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I) General Remarks.

All solvents were dried using standard methods and stored over molecular sieves (4 Å). All 
reactions were carried out under a dry nitrogen atmosphere and were repeated at least twice. 
Analytical thin layer chromatography (TLC) was performed on Merck pre-coated 0.20 mm 
silica gel Alugram Sil 60 G/UV254 plates. Flash chromatography was carried out with 
Macherey silica gel (Kielselgel 60). 1H (300 MHz), 13C (75 MHz), 19F (282 MHz) NMR 
spectra were acquired on Bruker Avance I and II spectrometers. Coupling constants are 
expressed in Hz. 1H NMR shifts are given relative to the residual solvent resonances at 7.26 
ppm, and 13C NMR shifts are given relative to the residual solvent peak of CDCl3 (77.16 
ppm). 1,3,5-trimethoxybenzene and 1,2,4,5-tetrachlorobenzene were used as internal 
standards when needed Gas chromatography analyses were done on GC Shimadzu 2010+with 
FID detectors using Supelco SPB-5 column (30 m, 0.25 mm,0.25 m) and with nitrogen as 
gas carrier. GC-MS analyses were performed on a Shimadzu QP2010+ (EI mode) using 
Supelco column SLBTM-5ms (30m, 0.25mm, 0.25μm). All commercial reagents and solvents 
were used as received unless otherwise stated. Imine reagents 1a,S1 1b,S2 1c,S3 1d,S4 1e,S3 1f,S4 
1g,S3 3a,S1 3b,S5 3c,S6 3d,S1 3e,S1 3f,S1 3g,S1 3hS7 were prepared as reported.

II) General Procedure for catalysts synthesis, characterizations and the catalyzed 
hydrogenation reactions.

Catalysts synthesis 
CAUTION: HF is a highly toxic acid which causes severe burns when in contact with skin!

Synthesis of catalyst (1PMF-ppt) by coprecipitation methodS8

Under a well ventilated fume hood, a slurry of magnesium oxide (3.193 g) in 50 mL methanol 
and 10 mL distilled water was prepared in a 250 mL polypropylene beaker. Under stirring, a 
sub-stoichiometric amount of hydrofluoric acid (1.2 equivalents, 7 mL 40% aq.) was added 
dropwise. After dissolution of MgO in aqueous HF, palladium acetate (1 wt %) dissolved in 
methanol (10 mL) was then added under stirring over a period of 45 min. The reaction 
mixture was subsequently stirred for an additional 3 h and further heated in a water bath at 80 
°C until complete evaporation of solvent and formation of a powder. Finally, the prepared 
catalyst (1PMF-ppt) was heated at 250 °C in air for 5 h. 

Synthesis of catalyst (1PMF-imp) by impregnation method
Under a well ventilated fume hood, a slurry of magnesium oxide (3.193 g) in 50 mL methanol 
and 10 mL distilled water was prepared in a 250 mL polypropylene beaker. Under stirring, a 
sub-stoichiometric amount of hydrofluoric acid (1.2 equivalents, 7 mL 40% aq.) was added 
dropwise. After dissolution of MgO in aqueous HF, the slow precipitation of MgF2-x(OH)x 
took place and the reaction mixture was stirred for an additional 1 h. Afterwards, the resulting 
slurry was further heated in a water bath at 80 °C until complete evaporation of solvent and 
formation of a powder of MgF2-x(OH)x which was dried in an oven at 100 °C. The resulting 
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support was then dispersed in methanol and a solution of palladium acetate (1 wt %) in 
methanol (10 mL) was added dropwise to the support slurry. The solution was stirred for 1 h, 
and then the excess solvent was removed by heating the solution at 80 °C in a water bath until 
formation of a powder. The prepared catalyst (1PMF-imp) was then dried in an oven at 100 
°C for 1 h and subsequently heated at 250 °C in air for 5 h. 

Catalyst characterizations

Powder X-ray diffraction (P-XRD) analysis
The prepared catalysts were characterized by X-ray diffraction using PAN analytical X‟Pert 
Pro Dual Goniometer diffractometer. The diffractometer consist of X’celerator solid state 
detector with CuKα (λ=1.5406Ǻ, 40kV, 30mA) radiation and a Ni filter. The X-ray 
diffraction pattern of sample was collected in the range of 2θ = 20-80° with a step size of 
0.02° and scan rate of 4° min-1.

BET surface area measurements
The BET surface area of the catalysts was determined by the N2 sorption at -196 °C, using 
Autosorb Quanta Chrome equipment. Prior to N2 adsorption, the sample was evacuated at 200 
°C under vacuum. The specific surface area was determined according to the BET equation.

