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A) General considerations 

Hexamethylborazine-CF2Ph; [Me6B3N3CF2Ph]K(18-c-6)1, hexamethylborazine-CF2H; [Me6B3N3CF2H]K(18-c-

6)2 and Hexamethylborazine-CF3; [Me6B3N3CF3]K(18-c-6)3 were synthesized using previously described 

methods. THF, pentane, dimethoxyethane (DME), acetonitrile and benzene were purified using a Glass 

Contour solvent purification system through percolation through a Cu catalyst, molecular sieves, and 

alumina and finally stored over activated molecular sieves for a minimum of 48 hours. 

(Trifluoromethoxy)benzene [PhOCF3] and liquid difluoromethyl arenes (ArCF2H) were dried over calcium 

hydride, distilled, and freeze-pump-thawed. Toluene was dried over sodium metal, then distilled, and 

freeze-pump-thawed. Methanol was dried over calcium hydride and then distilled and freeze-pump-

thawed. All other reagents were used from commercial sources without further purification. Unless 

otherwise noted, all manipulations were performed under an inert nitrogen atmosphere.    

NMR spectra were recorded on Varian Vnmrs 500, Varian MR400 and Bruker Advance Neo 500 

spectrometer. 1H, 13C, 11B and 19F shifts are reported in parts per million (ppm) relative to TMS, with the 

residual solvent peak used as an internal reference. 19F NMR spectra are referenced to 

(trifluoromethoxy)benzene or, in spectra lacking internal standard, on a unified scale, where the single 

primary reference is the frequency of the residual solvent peak in the 1H NMR spectrum. Peaks not listed 

in the peak assignment correspond to residual solvent. Multiplicities are reported as follows: singlet (s), 

doublet (d), triplet (t), double triplet (dt), triple doublet (td), quartet (q), pentet (p), septet (sp), and 

multiplet (m). Carbon atoms attached to boron are not observed due to quadrupolar relaxation. Linear 

prediction (LP) was applied for processing the 11B NMR spectra in the mestrenova software for minimizing 

the borosilicate glass peak. Mass spectra were obtained on an electrospray a Micromass AutoSpec Ultima 

Magnetic Sector Mass Spectrometer electron ionization mass spectrometer, Shimadzu QP-2010 GCMS, 

Agilent 1290 Infinity II UPLC with Agilent 6230 LC/TOF for ESI or an Agilent GC 8860 with an Agilent mass 

spectrometer 5977B GC/MSD. UV-vis absorbance measurements were performed using a Cary 50 Bio 

spectrophotometer. The standard photochemical procedure utilizes a 440 nm LED lamp available from 

Kessil (PR160-440nm; https://www.kessil.com/products/science_PR160L.php). Alternative wavelengths 

tested were chosen from the remaining Kessil PR160 series. Safety hazards of irradiation with Kessil lamps: 

Blue light (400nm to 500nm are particularly high-energy visible light) exposure can cause photochemical 

reactions in the eye's tissues, especially the retina, lens, and cornea, which can lead to temporary or 

permanent damage. A UVEX safety eye glass is essential for working with Kessil lamps. In addition to this 

the reaction area was covered with safety shields coated with UV protected glass material. The Kessil 

lamps were kept 4 cm apart from the reaction vials for optimum and reproducible reactivity.    

 

B) Procedure for the synthesis of [RBPin-CF2Ph]- adducts 

1) Synthesis of 1a: 
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In a 20 mL vial, [K(18-c-6)(B3N3Me6-CF2Ph)] (200 mg, 0.34 mmol) and vinyl-BPin (77.3 mg, 0.34 mmol) were 

mixed with 5 mL THF and heated for 1.0 h at 50 °C and the conversion was assessed by 19F NMR 

(PhOCF3 was added as internal standard). The THF was removed in vacuo, and the residue was washed 

with pentane (3 x 6 mL) to afford the title compound 1a as an off-white solid (92%, 206 mg). 1H NMR (600 

MHz, THF-d8, ppm) δ 7.41 (d, J = 6.9 Hz, 2H), 7.28 (d, J = 7.4 Hz, 2H), 6.97-6.91 (m, 3H), 6.86 (t, J = 7.5 Hz, 

2H), 6.76 (t, J = 7.3 Hz, 1H), 5.15 (d, J = 6.1 Hz, 1H), 4.94 (d, J = 6.0 Hz, 1H), 3.57 (s, 24H), 1.09 (s, 6H), 1.05 

(s, 6H). 13C NMR (125 MHz, CDCl3, ppm) δ 150.98, 144.62 (t, JC-F = 22.5 Hz), 127.80, 126.39 (t, JC-F = 8.8 Hz), 

125.67, 125.39, 125.03 (t, JC-F = 2.5 Hz), 122.54, 116.61, 77.78, 69.82, 26.59, 26.41. 19F NMR (564 MHz, 

THF-d8, ppm) δ -105.88 (s, 2F). 11B NMR (192 MHz, CDCl3, ppm) δ 3.90 (bs, 1B). ESI-MS: calcd for 

C21H24BF2O2 (M-K(18-c-6)): 357.1837, found: 357.2065.  

 
Fig. S1. 1H NMR spectrum (CDCl3, 25 °C) of 1a. 

THF-H8 
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Fig. S2. 13C NMR spectrum (CDCl3, 25 °C) of 1a. 

 
Fig. S3. 19F NMR spectrum (CDCl3, 25 °C) of 1a. 
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Fig. S4. 11B NMR spectrum (CDCl3, 25 °C) of 1a. 

2) Synthesis of 1b: 

 

In a 20 mL vial, [K(18-c-6)(B3N3Me6-CF2Ph)] (200 mg, 0.34 mmol) and (1,4-Dioxa-spiro[4,5]dec-7-en-8-

boronic acid, pinacol ester) (63.2 μL, 0.34 mmol) were mixed with 5 mL THF and heated for 1.0 h at 50 °C 

and the cconversion was assessed by 19F NMR spectroscopy (PhOCF3 was added as internal standard). The 

THF was removed, and the residue was washed with pentane (3 x 6 mL) to afford 1b as an off-white solid 

(88%, 203 mg). 1H NMR (600 MHz, THF-d8, ppm) δ 7.47 (d, J = 7.6 Hz, 2H), 7.08 (t, J = 7.6 Hz, 2H), 7.02 (t, J 

= 7.4 Hz, 1H), 4.67 (d, , J = 6.2 Hz, 1H), 4.60 (d, J = 5.3 Hz, 1H), 3.63 (s, 24H), 1.46 (s, 3H), 1.06 (s, 6H), 0.98 

(s, 6H). 13C NMR (125 MHz, THF-d8, ppm) δ 144.55 (t, JC-F = 21.3 Hz), 126.34 (t, JC-F = 7.5 Hz), 125.65, 125.31 

(t, JC-F = 1.3 Hz), 112.04, 77.55, 69.70, 26.44, 26.36. 19F NMR (564 MHz, THF-d8, ppm) δ -106.67 (s, 2F). 11B 

NMR (192 MHz, THF-d8, ppm) δ 3.70 (bs, 1B). ESI-MS: calcd for C16H22BF2O2 (M-K(18-c-6)): 295.1681, 

found: 295.1767.  



S7 
 

 

Fig. S5. 1H NMR spectrum (THF-d8, 25 °C) of 1b.  

 

Fig. S6. 13C NMR spectrum (THF-d8, 25 °C) of 1b. 

THF-H8 
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Fig. S7. 19F NMR spectrum (THF-d8, 25 °C) of 1b.  

  

Fig. S8. 11B NMR spectrum (THF-d8, 25 °C) of 1b. 
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C) Experimental procedures 

1) Procedure I: Photochemical reactivity of vinyl pinacol boronate ester derivatives with alkyl bromides.  

 

Vinyl pinacol boronate ester ([R1BPin-CF2Ph][K(18-C-6)] (R1 = Ar, alkyl, H)) (0.1 mmol, 1.0 equiv.), NaI (0.05 

mmol, 0.5 equiv.) and 15-C-5 (0.05 mmol, 0.5 equiv.) were dissolved in 1.6 mL of THF in a 8 mL vial. To the 

suspension, a solution of the alkyl halide R3X (0.15 mmol, 1.5 equiv.) in DME (0.8 mL) was added under 

irradiation, and the mixture was stirred vigorously overnight under constant irradiation (18 h) before the 

yield was assessed by 19F NMR spectroscopy (PhOCF3 used as internal standard). The reaction mixture was 

diluted with EtOAc (20 mL) and the solution washed with ice-water (2 x 10 mL) and with brine (20 mL). 

The resulting organic phase was dried over Na2SO4, filtered and concentrated in vacuo. The product was 

purified by column chromatography using hexane-ethyl acetate as eluent. 

2) Procedure II: One-pot Photochemical reaction from [Me6B3N3CF2R1]K(18-c-6) and vinyl-BPin 

derivatives. 

