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1. General Information 
1H (300 and 400 MHz), 13C (75 and 101 MHz) and 19F (282 and 376 MHz) spectra were recorded 

at ambient temperature using Bruker AV 300-I, AV 400. 1H NMR spectra are reported in parts 

per million (ppm) downfield relative to CDCl3 (7.26 ppm) and all 13C NMR spectra are reported 

in ppm relative to CDCl3 (77.16 ppm) unless stated otherwise. The multiplicities of signals are 

designated by the following abbreviations: s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiplet), dd (doublet of doublets), dt (doublet of triplets), td (triplet of doublets), ddd (doublet 

of doublet of doublets). Coupling constants (J) are reported in hertz (Hz). NMR data was 

processed using the MestReNova 14 software package. High resolution mass spectra (HRMS) 

were collected on an AccuTOF LC, JMS-T100LP Mass spectrometer (JEOL, Japan) or on an 

AccuTOF GC v 4g, JMS-T100GCV Mass spectrometer (JEOL, Japan). Disposable syringes were 

purchased from Laboratory Glass Specialist. Syringe pumps were purchased from Chemix Inc. 

model Fusion 200 Touch. Product isolation was performed manually, using silica (P60, 

SILICYCLE). TLC analysis was performed using Silica on aluminum foils TLC plates (F254, 

SILICYCLE) with visualization under ultraviolet light (254 nm and 365 nm) or appropriate TLC 

staining (Potassium Permanganate). Organic solutions were concentrated under reduced pressure 

on a Büchi rotary evaporator (in vacuo at 40 ºC, ~5 mbar). 

UV-Vis spectra were recorded with a double beam spectrophotometer Shimadzu UV2700 

equipped with a deuterium lamp (190-350 nm), a halogen lamp (330-900 nm) and a 

photomultiplier (Hamamatsu R928). Measurements were performed in a quartz cuvette (optical 

path: 1 cm). All spectra were recorded in CH3CN (solvent cutoff: 190 nm) in quartz cuvettes 

(optical path: 1 cm) with a bandwidth of 5 nm and a data pitch of 1 nm. 

Luminescence spectra were recorded with a Horiba Fluorolog-3 equipped with a 450W Xenon 

lamp and a photomultiplier (Hamamatsu R636). Measurements were performed in a quartz 

cuvette (optical path: 1 cm) sealed with a rubber septum. The solution was bubbled with N2 for 

10 minutes before irradiation at 362 nm (A = 0.1). The slits of the excitation monochromator were 

kept at 10 nm, while those of the emission monochromator at 5 nm. Integration time was 0.1 s, 

each spectrum is an average of 2 acquisitions with a data pitch of 1 nm. A long-pass filter was 

used to minimize the intensity of the Raman band. The nature of the latter was verified by 

observing its shift by changing the excitation wavelength (data not shown). 

Nanosecond transient absorptions were recorded with an in-house assembled setup. An excitation 

wavelength of 319 nm was used. The excitation wavelength of 319 nm was generated using a 

tunable Nd:YAG-laser system (NT342B, Ekspla) comprising the pump laser (NL300) with 

harmonics generators (SHG, THG) producing 355 nm to pump an optical parametric oscillator 

(OPO) with SHG connected in a single device. The laser system was operated at a repetition rate 

of 5 Hz with a pulse length of 5 ns. The probe light running at 10 Hz was generated by a high-

stability short arc xenon flash lamp (FX-1160, Excelitas Technologies) using a modified PS302 

controller (EG&G). Using a 50/50 beam splitter, the probe light was split equally into a signal 

beam and a reference beam and focused on the entrance slit of a spectrograph (SpectraPro-150, 

Princeton Instruments) with a grating of 150 ln/mm blaze at 500nm. The probe beam (A = 1 mm2) 

was passed through the sample cell and orthogonally overlapped with the excitation beam on a 1 

mm × 1 cm area. The excitation energy was recorded by measuring the excitation power at the 

back of an empty sample holder. In order to correct for fluctuations in the flash lamp spectral 

intensity, the reference was used to normalize the signal. Both beams were recorded 

simultaneously using a gated intensified CCD camera (PI-MAX3, Princeton Instruments) which 

has an adjustable gate of minimal 2.9 ns (20 ns were used). Two delay generators (DG535 and 

DG645, Stanford Research Systems, Inc.) were used to time the excitation pulse, and to change 
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the delay of the flash lamp and gate of the camera during the experiment. The setup was controlled 

by an in-house written Labview program. 

 

1.1 Materials 

All reagents and solvents were used as received without further purification. Reagents and 

solvents were purchased from Sigma Aldrich, TCI, abcr and Fluorochem. Technical solvents were 

purchased from VWR International and used as received. The majority of the substrates are 

commercially available. The 1,1,1,3,3,3-hexamethyl-2-(trimethylsilyl)trisilane-2-d1 was prepared 

according to reported procedures. The synthesis of 1-bromo-1-methylcyclohexane, (3-bromo-3-

methylbutyl)benzene and 2-bromo-2-methylbutane was performed according to literature 

procedures.2 

  

 
1H. D. Pickford, J. Nugent, B. Owen, J. J. Mousseau, R. C. Smith, E. A. Anderson J. Am. Chem. Soc. 2021, 143, 26, 

9729–9736. 
2J. R. Harris, M. T. Haynes, II, A. M. Thomas, K. A. Woerpel J. Org. Chem. 2010, 75, 15, 5083–5091. 
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1.2 Reactor Design 

UFO reactor  

For the reactions performed in batch, we have used a homemade, 3D-printed reactor. The reactor 

was designed to fit reaction vials and to be equipped with a Kessil lamp. The reactor was designed 

in Adobe Inventor 2021 with 4 different parts. The lid (100mm x 12mm) is designed to host up 

to 8 reactions vials and holds the Kessil lamp in the center (Figure S1A). The box is designed 

with holes to allow the air flow to escape the reactor and keep the temperature stable (Figure 

S1B), as measured by an external thermometer. A reflector is situated underneath the lamp and 

reflects the photons inside the box to have a light distribution as homogeneous as possible (Figure 

S1C). A fan is glued on the bottom to provide an air flow while keeping light from escaping the 

system. Finally, the stirring plate adapter (Figure S1D) was added to fix the system on a stirring 

plate and provide homogeneous stirring (Figure S1E). It also spaces the reflector from the plate 

to ensure a continuous air flow from the top to the bottom of the system. All the inside surfaces 

were covered with reflective tape. An overview of the assembled reactor is shown in Figure S2. 

 

Figure S1 Overview of the 3D-printed reactor. 

 

     
Figure S2 Pictures of the assembled reactor equipped with a Kessil lamp (365 nm).  
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Continuous-Flow System 

For reactions performed in flow, a Vapourtec device with a UV-150 photochemical reactor was 

used, equipped with 16 W 365 nm LED. The temperature of the photochemical chamber was kept 

constant at 40 °C. 

