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Unless otherwise stated, all reactions were performed with standard Schlenk techniques. All reagents and 

starting materials were purchased at reagent grade and used as received. Anhydrous solvents were dried 

using an Innovative Technology PS-MD-5 solvent purification system. Thin layer chromatography (TLC) was 

performed on Merck Kieselgel 60 F254 aluminum plates with unmodified silica and visualized either under 

UV light or stained with potassium permanganate, vanillin, p-anisaldehyde stain or cerium ammonium 

molybdate (Hanessian’s stain). Column chromatography was performed with Merck silica gel 60 (35 – 70 

mesh). Preparative TLC was performed using pre-coated TLC plates SIL G-50 UV250 (Layer: 0.50 mm silica 

gel 60 with fluorescent indicator UV250); detection under UV light.  

All 1H, 13C NMR and 19F NMR spectra were recorded at ambient temperature on either Varian V-NMRS 600, 

Varian V-NMRS 400, Bruker AV-600 or Bruker AV-400 spectrometer. Chemical shifts (δ/ppm) were 

referenced to the residual solvent peak in 1H (7.26 ppm for CDCl3) and 13C spectra (77.16 ppm for CDCl3). 

Coupling constants (J) are given in Hz. Signals are described as br = broad, s = singlet, d = doublet, dd = 

doublet of doublets, t = triplet, q = quartet, p = quintet, h = sextet and m = multiplet. 

High-resolution mass spectrometry (HRMS) was performed using Thermo Scientific LTQ Orbitrap XL 

spectrometer. Infrared (IR) spectra were recorded on a Perkin Elmer Spektrum 100 FT-IR spectrometer 

Spectrum 100 spectrometer with an UATR Diamond/KRS-5 crystal with attenuated total reflectance (ATR) 

and signals reported as wavenumbers in reciprocal centimeters. HPLC was performed using a Chiralpak IG, 

(150 x 4.6) mm, 5μ, 97:3 n-hexane/EtOH at 0.5 mL/min flow rate. 

All the photochemical reactions were carried out in an EvoluChemTM PhotoRedOxBox Duo equipped with 

two EvoluChemTM LED 405 PF lamps (λmax = 405 nm, 18 W).  

 

 

Picture 1. Photo of the set-up 
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1. Optimization of reaction conditions 

 

Scheme 1. Reaction used for optimization of reaction conditions 

The optimizations of the reaction conditions were carried out on 0.1 mmol scale, using 1a as a starting 

material. The yields were determined using internal standard CHBr3 or CH2Br2 (1.0 eq, 0.1 mmol).  

The optimized conditions are as follows:  

Allylic alcohol (1.0 eq, 0.1 mmol), photocatalyst (PTH) (1 mol%, 1 µmol, 0.32 mg), Co-salen(S,S)tBu,tBu (3 

mol%, 3 µmol, 1.81 mg), cyclohexane-Hantzsch ester (HEH-Cy) (0.8 eq, 0.08 mmol, 26.8 mg), benzene (0.03 

M, 3.3 mL), co-solvent hexafluoro isopropanol (HFIP) (1 M, 9.5 eq, 0.1 mL), additive acetic acid (1.0 eq, 0.1 

mmol, 5.72 µL). The reactions were performed under inert atmosphere and by irradiating reaction mixture 

with 405 nm light (18 W) for 17 h.  

1.1. Control reactions 
 

Entry Variation 2a (%) 2b (%) RSM (%) 

1 None 75 (75) 20 0 

2 w/o PTH 0 0 100 

3 w/o Co 0 0 100 

4 w/o HEH-Cy 0 0 97 

5 w/o AcOH 33 20 40 

6 w/o HFIP 40 14 36 

7 w/o light 0 0 81 

8 Under air 0 0 72 

 

1.2. Modifications of photocatalyst  
 

Entry Photocatalyst (1 mol%) 
(Irradiation wavelength) 

2a (%) 2b (%) RSM (%) 

1 4CzIPN (450 nm) 64 30 X 

2 Ir(pCF3ppy)3 (405 nm) 76 22 X 

3 MesAcr (450 nm)  59 11 25 
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4 Ir(dtbbpy)(ppy)2 (405 nm) 83 17 X 

 

1.3. Modifications of Co-source  
 

 

 

Entry Co-source  
(3 mol%) 

2a (%) 2b (%) RSM (%) 

1 A 0 0 85 

2 B 38 16 28 

3 C 55 25 0 

4 D 31 0 46 

5   Co-porphyrin 0 0 100 

6 E 17 7 62 

7 F 20 0 50 

8 G 25 5 67 

9 Katsuki I 0 0 83 

10 Katsuki II 0 0 85 

11 H 27 5 46 

12 I 57 17 0 
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1.4. Modifications of Hantzsch ester  
 

 

Entry Hantzsch ester or BNAD 
(0.8 eq) 

2a (%) 2b (%) RSM (%) 

1 HEH 50 36 0 

2 BNAD 16 0 84 

3 HEH-D4 75 26 0 

 

Loadings of HEH-Cy 
 

Entry HEH-Cy (x eq) 2a (%) 2b (%) RSM (%) 

1 0.2 0 0 100 

2 0.6 62 15 20 

3 1 62 21 0 

 

1.5. Modifications of solvents  
 

Entry Solvent 
(0.03 M) 

2a (%) 2b (%) RSM (%) 

1 Dioxane 42 17 27 

2 THF 0 0 92 

3 MeCN 0 0 96 

4 Et2O 61 24 5 

5 DMF 26 17 36 

6 DMSO 15 0 38 

7 Acetone 57 0 29 

8 DCM 0 0 55 

 

1.6. Modifications of concentration 
 

Entry PhH [M] 2a (%) 2b (%) RSM (%) 

1 0.06  70 20 0 

2 0.015 70 25 0 
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1.7. Modifications of co-solvents 
 

Entry Co-solvent (1M) Dynamic viscosity 
[mPa*s] at 20°C 

2a (Isolated 
yield) (%) 

 

2b 
(%) 

RSM (%) e.r of 2a 

1 HFIP 1.65 75 (75) 20 0 54:46  

2 1-octanol 9.0 72 (60) 0 0 50:50 

3 Cyclohexanone 2.2 58 (50) 42 0 50:50 

4 Dimethoxyethane (glyme) 0.42 68 (57) 32 0 50:50 
 

1.8. Modifications of additives 
Unless otherwise stated, 1.0 eq of additive was used. Reactions were carried out in the absence of acetic 

acid. 

Entry Additive 2a (%) 2b (%) RSM (%) 

1 Pyridine 46 26 26 

2 Piperidine 52 12 28 

3 Piperidine (9.5 eq) (Piperidine: HFIP=1:1) 19 24 50 

4 Triphenyl acetic acid 70 24 0 

5 p-Fluorobenzoic acid 47 12 41 
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2. Substrate scope 
Unless otherwise stated, the substrate scope was carried out on 0.18 mmol scale, under optimised reaction 

conditions. The 1H NMR yield was determined by using 1 eq (0.18 mmol) of the internal standard (CHBr3 

or CH2Br2). 

Entry a (%) b (%) RSM (%) Isolated yield of a (%) 

2aa 75 20 0 75 

2ba 76 8 0 67 

2c 66 17 0 66 

2d 70 0 0 54 

2e 80 0 0 68 

2f 75 23 0 51 

2g 68 25 5 40 

2h, 2h’ 56 14 0 51 

2i 60 0 0 59 

2j 89 9 0 85 

2k, 2k’ 74 0 0 53 

2l, 2l’a 70 0 0 70 

2m 80 14 0 77 

2n 63 25 0 61 

2o 72 27 0 49 

2pa Not determined 0 0 82 

2qa 44 11 0 44 

2r 80 20 0 63 

2sa 57 0 0 57 

2ta 62 37 0 41 

2u 83 0 0 61 

2v, 2v’a 63 0 10 47 
a0.1 mmol scale 
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3. General procedures 

3.1. Preparation of PTH 
Step 1: Synthesis of benzo[b]phenothiazine 

 

A mixture of 2,3-dihydroxynapthalene (1.0 eq, 50.0 mmol), 2-aminothiophenol (1.0 eq, 50.0 mmol) and 

1,2,4-trichlorobenzene (25 mL) were placed in an oven-dried round-bottom flask and fitted with a magnetic 

stirrer. The round-bottom flask was placed in a sand bath, the reaction mixture was heated to 200oC and 

maintained at that temperature overnight. On cooling, the product crystallized from the reaction mixture. 

The crude was filtered by vacuum filtration. The crystals were washed with pentane, followed by washing 

with a minimum amount of hot ethanol. The product benzo[b]phenothiazine was obtained as yellow-green 

powder in 6% yield (800.3 mg, 3.21 mmol).   

1H NMR (600 MHz, DMSO) δ 8.96 (s, 1H), 7.59 – 7.54 (m, 2H), 7.49 (s, 1H), 7.29 (t, J = 7.8 Hz, 1H), 7.18 (t, J 

= 7.0 Hz, 1H), 7.01 (t, J = 7.8 Hz, 1H), 6.98 – 6.95 (m, 2H), 6.78 – 6.74 (m, 2H). 
13C NMR (151 MHz, DMSO) δ 140.6, 139.1, 133.3, 129.7, 127.5, 126.5, 126.2, 126.1, 125.9, 124.0, 123.5, 

121.3, 119.9, 115.7, 114.6, 107.9.  

These data are in agreement with those reported previously. 1 

 

Step 2: Synthesis of 12-Phenyl-12H-benzo[b]phenothiazine  

 

 

 

A mixture of 12H-benzo[b]phenothiazine (1.0 eq, 3.21 mmol), iodobenzene (1.5 eq, 4.82 mmol), K2CO3 (1.5 

eq, 4.82 mmol) and CuI (10 mol %, 0.321 mmol) in N-methylpyrrolidone (3.0 mL) was refluxed overnight. 

The mixture was cooled to room temperature, the resulting black viscous suspension was diluted with 

distilled water (15 mL). The crude was extracted with CH2Cl2 (3 x 15 mL), the combined organic layer was 

washed with brine (30 mL), dried with MgSO4, and concentrated in vacuo. The crude product was purified 

by flash chromatography (SiO2, Pentane/EtOAc, 95:5). It was isolated as a green solid with 41 % yield (430.7 

mg, 1.32 mmol).  