 

[Me6B3N3CF2R2]K(18-c-6) (0.15 mmol, 1.0 equiv.) and vinyl pinacol boronic ester (0.15 mmol, 1.0 equiv.) 

were dissolved in 2.0 mL of THF in a 20 mL vial/screw cap tube. The reaction mixture was heated for 

specified time and temperature (depending upon R2 group, R2 = Ph and CF3, 1 h at 50 °C and R2 = H, 20 h 

at 80 °C). Then, NaI (0.075 mmol, 0.5 equiv.) and 15-C-5 (0.075 mmol, 0.5 equiv.) were added. To the 

suspension, a solution of the alkyl halide R3X (0.23 mmol, 1.5 equiv.) in DME (1.0 mL) was added under 

irradiation, and the mixture was stirred vigorously overnight under constant irradiation (18 h) before the 

yield was assessed by 19F NMR spectroscopy (PhOCF3 used as internal standard). The reaction mixture was 

diluted with EtOAc (20 mL) and the solution washed with ice-water (2 x 10 mL) and brine (20 mL). The 

resulting organic phase was dried over Na2SO4, filtered and concentrated in vacuo. The product was 

purified by column chromatography using hexane-ethyl acetate as eluent. 

3) Procedure III: One-pot Photochemical reaction from vinyl-BPin derivatives and difluoromethyl 

arenes.     
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Vinyl-BPin derivatives (0.15 mmol, 1.0 equiv.) and difluoromethyl arenes (ArCF2H) (0.15 mmol, 1.0 

equiv.) were dissolved in 2.0 mL THF in a 20 mL vial and cooled to -78 °C. KN(iPr)2 (0.23 mmol, 1.5 equiv.) 

was added as a solid to the mixture at -78 °C. The mixture was rapidly stirred at -78 °C for 10 minutes and 

allowed to warm to 25 °C. The mixture was stirred at 25 °C for 20 minutes, then 18-crown-6 (0.15 

mmol) was added. NaI (0.075 mmol, 0.5 equiv.) and 15-C-5 (0.075 mmol, 0.5 equiv.) were added, 

affording a suspension. To the suspension, a solution of the alkyl halide Ar2COCH2Br (0.23 mmol, 1.5 

equiv.) in DME (1.0 mL) was added under irradiation, and the mixture was stirred vigorously overnight 

under constant irradiation (18 h) before the yield was assessed by 19F NMR spectroscopy (PhOCF3 used as 

internal standard). The reaction mixture was diluted with EtOAc (20 mL) and the solution washed with 

ice-water (2 x 10 mL) and brine (20 mL). The resulting organic phase was dried over Na2SO4, filtered and 

concentrated in vacuo. The product was purified by column chromatography using hexane-ethyl acetate 

as eluent. 

 

 

 

 

 

 

 

 

Figure S9: Reaction setup in Kessil LED Lights. 

D) Optimization tables 

Table S1. Optimization of photocatalyst/activator. 

 

Entry Photocatalyst Conversion 
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1 Ru(bpy)3Cl2.6H2O (1 mol%) 38% 

2 Ru(bpy)3Cl2.6H2O (1 mol%) 0% (only THF as solvent) 

3 NaI (50 mol%) 53% 

4 NaI (150 mol%) 36% 

5 NaI (50 mol%)/PPh3 (50 mol%) 38% 

6 NaI (50 mol%) 56% (4:1:1, THF/DMSO/DMI) 

7 NaI (100 mol%) 43% (4:1:1, THF/DMSO/DMI) 

8 NaI (20 mol%) 32% (4:1:1, THF/DMSO/DMI) 

9 No Catalyst 35% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), THF/DMSO (1.2 mL), 18 h, 28 °C, 440 nm blue light. 19F 

NMR yields are reported (PhOCF3 used as internal standard). DMI = 1,3-Dimethyl-2-imidazolidinone. 

Table S2. Optimization of solvent. 

 

Entry Solvent Conversion 

1 2:1, THF/DMSO 53% 

2 DMSO 30% 

3 THF 0% 

4 1:1, DMSO/DMI 30% 

5 2:1, THF/DME 63% 

6 2:1, THF/CH3CN 63% 

7 2:1, THF/DMF 58% 

8 2:1, THF/DME 70% (50 mol% 15-C-5, as additive) 

9 1:1, THF/DME 66% (50 mol% 15-C-5, as additive) 

10 DME 64% (50 mol% 15-C-5, as additive) 

11 2:1, Dioxane/DME 34% (50 mol% 15-C-5, as additive) 

12 2:1, THF/DME (50 °C) 48% (50 mol% 15-C-5, as additive) 

13 10:1, THF/DME 40% (50 mol% 15-C-5, as additive) 

14 10:1, DME/THF 66% (50 mol% 15-C-5, as additive) 

15 2:1, THF/DME (10 h) 55% (50 mol% 15-C-5, as additive) 

16a 2:1, THF/DME  0% 

17b 2:1, THF/DME 70% 

18c 2:1, THF/DME 53% 

19d 2:1, THF/DME 0% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), NaI (0.0115 mmol), 15-C-5 (0.0115 mmol), solvent (1.2 

mL), 18 h, 28 °C, 440 nm blue light. 19F NMR yields are reported (PhOCF3 used as internal standard). aStirred in dark 

condition for 3 days. b2 Equivalent PhCOCH2Br was added.c1 Equivalent PhCOCH2Br was added. dHeating at 80 °C in 

dark. 

 

 



S12 
 

Table S3. Optimization of temperature. 

 

Entry Temperature Conversion 

1 50 °C 48% 

2 28 °C 69%-72% 

3 35 °C 70-71% 

4 15 °C 68% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), NaI (0.0115 mmol), 15-C-5 (0.0115 mmol), THF+DME 

(1.2 mL), 18 h, temperature, 440 nm blue light. 19F NMR yields are reported (PhOCF3 used as internal standard). 

Table S4. Optimization of light source. 

 

Entry Light (nm) Conversion 

1 390 THF:DME 53% 

THF:CH3CN 57% 

2 427 THF:DME 68% 

THF:CH3CN 60% 

3 440 THF:DME 70% 

THF:CH3CN 61% 

4 456 THF:DME 56% 

THF:CH3CN 62% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), NaI (0.0115 mmol), 15-C-5 (0.0115 mmol), THF+DME 

(1.2 mL), 18 h, 28 °C, 440 nm blue light. 19F NMR yields are reported (PhOCF3 used as internal standard). 
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Table S5. Optimization of distance of light source. 

 

a) 4 cm distance: 

Entry Solvent Conversion 

1 2:1, THF/DME 63% 

2 2:1, THF/DMSO 53% 

b) 6 cm distance: 

Entry Solvent Conversion 

1 2:1, THF/DME 50% 

2 2:1, THF/DMSO 44% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), THF+DME (1.2 mL), 18 h, 28 °C, 440 nm blue light. 19F 

NMR yields are reported (PhOCF3 used as internal standard). 

c) 2 cm distance: 

 

Entry Solvent Conversion 

1 2:1, THF/DME 68% 

2 2:1, THF/CH3CN 53% 

Vinylboronate ester (0.023 mmol), PhCOCH2Br (0.035 mmol), NaI (0.0115 mmol), 15-C-5 (0.0115 mmol), THF+DME 

(1.2 mL), 18 h, 28 °C, 440 nm blue light. 19F NMR yields are reported (PhOCF3 used as internal standard). 

E) Representative calculations for the conversion of a reaction and side product analysis 

VinylBPin-CF2Ph (1a) : 0.0227 mmol 

PhOCF3 : 0.0454 mmol (2 equiv. with respect to 1a). 

In 19F NMR spectrum 2 equiv. of PhOCF3 peak (-58.47 ppm) was integrated with 300. Thus, 2F atom 

corresponds to 100 values of integration if the reaction furnished 100% conversion. Compound 3a peak 

was integrated with 70.37 which corresponds to 70% conversion.  
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Fig. S10: 19F NMR spectrum (THF-d8, 25 °C) of the optimized reaction condition. An impurity is observed 

at -152.93 to-152.98 ppm (<15%), which we attribute to BF4
-. 

1) Experiment to characterize the side product (BF4
-) 

Following the procedure 1 (ESI, page: S9), the reaction was performed. Upon the completion of the 

reaction, the reaction vial was charged with the internal standard (PhOCF3) and the 19F NMR of the crude 

reaction mixture was obtained. The NMR tube was then loaded with 15 mg of NaBF4, shaken well, and the 
19F NMR was obtained. The peak at -152.93 to-152.98 ppm grew substantially, which indicates the 

presence of BF4
- as the common byproduct in our reaction. 

PhOCF3 

3a 

BF4
- 
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Fig. S11: 19F NMR spectrum (THF) of the reaction mixture before the addition of NaBF4 to the reaction 

mixture (below) and after the addition of NaBF4 to the reaction mixture (above). 

F) Procedure for the control experiments  

1) Addition of TEMPO:  

5b-PPhCOCH2Br

Observed (35%)


Not observed


 

Vinyl-pinacol boronate ester (1a) (0.023 mmol, 1.0 equiv.), NaI (0.00115 mmol, 0.5 equiv.) and 15-C-

5 (0.00115 mmol, 0.5 equiv.) were dissolved in 0.8 mL of THF in a 4 mL vial. To the suspension, a solution 

of PhCOCH2Br (0.35 mmol, 1.5 equiv.) and TEMPO (0.35 mmol, 1.5 equiv.) in DME (0.4 mL) was added 

under irradiation, and the mixture was stirred vigorously overnight under constant irradiation (18 h) 

before the yield was assessed by 19F NMR spectroscopy (PhOCF3 used as internal standard). The TEMPO 

Before the addition of NaBF4 

After the addition of NaBF4 

3a 

3a 

PhOCF3 BF4
- 

BF4
- 



S16 
 

addition product 5b-P was observed in 1H, 19F NMR spectroscopy (consistent with prior literature4) and 

was confirmed by GC-MS and ESI-MS. 