For the scale-up the set up was the same except for the coil, that has been replaced by a two layers 

coil (V = 20 mL, internal diameter 2.0 mm, external diameter 3.0 mm ). 

 

 

 

 

 

Figure S3 Overview and details of the Vapourtec system: in particular, the PFA coil (internal diameter 

1.3 mm, external diameter 1.6 mm) and LEDs are shown. 

Figure S4 Overview and details of the Vapourtec system (flow setup for scale-up): in particular, PFA coil 

(internal diameter 2.0 mm, external diameter 3.0 mm) is shown. 
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2. Optimization 

 

Optimization of the Giese addition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Solvent Concentration Yield 

1 CH3CN 0.1 M 7% 

2 CH3CN 0.5 M 4% 

3 TFT 0.1 M 7% 

4 TFT 0.5 M 7% 

5 HFIP 0.1 M 21% 

6 Acetone 0.5 M 7% 

7 CH2Cl2 0.5 M 7% 

8 iPrOH 0.1 M 11% 

9 THF 0.1 M 8% 

Entry Light Wavelength Temperature  Conversion Yield 

1 365 nm 25°C 45 min 35% 21% 

2 365 nm 25°C 120  min 100% 62% 

3 365 nm 40°C 45  min 78% 70% 

4 365 nm 40°C 60  min 91% 73% 

5 365 nm 40°C 120  min 100% 73% 

6 405 nm 25°C 45  min 13% 7% 

7 405 nm 40°C 45  min 32% 27% 

8 Dark 50°C 45  min 16% 6% 

Table S1 Optimization of the solvent and concentration 

Table S2 Optimization of the light source, retention time and temperature 
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Entry Silane Conversion Yield 

 1 dimethyl(phenyl)silane - - 

2 triphenylsilane 7% - 

3 triisopropylsilane - - 

4 triethoxysilane - - 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Entry Equiv. of 1 Equiv. of Silane Conversion Yield 

1 2.5 1.5 91% 73% 

2 2.5 1.1 86% 73% 

3 2.5 1.0 84% 69% 

4 1.5 1.1 47% 47% 

5 2.5 0 0% 0% 

Table S3 Optimization of the stoichiometry 

Table S4 Screening of the silane derivatives 
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3. Experimental Procedures 

3.1 Olefin hydroalkylation 

General Procedure A  

 

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the olefin (0.500 mmol, 1 equiv.) in HFIP (5 mL, 0.1 M), the alkyl bromide derivative (1.250 

mmol, 2.5 equiv.) and (TMS)3SiH (170 μL, 0.550 mmol, 1.1 equiv.) were added. Subsequently, 

the solution was sparged with nitrogen for 30 seconds and the reaction vessel was sealed with 

parafilm. This solution was taken with a 6 mL syringe (12.4 mm inner diameter), positioned on a 

syringe pump and connected to a Vapourtec UV-150 reactor, equipped with a 10 mL PFA coil 

prefilled with CH3CN (internal diameter 1.3 mm, external diameter 1.6 mm), and with a check 

valve and a back-pressure regulator (2.8 psi) as shown in Figure S3. The solution was pumped, 

unless differently specified, with a total flow rate of 0.083 mL min-1 and collected at the end of 

the reactor. The solvent of the resulting reaction mixture was removed under reduced pressure 

and purification by flash column chromatography on silica gel gave the corresponding products 

in the stated yield. 

 

General Procedure B 

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the olefin (0.500 mmol, 1 equiv.) in dry CH3CN (5 mL, 0.1 M), the alkyl bromide derivative 

(1.250 mmol, 2.5 equiv.) and (TMS)3SiH (170 μL, 0.550 mmol, 1.1 equiv.) were added. 

Subsequently, the solution was sparged with nitrogen for 30 seconds and the reaction vessel was 

sealed with parafilm. This solution was taken with a 6 mL syringe (12.4 mm inner diameter), 

positioned on a syringe pump and connected to a Vapourtec UV-150 reactor, equipped with a 10 

mL PFA coil prefilled with CH3CN (internal diameter 1.3 mm, external diameter 1.6 mm), and 

with a check valve and a back-pressure regulator (2.8 psi) as shown in Figure S3. The solution 

was pumped, unless differently specified, with a total flow rate of 0.083 mL min-1 and collected 

at the end of the reactor. The solvent of the resulting reaction mixture was removed under reduced 

pressure and purification by flash column chromatography on silica gel gave the corresponding 

products in the stated yield. 

 

General Procedure C  

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the olefin (0.500 mmol, 1 equiv.) in dry CH3CN (5 mL, 0.1 M), the alkyl bromide derivative 

(1.250 mmol, 2.5 equiv.), (TMS)3SiH (170 μL, 0.550 mmol, 1.1 equiv.) and 2,6-lutidine (116 μL, 

1.000 mmol, 2.0 equiv.) were added. Subsequently, the solution was sparged with nitrogen for 30 

seconds and the reaction vessel was sealed with parafilm. This solution was taken with a 6 mL 

syringe (12.4 mm inner diameter), positioned on a syringe pump and connected to a Vapourtec 

UV-150 reactor, equipped with a 10 mL PFA coil prefilled with CH3CN (internal diameter 1.3 

mm, external diameter 1.6 mm), and with a check valve and a back-pressure regulator (2.8 psi) 
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as shown in Figure S3. The solution was pumped, unless differently specified, with a total flow 

rate of 0.083 mL min-1 and collected at the end of the reactor. The solvent of the resulting reaction 

mixture was removed under reduced pressure and purification by flash column chromatography 

on silica gel gave the corresponding products in the stated yield.  

 

General Procedure D (Fed batch)  

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the olefin (0.500 mmol, 1 equiv.) in dry CH3CN (5 mL, 0.1 M), the alkyl bromide derivative 

(1.250 mmol, 2.5 equiv.) and (TMS)3SiH (170 μL, 0.550 mmol, 1.1 equiv.) were added. 

Subsequently, the solution was sparged with nitrogen for 30 seconds and the reaction vessel was 

sealed with parafilm. This solution was taken with a 6 mL syringe (12.4 mm inner diameter), 

positioned on a syringe pump and connected to a Vapourtec UV-150 reactor, equipped with a 10 

mL PFA coil prefilled with CH3CN (internal diameter 1.3 mm, external diameter 1.6 mm), and 

with a check valve and a back-pressure regulator (2.8 psi). The solution was pumped, unless 

differently specified, with a total flow rate of 0.083 mL min-1.  

Parallelly, in an oven-dried vial an aldehyde derivative (1.500 mmol, 3 equiv.) was dissolved in 

dry THF (250 μL) under inert atmosphere. Before the first drop of the outflow of the photoreactor 

entered in contact with the aldehyde solution, LiOtBu 1 M in dry THF (1.50 mL, 1.500 mmol, 3 

equiv.) was added. After the whole reaction mixture reached the vial, the solution was kept stirring 

at room temperature for 16 hours. The solvent of the resulting reaction mixture was removed 

under reduced pressure and purification by flash column chromatography on silica gel gave the 

corresponding products in the stated yield.  

