N-(hex-5-en-1-yl)aniline and prop-1-en-2-ylcyclopropane were prepared following literature 

procedures.12-13 

 

 

N-(cyclopropylmethyl)-4-methylaniline was prepared following a modified literature procedure. 

Cyclopropylmethanol (0.36 g, 5 mmol) was added to 10 ml Et2O in a vial with a magnetic stir 

bar, and PCl3 (0.34 g, 2.5 mmol) was added. The vial was capped and the mixture was stirred 

overnight. The top organic layer was taken out carefully using a Pasteur pipette without 

disturbing the bottom layer and passed through a CaCl2 plug. The solution was used without 

further purification. 

4-Methylaniline (0.85 g, 8 mmol) was charged into a N2-filled Schlenk tube with stir bar, and 

20 ml of dry THF was added. The Schlenk tube was cooled in a dry ice acetone bath and 1.6 M 
nBuLi solution (4 ml, 6.4 mmol) was added. This mixture was stirred for another half an hour 

and after that, the Et2O solution from the previous reaction was added dropwise. The mixture 

was slowly warmed to room temperature, quenched with saturated NH4Cl (aq.), and extracted 

with Et2O. The combined organic layers were dried in vacuo and the crude product was purified 

through column chromatography (SiO2, 1:20 EtOAc:Hexanes) to give a colorless oil (0.36 g, 

23%). 
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1H NMR (C6D6, 300 MHz, 298K): δ = 7.00 (d, 2 H, J = 7.9 Hz), 6.44 (d, 2 H, J = 8.1 Hz), 3.26 

(br. s, 1 H), 2.68 (t, 2 H, J = 6.2 Hz), 2.21 (s, 3 H), 0.86-0.69 (m, 1 H), 0.35-0.16 (m, 2 H), 0.06-

-0.13 (m, 2 H) ppm. 

13C{1H} NMR (C6D6, 75 MHz, 298K): δ = 146.91, 130.03, 126.12, 113.28, 49.21, 20.65, 11.21, 

3.56 ppm. 
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S3. General Procedure for Photocatalytic 

Hydroaminoalkylation Using Tantalum Ureate Photo 

Catalyst 

 

In a N2-filled glove box Ta(CH2SiMe3)3Cl2 (Ta1, 5.1 mg, 0.01 mmol), KL1 (1.8 mg, 0.01 mmol), 

N-methylaniline (10.7 mg, 0.1 mmol), 1-octene (11.2 mg, 0.1 mmol), 1,3,5-trimethoxybenzene 

(~3 mg, internal standard) were dissolved in 0.5 g Tol-d8, and transferred to a J-Young NMR 

tube. The J-Young tube was capped and brought outside the glove box for a T0 1H-NMR. After 

that, it was irradiated in front of a G4 tungsten-halogen lamp. The reaction was monitored by 
1H-NMR spectroscopy using 1,3,5-trimethoxybenzene as internal standard by integrating 

diagnostic signals, e.g. ortho-protons of the N-methylaniline vs. the signal of the internal 

standard at the start of the reaction and comparing this value with the signal of the ortho-protons 

of the amine product vs. the internal standard at various points as the reaction progressed. 

 

 

Figure S1. Photo reaction set up using a desklamp 
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S4. Mechanistic Investigations 

S4.1 Reaction with Tertiary Amines 

 

Following the same procedure as for the general photocatalytic hydroaminoalkylation with N,N-

dimethylaniline as amine substrate. 

No consumption of N,N-dimethylaniline was observed by 1H-NMR spectroscopy monitoring and 

no product was detected in GC-MS. 

 

S4.2 Amine Radical clock Experiment 

 

In a N2-filled glovebox N-(cyclopropylmethyl)-4-methylaniline (16.1 mg, 0.1 mmol), Ta1 

(10.2 mg, 0.02 mmol), KL1 (3.6 mg, 0.02 mmol) and 1,3,5-trimethoxybenzene (~3 mg, internal 

standard) were dissolved in 0.5 g Tol-d8 and transferred to a J-Young NMR tube. The J-Young 

tube was capped and brought outside the glove box for a T0 1H-NMR spectrum. After that, it 

was irradiated in front of a a G4 tungsten-halogen lamp for 20 h. Another 1H-NMR spectrum 

was taken. A new multiplet at approx. 5.1 ppm was found, which is close to the chemical shift 

of ring-opening products reported by the literature,14 suggesting possible amine radical 

formation (Figure S88-90). 