Fourier transformed infrared spectroscopic studies (FTIR)
The Fourier Transform Infrared (FT-IR) spectra of the samples were recorded on a Thermo 
Nicolet Nexus 670 IR instrument using DTGS detector. KBr pellets technique was used to 
prepare the samples and the spectra were recorded with a resolution of 4 cm-1 in the range of 
4000-400 cm-1 averaged over 100 scans.

Electron microscopy
The morphology of samples were determined using scanning electron microscopy (SEM) on a 
FEI quanta 200 3D dual beam ESEM instrument having thermionic emission tungsten 
filament in the 3 nm range at 30 kV. The particle size and d-spacing value was determined 
using Transmission electron microscopy and analysis was done on a Tecnai G2-20 FEI 
instrument operating at an accelerating voltage of 300 kV. Before analysis, the powder 
samples were ultrasonically dispersed in isopropanol, and two drops of isopropanol 
containing the solid were deposited on a carbon coated copper grid.

Catalysis

General procedure for catalytic hydrogenations of imines
Imine reagents (0.055 mmol, around 0.1 g depending the substrate) and catalyst (1PMF-ppt) 
(0.005 g, 5wt.%, 0.013 mol% of Pd) were introduced in a Schlenk tube. After a vacuum 
purge, methanol (5 mL) was added under nitrogen and the flask connected to a balloon filled 
with hydrogen. After 3 vacuum-hydrogen purges, the reaction mixture was heated at the given 
temperature under stirring for specific time. In order to follow the progress of the reaction, 
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aliquots (0.1 mL) were taken at defined times, filtered through a pad of Celite, and washed 
with CH2Cl2 (3 mL). The combined solvents were evaporated under reduced pressure and 
products were analysed by 1H NMR. At the end of the reaction, solvent was evaporated under 
vacuum and the crude product was directly purified by flash chromatography or by 
preparative TLC.

General procedure for catalytic hydrogenations of N-heterocycles
A 50 mL stainless-steel autoclave equipped with a magnetic stir bar was charged with the N-
heterocycle reagent (0.055 mmol, around 0.1 g depending the substrate), catalyst (1PMF-ppt) 
or (1PMF-imp) (0.005 g, 5wt.%, 0.013 mol% of Pd) and methanol (5 mL). The autoclave was 
then filled with hydrogen at a pressure of 20 bar after 3 purges. The reaction mixture was 
heated at 90 ºC under stirring for defined time. At the end of the reaction, after cooling and 
depressurization, the solvent was evaporated under vacuum and the crude product was 
directly isolated by flash chromatography or preparative TLC.

Procedure for catalyst recycling
The catalyst recycling study was carried out by using catalyst (1PMF-ppt) and imine 1a under 
optimized reaction conditions: 0.5 g imine 1a, 0.05 g catalyst (1PMF-ppt) (10 wt % catalyst 
with respect to substrate, 0.027 mol% of Pd), 15.0 mL methanol solvent, balloon H2, 27 ºC, 2 
h. At the end of the reaction, the catalyst was separated from the reaction mixture by 
centrifugation and the separated catalyst was washed with methanol for 2-3 times. 
Afterwards, the resulting solid was dried in an oven at 80 °C and subsequently used as 
catalyst for the next reaction under identical experimental conditions. The same procedure 
was repeated for the next three recycle assays. 

Pd leaching test
The leaching test was carried out to check any Pd leaching in the reaction mixture under 
optimized reaction conditions. A mixture of imine 1a (0.5 g) and catalyst (1PMF-ppt) (0.05 g 
catalyst, 10 wt.% with respect to substrate, 0.027 mol%) was stirred in methanol (15 mL) by 
bubbling H2 at 27 ºC for 2 h. The catalyst was then separated from the reaction mixture by 
centrifugation and the supernatant was further allowed to react under identical reaction 
conditions without the catalyst.  

Procedure for preparation of ICP samples
ICP-AES analysis of prepared catalyst was done by using Spectro Arcos spectrometer. The 
samples were prepared by dissolving the catalyst into a minimum amount of freshly prepared 
aqua regia solution (1:3, nitric acid and hydrochloric acid), if necessary the solutions were 
heated up to 80 °C. After dissolution and cooling of the samples, the prepared solutions were 
diluted in 100 mL volumetric flasks using ultrapure water (MilliporeTM), which were 
subjected to the ICP analysis. Metal leaching of the catalyst was studied by ICP-AES analysis 
before and after the catalytic reactions.
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The BET surface area measurements of fresh and used catalysts (1PMF-ppt) showed close 
values (105 vs 106 m2/g, respectively) with similar pore size and pore volume (Figure S1, 
Table S1).
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Figure S1. BET surface area analysis of pattern of fresh and used catalyst (1PMF-ppt).