 

General procedure for scale-up 

To an oven dried flask, fitted with a rubber septum, charged with benzylidenemalononitrile (770.8 

mg, 5.000 mmol, 1 equiv.) in CH3CN (50 mL, 0.1 M), tert-butyl bromide (1.4 ml, 12.500 mmol, 

2.5 equiv.) and (TMS)3SiH (1.70 ml, 5.500 mmol, 1.1 equiv.) were added. Subsequently, the 

solution was sparged with nitrogen for less than 1 minute and the vessel was sealed with parafilm. 

This solution was taken with a 50 mL syringe (28.9 mm inner diameter), positioned on a syringe 

pump and connected to Vapourtec UV-150 equipped with a 20 mL PFA coil prefilled with 

CH3CN (internal diameter 2.0 mm, external diameter 3.0 mm), and with a check valve and a back-

pressure regulator (2.8 psi) as shown in Error! Reference source not found.. The solution was 

pumped with a total flow rate of 0.166 mL min-1 and collected at the end of the reactor. The 

solvent of the resulting reaction mixture was removed under reduced pressure and purification by 

flash column chromatography on silica gel (100% pentane to pentane 8:2 Et2O) to afford product 

13 (755 mg, 71% yield) as a colourless oil. 

 

Characterization Data of Products  

 

2-(cyclohexyl(phenyl)methyl)malononitrile (3) 

Prepared according to general procedure A, using cyclohexyl bromide (154 

μL, 1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 0.5 

mmol, 1.0 equiv.). The crude mixture was purified by flash column 

chromatography (100% pentane to pentane 9:1 Et2O) to afford product 3 (86 

mg, 72% yield) as a colorless oil. The spectroscopic data are consistent with 

those reported previously.3  

 
3 H. Deng; Q. Zhou, J. Wu Angew. Chem. Int. Ed. 2018, 57, 12661–12665. 
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1H NMR (400 MHz, CDCl3) δ 7.45 – 7.34 (m, 3H), 7.34 – 7.28 (m, 2H), 4.19 (d, J = 5.5 Hz, 1H), 

2.89 (dd, J = 9.8, 5.5 Hz, 1H), 2.02 (dtd, J = 14.5, 11.2, 3.4 Hz, 1H), 1.93 (dt, J = 12.3, 3.3 Hz, 

1H), 1.87-1.80 (m, 1H), 1.73 – 1.61 (m, 2H), 1.53 – 1.42 (m, 1H), 1.37 (tt, J = 12.8, 3.6 Hz, 1H), 

1.29 – 0.99 (m, 3H), 0.90 – 0.75 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.8, 129.2, 128.8, 128.4, 112.4, 112.1, 77.2, 52.4, 39.3, 31.3, 

30.7, 27.2, 25.94, 25.91, 25.8. 

 

Benzyl 3-(2,2-dicyano-1-phenylethyl)azetidine-1-carboxylate (4) 

Prepared according to general procedure A, using benzyl 3-

bromoazetidine-1-carboxylate (338 mg, 0.750 mmol, 2.5 equiv.) and 

benzylidenemalononitrile (77.1 mg, 0.3 mmol, 1.0 equiv.). The crude 

mixture was purified by flash column chromatography (pentane 95:5 

acetone to pentane 8:2 acetone) to afford product 4 (90 mg, 52% yield) as 

a colorless oil. This compound was previously unreported. 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.27 (m, 10H), 5.07 (s, 2H), 4.36 (t, J = 8.5 Hz, 1H), 4.02 

(dd, J = 9.1, 5.6 Hz, 1H), 3.96 (t, J = 8.8 Hz, 1H), 3.90 (d, J = 5.7 Hz, 1H), 3.54 – 3.45 (m, 2H), 

3.39 – 3.27 (m, 1H). 
13C NMR (101 MHz, Chloroform-d) δ 156.2, 136.4, 134.4, 129.7, 129.6, 128.6, 128.3, 128.1, 

127.9, 111.4, 111.3, 66.9, 53.3, 50.1, 31.4, 28.2. 

HRMS (GC-EI) m/z calcd for C21H19N3O2: 345.1477; found: 345.1488. 

 

Benzyl 4-(2,2-dicyano-1-phenylethyl)piperidine-1-carboxylate (5) 

Prepared according to general procedure A, using benzyl 4-bromo-1-

piperidinecarboxylate (271 µL, 1.25 mmol, 2.5 equiv.) and 

benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 equiv.). The crude 

mixture was purified by flash column chromatography (pentane 9:1 Et2O 

to pentane 7:3 Et2O) to afford product 5 (114 mg, 61% yield) as a 

colorless oil. This compound was previously unreported. 
1H NMR (400 MHz, CDCl3) δ 7.47 – 7.27 (m, 10H), 5.11 (s, 2H), 4.32 (brs, 1H), 4.21-4.05 (m,  

2H), 2.90 (dd, J = 9.9, 5.3 Hz, 2H), 2.71 (brs, 1H), 2.27 – 2.12 (m, 1H), 1.88 (d, J = 12.6 Hz, 1H), 

1.46 – 1.37 (m, 1H), 1.37-1.19 (m, 1H), 1.12 – 1.01 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 155.1, 136.7, 135.9, 129.5, 129.2, 128.6, 128.2, 128.2, 127.9, 

111.9, 111.8, 67.3, 51.7, 43.8, 43.6, 38.0, 27.1. 

HRMS (GC-EI) m/z calcd for  C23H23N3O2: 373.1790; found: 373.1795. 

 

2-(oxetan-3-yl(phenyl)methyl)malononitrile (6) 

Prepared according to general procedure C, using 3-bromooxetane (150 µL, 

1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 

equiv.). The crude mixture was purified by flash column chromatography 

(pentane 95:5 acetone to pentane 8:2 acetone) to afford product 6 (51 mg, 48% 

yield) as a colorless oil. This compound was previously unreported. 
1H NMR (400 MHz, CDCl3) δ 7.49 – 7.35 (m, 3H), 7.30 – 7.25 (m, 2H), 5.01 

(t, J = 6.7 Hz, 1H), 4.74 (t, J = 6.1 Hz, 1H), 4.62 (t, J = 7.0 Hz, 1H), 4.21 (t, J = 6.3 Hz, 1H), 

3.86 – 3.81 (m, 1H), 3.81 – 3.73 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 134.6, 129.8, 129.6, 127.9, 111.3, 75.8, 74.9, 50.0, 37.2, 28.4. 

