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1. Supplementary tables for experiments 

Table S1. The ligand effects on byproduct formation and radical trapping 

experimentsa 

 

Entry L* yield of 1' (%) yield of 64 (%) yield of 65 (%) 

1 L*1 59   

2 L*2 62   

3 L*3 90   

4 L*4 21   

5 L*5 10   

6 L*6 5   

7b L*6 trace 12  

8c L*6 trace  70 

aReaction conditions: S1 (0.05 mmol), E1 (0.05 mmol), Cu(MeCN)4BF4 (10 mol %), 

L* (15 mol %), and Cs2CO3 (3.0 equiv) in iPr2O (1.0 mL) at 35 ℃ for 3 days under 

argon. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethylbenzene as an internal standard; 

bThe reaction was conducted in the presence of TEMPO (2.0 equiv); 

cThe reaction was conducted in the presence of BHT (2.0 equiv). 

 

In the absence of alkene substrate A1, ligands L*1–L*3 (Entries 1–3) predominantly 

afford the byproduct 1' derived from the direct reaction between tertiary alkyl radical 

and sulfur nucleophile S1. By contrast, iminocarboxamide N,N,N-ligand L*4 (Entry 4) 

reduce the formation of such byproducts. Furthermore, increasing the steric hindrance 

of the substituents on iminocarboxamide ligands (L*5, L*6) leads to a gradual decrease 
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in byproduct 1' formation. Notably, the ligand L*6 (Entry 6) can almost completely 

suppress the generation of the byproduct 1'. 

In addition, when the radical scavengers TEMPO (Entry 7) and BHT (Entry 8) were 

added to the reaction system, the corresponding trapped products 64 and 65 derived 

from tertiary alkyl radicals were detected, respectively. 
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Table S2. Screening of reaction conditionsa 

 

entry [Cu] L* Solvent 
yield of 

1 (%)b 

yield of 

1' (%) 

Ee of 

1 (%) 

1 Cu(MeCN)4BF4 L*1 iPr2O 35 (39) 55 8 

2 Cu(MeCN)4BF4 L*2 iPr2O 43 (57) 32 3 

3 Cu(MeCN)4BF4 L*3 iPr2O 32 (44) 41 7 

4 Cu(MeCN)4BF4 L*4 iPr2O 77 (93) 65 40 

5 Cu(MeCN)4BF4 L*5 iPr2O 69 (93) 5 70 

6 Cu(MeCN)4BF4 L*6 iPr2O 61 (97) 2 90 

7 Cu(MeCN)4BF4 L*6 MTBE 23(85) 4 72 

8 Cu(MeCN)4BF4 L*6 DCM 38(95) 2 62 

9 Cu(MeCN)4BF4 L*6 Et2O 26(90) 3 63 

10 Cu(MeCN)4BF4 L*6 Toluene 31(89) 4 61 

11 CuI L*6 iPr2O 8(89) 1 90 

12 CuTc L*6 iPr2O 35(97) 1 91 

13 Cu(MeCN)4PF6 L*6 iPr2O 31(97) 1 84 

14 Cu(OTf)2 L*6 iPr2O
 18(95) 1 90 

15 Cu(OAc)2 L*6 iPr2O 19(95) 1 92 

aReaction conditions: A1 (0.05 mmol), S1 (0.05 mmol), E1 (0.05 mmol), 

Cu(MeCN)4BF4 (10 mol %), L*6 (15 mol %), and Cs2CO3 (3.0 equiv) in iPr2O (1.0 mL) 

at 35 ℃ for 3 days under argon. Yield was based on 1H NMR analysis of the crude 

product using 1,3,5-trimethylbenzene as an internal standard; ee values were 

determined by HPLC analysis.  

bThe percentage of 1 among the two products is shown in parentheses. 
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Table S3. Screening of substrate ratiosa 

 

entry x y 
yield of 

1 (%) 

yield of 

1' (%) 

Ee of 

1 (%) 

1 1 1 61 <5 90 

2 2 1 34 <5 93 

3 0.5 0.5 30 trace 81 

4 1 2 45 trace 87 

5 0.5 1 52 <5 90 

6 1 0.5 14 <5 93 

7 2 2 81 1 91 

aReaction conditions: A1 (x equiv), S1 (0.05 mmol), E1 (y equiv), Cu(MeCN)4BF4 (10 

mol %), L*6 (15 mol %), and Cs2CO3 (3.0 equiv) in iPr2O (1.0 mL) at 35 ℃ for 3 days 

under argon. Yield was based on 1H NMR analysis of the crude product using 1,3,5-

trimethylbenzene as an internal standard; ee values were determined by HPLC analysis. 
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Table S4. Control experimentsa 