Table S1. Surface characterization of fresh and used catalyst

Catalyst Surface area 
(m2/g)

Pore size
(nm)

Pore volume
(cc/g)

Fresh- (1PMF-ppt) 106 4.8 0.25

Used- (1PMF-ppt) 105 4.9 0.25
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III) Characterization of compounds.

Hydrogenation of aldimines

N-benzylaniline 2aS1

Ph

HN
Ph

1H NMR (300 MHz, CDCl3): δ= 4.03 (bs, 1H, NH), 4.35 (s, 2H, CH2), 6.65 (d, 3J= 8.2 Hz, 
2H, HAr), 6.75 (t, 3J= 7.3 Hz, 1H, HAr), 7.17 (t, 3J= 7.4 Hz, 2H, HAr), 7.35 (m, 5H, HAr).
13C NMR (75 MHz, CDCl3): δ= 48.4 (CH2), 112.9 (2CH), 117.7 (1CH), 127.3 (1CH), 127.6 
(2CH), 128.7 (2CH), 129.3 (2CH), 139.5 (C), 148.3 (C, CN).

N-benzyl-4-methylaniline 2bS9

HN

1H NMR (300 MHz, CDCl3): δ= 2.16 (s, 3H, CH3), 4.23 (s, 2H, CH2), 6.50 (d, 3J = 8.4 Hz, 
2H, CH), 6.90 (d, 3J = 8.0 Hz, 2H, CH), 7.29 (m, 5H, CH).
13C NMR (75 MHz, CDCl3): δ= 20.5 (CH3), 48.9 (CH2), 113.3 (CH), 127.1 (C), 127.3 (CH), 
127.7 (CH), 128.7 (CH), 129.9 (CH), 139.6 (C), 145.7 (C).

N-(4-Fluorophenyl)benzenemethanamine 2cS10

Ph

HN

F

1H NMR (300 MHz, CDCl3): δ= 3.83 (br s, 1H, NH), 4.31 (s, 2H, CH2), 6.66 (m, 2H, HAr), 
6.89 (m, 2H, HAr), 7.33 (m, 5H, HAr).
13C NMR (75 MHz, CDCl3): δ= 49.1 (CH2), 113.8 (d, 2CHmeta, JC-F= 7.5 Hz), 115.8 (d, 
2CHortho, JC-F= 22.5 Hz), 127.5 (CH), 127.6 (2CH), 128.8 (2CH), 139.3(C, CN), 144.5 (d, 
Cpara, JC-F= 2.3 Hz), 156.0 (d, Cipso, JC-F= 234.0 Hz).

N-(2-methoxybenzyl)aniline 2dS11

HN
Ph

OMe
1H NMR (300 MHz, CDCl3): δ= 3.88 (s, 3H, OCH3), 4.36 (s, 2H, CH2), 6.71 (m, 3H, HAr), 
6.93 (m, 2H, HAr), 7.19 (m, 1H, HAr), 7.27 (m, 1H, HAr), 7.33 (dd, 3J = 7.3 Hz, 1H, HAr).
13C NMR (75 MHz, CDCl3): δ= 43.7 (CH2), 55.4 (OCH3), 110.4 (CH), 113.4 (2CH), 117.6 
(CH), 120.7 (CH), 127.4 (C), 128.5 (CH), 129.1 (CH), 129.3 (2CH), 148.4 (C), 157.6 (C).
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N-(furan-2-ylmethyl)aniline 2eS12

O
HN Ph

1H NMR (300 MHz, CDCl3): δ= 3.83 (bs, 1H), 4.34 (d, 3J = 0.8 Hz, 2H, CH2), 6.26 (qd, 3J 
=3.2 Hz, 1H, Hfur), 6.34 (dd, 3J = 3.3 Hz, 1 H, Hfur), 6.70 (m, 2H, HAr), 6.78 (m, 1H, HAr), 7.21 
(m, 2H, HAr), 7.39 (dd, 3J = 1.9 Hz, 1H, Hfur).
13C NMR (75 MHz, CDCl3): δ= 41.5 (CH2), 107.1 (CH), 110.5 (CH), 113.3 (2CH), 118.2 
(CH), 129.4 (2CH), 142.1 (CH), 147.6 (C), 152.8 (C).

N-(cyclohexylmethyl)-4-methylaniline 2fS13

HN

1H NMR (300 MHz, CDCl3): δ= 0.98 (m, 2H, CH2), 1.25 (m, 3H, CH2), 1.59 (m, 1H), 1.77 
(m, 5H, 3CH2), 2.25 (s, 3H, CH3), 2.95 (d, 3J = 6.6 Hz, 2H, CH2), 3.60 (bs, 1H, NH), 6.55 (d, 
3J = 8.4 Hz, 2H, CH), 6.99 (d, 3J = 8.4 Hz, 2H, CH).
13C NMR (75 MHz, CDCl3): δ= 20.5 (CH3), 26.1 (CH2), 26.8 (CH2), 31.4 (CH2), 37.7 (CH), 
51.2 (CH2), 113.1 (CH), 126.3 (C), 129.8 (CH), 146.4 (C).

