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S1.  Additional Experiments and Plausible Reaction Mechanism
Scheme S1. Additional Experiments




We investigated the reaction under both catalytic and stereoselective conditions at ambient and elevated temperatures (Scheme S1). However, when substrate 1a was subjected to various catalytic conditions, no conversion was observed, and the starting material was recovered largely unchanged. Neither low nor elevated temperatures promoted the desired transformation (Scheme S1a). Furthermore, attempts to perform the reaction under stereoselective conditions using a chiral catalyst also resulted in no conversion (Scheme S1b). Finally, substrates bearing electron-donating substituents, including styrene (S1), 4-methyl (S2), and 4-methoxy (S3), likewise failed to undergo the desired transformation under the optimized reaction conditions (Scheme S1c).





Scheme S2. Plausible Reaction Mechanism




A plausible reaction pathway accounting for the formation of 2 and 4 is outlined in Scheme S2. The reaction is initiated by electrophilic activation of the 1,1-disubstituted olefin of allylamine 1 with PIFA in the presence of pyridine·HF. Nucleophilic attack of the alkene on the iodine(III) center, accompanied by displacement of one trifluoroacetate ligand, generates the bridged iodiranium intermediate A. Intermediate A then undergoes intramolecular aminocyclization, in which the pendant secondary amine attacks the terminal carbon of the iodiranium intermediate via a 4-exo-trig cyclization to afford azetidinyl-λ³-iodane intermediate B. Finally, nucleophilic attack of fluoride, delivered from pyridine·HF, on intermediate B with concomitant reductive elimination of PhI furnishes the fluorinated cyclic amine products 2 and 4 (Scheme S2).
(literature-based evidence supporting the selective oxidation pathway: Beilstein J. Org. Chem. 2018, 14, 1813, Molecules 2019, 24, 2634)

1. Generals
All reactions were carried out under an argon atmosphere unless otherwise specified. Anhydrous solvents were used for most reactions and dried according to standard procedures. Before using the solvent, it was used after removing the gas by bubbling with inert argon gas. Progress in each reaction was monitored by thin-layer chromatography (TLC) on silica gel 60 F254 plates and visualized under UV light or with appropriate staining reagents. The microwave reactions were performed using a Biotage Initiator+ microwave reactor (model 356007, Sweden) operating at a maximum power of 400 W and frequency of 2450 MHz. The 1H and 13C NMR spectra of all products were recorded on a Bruker AVANCE Neo NMR 400 spectrometer (400 NanoBay) (1H at 400 MHz and 13C at 101 MHz) using CDCl3 as the solvent and Me4Si as the internal standard. The 13C NMR spectra of all products were recorded on a Bruker AVANCE Neo NMR 600 spectrometer (600 NanoBay) (13C at 151 MHz) using CDCl3 as the solvent and Me4Si as the internal standard. The chemical shift (δ) is reported in parts per million (ppm), and the coupling constant (J) is expressed in Hertz (Hz). High resolution mass spectra (HRMS) were obtained by AB SCIEX Triple TOF 5600 Plus System at Chungnam National University.

2. Synthesis of N-(2-bromoallyl)-4-methylbenzenesulfonamide (S1)


Compound S1 was prepared according to a previously reported procedure.1 To a solution of TsNHBoc (3.88 g, 14.0 mmol, 1.0 eq) and K2CO3 (3.89 g, 28.0 mmol, 2.0 eq) in DMF (14.0 mL, 1.0 M) was added 2,3-dibromo-1-propene (2.78 mL, 28.0 mmol, 2.0 eq). The reaction mixture was stirred at 35 ℃ for 4.5 h. After completion, the reaction was quenched with water and extracted with diethyl ether. The combined organic layers were concentrated under reduced pressure to afford the crude residue. 
The crude mixture was dissolved in DCM (7.0 mL, 2.0 M), and TFA (10.5 mL, 140.0 mmol, 10.0 eq) was added and stirred at r.t for 17 h. After evaporation of the organic solvent under reduced pressure, the residue was directly purified by column chromatography on silica gel (6→50% EtOAc in Hexane) to afford the desired compound S1 (3.91 g, 96% yield). 1H NMR (400 MHz, CDCl3) δ 7.80-7.71 (m, J = 8.4 Hz, 2H), 7.34-7.28 (m, J = 8.0 Hz, 2H), 5.81-5.76 (m, 1H), 5.49-5.45 (m, 1H), 4.82 (t, J = 5.9 Hz, 1H), 3.85 (d, J = 6.5 Hz, 2H), 2.43 (s, 3H).

3. General procedure for the Suzuki-Miyaura coupling reaction (1a-k)


The reaction was carried out according to the reported conditions with minor modifications.2 To a microwave vessel were added Pd(dppf)Cl2•CH2Cl2 (0.05 eq), arylboronic acid (2.0 eq), compound S1 (1.0 eq), K3PO4 (5.0 eq). The vessel was then degassed and backfilled with Ar gas (3 times). Degassed 1,4-dioxane (11.4 mL, 0.175 M) and H2O (1.14 mL, 0.0175 M) were added subsequently added, and the mixture was irradiated in microwave reactor at 100 ℃ for 3-6 h. After completion of the reaction, the mixture was cooled to r.t, diluted with H2O and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The crude residue was purified by flash column chromatography on silica gel (hexane/EtOAc).