1H NMR (600 MHz, CDCl3) δ 7.70 – 7.65 (m, 2H), 7.58 – 7.51 (m, 2H), 7.48 – 7.42 (m, 3H), 7.32 – 7.27 (m, 

1H), 7.24 – 7.16 (m, 2H), 7.06 (dd, J = 7.5, 1.7 Hz, 1H), 6.90 – 6.78 (m, 2H), 6.37 (s, 1H), 6.19 (dd, J = 8.1, 1.3 

Hz, 1H) 
13C NMR (151 MHz, CDCl3) δ 143.3, 141.9, 141.2, 133.2, 131.2, 130.2, 128.7, 126.9, 126.6, 126.3, 126.1, 

124.5, 124.3, 122.3, 122.1, 119.5, 111.2. 
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These data are in agreement with those reported previously.2  

Data for the photocatalyst: Eox
*= - 1.97 V; Eox= + 0.85 V. 3 

3.2. Preparation of Hantzsch esters 
 

HEH-Cy (Diethyl 4-cyclohexyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate) 

 

A mixture of cyclohexane carbaldehyde (1.0 eq, 10.0 mmol), ethyl acetoacetate (4.0 eq, 40.0 mmol), and 

ammonium acetate (2.0 eq, 20.0 mmol) in 20 mL of distilled water was vigorously stirred at refluxing 

temperature for 17 h. Then, the reaction mixture was allowed to cool down to room temperature. The 

crude reaction mixture was extracted three times with dichloromethane and the combined organic phase 

was washed with brine. The organic layer was then dried over MgSO4, filtered, and concentrated in vacuo. 

Then, the desired product was obtained by crystallization with ethanol. HEH-Cy is isolated as a yellow solid 

in 47% yield (1.59 g, 4.74 mmol).  

1H NMR (600 MHz, CDCl3) δ 5.49 (s, 1H), 4.25 – 4.11 (m, 4H), 3.92 (d, J = 5.7 Hz, 1H), 2.30 (s, 6H), 1.65 (s, 

2H), 1.55 – 1.48 (m, 2H), 1.30 (dt, J = 7.5, 6.7 Hz, 6H), 1.25 – 1.18 (m, 1H), 1.11 – 1.02 (m, 3H), 0.99 – 0.85 

(m, 2H). 
13C NMR (151 MHz, CDCl3) δ 168.8, 144.5, 102.2, 59.7, 45.9, 38.6, 29.0,26.9, 26.8, 19.6, 14.5. 

HRMS (ESI): calculated for [C19H29NO4Na]: 358.1989, found: 358.1986.  
IR (neat): ν 3337, 2920, 1692, 1647, 1483, 1295, 1210, 1118, 1019, 1048, 741 cm-1. 

 

HEH-D4 (Diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate-4,4-d2) 

 

A mixture of paraformaldehyde-d2 (1.0 eq, 3.0 mmol), ethyl acetoacetate (4.0 eq, 12.0 mmol) and 

ammonium acetate (2.0 eq, 6.0 mmol) in 6 mL of distilled water was vigorously stirred at refluxing 

temperature for 17 h. Then, the reaction mixture was allowed to cool down to room temperature. The 

crude reaction mixture was extracted three times with dichloromethane and the organic phase was 

washed with brine. The organic layer was then dried over MgSO4, filtered, and concentrated in vacuo. The 

desired product was obtained on crystallization with ethanol. Isolated as a bright yellow solid in 53% yield 

(406 mg, 1.59 mmol). Deuterium incorporation: >95%. 

1H NMR (600 MHz, CDCl3) δ 5.09 (s, 1H), 4.17 (d, J = 7.1 Hz, 4H), 2.19 (s, 6H), 1.28 (d, J = 7.1 Hz, 6H). 
13C NMR (151 MHz, CDCl3) δ 168.2, 144.9, 99.6, 59.8, 19.4, 14.6. 
 
These data agree with those reported previously. 4   

javascript:
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3.3. Preparation of Co-salens1 

 

The aldehyde (2.0 eq, 6.0 mmol) and diamine (1.0 eq, 3.0 mmol) were placed in a round bottom flask and 

the atmosphere was exchanged with Argon. Dry ethanol (60 mL) and triethylamine (5.0 eq, 15.0 mmol) 

were added to the flask and the mixture was left to stir under reflux for 16 h. Then, water was added, and 

the yellow precipitate was washed with cold EtOH: H2O (1:1) mixture. The formed ligand was dried and 

used in the next step without further purification.  

The crude salen ligand (1.0 eq) was suspended in dry ethanol (0.1 M) and it was refluxed under inert 

atmosphere. After 10 minutes, Co(OAc)2 (2.0 eq) was added to the solution and the mixture was left stirring 

at reflux during 3h. Then, it was allowed to cool down to room temperature, and the red precipitate was 

filtered, washed with cold ethanol, and dried. 

3.4. Preparation of starting materials  
 

  

The ketone (1.0 eq, 3.0 mmol) was added to an oven-dried three-neck round-bottom flask. It was dissolved 

in anhydrous THF (10 mL), and the solution was allowed to stir at 0°C for 10 minutes. To the cold solution, 

vinyl magnesium bromide solution (1 M in THF, 2.0 eq, 6 mmol, 6 mL) was added dropwise and the reaction 

mixture was allowed to reach room temperature and left to stir overnight. The reaction mixture was 

quenched with saturated aqueous solution of NH4Cl. The crude mixture was extracted with EtOAc (3 x 15 

mL). The combined organic phases were washed with brine (15 mL), dried over MgSO4, filtered, and 

concentrated in vacuo. The residue was purified by flash column chromatography (SiO2, Pentane/EtOAc).  

3.5. Preparation of compound 1u 

 

 
1 Katsuki type Co-salen ligands were a donation from the group of Prof. Dr. Johannes M. Wahl (Johannes Gutenberg- Universität 

Mainz) 
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Mg turnings (2.0 eq, 6 mmol, 144 mg) were placed in Schlenk flask and the atmosphere was exchanged 

with argon. To this, I2 (one crystal) was added, and the mixture was suspended in dry THF (6 mL). It was left 

to stir vigorously at room temperature until the color turned bright yellow. To this, 2-bromopropene was 

added (2.0 eq, 6 mmol, 0.54 mL). It was heated at 60°C for 1 h and left to cool down to room temperature 

before it was used in the next stage. 

4-cyanoacetophenone (1.0 eq, 3 mmol, 435.5 mg) was put in another Schlenk flask and the atmosphere 

was exchanged with argon. The ketone was dissolved in dry THF (5 mL). To this flask, freshly prepared 

Grignard reagent was added dropwise at 0°C, and it was left to warm up to room temperature and left to 

stir overnight.  

The reaction mixture was quenched with saturated aqueous solution of NH4Cl. The crude mixture was 
extracted with EtOAc (3 x 15 mL). The combined organic phases were washed with brine (15 mL), dried 
over MgSO4, filtered, and concentrated in vacuo. The residue was purified by flash column chromatography 
(SiO2, Pentane/EtOAc). The compound was isolated as a white solid in 17% yield (96.9 mg, 0.52 mmol).  
 

3.6. Preparation of compound 1v 
 

 

Ketoprofen (1.0 eq, 4 mmol, 1.017 g), EDCI (1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide) (1.1 eq, 4.4 

mmol, 832 mg) and 4-DMAP (4-dimethylamino pyridine) (0.5 eq, 2 mmol, 244.34 mg) were put in a round 

bottom flask and the atmosphere was exchanged with Argon. The mixture was dissolved in dry DCM (15 

mL). Then, tert-butyl alcohol (1.13 eq, 4.52 mmol, 0.43 mL) was added at 0°C. The reaction mixture was 

allowed to warm up to room temperature and left to stir overnight. Then, the reaction was quenched with 

saturated aqueous solution of NaHCO3, and it was extracted 3x with DCM. Combined organic layers were 

washed with brine, dried over MgSO4, filtered and the solvent was removed under reduced pressure.  

The obtained crude ester was used for the next step without purification. The obtained ester was put in 
round bottom flask, it was dissolved in dry THF (10 mL) under Argon atmosphere. The reaction mixture was 
cooled down to 0°C, and vinyl-MgBr (2.5 eq, 10 mmol, 10 mL) was added dropwise. The mixture was 
allowed to warm up to room temperature and left to stir overnight. Then, the reaction was quenched with 
saturated aqueous solution of NH4Cl, it was extracted 3x with EtOAc, combined organic layers were washed 
with brine, dried over MgSO4, filtered and the solvent was removed under reduced pressure. The product 
was purified by column chromatography using pentane: acetone as eluent (9:1). The compound was 
isolated as a white solid and the isolated yield over two steps is 31% (418.9 mg, 1.24 mmol).   
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3.7. General procedure for preparation of enantiomerically enriched compound 
 

 

Step 1:  

A solution containing enantiomerically enriched alcohol (1.0 eq), N, N-diisopropylcarbamoyl chloride (1.2 
eq), and triethylamine (1.3 eq) in anhydrous dichloromethane (1.3 M) was refluxed for 48 h. Subsequently, 
the reaction mixture was poured into water and extracted with dichloromethane. The combined organic 
phases were washed with brine, dried with MgSO4, and concentrated in vacuo. The crude product was 
used for further reactions. 
 
Step 2:  

s-Butyllithium (1.3 eq; 1.4 M solution in cyclohexane) was added dropwise to a stirred solution of 

carbamate (1.0 eq.) in anhydrous, degassed diethyl ether at -78°C under argon atmosphere. The resulting 

yellow, homogeneous solution was stirred for 30 minutes at -78°C. Neat vinylboronic acid pinacol ester (1.5 

eq) was then added dropwise. The mixture was stirred for 1h at -78°C, and then magnesium bromide2 (1.3 

eq; 1.0 M solution in MeOH) was added dropwise. The reaction was stirred for an additional 15 minutes at 

-78°C, then it was allowed to warm to room temperature and stirred overnight. The reaction was quenched 

by adding a mixture of ice-cold 3.0 M aqueous sodium hydroxide (2 mL per 1 mmol of carbamate) and a 

cold 30% aqueous hydrogen peroxide solution (1.4 mL per 1 mmol of carbamate) and stirred at room 

temperature for 2 hours (pressure build-up is possible, these steps should be done with care). The reaction 

mixture was then partitioned between water and diethyl ether, and the combined organic phases were 

washed with brine, dried over MgSO4, filtered, and concentrated in vacuo to obtain the crude product. 