 

Entry Cu(MeCN)4BF4 L*6 Cs2CO3 
yield of 

1 (%) 

yield of 

1' (%) 
Ee (%) 

1 × ✓ ✓ trace trace N.D.b 

2 ✓ × ✓ trace trace N.D.b 

3 ✓ ✓ × trace trace N.D.b 

4 × × ✓ trace trace N.D.b 

aReaction conditions: A1 (0.05 mmol), S1 (0.05 mmol), E1 (0.05 mmol), 

Cu(MeCN)4BF4 (10 mol %), L*6 (15 mol %), and Cs2CO3 (3.0 equiv) in iPr2O (1.0 mL) 

at 35 ℃ for 3 days under argon. Yield was based on 1H NMR analysis of the crude 

product using 1,3,5-trimethylbenzene as an internal standard. 

bNot determined. 
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Table S5. Screening reaction conditions for phenyl-substituted acrylamidea 

 

entry [Cu] L* Solvent Base 
yield of 

24(%) 

Ee of 

24(%) 

1 Cu(PPh3)3CF3 L*3 Toluene Cs2CO3 16 49 

2 Cu(PPh3)3CF3 L*6 Toluene Cs2CO3 trace N.D.b 

3 Cu(PPh3)3CF3 L*7 Toluene Cs2CO3 18 63 

4 Cu(PPh3)3CF3 L*8 Toluene Cs2CO3 30 82 

5 Cu(MeCN)4BF4 L*8 Toluene Cs2CO3 48 64 

6 CuI L*8 Toluene Cs2CO3 43 43 

7 Cu(PPh3)2BH4 L*8 Toluene Cs2CO3 47 85 

8 Cu(PPh3)2BH4 L*8 Et2O Cs2CO3 49 80 

9 Cu(PPh3)2BH4 L*8 PhCF3 Cs2CO3 27 79 

10 Cu(PPh3)2BH4 L*8 iPr2O Cs2CO3 50 84 

11 Cu(PPh3)2BH4 L*8 Toluene Rb2CO3 69 89 

12 Cu(PPh3)2BH4 L*8 Toluene Rb2CO3 80 90c 

13 Cu(PPh3)2BH4 L*8 Toluene Rb2CO3 90 91cd 

aReaction conditions: A6 (0.05 mmol), S10 (0.075 mmol), E10 (0.25 mmol), 

Cu(PPh3)2BH4 (10 mol %), L*8 (15 mol %), and Rb2CO3 (3.0 equiv) in Toluene (1.0 

mL) at 35 ℃ for 3 days under argon. Yield was based on 1H NMR analysis of the crude 

product using 1,3,5-trimethylbenzene as an internal standard; ee values were 

determined by HPLC analysis;  

bNot determined; 

cH2O (1.0 equiv) in toluene at 35 °C for 3 days;  

dA6 (0.20 mmol), S10 (0.30 mmol), E10 (1.0 mmol). The yield is the isolated yield. 

 

Screening of different copper precursors revealed that the PPh3-containing Cu(I) 
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complexes Cu(PPh3)3CF3 (entry 4) and Cu(PPh3)2BH4 (entry 7) afforded substantially 

higher enantioselectivities than Cu(I) precursors lacking PPh3, such as Cu(MeCN)4BF4 

(entry 5) and CuI (entry 6). This observation suggests that PPh3 may serve as an 

ancillary ligand that helps shape the chiral environment around the copper center and 

thereby contributes to stereochemical discrimination during the C–S bond-forming step. 

Notably, Cu(PPh3)2BH4 provided a higher yield than Cu(PPh3)3CF3 under otherwise 

identical conditions. Although the origin of this difference is not fully established, we 

speculate that the relatively labile nature of the BH4⁻ ligand may facilitate hydrolysis 

and/or ligand exchange under the reaction conditions, potentially leading to greater 

availability of soluble Cu species and more efficient formation of the catalytically 

relevant Cu–S intermediates. 