4-Methyl-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (1a)3
Compound 1a was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 1.0 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a brown solid (169 mg, 51% yield, M.P. 113-114 ℃). 1H NMR (400 MHz, CDCl3) δ 8.12 (d, J = 8.9 Hz, 2H), 7.74-7.67 (m, J = 8.3 Hz, 2H), 7.47-7.40 (m, J = 8.9 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.55 (s, 1H), 5.43 (s, 1H), 4.65 (br. s., 1H), 4.02 (d, J = 6.4 Hz, 2H), 2.45 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 147.4, 144.4, 143.9, 141.5, 136.6, 129.8, 127.1, 127.0, 123.7, 118.9, 46.8, 21.5. 
4-Methyl-N-(2-(3-nitrophenyl)allyl)benzenesulfonamide (1b)3
Compound 1b was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (85 mg, 42% yield, M.P. 111-112 ℃). 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 0.9, 2.2, 8.2 Hz, 1H), 8.04 (d, J = 1.9 Hz, 1H), 7.70 (d, J = 8.4 Hz, 2H), 7.65-7.61 (m, 1H), 7.48 (t, J = 8.0 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 5.52 (s, 1H), 5.41 (s, 1H), 4.57 (br. s., 1H), 4.05 (d, J = 6.3 Hz, 2H), 2.44 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 148.3, 143.9, 141.3, 139.7, 136.6, 132.2, 129.8, 129.5, 127.2, 122.8, 121.1, 118.1, 46.9, 21.5.
4-Methyl-N-(2-(4-(trifluoromethyl)phenyl)allyl)benzenesulfonamide (1c)3
Compound 1c was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 1.0 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (81 mg, 23% yield, M.P. 116-117 ℃). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz, 2H), 7.56-7.50 (m, J = 8.3 Hz, 2H), 7.39-7.34 (m, J = 8.1 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 5.46 (s, 1H), 5.33 (s, 1H), 4.44 (t, J = 6.1 Hz, 1H), 4.02 (d, J = 6.4 Hz, 2H), 2.44 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 143.7, 142.0, 141.5, 136.6, 130.2, 129.9, 129.7, 127.2, 126.5, 125.5, 125.4, 125.4, 125.4, 117.4, 46.9, 21.5.
4-Methyl-N-(2-(3-(trifluoromethyl)phenyl)allyl)benzenesulfonamide (1d)4
Compound 1d was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a pale yellow solid (47 mg, 22% yield, M.P. 69-70 ℃). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 7.4 Hz, 1H), 7.49-7.44 (m, 1H), 7.44-7.38 (m, 2H), 7.28 (d, J = 8.0 Hz, 2H), 5.43 (s, 1H), 5.33 (s, 1H), 4.57 (t, J = 6.2 Hz, 1H), 4.02 (d, J = 6.3 Hz, 2H), 2.44 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 143.7, 141.9, 138.8, 136.7, 131.1, 130.8, 129.7, 129.4, 129.1, 127.2, 125.3, 124.9, 124.8, 124.8, 124.8, 123.0, 123.0, 122.9, 122.9, 122.6, 117.0, 46.9, 21.5.
4-Methyl-N-(2-(2-(trifluoromethyl)phenyl)allyl)benzenesulfonamide (1e)
Compound 1e was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as an off-white solid (153 mg, 72% yield, M.P. 83-84 ℃). 1H NMR (400 MHz, CDCl3) δ 7.73-7.65 (m, 2H), 7.62 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 7.2 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.27 (s, 1H), 7.25 (s, 1H), 7.15 (d, J = 7.5 Hz, 1H), 5.44 (s, 1H), 5.09 (s, 1H), 4.52 (t, J = 6.1 Hz, 1H), 3.83 (d, J = 6.6 Hz, 2H), 2.41 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 143.5, 142.4, 138.7, 136.9, 131.6, 130.8, 130.8, 129.7, 128.4, 128.1, 127.8, 127.0, 126.2, 126.1, 126.1, 117.6, 48.8, 21.5; HRMS (ESI) m/z: [M-H]- Calcd for C17H15F3NO2S 354.0781; found 354.0803.
N-(2-(4-Cyanophenyl)allyl)-4-methylbenzenesulfonamide (1f)3
Compound 1f was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (66 mg, 35% yield, M.P. 124-125 ℃). 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.4 Hz, 2H), 7.60-7.54 (m, 2H), 7.41-7.36 (m, 2H), 7.31 (d, J = 7.9 Hz, 2H), 5.51 (s, 1H), 5.38 (s, 1H), 4.48 (t, J = 6.3 Hz, 1H), 4.00 (d, J = 6.4 Hz, 2H), 2.45 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 143.8, 142.3, 141.7, 136.6, 132.3, 129.8, 127.2, 126.8, 118.6, 118.3, 111.7, 46.8, 21.6.
N-(2-(3-Cyanophenyl)allyl)-4-methylbenzenesulfonamide (1g)5
Compound 1g was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 1.0 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (94 mg, 30% yield, M.P. 110-111 ℃). 1H NMR (400 MHz, CDCl3) δ 7.76-7.67 (m, J = 8.3 Hz, 2H), 7.60-7.50 (m, 2H), 7.46-7.39 (m, 2H), 7.36-7.28 (m, J = 8.0 Hz, 2H), 5.44 (s, 1H), 5.36 (s, 1H), 4.47 (t, J = 6.2 Hz, 1H), 4.00 (d, J = 6.4 Hz, 2H), 2.46 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 143.9, 141.3, 139.3, 136.5, 131.4, 130.5, 129.8, 129.8, 129.4, 127.2, 118.6, 117.7, 112.7, 46.8, 21.6.
Methyl 4-(3-(4-methylphenylsulfonamido)prop-1-en-2-yl)benzoate (1h)
Compound 1h was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (78 mg, 38% yield, M.P. 130-131 ℃). 1H NMR (400 MHz, CDCl3) δ 7.97-7.91 (m, 2H), 7.71 (d, J = 8.3 Hz, 2H), 7.33-7.27 (m, 4H), 5.48 (s, 1H), 5.33 (s, 1H), 4.44 (d, J = 5.4 Hz, 1H), 4.02 (d, J = 6.3 Hz, 2H), 3.92 (s, 3H), 2.45 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 166.7, 143.6, 142.4, 142.2, 136.7, 129.8, 129.7, 129.6, 127.2, 126.1, 117.2, 52.2, 46.8, 21.5; HRMS (ESI) m/z: [M-H]- Calcd for C18H18NO4S 344.0962; found 344.0977.
Methyl 3-(3-(4-methylphenylsulfonamido)prop-1-en-2-yl)benzoate (1i)
Compound 1i was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (99 mg, 48% yield, M.P. 124-125 ℃). 1H NMR (400 MHz, CDCl3) δ 7.96-7.90 (m, 2H), 7.70 (d, J = 8.3 Hz, 2H), 7.44 (dd, J = 1.4, 7.8 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.27 (d, J = 7.1 Hz, 2H), 5.43 (s, 1H), 5.29 (s, 1H), 4.62 (t, J = 5.6 Hz, 1H), 4.03 (d, J = 6.3 Hz, 2H), 3.92 (s, 3H), 2.43 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 166.8, 143.5, 142.2, 138.3, 136.8, 130.6, 130.4, 129.7, 129.1, 128.6, 127.2, 127.2, 116.2, 52.2, 46.9, 21.5; HRMS (ESI) m/z: [M-H]- Calcd for C18H18NO4S 344.0962; found 344.0983.
N,N-Dimethyl-4-(3-(4-methylphenylsulfonamido)prop-1-en-2-yl)benzamide (1j)
Compound 1j was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 1.0 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a white solid (72 mg, 20% yield, M.P. 169-170 ℃). 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.3 Hz, 2H), 7.37-7.27 (m, 6H), 5.43 (s, 1H), 5.27 (s, 1H), 4.47 (br. s., 1H), 4.00 (d, J = 6.3 Hz, 2H), 3.11 (br. s., 3H), 2.99 (br. s., 3H), 2.45 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 171.2, 143.5, 142.2, 139.2, 136.8, 135.8, 129.7, 127.4, 127.2, 126.0, 116.1, 46.8, 39.6, 35.4, 21.6; HRMS (ESI) m/z: [M-H]- Calcd for C19H21N2O3S 357.1278; found 357.1285.
4-Methyl-N-(2-(4-(methylsulfonyl)phenyl)allyl)benzenesulfonamide (1k)
Compound 1k was prepared in accordance with the general procedure for the Suzuki coupling reaction on a 0.6 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a white solid (86 mg, 39% yield, M.P. 133-134 ℃). 1H NMR (400 MHz, CDCl3) δ 7.89-7.83 (m, 2H), 7.73-7.70 (m, J = 8.3 Hz, 2H), 7.50-7.45 (m, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.00-6.93 (m, 1H), 5.53 (s, 1H), 5.40 (s, 1H), 4.02 (d, J = 6.3 Hz, 2H), 3.06 (s, 3H), 2.46 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 143.8, 143.5, 141.7, 139.7, 136.6, 129.8, 127.6, 127.1, 118.5, 46.9, 44.5, 21.6; HRMS (ESI) m/z: [M-H]- Calcd for C17H18NO4S2 364.0683; found 364.0703.

4. Synthesis of Di-tert-butyl N-(2-bromo-2-propen-1-yl)iminodicarboxylate (S2)


Compound S2 was prepared according to a previously reported procedure.6 To a suspension of NH(Boc)2 (5.54 g, 25.0 mmol, 1.0 eq) in DMF (50.0 mL, 0.5 M) was added dropwise a solution of NaH (60% in mineral oil) (1.5 g, 37.5 mmol, 1.5 eq) in DMF (50.0 mL, 0.5 M) at 0 ℃ under Ar. The mixture was stirred at r.t for 1.5 h. Subsequently, 2,3-dibromo-1-propene (3.72 mL, 37.5 mmol, 1.5 eq) was added dropwise via syringe, and the reaction mixture was stirred at r.t for an additional 9 h. The resulting mixture was carefully quenched with H20, followed by extraction with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel (1→16% EtOAc in Hexane) to afford the desired compound S2 (6.69 g, 80% yield). 1H NMR (400 MHz, CDCl3) δ 5.69 (d, J = 2.1 Hz, 1H), 5.56-5.51 (m, 1H), 4.42 (t, J = 1.4 Hz, 2H), 1.51 (s, 18H).

5. Synthesis of Di-tert-butyl N-(2-(4-nitrophenyl)-2-propen-1-yl)iminodicarboxylate (S3)


The reaction was carried out according to the reported conditions with minor modifications.2 To a microwave vessel were added Pd(dppf)Cl2•CH2Cl2 (102 mg, 0.125 mmol, 0.05 eq), 4-Nitrobenzeneboronic acid pinacol ester (1.132 g, 4.5 mmol, 1.8 eq), compound S2 (840 mg, 2.5 mmol, 1.0 eq), K3PO4 (2.735 g, 12.5 mmol, 5.0 eq). The vessel was then degassed and backfilled with Ar (×3). Degassed 1,4-dioxane (14.25 mL, 0.175 M) and H2O (1.425 mL, 0.0175 M) were added subsequently added, and the mixture was irradiated in microwave reactor at 100 ℃ for 4 h. After completion of the reaction, the mixture was cooled to r.t, diluted with H2O and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The crude residue was purified by flash column chromatography on silica gel (2→20% EtOAc in Hexane) to afford the desired compound S3 (463 mg, 49% yield). 1H NMR (400 MHz, CDCl3) δ 8.22-8.17 (m, J = 8.8 Hz, 2H), 7.58-7.53 (m, J = 8.8 Hz, 2H), 5.46 (s, 1H), 5.28 (s, 1H), 4.62 (s, 2H), 1.48 (s, 18H).
6. General procedure for the synthesis of sulfonamides via sulfonylation (3a-p)


To a solution of compound S3 (1.0 eq) in DCM (0.1 M) was added TFA (40.0 eq), and the mixture was stirred at r.t for 4.5 h. The reaction mixture was then concentrated under reduced pressure. To ensure complete removal of residual TFA, small portions of DCM were added and evaporated under reduced pressure three times. The resulting intermediate was further dried under vacuum overnight. 
The crude intermediate was dissolved in DCM (0.1 M) and cooled to 0 ℃. To this solution, sulfonyl chloride (1.1 eq) was added dropwise at 0 ℃, followed by the addition of DIPEA (5.0 eq). The reaction mixture was stirred at 0 ℃ for 30min, then allowed to warm to r.t and stirred for additional 10-12 h. Upon completion, the reaction mixture was diluted with H2O and extracted with DCM. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc).