HRMS (GC-FI) m/z calcd for C13H12N2O: 212.0950; found: 212.0960. 
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2-(2-methyl-1-phenyloctyl)malononitrile (7a and 7b) 

Prepared according to general procedure A, using 2-

bromooctane (219 µL, 1.25 mmol, 2.5 equiv.) and 

benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 equiv.). The 

crude mixture was purified by flash column chromatography 

(pentane 95:5 Et2O to pentane 92:8 Et2O) to afford a mixture of 

diastereomers 7a and 7b in a 1:1 ratio (91 mg, 68% yield) as a 

colorless oil. These compounds were previously unreported. 
 

7a 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.34 (m, 3H), 7.34 – 7.25 (m, 2H), 4.18 (d, J = 6.7 Hz, 

1H), 3.01 (dd, J = 8.6, 6.8 Hz, 1H), 2.29 – 2.18 (m, 1H), 1.54 – 1.45 (m, 1H), 1.45 – 1.27 (m, 

8H), 1.25 – 1.11 (m, 1H), 0.94 – 0.86 (m, 3H), 0.81 (d, J = 6.7 Hz, 3H). 
13C NMR (101 MHz, Chloroform-d) δ 136.4, 129.2, 128.9, 128.6, 112.4, 112.1, 51.7, 34.9, 34.5, 

31.9, 29.5, 27.6, 26.5, 22.7, 16.5, 14.2. 

HRMS (FD) m/z calcd for C18H24N2: 268.1939; found: 268.1932.    
 

7b 
1H NMR (400 MHz, CDCl3) δ 7.46-7.35 (m, 3H), 7.34 - 7.28 (m, 2H), 4.17 (d, J = 5.4 Hz, 1H), 

2.90 (dd, J = 10.1, 5.4 Hz, 1H), 2.30 - 2.15 (m, 1H), 1.28 – 1.14 (m, 8H), 1.12 (m, 4H), 0.97 (m, 

1H), 0.83 (t, J = 7.1 Hz, 3H).  
13C NMR (101 MHz, Chloroform-d) δ 136.7, 129.1, 128.8, 128.3, 112.2, 111.9, 52.3, 34.7, 33.4, 

31.6, 29.1, 27.8, 26.2, 22.5, 17.4, 14.3. 
13C NMR (101 MHz, Chloroform-d) δ 136.9, 129.3, 128.9, 128.5, 112.3, 111.9, 52.5, 34.8, 33.6, 

31.8, 29.3, 27.9, 26.4, 22.6, 17.6, 14.2. 

HRMS (GC-FI) m/z calcd for C18H24N2: 268.1939; found: 268.1947. 

 

2-(1-phenylbutyl)malononitrile (8) 

Prepared according to procedure B, using 1-bromopropane (154 mg, 1.25 

mmol, 2.5 equiv) and benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 

equiv.).  The crude mixture was purified by flash column chromatography 

(pentane 100% to pentane 9:1 Et2O) to afford 8 (61.5 mg, 62% yield) as 

pale yellow oil. The spectroscopic data are consistent with those reported 

previously.4 

1H NMR (400 MHz, CDCl3) δ 7.46 – 7.35 (m, 3H), 7.34 – 7.28 (m, 2H), 3.87 (d, J = 6.3 Hz, 

1H), 3.29 – 3.14 (m, 1H), 2.06 – 1.92 (m, 2H), 1.36 – 1.18 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 136.9, 129.4, 129.0, 127.9, 112.1, 112.0, 46.5, 34.3, 30.4, 20.4, 

13.7. 

 

2-(1-phenyltridecyl)malononitrile (9) 

Prepared according to procedure B, using 1-

bromodocecane (312 mg, 1.25 mmol, 2.5 equiv.) 

and benzylidenemalononitrile (77.1 mg, 0.5 

mmol, 1.0 equiv.). The crude mixture was purified 

by flash column chromatography (toluene 100% 

to toluene 9:1 pentane) to afford 9 (82.7 mg, 50% 

yield) as a pale yellow oil. This compound was previously unreported. 

 
4 Y. Jin; Q. Zhang; L. Wang; X. Wang; C. Meng; C. Duan, Green Chem. 2021, 23, 6984-6989. 
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1H NMR (400 MHz, CDCl3) δ 7.44 – 7.33 (m, 3H), 7.34 – 7.28 (m, 2H), 3.87 (d, J = 6.2 Hz, 

1H), 3.24 – 3.13 (m, 1H), 2.06 – 1.92 (m, 2H), 1.35 – 1.18 (m, 20H), 0.88 (t, J = 6.7 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 136.97, 129.42, 129.00, 127.96, 112.06, 77.16, 46.75, 32.24, 

32.04, 30.40, 29.84, 29.75, 29.67, 29.59, 29.47, 29.38, 29.26, 27.09, 22.82, 14.26. 

HRMS (FI) m/z calcd for: C22H32N2 324.2565, found 324.2565. 

 

2-(1,3-diphenylpropyl)malononitrile (10) 

Prepared according to procedure B, using (2-bromoethyl)benzene (231 

mg, 1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 0.5 

mmol, 1 equiv.). The crude mixture was purified by flash column 

chromatography (pentane 100% to pentane 9:1 Et2O) to afford 10 (81.1 

mg, 63% yield) as a pale yellow oil. This compound was previously 

unreported. 
1H NMR (300 MHz, CDCl3) δ 7.68 – 7.27 (m, 10H), 4.03 (d, J = 6.2 Hz, 1H), 3.43 – 3.30 (m, 

1H), 2.91 – 2.75 (m, 1H), 2.71 – 2.60 (m, 1H), 2.59 – 2.47 (m, 2H). 
13C NMR (75 MHz, CDCl3) δ 140.0, 136.3, 129.6, 129.2, 128.8, 128.5, 128.1, 126.6, 111.9, 

111.8, 45.7, 33.6, 32.8, 30.5. 

HRMS (FI) m/z calcd for: C18H16N2 260.1313, found 260.1313. 

 

2-(3-methoxy-1-phenylpropyl)malononitrile (11) 

Prepared according to procedure C, using 1-bromo-2-methoxyethane 

(174 mg, 1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 

0.5 mmol, 1.0 equiv.). The crude mixture was purified by flash column 

chromatography (pentane 100% to pentane 8:2 Et2O) to afford 11 (50.3 

mg, 46% yield) as a pale yellow oil. This compound was previously 

unreported. 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.36 (m, 3H), 7.36 – 7.29 (m, 2H), 4.25 (d, J = 6.0 Hz, 

1H), 3.50 – 3.41 (m, 2H), 3.33 – 3.23 (m, 4H), 2.39 – 2.26 (m, 1H), 2.19 – 2.06 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 136.9, 129.4, 129.0, 128.0, 112.3, 112.1, 69.6, 58.9, 44.1, 32.3, 

29.8. 

HRMS (FI) m/z calcd for: C13H14N2O 214.1106, found 214.1106. 