 

S4.3 Alkene Radical Clock Experiment 

 

In a N2-filled glovebox, prop-1-en-2-ylcyclopropane (8.2 mg, 0.1 mmol), Ta1 (10.2 mg, 0.02 

mmol), KL1 (3.6 mg, 0.02 mmol) and 1,3,5-trimethoxybenzene (~3 mg, internal standard) were 

dissolved in 0.5 g Tol-d8 and transferred to a J-Young NMR tube. The J-Young tube was capped 

and brought outside the glove box for a T0 1H-NMR spectrum. After that, it was irradiated in 

front a G4 tungsten-halogen lamp for 20 h. Another 1H-NMR spectrum was taken and no new 

alkene signal could be identified, suggesting no ring opening occurred. 
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Following the same procedure as for the general photocatalytic hydroaminoalkylation. In a N2-

filled glove box, Ta(CH2SiMe3)3Cl2 (Ta1, 5.1 mg, 0.01 mmol), KL1 (1.8 mg, 0.01 mmol), N-

methylaniline (10.7 mg, 0.1 mmol), prop-1-en-2-ylcyclopropane (8.2 mg, 0.1 mmol), 1,3,5-

trimethoxybenzene (~3 mg, internal standard) were dissolved in 0.5 g Tol-d8 and transferred to 

a J-Young NMR tube. The J-Young tube was capped and brought outside the glove box for a 

T0 1H-NMR spectrum. After that, it was irradiated in front of a G4 tungsten-halogen lamp for 3 d. 

Another 1H-NMR spectrum was taken and the conversion of N-methylaniline was determined 

to be 40%. Only one hydroaminoalkylation regioisomer was formed (GC-MS).  

Due to signal overlap, in situ analysis of the product structure was challenging. Consequently, 

the J-Young NMR tube was opened and the reaction mixture was concentrated and the product 

was purified by column chromatography (SiO2, 1:20 EtOAc:Hexanes) to give a colorless oil. 

Based on GC-MS and NMR analysis, it is a mixture of hydroaminoalkylation product (same as 

the product in reaction mixture) and co-eluting 1,3,5-trimethoxybenzene. Its structure was 

analyzed by NMR spectroscopy directly. 

1H NMR (CD2Cl2, 400 MHz, 298K): δ = 7.18-7.10 (m, 2 H), 6.75-6.62 (m, 3 H), 3.00 (s, 2 H), 

0.83 (s, 6 H), 0.79-0.71 (m, 1 H), 0.38-0.30 (m, 2 H), 0.30-0.23 (m, 2 H) ppm 

13C{1H} NMR (CD2Cl2, 75 MHz, 298K): δ = 162.03, 129.50, 117.83, 113.66, 56.95, 33.71, 23.43, 

19.75, 0.21. ppm. 

 

signals at 93.16 and 55.68 ppm are from 1,3,5-trimethoxybenzene. 

 

S4.4 TEMPO Initiation Experiment 

 

In a N2-filled glove box, N-methylaniline (10.7 mg, 0.1 mmol), 1-octene (11.2 mg, 0.1 mmol), 

1,3,5-trimethoxybenzene (~3 mg, internal standard) and TEMPO (3.1 mg, 0.02 mmol) were 

dissolved in Tol-d8 and transferred to a J-Young NMR tube. The J-Young tube was capped and 

brought outside the glove box for a T0 1H-NMR spectrum. After that, it was irradiated in front of 

a G4 tungsten-halogen lamp for 20 h. Another 1H-NMR spectrum was taken and no 

hydroaminoalkylation product formation was observed. GC-MS analysis confirmed these 

results. 

  



S9 

 

S4.5 Kinetic Isotope Effect 

KIE experiments were performed according to literature.7 In a N2-filled glove box, 

Ta(CH2SiMe3)3Cl2 (Ta1, 20.4 mg, 0.04 mmol), KL1 (7.2 mg, 0.04 mmol), 1-octene (44.8 mg, 

0.4 mmol) and 1,3,5-trimethoxybenzene (~12 mg, internal standard) were dissolved in 4.0 g 

Tol-d8 and separated to 4 identical portions. PhNHCH3 (10.7 mg, 0.1 mmol), PhNDCH3 

(10.8 mg, 0.1 mmol), PhNHCD3 (11.0 mg, 0.1 mmol) or PhNDCD3 (11.1 m, 0.1 mmol) were 

added to one of the portions. Then each portion was divided into two portions (duplicates) and 

transferred to two J-Young NMR tubes.  