4-Nitro-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3a)
Compound 3a was prepared in accordance with the general procedure for the amine sulfonylation on a 0.3 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (64 mg, 59% yield, M.P. 134-135 ℃). 1H NMR (400 MHz, CDCl3) δ 8.38-8.33 (m, 2H), 8.20-8.15 (m, 2H), 8.05-8.00 (m, 2H), 7.51-7.45 (m, 2H), 5.59 (s, 1H), 5.44 (s, 1H), 4.77 (t, J = 6.1 Hz, 1H), 4.17-4.10 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 150.2, 147.6, 145.7, 143.9, 141.2, 128.3, 127.0, 124.5, 123.9, 119.1, 46.9; HRMS (ESI) m/z: [M-H]- Calcd for C15H12N3O6S 362.0452; found 362.0433.
3-Nitro-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3b)
[bookmark: _Hlk213630999]Compound 3b was prepared in accordance with the general procedure for the amine sulfonylation on a 0.3 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (69 mg, 63% yield, M.P. 119-120 ℃). 1H NMR (400 MHz, CDCl3) δ 8.65 (t, J = 1.9 Hz, 1H), 8.44 (td, J = 1.1, 8.2 Hz, 1H), 8.19-8.13 (m, 3 H), 7.73 (t, J = 8.0 Hz, 1 H), 7.48 - 7.43 (m, 2 H), 5.59 (s, 1H), 5.46 (s, 1H), 4.78 (t, J = 5.7 Hz, 1H), 4.16 (d, J = 6.3 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 148.3, 147.6, 144.0, 142.2, 141.2, 132.5, 130.6, 127.3, 127.0, 123.9, 122.3, 119.3, 47.0; HRMS (ESI) m/z: [M-H]- Calcd for C15H12N3O6S 362.0452; found 362.0430.
4-Chloro-3-nitro-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3c)
Compound 3c was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an orange solid (77 mg, 48% yield, M.P. 136-137 ℃). 1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 2.1 Hz, 1H), 8.21-8.16 (m, J = 8.9 Hz, 2H), 7.92 (dd, J = 2.1, 8.4 Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.47-7.42 (m, J = 8.8 Hz, 2H), 5.61 (s, 1H), 5.47 (s, 1H), 4.73 (br. s., 1H), 4.16 (d, J = 6.1 Hz, 2H); 13C NMR (101 MHz, DMSO) δ 143.8, 141.1, 140.3, 133.0, 131.9, 130.9, 126.9, 124.4, 123.9, 119.5, 47.0; HRMS (ESI) m/z: [M-H]- Calcd for C15H11ClN3O6S 396.0063; found 396.0039.
4-(tert-Butyl)-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3d)
Compound 3d was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (123 mg, 82% yield, M.P. 111-112 ℃). 1H NMR (400 MHz, CDCl3) δ 8.16-8.12 (m, 2H), 7.77-7.73 (m, 2H), 7.54-7.50 (m, 2H), 7.46-7.41 (m, 2H), 5.57 (s, 1H), 5.45 (s, 1H), 4.06 (d, J = 6.4 Hz, 2H), 1.36 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 156.9, 147.4, 144.3, 141.5, 136.5, 127.0, 126.2, 123.7, 118.9, 46.8, 35.2, 31.1; HRMS (ESI) m/z: [M-H]- Calcd for C19H21N2O4S 373.1128; found 373.1242.
3-Methyl-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3e)
Compound 3e was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (190 mg, 82% yield, M.P. 118-119 ℃). 1H NMR (400 MHz , CDCl3) δ 8.16-8.11 (m, 2H), 7.66-7.60 (m, 2H), 7.45-7.36 (m, 4H), 5.57-5.53 (m, 1H), 5.45-5.41 (m, 1H), 4.51 (t, J = 6.2 Hz, 1H), 4.05 (d, J = 6.3 Hz, 2H), 2.44-2.38 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 147.4, 144.4, 141.5, 139.5, 139.4, 133.7, 129.1, 127.4, 127.0, 124.2, 123.7, 119.0, 46.9, 21.3; HRMS (ESI) m/z: [M-H]- Calcd for C16H15N2O4S 331.0758; found 331.0777.
4-Fluoro-N-(2-(4-nitrophenyl)allyl)benzenesulfonamide (3f)
Compound 3f was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (177 mg, 75% yield, M.P. 120-121 ℃). 1H NMR (400 MHz, CDCl3) δ 8.19-8.12 (m, J = 8.8 Hz, 2H), 7.88-7.82 (m, 2H), 7.48-7.43 (m, J = 8.8 Hz, 2H), 7.19 (t, J = 8.4 Hz, 2H), 5.57 (s, 1H), 5.43 (s, 1H), 4.65 (br. s., 1H), 4.06 (d, J = 6.3 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 166.5, 164.0, 147.5, 144.2, 141.4, 135.8, 129.9, 129.8, 127.0, 123.8, 119.0, 116.6, 116.3, 46.8; HRMS (ESI) m/z: [M-H]- Calcd for C15H12FN2O4S 355.0507; found 335.0488.
N-(2-(4-Nitrophenyl)allyl)benzenesulfonamide (3g)7
Compound 3g was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (150 mg, 67% yield, M.P. 153-154 ℃). 1H NMR (400 MHz, CDCl3) δ 8.16-8.11 (m, 2H), 7.84 (d, J = 7.9 Hz, 2H), 7.61 (d, J = 7.5 Hz, 1H), 7.55-7.49 (m, 2H), 7.43 (d, J = 8.9 Hz, 2H), 5.55 (s, 1H), 5.43 (s, 1H), 4.60 (br. s., 1H), 4.06 (d, J = 6.4 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.2, 141.5, 139.6, 133.0, 129.2, 127.1, 127.0, 123.8, 119.0, 46.9.
N-(2-(4-Nitrophenyl)allyl)methanesulfonamide (3h)
Compound 3h was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (90 mg, 50% yield, M.P. 125-126 ℃). 1H NMR (400 MHz, CDCl3) δ 8.27-8.21 (m, 2H), 7.60 (d, J = 8.8 Hz, 2H), 5.68 (s, 1H), 5.58 (s, 1H), 4.54 (br. s., 1H), 4.24 (d, J = 6.3 Hz, 2H), 2.98-2.93 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 147.6, 144.4, 142.1, 127.1, 124.0, 118.6, 46.7, 41.1; HRMS (ESI) m/z: [M-H]- Calcd for C10H11N2O4S 255.0445; found 255.0438.
N-(2-(4-Nitrophenyl)allyl)propane-2-sulfonamide (3i)
Compound 3i was prepared in accordance with the general procedure for the amine sulfonylation on a 1.0 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as an orange solid (43 mg, 15% yield, M.P. 107-108 ℃). 1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 9.0 Hz, 1H), 5.65 (s, 1H), 5.58 (s, 1H), 4.22 (d, 2H), 3.15 (d, J = 6.8 Hz, 1H), 1.35 (d, J = 6.9 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.6, 142.7, 127.1, 127.0, 123.9, 123.6, 118.3, 54.0, 46.9, 16.5; HRMS (ESI) m/z: [M-H]- Calcd for C12H15N2O4S 283.0758; found 283.0758.
N-(2-(4-Nitrophenyl)allyl)butane-1-sulfonamide (3j)
Compound 3j was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (78 mg, 65% yield, M.P. 101-102 ℃). 1H NMR (400 MHz, CDCl3) δ 8.26-8.20 (m, J = 8.8 Hz, 2H), 7.63-7.57 (m, 2H), 5.66 (s, 1H), 5.57 (s, 1H), 4.37 (d, J = 10.6 Hz, 1H), 4.21 (d, J = 6.3 Hz, 2H), 3.03-2.96 (m, 2H), 1.77-1.67 (m, 2H), 1.41 (qd, J = 7.5, 14.9 Hz, 2H), 0.92 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 147.6, 144.5, 142.3, 127.1, 123.9, 118.5, 53.2, 46.6, 25.6, 21.5, 13.6; HRMS (ESI) m/z: [M-H]- Calcd for C13H17N2O4S 297.0909; found 297.0915.
N-(2-(4-Nitrophenyl)allyl)cyclopropanesulfonamide (3k)
Compound 3k was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a pale yellow solid (79 mg, 70% yield, M.P. 97-98 ℃). 1H NMR (400 MHz, CDCl3) δ 8.26-8.19 (m, 2H), 7.64-7.57 (m, 2H), 5.67 (s, 1H), 5.59 (s, 1H), 4.54 (br. s., 1H), 4.24 (d, J = 6.4 Hz, 2H), 2.41 (tt, J = 4.8, 8.0 Hz, 1H), 1.22-1.15 (m, 2H), 1.04-0.96 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 147.6, 144.5, 142.3, 127.1, 123.9, 118.5, 46.8, 30.5, 5.5; HRMS (ESI) m/z: [M-H]- Calcd for C12H13N2O4S 281.0711; found 281.0608.
N-(2-(4-Nitrophenyl)allyl)morpholine-4-sulfonamide (3l)
Compound 3l was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as an orange solid (89 mg, 68% yield, M.P. 123-124 ℃). 1H NMR (400 MHz, CDCl3) δ 8.23 (dd, J = 1.3, 8.9 Hz, 2H), 7.60 (d, J = 8.9 Hz, 2H), 5.67 (s, 1H), 5.57 (s, 1H), 4.16 (d, J = 6.1 Hz, 2H), 3.72 (d, J = 4.4 Hz, 4H), 3.19-3.15 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 147.6, 144.4, 142.1, 127.0, 123.9, 118.6, 66.1, 47.3, 46.2; HRMS (ESI) m/z: [M-H]- Calcd for C13H16N3O5S 326.0816; found 326.0825.
N,N-Dimethyl-N′-(2-(4-nitrophenyl)allyl)sulfamide (3m) 
Compound 3m was prepared in accordance with the general procedure for the amine sulfonylation on a 0.4 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an orange solid (89 mg, 78% yield, M.P. 91-92 ℃). 1H NMR (400 MHz, CDCl3) δ 8.24-8.18 (m, 2H), 7.63-7.57 (m, 2H), 5.65 (s, 1H), 5.58-5.53 (m, 1H), 4.60 (br. s., 1H), 4.13 (d, J = 5.6 Hz, 2H), 2.80-2.74 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.7, 142.2, 127.1, 123.8, 118.5, 47.1, 38.0; HRMS (ESI) m/z: [M-H]- Calcd for C11H14N3O4S 284.0711; found 284.0706.
N-(2-(4-Nitrophenyl)allyl)piperidine-1-sulfonamide (3n)
Compound 3n was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (175 mg, 77% yield, M.P. 149-150 ℃). 1H NMR (400 MHz, CDCl3) δ 8.25-8.20 (m, 2H), 7.62-7.57 (m, 2H), 5.66 (s, 1H), 5.56 (s, 1H), 4.19 (d, J = 5.6 Hz, 1H), 4.13-4.10 (m, 2 H), 3.17 (d, J = 5.1 Hz, 4H), 1.65-1.61 (m, 4H), 1.55-1.49 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.7, 142.2, 127.0, 123.9, 118.5, 47.1, 47.0, 25.3, 23.7; HRMS (ESI) m/z: [M-H]- Calcd for C14H18N3O4S 324.1023; found 324.1024.
N-(2-(4-Nitrophenyl)allyl)pyrrolidine-1-sulfonamide (3o)
Compound 3o was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (150 mg, 69% yield, M.P. 149-150 ℃). 1H NMR (400 MHz, CDCl3) δ 8.26-8.18 (m, 2H), 7.64-7.55 (m, 2H), 5.65 (s, 1H), 5.56 (s, 1H), 4.41-4.24 (m, 1H), 4.15 (d, J = 6.3 Hz, 2H), 3.34-3.21 (m, 4H), 1.96-1.85 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.7, 142.3, 127.0, 123.8, 118.4, 48.1, 47.0, 25.6.; HRMS (ESI) m/z: [M-H]- Calcd for C13H16N3O4S 310.0869; found 310.0867.
N-Methyl-N′-(2-(4-nitrophenyl)allyl)sulfamide (3p)
Compound 3p was prepared in accordance with the general procedure for the amine sulfonylation on a 0.7 mmol scale and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (53 mg, 28% yield, M.P. 102-103 ℃). 1H NMR (400 MHz, CDCl3) δ 8.26-8.20 (m, 2H), 7.63-7.58 (m, 2H), 5.67 (s, 1H), 5.57 (s, 1H), 4.38 (t, J = 5.8 Hz, 1H), 4.19 (d, J = 5.1 Hz, 1H), 4.13 (d, J = 6.3 Hz, 2H), 2.66 (d, J = 5.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 147.5, 144.6, 141.9, 127.0, 123.9, 118.7, 46.8, 29.3; HRMS (ESI) m/z: [M-H]- Calcd for C10H12N3O4S 270.0554; found 270.0558.