N-Benzyl-butyl-amine 2gS14

Ph

HN

1H NMR (300 MHz, CDCl3): δ= 0.94 (t, 3J = 7.3 Hz, 3H, CH3), 1.36 (m, 2H, CH2), 1.53 (m, 
2H, CH2), 2.66 (t, 3J = 7.2 Hz, 2H, CH2), 3.82 (s, 2H, N-CH2), 7.31 (m, 5H, HAr).
13C NMR (75 MHz, CDCl3): δ= 14.1 (CH3), 20.6 (CH2), 32.2 (CH2), 49.3 (CH2), 54.1 (CH2), 
127.0 (CH), 128.3 (2CH), 128.5 (2CH), 140.5 (C).



8

Hydrogenation of ketimines

N-(1-phenylethyl)aniline 4aS1

Ph

HN

1H NMR (300 MHz, CDCl3): δ= 1.51 (d, 3J = 6.3 Hz, 3H, CH3), 4.10 (1s, 1H, NH), 4.49 (q, 
3J= 6.69 Hz, 1H, CH), 6.51 (d, 3J= 8.64 Hz, 2H, HAr), 6.64 (t, 3J= 7.2 Hz, 1H, HAr), 7.09 (m, 
2H, HAr), 7.24 (m, 1H, HAr), 7.34 (m, 4H, HAr).
13C NMR (75 MHz, CDCl3): δ= 25.1 (CH3), 53.7 (CH), 113.5 (2CH), 117.4 (CH), 125.9 
(2CH), 127.0 (CH), 128.8 (2CH), 129.2 (2CH), 145.3 (C), 147.4 (C, CN).

4-fluoro-N-(1-phenylethyl)aniline 4bS5

Ph

HN

F

1H NMR (300 MHz, CDCl3): δ= 1.50 (d, 3J= 6.7 Hz, 3H, CH3), 4.41 (q, 3J= 6.7 Hz, 1H, CH), 
6.44 (m, 2H, HAr), 6.78 (m, 2H, HAr), 7.31 (m, 5H, HAr). 
13C NMR (75 MHz, CDCl3): δ= 25.2 (CH3), 54.3 (CH), 114.3 (d, 2CHmeta, JC-F= 7.3 Hz), 
115.5 (d, 2CHortho, JC-F= 22.2 Hz), 125.9 (2CH), 127.1 (CH), 128.8 (2CH), 143.6 (d, Cpara, JC-

F= 1.1 Hz), 145.1 (C, CN), 156.0 (d, Cipso, JC-F= 233.4 Hz).

4-methyl-N-(1-phenylethyl)aniline 4cS15

HN

1H NMR (300 MHz, CDCl3): δ= 1.53 (d, 3J = 6.7 Hz, 3H, CH3), 2.22 (s, 3H, CH3), 4.48 (q, 3J 
= 6.7 Hz, 1H, CH), 6.46 (d, 3J = 7.9 Hz, 1H, CH), 6.93 (d, 3J = 8.0 Hz, 1H, CH), 7.24 (m, 1H), 
7.37 (m, 4H, CH).
13C NMR (75 MHz, CDCl3): δ= 20.5 (CH3), 25.2 (CH3), 53.8 (CH), 113.5 (CH), 125.9 (CH), 
126.5 (C), 126.9 (CH), 128.7 (CH), 129.7 (CH), 145.1 (C), 145.5 (C).

2-ethyl-N-(1-phenylethyl)aniline 4dS16

Ph

HN

1H NMR (300 MHz, CDCl3): δ= 1.37 (s, 3H, CH3 Et), 1.61 (d, J = 6.59 Hz, 3H, CH3), 2.63 (q, 
3J = 7.54 Hz, 2H, CH2), 4.0 (bs, 1H, NH), 4.58 (q, 3J = 6.59 Hz, 1H), 6.44 (dd, 3J = 1.00 Hz, 
1H, HAr), 6.70 (td, 3J= 7.39 Hz, 1H, HAr), 7.0 (m, 1H, HAr), 7.12 (m, 1H, HAr), 7.27 (m, 1H, 
HAr), 7.38 (m, 4H, HAr).13C NMR (75 MHz, CDCl3): δ = 13.0 (CH3), 24.1 (CH2), 25.4 (CH3), 
53.4 (CH), 111.5 (CH), 117.1 (CH), 125.9 (2CH), 126.9 (2CH), 127.3 (C), 127.8 (CH), 128.7 
(2CH), 144.5 (C), 145.4 (C). HRMS (EI): calculated for C16H20N (M+), 226.3407; found,  
226.15903. 
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N-(1-phenylpropyl)aniline 4eS1