The in total eight J-Young NMR tubes were capped and brought outside the glove box for T0 
1H-NMR spectra. After that, they were irradiated in front of a G4 tungsten-halogen lamp and 

every hour a 1H-NMR spectrum was collected using 1,3,5-trimethoxybenzene as internal 

standard by integrating the signals of the ortho-protons of the N-methylanilines vs. the signal of 

the internal standard at the start of the reaction and comparing this value with the signal of the 

ortho-protons of the amine product vs. the internal standard at various points as the reaction 

progressed. 

The average yields and errors of each duplicated experiments were calculated and plotted vs. 

the time. Initiation periods >1 h were observed in all cases. Thus, the initial rates of the reactions 

were calculated from the slope of the linear fitting between 2 to 6 h. The initiation periods of the 

reactions were calculated from the intercept of the linear fitting between 2 to 6 h. The calculated 

initial rates and initiation periods are listed in Table S1. 

Table S1. Initial rate and induction period of reaction between PhNHCH3 (with different degree 

of deuteration) and 1-octene. 

Amine Initial Rate (×10-6 mol/h) Induction Period (h) 

PhNHCH3 1.42±0.06 1.45 

PhNHCD3 1.07±0.02 1.48 

PhNDCH3 0.87±0.05 2.09 

PhNDCD3 0.49±0.04 1.56 
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Figure S2. First order kinetic plot for the photocatalyzed hydroaminoalkylation with PhNHCH3 

(pink), PhNHCD3 (yellow), PhNDCH3 (blue), PhNDCD3 (purple). 
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S5. DFT Studies and Discussion 

According to the regioselectivity for the product, the radical clock experiments and the kinetic 

isotope experiments, tantalum amido radicals are key intermediates for this type of 

hydroaminoalkylation and concerted addition of an excited state tantalum amido diradical B to 

an alkene C is a key step in the catalytic cycle (Scheme 6). To access the diradical, a photonic 

excitation of tantalum aziridine A is proposed, which emphasizes the important role of the 

saturated cyclic ureate ligand for the photo catalytic reactivity.  

To investigate the difference in photo catalytic reactivity of saturated cyclic ureate coordinated 

tantalum complex (TaL1) and other N,O-chelated tantalum complexes (TaL2-TaL5), DFT 

calculations were performed. Tantalum pyridonate complex TaL4, which has no photo catalytic 

reactivity, was chosen as a comparison to TaL1 due to its relatively simple structure. 

The ground state geometry of tantalum aziridine A and the excited state geometry of tantalum 

amido diradical B were optimized for both TaL1 and TaL4. In both cases, the Ta–C distance 

increases after excitation, suggesting weakening of the Ta–C bond. However, in TaL1 the bond 

extends by 0.102 Å (2.134 to 2.236 Å), which is more significant than in TaL4 (0.071 Å, 2.148 

to 2.219 Å). Consequently, the photonic excitation induced weakening of the Ta–C bond is 

more efficient with L1 as ligand compared to L4. 

The excitation of TaL1 and TaL4 to the corresponding excited states TaL1* and TaL4* was 

analyzed. The transition of TaL1→TaL1* is a typical ligand to metal charge transfer, where the 

electrons from the amido ligand flow to the tantalum metal center (Figure S3 top). However, in 

the case of TaL4→TaL4*, the transition consists not only charge transfer from amido ligand to 

Ta metal center, but also to the pyridonate ligand (Figure S3 bottom). Furthermore, the 

distance between the centroids of electron and hole in TaL1* is 3.043 A, while being 3.730 A 

in TaL4*, which also suggest a longer charge transfer distance to the ligand. Thus, the 

pyridonate ligand with conjugated moiety hosts the excited radical and stabilizes the system, 

which leads to stronger (thus less active) Ta–C bond. 