Purification was performed by flash column chromatography using pentane: EtOAc = 94:6. 

Two enantiomers are prepared according to the above procedure: 1n-R ((R)-2-(4-chlorophenyl)but-3-en-

2-ol) and 1n-S ((S)-2-(4-chlorophenyl)but-3-en-2-ol).  

 

 

 

 
2 After purchasing the magnesium bromide solid from a commercial vendor, it was necessary to dry it overnight 
under vacuum and at a high temperature to eliminate any moisture. 
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The enantiomeric ratio was determined by chiral high-performance liquid chromatography (HPLC) using 

the racemic product (1n) prepared according to the procedure described in section 3.4 as reference 

material.  

The chiral HPLC conditions were as follows: Chiralpak IG column, dimensions 150 x 4.6 mm, particle size 

5μ, mobile phase 97:3 n-hexane/ethyl alcohol (EtOH) at a flow rate of 0.5 mL/min. 

 

 

1n-R: ((R)-2-(4-chlorophenyl)but-3-en-2-ol)  

 

Reaction was performed on 2.00 mmol scale. The product appeared as a yellow oil (114.7 mg, 0.62 mmol, 

31%). The retention times (tR) for the (R)-enantiomer (major) and (S)-enantiomer (minor) were 10.34 min 

and 8.23 min, respectively, with an enantiomeric ratio (e.r.) of 91:9. 
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1n-S: (S)-2-(4-chlorophenyl)but-3-en-2-ol 

Reaction performed on 5.00 mmol scale. The product appeared as a colorless oil (229.6 mg, 1.25 mmol, 

25%). The retention times (tR) for the (S) – enantiomer (major) and (R) -enantiomer (minor) were 8.22 min 

and 10.36 min with an enantiomeric ratio (e.r.) of 9:91.  
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3.8. General procedure for aryl migration reactions (for compounds 2a-2v) 
 

 

To an 8 mL vial, the starting material (1.0 eq, 0.18 mmol) was added, followed by the addition of Hantzsch 

ester cyclohexane (0.8 eq, 0.144 mmol, 48.3 mg), Co-salen(S,S)tBu,tBu (3 mol %, 5.4 µmol, 3.26 mg), and 

photocatalyst PTH (1 mol %, 1.8 µmol, 0.6 mg ). The vial was then sealed with a septum and purged with 

argon for 15 minutes. After this, anhydrous PhH (0.03 M, 6 mL) was added, followed by HFIP (1 M, 9.3 eq, 

0.18 mL) and AcOH (1.0 eq, 0.18 mmol, 10.3 µL). The vial was subjected to irradiation using 405 nm lamp 

(18 W) for 17 h.  After this time, the mixture was filtered through a silica plug, and the silica was washed 

with acetone (2 mL). The mixture was then concentrated in vacuo. The crude product was purified by 

preparative TLC. 
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3.9. Procedure for reaction on 1 mmol scale  

To a Schlenk flask, the starting material 1a (1.0 eq, 1 mmol, 210.3 mg) was added, followed by the addition 

of Hantzsch ester cyclohexane (0.8 eq, 0.8 mmol, 268.3 mg), Co-salen(S,S)tBu,tBu (3 mol %, 0.03 mmol, 18.1 

mg), and photocatalyst PTH (1 mol %, 0.1 mmol, 3.2 mg). The Schlenk flask was evacuated and purged with 

argon for 15 minutes. After this, anhydrous PhH (0.06 M, 17.8 mL) was added, followed by HFIP (1 M, 1 

mL) and AcOH (1.0 eq, 1 mmol, 57.2 µL). The Schlenk flask was subjected to irradiation using two 405 nm 

lamps (18 W) for 48 h.  After this time, the mixture was filtered through silica plug, and the silica was 

washed with acetone (20 mL). The crude mixture was then concentrated in vacuo. The crude product was 

purified by column chromatography (Pentane: Acetone = 98:2) and obtained as a white solid. The isolated 

yield of compound 2a is 66% (138.6 mg, 0.66 mmol). 
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4. Mechanistic experiments 

4.1. Reaction with HEH-D4 
 

 

To an 8 mL vial, the starting material (1.0 eq, 0.1 mmol, 21.03 mg) was added, followed by the addition of 

deuterated Hantzsch ester (HEH-D4) (0.8 eq, 0.08 mmol, 20.42 mg), Co-salen (S,S) tBu, tBu (3 mol %, 3 

µmol, 1.81 mg), and photocatalyst PTH (1 mol %, 1 µmol, 0.32 mg). The vial was then sealed with a septum 

and purged with argon for 15 minutes. After this, anhydrous PhH (0.03 M, 3.3 mL) was added, followed by 

HFIP (1 M, 0.1 mL) and AcOH (1.0 eq, 0.1 mmol, 5.72 µL). The vial was subjected to irradiation using 405 

nm lamp (18 W) for 17 h.  After this time, the mixture was filtered through a silica plug, and the silica was 

washed with acetone (2 mL). The crude mixture was then concentrated in vacuo. 1H NMR yield was 

determined by using 1.0 eq (0.1 mmol) of CHBr3 as the internal standard. 2D NMR is recorded in chloroform-

h, using benzene-d6 as the internal standard. 

Products 2a-d and 2a are obtained in 74% 1H NMR yield. 1H NMR yield of 2b is 26%, and no starting material 

is observed. Based on 1H NMR, there is 25% D incorporation.  

Reaction with HFIP-d2 
 

 

To an 8 mL vial, the starting material (1.0 eq, 0.1 mmol, 21.03 mg) was added, followed by the addition of 

Hantzsch ester cyclohexane (0.8 eq, 0.08 mmol, 26.83 mg), Co-salen (S,S) tBu, tBu (3 mol %, 3 µmol, 1.81 

mg), and photocatalyst PTH (1 mol %, 1 µmol, 0.32 mg). The vial was then sealed with a septum and purged 

with argon for 15 minutes. After this, anhydrous PhH (0.03 M, 3.3 mL) was added, followed by HFIP-d2 (1 

M, 0.1 mL) and AcOH (1.0 eq, 0.1 mmol, 5.72 µL). The vial was subjected to irradiation using 405 nm lamp 

(18 W) for 17 h.  After this time, the mixture was filtered through a silica plug, and the silica was washed 

with acetone (2 mL). The crude mixture was then concentrated in vacuo. 1H NMR yield was determined by 

using 1.0 eq (0.1 mmol) of CHBr3 as the internal standard. 2D NMR is recorded in chloroform-h, using 

benzene-d6 as the internal standard. The crude product was purified by preparative TLC. The isolated yield 

is 52% (0.093 mmol, 19.6 mg).    

Products 2a-d and 2a are obtained in 63% 1H NMR yield. 1H NMR yield of 2b is 13%, and no starting material 

is observed. Based on 1H NMR, there is 50% D incorporation.  
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4.2. UV-Vis spectra 
The UV-Vis spectrum of PTH is recorded in benzene. λmax abs= 371 nm. 

 

Figure 1. UV-VIS spectrum of PTH. 

The UV-Vis spectrum of Co-salen(S,S)tBu,tBu is recorded in benzene.  

 

Figure 2. UV-VIS spectrum of Co-salen. 
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4.3. Fluorescence quenching experiment  
 

Quenching of PTH with Co-salen.  

To a standard solution of PTH (0.1 mM in benzene) were added HFIP (V(benzene): V(HFIP)=35, in the same 

ratio as in the optimized reaction conditions) and AcOH (V(benzene): V(AcOH)=612, the same ratio as in 

the optimized reaction conditions). To this solution, different amounts of standard solution of Co-salen (1 

mM in benzene) were added to afford the final concentrations reported in table below. Then, fluorescence 

of the solutions was measured. 

Excitation wavelength: 379 nm. 

Excitation slit: 10 nm, emission slit: 10 nm. 

Entry [Co] (mM) 

1 0 

2 0.01 

3 0.02 

4 0.03 

5 0.04 

6 0.05 

7 0.06 

8 0.07 

 

 

Figure 3. Emission spectrum of PTH with increasing concentrations of Co-salen. 
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Figure 4. Stern-Volmer plot of PTH with increasing concentrations of Co-salen. 

The Co-salen complex has absorption in the visible light region (in the emission region of the PTH). To 

consider the inner-filter effect of Co-salen, the quenching ratio I0/I has been corrected using the following 

formula:5  

(
I0

I
) corr = (

𝐼0

𝐼
)(

𝐴𝑏𝑠(𝑃𝑇𝐻)

𝐴𝑏𝑠(𝑃𝑇𝐻) + 𝐴𝑏𝑠(𝐶𝑜 − 𝑠𝑎𝑙𝑒𝑛)
)(
1 − 10^ − (𝐴𝑏𝑠(𝑃𝑇𝐻) + 𝐴𝑏𝑠(𝐶𝑜 − 𝑠𝑎𝑙𝑒𝑛))

1 − 10^ − (𝐴𝑏𝑠(𝑃𝑇𝐻))
) 

The correction was done based on the measured steady state emission intensity (I=426 nm) of the excited 

state of PTH.  

 

Figure 5. Corrected Stern-Volmer plot of PTH with increasing concentrations of Co-salen. 
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5. Characterization data 
 

Co-salen A 

 

Prepared following procedure for Co-salen catalyst. Isolated as red solid in 51% yield (841 mg, 1.53 mmol). 
HRMS (ESI): calculated for [C32H46CoN2O2]: 549.2886, found: 594.2882.  
 

Co-salen B 

 

Prepared following procedure for Co-salen catalyst preparation. Isolated as red solid in 63% yield (933 mg, 
1.89 mmol).  
HRMS (APCI): calculated for [C28H39CoN2O2]: 494.2338, found: 494.2340.  
 

Co-salen C 

 

Prepared following procedure for Co-salen catalyst preparation. Isolated as red solid in 82% yield (1.43 g, 
2.46 mmol).  
HRMS (ESI): calculated for [C28H36CoN4O6Na]: 606.1859, found: 606.1843.  
 