7. General procedure for the synthesis of benzamides via benzoylation (3q-t)


To a solution of compound S3 (151 mg, 0.4 mmol, 1.0 eq) in DCM (4.0 mL, 0.1 M) was added TFA (1.22 mL, 16.0 mmol, 40.0 eq), and the mixture was stirred at r.t for 4.5 h. The reaction mixture was then concentrated under reduced pressure. To ensure complete removal of residual TFA, small portions of DCM were added and evaporated under reduced pressure three times. The resulting intermediate was further dried under vacuum overnight. 
The crude intermediate was dissolved in DCM (4.0 mL, 0.1 M) and cooled to 0 ℃. To this solution, benzoyl chloride (0.44 mmol, 1.1 eq) was added dropwise at 0 ℃, followed by the addition of DIPEA (352 μL, 2.0 mmol, 5.0 eq). The reaction mixture was stirred at 0 ℃ for 30min, then allowed to warm to r.t and stirred for additional 12 h. Upon completion, the reaction mixture was diluted with H2O and extracted with DCM. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel (hexane/EtOAc).

4-Methyl-N-(2-(4-nitrophenyl)allyl)benzamide (3q)
Compound 3q was prepared in accordance with the general procedure for the amine benzoylation and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (110 mg, 93% yield, M.P. 168-169 ℃). 1H NMR (400 MHz, CDCl3) δ 8.23-8.18 (m, 2H), 7.67-7.59 (m, 4H), 7.22 (d, J = 7.9 Hz, 2H), 6.20 (br. s., 1H), 5.66 (s, 1H), 5.51 (s, 1H), 4.57 (d, J = 5.9 Hz, 2H), 2.38 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 167.3, 147.4, 144.9, 143.1, 142.3, 131.1, 129.3, 127.0, 126.9, 123.8, 117.5, 43.2, 21.4; HRMS (ESI) m/z: [M-H]- Calcd for C17H15N2O3 395.1088; found 395.1116.
4-(tert-Butyl)-N-(2-(4-nitrophenyl)allyl)benzamide (3r)
Compound 3r was prepared in accordance with the general procedure for the amine benzoylation and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (102 mg, 75% yield, M.P. 137-138 ℃). 1H NMR (400 MHz, CDCl3) δ 8.23-8.17 (m, 2H), 7.68-7.62 (m, 4H), 7.46-7.40 (m, 2H), 6.29-6.12 (m, 1H), 5.66 (s, 1H), 5.51 (s, 1H), 4.58 (d, J = 5.9 Hz, 2H), 1.32 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 167.3, 155.4, 147.4, 144.9, 143.2, 131.1, 127.0, 126.9, 126.7, 125.6, 123.8, 117.5, 43.2, 35.0, 31.1; HRMS (ESI) m/z: [M-H]- Calcd for C20H21N2O3 337.1558; found 337.1585.
4-Chloro-N-(2-(4-nitrophenyl)allyl)benzamide (3s)
Compound 3s was prepared in accordance with the general procedure for the amine benzoylation and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (67 mg, 53% yield, M.P. 146-147 ℃). 1H NMR (400 MHz, CDCl3) δ 8.19-8.23 (m, 2H), 7.61-7.68 (m, 4H), 7.37-7.42 (m, 2H), 6.18 (br. s., 1H), 5.67 (s, 1H), 5.51 (s, 1H), 4.57 (d, J = 5.88 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 166.3, 147.5, 144.7, 142.9, 138.2, 132.3, 129.0, 128.3, 127.0, 123.9, 117.7, 43.4; HRMS (ESI) m/z: [M-H]- Calcd for C16H12ClN2O3 315.0542; found 315.0569.
2-Nitro-N-(2-(4-nitrophenyl)allyl)benzamide (3t)
Compound 3t was prepared in accordance with the general procedure for the amine benzoylation and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a white solid (110mg, 84% yield, M.P. 139-140 ℃). 1H NMR (400 MHz , CDCl3) δ 8.27-8.21 (m, 2H), 8.04 (dd, J = 1.1, 8.1 Hz, 1H), 7.70-7.61 (m, 3H), 7.61-7.54 (m, 1H), 7.39 (dd, J = 1.4, 7.4 Hz, 1H), 5.93 (br. s., 1H), 5.71 (s, 1H), 5.60 (s, 1H), 4.60 (d, J = 5.9 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 166.4, 147.5, 146.5, 144.5, 142.2, 133.7, 132.4, 130.7, 128.6, 127.0, 124.6, 123.9, 118.4, 43.5; HRMS (ESI) m/z: [M-H]- Calcd for C16H12N3O5 326.0782; found 326.0814.