An even more important feature of the excited state could be generated by mapping the single 

occupied natural orbitals of the excited states at CI level. (Figure S4, S5) The two single 

occupied natural orbitals of TaL1 only distribute on the tantalum amido moiety but not the cyclic 

ureate ligand (Figure S4, Isovalue = 0.035), while in the case of TaL4 both single occupied 

natural orbitals extend all the way to the pyridonate ligand (Figure S5). Thus, in the case of 

TaL4 the conjugated pyridonate ligand acts as a “electron sink” and helps to stabilize the 

system by extending the conjugation. Consequently, the unpaired electrons are no longer 

restricted to the tantalum amido moiety.  

Conclusively, the saturated cyclic ureate ligand of TaL1 with no conjugated moiety helps to 

localize the unpaired electrons in the excited state diradical within the tantalum amido moiety 

and facilitates the concerted addition to the alkene. The conjugated moieties in other ligands 

(L2-L5) provide delocalized conjugated systems, in which the unpaired electrons can move 

freely. This leads to poor orbital overlapping with the alkene and disfavors a concerted addition. 
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Figure S3. Electron analysis of TaL1* and TaL4*. Orange mesh indicates holes after excitation, 

and ice-blue mesh indicates electrons after excitation. (Opt: M06L-D3/Def2SVP, TD: M06L-

D3/Def2TZVPP, both with SMD (toluene) solvent model, Isovalue=0.005) 
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Figure S4. Single occupied molecular orbitals of TaL1* diradical. (Opt: M06L-D3/Def2SVP, TD: 

M06L-D3/Def2TZVPP, both with SMD (toluene) solvent model, Isovalue=0.005) 
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Figure S5. Single occupied molecular orbitals of TaL4* diradical. (Opt: M06L-D3/Def2SVP, TD: 

M06L-D3/Def2TZVPP, both with SMD (toluene) solvent model, Isovalue=0.005) 
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S6. Photophysical Results 

Because of the use of a G4 tungsten-halogen light bulb with a UV filter as the light source for 

our photocatalytic reaction, we assumed that the photo catalyst harvests the visible and NIR 

light, especially in the red to near IR region where the energy output peaks with a tungsten-

halogen light bulb. To proof this assumption photophysical experiments were conducted. 

The UV-Vis spectra of TaL1 pre-catalyst, substrate mixture, reaction mixture at T0 and reaction 

mixture after irradiating for 1 h were collected (Figure S6). Surprisingly, no absorption peak but 

only some tailing could be identified in the range of > 400 nm. This suggests there is no major 

species in the reaction mixture harvesting light > 400 nm. 

It was then proposed that the photo catalyst utilizes the trace amount of UV light for the reaction 

to turn-over. However, removing the UV filter in front of the tungsten-halogen light lead to poorer 

reactivity and using a direct UV lamp (365 nm or 254 nm) gave no reactivity at all. 

Finally, we decided to measure the relative reactivity at different wavelengths. We prepared 

reaction samples according to the general procedure (see S3). Instead of a tungsten-halogen 

lamp that emits a continuous spectrum, we applied a series of narrow band filters to a Xenon 

lamp to access light at different wavelengths. The reactivities were calculated via NMR yields, 

corrected by dividing by (TMax * Δλ(1/2)). There results were listed in Table S2 and plotted vs. 

the wavelength (Figure S6). 

Surprisingly, the reactivity peaks at 440 nm and decreases at both shorter wavelength (380 nm) 

and longer wavelength (500 nm). Consequently, the photo active species should absorb 

440 nm light extensively. However, there is no absorption peak at approx. 440 nm in the UV-

Vis spectra of the reaction mixture before and after irradiation. We hypothesize that either the 

concentration of photo active species is very low or the species is so short-living that it cannot 

be detected using a common UV-Vis spectrometer.  

The absorption wavelength of TaL1 in toluene was simulated using TD-DFT (Figure S7). 

Interestingly, although there is no major absorption in the region > 360 nm, the second transition 

has an excitation energy of 2.66 eV, corresponding to absorption at 466 nm. This is close the 

experimentally observed reactivity maxima. The oscillator strength is only 0.0036, making it an 

inefficient transition. This may explain the observed slow reaction at ~440 nm. 