Co-salen D 

 

Prepared following procedure for Co-salen catalyst preparation using R, R- diamine. Isolated as red solid in 
69% yield (992 g, 2.07 mmol). 
HRMS (ESI): calculated for [C28H24CoN2O2]: 479.1164, found: 479.1159.  
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Co-salen F 

 

Prepared following procedure for Co-salen catalyst preparation using S, S- diamine. Isolated as red solid in 
52% yield (1095 mg, 1.56 mmol).  
HRMS (ESI): calculated for [C44H55CoN2O2]: 702.3590, found: 702.3567.  

 

Co-salen G 

 

Prepared following procedure for Co-salen catalyst. Isolated as red solid in 26% yield (341.21 mg, 0.78 
mmol).  
HRMS (ESI): calculated for [C24H30CoN2O2]: 437.1634, found: 437.1626.  
 

Co-salen H 

 

Prepared following procedure for Co-salen catalyst preparation using R, R- diamine. Isolated as red solid in 
52% yield (931.6 mg, 1.56 mmol).  
HRMS (ESI): calculated for [C22H22CoN2O4Br2Na]: 617.9170, found: 617.9176. 
 

Co-salen I 

 

Prepared following procedure for Co-salen catalyst preparation using R, R-diamine. Isolated as red solid in 
20% yield (429.2 mg, 0.61 mmol).  
HRMS (ESI): calculated for [C44H56CoN2O2]: 703.3654, found: 703.3668.  
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5.1. Starting materials 

1a (1,1-diphenylprop-2-en-1-ol) 

 

Isolated as a colorless oil in 63% yield (395 mg, 1.88 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.41 – 7.36 (m, 4H), 7.33 (dd, J = 8.5, 6.9 Hz, 4H), 7.29 – 7.26 (m, 2H), 6.55 – 
6.48 (m, 1H), 5.35 – 5.32 (m, 1H), 5.31 (s, 1H), 2.28 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 145.9, 143.7, 128.3, 127.4, 127.0, 79.5. 
These data are in agreement with those reported previously. 6 
 

1b (1-phenyl-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-ol) 

 

Isolated as a colorless oil in 71% yield (593.2 mg, 2.13 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.59 – 7.57 (m, 2H), 7.53 – 7.51 (m, 2H), 7.38 – 7.33 (m, 4H), 7.31 – 7.28 (m, 
1H), 6.50 (dd, J = 17.1, 10.6 Hz, 1H), 5.38 – 5.32 (m, 2H), 2.37 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 149.7, 145.3, 142.9, 129.8 (q, J= 32.2 Hz), 128.6, 127.9, 127.3, 127.0, 125.2 
(q, J=3.7 Hz), 115.1, 79.3. 
19F NMR (470 MHz) δ - 62.3 (s) 
These data are in accordance with those reported previously. 7 

 

1c (1-(4-chlorophenyl)-1-phenylprop-2-en-1-ol) 

 

 
Isolated as a colorless oil in 67% yield (491.4 mg, 2 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.38 – 7.27 (m, 9H), 6.47 (dd, J = 16.8, 10.9 Hz, 1H), 5.32 (m, 2H), 2.26 (s, 1H).  
13C NMR (151 MHz, CDCl3) δ 145.4, 144.2, 143.1, 133.2, 128.4, 128.3, 128.3, 127.6, 126.8, 114.5, 79.1.  
These data are in accordance with those reported previously. 8 
 

1d (4-(1-hydroxy-1-phenylallyl)benzonitrile) 
 

 
 
Isolated as pale yellow solid in 96 % yield (678.8 mg, 2.88 mmol).  
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1H NMR (600 MHz, CDCl3) δ 7.60 (d, 2H, J=7.8 Hz), 7.52(d, 2H, J = 8.2 Hz), 7.36-7.20 (m, 5H), 6.48 (m, 1H), 
5.34 (m, 2H), 2.39 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 150.8, 144.8, 142.4, 132.2, 128.6, 128.5, 127.6, 126.9, 118.8, 115.4, 111.0, 
79.2, 30.9 
These data are in accordance with those reported previously. 9 
 

1e (4-(1-hydroxy-1-(4-methoxyphenyl)allyl)benzonitrile) 

 

Isolated as a pale-yellow oil in is 29% yield (232 mg, 1.16 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.61 – 7.59 (m, 2H), 7.51 – 7.49 (m, 2H), 7.25 – 7.23 (m, 2H), 6.86 (d, J = 8.8 
Hz, 2H), 6.44 (dd, J = 17.1, 10.6 Hz, 1H), 5.35 (dd, J = 10.5, 1.0 Hz, 1H), 5.32 (dd, J = 17.1, 1.0 Hz, 1H), 3.80 
(s, 3H), 2.27 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 159.2, 151.1, 142.6, 137.1, 131.9, 128.3, 127.5, 118.9,115.0, 113.8, 110.9, 
78.9, 55.3 
HRMS (ESI) (m/z): calculated for [C17H15NO2Na]: 288.0995, found 288.0996. 
IR (neat): v 3463, 2229, 1606, 1507, 1247, 1175, 1031, 831 cm-1. 
 

1f (1,1-bis(4-fluorophenyl)prop-2-en-1-ol) 

 
 
Isolated as a colorless oil in 78% yield (579 mg, 2.35 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.35 – 7.31 (m, 4H), 7.04 – 6.97 (m, 4H), 6.45 (dd, J = 17.1, 10.6 Hz, 1H), 5.33 
(dd, J = 10.5, 1.0 Hz, 1H), 5.28 (dd, J = 17.1, 1.0 Hz, 1H), 2.25 (s, 1H). 
19F NMR (565 MHz, CDCl3) δ -115.2 – -115.3 (m). 
13C NMR (151 MHz, CDCl3) δ 162.2 (d, J = 246.5 Hz), 143.4, 141.5 (d, J = 3.3 Hz), 128.8 (d, J = 8.0 Hz), 115.2 
(d, J = 21.3 Hz), 114.6, 78.9. 
These data are in agreement with those reported previously.10 
 

1g (1-phenyl-1-(o-tolyl)prop-2-en-1-ol) 

 

Isolated as colorless oil in 56% yield (380.3 mg, 1.69 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.57 (dd, J = 7.3, 2.0 Hz, 1H), 7.31 – 7.29 (m, 4H), 7.25 – 7.19 (m, 3H), 7.14 – 
7.12 (m, 1H), 6.53 (dd, J = 17.1, 10.6 Hz, 1H), 5.33 – 5.20 (m, 2H), 2.23 (s, 1H), 2.03 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 145.5, 143.8, 143.3, 137.5, 132.6, 128.3, 128.0, 127.6, 127.1, 126.4, 125.5, 
80.1, 21.6. 
These data are in accordance with those reported previously.8  
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1h (1-(2-chlorophenyl)-1-phenylprop-2-en-1-ol) 

 

Isolated as a colorless oil in 58% yield (426.1 mg, 1.74 mmol).  
 1H NMR (600 MHz, CDCl3) δ 7.70 (dd, J =7.6, 1.5 Hz, 1H), 7.35 – 7.26 (m, 8H), 6.61 (dd, J = 17.0, 10.7 Hz, 
1H), 5.36-5.32 (m, 2H), 3.22 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 145.1, 142.5, 141.5, 132.7, 131.4, 129.3, 129.1, 128.4, 127.5, 126.9, 126.6, 
115.2, 79.8. 
These data are in accordance with those reported previously.8 
 

1i (1-phenyl-1-(thiophen-2-yl)prop-2-en-1-ol) 

 

Isolated as yellow oil in 54% yield (353.4 mg, 1.63 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.50 – 7.45 (m, 2H), 7.38 – 7.33 (m, 2H), 7.31 – 7.29 (m, 1H), 7.27 (dd, J = 5.1, 
1.2 Hz, 1H), 6.96 (dd, J = 5.1, 3.6 Hz, 1H), 6.88 (dd, J = 3.6, 1.2 Hz, 1H), 5.40 (dd, J = 17.0, 1.0 Hz, 1H), 5.32 
(dd, J = 10.5, 1.0 Hz, 1H), 2.49 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 151.2, 145.1, 143.2, 128.3, 127.7, 126.8, 126.4, 125.7, 125.7, 114.2, 77.6. 
HRMS (MS quantitative): calculated for [C13H12OS]: 216.0604, found: 216.0603. 
IR (neat): ν 3544, 3451, 1445, 1319, 1158, 990, 930, 836, 697cm-1.  
 

1j (1-phenyl-1-(pyridin-4-yl)prop-2-en-1-ol) 

 

Isolated as brown crystals in 41% yield (259.5 mg, 1.23 mmol).  
1H NMR (600 MHz, CDCl3) δ 8.56 (m, 2H), 7.37-7.30 (m, 7H), 6.5 (dd, J = 10.8, 6.3 Hz, 1H), 5.37 (m, 2H), 
2.62 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 154.4, 149.9, 142.3, 128.7, 128.1, 127.0, 121.8, 116.2, 115.6, 79.0 
These data are in accordance with those reported previously.11 
 

1k (1-phenyl-1-(p-tolyl)prop-2-en-1-ol) 

 

Isolated as a colorless oil in 85% yield (572.4 mg, 2.55 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.37 (m, 2H), 7.31 (t, J= 7.7 Hz, 2H), 7.24 (m, 3H), 7.13 (m, 2H), 6.50 (dd, J = 
10.5, 6.4 Hz, 1H), 5.30 (m, 2H), 2.33 (s, 3H), 2.24 (s, 1H).  
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13C NMR (151 MHz, CDCl3) δ 145.9, 143.7, 142.9, 137.0, 128.9, 128.1, 113.8, 79.3, 21.0. 
HRMS (ESI) (m/z) calculated for [C16H16ONa]: 247.1093, found 247.1088. 
IR (neat): v 3555, 3459, 3025, 1508, 1446, 1406, 1323, 1168 cm-1. 
 

1l (1-(3,4-dimethoxyphenyl)-1-phenylprop-2-en-1-ol) 
 

 
 
Isolated as a pale-yellow oil in 70% yield (570.6 mg, 2.11 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.40 – 7.37 (m, 2H), 7.35 – 7.30 (m, 2H), 7.29 – 7.27 (m, 1H), 6.95 (d, J = 2.1 
Hz, 1H), 6.86 (dd, J = 8.4, 2.1 Hz, 1H), 6.81 (d, J = 8.4 Hz, 1H), 6.48 (dd, J = 17.0, 10.6 Hz, 1H), 5.32 (dd, J = 
9.5, 1.2 Hz, 1H), 5.31 – 5.29 (m, 1H), 3.87 (s, 3H), 3.82 (s, 3H), 2.24 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 148.8, 148.4, 145.9, 143.8, 138.6, 128.3, 127.4, 127.0, 119.5, 114.0, 110.6, 
79.4, 56.0, 56.0. 
ESI: calculated for [C17H18O3Na]: 293.1149, found: 293.1148.  
IR (neat): ν 3498, 2933, 1592, 1509, 1446, 1232, 1162, 1026, 936, 759 cm-1. 
 