 

2-(3-bromopropyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (12) 

Prepared according to procedure B, using 2-(3-bromopropyl)-

4,4,5,5-tetramethyl-1,3,2-dioxaborolane (311 mg, 1.25 mmol, 

2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 0.5 mmol, 

1.0 equiv.).  The crude mixture was purified by flash column 

chromatography (pentane 100% to pentane 9:1 Et2O) to afford 

12 (85.0 mg, 52% yield) as a pale yellow oil. This compound was 

previously unreported. 
1H NMR (300 MHz, CDCl3) δ 7.46 – 7.34 (m, 3H), 7.34 – 7.26 (m, 2H), 3.89 (d, J = 6.1 Hz, 

1H), 3.33 – 3.14 (m, 1H), 2.08 – 1.95 (m, 2H), 1.47 – 1.18 (m, 14H), 0.89 – 0.71 (m, 2H). 
13C NMR (75 MHz, CDCl3) δ 136.9, 129.3, 128.9, 128.1, 112.1, 112.0, 83.3, 46.5, 34.4, 30.3, 

25.0, 24.9, 21.5. 

HRMS (FI) m/z calcd for: C19H25BN2O2: 304.2009, found: 324.2013. 
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2-(2,2-dimethyl-1-phenylpropyl)malononitrile (13) 

Prepared according to general procedure B, using tert-butyl bromide (140 µL, 

1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 

equiv.). The crude mixture was purified by flash column chromatography 

(pentane 99:1 Et2O to pentane 8:2 Et2O) to afford product 13 (72 mg, 68% 

yield) as a colorless oil. The spectroscopic data are consistent with those 

reported previously.5 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.37 (m, 5H), 4.22 (d, J = 5.7 Hz, 1H), 

3.01 (d, J = 5.7 Hz, 1H), 1.11 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 136.4, 129.4, 128.8, 128.7, 113.3, 113.2, 56.9, 35.1, 28.6, 25.2. 

 

2-(2,2-dimethyl-1-phenylbutyl)malononitrile (14) 

Prepared according to general procedure C, using 2-bromo-2-methylbutane 

(189 mg, 1.25 mmol, 2.5 equiv.), and benzylidenemalononitrile (77.1 mg, 

0.5 mmol, 1.0 equiv.). The crude mixture was purified by flash column 

chromatography (pentane 98:2 Et2O to pentane 8:2 Et2O) to afford product 

14 (72 mg, 64% yield) as a pale yellow oil. The spectroscopic data are 

consistent with those reported previously.6 
1H NMR (400 MHz, CDCl3) δ 7.44 – 7.33 (m, 5H), 4.21 (d, J = 5.4 Hz, 1H), 3.08 (d, J = 5.4 Hz, 

1H), 1.47 – 1.31 (m, 2H), 1.13 (s, 3H), 1.00 (s, 3H), 0.90 (t, J = 7.4 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 136.1, 129.7, 128.9, 128.8, 113.4, 113.2, 55.3, 37.6, 33.6, 25.0, 

24.9, 24.7, 8.3. 

 

2-((1-methylcyclohexyl)(phenyl)methyl)malononitrile (15) 

Prepared according to general procedure B, using 1-bromo-1-

methylcyclohexane (221 mg, 1.25 mmol, 2.5 equiv.), and 

benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 equiv.). The crude mixture 

was purified by flash column chromatography (pentane 99:1 Et2O to pentane 

9:1 Et2O) to afford product 15 (57 mg, 45% yield) as a colorless oil. The 

spectroscopic data are consistent with those reported previously.7 
1H NMR (400 MHz, CDCl3) δ 7.45 – 7.35 (m, 5H), 4.25 (d, J = 5.4 Hz, 1H), 

3.06 (d, J = 5.3 Hz, 1H), 1.65 – 1.20 (m, 10H), 1.16 (s, 3H). 
13C NMR (75 MHz, CDCl3) δ 135.8, 129.9, 128.8, 128.7, 113.6, 113.3, 56.9, 37.5, 36.9, 36.7, 

25.8, 24.4, 21.9, 21.6, 20.5. 

 

2-(((3r,5r,7r)-adamantan-1-yl)(phenyl)methyl)malononitrile (16) 

Prepared according to general procedure B, using 1-bromoadamantane 

(269  mg, 1.25 mmol, 2.5 equiv.) and benzylidenemalononitrile (77.1 mg, 

0.5 mmol, 1.0 equiv.) but with a residence time of 180 min. The crude 

mixture was purified by flash column chromatography (pentane 99:1 Et2O 

to pentane 9:1 Et2O) to afford product 16 (78 mg, 54% yield) as a white 

solid. The spectroscopic data are consistent with those reported 

previously.8 

 
5 J. Li, M. J. Lear, Y. Hayashi, Chem Eur J 2021, 27, 5901-5905 
6 Q. Xu, L. Wei, B. Xiao, Angew. Chem.Int. Ed.2022,61,  e2021155 
7 G. Feng, X. Wang, J. Jin, Eur. J. Org. Chem.2019, 6728–6732 
8 K. Zhang, L. Chang, Q. An, X. Wang, Z. Zuo, J. Am. Chem. Soc. 2019, 141, 26, 10556–10564 
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1H NMR (400 MHz, CDCl3) δ 7.45 – 7.33 (m, 5H), 4.24 (d, J = 5.3 Hz, 1H), 2.81 (d, J = 5.3 Hz, 

1H), 2.07 – 1.99 (m, 3H), 1.75 – 1.56 (m, 12H). 
13C NMR (101 MHz, CDCl3) δ 135.4, 129.8, 128.7, 128.6, 113.6, 113.4, 58.1, 40.5, 36.7, 36.5, 

28.5, 23.9. 

 

2-(2,2-dimethyl-1,4-diphenylbutyl)malononitrile (17) 

Prepared according to general procedure B, using (3-bromo-3-

methylbutyl)benzene (284 mg, 1.25 mmol, 2.5 equiv.), and 

benzylidenemalononitrile (77.1 mg, 0.5 mmol, 1.0 equiv.). The crude 

mixture was purified by flash column chromatography (pentane 95:5 

Et2O to pentane 8:2 Et2O) to afford product 17 (60 mg, 40% yield) as 

a colorless oil. This compound was previously unreported. 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.35 (m, 5H), 7.30 – 7.21 (m, 

2H), 7.21 – 7.13 (m, 1H), 7.12 – 7.05 (m, 2H), 4.20 (d, J = 5.5 Hz, 1H), 3.14 (d, J = 5.5 Hz, 1H), 

2.69 – 2.51 (m, 2H), 1.69 – 1.56 (m, 2H), 1.24 (s, 3H), 1.12 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 141.8, 135.9, 129.7, 128.9, 128.8, 128.7, 128.4, 126.2, 113.3, 

113.2, 55.5, 43.4, 37.7, 30.4, 25.5, 25.4, 25.1. 

HRMS (GC-EI) m/z calcd for C21H22N2: 302.1783; found: 302.1783. 