Table S2. Filter parameters and wavelength-dependent reactivity 

Entry 
λMax 
(nm) 

TMax 
(%) 

Δλ(1/2) 

(nm) 

Raw yields 
(%) 

Corrected yields 
(%) 

1 382 34 15 13.8 27.1 

2 399 31 10 20.0 64.5 

3 420.5 45 12 26.5 49.1 

4 442 35 8 23.6 84.3 

5 458.5 44 9 28.9 73.0 

6 480 43.5 8 6.9 19.8 

7 500.5 40 8 4.8 15.0 

8 518.5 37.5 5.5 3.0 14.5 
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Figure S6. Absorption spectra of TaL1 pre-catalyst (blue line), reaction mixture at T0 (orange 

line) and after 1 h irradiation (grey line). Difference between before and after irradiation is 

plotted as yellow line. Purple dots represent relative yields under different wavelength 

irradiation. 
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Figure S7.1. Simulated UV-Vis absorption spectrum of TaL1 pre-catalyst in toluene. (Opt: 

M06L-D3/Def2SVP, TD: M06L-D3/Def2TZVPP, both with SMD (toluene) solvent model) 
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Figure S7.2. Simulated UV-Vis absorption spectrum of TaL1 tantalaaziridine intermedia in 

toluene. (Opt: M06L-D3/Def2SVP, TD: M06L-D3/Def2TZVPP, both with SMD (toluene) 

solvent model) 
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Figure S7.3. Simulated UV-Vis absorption spectrum of TaL1 pre-catalyst in toluene. (Opt: 

M06L-D3/Def2SVP, TD: M06L-D3/Def2TZVPP, both with SMD (toluene) solvent model) 
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Figure S7.4. Simulated UV-Vis absorption spectrum of TaL1 tantalaaziridine intermedia in 

toluene. (Opt: M06L-D3/Def2SVP, TD: M06L-D3/Def2TZVPP, both with SMD (toluene) 

solvent model) 
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S7. NMR Spectra 

 
Figure S8 
1H NMR (C6D6, 300 MHz, 298K) spectrum of N-(cyclopropylmethyl)-4-methylaniline 

 
Figure S9 
13C{1H} NMR (C6D6, 75 MHz, 298K) spectrum of N-(cyclopropylmethyl)-4-methylaniline 
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Figure S10 
1H NMR (CD2Cl2, 400 MHz, 298K) spectrum of N-(2-cyclopropyl-2-methylpropyl)aniline. Peaks 

at 6.07 and 3.75 ppm are from TMB internal standard 

 
Figure S11 
13C{1H} NMR (CD2Cl2, 400 MHz, 298K): Peaks at 162.03, 93.16 and 55.68 ppm are from TMB 

internal standard. 
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Figure S12 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL1 after 

10 min in C7D8 at RT  

 
Figure S13 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL1 after 

20 h irradiation in C7D8 at RT 
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Figure S14 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL1 after 

48 h under irradiation in C7D8 at RT  

 
Figure S15 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL1 after 

20 h without irradiation (foiled) in C7D8 at RT 
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Figure S16 
1H NMR spectrum of reaction between 1-octene and N-methylaniline without TaL1 after 10 min 

in C7D8 at RT  

 
Figure S17 
1H NMR spectrum of reaction between 1-octene and N-methylaniline without TaL1 after 20 h 

under irradiation in C7D8 at RT 
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Figure S18 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% HL1 after 

10 min in C7D8 at RT  

 

 
Figure S19 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% HL1 after 

20 h irradiation in C7D8 at RT  
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Figure S20 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% 

Ta(CH2SiMe3)3Cl2 after 10 min in C7D8 at RT  

 
Figure S21 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% 

Ta(CH2SiMe3)3Cl2 after 20 h irradiation in C7D8 at RT  
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Figure S22 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% Ta(NMe2)5 

after 10 min in C7D8 at RT  

 
Figure S23 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% Ta(NMe2)5 

after 20 h irradiation in C7D8 at RT  
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Figure S24 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL2 after 

10 min in C7D8 at RT  

 
Figure S25 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL3 after 

20 h irradiation in C7D8 at RT  
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Figure S26 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL3 after 

10 min in C7D8 at RT  

 

 
Figure S27 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL3 after 

20 h irradiation in C7D8 at RT  
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Figure S28 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL4 after 

10 min in C7D8 at RT  

 
Figure S29 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL4 after 

20 h irradiation in C7D8 at RT  
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Figure S30 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL5 after 

10 min in C7D8 at RT  

 
Figure S31 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TaL5 after 

20 h irradiation in C7D8 at RT  
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Figure S32 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TiBn4 + HL1 

after 20 h irradiation in C7D8 at RT  

 

Figure S33 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% 

Ti(CH2TMS)4 + HL1 after 20 h irradiation in C7D8 at RT 
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Figure S34 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% ZrBn4 + 