Replacing Cs2CO3 (entry 7) with Rb2CO3 (entry 11) increased the yield from 47% to 

69%. This difference may arise from cation-dependent solvation and ion-pairing effects, 

which can influence the availability of the ionic sulfur nucleophile and/or the speciation 

of the copper catalyst. On the basis of Rb2CO3 the addition of 1.0 equiv of H₂O further 

increased the yield to 80% (entry 12). We therefore reason that the addition of a small 

amount of a highly polar solvent may facilitate dissolution of catalyst-derived 

intermediates, thereby enhancing the overall reaction efficiency. 
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2. Supplementary figures for experiments 

 

Figure S1. Due to the relatively high cost of Br-1(Sigma-Aldrich 1g/132.25$), it was 

synthesized in two steps according to a literature procedure⁷. Whereas Br-2 (Sigma-

Aldrich 1g/9$) was commercially available and used directly. 
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Figure S2. The results showed that TEMPO completely suppressed the reaction, and 

the TEMPO-trapped adduct 64 was isolated in 46% yield. In contrast, BHT partially 

inhibited the reaction, and the BHT-trapped product 65 was obtained in 33% yield. 
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Figure S3. Mechanistic Studies: a) The phenyl-substituted acrylamide couplings were 

inhibited by TEMPO and BHT. b) The styrene-type alkene couplings were inhibited by 

TEMPO and BHT, and the BHT-trapped adduct 66 was isolated. c) The radical clock 

experiment using the styrene-type alkene substrate afforded the target product 67. 
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Figure S4. Investigation of ligand effect across different alkene classes. ee values were 

determined by HPLC analysis; Yield was based on 1H NMR analysis of the crude 

product using 1,3,5-trimethylbenzene as an internal standard. 

 

These ligand crossover experiments indicate that the optimal ligand scaffold is 

governed by the distinct steric and electronic requirements associated with each 

substrate class. For acrylamides, a highly confined chiral pocket (L*6) is important for 
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suppressing competing reactivity; for 1,1-disubstituted acrylamides, a less hindered 

chiral environment facilitates C–S bond formation from the sterically demanding 

tertiary radical intermediate; and for styrenes, an electronically more reducing N,N,P 

ligand (L*9) environment is important for efficient radical generation at the low 

reaction temperature. We have incorporated this mechanistic rationale into the revised 

manuscript and supporting information.  D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S15 

 

 

Figure S5. Investigation of sulfur nucleophile compatibility across different alkene 

classes. ee values were determined by HPLC analysis; Yield was based on 1H NMR 

analysis of the crude product using 1,3,5-trimethylbenzene as an internal standard. 

 

These crossover experiments demonstrate that the sulfur nucleophiles are not strictly 

restricted to a single alkene class and can exhibit substantial cross-compatibility. 

Nevertheless, their performance is dependent on several factors, including sulfur-

nucleophile solubility, counterion effects, steric properties, product stability, and the 

ability of the sulfur nucleophile to coordinate to copper. These results also highlight 

that the optimal sulfur nucleophile for each alkene class is determined by the balance 

between nucleophile reactivity and compatibility with the corresponding copper/ligand 

environment. 
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Figure S6. Preliminary Studies on Additional Substrates. 
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Figure S7. The X-ray structure of compound 8 displays sulfur, oxygen, and nitrogen 

atoms in yellow, red, blue, respectively, with all other atoms depicted in gray (CCDC 

2535305, 50% probability ellipsoids). 
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Figure S8. The X-ray structure of compound 24 displays sulfur, oxygen, nitrogen, and 

chlorine atoms in yellow, red, blue, green, respectively, with all other atoms depicted 

in gray (CCDC 2535306, 50% probability ellipsoids). 
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Figure S9. The X-ray structure of compound 47 displays sulfur, oxygen, and chlorine 

atoms in yellow, red, green, respectively, with all other atoms depicted in gray. (CCDC 

2535304, 50% probability ellipsoids). 
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3. General information 

Reactions were carried out under argon atmosphere using Schlenk techniques. Reagents 

were purchased at the highest commercial quality and used without further purification, 

unless otherwise stated. Cu(MeCN)4BF4 was purchased from TCI. CuI was purchased 

from Sigma-Aldrich. Cu(PPh3)2BH4 was purchased from Bide Pharmatech Ltd. 

Anhydrous toluene distilled from sodium (Na) and stored under argon. Cs2CO3 and 

Rb2CO3 were purchased from Bide Pharmatech Ltd, which were dry at 200 °C for 3 h 

in vacuum. Analytical thin layer chromatography (TLC) was performed on precoated 

silica gel 60 GF254 plates. Flash column chromatography was performed using 

Tsingdao silica gel (60, particle size 0.040–0.063 mm). As the eluent, the petroleum 

ether (PE) and hexane, ethyl acetate (EA), Dichloromethane (DCM) and methanol were 

purchased from Shanghai Titan Scientific Co. Ltd without further purification. 