 

Dimethyl 2-cyclohexylsuccinate (18) 

Prepared according to general procedure A, using cyclohexyl bromide (154  

µL, 1.25 mmol, 2.5 equiv.) and dimethyl maleate (62.6 µL, 0.5 mmol, 1.0 

equiv.). The crude mixture was purified by flash column chromatography 

(pentane 99:1 Et2O to pentane 9:1 Et2O) to afford product 18 (62 mg, 54% 

yield) as a colorless oil. The spectroscopic data are consistent with those 

reported previously.9 
1H NMR (400 MHz, CDCl3) δ 3.68 (s, 3H), 3.65 (s, 3H), 2.77 – 2.66 (m, 

2H), 2.50 – 2.39 (m, 1H), 1.77 – 1.68 (m, 2H), 1.68 – 1.52 (m, 4H), 1.28 – 0.93 (m, 5H). 
13C NMR (101 MHz, CDCl3) δ 175.1, 173.0, 51.8, 51.7, 47.1, 40.0, 33.3, 30.7, 30.2, 26.4, 26.2. 

 

((2-cyclohexylethyl)sulfonyl)benzene (19) 

Prepared according to general procedure A, using cyclohexyl bromide (154  

µL, 1.25 mmol, 2.5 equiv.) and (vinylsulfonyl)benzene (91.1 mg, 0.5 mmol, 

1.0 equiv.). The crude mixture was purified by flash column chromatography 

(hexane 99:1 Et2O to hexane 8:2 Et2O) to afford product 19 (71 mg, 55% yield) 

as a colorless oil. The spectroscopic data are consistent with those reported 

previously.10 
1H NMR (400 MHz, CDCl3) δ 7.93 – 7.86 (m, 2H), 7.69 – 7.61 (m, 1H), 7.56 

(dd, J = 8.4, 7.0 Hz, 2H), 3.12 – 3.05 (m, 2H), 1.71 – 1.57 (m, 7H), 1.32 – 1.03 (m, 4H), 0.92 – 

0.78 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 139.4, 133.7, 129.4, 128.1, 54.5, 36.7, 32.9, 29.7, 26.4, 26.1. 

 

 

 

 

 
9 E. de P. Beato, D. Spinnato, W. Zhou, P. Melchiorre, J. Am. Chem. Soc. 2021, 143, 31, 12304–12314 
10 F. Xue, F. Wang, J. Liu, J. Di, Q. Liao, H. Lu, M. Zhu, L. He, H. He, D. Zhang, H. Song, X.-Y. Liu, Y. Qin, 

Angew. Chem. Int. Ed. 2018, 57, 6667–6671 
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3-cyclohexyl-N-phenylpropanamide (20) 

Prepared according to general procedure A, using cyclohexyl 

bromide (154  µL, 1.25 mmol, 2.5 equiv.) and N-phenylacrylamide 

(73.6 µL, 0.5 mmol, 1.0 equiv.). The crude mixture was purified by 

flash column chromatography (pentane 50:2.5 Et2O to pentane 50:20 

Et2O) to afford product 20 (61 mg, 53% yield) as a white solid. The 

spectroscopic data are consistent with those reported previously.11 
1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.8 Hz, 2H), 7.17 – 7.05 (m, 

2H), 2.41 – 2.32 (m, 2H), 1.79 – 1.66 (m, 4H), 1.63 (q, J = 7.3 Hz, 3H), 1.36 – 1.07 (m, 4H), 

1.00 – 0.86 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 171.9, 138.2, 129.1, 124.3, 119.9, 37.4, 35.4, 33.2, 33.1, 26.6, 

26.4. 

 

diethyl (2-cyclohexylethyl)phosphonate (21) 

Prepared according to general procedure A, using cyclohexyl bromide 

(154  µL, 1.25 mmol, 2.5 equiv.) and diethyl vinylphosphonate (77.1 µL, 

0.5 mmol, 1.0 equiv.). The crude mixture was purified by flash column 

chromatography (CH2Cl2 95:5 EtOAc to CH2Cl2 7:3 EtOAc) to afford 

product 21 (84 mg, 68% yield) as a colorless oil. The spectroscopic data 

are consistent with those reported previously.12 
1H NMR (400 MHz, CDCl3) δ 4.17 – 3.99 (m, 4H), 1.78 – 1.59 (m, 7H), 

1.47 (m, 2H), 1.31 (t, J = 7.0 Hz, 6H), 1.28 – 1.09 (m, 4H), 0.94 – 0.80 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 61.5 (d, J = 6.5 Hz), 38.5 (d, J = 16.8 Hz), 32.9, 29.7 (d, J = 5.1 

Hz), 26.7, 26.3, 23.3 (d, J = 140.5 Hz), 16.6 (d, J = 6.0 Hz). 
31P NMR (162 MHz, CDCl3) δ 33.37 (tp, J = 17.4, 8.7 Hz). 

 

Ethyl 3-cyclohexyl-2-(diethoxyphosphoryl)propanoate (22) 

Prepared according to general procedure B, using cyclohexyl bromide 

(154  µL, 1.25 mmol, 2.5 equiv.) and ethyl 2-

(diethoxyphophoryl)acrylate (118 mg, 0.5 mmol, 1.0 equiv.) The crude 

mixture was purified by flash column chromatography (pentane 6:4 

EtOAc) to afford product 22 (96 mg, 60% yield) as a colorless oil. The 

spectroscopic data are consistent with those reported previously.13 
1H NMR (400 MHz, CDCl3) δ 4.24 – 4.06 (m, 6H), 3.05 (ddd, J = 23.1, 

11.5, 3.4 Hz, 1H), 1.94 (m, 1H), 1.76 – 1.57 (m, 6H), 1.33 – 1.10 (m, 13H), 0.98 – 0.77 (m, 2H).  
13C NMR (101 MHz, CDCl3) δ 169.63 (d, J = 5.0 Hz), 62.91 – 62.61 (m), 61.37, 43.42 (d, J = 

130.6 Hz), 36.45 (d, J = 14.1 Hz), 34.19 (d, J = 5.0 Hz), 32.85 (d, J = 155.8 Hz), 26.48, 26.17 (d, 

J = 13.5 Hz), 16.49 (dd, J = 6.0, 2.6 Hz), 14.26. 
31P NMR (162 MHz, CDCl3) δ 23.57. 