HL1 after 20 h irradiation in C7D8 at RT 
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Figure S35 
1H NMR spectrum of reaction between but-3-en-1-ylbenzene and N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S36 
1H NMR spectrum of reaction between but-3-en-1-ylbenzene and N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S37 
1H NMR spectrum of reaction between vinylcyclohexane and N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S38 
1H NMR spectrum of reaction between vinylcyclohexane and N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S39 
1H NMR spectrum of reaction between (but-3-en-1-yloxy)(tert-butyl)dimethylsilane and N-

methylaniline with 10 mol% TaL1 after 10 min in C7D8 at RT  

 
Figure S40 
1H NMR spectrum of reaction between (but-3-en-1-yloxy)(tert-butyl)dimethylsilane and N-

methylaniline with 10 mol% TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S41 
1H NMR spectrum of reaction between 2-octene and N-methylaniline with 10 mol% TaL1 after 

10 min in C7D8 at RT  

 
Figure S42 
1H NMR spectrum of reaction between 2-octene and N-methylaniline with 10 mol% TaL1 after 

72 h irradiation in C7D8 at RT  
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Figure S43 
1H NMR spectrum of reaction between norbornadiene and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S44 
1H NMR spectrum of reaction between norbornadiene and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S45 
1H NMR spectrum of reaction between cycloheptene and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S46 
1H NMR spectrum of reaction between cycloheptene and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT 
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Figure S47 
1H NMR spectrum of reaction between 1,5-cyclooctadiene and N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S48 
1H NMR spectrum of reaction between 1,5-cyclooctadiene and N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S49 
1H NMR spectrum of reaction between cyclohexene and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S50 
1H NMR spectrum of reaction between cyclohexene and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S51 
1H NMR spectrum of reaction between styrene and N-methylaniline with 10 mol% TaL1 after 

10 min in C7D8 at RT  

 
Figure S52 
1H NMR spectrum of reaction between styrene and N-methylaniline with 10 mol% TaL1 after 

72 h irradiation in C7D8 at RT (brittle insoluble crust formation on inner wall of NMR tube)  
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Figure S53 
1H NMR spectrum of reaction between acrylonitrile and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S54 
1H NMR spectrum of reaction between acrylonitrile and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S55 
1H NMR spectrum of reaction between ethylacrylate and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S56 
1H NMR spectrum of reaction between ethylacrylate and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S57 
1H NMR spectrum of reaction between 1-phenylbutadiene and N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S58 
1H NMR spectrum of reaction between 1-phenylbutadiene and N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S59 
1H NMR spectrum of reaction between ethyl vinyl ether and N-methylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 

  
Figure S60 
1H NMR spectrum of reaction between ethyl vinyl ether and N-methylaniline with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S61 
1H NMR spectrum of reaction between (allyloxy)(tert-butyl)dimethylsilane and N-methylaniline 

with 10 mol% TaL1 after 10 min in C7D8 at RT  

 
Figure S62 
1H NMR spectrum of reaction between (allyloxy)(tert-butyl)dimethylsilane and N-methylaniline 

with 10 mol% TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S63 
1H NMR spectrum of reaction between 1-octene and 4-bromo-N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

  
Figure S64 
1H NMR spectrum of reaction between 1-octene and 4-bromo-N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S65 
1H NMR spectrum of reaction between 1-octene and 4-methoxy-N-methylaniline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S66 
1H NMR spectrum of reaction between 1-octene and 4-methoxy-N-methylaniline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S67 
1H NMR spectrum of reaction between 1-octene and N-ethylaniline with 10 mol% TaL1 after 10 

min in C7D8 at RT  

 
Figure S68 
1H NMR spectrum of reaction between 1-octene and N-ethylaniline with 10 mol% TaL1 after 72 

h irradiation in C7D8 at RT  
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Figure S69 
1H NMR spectrum of reaction between 1-octene and N-benzylaniline with 10 mol% TaL1 after 

10 min in C7D8 at RT  

 
Figure S70 
1H NMR spectrum of reaction between 1-octene and N-benzylaniline with 10 mol% TaL1 after 