8. General procedure for the synthesis of aryl-substituted azetidine derivatives (2a-k)


Method 1: All reactions were conducted in 5 mL polyethylene (PE) vials to ensure compatibility with fluorine reagents. To a solution of 1a-k (0.1 mmol, 1.0 eq) and PIFA (88.7 mg, 0.2 mmol, 2.0 eq) in chlorobenzene (0.5 mL, 0.2 M) was added Pyridine•HF (64.4 μL, 0.5 mmol, 5.0 eq). The reaction mixture was stirred at r.t for 18 h. The resulting mixture was diluted with EtOAc, washed with sat. NaHCO3 and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified flash column chromatography on silica gel (hexane/EtOAc) to afford the desired fluorinated products.  
Method 2: All reactions were conducted in 5 mL polyethylene (PE) vials to ensure compatibility with fluorine reagents. To a solution of 1a-k (0.1 mmol, 1.0 eq) and PIFA (88.7 mg, 0.2 mmol, 2.0 eq) in DCM (0.5 mL, 0.2 M) was added Pyridine•HF (64.4 μL, 0.5 mmol, 5.0 eq). The reaction mixture was stirred at r.t for 18 h. The resulting mixture was diluted with EtOAc, washed with sat. NaHCO3 and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified flash column chromatography on silica gel (hexane/EtOAc) to afford the desired fluorinated products.  

3-Fluoro-3-(4-nitrophenyl)-1-tosylazetidine (2a)
Compound 2a was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 23.5 mg, 67% yield; Method 2, 21 mg, 60% yield), M.P. 101-102 ℃. 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.6 Hz, 2H), 7.84-7.78 (m, J = 8.3 Hz, 2H), 7.61-7.55 (m, J = 8.9 Hz, 2H), 7.45 (d, J = 8.1 Hz, 2H), 4.29-4.11 (m, 4H), 2.51 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.3, 145.1, 145.1, 130.9, 130.1, 128.6, 125.0, 124.9, 124.0, 124.0, 89.9, 87.8, 63.5, 63.3, 21.7; 19F NMR (377 MHz, CDCl3) δ -151.05.
3-Fluoro-3-(3-nitrophenyl)-1-tosylazetidine (2b)
Compound 2b was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 22.3 mg, 64% yield; Method 2, 22.0 mg, 63% yield), M.P. 105-106 ℃. 1H NMR (400 MHz, CDCl3) δ 8.22 (d, J = 1.0, 2.2, 8.2 Hz, 1 H), 8.14 (d, J = 2.0 Hz, 1 H), 7.83-7.79 (m, 2 H), 7.77 (d, J = 7.9 Hz, 1 H), 7.60 (d, J = 7.9 Hz, 1 H), 7.48-7.43 (m, J = 8.0 Hz, 2 H), 4.32-4.08 (m, 4 H), 2.51 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 148.4, 145.2, 140.6, 140.4, 130.7, 130.2, 130.1, 130.1, 130.0, 129.9, 128.5, 123.9, 119.2, 119.1, 89.9, 87.8, 63.5, 63.2, 21.7; 19F NMR (377 MHz, CDCl3) δ -150.24.
3-Fluoro-1-tosyl-3-(4-(trifluoromethyl)phenyl)azetidine (2c)
Compound 2c was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a pale yellow solid (Method 1, 15.8 mg, 42% yield; Method 2, 11.2 mg, 30% yield), M.P. 99-100 ℃. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.3 Hz, 2H), 7.66-7.60 (m, J = 8.3 Hz, 2H), 7.51-7.46 (m, J = 8.3 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 4.29-4.07 (m, 4H), 2.50 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 144.9, 142.3, 142.1, 131.0, 130.1, 128.6, 125.8, 125.8, 125.1, 124.4, 124.3, 122.4, 90.1, 88.0, 63.6, 63.3, 21.7; 19F NMR (377 MHz, CDCl3) δ -62.82, -150.57. 
3-Fluoro-1-tosyl-3-(3-(trifluoromethyl)phenyl)azetidine (2d)
Compound 2d was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a pale yellow solid (Method 1, 15.1 mg, 40% yield; Method 2, 14.9 mg, 40% yield), M.P. 112-113 ℃. 1H NMR (400 MHz, CDCl3) δ 7.83-7.78 (m, 2H), 7.63-7.55 (m, 2H), 7.54-7.41 (m, 4H), 4.29-4.07 (m, 4H), 2.50 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 145.0, 139.5, 139.3, 131.4, 131.0, 130.7, 130.1, 129.4, 129.4, 128.5, 127.4, 127.3, 125.7, 125.7, 120.9, 120.8, 120.8, 120.7, 90.3, 88.2, 63.6, 63.4, 21.7; 19F NMR (377 MHz, CDCl3) δ -62.79, -150.45.
3-Fluoro-1-tosyl-3-(2-(trifluoromethyl)phenyl)azetidine (2e)
Compound 2e was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a colorless oil (Method 1, 7.7 mg, 21% yield; Method 2, 9.1 mg, 24% yield). 1H NMR (400 MHz, CDCl3) δ 7.79-7.76 (m, 2H), 7.72-7.63 (m, 1H), 7.62-7.53 (m, 2H), 7.43 (d, J = 7.3 Hz, 1H), 7.40-7.34 (m, 2H), 4.48-4.31 (m, 2H), 4.28-4.11 (m, 2H), 2.46 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 144.7, 132.1, 131.1, 130.8, 130.6, 130.2, 130.1, 130.0, 130.0, 129.9, 129.8, 129.7, 128.5, 128.2, 128.2, 127.9, 127.8, 127.5, 127.4, 127.0, 90.8, 88.7, 61.5, 61.2, 21.6; 19F NMR (377 MHz, CDCl3) δ -59.20, -132.36.
4-(3-Fluoro-1-tosylazetidin-3-yl)benzonitrile (2f)
Compound 2f was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a white solid (Method 1, 17.4 mg, 53% yield; Method 2, 17.1 mg, 52% yield), M.P. 120-121 ℃. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.3 Hz, 2H), 7.71-7.66 (m, J = 8.1 Hz, 2H), 7.53-7.49 (m, 2H), 7.44 (d, J = 8.0 Hz, 2H), 4.25-4.07 (m, 4H), 2.51 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 145.0, 143.5, 143.3, 132.6, 132.6, 130.9, 130.1, 128.6, 124.7, 124.6, 118.1, 112.9, 89.9, 87.8, 63.5, 63.2, 21.7; 19F NMR (377 MHz, CDCl3) δ -151.61.
3-(3-Fluoro-1-tosylazetidin-3-yl)benzonitrile (2g)
Compound 2g was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a white solid (Method 1, 18.0 mg, 40% yield; Method 2, 18.1 mg, 40% yield), M.P. 136-137 ℃. 1H NMR (400 MHz, CDCl3) δ 7.83-7.79 (m, 2H), 7.68-7.62 (m, 2H), 7.55-7.49 (m, 1H), 7.48-7.43 (m, 3H), 4.28-4.16 (m, 2H), 4.16-4.04 (m, 2H), 2.52 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 145.2, 140.2, 139.9, 132.5, 130.7, 130.2, 129.8, 129.8, 128.6, 128.3, 128.2, 127.5, 127.4, 118.0, 113.1, 113.1, 89.8, 87.7, 63.6, 63.3, 21.8; 19F NMR (377 MHz, CDCl3) δ -151.48.
Methyl 4-(3-fluoro-1-tosylazetidin-3-yl)benzoate (2h)
Compound 2h was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a white solid (Method 1, 9.8 mg, 27% yield; Method 2, 13.0 mg, 36% yield), M.P. 134-135 ℃. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.3 Hz, 2H), 7.81 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 4.25-4.10 (m, 4H), 3.93 (s, 3H), 2.51 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 166.3, 144.9, 143.1, 142.9, 130.9, 130.6, 130.1, 130.0, 130.0, 128.5, 124.0, 123.9, 90.4, 88.3, 63.6, 63.4, 52.3, 21.7; 19F NMR (377 MHz, CDCl3) δ -150.40.
Methyl 3-(3-fluoro-1-tosylazetidin-3-yl)benzoate (2i)
Compound 2i was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 5→50% EtOAc in n-hexane) as a white solid (Method 2, 6.1 mg, 17% yield), M.P. 112-113 ℃. 1H NMR (400 MHz, CDCl3) δ 8.07-8.00 (m, 2H), 7.84-7.77 (m, 2H), 7.58-7.51 (m, 1H), 7.49-7.41 (m, 3H), 4.28-4.11 (m, 4H), 3.93 (s, 3H), 2.50 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 166.3, 144.8, 138.8, 138.6, 131.0, 130.8, 130.0, 129.0, 128.5, 128.4, 128.3, 125.2, 125.1, 90.4, 88.3, 63.4, 63.2, 52.4, 21.7; 19F NMR (377 MHz, CDCl3) δ -147.91.
4-(3-Fluoro-1-tosylazetidin-3-yl)-N,N-dimethylbenzamide (2j)
Compound 2j was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a white solid (Method 1, 15.7 mg, 42% yield; Method 2, 16.0 mg, 43% yield), M.P. 133-134 ℃. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 6.2, 7.8 Hz, 4H), 7.38-7.32 (m, 2H), 4.26-4.08 (m, 4H), 3.11 (br. s., 3H), 2.96 (br. s., 3H), 2.50 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.7, 144.8, 139.7, 139.5, 136.9, 131.0, 130.1, 128.5, 127.5, 124.0, 123.9, 90.5, 88.4, 63.6, 63.3, 39.5, 35.4, 21.7; 19F NMR (377 MHz, CDCl3) δ -149.63.
3-Fluoro-3-(4-(methylsulfonyl)phenyl)-1-tosylazetidine (2k)
Compound 2k was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 10→100% EtOAc in n-hexane) as a white solid (Method 1, 18.2 mg, 47% yield; Method 2, 20.3 mg, 53% yield), M.P. 119-120 ℃. 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.3 Hz, 2H), 7.86-7.78 (m, 2H), 7.64-7.55 (m, 2H), 7.44 (d, J = 8.0 Hz, 2H), 4.28-4.07 (m, 4H), 3.11-3.00 (m, 3H), 2.51 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 145.0, 144.5, 144.2, 141.1, 130.8, 130.1, 128.6, 128.0, 127.9, 125.0, 124.9, 90.0, 87.9, 63.6, 63.3, 44.4, 21.7; 19F NMR (377 MHz, CDCl3) δ -151.07.