Ph

HN
Ph

1H NMR (300 MHz, CDCl3): δ= 0.96 (t, 3J= 7.4 Hz, 3H, CH3), 1.83 (m, 2H, CH2), 4.06 (bs, 
1H, NH), 4.23 (t, 3J= 6.7 Hz, 1H, CH), 6.52 (d, 3J= 7.7 Hz, 2H, HAr), 6.63 (t, 3J= 7.3 Hz, 1H, 
HAr), 7.08 (t, 3J= 7.9 Hz, 2H, HAr), 7.21 (m, 1H, HAr), 7.31 (m, 4H, HAr).
13C NMR (75 MHz, CDCl3): δ= 10.9 (CH3), 31.8 (CH2), 59.9 (CH), 113.4 (2CH), 117.3 
(CH), 126.6 (2CH), 127.1 (CH), 128.6 (2CH), 129.2 (2CH), 144.0 (C), 147.6 (C, CN).

N-benzhydrylaniline 4fS1

HN
Ph

Ph Ph
1H NMR (300 MHz, CDCl3): δ= 5.50 (s, 1H, CH), 6.57 (d, 3J= 7.7 Hz, 2H, HAr), 6.71 (t, 
3J=7.3 Hz, 1H, HAr), 7.12 (t, 3J= 7.5 Hz, 2H, HAr), 7.29 (m, 10H, HAr).
13C NMR (75 MHz, CDCl3): δ= 63.2 (CH), 113.7 (2CH), 117.9 (CH), 127.5 (2CH), 127.7 
(4CH), 128.9 (4CH), 129.3 (2CH), 143.1 (2C), 147.6 (C, CN).

N-Benzylbutan-1-amine 4gS17

Ph

HN

1H NMR (300 MHz, CDCl3): δ= 0.87 (t, 3J = 1.0 Hz, 3H, CH3 n-Bu), 1.29 (m, 2H, CH2), 1.37 
(d, 3J = 6.6 Hz, 3H, CH3), 1.46 (m, 2H, CH2), 2.45 (m, 2H, CH2), 3.76 (q, 3J = 6.6 Hz, 1H, 
CH), 7.23 (m, 2H, HAr), 7.33 (m, 3H, HAr).
13C NMR (75 MHz, CDCl3): δ= 14.1 (CH3), 20.6 (CH2), 24.4 (CH3), 32.4(CH2), 47.5(CH2), 
58.6 (CH), 126.7 (2CH), 127.0 (CH), 128.5 (2CH), 145.4(C).

N-cyclohexylaniline 4hS18

NH
Ph

1H NMR (300 MHz, CDCl3): δ= 1.25 (m, 6H), 1.75 (m, 2H), 2.06 (m, 2H), 3.25 (non, 3J= 3.7 
Hz, 1H), 6.59 (d, 3J= 7.6 Hz, 2HAr), 6.67 (t, 3J= 7.3 Hz, 1HAr), 7.16 (t, 3J= 7.9 Hz, 2HAr). 
13C NMR (75 MHz, CDCl3): δ= 25.2 (2CH2), 26.1 (CH2), 33.5 (2CH2), 51.9 (CH), 113.4 
(2CH), 117.1 (CH), 129.5 (2CH), 147.4 (C).

Cyclohexanamine 4i CAS [108-91-8]S19

NH2

1H NMR (300 MHz, CDCl3): δ= 1.03 (m, 2H), 1.21 (m, 3H), 1.62 (m, 1H), 1.72 (m, 2H), 
1.85 (m, 2H), 2.54 (m, 1H).
13C NMR (75 MHz, CDCl3): δ= 25.5 (2CH2), 26.4 (CH2), 34.5 (2CH2), 53.2 (CH).
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Hydrogenation of heterocycles
1,2,3,4-tetrahydroquinoline 6aS20

N
H

1H NMR (300 MHz, CDCl3): δ= 1.95 (m, 2H, CH2), 2.77 (t, 3J = 6.4 Hz, 2H, CH2), 3.25 (t, 3J 
= 5.5 Hz, 2H, CH2), 6.48 (d, 3J = 7.8 Hz, 1H, CH), 6.61 (t, 3J = 7.3 Hz, 1H, CH), 6.88 (m, 2H, 
CH).
13C NMR (75 MHz, CDCl3): δ= 22.3 (CH2), 27.1 (CH2), 42.1 (CH2), 114.4 (CH), 117.1 (CH), 
121.6 (C), 126.9 (CH), 129.6 (CH), 144.8 (C).