 

Fig. S12. Stacked 19F NMR spectrum (THF-d8, 25 °C) of the reaction mixture without PhCOCH2Br. 

 

1a + TEMPO at 2 h 

1a + TEMPO + 440 nm light at 20 min. 

1a + TEMPO + 440 nm light + PhCOCH2Br at 20 min. 

1a  

TEMPO-CF2Ph (5b-P) 

1a  

2h 

6h 

24h 

5.50 h 

24 h 

1.5 h 

6 h 

24 h 
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Fig. S13. Stacked 19F NMR spectrum (THF-d8, 25 °C) of the reaction mixture with PhCOCH2Br. 

2) Effect of light after reaction initiation:  

 

Two parallel reactions were set up that different in light exposure: 

a) Vinyl-pinacol boronate ester 1a (0.023 mmol, 1.0 equiv.), NaI (0.00115 mmol, 0.5 equiv.) and 15-

C-5 (0.00115 mmol, 0.5 equiv.) were dissolved in 0.8 mL of THF in a 4 mL vial. To the suspension, 

a solution of PhCOCH2Br (0.35 mmol, 1.5 equiv.) in DME (0.4 mL) was added under irradiation, 

and the mixture was stirred vigorously overnight under constant irradiation (1.5 h) before the 

yield was assessed by 19F NMR spectroscopy (PhOCF3 used as internal standard).  

  

Fig. S14. 19F NMR spectrum (THF-d8, 25 °C) of the reaction mixture after 1.5 h irradiation. 

b) An identical reaction was performed, and after constant irradiation for 1.5 h, the reaction was 

stirred in the dark for 16.5 h. The yield, as assessed by 19F NMR spectroscopy, suggests no 

difference in product formation between these two reactions.   

3a 

PhOCF3 
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Fig. S15. 19F NMR spectrum (THF-d8, 25 °C) of the reaction mixture after 1.5 h irradiation and in the dark 

for 16.5 h.  

3) Cross-over experiment:  

 

Vinyl-pinacol boronate ester, 1b and 1c (0.023 mmol, 1.0 equiv.), NaI (0.00115 mmol, 0.5 equiv.) and 15-

C-5 (0.00115 mmol, 0.5 equiv.) were dissolved in 1.0 mL of THF in a 4 mL vial. To the suspension, a solution 

of PhCOCH2Br (0.35 mmol, 1.5 equiv.) in DME (0.50 mL) was added under irradiation, and the mixture was 

stirred vigorously overnight under constant irradiation (18 h) before the yield was assessed by 19F NMR 

spectroscopy (PhOCF3 used as internal standard). The 19F NMR spectra suggests no cross-nucleophile 

transfer product formation (3b’ and 3e’).  

3a 

PhOCF3 
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Fig. S16. 19F NMR spectrum (THF-d8, 25 °C) of the cross-over experiments. 

 

G) Procedure for estrone derivative synthesis 

 

Fig. S17. Scheme for the estrone derivative synthesis.  

The synthesis of estrone derivative 8a’ was carried out following the literature procedures.5 

To a solution of 8a’ (1.84 mmol) in MeOH (20 mL), iodine (1.1 mmol) and Selectfluor (0.92 mmol) were 

added, and the reaction suspension stirred at 25 °C for 24 h. The solvent was removed under 

reduced pressure and the crude reaction mixture dissolved in CH2Cl2 (50 mL). Insoluble material was 

filtered off, the solution was washed with aq. sodium thiosulfate pentahydrate (10%, 50 mL) and H2O (50 

1b 
1c 

3b 
3e 

30 min at RT 

2.5 h at RT 

5.0 h at RT 

24 h at RT 

18 h at RT with 440 nm 
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mL), and dried over Na2SO4. The solvent was evaporated, and pure 8a was purified by flash 

chromatography (SiO2; hexanes/CH2Cl2). 

Vinyl-pinacol boronate ester (1a) (0.1 mmol, 1.0 equiv.) was dissolved in 2.0 mL of THF in a 8 mL vial. To 

the suspension, a solution of 8a (0.15 mmol, 1.5 equiv.) in DME (1.0 mL) was added under irradiation, and 

the mixture was stirred vigorously overnight under constant irradiation (18 h) before the yield was 

assessed by 19F NMR spectroscopy (PhOCF3 used as internal standard). The final product 8b was isolated 

by column chromatography using hexanes/dichloromethane as eluent.  

H) Procedure for derivatization reaction using KHF2 

 

To a solution of 3a ( 0.045 mmol, 1 equiv.) in MeOH, KHF2 (0.225 mmol, 5 equiv.) was added and the 

mixture was stirred for 3h at room temperature. The solvent was removed in vacuo and excess pentane 

was added. The insoluble particles were removed by filtration and the resulting pentane solution was 

concentrated in vacuo. The product 8c was obtained as a transparent sticky oil. 

I) List of unreactive substrates 

1) Vinyl-pinacol boron derivatives: We examined various other vinyl-pinacol boron derivatives noted 

below under our optimized conditions, as well as using additional photocatalysts (Ru(bpy)3Cl2.6H2O or 

4CzIPN). These substrates did not afford 19F NMR spectra consistent with products, which we note is also 

true for literature reports.6  

 

2) Other photoactive coupling partners: In addition to the pro-radical sources noted in the main text, we 

also examined the radical coupling partners show below, but observed no positive reaction. 

 

3) Redox-active esters: We tried a couple of redox-active esters, with and without photocatalysts under 

various solvent conditions but observed no positive reaction. 
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J) Characterization data of compounds 

 

(3a) Pale yellow oil (procedure I: 0.1 mmol scale, 67% isolated, 32 mg), (procedure II: 0.15 mmol scale, 

60% isolated, 43 mg), (one-pot synthesis: 0.15 mmol scale, 54% isolated, 38 mg). 1H NMR (500 MHz, CDCl3, 

ppm) δ 7.90 (d, J = 8.9 Hz, 2H), 7.51 (t, J = 9.1 Hz, 1H), 7.40 (t, J = 9.5 Hz, 2H), 7.29-7.20 (m, 6H), 7.16 (t, J 

= 9.6 Hz, 2H), 6.95 (d, J = 9.6 Hz, 2H), 3.27-3.19 (m, 1H), 2.90-2.82 (m, 1H), 2.56-2.42 (m, 2H), 1.30 (S, 12H). 
13C NMR (125 MHz, CDCl3, ppm) δ 199.95, 137.00, 138.85 (dd, JC-F = 6.3, 2.5 Hz), 135.53 (t, JC-F = 18.8 Hz), 

133.91 (t, JC-F = 203.8 Hz), 132.91, 130.62, 129.21 (t, JC-F = 1.3 Hz), 128.52, 128.04, 127.75, 127.07, 127.04, 

127.01, 126.96, 124.79, 84.17, 35.45, 24.84, 24.81, 24.66 (t, JC-F = 5 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ 

-89.42 (d, JF-F = 240.6 Hz, 1F), -93.78 (d, JF-F = 244.4 Hz, 1F). 11B NMR (128 MHz, CDCl3, ppm) δ 33.09 (s, 1B), 

ESI-MS: calcd for C29H31BF2NaO3 (M+Na)+): 499.2232, found: 499.2227. 

 

(3b) Transparent oil (Procedure I: 0.1 mmol scale, 42% isolated, 18 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.94 (d, J = 7.5 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.46-7.42 (m, 4H), 7.37-7.35 (m, 3H), 3.09-3.02 (m, 1H), 

2.95-2.88 (m, 1H), 2.18-2.12 (m, 1H), 1.73-1.67 (m, 1H), 1.27 (s, 6H), 1.25 (s, 6H), 1.06 (s, 3H). 13C NMR 

(125 MHz, CDCl3, ppm) δ 199.04, 134.85 (t, JC-F = 28.8 Hz), 132.14, 131.92, 128.36, 127.55, 127.08, 126.66, 

125.58 (t, JC-F = 7.5 Hz), 124.85 (t, JC-F = 247.5 Hz), 82.95, 34.30, 26.94 (t, JC-F = 5.0 Hz), 23.60, 23.77, 16.00 

(t, JC-F = 6.3 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ -93.85 (d, JF-F = 240.6 Hz, 1F), -93.78 (d, JF-F = 240.6 Hz, 

1F). 11B NMR (128 MHz, CDCl3, ppm) δ 32.83 (s, 1B), ESI-MS: calcd for C24H29BF2NaO3 ((M+Na)+): 437.2076, 

found: 437.2070.   
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(3c) Dark yellow oil. This compound is not stable to column condition, and degrades to (3c’). 1H NMR for 

(3c’) (500 MHz, CDCl3, ppm) δ 7.98 (m, 2H), 7.56 (m, 1H), 7.51-7.46 (m, 4H), 7.36-7.30 (m, 3H), 5.55 (dt, J 

= 37.6 Hz, 7.5 Hz, 1H), 3.17 (t, J = 7.2 Hz, 2H), 2.72 (qd, J = 7.5 Hz, 1.5 Hz, 2H). 19F NMR for (3c’) (376 MHz, 

CDCl3, ppm) δ 119.81 (d, JF-H = 38.6 Hz) 

 

(3d) Transparent oil (Procedure II: 0.15 mmol scale, 65% isolated, 43 mg). 1H NMR (500 MHz, CDCl3, ppm) 