1m (2-(naphthalen-2-yl)but-3-en-2-ol) 

 

Isolated as a colorless oil in 51% yield (302 mg, 1.52 mmol).   
1H NMR (600 MHz, CDCl3) δ 7.94 (dd, J = 1.7, 0.8 Hz, 1H), 7.87 – 7.80 (m, 3H), 7.57 (dd, J = 8.6, 1.9 Hz, 1H), 
7.50 – 7.44 (m, 2H), 6.26 (dd, J = 17.3, 10.6 Hz, 1H), 5.35 (dd, J = 17.3, 1.1 Hz, 1H), 5.20 (dd, J = 10.6, 1.1 
Hz, 1H), 1.98 (s, 1H), 1.76 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 144.9, 143.9, 133.3, 132.6, 128.3, 128.1, 127.6, 126.2, 126.0, 124.2, 123.5, 
75.1, 29.5. 
These data are in accordance with those reported previously.12 

 

1n (2-(4-chlorophenyl)but-3-en-2-ol) 

 

Isolated as colorless oil in 43% yield (235.6 mg, 1.29 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.42 – 7.39 (m, 2H), 7.32 – 7.28 (m, 2H), 6.13 (dd, J = 17.3, 10.6 Hz, 1H), 5.32 
– 5.25 (m, 1H), 5.19 – 5.14 (m, 1H), 1.87 (s, 1H), 1.63 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 145.1, 144.6, 133.0, 128.5, 126.9, 113.0, 74.6, 29.5. 
HRMS: calculated for [C10H11OCl]: 182.0493, found: 184.0492.  
IR (neat): ν 3387, 2980, 1488, 1404, 1367, 1092, 1010, 923, 826 cm-1 
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1o (2-(4-bromophenyl)but-3-en-2-ol) 

 

Isolated as colorless oil in 36% yield (245.6 mg, 1.08 mmol). 
 1H NMR (600 MHz, CDCl3) δ 7.46 (d, J = 8.8 Hz,2H), 7.35 (d, J = 8.8 Hz ,2H), 6.13 (dd, J = 10.9 Hz, 7.0 Hz 
,1H), 5.30 (d, J=17.1, 1H), 5.16 (d, J= 10.6 Hz, 1H) ,1.89 (s, 1H), 1.63 (s, 3H) 
13C NMR (151 MHz, CDCl3) δ 145.6, 144.5, 131.4, 127.3, 121.1, 113.0, 74.6, 29.5 
HRMS (ESI) (m/z) calculated for [C10H11OBr]: 225.9988, found 225.9989. 
IR (neat): v 3391, 2979, 1485, 1396, 1365, 1076, 1005, 923 cm-1. 
 

1p (4-(2-hydroxybut-3-en-2-yl)benzonitrile) 

 

Isolated as a yellow oil in 48% yield (250 mg, 1.44 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.65 – 7.61 (m, 2H), 7.60 – 7.57 (m, 2H), 6.12 (dd, J = 17.3, 10.6 Hz, 1H), 5.32 
(dd, J = 17.3, 0.8 Hz, 1H), 5.21 (dd, J = 10.6, 0.8 Hz, 1H), 2.65 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 151.8, 143.8, 132.2, 126.2, 119.0, 113.8, 111.0, 74.8, 29.5.  
ESI: calculated for [C11H11ONNa]: 196.0733, found: 196.0727. 
IR (neat): ν 3458, 2981, 2230, 1688, 1606, 1501, 1404, 1362, 1066, 996, 927, 838 cm-1 

 

1q (2-(pyridin-4-yl)but-3-en-2-ol) 

 

Isolated as a white solid in 54% yield (240.6 mg, 1.61 mmol).  
1H NMR (600 MHz, CDCl3) δ 8.61 – 8.51 (m, 2H), 7.44 – 7.35 (m, 2H), 6.12 (dd, J = 17.3, 10.6 Hz, 1H), 5.32 
(d, J = 17.3 Hz, 1H), 5.20 (dd, J = 10.6, 0.8 Hz, 1H), 1.64 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 155.4, 149.9, 143.6, 120.4, 113.8, 74.3, 29.3.  
These data are in accordance with those reported previously. 13 

 

1r (1-cyclohexyl-1-phenylprop-2-en-1-ol) 

 

Isolated as colorless oil in 52% yield (340 mg, 1.57 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.44 – 7.41 (m, 2H), 7.36 – 7.29 (m, 2H), 7.23 (dd, J = 7.4, 1.3 Hz, 1H), 6.34 – 
6.27 (m, 1H), 5.31 (dd, J = 17.2, 1.2 Hz, 1H), 5.18 (dd, J = 10.8, 1.2 Hz, 1H), 1.78 – 1.73 (m, 3H), 1.72 – 1.67 
(m, 1H), 1.63 (d, J = 12.9 Hz, 1H), 1.46 (d, J = 12.9 Hz, 1H), 1.24 – 1.06 (m, 3H), 1.05 – 0.97 (m, 2H). 
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13C NMR (151 MHz, CDCl3) δ 145.8, 143.5, 128.2, 126.7, 125.6, 112.7, 79.3, 47.8, 27.3, 26.9, 26.8, 26.7, 
26.6. 
ESI: calculated for [C15H20ONa]: 239.1406, found: 239.1397. 
IR (neat): ν 3477, 2928, 2853, 1741, 1447, 1261, 1078, 1013, 800, 700 cm-1 

 

1s (3-phenylhept-1-en-3-ol) 

 

Isolated as a colorless oil in 74% yield (423 mg, 2.22 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.39 – 7.33 (m, 2H), 7.26 (d, J = 7.6 Hz, 2H), 7.19 – 7.13 (m, 1H), 6.13 (ddd, J = 
17.3, 10.7, 1.0 Hz, 1H), 5.21 (dd, J = 17.2, 1.1 Hz, 1H), 5.07 (dd, J = 10.7, 1.1 Hz, 1H), 1.88 – 1.82 (m, 1H), 
1.78 – 1.74 (m, 1H), 1.25 – 1.19 (m, 3H), 1.12 – 1.06 (m, 1H), 0.79 (t, J = 8.7 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 145.9, 144.6, 128.3, 126.9, 125.5, 112.6, 77.1, 42.0, 25.9, 23.1, 14.2. 
ESI: calculated for [C13H17O]: 189.1274, found: 189.1273.  
IR (neat): ν 3457, 2953, 2866, 1448, 991, 919, 698 cm-1  

 

1t (4-methyl-3-phenylpent-1-en-3-ol) 

 

Isolated as a colorless oil in 90% yield (476.5 mg, 2.7 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.46 – 7.42 (m, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.23 (t, J = 7.4 Hz, 1H), 6.30 (dd, J 
= 17.2, 10.8 Hz, 1H), 5.32 (dd, J = 17.2, 1.2 Hz, 1H), 5.19 (dd, J = 10.8, 1.2 Hz, 1H), 2.23 – 2.15 (m, 1H), 0.91 
(d, J = 6.8 Hz, 3H), 0.78 (d, J = 6.8 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 145.8, 143.4, 128.2, 126.7, 125.6, 112.8, 79.4, 37.4, 17.2, 16.9. 
HRMS (MS quantitative): calculated for [C9H9O]: 133.0648, found: 133.0645.  
IR (neat): ν 3475, 2967, 2877, 2326, 2103, 1809, 1448, 1383, 1166, 983, 919, 759, 700 cm-1 

 

1u (4-(2-hydroxy-3-methylbut-3-en-2-yl)benzonitrile) 

 

Isolated as a white solid in 17% yield (96.9 mg, 0.52 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.62 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.2 Hz, 2H), 5.20 (s, 1H), 5.02 (s, 1H), 1.69 
(s, 3H), 1.60 (s, 3H). 
13C NMR (151 MHz, CDCl3) δ 151.5, 149.2, 132.2, 126.3, 119.1, 112.1, 110.9, 29.1, 18.9. 
ESI: calculated for [C12H13ONNa]: 210.0892, found: 210.0889. 
IR (neat): ν 3471, 2966, 2231, 1689, 1604, 1403, 1365, 1260, 1097, 1016, 910 cm-1.  
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1v (tert-butyl 2-(3-(1-hydroxy-1-phenylallyl)phenyl)propanoate) 
 

 
Isolated as a white solid in 31% yield (418.9 mg, 1.24 mmol).   
1H NMR (600 MHz, CDCl3) δ 7.38 – 7.34 (m, 2H), 7.33 – 7.29 (m, 3H), 7.27 – 7.24 (m, 3H), 7.21 – 7.17 (m, 
1H), 6.53 – 6.43 (m, 1H), 5.34 – 5.25 (m, 2H), 3.58 (q, J = 7.1 Hz, 1H), 2.30 (s, 1H), 1.41 (dd, J = 7.2, 1.4 Hz, 
3H), 1.34 (d, J = 1.4 Hz, 9H). 
13C NMR (151 MHz, CDCl3) δ 173.8, 146.0, 145.9, 143.6, 141.3, 128.4, 128.3, 127.4, 127.0, 127.0, 126.4, 
125.6, 125.5, 114.2, 80.6, 79.5, 46.7, 28.0, 18.5. 
ESI: calculated for [C22H26O3Na]: 361.1774, found: 361.1776.  
IR (neat): ν 3439, 2978, 1705, 1368, 1149, 994, 925, 701 cm-1.  