2-methyl-1,2,3,4-tetrahydroquinoline 6bS21

N
H

1H NMR (300 MHz, CDCl3): δ= 1.27 (d, 3J = 6.3 Hz, 3H, CH3), 1.65 (m, 1H), 1.94 (m, 1H), 
2.79 (m, 2H), 3.43 (m, 1H), 6.62 (d, 3J = 7.9 Hz, 1H), 6.69 (t, 3J = 7.4 Hz, 1H), 7.05 (m, 2H).
13C NMR (75 MHz, CDCl3): δ= 22.6 (CH3), 26.6 (CH2), 30.2 (CH2), 47.2 (CH), 114.1 (CH), 
117.0 (CH), 121.1 (C), 126.7 (CH), 129.3 (CH), 144.8 (C).

1,2,3,4-tetrahydroquinolin-8-ol 6cS22

N
H

OH
1H NMR (300 MHz, acetone-d6): δ= 1.88 (m, 2H), 2.71 (m, 2H), 3.31 (m, 2H), 6.33 (t, 3J = 
7.6 Hz, 1H), 6.43 (d, 3J = 7.6 Hz, 1H), 6.53 (d, 3J = 7.7 Hz, 1H).
13C NMR (75 MHz, acetone-d6): δ= 23.1 (CH2), 27.6 (CH2), 42.2 (CH2), 112.4 (CH), 116.2 
(CH), 121.4 (CH), 121.9 (C), 134.9 (C), 144.2 (C).

1,2,3,4-tetrahydroquinolin-5-ol 6dS23

N
H

OH

1H NMR (300 MHz, acetone-d6): δ= 1.84 (m, 2H), 2.61 (t, 3J = 6.5 Hz, 2H), 3.19 (t, 3J = 5.4 
Hz, 2H), 6.01 (d, 3J = 8.0 Hz, 1H), 6.07 (d, 3J = 6.1 Hz, 1H), 6.65 (t, 3J = 7.9 Hz, 1H), 7.85 (bs, 
1H, OH).
13C NMR (75 MHz, acetone-d6): δ= 21.5 (CH2), 22.8 (CH2), 42.0 (CH2), 103.8 (CH), 106.9 
(CH), 108.6 (C), 127.2 (CH), 147.4 (C), 156.2 (C).

Methyl 1,2,3,4-tetrahydroquinoline-2-carboxylate 6gS24

N
H

COOMe

1H NMR (300 MHz, CDCl3) δ= 2.04 (m, 1H), 2.30 (m, 1H), 2.79 (m, 2H), 3.79 (s, 3H, CH3), 
3.90 (dd, 3J = 3.8 Hz, 1H), 4.10 (bs, 1H, NH), 6.61 (d, 3J = 8.0 Hz, 1H), 6.67 (t, 3J = 7.6 Hz, 
1H), 7.01 (m, 2H).
13C NMR (75 MHz, CDCl3) δ= 24.7, 25.8, 52.4, 53.9, 114.6, 117.7, 120.6, 127.1, 129.1, 
142.9, 173.8.
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Piperidine CAS [110-89-4] 8aS25

N
H

1H NMR (300 MHz, CDCl3): δ= 1.41 (bs, 6H), 2.67 (bs, 4H).
13C NMR (75 MHz, CDCl3): δ= 25.0 (CH2), 27.1 (2CH2), 47.3 (2CH2).

Piperazine CAS [110-85-0] 8bS25

N
H

H
N

1H NMR (300 MHz, CDCl3): δ= 1.42 (bs, 1H, 2NH), 2.65 (bs, 8H).
13C NMR (75 MHz, CDCl3): δ= 47.1 (CH2).

4a,9,9a,10-tetrahydroacridine 8cS26

N
H

1H NMR (300 MHz, CDCl3): δ= 4.06 (s, 2H, CH2), 5.96 (bs, 1H, NH), 6.67 (d, 3J = 3.1 Hz, 
2H), 6.87 (t, 3J = 2.9 Hz, 2H), 7.09 (m, 4H).
13C NMR (75 MHz, CDCl3): δ= 31.5 (CH2), 113.5 (CH), 120.1 (C), 120.8 (CH), 127.1 (CH), 
128.7 (CH), 140.2 (C).