72 h irradiation in C7D8 at RT  
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Figure S71 
1H NMR spectrum of reaction between 1-octene and 1,2,3,4-tetrahydroquinoline with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S72 
1H NMR spectrum of reaction between 1-octene and 1,2,3,4-tetrahydroquinoline with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S73 
1H NMR spectrum of reaction between 1-octene and N-methylcyclohexanamine with 10 mol% 

TaL1 after 10 min in C7D8 at RT  

 
Figure S74 
1H NMR spectrum of reaction between 1-octene and N-methylcyclohexanamine with 10 mol% 

TaL1 after 72 h irradiation in C7D8 at RT  
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Figure S75 
1H NMR spectrum of reaction between 1-octene and N-methylbenzylamine with 10 mol% TaL1 

after 10 min in C7D8 at RT  

 
Figure S76 
1H NMR spectrum of reaction between 1-octene and N-methylbenzylamine with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S77 
1H NMR spectrum of reaction between 1-octene and N-methylbutylamine with 10 mol% TaL1 

after 10 min in C7D8 at RT 

 
Figure S78 
1H NMR spectrum of reaction between 1-octene and N-methylbbutylamine with 10 mol% TaL1 

after 72 h irradiation in C7D8 at RT  
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Figure S79 
1H NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% TaL1 after 10 

min in C7D8 at RT 

 
Figure S80 
1H NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% TaL1 after 72 

h irradiation in C7D8 at RT  
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Figure S81 
13C{1H} NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% TaL1 after 

72 h irradiation in C7D8 at RT 

 
Figure S82 
13C{1H}-APT45 NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% 

TaL1 after 72 h irradiation in C7D8 at RT 
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Figure S83 
1H-1H-COSY NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% 

TaL1 after 72 h irradiation in C7D8 at RT 

 
Figure S84 
1H-13C-HSQC NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% 

TaL1 after 72 h irradiation in C7D8 at RT 
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Figure S85 
1H-13C-HMBC NMR spectrum of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 20 mol% 

TaL1 after 72 h irradiation in C7D8 at RT 

 

Spectra rational: 

Comparing the T0 and T72h 1H-NMR spectra (Figure S79-80), the integration of -CH=CH2 signal 

at 5.70ppm decreases from 201 to 120 (TMB internal standard Ar-H = 100), overlapping toluyl 

group can be identified, with slightly down-field N-ortho-CH integrating to 168, double the 

decrease of -CH=CH2
, suggesting 1:1 formation of a new toluyl containing compound. A 

multiplet at 3.49ppm emerges and integrates to 82, same as decrease of -CH=CH2 signal, and 

couples to 57.55ppm signal 1H-13C-HSQC. In the 1H-1H-COSY spectrum, it couples to multiple 

signals, including 3.14ppm and 2.04ppm. The 3.04ppm signal in the 1H spectrum is a broad 

peak, and does not couple to any carbon in the 1H-13C-HSQC, therefore assigned to a protic 

NH. The 2.04ppm signal couples to a sharp doublet at 0.73ppm in COSY spectrum, which 

integrates to 242 in 1H spectrum. These two peaks are assigned to the methylidyne and methyl 

of a CHCH3 moiety respectively. The 3.49ppm signal also couples to signals at 1.27ppm and 

1.73ppm, which couple to the same carbon at 31.77ppm in 1H-13C-HSQC. Combining these 

results, a R-NH-CH(CH2-…)CH(CH3)-… substructure is proposed. (Chart S1 left) 

In the 13C-APT spectrum, three new CH2 signals (negative phase) emerges at 32.31ppm, 

31.77ppm and 21.51ppm. As mentioned ahead, the 31.77ppm signal is assigned the -CH2- 

beta- to the nitrogen. The rest two carbon signals couples to 1.65ppm/1.20ppm and 

1.52ppm/1.36ppm in 1H-13C-HSQC, and the corresponding 1H signals couples to each other in 

COSY. The 32.31ppm signal couples to 1.73ppm and 0.73ppm signal in 1H-13C-HMBC through 
3J coupling, and the 21.51ppm signal couples to 3.49ppm and 2.04ppm signal through 3J 

coupling.  