5.2. Products characterization data 
 

2a (1,2-diphenylpropan-1-one) 

 

Reaction is carried out on 0.1 mmol scale. The isolated yield is 75% yield (15.8 mg, 0.075 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.47 (dd, J = 7.3, 1.3 Hz, 1H), 7.38 (d, J = 7.8 Hz, 2H), 7.31 
– 7.27 (m, 4H), 7.22 – 7.18 (m, 1H), 4.69 (q, J = 6.9 Hz, 1H), 1.54 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 200.5, 141.6, 136.6, 132.9, 129.1, 128.9, 128.6, 127.9, 127.0, 48.0, 19.6. 
These data are in agreement with those reported previously. 14 
 

2b (1-phenyl-2-(4-(trifluoromethyl)phenyl)propan-1-one) 

 

Reaction is carried out on 0.1 mmol scale. The isolated yield is 67% (18.8 mg, 0.067 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.98 – 7.90 (m, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.53 – 7.48 (m, 1H), 7.44 – 7.38 
(m, 4H), 4.77 (q, J = 6.9 Hz, 1H), 1.56 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 199.8, 145.5, 136.3, 133.3, 129.3 (d, J = 32.5 Hz), 128.9, 128.8, 128.3, 126.1 
(q, J = 3.8 Hz), 124.2 (d, J = 280.6 Hz), 47.6, 19.6.  

19F NMR (565 MHz, CDCl3) δ -62.55. 
These data are in agreement with those reported previously. 15 
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2c (2-(4-chlorophenyl)-1-phenylpropan-1-one) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield is 66% (29.2 mg, 0.12 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.95 – 7.91 (m, 2H), 7.50 (d, J = 7.8 Hz, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.29 – 7.22 
(m, 4H), 4.68 (d, J = 7.1 Hz, 1H), 1.53 (d, J = 6.7 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 200.1, 139.9, 136.3, 133.1,132.9, 129.3, 129.2, 128.8, 128.7, 47.2, 19.5.  
These data are in accordance with those reported previously. 16 
 

2d (4-(1-oxo-1-phenylpropan-2-yl)benzonitrile 
 

 
 
Reaction is carried out on 0.18 mmol scale. The isolated yield is 54% (22.8 mg, 0.097 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.93 – 7.90 (m, 2H), 7.59 (d, J = 8.2 Hz, 2H), 7.52 (d, J = 7.4 Hz, 1H), 7.44 – 7.39 
(m, 4H), 4.76 (d, J = 6.9 Hz, 1H), 1.55 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 199.4, 146.8, 136.1, 133.5, 132.9, 128.9, 128.8, 118.8, 111.1, 47.8, 19.4. 
These data are in agreement with those reported previously. 17 
 

2e (4-(1-(4-methoxyphenyl)-1-oxopropan-2-yl)benzonitrile) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield 68% (32.4 mg, 0.12 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.91 (d, J = 8.9 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.44 – 7.37 (m, 2H), 6.93 – 6.83 
(m, 2H), 4.71 (d, J = 6.9 Hz, 1H), 3.83 (s, 3H), 1.53 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 197.8, 163.8, 147.2, 132.8, 131.1, 129.0, 128.7, 118.8, 114.0, 111.0, 55.6, 47.4, 
19.5. 
IR (neat): ν 2965, 2228, 1673, 1599, 1507, 1256, 1169, 1018, 795 cm-1.  
HRMS (APCI): m/z calculated for [C17H16NO2]: 266.1176, found: 266.1187. 
 

2f (1,2-bis(4-fluorophenyl)propan-1-one) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield is 51% (22.4 mg, 0.09 mmol). 
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1H NMR (600 MHz, CDCl3) δ 7.99 – 7.91 (m, 2H), 7.25 – 7.20 (m, 2H), 7.06 (d, J = 8.6 Hz, 2H), 6.98 (d, J = 8.7 
Hz, 2H), 4.62 (q, J = 6.9 Hz, 1H), 1.51 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 198.7, 165.7 (d, J = 254.9 Hz), 162.0 (d, J = 245.8 Hz), 137.1 (d, J = 3.1 Hz), 
132.8 (d, J = 2.8 Hz), 131.5 (d, J = 9.1 Hz), 129.4 (d, J = 7.9 Hz), 116.1 (d, J = 21.5 Hz), 115.8 (d, J = 21.9 Hz), 
47.2, 19.7. 
19F NMR (565 MHz, CDCl3) δ -105.2 – -105.3 (m), -112.9 – -118.3 (m). 
These data are in agreement with those reported previously. 18 

 

2g (2-phenyl-1-(o-tolyl)propan-1-one) 

 
 
Reaction is carried out on 0.18 mmol scale. The isolated yield is 40% (16.3 mg, 0.072 mmol) 
1H NMR (600 MHz, CDCl3) δ 7.54 (d, J = 7.6 Hz, 1H), 7.34 – 7.17 (m, 8H), 4.55 (q, J = 6.9 Hz, 1H), 2.35 (s, 3H), 
1.57 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 204.8, 140.6, 138.7, 138.0, 131.7, 130.8, 128.9, 128.1, 128.0, 127.1, 125.5, 
50.9, 20.9, 18.7. 
These data are in accordance with those reported previously. 19 
 

2h: 1-(2-chlorophenyl)-2-phenylpropan-1-one; 2h’: 2-(2-chlorophenyl)-1-phenylpropan-1-one; 2a: 1,2-
diphenylpropan-1-one) 
 

 
 
Reaction done on 0.18 mmol scale. The isolated yield is 51% (22.46 mg, 0.092 mmol) (2h: 2h’:2a = 8.3:1:1) 
2h: 1H NMR (600 MHz, CDCl3) δ 7.30 – 7.26 (m, 3H), 7.24 – 7.21 (m, 3H), 7.18 – 7.14 (m, 2H), 7.08 (dd, J = 
7.4, 1.3 Hz, 1H), 4.52 (q, J = 6.3 Hz, 1H), 1.59 (d, J = 6.9 Hz, 3H). 
2h’+2a (selected peaks): 1H NMR (600 MHz, CDCl3) δ 7.97 – 7.91 (m, 3H), 7.50 – 7.45 (m, 2H), 7.42 – 7.36 
(m, 4H), 4.69 (q, J = 6.8 Hz, 1H), 4.13 (q, J = 7.1 Hz, 1H), 1.54 (d, J = 6.9 Hz, 3H), 1.50 (d, J = 6.8 Hz, 3H). 
2h, 2h’+2a (selected peaks): 13C NMR (151 MHz, CDCl3) δ 204.2, 139.9, 139.6, 133.1, 132.9, 131.2, 130.5, 
130.3, 129.1, 128.9, 128.9, 128.7, 128.6, 128.4, 127.9, 127.6, 127.3, 127.0, 126.7, 52.3, 48.0, 44.3, 19.6, 
17.9, 17.9. 
These data are in accordance with those reported previously in the literature. 20 
 

2i (1-phenyl-2-(thiophen-2-yl)propan-1-one) 
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Reaction is carried out on 0.18 mmol scale. The isolated yield 59% (23 mg, 0.11 mmol). 
1H NMR (600 MHz, CDCl3) δ 8.03 – 7.96 (m, 2H), 7.58 – 7.50 (m, 1H), 7.48 – 7.40 (m, 2H), 7.17 (dd, J = 5.1, 
1.3 Hz, 1H), 6.91 (dd, J = 5.1, 3.5 Hz, 1H), 6.89 – 6.87 (m, 1H), 5.00 (d, J = 6.9 Hz, 1H), 1.62 (d, J = 6.9 Hz, 
3H). 
13C NMR (151 MHz, CDCl3) δ 199.2, 143.8, 136.2, 133.2, 128.9, 128.8, 127.1, 125.1, 124.7, 42.4, 20.3. 
These data are in accordance with those reported previously. 21 
 

2j (1-phenyl-2-(pyridin-4-yl)propan-1-one) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield is 85% (32.3 mg, 0.153 mmol).  
1H NMR (600 MHz, CDCl3) δ 8.52 (d, J = 5.9 Hz, 1H), 7.91 (d, J = 7.9 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.42 (t, 
J = 7.8 Hz, 3H), 7.22 (d, J = 5.8 Hz, 3H), 4.69 (q, J = 8.3 Hz, 1H), 1.54 (d, J = 7.3 Hz, 2H). 
13C NMR (151 MHz, CDCl3) δ 199.2, 150.4, 150.3, 136.1, 133.5, 128.8, 128.8, 123.2, 47.2, 19.1. 
These data are in accordance with those reported previously.22 
 

2k (2-phenyl-1-(p-tolyl)propan-1-one) and 2k’: 1-phenyl-2-(p-tolyl)propan-1-one) 

 
 
Reaction done on 0.18 mmol scale. The product is isolated as an inseparable 1:1 mixture of 2k and 2k’ (21.4 
mg, 0.095 mmol, 53%).  
2k: 1H NMR (600 MHz, CDCl3) δ 7.89 – 7.82 (m, 2H), 7.30 – 7.27 (m, 4H), 7.19 – 7.13 (m, 3H), 4.70 – 4.60 
(m, 1H), 2.35 (s, 3H), 1.54 – 1.49 (m, 3H). 
2k’: 1H NMR (600 MHz, CDCl3) δ 7.98 – 7.93 (m, 2H), 7.49 – 7.45 (m, 1H), 7.37 (t, J = 7.7 Hz, 2H), 7.22 – 7.19 
(m, 2H), 7.10 (d, J = 7.8 Hz, 2H), 4.86 – 4.34 (m, 1H), 2.28 (s, 3H), 1.54 – 1.48 (m, 3H). 
2k+2k’: 13C NMR (151 MHz, CDCl3) δ 200.6, 200.1, 143.7, 141.9, 138.6, 136.7, 136.6, 134.1, 132.8, 129.8, 
129.3, 129.1, 129.0,128.9, 128.6, 127.9, 126.9, 47.6, 21.7, 21.1, 19.6, 19.6. 
These data are in accordance with those reported previously.23, 24 
 

2l (2-(3,4-dimethoxyphenyl)-1-phenylpropan-1-one) and 2l’ (1-(3,4-dimethoxyphenyl)-2-phenylpropan-
1-one) 

 

Reaction is carried out on 0.1 mmol scale. The product is isolated as an inseparable mixture of 2l and 2l’ 
(18.9 mg, 0.07mmol, 70%).  
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1H NMR (600 MHz, CDCl3) δ 7.97 – 7.92 (m, 2H), 7.59 (dd, J = 8.5, 2.0 Hz, 1H), 7.53 (d, J = 2.0 Hz, 1H), 7.51 
– 7.45 (m, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.31 – 7.27 (m, 3H), 7.28 – 7.24 (m, 1H), 7.23 – 7.17 (m, 1H), 6.84 
(dd, J = 8.2, 2.1 Hz, 1H), 6.81 – 6.77 (m, 3H), 4.66 (q, J = 7.0 Hz, 1H), 4.62 (q, J = 7.1 Hz, 1H), 3.89 (s, 3H), 
3.88 (s, 3H), 3.84 (s, 3H), 3.82 (s, 3H), 1.53 (d, J = 3.3 Hz, 3H), 1.52 (d, J = 3.2 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 200.7, 199.0, 153.2, 149.5, 149.1, 148.2, 142.2, 136.8, 132.9, 129.1, 128.9, 
128.6, 127.8, 127.0, 123.5, 120.3, 111.7, 111.3, 110.9, 110.1, 56.1, 56.1, 56.0, 56.0, 47.7, 47.6, 19.7, 19.6. 
 