 

 

 

 

 

 

 
11 Z. Zhou, J. Kweon, H. Jung, D. Kim, S. Seo, S. Chang, J. Am. Chem. Soc. 2022, 144, 20, 9161–9171 
12 P. Geant, B. S. Mohamed, C. Pèrigaud, S. Peyrottes, J. Uttaro, C. Mathè, New J. Chem., 2016, 40, 5318--5324 
13 L. Capaldo, S. Bonciolini, A. Pulcinella, M. Nuño, T. Noël, Chem. Sci., 2022,13, 7325-7331 
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Bromo(2-cyclohexylethyl)triphenyl-λ5-phosphane (23) 

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber 

septum, charged with the triphenyl(vinyl)phosphonium bromide (185 

mg, 0.5 mmol, 1.0 equiv.) in CH3CN (5 mL, 0.1 M), cyclohexyl bromide 

(154  µL, 1.25 mmol, 2.5 equiv.) and (TMS)3SiH (170 μL, 0.550 mmol, 

1.1 equiv.) were added. Subsequently, the solution was sparged with 

nitrogen for 30 seconds and the reaction vessel was sealed with parafilm. 

The vial was then placed in a 3D-printed photoreactor (see Figure S2) 

using a Kessil Lamp (390 nm, 100% intensity) as light source and irradiated overnight. The 

solvent of the resulting reaction mixture was removed under reduced pressure and purification by 

crystallization (pentane 20:1 MeOH) affords product 23 (190 mg, 84% yield) as a yellowish solid. 

This compound was previously unreported. 
1H NMR (400 MHz, CDCl3) δ 7.77 (m, 9H), 7.67 (m, 6H), 3.59 (td, J = 12.7, 7.1 Hz, 2H), 1.75 

(dd, J = 12.8, 3.4 Hz, 2H), 1.65 – 1.40 (m, 6H), 1.25 – 1.11 (m, 2H), 1.04 (m, 1H), 0.87 – 0.74 

(m, 2H). 
13C NMR (101 MHz, CDCl3) δ 135.1 (d, J = 3.0 Hz), 133.7 (d, J = 10.1 Hz), 130.6 (d, J = 12.5 

Hz), 118.2 (d, J = 86.0 Hz), 37.9 (d, J = 14.5 Hz), 32.8, 29.6 (d, J = 4.6 Hz), 26.2, 25.8, 20.8 (d, 

J = 50.3 Hz). 
31P NMR (162 MHz, CDCl3) δ 24.96. 

HRMS (LC-UV-ESI) m/z calcd for C26H30P+: 373.2085; found 373.2093.  

 

Ethyl (E)-3-(2-bromophenyl)-2-(cyclohexylmethyl)acrylate (24) 

Prepared according to general procedure D, using ethyl 2-

(diethoxyphophoryl)acrylate (118 mg, 0.5 mmol, 1.0 equiv.), 

cyclohexyl bromide (154  µL, 1.25 mmol, 2.5 equiv.) and 2-

bromobenzaldehyde (197 µL, 1.50 mmol, 3.0 equiv.) Only one of the 

possible diastereomer, with E configuration, was detected via 1H NMR 

of the reaction crude (the NOESY spectrum is reported below). The 

crude mixture was purified by flash column chromatography (pentane 

98:2 EtOAc) to afford product 24 (98 mg, 56% yield) as a colorless oil. This compound was 

previously unreported. 
1H NMR (300 MHz, CDCl3) δ 7.65 – 7.58 (m, 2H), 7.34 – 7.24 (m, 3H), 4.29 (q, J = 7.1 Hz, 2H), 

2.30 (d, J = 7.0 Hz, 2H), 1.65 – 1.55 (m, 5H), 1.35 (t, J = 7.1 Hz, 3H), 1.19 – 0.97 (m, 3H), 0.80 

– 0.62 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 168.3, 138.9, 136.9, 134.4, 132.8, 130.4, 129.4, 127.2, 124.1, 60.9, 

37.6, 34.7, 33.2, 26.5, 26.4, 14.4. 

HRMS (GC-EI) m/z calcd for 350.0881; found 350.0874. 

 

Ethyl (E)-2-(cyclohexylmethyl)-3-(3,4,5-trimethoxyphenyl)acrylate (25) 

Prepared according to general procedure D, using ethyl 2-

(diethoxyphophoryl)acrylate (118 mg, 0.5 mmol, 1.0 equiv.),  

cyclohexyl bromide (154 µL, 1.25 mmol, 2.5 equiv.) and 3,4,5-

trimethoxybenzaldehyde (294 mg, 1.50 mmol, 3.0 equiv.). Only 

one of the possible diastereomer, with E configuration, was 

detected via 1H NMR of the reaction crude (the NOESY spectrum 

is reported below). The crude mixture was purified by flash 

column chromatography (pentane 98:2 EtOAc) to afford product 

25 (68 mg, 38% yield) as a colorless oil. This compound was previously unreported. 
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1H NMR (400 MHz, CDCl3) δ 7.58 (s, 1H), 6.64 (s, 2H), 4.27 (q, J = 7.1 Hz, 2H), 3.88 (s, 3H), 

3.87 (s, 6H), 2.53 (d, J = 7.1 Hz, 2H), 1.64 (m, 8H), 1.35 (t, J = 7.1 Hz, 3H), 1.16 (m, 3H). 
13C NMR (101 MHz, CDCl3) δ 169.2, 153.2, 139.1, 138.3, 132.5, 131.6, 106.9, 61.1, 60.9, 56.3, 

38.4, 34.8, 33.6, 26.6, 26.5, 14.5. 

HRMS (GC-EI) m/z calcd for 362.2093; found 362.2085. 

 

Ethyl (E)-2-(cyclohexylmethyl)-3-(naphthalen-1-yl)acrylate (26) 

Prepared according to general procedure D, using ethyl 2-

(diethoxyphophoryl)acrylate (118 mg, 0.5 mmol, 1.0 equiv.), 

cyclohexyl bromide (154 µL, 1.25 mmol, 2.5 equiv.) and 1-

naphtaldehyde (81.5 µL, 1.50 mmol, 3.0 equiv.) Only one of the 

possible diastereomer, with E configuration, was detected via 1H 

NMR of the reaction crude (the NOESY spectrum is reported 

below). The crude mixture was purified by flash column chromatography (Pentane 98:2 EtOAc) 

to afford product 26 (92 mg, 57% yield) as a colorless oil. This compound was previously 

unreported. 
11H NMR (400 MHz, CDCl3) δ 8.12 (s, 1H), 7.92 – 7.85 (m, 2H), 7.82 (d, J = 8.2 Hz, 1H), 7.54 

– 7.45 (m, 3H), 7.36 (d, J = 7.0 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 2.33 (d, J = 7.0 Hz, 2H), 1.61 

– 1.50 (m, 5H), 1.40 (t, J = 7.1 Hz, 3H), 1.08 (m, 2H), 0.89 (m, 2H), 0.72 – 0.58 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 168.6, 138.1, 135.2, 133.8, 133.5, 131.6, 128.6, 128.3, 126.3, 

126.2, 126.2, 125.3, 125.1, 60.9, 37.5, 35.1, 33.2, 32.0, 26.4, 26.3, 22.8, 14.5, 14.3. 