9. General procedure for the synthesis of azetidine derivatives (4a-t)


Method 1: All reactions were conducted in 5 mL polyethylene (PE) vials to ensure compatibility with fluorine reagents. To a solution of 3a-t (0.1 mmol, 1.0 eq) and PIFA (88.7 mg, 0.2 mmol, 2.0 eq) in chlorobenzene (0.5 mL, 0.2 M) was added Pyridine•HF (64.4 μL, 0.5 mmol, 5.0 eq). The reaction mixture was stirred at r.t for 18 h. The resulting mixture was diluted with EtOAc, washed with sat. NaHCO3 and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified flash column chromatography on silica gel (hexane/EtOAc) to afford the desired fluorinated products.  
Method 2: All reactions were conducted in 5 mL polyethylene (PE) vials to ensure compatibility with fluorine reagents. To a solution of 3a-t (0.1 mmol, 1.0 eq) and PIFA (88.7 mg, 0.2 mmol, 2.0 eq) in DCM (0.5 mL, 0.2 M) was added Pyridine•HF (64.4 μL, 0.5 mmol, 5.0 eq). The reaction mixture was stirred at r.t for 18 h. The resulting mixture was diluted with EtOAc, washed with sat. NaHCO3 and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified flash column chromatography on silica gel (hexane/EtOAc) to afford the desired fluorinated products.