δ 7.99-7.96 (m, 2H), 7.55-7.50 (m, 3H), 7.43 (t, J = 7.6 Hz, 2H), 7.37-7.32 (m, 3H), 3.27-3.20 (m, 1H), 3.16-

3.09 (m, 1H), 2.17-2.11 (m, 1H), 1.76-1.70 (m, 1H), 1.26 (s, 6H), 1.24 (s, 6H), 0.87-0.78 (m, 2H), 0.44-0.40 

(m, 2H), 0.38-0.34 (m, 1H). 13C NMR (125 MHz, CDCl3, ppm) δ 201.05, 143.71 142.36, 137.14, 136.37 (t, JC-

F = 28.8 Hz), 132.98, 129.41, 128.65, 128.37, 128.34, 127.61, 127.03 (t, JC-F = 6.3 Hz), 126.53 (t, JC-F = 255 

Hz), 83.70, 36.05, 28.69 (t, JC-F = 3.8 Hz), 25.00, 24.19, 14.04 (t, JC-F = 3.8 Hz), 3.65, 2.90, 1.16. 19F NMR (574 

MHz, CDCl3, ppm) δ -89.71 (d, JF-F = 252.6 Hz, 1F), -92.42 (d, JF-F = 246.8 Hz, 1F). 11B NMR (128 MHz, CDCl3, 

ppm) δ 29.79 (s, 1B), EI-MS: calcd for C26H31BF2O3 (M+): 440.2334, found: 440.2315. 

 

(3e) Transparent oil (Procedure I: 0.1 mmol scale, 53% isolated, 26 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.79 (d, J = 8.0 Hz, 2H), 7.27-7.18 (m, 8H), 7.14 (t, J = 7.7 Hz, 2H), 6.93 (d, J = 7.5 Hz, 2H), 3.21-3.15 (m, 1H), 

2.85-2.79 (m, 1H), 2.52-2.40 (m, 2H), 2.36 (s, 3H), 1.30 (S, 12H). 13C NMR (125 MHz, CDCl3, ppm) δ 199.76, 

143.76, 136.99 (dd, JC-F = 5, 2.5 Hz), 135.65 (t, JC-F = 28.8 Hz), 134.64, 130.76, 129.31, 128.30, 127.84, 

127.17, 127.15, 126.12, 126.07, 124.93 (t, JC-F = 250 Hz), 84.28, 35.43, 24.96, 24.93, 24.85 (t, JC-F = 3.8 Hz), 

21.74. 19F NMR (376 MHz, CDCl3, ppm) δ -89.33 (d, JF-F = 240.7 Hz, 1F), -93.83 (d, JF-F = 240.7 Hz, 1F). 11B 

NMR (192 MHz, CDCl3, ppm) δ 32.40 (s, 1B), ESI-MS: calcd for C30H33BF2NaO3 ((M+Na)+): 513.2389, found: 

513.2383.  

 

 

(3f) Transparent oil (Procedure I: 0.1 mmol scale, 62% isolated, 31 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.87 (d, J = 8.8 Hz, 2H), 7.27-7.19 (m, 6H), 7.14 (t, J = 7.6 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.7 

Hz, 2H ), 3.82 (s, 3H), 3.19-3.12 (m, 1H), 2.83-2.76 (m, 1H), 2.52-2.39 (m, 2H), 1.30 (S, 12H). 13C NMR (125 

MHz, CDCl3, ppm) δ 198.57, 163.32, 136.90 (dd, JC-F = 6.3, 1.3 Hz), 135.53 (t, JC-F = 27.5 Hz), 130.64, 130.61, 
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130.29, 130.11, 129.17, 127.71, 127.04, 127.02, 126.99, 126.94, 124.81 (t, JC-F = 250 Hz), 113.62, 84.15, 

35.06, 26.37 (t, JC-F = 3.6 Hz), 24.84, 24.81. 19F NMR (376 MHz, CDCl3, ppm) δ -89.26 (d, JF-F = 195.5 Hz, 1F), 

-93.76 (d, JF-F = 191.8 Hz, 1F). 11B NMR (128 MHz, CDCl3, ppm) δ 32.72 (s, 1B), ESI-MS: calcd for 

C30H33BF2NaO4 ((M+Na)+): 529.2338, found: 529.2332.    

 

(3g) Transparent oil (Procedure I: 0.1 mmol scale, 60% isolated, 31 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.82 (d, J = 8.7 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 7.26 (t, J = 7.4 Hz, 2H), 7.23-7.21 (m, 4H), 7.15 (t, J = 7.6 Hz, 

2H), 6.94 (d, J = 7.7 Hz, 2H), 3.20-3.14 (m, 1H), 2.83-2.77 (m, 1H), 2.52-2.39 (m, 2H), 1.29 (s, 6H), 1.28 (s, 

6H). 13C NMR (125 MHz, CDCl3, ppm) δ 198.78, 139.32, 136.98 (dd, JC-F = 4.5, 1.5 Hz), 135.27 (t, JC-F = 23.8 

Hz), 130.56, 129.49, 129.24, 128.82, 127.79, 127.13, 127.05, 127.00, 126.95, 124.72(t, JC-F = 248.5 Hz), 

84.20, 35.48, 24.82, 24.80, 24.67 (t, JC-F = 3.6 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ -89.57 (d, JF-F = 244.4 

Hz, 1F), -93.75 (d, JF-F = 244.4 Hz, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 32.90 (s, 1B), ESI-MS: calcd for 

C29H31BClF2O3 ((M+H)+): 511.2023, found: 511.2017.    

 

(3h) Transparent oil (Procedure I: 0.1 mmol scale, 65% isolated, 34 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

8.37 (s, 1H), 7.98 (d, J = 10.5 Hz, 1H), 7.88 (d, J = 8.2 Hz, 1H), 7.85-7.82 (m, 2H), 7.56 (t, J = 8.0 Hz, 1H), 7.50 

(t, J = 8.1 Hz, 1H), 7.28-7.21 (m, 6H), 7.16 (t, J = 7.6 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H), 3.38-3.31 (m, 1H), 3.04-

2.97 (m, 1H), 2.62-2.48 (m, 2H), 1.32 (s, 12H). 13C NMR (125 MHz, CDCl3, ppm) δ 199.90, 136.91 (dd, JC-F = 

5.0, 1.3 Hz), 135.55 (t, JC-F = 27.5 Hz), 135.53, 134.33, 132.54, 130.67, 129.58, 129.52, 129.22, 128.35, 

127.79, 127.76, 127.12, 127.07, 127.05, 127.02, 126.96, 126.69, 124.81(t, JC-F = 248.8 Hz), 123.95, 103.83, 

84.21, 35.44, 24.86, 24.85, 24.78 (t, JC-F = 3.8 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ -89.45 (d, JF-F = 240.6 

Hz, 1F), -93.89 (d, JF-F = 240.6 Hz, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 32.67 (s, 1B), ESI-MS: calcd for 

C33H34BF2O3 ((M+H)+): 527.2569, found: 527.2564.    

 

(3i) Transparent oil (Procedure I: 0.1 mmol scale, 59% isolated, 30 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.65 (d, J = 7.85 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.44-7.41 (m, 2H), 7.28-7.22 (m, 7H), 7.16 (t, J = 7.65 Hz, 

2H), 6.95 (d, J = 7.8 Hz, 2H), 3.23-3.16 (m, 1H), 2.90-2.84 (m, 1H), 2.60-2.63 (m, 2H), 1.31 (s, 12H). 13C NMR 

(125 MHz, CDCl3, ppm) δ 191.06, 155.56, 152.52, 136.70 (dd, JC-F = 5.0, 1.3 Hz), 135.48 (t, JC-F = 27.5 Hz), 
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130.63, 129.25, 128.08, 127.79, 127.14, 127.06, 127.01, 126.96, 124.72 (t, JC-F = 250.0 Hz), 123.82, 123.20, 

112.63, 112.47, 84.25, 35.82, 24.84, 24.80, 24.52 (t, JC-F = 5.0 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ -89.59 

(d, JF-F = 240.7 Hz, 1F), -93.83 (d, JF-F = 244.4 Hz, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 32.65 (s, 1B), ESI-

MS: calcd for C31H31BF2NaO4 ((M+Na)+): 539.2181, found: 539.2176.  

 

(3j) Transparent oil (Procedure I: 0.1 mmol scale, 55% isolated, 26 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

9.07 (d, J = 2.2 Hz, 1H), 8.72 (dd, J = 4.8, 1.8 Hz, 1H), 8.15 (dt, J = 8.0, 2.0 Hz, 1H), 7.34 (ddd, J = 8.0, 4.8, 

0.90 Hz, 1H), 7.28-7.21 (m, 6H), 7.16 (t, J = 7.7 Hz, 2H), 6.96 (d, J = 7.9 Hz, 2H), 3.27-3.20 (m, 1H), 2.86-2.79 

(m, 1H), 2.55-2.42 (m, 2H), 1.29 (s, 6H), 1.28 (s, 6H). 13C NMR (125 MHz, CDCl3, ppm) δ 198.88, 153.37, 

149.66, 136.60 (dd, JC-F = 6.3, 2.5 Hz), 135.45 (t, JC-F = 27.5 Hz), 134.34, 132.17, 130.50, 129.29, 127.86, 

127.19, 127.07, 127.03, 126.98, 124.68 (t, JC-F = 248.8 Hz), 123.57, 84.25, 35.85, 24.82, 24.80, 24.45 (t, JC-F 

= 3.8 Hz). 19F NMR (376 MHz, CDCl3, ppm) δ -89.80 (d, JF-F = 244.4 Hz, 1F), -93.56 (d, JF-F = 244.4 Hz, 1F). 11B 

NMR (128 MHz, CDCl3, ppm) δ 34.51 (s, 1B), ESI-MS: calcd for C28H31BF2NO3 ((M+H)+): 478.2365, found: 

478.2060.   