HRMS (GC-EI) m/z calcd for 322.1933; found 322.1936. 
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4. Mechanistic Studies  

Incorporation of deuterium from deuterated silane 

 

 

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the dimethyl maleate (25 µL, 0.200 mmol, 1.0 equiv.) in HFIP (2 mL, 0.1 M), cyclohexyl bromide 

(61.4 µL, 0.500 mmol, 2.5 equiv.) and (TMS)3SiD (54.9 mg, 0.220 mmol, 1.1 equiv.) were added. 

Subsequently, the solution was sparged with nitrogen for 30 seconds and the reaction vessel was 

sealed with parafilm. The vial was then placed in a 3D-printed photoreactor (see Figure S2) using 

a Kessil Lamp (390 nm, 100% intensity) as light source and irradiated overnight. The solvent of 

the resulting reaction mixture was removed under reduced pressure. The crude mixture was 

purified by flash column chromatography (pentane 9:1 Et2O) to afford product 27 (18 mg, 39% 

yield) as a colorless oil. This compound was previously unreported. 
1H NMR (400 MHz, Chloroform-d) δ 3.69 (s, 3H), 3.66 (s, 3H), 2.74 – 2.66 (m, 2H), 1.78 – 1.69 

(m, 2H), 1.69 – 1.58 (m, 4H), 1.28 – 1.07 (m, 3H), 1.07 – 0.95 (m, 2H). 
HRMS (GC-FI) m/z calcd for 229.1424; found 229.1419. 

 

Figure 4 Exact mass of deuterated compound 27 

 

Trapping with TEMPO 

 

To a flame-dried nitrogen-purged screw-capped vial, fitted with a rubber septum, charged with 

the dimethyl maleate (25 µL, 0.200 mmol, 1 equiv.) and TEMPO (93.8 mg, 0,600 mmol, 3.0 

equiv.) in HFIP (2 mL, 0.1 M), cyclohexyl bromide (61.4 µL, 0.500 mmol, 2.5 equiv.) and 

(TMS)3SiH (68 or 0 µL, 0.220 or 0 mmol, 1.1 or 0 equiv.) were added. Subsequently, the solution 

was sparged with nitrogen for 30 seconds and the reaction vessel was sealed with parafilm. The 

vial was then placed in a 3D-printed photoreactor (see Figure S2) using a Kessil Lamp (390 nm, 
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100% intensity) as light source and irradiated overnight. The solvent of the resulting reaction 

mixture was removed under reduced pressure. An external standard was added (trichloroethylene, 

18 μL, 1.0 equiv.) and the sample was analyzed by 1H NMR spectroscopy and GC-MS. From the 

NMR spectra, both reactions with and without TTMS did not afford the product, suggesting that 

the radical process was inhibited by the presence of TEMPO.  

 

 

Figure S5 Mass spectra of cyclohexyl-tempo adduct 28. 

GC-MS analysis of the reaction in the presence of TTMS shows new peaks different from the 

starting materials. As it is possible to see from the spectra in Figure S5, there is the formation of 

the adduct between the in situ formed cyclohexyl radical and the TEMPO. The spectra reported 

is in agreement with the data reported in literature.14 

GC-MS analysis of the reaction in the absence of TTMS confirmed no presence of the product 

and no reaction neither the cyclohexane adduct with TEMPO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
14 W. Sha, J. Yu, Y. Jiang, H. Yanga, J. Cheng, Chem. Commun., 2014,50, 9179-9181 
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5. NMR Spectra 

3, 1H NMR (400 MHz, CDCl3) 

 
3, 13C NMR (101 MHz, CDCl3) 
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4, 1H NMR (400 MHz, CDCl3) 

  
 

4, 13C NMR (101 MHz, CDCl3) 
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5, 1H NMR (400 MHz, CDCl3) 

  
 

5, 13C NMR (101 MHz, CDCl3) 
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6, 1H NMR (400 MHz, CDCl3) 

 
 

6, 13C NMR (101 MHz, CDCl3) 
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7a, 1H NMR (400 MHz, CDCl3) 

 
 

7a, 13C NMR (101 MHz, CDCl3) 
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7b, 1H NMR (400 MHz, CDCl3) 

 
 

7b, 13C NMR (101 MHz, CDCl3) 
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8, 1H NMR (400 MHz, CDCl3) 

 
 

8, 13C NMR (101 MHz, CDCl3) 
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9, 1H NMR (400 MHz, CDCl3)  

 
 

9, 13C NMR (101 MHz, CDCl3) 
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10, 1H NMR (300 MHz, CDCl3)  

 
 

10, 13C NMR (101 MHz, CDCl3) 
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11, 1H NMR (300 MHz, CDCl3)  

 
 

11, 13C NMR (101 MHz, CDCl3) 
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12, 1H NMR (300 MHz, CDCl3)  

 
 

12, 13C NMR (75 MHz, CDCl3) 
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13, 1H NMR (400 MHz, CDCl3) 

 
 

13, 13C NMR (101 MHz, CDCl3) 
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14, 1H NMR (400 MHz, CDCl3)  

 
 

14, 13C NMR (101 MHz, CDCl3) 
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15, 1H NMR (400 MHz, CDCl3) 

 
 

15, 13C NMR (75 MHz, CDCl3) 
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16, 1H NMR (400 MHz, CDCl3) 

 
 

16, 13C NMR (101 MHz, CDCl3) 
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17, 1H NMR (400 MHz, CDCl3) 

 
 

17, 13C NMR (101 MHz, CDCl3) 
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18, 1H NMR (400 MHz, CDCl3) 

 

 
 

18, 13C NMR (101 MHz, CDCl3) 
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19, 1H NMR (400 MHz, CDCl3)  

 
 

19, 13C NMR (101 MHz, CDCl3) 
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20, 1H NMR (400 MHz, CDCl3)  

 
 

20, 13C NMR (101 MHz, CDCl3) 
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21, 1H NMR (400 MHz, CDCl3) 

 

 
 

21, 31P NMR (162 MHz, CDCl3) 
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21, 13C NMR (101 MHz, CDCl3) 

 
 

22, 1H NMR (400 MHz, CDCl3)  
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22, 31P NMR (162 MHz, CDCl3) 

 
 

22, 13C NMR (101 MHz, CDCl3)  
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23, 1H NMR (400 MHz, CDCl3)  

 
 

23, 31P NMR (162 MHz, CDCl3) 
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23, 13C NMR (101 MHz, CDCl3) 

 
 

24, 1H NMR (300 MHz, CDCl3)  
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24, 13C NMR (101 MHz, CDCl3) 

 
 

24, NOESY  
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25, 1H NMR (400 MHz, CDCl3)  

 

 
 

25, 13C NMR (101 MHz, CDCl3) 

 
 



S45 

 

25, NOESY  

 
 

 

26, 1H NMR (400 MHz, CDCl3)  
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26, 13C NMR (101 MHz, CDCl3)  

 
 

26, NOESY  
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27, 1H NMR (400 MHz, CDCl3)  

 
 

 