3-Fluoro-3-(4-nitrophenyl)-1-((4-nitrophenyl)sulfonyl)azetidine (4a)
Compound 4a was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (Method 1, 21.9 mg, 57% yield; Method 2, 24.9 mg, 65% yield), M.P. 149-150 ℃. 1H NMR (400 MHz, CDCl3) δ 8.50-8.46 (m, 2H), 8.32-8.27 (m, J = 8.9 Hz, 2H), 8.15-8.09 (m, 2H), 7.68 (d, J = 8.8 Hz, 2H), 4.37-4.27 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 150.8, 148.3, 144.6, 144.4, 140.8, 129.5, 125.1, 125.0, 124.7, 124.2, 124.2, 90.0, 87.8, 63.8, 63.5; 19F NMR (377 MHz, CDCl3) δ -150.17.
3-Fluoro-3-(4-nitrophenyl)-1-((3-nitrophenyl)sulfonyl)azetidine (4b)
Compound 4b was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (Method 1, 18.0 mg, 47% yield; Method 2, 26.5 mg, 69% yield), M.P. 146-147 ℃. 1H NMR (400 MHz, CDCl3) δ 8.77 (t, J = 1.8 Hz, 1H), 8.60-8.55 (m, 1H), 8.32-8.27 (m, J = 8.6 Hz, 2H), 8.25 (d, J = 7.8 Hz, 1H), 7.87 (t, J = 8.0 Hz, 1H), 7.70-7.65 (m, J = 8.8 Hz, 2H), 4.40-4.26 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 148.6, 148.3, 144.6, 144.4, 137.5, 133.5, 130.9, 128.3, 125.1, 125.0, 124.2, 124.2, 123.3, 90.0, 87.9, 63.8, 63.5; 19F NMR (377 MHz, CDCl3) δ -150.12.
1-((4-Chloro-3-nitrophenyl)sulfonyl)-3-fluoro-3-(4-nitrophenyl)azetidine (4c)
Compound 4c was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 25.0 mg, 60% yield; Method 2, 23.7 mg, 57% yield), M.P. 100-101 ℃. 1H NMR (400 MHz, CDCl3) δ 8.40 (d, J = 2.1 Hz, 1H), 8.33-8.29 (m, J = 8.4 Hz, 2H), 8.04 (m, J = 8.5 Hz, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.72-7.66 (m, 2H), 4.42-4.26 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 148.4, 144.5, 144.2, 135.8, 133.4, 133.0, 131.9, 125.3, 125.1, 125.0, 124.2, 124.2, 90.0, 87.9, 63.8, 63.5; 19F NMR (377 MHz, CDCl3) δ -149.90.
1-((4-(tert-Butyl)phenyl)sulfonyl)-3-fluoro-3-(4-nitrophenyl)azetidine (4d)
Compound 4d was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 29.2 mg, 74% yield; Method 2, 27.2 mg, 69% yield), M.P. 130-131 ℃. 1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 8.5 Hz, 2H), 7.87-7.83 (m, 2H), 7.67-7.63 (m, 2H), 7.57-7.53 (m, 2H), 4.32-4.20 (m, 2H), 4.14 (m, J = 10.5, 16.9 Hz, 2H), 1.40 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 158.0, 148.1, 145.3, 145.1, 130.9, 128.4, 126.5, 125.0, 124.9, 124.0, 124.0, 90.0, 87.9, 63.5, 63.2, 35.4, 31.1; 19F NMR (377 MHz, CDCl3) δ -151.42.
3-Fluoro-3-(4-nitrophenyl)-1-(m-tolylsulfonyl)azetidine (4e)
Compound 4e was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 23.3 mg, 67% yield; Method 2, 22.8 mg, 65% yield), M.P. 118-119 ℃. 1H NMR (400 MHz, CDCl3) δ 8.24 (d, J = 8.4 Hz, 2H), 7.75-7.71 (m, 2H), 7.58-7.53 (m, 4H), 4.30-4.11 (m, 4H), 2.50 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.3, 145.0, 139.9, 134.7, 133.8, 129.4, 128.8, 125.6, 125.0, 124.9, 124.0, 124.0, 90.0, 87.9, 63.6, 63.3, 21.4; 19F NMR (377 MHz, CDCl3) δ -151.26.
3-Fluoro-1-((4-fluorophenyl)sulfonyl)-3-(4-nitrophenyl)azetidine (4f)
Compound 4f was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 19.6 mg, 55% yield; Method 2, 23.1 mg, 65% yield), M.P. 129-130 ℃. 1H NMR (400 MHz, CDCl3) δ 8.30-8.24 (m, J = 8.4 Hz, 2H), 7.99-7.92 (m, 2H), 7.68-7.60 (m, 2H), 7.38-7.30 (m, 2H), 4.30-4.16 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 167.2, 164.6, 148.2, 145.1, 144.8, 131.3, 131.2, 130.4, 130.4, 125.0, 124.9, 124.1, 124.1, 117.0, 116.8, 89.9, 87.8, 63.5, 63.3; 19F NMR (377 MHz, CDCl3) δ -150.68, -102.71.
3-Fluoro-3-(4-nitrophenyl)-1-(phenylsulfonyl)azetidine (4g)
Compound 4g was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (Method 1, 23.3 mg, 69% yield; Method 2, 25.1 mg, 75% yield), M.P. 124-125 ℃. 1H NMR (400 MHz, CDCl3) δ 8.26-8.21 (m, J = 8.8 Hz, 2H), 7.96-7.91 (m, 2H), 7.76 (m, J = 7.4 Hz, 1H), 7.70-7.64 (m, 2H), 7.57-7.52 (m, 2H), 4.31-4.11 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.2, 145.0, 134.0, 134.0, 129.5, 129.3, 129.3, 128.5, 125.0, 124.9, 124.1, 124.0, 124.0, 90.0, 87.9, 63.6, 63.3; 19F NMR (377 MHz, CDCl3) δ -151.24.
3-Fluoro-1-(methylsulfonyl)-3-(4-nitrophenyl)azetidine (4h)
Compound 4h was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 16.1 mg, 59% yield; Method 2, 15.4 mg, 56% yield), M.P. 138-139 ℃. 1H NMR (400 MHz, CDCl3) δ 8.34-8.29 (m, J = 8.4 Hz, 2H), 7.79-7.73 (m, 2H), 4.55-4.45 (m, 2H), 4.33-4.24 (m, 2H), 3.02 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 148.2, 145.2, 145.0, 125.2, 125.1, 124.1, 124.1, 90.2, 88.1, 62.9, 62.6, 37.9; 19F NMR (377 MHz, CDCl3) δ -150.84.
3-Fluoro-1-(isopropylsulfonyl)-3-(4-nitrophenyl)azetidine (4i)
Compound 4i was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale brown solid (Method 1, 7.3 mg, 24% yield; Method 2, 9.1 mg, 30% yield), M.P. 87-88 ℃. 1H NMR (400 MHz, CDCl3) δ 8.34-8.29 (m, 2H), 7.77-7.72 (m, 2H), 4.59-4.48 (m, 2H), 4.32-4.23 (m, 2H), 3.23 (q, J = 6.8 Hz, 1H), 1.43 (d, J = 6.9 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.6, 145.4, 125.2, 125.1, 124.1, 124.1, 90.7, 88.6, 63.5, 63.2, 54.2, 16.4; 19F NMR (377 MHz, CDCl3) δ -151.26.
1-(Butylsulfonyl)-3-fluoro-3-(4-nitrophenyl)azetidine (4j)
Compound 4j was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (Method 1, 15.5 mg, 49% yield; Method 2, 16.5 mg, 52% yield), M.P. 68-69 ℃. 1H NMR (400 MHz, CDCl3) δ 8.35-8.28 (m, J = 8.4 Hz, 2H), 7.79-7.72 (m, 2H), 4.56-4.46 (m, 2H), 4.27 (m, J = 10.7 Hz, 2H), 3.11-3.04 (m, 2H), 1.91-1.80 (m, 2H), 1.54-1.45 (m, 2H), 0.99 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 148.2, 145.5, 145.2, 125.2, 125.1, 124.1, 124.1, 90.5, 88.4, 62.8, 62.6, 51.8, 25.1, 21.6, 13.6; 19F NMR (377 MHz, CDCl3) δ -151.24.
1-(Cyclopropylsulfonyl)-3-fluoro-3-(4-nitrophenyl)azetidine (4k)
Compound 4k was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 20.6 mg, 69% yield; Method 2, 18.5 mg, 62% yield), M.P. 97-98 ℃. 1H NMR (400 MHz, CDCl3) δ 8.34-8.28 (m, J = 8.6 Hz, 2H), 7.80-7.75 (m, 2H), 4.59-4.48 (m, 2H), 4.30-4.21 (m, 2H), 2.48 (m, J = 7.9 Hz, 1H), 1.26-1.23 (m, 2H), 1.14-1.08 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 148.2, 145.5, 145.2, 125.2, 125.1, 124.1, 90.5, 88.4, 63.2, 63.0, 27.1, 5.0; 19F NMR (377 MHz, CDCl3) δ -150.79.
Fluoro-3-(4-nitrophenyl)azetidin-1-yl)sulfonyl)morpholine (4l)
Compound 4l was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 20.5 mg, 59% yield; Method 2, 22.0 mg, 64% yield), M.P. 112-113 ℃. 1H NMR (400 MHz, CDCl3) δ 8.35-8.28 (m, J = 8.4 Hz, 2H), 7.77-7.73 (m, 2H), 4.52-4.42 (m, 2H), 4.23 (m, J = 10.7, 18.1 Hz, 2H), 3.79-3.75 (m, 4H), 3.32-3.27 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 148.2, 145.4, 145.1, 125.2, 125.1, 124.1, 124.1, 90.9, 88.8, 66.2, 64.2, 64.0, 46.4; 19F NMR (377 MHz, CDCl3) δ -151.22.
3-Fluoro-N,N-dimethyl-3-(4-nitrophenyl)azetidine-1-sulfonamide (4m) 
Compound 4m was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as an off-white solid (Method 1, 10.9 mg, 36% yield; Method 2, 11.9 mg, 39% yield), M.P. 122-123 ℃. 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 8.5 Hz, 2H), 7.79-7.43 (m, 2H), 4.50- 4.10 (m, 3H), 2.90 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.6, 145.4, 125.2, 125.1, 124.1, 124.0, 90.9, 88.8, 64.1, 63.8, 38.2; 19F NMR (377 MHz, CDCl3) δ -151.52.
1-((3-Fluoro-3-(4-nitrophenyl)azetidin-1-yl)sulfonyl)piperidine (4n)
Compound 4n was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 17.9 mg, 52% yield; Method 2, 16.7 mg, 49% yield), M.P. 93-94 ℃. 1H NMR (400 MHz, CDCl3) δ 8.35-8.27 (m, J = 8.4 Hz, 2H), 7.80-7.70 (m, 2H), 4.48-4.36 (m, 2H), 4.23-4.12 (m, 2H), 3.33-3.25 (m, 4H), 1.71-1.56 (m, 6H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.7, 145.5, 125.2, 125.1, 124.0, 124.0, 90.8, 88.7, 63.9, 63.6, 47.3, 25.4, 23.7; 19F NMR (377 MHz, CDCl3) δ -151.66.
1-((3-Fluoro-3-(4-nitrophenyl)azetidin-1-yl)sulfonyl)pyrrolidine (4o)
Compound 4o was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (Method 1, 17.1 mg, 52% yield; Method 2, 16.6 mg, 50% yield), M.P. 113-114 ℃. 1H NMR (400 MHz, CDCl3) δ 8.36-8.23 (m, J = 8.4 Hz, 2H), 7.81-7.70 (m, 2H), 4.51-4.39 (m, 2H), 4.26-4.15 (m, 2H), 3.46-3.35 (m, 4H), 2.01-1.91 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.8, 145.5, 125.2, 125.1, 124.0, 124.0, 90.8, 88.7, 63.8, 63.5, 48.6, 25.8; 19F NMR (377 MHz, CDCl3) δ -151.72.
3-Fluoro-N-methyl-3-(4-nitrophenyl)azetidine-1-sulfonamide (4p)
Compound 4p was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a pale yellow solid (Method 1, 14.7 mg, 51% yield; Method 2, 15.1 mg, 52% yield), M.P. 70-71 ℃. 1H NMR (400 MHz, CDCl3) δ 8.38-8.21 (m, J = 8.5 Hz, 2H), 7.83-7.70 (m, 2H), 4.50-4.38 (m, 2H), 4.25-4.18 (m, 2H), 4.18-4.14 (m, 1H), 2.87 (d, J = 5.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 148.1, 145.6, 145.4, 125.2, 125.1, 124.1, 124.1, 90.2, 88.1, 63.3, 63.1, 29.9; 19F NMR (377 MHz, CDCl3) δ -151.77.
(3-Fluoro-3-(4-nitrophenyl)azetidin-1-yl)(p-tolyl)methanone (4q)
Compound 4q was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 9.6 mg, 31% yield; Method 2, 6.4 mg, 20% yield), M.P. 163-164 ℃. 1H NMR (400 MHz, CDCl3) δ 8.24-8.18 (m, 2H), 7.84-7.79 (m, J = 8.1 Hz, 2H), 7.55-7.50 (m, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 4.20-3.97 (m, 2H), 3.97-3.89 (m, 1H), 3.57-3.43 (m, 2 H), 2.41 (s, 3 H); 13C NMR (101 MHz, CDCl3) δ 154.6, 148.1, 145.3, 145.1, 141.4, 129.8, 129.0, 127.3, 125.7, 125.6, 124.1, 124.1, 90.4, 88.6, 69.1, 68.9, 52.7, 52.4, 21.5; 19F NMR (377 MHz, CDCl3) δ -163.79.
(4-(tert-Butyl)phenyl)(3-fluoro-3-(4-nitrophenyl)azetidin-1-yl)methanone (4r)
Compound 4r was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 12.0 mg, 34% yield; Method 2, 7.2 mg, 20% yield), M.P. 224-225 ℃. 1H NMR (400 MHz, CDCl3) δ 8.23-8.19 (m, 2H), 7.88-7.83 (m, 2H), 7.54-7.51 (m, J = 8.5 Hz, 2H), 7.48-7.44 (m, 2H), 4.15 (s, 1H), 4.06 (d, J = 17.1 Hz, 1H), 3.95 (s, 1H), 3.57-3.42 (m, 2H), 1.34 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 154.6, 154.5, 148.1, 145.4, 145.2, 129.8, 127.1, 125.7, 125.6, 125.2, 124.1, 90.4, 88.6, 69.1, 68.9, 52.7, 52.4, 34.9, 31.2; 19F NMR (377 MHz, CDCl3) δ -163.77.
(4-Chlorophenyl)(3-fluoro-3-(4-nitrophenyl)azetidin-1-yl)methanone (4s)
Compound 4s was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1, 3.8 mg, 10% yield), M.P. 188-189 ℃. 1H NMR (400 MHz, CDCl3) δ 8.32 (d, J = 8.5 Hz, 2H), 7.96-7.90 (m, 2H), 7.63-7.58 (m, 2H), 7.41-7.36 (m, 2H), 4.49-4.35 (m, 2H), 4.08-3.92 (m, 2H); 19F NMR (377 MHz, CDCl3) δ -163.85. 
(3-Fluoro-3-(4-nitrophenyl)azetidin-1-yl)(2-nitrophenyl)methanone (4t)
Compound 4t was prepared in accordance with the general procedure for the synthesis of aryl-substituted azetidine derivatives and purified by flash chromatography on silica gel (Biotage®, gradient elution: 6→66% EtOAc in n-hexane) as a white solid (Method 1,14.9 mg, 45% yield; Method 2, 11.9 mg, 36% yield), M.P. 174-175 ℃. 1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.8 Hz, 2H), 7.95 (dd, J = 1.0, 8.0 Hz, 1H), 7.80 (dd, J = 1.4, 7.6 Hz, 1H), 7.72-7.66 (m, 1H), 7.66-7.58 (m, 3H), 4.48-4.31 (m, 2H), 4.21-3.93 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 153.9, 148.6, 148.2, 144.7, 144.5, 133.1, 131.0, 130.8, 128.9, 125.7, 125.6, 124.2, 124.2, 124.1, 90.2, 88.5, 69.8, 69.5, 53.0, 52.8; 19F NMR (377 MHz, CDCl3) δ -162.98.