 

(3k) Transparent oil (from ICH2CN: 0.1 mmol scale, 50% isolated, 21 mg), (from CH3CN: 0.1 mmol scale, 

42% isolated, 18 mg, CH3CN was used as solvent for these conditions in presence of 2 equivalent redox-

active ester (1,3-dioxoisoindolin-2-yl (3r,5r,7r)-adamantane-1-carboxylate) as a radical initiator). 1H NMR 

(500 MHz, CDCl3, ppm) δ 7.30 (t, J = 7.6 Hz, 1H), 7.25-7.23 (m, 3H), 7.21-7.17 (m, 4H), 6.95 (d, J = 7.5 Hz, 

2H), 2.60-2.54 (m, 1H), 2.49-2.43 (m, 1H), 2.39-2.33 (m, 1H), 2.24-2.17 (m, 1H), 1.29 (s, 12H). 13C NMR 

(125 MHz, CDCl3, ppm) δ 135.22 (dd, JC-F = 2.5,1.5 Hz), 134.93 (t, JC-F = 27.5 Hz), 130.13, 129.60, 129.10, 

128.18, 127.59, 127.23, 126.96 (t, JC-F = 6.3 Hz), 124.18 (t, JC-F = 250.0 Hz), 120.33, 84.55, 27.36 (t, JC-F = 5.0 

Hz), 24.78, 24.73, 14.11. 19F NMR (376 MHz, CDCl3, ppm) δ -90.50 (d, JF-F = 244.4 Hz, 1F), -93.20 (d, JF-F = 

244.4 Hz, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 33.46 (s, 1B), ESI-MS: calcd for C23H26BF2NNaO2 ((M+Na)+): 

420.1922, found: 420.1913. 

 

(3l) Transparent oil (Procedure I: 0.1 mmol scale, 39% isolated, 18 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 

7.26 (t, J = 7.5 Hz, 2H), 7.21-7.18 (m, 4H), 7.15 (t, J = 7.7 Hz, 2H), 6.9 (d, J = 8.1 Hz, 2H), 4.08 (q, J = 14.4, 

2.1 Hz, 2H), 2.51-2.42 (m, 1H), 2.41-2.31 (m, 2H), 2.27-2.21 (m, 1H), 1.29 (s, 12H), 1.21 (t, J = 7.2 Hz, 3H). 
13C NMR (125 MHz, CDCl3, ppm) δ 172.70, 135.61 (dd, JC-F = 2.5, 1.5 Hz), 134.52 (t, JC-F = 27.5 Hz), 129.52, 
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128.16, 126.64, 125.99, 125.97, 125.93, 125.87, 123.61 (t, JC-F = 248.8 Hz), 83.13, 59.26, 30.05, 24. 46 (t, 

JC-F = 5.0 Hz), 23.76, 23.72, 13.19. 19F NMR (376 MHz, CDCl3, ppm) δ -89.72 (d, JF-F = 244.4 Hz, 1F), -93.97 

(d, JF-F = 244.4 Hz, 1F). 11B NMR (128 MHz, CDCl3, ppm) δ 32.20 (s, 1B), ESI-MS: calcd for C25H31BF2NaO4 

((M+Na)+): 467.2181, found: 467.2176. 

 

(3m) yellow oil (from ICH2CONMe2, 0.1 mmol scale, 59 % isolated, 28 mg). 1H NMR (500 MHz, CDCl3, ppm) 

δ 7.40-7.19 (m, 3H), 7.19-7.16 (m, 3H), 7.13 (t, J = 7.7 Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 2.91 (s, 3H), 2.89(s, 

3H), 2.56-2.49 (m, 1H), 2.42-2.37 (m, 2H), ), 2.21-2.17 (m, 1H), 1.31 (s, 12H). 13C NMR (125 MHz, CDCl3, 

ppm) δ 172.94, 136.85 (d, JC-F = 5.6 Hz), 135.49 (t, JC-F = 28.6 Hz), 130.66, 129.13, 127.65, 127.01, 126.97, 

124.61 (t, JC-F = 252.1 Hz), 84.07, 60.40, 37.03, 35.38, 29.86, 25.85 (t, JC-F = 4.5 Hz), 24.82, 20.33, 14.22. 19F 

NMR (376 MHz, CDCl3, ppm) δ -89.15 (d, JF-F = 248.78 Hz, 1F), -93.70 (d, JF-F = 242.6 Hz, 1F). 11B NMR (128 

MHz, CDCl3, ppm) δ 32.77 (s, 1B). ESI-MS: calcd for C25H33BF2NO3 ((M+H)+): 444.2522, found: 444.2507. 

 

(3n) (Procedure I: 0.1 mmol scale, 13 % isolated, 5.8 mg). 1H NMR (700 MHz, CDCl3, ppm) δ 7.28-7.27 (m, 

2H), 7.22-7.20 (m, 4H), 7.16 (t, J = 7.7 Hz, 2H), 6.93 (d, J = 8.3 Hz, 2H), 2.75 (ddd, J = 16.8, 11.0, 5.4 Hz, 1H), 

2.49 (ddd, J = 16.0, 10.7, 5.0 Hz, 1H), 2.39-2.31 (m, 2H), 1.82 (tt, J = 8.5, 4.6 Hz, 1H), 1.32 (s, 12H), 0.99-

0.97 (m, 2H), 0.81-0.80 (m, 2H). 13C NMR (126 MHz, CDCl3, ppm) δ 210.48, 136.98 (dd, JC-F = 5.7, 1.7 Hz), 

135.70 (t, JC-F = 27.9 Hz), 130.77, 129.29, 127.79, 127.13, 127.10, 127.05, 124.85, 84.25, 40.19, 24.94, 

24.91, 24.09, 20.59, 14.28, 10.61, 10.57. 19F NMR (474 MHz, CDCl3, ppm) δ -89.69 (d, JF-F = 243.1 Hz, 1F), -

94.04 (d, JF-F = 243.0 Hz, 1F). 11B NMR (160 MHz, CDCl3, ppm) δ 32.67 (s, 1B). ESI-MS: calcd for C26H31BFO3 

((M-F)+): 421.2345, found: 421.2335. 

 

(4a) Transparent oil (purified by pep-TLC). 1H NMR (600 MHz, CDCl3, ppm) δ 7.88 (dd, J = 8.5, 1.6 Hz, 2H), 

7.60-7.57 (m, 1H), 7.50 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.9 Hz, 2H), 7.12-7.07 (m, 2H), 6.98 (d, J = 7.9 Hz, 1H), 

6.93 (t, J = 8.8 Hz, 1H), 6.91-6.89 (m, 2H), 6.82 (t, J = 8.6 Hz, 2H), 3.25-3.19 (m, 1H), 2.86-2.83 (m, 1H), 2.54-

2.42 (m, 2H), 1.29 (s, 12H). 13C NMR (125 MHz, CDCl3, ppm) δ 198.82, 161.27 (d, JC-F = 32.5 Hz), 135.91, 

135.66 (dd, JC-F = 5.0, 1.3 Hz), 131.90, 129.54, 128.12, 128.05, 127.92, 127.65, 127.59, 127.49, 126.99, 

126.80, 126.25, 126.17, 125.79, 125.48 (t, JC-F = 242.5 Hz), 115.20, 113.48 (d, JC-F = 20 Hz), 112.94 (d, JC-F = 

22.5 Hz), 83.18, 34.31, 23.79, 23.75, 23.40 (t, JC-F = 3.8 Hz). 19F NMR (564 MHz, CDCl3, ppm) δ -88.88 (d, JF-

F = 242.5 Hz, 1F), -93.39 (d, JF-F = 242.5 Hz, 1F), -112.29 (s, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 32.59 (s, 

1B), ESI-MS: calcd for C29H31BF3O3 (M+H)+): 495.2318, found: 495.2319. 
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(4b) Yellow oil. This compound is not stable to column condition, and degrades to (4b”). 1H NMR for (4b”) 

(500 MHz, CDCl3, ppm) δ 7.90-7.88 (m, 2H), 7.55-7.52 (m, 1H), 7.44-7.41 (m, 2H), 7.36-7.30 (m, 5H), 6.83 

(d, J = 77.1 Hz, 1H), 3.08-3.05 (m,2H), 3.04-2.98 (m,2H. 19F NMR for (4b”) (376 MHz, CDCl3, ppm) δ 129.04 

(d, JF-H = 82.6 Hz). 