These data are in accordance with those reported previously. 25,26 
 

2m (3-(naphthalen-2-yl)butan-2-one) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield is 77% (27.7 mg, 0.14 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.85 – 7.80 (m, 3H), 7.71 – 7.68 (m, 1H), 7.52 – 7.45 (m, 2H), 7.33 (dd, J = 8.5, 
1.8 Hz, 1H), 3.92 (q, J = 6.9 Hz, 1H), 2.08 (s, 3H), 1.49 (d, J = 6.9 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 209.0, 138.2, 133.8, 132.7, 128.9, 127.8, 126.8, 126.5, 126.1, 126.0, 54.0, 28.6, 
17.4. 
These data are in accordance with those reported previously. 27 

 

2n (3-(4-chlorophenyl)butan-2-one) 

 

Reaction done on 0.18 mmol scale. The isolated yield 61% (20.2 mg, 0.11 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.33 – 7.29 (m, 2H), 7.17 – 7.13 (m, 2H), 3.72 (d, J = 7.0 Hz, 1H), 2.05 (s, 3H), 
1.37 (d, J = 7.0 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 208.4, 139.2, 133.3, 129.3, 129.3, 53.2, 28.5, 17.4. 
These data are in accordance with those reported previously. 28 
 

2o (3-(4-bromophenyl)butan-2-one) 

 

Reaction is carried out on 0.18 mmol scale. Isolated yield 49% (20.1 mg, 0.88 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.46 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 3.71 (q, J = 6.8 Hz, 1H), 2.05 
(s, 3H), 1.37 (d, J = 6.7 Hz, 3H).  
13C NMR (151 MHz, CDCl3) δ 208.3, 139.7, 132.2, 129.7, 121.3, 53.2, 28.3, 17.3.  
These data are in accordance with those reported previously. 29 
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2p (4-(3-oxobutan-2-yl)benzonitrile) 

 

Reaction is carried out on 0.1 mmol scale. The isolated yield is 82% (14.3 mg, 0.082 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.67 – 7.58 (m, 2H), 7.39 – 7.31 (m, 2H), 3.82 (d, J = 7.0 Hz, 1H), 2.08 (s, 3H), 
1.42 (d, J = 7.0 Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 207.3, 145.9, 132.9, 128.8, 118.7, 111.4, 53.7, 28.8, 17.4. 
HRMS (ESI): m/z calculated for [C11H12ON]: 174.0913, found: 174.0910.  
IR (neat): ν 2962, 1715, 1258, 1014, 793 cm-1.  
 

2q (3-(pyridin-4-yl)butan-2-one) 

 

Reaction is carried out on 0.1 mmol scale, isolated yield 44% (6.6 mg, 0.044 mmol). 
1H NMR (400 MHz, CDCl3) δ 8.61 (s, 2H), 7.18 (s, 2H), 3.75 (d, J = 7.1 Hz, 1H), 2.09 (s, 3H), 1.41 (d, J = 7.0 
Hz, 3H). 
13C NMR (151 MHz, CDCl3) δ 206.7, 151.3, 148.7, 123.9, 53.2, 28.8, 17.1. 
HRMS (ESI): calculated for [C9H12NO]: 150.0913, found: 150.0910.  
IR (neat): ν 2921, 2853, 2107, 1727, 1461, 1013, 800, 669 cm-1. 
 

2r (1-cyclohexyl-2-phenylpropan-1-one) 

 

The reaction is carried out on a 0.18 mmol scale. The isolated yield is 63% yield (24.7 mg, 0.11 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.36 – 7.33 (m, 2H), 7.30 – 7.27 (m, 1H), 7.25 – 7.23 (m, 2H), 3.94 (q, J = 6.9 
Hz, 1H), 2.48 – 2.40 (m, 1H), 1.89 – 1.84 (m, 1H), 1.80 – 1.75 (m, 1H), 1.71 – 1.66 (m, 1H), 1.66 – 1.61 (m, 
1H), 1.51 – 1.46 (m, 1H), 1.39 (d, J = 6.9 Hz, 3H), 1.32 – 1.10 (m, 4H). 
13C NMR (151 MHz, CDCl3) δ 214.0, 140.9, 128.9, 128.1, 127.1, 51.3, 49.6, 29.6, 28.4, 26.0, 25.9, 25.4, 18.3. 
These data are in agreement with those reported previously.30 
 

2s (2-phenylheptan-3-one) 

 
 
Reaction is carried out on 0.1 mmol scale. The isolated yield is 57% (10.8 mg, 0.057 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.34 – 7.29 (m, 2H), 7.26 – 7.23 (m, 1H), 7.23 – 7.18 (m, 2H), 3.75 (q, J = 7.0 
Hz, 1H), 2.36 – 2.32 (m, 2H), 1.51 – 1.43 (m, 2H), 1.38 (d, J = 7.0 Hz, 3H), 1.22 – 1.13 (m, 2H), 0.81 (d, J = 
7.4 Hz, 3H). 



39 
 

13C NMR (151 MHz, CDCl3) δ 211.2, 140.9, 129.0, 128.0, 127.2, 53.1, 40.9, 26.1, 22.3, 17.6, 13.9. 
These data are in agreement with those reported previously in the literature.31 
 

2t (2-methyl-4-phenylpentan-3-one) 

 

Reaction is carried out on 0.1 mmol scale, the isolated yield is 41% (7.3 mg, 0.041 mmol). 
1H NMR (600 MHz, CDCl3) δ 7.35 – 7.29 (m, 2H), 7.25 – 7.19 (m, 3H), 3.92 (q, J = 7.0 Hz, 1H), 2.68 (d, J = 6.9 
Hz, 1H), 1.38 (d, J = 7.0 Hz, 3H), 1.07 (d, J = 7.1 Hz, 3H), 0.91 (d, J = 6.7 Hz, 3H). 

13C NMR (151 MHz, CDCl3) δ 214.8, 140.9, 129.0, 128.1, 127.2, 51.3, 39.3, 19.4, 18.4, 18.3. 
These data match those reported previously. 32 

 

2u (4-(2-methyl-3-oxobutan-2-yl)benzonitrile) 

 

Reaction is carried out on 0.18 mmol scale. The isolated yield is 61% (20.6 mg, 0.11 mmol).  
1H NMR (600 MHz, CDCl3) δ 7.65 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.2 Hz, 2H), 1.94 (s, 3H), 1.50 (s, 6H). 
13C NMR (151 MHz, CDCl3) δ 209.6, 149.6, 132.7, 127.0, 118.7, 111.1, 53.0, 25.8, 25.1. 
IR (neat): ν 2296, 2925, 2228, 1709, 1606, 1606, 1466, 1357, 1257, 1091, 1019, 839, 797 cm-1.  
HRMS (ESI): m/z [M+Na]+calculated for [C12H13ONa]+: 210.0889, found: 210.0885. 
 

2v (tert-butyl 2-(3-(1-oxo-1-phenylpropan-2-yl)phenyl)propanoate and 2v’ (tert-butyl 2-(3-(2-
phenylpropanoyl)phenyl)propanoate) 
 

 

Reaction is carried out on 0.1 mmol scale. The product is isolated as an inseparable 1:1 mixture of 2v and 
2v’ (15.9 mg, 0.047 mmol, 47%).  
1H NMR (600 MHz, CDCl3) δ 7.95 – 7.91 (m, 2H), 7.89 (s, 1H), 7.83 – 7.79 (m, 1H), 7.48 – 7.44 (m, 1H), 7.42 
(d, J = 6.5 Hz, 1H), 7.39 – 7.34 (m, 2H), 7.32 (dd, J = 7.8, 2.0 Hz, 1H), 7.28 (d, J = 4.2 Hz, 4H), 7.24 – 7.18 (m, 
3H), 7.16 (d, J = 7.9 Hz, 1H), 7.12 (d, J = 7.6 Hz, 1H), 4.73 – 4.61 (m, 2H), 3.62 (q, J = 7.2 Hz, 1H), 3.56 (q, J = 
7.2 Hz, 1H), 1.55 – 1.50 (m, 6H), 1.42 – 1.38 (m, 6H), 1.36 (d, J = 7.6 Hz, 9H), 1.32 (d, J = 7.6 Hz, 9H). 
13C NMR (151 MHz, CDCl3) δ 200.4, 173.7, 173.5, 142.0, 141.8, 141.6, 136.8, 136.7, 132.9, 132.9, 132.1, 
132.0, 129.2, 129.1, 128.9, 128.7, 128.6, 128.1, 128.0, 127.9, 127.1, 127.0, 126.4, 126.4, 126.1, 126.0, 80.9, 
80.6, 48.1, 48.0, 46.6, 46.4, 28.1, 28.0, 19.7, 19.6, 18.6, 18.4. 
HRMS (ESI): calculated for [C22H26O3Na]: 361.1774, found: 361.1763.  



40 
 

IR (neat): ν 2977, 1725, 1683, 1597, 1451, 1368, 1232, 1148, 1065, 698 cm-1 

6. Investigation into stereospecificity 
 

The enantiomeric ratio was determined by chiral high-performance liquid chromatography (HPLC) using 

the racemic product was prepared according to the procedure described in section 3.4 as reference 

material. The chiral HPLC conditions were as follows Chiralpak IG column, dimensions 150 x 4.6 mm, 

particle size 5μ, mobile phase 97:3 n-hexane/ethyl alcohol (EtOH) at a flow rate of 0.5 mL/min. 