Summarizing the above rational, a 1-(toluyl-amino)-2-methyl-cyclopentane structure is 

proposed, which is the intramolecular hydroaminoalkylation cyclization product of N-(hex-5-en-

1-yl)-4-methylaniline. 
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Chart 1 

Structure rational of the major product of reaction of N-(hex-5-en-1-yl)-4-methylaniline with 

20 mol% TaL1 after 72 h irradiation in C7D8 at RT 

 
Figure S86 
1H NMR spectrum of reaction between 1-octene and N,N-dimethylaniline with 10 mol% TaL1 

after 10 min in C7D8 at RT  
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Figure S87 
1H NMR spectrum of reaction between 1-octene and N,N-dimethylaniline with 10 mol% TaL1 

after 20h irradiation in C7D8 at RT  

 
Figure S88 
1H NMR spectrum of reaction of N-(cyclopropylmethyl)-4-methylaniline with 20 mol% TaL1 after 

10 min in C7D8 at RT  
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Figure S89 
1H NMR spectrum of reaction of N-(cyclopropylmethyl)-4-methylaniline with 20 mol% TaL1 after 

20h irradiation in C7D8 at RT  

 
Figure S90 

Comparison of 1H NMR spectrum of reaction of N-(cyclopropylmethyl)-4-methylaniline with 20 

mol% TaL1 after 10 min (bottom) and 20h irradiation (top) in C7D8 at RT. Peaks arising at 4.8 

and 5.1 ppm are attributed to ring-opening products 
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Figure S91 
1H NMR spectrum of reaction of prop-1-en-2-ylcyclopropane with 20 mol% TaL1 after 20 h in 

C6D6 at RT  

 

 
Figure S92 

Comparison of 1H NMR spectrum of reaction of prop-1-en-2-ylcyclopropane with 20 mol% TaL1 

after 10 min (bottom) and 20h irradiation (top) in C6D6 at RT.  
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Figure S93 
1H NMR spectrum of reaction between prop-1-en-2-ylcyclopropane and N-methylaniline with 

20 mol% TaL1 after 10 min in C7D8 at RT  

 
Figure S94 
1H NMR spectrum of reaction between prop-1-en-2-ylcyclopropane and N-methylaniline with 

20 mol%TaL1 after 3 d irradiation in C7D8 at RT 
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Figure S95 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 20 mol% TEMPO 

after 10 min in C7D8 at RT  

 
Figure S96 
1H NMR spectrum of reaction between 1-octene and N-methylaniline with 10 mol% TEMPO 

after 20 h irradiation in C7D8 at RT 
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Figure S97 
1H NMR spectrum of reaction between 1-octene and PhNDCD3 with 10 mol% TaL1 after 10 

min in C7D8 at RT  

 

Figure S98 
1H NMR spectrum of reaction between 1-octene and PhNDCD3 with 10 mol% TaL1 after 3 d 

irradiation in C7D8 at RT 
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Figure S99 
2H NMR spectrum of reaction between 1-octene and PhNDCD3 with 10 mol% TaL1 after 10 

min in toluene (with C7D8 reference) at RT  

 
Figure S100 
2H NMR spectrum of reaction between 1-octene and PhNDCD3 with 10 mol% TaL1 after 3 d 

irradiation in toluene (with C7D8 reference) at RT 
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Figure S101 
1H NMR spectrum of reaction between 1-octene and PhNHCD3 with 10 mol% TaL1 after 10 

min in C7D8 at RT  

 
Figure S102 
1H NMR spectrum of reaction between 1-octene and PhNHCD3 with 10 mol% TaL1 after 3 d 

irradiation in C7D8 at RT 
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Figure S103 
2H NMR spectrum of reaction between 1-octene and PhNHCD3 with 10 mol% TaL1 after 10 

min in toluene (with C7D8 reference) at RT  

 
Figure S104 
2H NMR spectrum of reaction between 1-octene and PhNHCD3 with 10 mol% TaL1 after 3 d 

irradiation in toluene (with C7D8 reference) at RT 
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Figure S105 
1H NMR spectrum of reaction between 1-octene and PhNDCH3 with 10 mol% TaL1 after 10 

min in C7D8 at RT  

 
Figure S106 
1H NMR spectrum of reaction between 1-octene and PhNDCH3 with 10 mol% TaL1 after 3 d 

irradiation in C7D8 at RT 
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Figure S107 
2H NMR spectrum of reaction between 1-octene and PhNDCH3 with 10 mol% TaL1 after 10 

min in toluene (with C7D8 reference) at RT  

  
Figure S108 
2H NMR spectrum of reaction between 1-octene and PhNDCH3 with 10 mol% TaL1 after 3 d 

irradiation in toluene (with C7D8 reference) at RT 
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