 

(4d) Light yellow oil (Procedure III, from ICH2CN (NaI and 15-C-5 are not used) 0.1 mmol scale, 43 % 

isolated, 17.2 mg). 1H NMR (600 MHz, CDCl3, ppm) δ 8.46 (d, J = 4.5, 1H), 8.15 (s, 1H), 7.28-7.20(m, 4H), 

7.14-7.06 (m, 3H), 7.05-7 (m, 1H), 6.98 (d, J = 7.9 Hz, 1H), 6.93 (t, J = 8.8 Hz, 1H), 6.91-6.89 (m, 2H), 6.82 

(t, J = 8.6 Hz, 2H), 3.25-3.19 (m, 1H), 2.64-2.33 (m, 3H), 2.21-2.14 (m, 1H), 1.25 (s, 12H). 13C NMR (125 

MHz, CDCl3, ppm) δ 150.64, 149.62, 148.45 (t, JC-F = 7.0 Hz), 134.94 (t, JC-F = 6.7 Hz), 131.21 (t, JC-F = 28.1 

Hz), 130.16, 129.55, 128.68, 128.24, 123.59 (t, JC-F = 251.1 Hz), 122.88, 121.90, 120.24, 84.90, 26.99 (t, JC-

F = 4.1 Hz), 24.88, 14.30 19F NMR (564 MHz, CDCl3, ppm) δ -92.65 (d, JF-F = 251.2 Hz, 1F), -94.45 (d, JF-F = 

248.8 Hz, 1F),11B NMR (192 MHz, CDCl3, ppm) δ 31.96 (s, 1B), ESI-MS: calcd for C22H25BF2N2NaO2 (M+Na)+): 

421.1875, found: 421.1863. 

 

(4e) Transparent oil (Procedure III, from ICH2CN (NaI and 15-C-5 are not used, 0.1 mmol scale, 39 % 

isolated, 18 mg). 1H NMR (600 MHz, CDCl3, ppm) δ 7.74-7.69 (m, 1H), 7.31-7.27 (m, 2H), 7.27-7.25(m, 1H), 

7.25 (d, J = 2.1 Hz, 1H), 7.23-7.21 (m, 1H), 7.20-7.18 (m, 1H),7.16-7.07 (m, 2H), 5.57 (m, 2H), 2.62-2.45 (m, 

2H), 2.30-2.20 (m, 1H), 2.19-2.10 (m, 1H), 1.31 (s, 3H), 1.28 (s, 6H),1.26 (s, 6H). 13C NMR (125 MHz, CDCl3, 

ppm) δ 146.62 (t, JC-F = 32.2 Hz), 140.66, 136.08 135.99, 128.96, 127.97, 126.56, 124.70, 123.18, 122.70 (t, 

JC-F = 245.1 Hz),  120.65, 120.61, 111.33, 83.79, 48.66, 29.84, 28.80 (t, JC-F = 4.9 Hz), 24.95, 24.88, 15.64 (t, 

JC-F = 5.4 Hz), 13.76, 19F NMR (564 MHz, CDCl3, ppm) δ -95.57 (d, JF-F = 274.1 Hz, 1F), -97.40 (d, JF-F = 271.2 

Hz, 1F),11B NMR (192 MHz, CDCl3, ppm) δ 29.51 (s, 1B), ESI-MS: calcd for C26H31BF2N2O2 (M+H)+): 466.2477, 

found: 466.2491. 
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(5b-P). 1H NMR (500 MHz, CDCl3, ppm) 7.68-7.59 (m, 2H), 7.47-7.41 (m, 3H), 1.69-1.54 (m,5H), 1.41-1.36 

(m, 1H), 1.26 (t, J = 3.2 Hz, 6H), 1.19 (s, 6H). 19F NMR (471 MHz, THF-d8, ppm) δ -63.70 (s). GC-MS: 127 

(CF2Ph+),  156 (TEMPO+), 268 ((M-CH3)+), 283 (M+). ESI-MS: calcd for C16H24F2NO ((M+H)+): 284.1820 , 

found: 284.1830. 

 

 

(7a) White solid (1.84 mmol scale, 47% isolated, 365 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 7.73-7.67 (m, 

2H), 7.36 (d, J = 8.2 Hz, 1H), 4.30 (s, 2H), 3.00-2.90 (m, 2H), 2.56-2.40 (m, 2H), 2.35-2.30 (m, 1H), 2.17-2.01 

(m, 3H), 1.98-1.94 (m, 1H), 1.66-1.41 (m, 6H), 0.89 (s, 3H). 13C NMR (125 MHz, CDCl3, ppm) δ 220.55, 

192.84, 146.56, 137.15, 131.19, 129.76, 126.59, 125.95, 50.62, 47.97, 44.89, 37.84, 35.91, 31.63, 29.41, 

26.34, 25.62, 21.70, 13.92, 1.88. ESI-MS: calcd for C20H23IO2 ((M+H)+): 423.0821, found: 423.0818. 

 

(7b) Transparent oil (0.1 mmol scale, 50% isolated, 33 mg). 1H NMR (500 MHz, CDCl3, ppm) δ 7.66 (dd, J = 

8.3, 1.9 Hz, 1H), 7.62 (s, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.25 (t, J = 7.4 Hz, 2H), 7.22-7.18 (m, 4H), 7.14 (t, J = 

7.6 Hz, 2H), 6.93 (d, J = 7.4 Hz, 2H), 3.21-3.14 (m, 1H), 2.96-2.89 (m, 2H), 2.87-2.80 (m, 1H), 2.50-2.39 (m, 

3H), 2.32-2.27 (m, 1H), 2.13-1.99 (m, 3H), 1.97-1.94 (m, 1H), 1.63-1.40 (m, 7H), 1.31 (s, 12H), 0.88 (s, 3H). 
13C NMR (125 MHz, CDCl3, ppm) δ 220.56, 199.80 (d, JC-F = 3.8 Hz), 145.23, 136.85 (dd, JC-F = 2.5, 1.3 Hz), 

135.53 (t, JC-F = 27.5 Hz), 134.66, 130.65, 129.19, 128.69, 127.72, 127.06, 127.02, 126.98, 126.93, 125.53, 

124.80 (t, JC-F = 250.0 Hz), 84.17, 50.52, 47.90, 44.71, 37.84, 35.82, 35.29, 31.55, 29.34 (t, JC-F = 2.5 Hz), 

26.31, 25.59, 24.85, 24.84, 21.60, 13.82. 19F NMR (376 MHz, CDCl3, ppm) δ -89.35 (d, JF-F = 240.6 Hz, 1F), -

93.93 (dd, JF-F = 240.7, 11.3 Hz, 1F). 11B NMR (192 MHz, CDCl3, ppm) δ 31.67 (s, 1B), ESI-MS: calcd for 

C41H47BF2NaO4 ((M+Na)+): 675.3433, found: 675.3425. 
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(7c) Transparent sticky oil (Procedure H: 21% isolated). 1H NMR (500 MHz, CD3OD, ppm) δ 7.88 (dd, 7.1 

Hz, 2H), 7.58 (m,1H), 7.46 (t, 7.08Hz, 2H), 7.27 (m,3H), 7.18-7.12 (m,7H), 3.09-3.04 (m, 4H) 13C NMR (125 

MHz, CD3OD, ppm) δ 202.27, 156.96, 155.01,139.84 (d, JC-F = 7.7 Hz),138.59, 134.81, 134.46, 134.23, 

131.28,131.25, 130.32,130.23, 130.04, 130.03, 128.81, 129.76, 129.63, 129.35 (d, JC-F = 3.1 Hz), 

129.06,122.17, 122.00,38.05 (d, JC-F = 1.9 Hz) , 28.05 (d, JC-F = 7.1 Hz). 19F NMR (376 MHz, CD3OD, ppm) δ 

105.39.  

K) Computational Details 

Electronic structure calculations were performed using Gaussian 16 revision C.01.7 The M06-2X functional8 

was used with D3 empirical dispersion9 and an ultrafine integration grid for all atoms. The SMD solvent 

model10 was used with the previously reported parameters for 1,2-dimethoxyethane.11 All calculations 

were performed with the LANL2DZ basis set and LANL effective-core potential12 applied to I, and the 6-

311++G(d,p) basis set13 applied to all other atoms. After geometry optimization, the geometries were 

confirmed to have the correct number of imaginary vibrational frequencies (zero for local minima, one for 

transition states). IRC calculations14 confirmed that the transition states were connected to the correct 

local minima. The free energy (G) of each structure was calculated at T = 298.15 K using vibrational 

frequency analysis. 

In the proposed mechanism (pathway A), the initial step is photolytic cleavage of iodoacetonitrile, 

followed by radical addition of ·CH2CN to the propenyl boronate (MeVinylBPin-CF3). Single-electron 

transfer from the resulting intermediate B to I· affords intermediate C, which undergoes 1,2-boronate 

rearrangement to the final product F. 

Several alternate pathways were considered. Pathway B undergoes the same initial radical addition to 

form B, but the 1,2-boronate rearrangement precedes single-electron transfer. Unlike pathway A, the 1,2-

boronate rearrangement (B to G) is thermodynamically unfavored (ΔG = 6.0 kcal/mol). Additionally, the 

formation of intermediate G requires an intramolecular electron transfer from the α-carbon to the nitrile 

group. Accordingly, pathway B is unlikely. 

Pathway C begins with radical addition of I· instead of ·CH2CN. Intermediate H undergoes single-electron 

transfer to ·CH2CN to afford cyclic intermediate J. Intermediate K is formed by a 1,2-boronate 

rearrangement. Nucleophilic attack of K by -CH2CN affords the final product F. Pathway C is unlikely 

because the single-electron transfer step (ΔG = 10.3 kcal/mol) is uphill, unlike pathway A. 