10. Synthesis of compound 2a (1 mmol scale)
The reaction was conducted in 5 mL polyethylene (PE) vials to ensure compatibility with fluorine reagents. To a solution of 1a (332 mg, 1.0 mmol, 1.0 eq) and PIFA (887 mg, 2.0 mmol, 2.0 eq) in chlorobenzene (5.0 mL, 0.2 M) was added Pyridine•HF (644 μL, 5.0 mmol, 5.0 eq). The reaction mixture was stirred at r.t for 18 h. The resulting mixture was diluted with EtOAc, washed with sat. NaHCO3 and extracted with EtOAc. The combined organic extracts were washed with brine and dried over Na2SO4. The mixture was then filtered and concentrated under reduced pressure. The residue was purified flash column chromatography on silica gel (hexane/EtOAc) to afford the compound 2a (215 mg, 61%).
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11. 1H NMR and 13C NMR spectra of all products
Figure S1. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1a


(a)
[image: ]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S2. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1b


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S3. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1c


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S4. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1d


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S5. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1e


(a)
[image: 라인, 도표, 그래프, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S6. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (151 MHz, CDCl3) spectra of 1f


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S7. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1g


(a)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S8. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1h


(a)
[image: ]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S9. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1i


(a)
[image: 라인, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S10. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1j


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S11. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 1k


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S12. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3a


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S13. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3b


(a)
[image: 라인, 도표, 평행, 스케치이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S14. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3c


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S15. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3d


(a)
[image: 텍스트, 라인, 스크린샷, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S16. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3e


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S17. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3f


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S18. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3g


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 텍스트, 도표, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S19. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3h


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S20. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3i


(a)
[image: 라인, 텍스트, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S21. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (151 MHz, CDCl3) spectra of 3j


(a)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S22. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3k


(a)
[image: 도표, 라인, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S23. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3l


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S24. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3m


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 평행, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S25. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3n


(a)
[image: 도표, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S26. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3o


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S27. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3p


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S28. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3q


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S29. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3r


(a)
[image: 라인, 그래프, 도표, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S30. (a) 1H NMR (400 MHz, CDCl3) and (b) 13C NMR (101 MHz, CDCl3) spectra of 3s


(a)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 스크린샷, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]




Figure S31. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) spectra of 3t


(a)
[image: 라인, 도표, 스크린샷, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S32. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2a


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



(c) 
[image: 텍스트, 스크린샷, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S33. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2b


(a)
[image: 라인, 도표, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 텍스트, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S34. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2c


(a)
[image: 라인, 도표, 평행, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 라인, 스크린샷, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S35. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2d


(a)
[image: 라인, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 텍스트, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S36. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2e


(a)
[image: ]
(b)
[image: 라인, 도표, 스크린샷, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 라인, 직사각형, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S37. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2f


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S38. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2g


(a)
[image: 도표, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 스크린샷, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S39. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2h


(a)
[image: 라인, 도표, 스케치이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S40. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2i


(a)
[image: 도표, 라인, 그래프, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 라인, 스크린샷, 도표, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S41. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2j


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 라인, 스크린샷, 직사각형, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S42. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 2k


(a)
[image: 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 스크린샷, 직사각형, 라인, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S43. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4a


(a)
[image: 라인, 스크린샷, 도표, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 텍스트, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S44. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4b


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 그래프, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 라인, 스크린샷, 직사각형, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S45. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4c


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S46. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4d


(a)
[image: 텍스트, 라인, 스크린샷, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 평행, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 스크린샷, 텍스트, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S47. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4e


(a)
[image: 도표, 라인, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 평행, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 라인, 도표이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S48. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) of 4f


(a)
[image: ]
(b)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 라인, 도표, 직사각형, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S49. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4g


(a)
[image: 라인, 도표, 스케치, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 라인, 직사각형, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


Figure S50. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4h


(a)
[image: 라인, 도표, 스크린샷, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 스크린샷, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S51. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4i


(a)
[image: 라인, 도표, 그래프, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 텍스트, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 라인, 도표, 직사각형, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S52. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4j


(a)
[image: 라인, 도표, 스케치, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 텍스트, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 스크린샷, 텍스트, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S53. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4k


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S54. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4l


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 스크린샷, 텍스트, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S55(a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4m


(a)
[image: 라인, 텍스트, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 평행, 도표, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 라인, 직사각형, 텍스트이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S56. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4n


(a)
[image: 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 스크린샷, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S57. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4o


(a)
[image: 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 스크린샷, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 텍스트, 스크린샷, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S58. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4p


(a)
[image: 라인, 도표, 그래프, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 텍스트, 라인, 도표, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 라인, 직사각형, 스크린샷이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S59. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4q


(a)
[image: 라인, 도표, 그래프, 스케치이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 텍스트, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]



Figure S60. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4r


(a)
[image: 라인, 텍스트, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(b)
[image: 라인, 도표, 텍스트, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(c)
[image: 텍스트, 스크린샷, 직사각형, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]





Figure S61. (a) 1H NMR (400 MHz, CDCl3) and (b) 19F NMR (377 MHz, CDCl3) spectra of 4s


(a)
[image: 텍스트, 도표, 라인이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: ]





Figure S62. (a) 1H NMR (400 MHz, CDCl3), (b) 13C NMR (101 MHz, CDCl3) and (c) 19F NMR (377 MHz, CDCl3) spectra of 4t


(a)
[image: 라인, 도표, 평행, 그래프이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]


(b)
[image: 텍스트, 라인, 도표, 평행이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.]
(c)
[image: 스크린샷, 텍스트, 라인, 직사각형이(가) 표시된 사진

AI 생성 콘텐츠는 정확하지 않을 수 있습니다.] 

12. X-Ray Information (2a)
[bookmark: _Toc212464221]Sample and crystal data for 2a.
	Identification code
	20251022

	Chemical formula
	C16H15FN2O4S

	Formula weight
	350.36 g/mol

	Temperature
	298 K

	Wavelength
	0.71073 Å

	Crystal system
	monoclinic

	Space group
	I2/a

	Unit cell dimensions
	a= 19.5061(8) Å α= 90 °

	
	b= 7.0805(2) Å β= 111.708(5) °

	
	c= 24.9807(11) Å γ= 90 °

	Volume
	3205.5(2) Å3

	Z
	8

	Density (calculated)
	1.452 g/cm3

	Absorption coefficient
	0.236 mm-1

	F(000)
	1456.0




[bookmark: _Toc212464222]Data collection and structure refinement for 2a.
	Diffractometer
	Rigaku, XtaLAB Synergy, Dualflex, HyPix

	Theta range for data collection
	2.248 to 30.482°

	Reflections collected
	15020

	Coverage of independent reflections
	99.9 %

	Absorption correction
	multi-scan

	Max. and min. transmission
	1.00000 and 0.43742 (exptl)

	Structure solution technique
	Charge Flipping

	Refinement method
	Full-matrix least-squares on F2

	Data/restraints/parameters
	4077/0/219

	Goodness-of-fit on F2
	1.089

	Final R indexes
	I>=2σ(I) R1 = 0.0403, wR2 = 0.1050

	
	all data R1 = 0.0528, wR2 = 0.1117

	Flack parameter
	None

	Largest diff. peak/hole
	0.31/-0.31 eÅ-3
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