6.1 Preparation procedure of racemic reference compound 2n via Weinreb-Nahm amide. 
 

 
 

Step 1: Synthesis of 2-(4-chlorophenyl)-N-methoxy-N-methylpropanamide 

 

To an ice-cooled solution of 2-(4-chlorophenyl)propanoic acid (1.0 eq. 10.0 mmol) in 70 mL of CH2Cl2, N,O-

dimethylhydroxylamine hydrochloride (1.0 eq. 10.0 mmol, 0.975 g), diisopropylethylamine (1.0 eq., 10.0 

mmol, 1.8 mL) were added. Then, a solution of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (1.0 eq. 

10.0 mmol, 1.96 g) in 20 mL of CH2Cl2 was added dropwise. After 1h at 0 oC, the mixture is washed with 1.0 

M HCl. The organic layer collected, dried over MgSO4 , filtered and concentrated in vacuo to afford Weinreb-

Nahm amide, which was carried on to the next step without purification.  

Step 2: Synthesis of 3-(4-chlorophenyl)butan-2-one 

 

To an ice-cooled solution of crude Weinreb-Nahm amide in 50 mL of Et2O, was added dropwise 3.0 M 

methyl magnesium bromide (3.0 eq., 30.0 mmol). A white precipitate quickly appeared. After 1 h, the 

reaction was quenched with aqueous solution of NH4Cl. The organic layer was extracted with EtOAc. The 

organic phase was dried over MgSO4 , filtered and concentrated in vacuo. The residue was purified by flash 

column chromatography (SiO2, Pentane/EtOAc = 5:95) to afford the colorless oil (1.03 g, 6.95 mmol, 70%).  
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6.2 Stereospecificity - enantiomeric product analysis 
 

Stereochemical model  
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We hypothesize that the conformation during attack by the C-centered radical will influence the 

stereochemical outcome of these reactions. Cobalt coordination at the alcohol could also occur. 

2n-R (R)-3-(4-chlorophenyl)butan-2-one 

 

 

(R) – 1n in reaction with Co-(S,S) 
 

Reaction was carried out on 0.18 mmol scale. The product was isolated as a colorless oil (15.1 mg, 0.08 

mmol, 46%). Purification done by column chromatography using pentane: acetone = 95:5.  

The retention times (tR) for the minor and major enantiomers were 8.29 min and 8.78 min with an 

enantiomeric ratio (e.r.) of 38:62.  
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(R) – 1n in reaction with Co-(R,R). 
 

Reaction was carried out on 0.18 mmol scale. The product was isolated as a colorless oil (16.4 mg, 0.09 

mmol, 50%). Purification done by column chromatography using pentane: acetone = 95:5. 

The retention times (tR) for the minor and major enantiomers were 8.28 min and 8.77 min with an 

enantiomeric ratio (e.r.) of 24:76. 

 

 
 

(R) – 1n in reaction with Co-salen C 
 

Reaction was carried out on 0.18 mmol scale. The product isolated as a colorless oil (3.84 mg, 0.021 mmol, 

12 %). Purification by column chromatography using pentane: acetone = 95:5. 

The retention times (tR)  for the two enantiomers were 8.10 min and 8.57 min with an enantiomeric ratio 

(e.r.) of 49:51. 
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2n-S (S)-3-(4-chlorophenyl)butan-2-one 

 

(S)-1n in reaction with Co-(R,R). 
 

Reaction was carried out on 0.1 mmol scale. The product was isolated as a colorless oil (10.0 mg, 0.055 

mmol, 55%). Purification by column chromatography using pentane: acetone = 95:5. 

The retention times (tR) for the major and minor enantiomers were 8.17 min and 8.64 min with an 

enantiomeric ratio (e.r.) of 69:31. 
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(S)-1n in reaction with Co-(S,S). 
 

Reaction was carried out on 0.1 mmol scale. The product was isolated as a colorless oil (4.2 mg, 0.023 

mmol, 23%). Purification by column chromatography using pentane: acetone = 95:5. 

The retention times (tR) for the major and minor enantiomers were 8.18 min and 8.68 min with an 

enantiomeric ratio (e.r.) of 75:25. 
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 (S)-1n with Fe(acac)3 

 

Reaction was carried out according to the literature33  

Reaction was carried out on 0.1 mmol scale. The product was isolated as a pale red oil (2.4 mg, 0.013 mmol, 

13%). Purification was done by column chromatography using pentane: acetone = 95:5. 

The retention times (tR) for the two enantiomers were 8.12 min and 8.60 min with an enantiomeric ratio 

(e.r.) of 51:49. 
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6.3 Stereospecificity – product reactivity 
 

The ketone product 2a (1,2-diphenylpropan-1-one) was subjected to the optimised reaction conditions as 

described in section 3.8. The enantiomeric ratio of the ketone product was analysed by HPLC. The chiral 

HPLC conditions were as follows: Chiralpak IG column, dimensions 150 x 4.6 mm, particle size 5μ, mobile 

phase 97:3 n-hexane/ethyl alcohol (EtOH) at a flow rate of 1.0 mL/min with 26 bar starting pressure and 

20 °C. 

2a (1,2-diphenylpropan-1-one) in the reaction with Co-(S,S) 

Reaction was carried out on 0.18 mmol scale. The ketone product recovered as a yellow oil (23.0 mg, 0.11 

mmol, 62%). The retention times (tR) for the two enantiomers were 5.15 min and 6.11 min with an 

enantiomeric ratio (e.r.) of 50:50. 
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2a (1,2-diphenylpropan-1-one) in the reaction with Co-(R,R)  

Reaction was carried out on 0.18 mmol scale. The ketone product recovered as a yellow oil (33.9 mg, 0.16 

mmol, 90%). The retention times (tR) for the two enantiomers were 5.14 min and 6.07 min with an 

enantiomeric ratio (e.r.) of 50:50. 
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7. SPECTRA 

Benzo[b]phenothiazine 
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12-Phenyl-12H-benzo[b]phenothiazine 
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HEH-Cy (Diethyl 4-cyclohexyl-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate) 
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HEH-D4 (Diethyl 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate-4,4-d2) 
 

 

 

 

javascript:


53 
 

1a (1,1-diphenylprop-2-en-1-ol) 
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1b (1-phenyl-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-ol) 
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1c (1-(4-chlorophenyl)-1-phenylprop-2-en-1-ol) 
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1d (4-(1-hydroxy-1-phenylallyl)benzonitrile) 
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1e (4-(1-hydroxy-1-(4-methoxyphenyl)allyl)benzonitrile) 
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1f (1,1-bis(4-fluorophenyl)prop-2-en-1-ol) 
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1g (1-phenyl-1-(o-tolyl)prop-2-en-1-ol) 
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1h (1-(2-chlorophenyl)-1-phenylprop-2-en-1-ol) 
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1i (1-phenyl-1-(thiophen-2-yl)prop-2-en-1-ol) 
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1j (1-phenyl-1-(pyridin-4-yl)prop-2-en-1-ol) 
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1k (1-phenyl-1-(p-tolyl)prop-2-en-1-ol)
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1l (1-(3,4-dimethoxyphenyl)-1-phenylprop-2-en-1-ol) 
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1m (2-(naphthalen-2-yl)but-3-en-2-ol) 
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1n (2-(4-chlorophenyl)but-3-en-2-ol)
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1o (2-(4-bromophenyl)but-3-en-2-ol) 

 

 



70 
 

1p (4-(2-hydroxybut-3-en-2-yl)benzonitrile) 
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1q (2-(pyridin-4-yl)but-3-en-2-ol) 
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1r (1-cyclohexyl-1-phenylprop-2-en-1-ol) 
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1s (3-phenylhept-1-en-3-ol) 
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1t (4-methyl-3-phenylpent-1-en-3-ol) 
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1u (4-(2-hydroxy-3-methylbut-3-en-2-yl)benzonitrile) 
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1v (tert-butyl 2-(3-(1-hydroxy-1-phenylallyl)phenyl)propanoate) 
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2a (1,2-diphenylpropan-1-one)
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2b (1-phenyl-2-(4-(trifluoromethyl)phenyl)propan-1-one) 
 

 

 

 



79 
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2c (2-(4-chlorophenyl)-1-phenylpropan-1-one) 
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2d (4-(1-oxo-1-phenylpropan-2-yl)benzonitrile 
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2e (4-(1-(4-methoxyphenyl)-1-oxopropan-2-yl)benzonitrile) 
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2f (1,2-bis(4-fluorophenyl)propan-1-one) 
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2g(2-phenyl-1-(o-tolyl)propan-1-one) 
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2h: (1-(2-chlorophenyl)-2-phenylpropan-1-one); 2h’: 2-(2-chlorophenyl)-1-phenylpropan-1-one; 2a: 
1,2-diphenylpropan-1-one) 

 

Compounds 2h’+2a, selected peaks 
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2i (1-phenyl-2-(thiophen-2-yl)propan-1-one) 
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2j (1-phenyl-2-(pyridin-4-yl)propan-1-one) 
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2k (2-phenyl-1-(p-tolyl)propan-1-one); 2k’ (1-phenyl-2-(p-tolyl)propan-1-one) 
Compound 2k (peaks at 4.63-4.68 and 1.51-1.53 belong to 2k+2k’) 
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Compound 2k’ (peaks at 4.65-4.68 and 1.51-1.53 belong to 2k+2k’)
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2l (2-(3,4-dimethoxyphenyl)-1-phenylpropan-1-one)) and 2l’ (1-(3,4-dimethoxyphenyl)-2-phenylpropan-
1-one) 
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2m (3-(naphthalen-2-yl)butan-2-one) 
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2n (3-(4-chlorophenyl)butan-2-one) 
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2o (3-(4-bromophenyl)butan-2-one) 
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2p (4-(3-oxobutan-2-yl)benzonitrile) 
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2q (3-(pyridin-4-yl)butan-2-one) 
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2r (1-cyclohexyl-2-phenylpropan-1-one) 
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2s (2-phenylheptan-3-one) 
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2t (2-methyl-4-phenylpentan-3-one) 
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2u (4-(2-methyl-3-oxobutan-2-yl)benzonitrile) 
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2v ((tert-butyl 2-(3-(1-oxo-1-phenylpropan-2-yl)phenyl)propanoate) and 2v’ (tert-butyl 2-(3-(2-
phenylpropanoyl)phenyl)propanoate)) 
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HEH-D4 experiment. 
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HFIP-d2 experiment. 
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