Visualization on TLC was achieved by use of UV light (254 nm), iodine or basic 

KMnO4 indicator. NMR spectra were recorded on Bruker DRX-400 or 600 

spectrometers at 400 or 600 MHz for 1H NMR, 100 or 150 MHz for 13C NMR and 376 

or 565 MHz for 19F NMR, respectively, in CDCl3 or CD3OD with tetramethylsilane 

(TMS) as internal standard. The chemical shifts were expressed in ppm and coupling 

constants were given in Hz. Data for 1H NMR are recorded as follows: chemical shift 

(ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; p, pentet, m, multiplet; 

br, broad), coupling constant (Hz), integration. Data for 13C NMR were reported in 

terms of chemical shift (δ, ppm). Mass spectrometric data were obtained using Bruker 

Apex IV RTMS. Enantiomeric excess (ee) was determined using SHIMADZU LC-

20AD with SPD-20AV detector (at appropriate wavelength). Column conditions were 

reported in the experimental section below. X-ray diffraction was measured on a 'Bruker 

APEX-II CCD' diffractometer with Cu–Kα radiation. 
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4. General procedure for synthesis of substrates 

According to the literature reported procedure1-2, potassium arylthioates 

substrates were synthesized.  

General procedure 1: 

Sodium hydrosulfide (NaSH, 70% purity, 2.4 g, 30.0 mmol, 3.0 equiv) was suspended 

in methanol (MeOH, 20.0 mL) and cooled to 0 °C. To this suspension, the acyl chloride 

(10.0 mmol, 1.0 equiv) was added slowly. The reaction mixture was stirred at 0 °C for 

2 h, then quenched HCl (1.0 M) and extracted with DCM. The combined organic 

extracts were washed with brine, dried over anhydrous Na2SO4, filtered, and 

concentrated under reduced pressure to afford the crude thiocarboxylic acid. 

This crude product was dissolved in MeOH (10.0 mL). A solution of KOH (8.0 mmol) 

in MeOH (5.0 mL) was added. After stirring, the solvent was removed using a rotary 

evaporator. The resulting solid was triturated with DCM (20.0 mL) and collected by 

filtration. Final purification was achieved by recrystallization from a mixture of MeOH 

and toluene which afforded the purified thiocarboxylic acid. 

 

Potassium benzothioate (S1) 

According to General procedure 1 with benzothioic S-acid (6.9 g, 50 mmol, 1.0 equiv), 

which afforded the product S1 as a white solid (6.6 g, 75% yield). 

1H NMR (400 MHz, CD3OD): δ 8.17 – 8.01 (m, 2H), 7.41 – 7.35 (m, 1H), 7.31 (m, 

2H). 

S1 
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13C NMR (100 MHz, CD3OD): δ 214.4, 145.4, 131.2, 129.0, 128.1. 

Potassium 2-methylbenzothioate (S2) 

According to General procedure 1 with 2-methylbenzoyl chloride (1.54 g, 10 mmol, 

1.0 equiv), which afforded the product S2 as a white solid (0.969 g, 51% yield). 

1H NMR (400 MHz, CD3OD): δ 7.44 – 7.38 (m, 1H), 7.17 – 7.07 (m, 3H), 2.45 (s, 3H). 

13C NMR (100 MHz, CD3OD): δ 178.9, 142.3, 135.7, 131.1, 128.9, 128.0, 126.2, 20.5. 

 

Potassium 3-methylbenzothioate (S3) 

According to General procedure 1 with 3-methylbenzoyl chloride (1.54 g, 10 mmol, 

1.0 equiv), which afforded the product S3 as a white solid (1.42 g, 71% yield). 

1H NMR (400 MHz, CD3OD): δ 7.95 (s, 1H), 7.92 – 7.86 (m, 1H), 7.24 – 7.14 (m, 2H), 

2.35 (s, 3H). 

13C NMR (100 MHz, CD3OD): δ 214.7, 145.6, 137.7, 131.8, 129.6, 128.0, 126.2, 21.2. 

 

Potassium 4-methylbenzothioate (S4) 

According to General procedure 1 with 4-methylbenzoyl chloride (1.54 g, 10 mmol, 

1.0 equiv), which afforded the product S4 as a white solid (1.69 g, 85% yield). 

1H NMR (400 MHz, CD3OD): δ 8.04 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 2.33 

(s, 3H). 

13C NMR (100 MHz, CD3OD): δ 214.1, 142.8, 141.6, 129.2, 128.7, 21.2. 

 

Potassium 4-methoxybenzothioate (S5) 

According to General procedure 1 with 4-methoxybenzoyl chloride (1.70 g, 10 mmol, 

1.0 equiv), which afforded the product S5 as a white solid (1.43 g, 69% yield). 