1,2,3,4-tetrahydrobenzo[f]quinoline 8dS27

NH

1H NMR (300 MHz, CDCl3): δ= 2.16 (m, 2H), 3.09 (t, 3J = 6.5 Hz, 2H), 3.39 (t, 3J = 5.5 Hz, 
2H), 3.94 (bs, 1H, NH), 6.82 (d, 3J = 8.7 Hz, 1H), 7.28 (t, 3J = 7.0 Hz, 1H), 7.49 (t, 3J = 7.0 
Hz, 1H), 7.57 (d, 3J = 8.7 Hz, 1H), 7.74 (d, 3J = 8.0 Hz, 1H), 7.80 (d, 3J = 8.5 Hz, 1H).
13C NMR (75 MHz, CDCl3): δ= 22.4 (CH2), 22.8 (CH2), 41.8 (CH2), 111.9 (C), 118.4 (CH), 
121.3 (CH), 121.7 (CH), 126.4 (CH), 127.5 (CH), 127.9 (C), 128.5 (CH), 133.6 (C), 142.0 
(C).

Indoline CAS [496-15-1] 8eS28

N
H

1H NMR (300 MHz, CDCl3): δ= 3.06 (t, 3J = 8.2 Hz, 2H), 3.59 (t, 3J = 8.3 Hz, 2H), 6.75 (m, 
2H), 7.05 (t, 3J = 7.5 Hz, 1H), 7.14 (d, 3J = 7.3 Hz, 1H).
13C NMR (75 MHz, CDCl3): δ= 29.9 (CH2), 47.4 (CH2), 109.7 (CH), 118.9 (CH), 124.8 
(CH), 127.3 (CH), 129.5 (C), 151.4 (C).

2-Methyl-indoline CAS [6872-06-6] 8fS29

N
H

1H NMR (300 MHz, CDCl3): δ= 1.30 (d, 2H), 2.66 (dd, 3J = 7.7 Hz, 1H), 3.15 (dd, 3J = 8.5 
Hz, 1H), 3.65 (bs, 1H), 4.02 (m, 1H), 6.62 (d, 3J = 7.7 Hz, 1H), 6.71 (t, 3J = 7.4 Hz, 1H), 7.03 
(t, 3J = 7.6 Hz, 1H), 7.08 (d, 3J = 7.2 Hz, 1H).
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13C NMR (75 MHz, CDCl3): δ= 22.3 (CH3), 37.8 (CH2), 55.3 (CH), 109.4 (CH), 118.7 (CH), 
124.8 (CH), 127.3 (CH), 129.1 (C), 150.9 (C).



13

IV) References
S1) J. S. M. Samec and J. E. Backvall Chem. Eur. J., 2002, 8, 2955-2961.
S2) H. Luo, K. Chen, H. Jiang and S. Zhu, Org. Lett., 2016, 18, 5208-5211.
S3) D. Blanco-Ania, P. H. H. Hermkens, L. A. J. M. Sliedregt, H. W. Scheeren and F. P. J. T. 
Rutjes, Tetrahedron, 2009, 65, 5393-5401.
S4) S. E. Denmark, N. Nakajima, C. M. Stiff, O. J.-C. Nicaise, M. Kranz, Adv. Synth. Catal., 
2008, 350, 1023-1045.
S5) Y. Yamamoto, T. Koizumi, K. Katagiri, Y. Furuya, H. Danjo, T. Imamoto and K. 
Yamaguchi, Org. Lett., 2006, 8, 6103–6106.
S6) D. Pei, Z. Wang, S. Wei, Y. Zhang, J. Sun, Org. Lett., 2006, 8, 5913-5915.
S7) J. Barluenga, A. Jimenez-Aquino, F. Aznar, C. Valdes, J. Am. Chem. Soc. 2009, 131, 
4031-4041.
S8) a) V. R. Acham, A. V. Biradar, M. K. Dongare, E. Kemnitz and S. B. Umbarkar, 
ChemCatChem, 2014, 6, 3182–3191; b) R. S. Kokane, V. R. Acham, A. B. Kulal, E. Kemnitz, 
M. K. Dongare and S. B. Umbarkar, ChemistrySelect, 2017, 2, 10618 –10627.
S9) D. B. Bagal, R. A. Watile, M. V. Khedkar, K. P. Dhake and B. M. Bhanage, Catal. Sci. 
Technol., 2012, 2, 354-358.
S10) A. Kumar and A. G. Samuelson, Eur. J. Org. Chem., 2011, 2011, 951–959.
S11) M. Zhang, H. Yang, Y. Zhang, C. Zhu, W. Li, Y. Cheng and H. Hu, Chem. Commun., 
2011, 47, 6605–6607.
S12) C. C. Lee and S. T. Liu, Chem. Commun., 2011, 47, 6981–6983.
S13) B. Li, J. Zheng, W. Zeng, Y. Li and L. Chen, Synthesis, 2017, 49, 1349-1355.
S14) N. Shankaraiah, N. Markandeya, V. Srinivasulu, K. Sreekanth, Ch. S. Reddy, L. S. 
Santos and A. Kamal, J. Org. Chem., 2011, 76, 7017–7026.
S15) A. Heutling, F. Pohlki and S. Doye, Chem. Eur. J., 2004, 10, 3059-3071.
S16) Y. Corre, W. Iali, M. Hamdaoui, X. Trivelli, J.-P. Djukic, F. Agbossou-Niedercorn and 
C. Michon, Catal. Sci. Technol., 2015, 5, 1452-1458.
S17) A. V. Malkov, S. Stončius, K. N. MacDougall, A. Mariani, G. D. McGeoch, P. 
Kočovský, Tetrahedron, 2006, 62, 264-284.
S18) D. W. Ma, Q. Cai and H. Zhang, Org. Lett., 2003, 5, 2453-2455.
S19) H. J. Schneider, V.; Hoppen, J. Org. Chem., 1978, 43, 3866-3873.
S20) T. Kubo, C. Katoh, K. Yamada, K. Okano, H. Tokuyama and T. Fukuyama, 
Tetrahedron, 2008, 64, 11230-11236.
S21) V. Sridharan, C. Avendano and J. C. Menendez, Tetrahedron, 2007, 63, 673-681.
S22) F. Fache, Synlett, 2004, 2004, 2827-2829.
S23) P. A. Vadola and D. Sames, J. Org. Chem., 2012, 77, 7804-7814.
S24) A. M. Maj, I. Suisse, C. Hardouin and F. Agbossou-Niedercorn, Tetrahedron, 2013, 69, 
9322-9328.
S25) G. Ellis and R. G. Jones, J. Chem. Soc., Perkin Transactions 2, 1972, 1972, 437-440.
S26) P. Nandi, J. L. Dye and J. E. Jackson, J. Org. Chem., 2009, 74, 5790-5792.
S27) R. H. Fish, J. L. Tan and A. D. Thormodsen, Organometallics, 1985, 4, 1743-1747.
S28) F. Xu, B. Simmons, R. A. Reamer, E. Corley, J. Murry and D. Tschaen, J. Org. Chem., 
2008, 73, 312-315.
S29) A. Kulkarni, W. Zhou and B. Torok, Org. Lett., 2011, 13, 5124-5127.