Pathway D begins with single electron transfer of the starting propenyl boronate to the I· radical. (This is 

favored by 2.8 kcal/mol over the I· radical addition in pathway C.) The resulting intermediate L has a 

significantly lengthened B-C bond (2.93 Å) and could dissociate into the 2-propenyl radical and 

trifluoromethyl-BPin (M). However, fragmentation into ·CF3 and propenyl-BPin (MeVinylBPin) is also 

thermodynamically accessible. This can undergo radical rebound of ·CF3 followed by radical addition of 

·CH2CN to afford the final product. However, this pathway is not supported by the radical crossover 

experiment, which indicated that dissocation of a fluoroalkyl radical does not occur. 

Pathway E is a non-radical mechanism that begins with a 1,2-boronate rearrangement to afford the 

carbanion intermediate O. Nucleophilic attack of iodoacetonitrile affords the final product F. Pathway E is 

unlikely because the barrier to carbanion formation (ΔG‡ > 23.5 kcal/mol) is significantly higher than the 

barrier to radical addition in Pathway A (ΔG‡ = 10.8 kcal/mol). 
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Pathway A: Proposed Mechanism (free energies are in units of kcal/mol) 

 

Pathway B: Radical Addition then 1,2-Boronate Rearrangement 

 

 

Pathway C: Radical Addition of I· 
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Pathway D: Initial single-electron transfer to I· 

 

Pathway E: Non-radical mechanism 

Table S6. Calculated DFT energies of the 1,2-boronate rearrangement mechanism 

Entry Structure Single-Point 
Energy (Hartrees) 

G (Hartrees) # Imaginary 
Frequencies 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

ICH2CN 
·CH2CN (radical) 
-CH2CN (anion) 
I· (radical) 
I- (anion) 
2-Propenyl radical 
·CF3 (radical) 
MeVinylBPin 
MeVinylBPin-CF3- 

A-TS 

-143.468848 
-132.076443 
-132.215698 

-11.308028 
-11.507599 

-117.196929 
-337.554728 
-528.520445 
-866.273298 
-998.351830 

-143.461655 
-132.068670 
-132.209161 

-11.325530 
-11.524447 

-117.156678 
-337.568157 
-528.305722 
-866.051951 
-998.103339 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

11 B -998.393838 -998.140769 0 
12 C -998.251941 -997.997296 0 
13 D-TS -998.244273 -997.987112 1 
14 
15 
16 
17 
18 
19 

E 
F 
G 
H 
J 
K 

-998.354239 
-998.356514 
-998.388069 
-877.605075 
-877.451860 
-877.544907 

-998.092791 
-998.094875 
-998.131248 
-877.387275 
-877.230345 
-877.320975 

0 
0 
0 
0 
0 
0 
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20 
21 
22 
23 

L 
M 
N 
O 

-866.082441 
-748.874275 
-866.138219 
-866.238079 

-865.867230 
-748.717654 
-865.915886 
-866.014430 

0 
0 
0 
0 

 

To find the fluoroalkyl binding affinity for each Lewis acid (LA), ΔG values were calculated for the scheme 

below. 

Table S7. Calculated fluoroalkyl binding energies 

 

Entry Lewis Acid CF2R- ΔG (kcal/mol) 

1 

 

CF3
-
 -7.9 

2 CF2Ph- -11.3 

3 CF2H- -17.9 

4 

 

CF3
- -12.8 

5 CF2Ph- -16.7 

6 CF2H- -19.1 

7 

 

CF3
- -12.9 

8 CF2Ph- -17.0 

9 CF2H- -23.3 

10 

 

CF3
- -14.1 

11 CF2Ph- -18.1 

12 CF2H- -24.6 

Table S8. Calculated DFT energies for fluoroalkyl binding 

Entry Structure Single-Point 
Energy (Hartrees) 

G (Hartrees) # Imaginary 
Frequencies 

1 CF3- -337.709387 -337.725873 0 
2 CF2Ph- -469.458696 -469.392724 0 
3 CF2H- -238.424414 -238.431548 0 
4 Me6B3N3 -478.470108 -478.248354 0 
5 Me6B3N3-CF3- -816.215314 -815.986814 0 
6 Me6B3N3-CF2Ph- -947.971890 -947.659129 0 
7 Me6B3N3-CF2H- -716.946003 -716.708436 0 
8 MeVinylBPin -528.520445 -528.305722 0 
9 MeVinylBPin-CF3- -866.273298 -866.051951 0 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

MeVinylBPin-CF2Ph- 
MeVinylBPin-CF2H- 
VinylBPin 
VinylBPin-CF3- 
VinylBPin-CF2Ph- 
VinylBPin-CF2H- 
PhVinylBPin 
PhVinylBPin-CF3- 
PhVinylBPin-CF2Ph- 
PhVinylBPin-CF2H- 

-998.031281 
-767.000565 
-489.211964 
-826.965209 
-958.724007 
-727.696933 
-720.236467 

-1057.992550 
-1189.750945 

-958.724306 

-997.725002 
-766.767654 
-489.023361 
-826.769789 
-958.443196 
-727.492003 
-719.972989 

-1057.721396 
-1189.394497 

-958.443786 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

 

L) Quantum Yield Measurement 

Photon Flux Measurement 

The ferrioxalate actinometry procedure to measure photon flux is adapted from prior literature.15, 16, 17 

This experiment was performed in ambient atmosphere in the dark under red LED lights. A 25mL 

phenanthroline solution was prepared by dissolving 1,10-phenanthroline (25 mg) and anhydrous sodium 

acetate (3.39 g) in 0.5M aqueous H2SO4. A 25mL ferrioxalate (0.15 M) solution was prepared by 

dissolving potassium trisoxalatoferrate (III) trihydrate (1.84 g, 3.75 mmol) in 0.05M aqueous H2SO4. 

A Kessil lamp (440 nm, PR160 series) was set to 25% intensity and allowed to warm up for at least an 

hour. For each timepoint (t = 0, 5, 10, 15 s), a 2 mL aliquot of the ferrioxalate solution was irradiated in a 

cuvette (path length = 1 cm) at a distance of 10cm from the Kessil lamp. Phenanthroline solution (1 mL) 

was added, and then the mixture was allowed to sit for ca. 30 minutes. The mixture was diluted 10-fold 

using deionized water. The absorbance of the diluted solution was measured at 510 nm. 

 

Figure S18. Absorbance of ferrioxalate solution at 440 nm after irradiation at 510 nm. 

The slope of the absorbance-time plot was found to be ΔA/t = 0.0334/s. 

y = 0.0334x + 0.0695
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The equation for photon flux (in mol photon/s) is,17 

photon flux =
V

l ⋅ ε ⋅ Φ ⋅ f
·

ΔA

t
 

V is the final volume of the diluted sample (0.030L), and l is the path length (1 cm). ε is the molar 

absorptivity of the Fe2+ product at 510 nm (11050 L mol-1 cm-1).16 Φ is the quantum yield of the reaction 

(1.01 at 436 nm for a 0.15 M ferrioxalate solution).16 f is the fraction of light absorbed by the 0.15 M 

ferrioxalate solution at 440 nm. The absorbance of the 0.15 M ferrioxalate solution was found to be A = 

2.3089 at 440 nm, giving f = 1 − 10−A = 0.9951. 

The calculated photon flux is 9.02 · 10-8 mol photon/s. For a 2 mL sample with a path length of 1 cm, the 

cross-sectional area is 2 cm2, giving the photon flux per area, 

photon flux per area =
9.02 ⋅ 10−8 mol photon/s

2 cm2
= 4.51 ⋅ 10−8

mol photon

s ⋅ cm2
 

Quantum Yield Measurement 

 

1a (30. mg, 0.045 mmol, 1.0 equiv.), THF (1 mL), DME (0.5 mL), and iodoacetonitrile (5 µL, 0.069 mmol, 

1.5 equiv.) were combined in a UV-vis cuvette (1 cm path length) equipped with a stir bar. The sealed 

cuvette was removed from the glovebox. While stirring, the cuvette was illuminated for 1 h at a distance 

of 10 cm from the Kessil lamp (440 nm, PR160 series, 25% intensity). (The lamp was allowed to warm up 

for at least an hour before the reaction was performed.) The yield of  (0.0034 mmol, 7.5%) was assessed 

by 19F NMR (PhOCF3 used as internal standard). 

The quantum yield Φ is calculated from the equation, 

Φ =
mol product

mol photon absorbed
 

The proposed reaction mechanism begins with photolysis of iodoacetonitrile. The absorbance of 

iodoacetonitrile (0.046 M, 10 µL in 3 mL 2:1 THF/DME, 1 cm path length) under reaction conditions was 

found to be A = 0.030. The fraction of light (f) absorbed by the iodoacetonitrile is f = 1 − 10−A =

0.0667. The cross-sectional area of a 1.5 mL reaction volume in a 1 cm cuvette is 1.5 cm2. The mol 

photons absorbed by the iodoacetonitrile during the t = 1 h reaction is, 

mol photon absorbed = (photon flux per area) ⋅ (cross-sectional area) ⋅ t ⋅ f 

=  4.51 ⋅ 10−8
mol photon

s ⋅ cm−2
⋅ 1.5 cm2 ⋅ 3600 s ⋅ 0.0667 = 1.626 ⋅ 10−5 mol photon 

Calculating the quantum yield, 

Φ =
3.4 ⋅ 10−6 mol product

1.626 ⋅ 10−5 mol photon
= 0.21 



S34 
 

 

 M) Tolerance test to common functional groups 

 

Vinyl pinacol boronate ester ([R1BPin-CF2Ph][K(18-C-6)] (R1 = Ar, alkyl, H)) (0.015 mmol, 1.0 equiv.), NaI 

(0.0075mmol, 0.5 equiv.) and 15-C-5 (0.0075 mmol, 0.5 equiv.) were dissolved in 0.8 mL of THF in a 8 mL 

vial. To the suspension, a solution of the 2-bromo acetophenone (0.023 mmol, 1.5 equiv.), additive (0.023 

mmol, 1.5 equiv.) in DME (0.4 mL) was added under irradiation, and the mixture was stirred vigorously 

overnight under constant irradiation (18 h) before the yield was assessed by 19F NMR spectroscopy 

(PhOCF3 used as internal standard) 

N) Spectroscopic data of the products 

 
Fig. S19. 1H NMR spectrum (CDCl3, 25 °C) of 3a. 
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Fig. S20. 13C NMR spectrum (CDCl3, 25 °C) of 3a. 

 

Fig. S21. 19F NMR spectrum (CDCl3, 25 °C) of 3a. 
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Fig. S22. 11B NMR spectrum (CDCl3, 25 °C) of 3a. 

 

Fig. S23. 1H NMR spectrum (CDCl3, 25 °C) of 3b. 
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Fig. S24. 13C NMR spectrum (CDCl3, 25 °C) of 3b. 

 

Fig. S25. 19F NMR spectrum (CDCl3, 25 °C) of 3b. 
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Fig. S26. 11B NMR spectrum (CDCl3, 25 °C) of 3b.  
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Fig. S27. 19F NMR spectrum (THF-H8, 25 °C) of 3c  

  

Fig. S28. 19F NMR spectrum (THF-H8, 25 °C) of 3c highlighting product peak. 

dd peak pattern in 19F 

BF4
- 

3c 

PhOCF3 
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Fig. S29. 1H NMR spectrum (CDCl3, 25 °C) of 3c’ 

 

Fig. S30. 19F NMR spectrum (CDCl3, 25 °C) of 3c’  
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Fig. S31. 1H NMR spectrum (CDCl3, 25 °C) of 3d. 

 

Fig. S32. 13C NMR spectrum (CDCl3, 25 °C) of 3d. 
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Fig. S33. 19F NMR spectrum (CDCl3, 25 °C) of 3d. 

 

Fig. S34. 11B NMR spectrum (CDCl3, 25 °C) of 3d. 
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Fig. S35. 1H NMR spectrum (CDCl3, 25 °C) of 3e.  

 

Fig. S36. 13C NMR spectrum (CDCl3, 25 °C) of 3e. 
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Fig. S37. 19F NMR spectrum (CDCl3, 25 °C) of 3e. 

  

Fig. S38. 11B NMR spectrum (CDCl3, 25 °C) of 3e. 
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Fig. S39. 1H NMR spectrum (CDCl3, 25 °C) of 3f.  

 

Fig. S40. 13C NMR spectrum (CDCl3, 25 °C) of 3f. 
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Fig. S41. 19F NMR spectrum (CDCl3, 25 °C) of 3f. 

 

Fig. S42. 11B NMR spectrum (CDCl3, 25 °C) of 3f. 
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Fig. S43. 1H NMR spectrum (CDCl3, 25 °C) of 3g.  

 

Fig. S44. 13C NMR spectrum (CDCl3, 25 °C) of 3g. 
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Fig. S45. 19F NMR spectrum (CDCl3, 25 °C) of 3g. 

 

Fig. S46. 11B NMR spectrum (CDCl3, 25 °C) of 3g. 



S49 
 

 

Fig. S47. 1H NMR spectrum (CDCl3, 25 °C) of 3h.  

 

Fig. S48. 13C NMR spectrum (CDCl3, 25 °C) of 3h. 
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Fig. S49. 19F NMR spectrum (CDCl3, 25 °C) of 3h. 

 

Fig. S50. 11B NMR spectrum (CDCl3, 25 °C) of 3h. 
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Fig. S51. 1H NMR spectrum (CDCl3, 25 °C) of 3i.  

 

Fig. S52. 13C NMR spectrum (CDCl3, 25 °C) of 3i. 
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Fig. S53. 19F NMR spectrum (CDCl3, 25 °C) of 3i. 

 

Fig. S54. 11B NMR spectrum (CDCl3, 25 °C) of 3i. 
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Fig. S55. 1H NMR spectrum (CDCl3, 25 °C) of 3j.  

 

Fig. S56. 13C NMR spectrum (CDCl3, 25 °C) of 3j. 
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Fig. S57. 19F NMR spectrum (CDCl3, 25 °C) of 3j. 

 

Fig. S58. 11B NMR spectrum (CDCl3, 25 °C) of 3j. 
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Fig. S59. 1H NMR spectrum (CDCl3, 25 °C) of 3k.  

 

Fig. S60. 13C NMR spectrum (CDCl3, 25 °C) of 3k. 
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Fig. S61. 19F NMR spectrum (CDCl3, 25 °C) of 3k. 

 

  

Fig. S62. 11B NMR spectrum (CDCl3, 25 °C) of 3k. 
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Fig. S63. 1H NMR spectrum (CDCl3, 25 °C) of 3l.  

 

Fig. S64. 13C NMR spectrum (CDCl3, 25 °C) of 3l. 
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Fig. S65. 19F NMR spectrum (CDCl3, 25 °C) of 3l. 

 

Fig. S66. 11B NMR spectrum  (CDCl3, 25 °C) of 3l. 
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Fig. S67. 19F NMR spectrum (CDCl3, 25 °C) of 3m. 

 

Fig. S68. 1H NMR spectrum (CDCl3, 25 °C) of 3m. 
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 Fig. S69. 13C NMR spectrum (CDCl3, 25 °C) of 3m. 

 

Fig. S70. 11B NMR spectrum (CDCl3, 25 °C) of 3m. 
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Fig. S71. 1H NMR spectrum (CDCl3, 25 °C) of 3n.  

 

 
Fig. S72. 13C NMR spectrum (CDCl3, 25 °C) of 3n.  
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Fig. S73. 19F NMR spectrum (CDCl3, 25 °C) of 3n.  

  

Fig. S74. 11B NMR spectrum (CDCl3, 25 °C) of 3n.  
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Fig. S75. 1H NMR spectrum (CDCl3, 25 °C) of 4a. 

 

Fig. S76. 13C NMR spectrum (CDCl3, 25 °C) of 4a. 
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Fig. S77. 19F NMR spectrum (CDCl3, 25 °C) of 4a. 

 

Fig. S78. 11B NMR spectrum (CDCl3, 25 °C) of 4a. 
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Fig. S79. 19F NMR spectrum (CDCl3, 25 °C) of 4b. 

  

Fig. S80. 19F NMR spectrum (THF-H8, 25 °C) of 4b highlighting product peak. 

PhOCF3 

4b 
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Fig. S81. 1H NMR spectrum (CDCl3, 25 °C) of 4b’’ 

 

Fig. S82. 19F NMR spectrum (CDCl3, 25 °C) of 4b’’  
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Fig. S83. 19F NMR spectrum (THF-H8, 25 °C) of 4c. 

 

 

ESI-MS: calcd for C23H27BF3O3 ((M+H)+): 419.2005, found: 419.2054. 

Fig. S84. ESI-MS spectrum of 4c. 

PhOCF3 

4c 
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Fig. S85. 1H NMR spectrum (CDCl3, 25 °C) of 4d 

  

Fig. S86. 13C NMR spectrum (CDCl3, 25 °C) of 4d 
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Fig. S87. 19F NMR spectrum (CDCl3, 25 °C) of 4d 

 

Fig. S88. 11B NMR spectrum (CDCl3, 25 °C) of 4d 
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Fig. S89. 1H NMR spectrum (CDCl3, 25 °C) of 4e 

 

Fig. S90. 13C NMR spectrum (CDCl3, 25 °C) of 4e 
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Fig. S91. 19F NMR spectrum (CDCl3, 25 °C) of 4e 

 

Fig. S92. 11 B NMR spectrum (CDCl3, 25 °C) of 4e 
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Fig. S93. 1H NMR spectrum (CDCl3, 25 °C) of 5b-P. 

 

Fig. S94. 19F NMR spectrum (CDCl3, 25 °C) of 5b-P. 
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Fig. S95. GC-MS spectrum of 5b-P. 

 

 

Fig. S96. 1H NMR spectrum (CDCl3, 25 °C) of 7a.  
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Fig. S97. 13C NMR spectrum (CDCl3, 25 °C) of 7a. 

 

Fig. S98. 1H NMR spectrum (CDCl3, 25 °C) of 7b.  
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Fig. S99. 13C NMR spectrum (CDCl3, 25 °C) of 7b. 

 

Fig. S100. 19F NMR spectrum (CDCl3, 25 °C) of 7b. 
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Fig. S101. 11B NMR spectrum (CDCl3, 25 °C) of 7b. 

 

Fig. S102. 19F NMR spectrum (CD3OD, 25 °C) of 8c. 

 



S77 
 

 

Fig. S103. 1H NMR spectrum (CD3OD, 25 °C) of 8c. 

 

Fig. S104. 13C NMR spectrum (CD3 OD, 25 °C) of 8c. 
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