14

V) 1H, 13C NMR spectra of isolated compounds.

Compound 2a 1H NMR CDCl3
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Compound 2a 13C NMR CDCl3



16

Compound 2b 1H NMR CDCl3
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Compound 2b 13C NMR CDCl3
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Compound 2c 1H NMR CDCl3
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Compound 2c 13C NMR CDCl3
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Compound 2d1H NMR CDCl3
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Compound 2d 13C NMR CDCl3
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Compound 2e 1H NMR CDCl3
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Compound 2e 13C NMR CDCl3
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Compound 2f 1H NMR CDCl3
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Compound 2f 13C NMR CDCl3
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Compound 2g 1H NMR CDCl3
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Compound 2g 13C NMR CDCl3
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Compound 4a 1H NMR CDCl3
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Compound 4a 13C NMR CDCl3
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Compound 4b 1H NMR CDCl3
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Compound 4b 13C NMR CDCl3
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Compound 4c 1H NMR CDCl3
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Compound 4c 13C NMR CDCl3
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Compound 4d 1H NMR CDCl3
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Compound 4d 13C NMR CDCl3
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Compound 4e 1H NMR CDCl3
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Compound 4e 13C NMR CDCl3
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Compound 4f 1H NMR CDCl3
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Compound 4f 13C NMR CDCl3
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Compound 4g 1H NMR CDCl3
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Compound 4g 13C NMR CDCl3
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Compound 4h 1H NMR CDCl3
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Compound 4h 13C NMR CDCl3
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Compound 4i 1H NMR CDCl3
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Compound 4i 13C NMR CDCl3
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Compound 6a 1H NMR CDCl3
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Compound 6a 13C NMR CDCl3
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Compound 6b 1H NMR CDCl3
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Compound 6b 13C NMR CDCl3
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Compound 6c 1H NMR CDCl3
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Compound 6c 13C NMR CDCl3
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Compound 6d 1H NMR CDCl3
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Compound 6d 13C NMR CDCl3
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Compound 6g 1H NMR CDCl3
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Compound 6g 13C NMR CDCl3
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Compound 8a 1H NMR CDCl3
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Compound 8a 13C NMR CDCl3
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Compound 8b 1H NMR CDCl3
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Compound 8b 13C NMR CDCl3
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Compound 8c 1H NMR CDCl3
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Compound 8c 13C NMR CDCl3
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Compound 8d 1H NMR CDCl3
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Compound 8d 13C NMR CDCl3
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Compound 8e 1H NMR CDCl3
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Compound 8e 13C NMR CDCl3
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Compound 8f 1H NMR CDCl3
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Compound 8f 13C NMR CDCl3