S2 

S3 

S4 

S5 
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1H NMR (400 MHz, CD3OD): δ 8.17 – 8.09 (m, 2H), 6.87 – 6.80 (m, 2H), 3.81 (s, 3H). 

13C NMR (100 MHz, CD3OD): δ 213.1, 163.1, 138.3, 131.2, 113.1, 55.6. 

 

Potassium 2-chlorobenzothioate (S6) 

According to General procedure 1 with 2-chlorobenzoyl chloride (1.74 g, 10 mmol, 

1.0 equiv), which afforded the product S6 as a white solid (1.45 g, 69% yield). 

1H NMR (400 MHz, CD3OD): δ 7.52 – 7.46 (m, 1H), 7.31 – 7.25 (m, 1H), 7.24 – 7.15 

(m, 2H). 

13C NMR (100 MHz, CD3OD): δ 215.7, 145.0, 130.2, 129.1, 128.7, 128.2, 127.1. 

 

Potassium 3-chlorobenzothioate (S7) 

According to General procedure 1 with 3-chlorobenzoyl chloride (1.74 g, 10 mmol, 

1.0 equiv), which afforded the product S7 as a white solid (1.50 g, 72% yield). 

1H NMR (400 MHz, CD3OD): δ 8.13 – 8.09 (m, 1H), 8.04 – 7.99 (m, 1H), 7.40 – 7.34 

(m, 1H), 7.33 – 7.25 (m, 1H). 

13C NMR (100 MHz, CD3OD): δ 212.2, 147.2, 134.1, 130.7, 129.6, 129.0, 127.2. 

 

Potassium 3-chlorobenzothioate (S8) 

According to General procedure 1 with 3-bromobenzoyl chloride (2.18 g, 10 mmol, 

1.0 equiv), which afforded the product S8 as a white solid (2.0 g, 80% yield). 

1H NMR (400 MHz, CD3OD): δ 8.30 – 8.24 (m, 1H), 8.08 – 8.03 (m, 1H), 7.54 – 7.49 

(m, 1H), 7.26 – 7.18 (m, 1H). 

13C NMR (100 MHz, CD3OD): δ 212.0, 147.4, 133.7, 132.0, 129.9, 127.6, 122.2. 

 

Potassium 2,4,6-trichlorobenzothioate (S9) 

S6 

S7 

S8 
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According to General procedure 1 with 2,4,6-trichlorobenzoyl chloride (2.42 g, 10 

mmol, 1.0 equiv), which afforded the product S9 as a white solid (2.1 g, 76 % yield). 

1H NMR (400 MHz, CD3OD): δ 7.34 (s, 2H). 

13C NMR (100 MHz, CD3OD): δ 210.7, 145.8, 132.6, 130.8, 128.5. 

 

According to the literature reported procedure1, sodium arylsulfonothioates 

synthesized.  

General procedure 2: 

Sodium sulfite (6.15 g, 48.8 mmol, 2.0 equiv), sodium bicarbonate (4.1 g, 48.8 mmol, 

2.0 equiv) and the 3,5-dimethylbenzenesulfonyl chloride (5 g, 24.4 mmol, 1.0 equiv) 

were dissolved in distilled water (30.0 mL). The reaction mixture was stirred for 2 hours 

at 80 °C. After cooling down to room temperature, water was removed in vacuo. 100 

mL of ethanol was then added to this white residue and the resulting heterogeneous 

solution was filtered. The filtrate was concentrated under reduced pressure and the 

desired sodium aryl sulfinates were obtained as white powders. 

Sodium 3,5-dimethylbenzenesulfinate (4.68 g, 24.4 mmol, 1.0 equiv) and S8 (0.78 g, 

24.4 mmol, 1.0 equiv) were dissolved in pyridine (30 mL) to give a yellow solution 

under argon. After the reaction was stirred 6 hours, 100.0 mL anhydrous diethyl ether 

was added, giving a white suspension, the reaction was filtered and washed with 

anhydrous diethyl ether. The residue was recrystallized from anhydrous ethanol to 

afford the desired compound as a white solid 

 

Sodium 3,5-dimethylbenzenesulfonothioate (S11) 

S9 
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According to General procedure 1 with 3,5-dimethylbenzenesulfonyl chloride (5.0 g, 

24.4 mmol, 1.0 equiv), which afforded the product S11 as a white solid (4.57 g, 91 % 

yield). 

1H NMR (400 MHz, CD3OD): δ 7.57 (s, 2H), 7.08 (s, 1H), 2.34 (s, 6H). 

13C NMR (100 MHz, CD3OD): δ 154.2, 138.9, 132.4, 123.0, 21.1. 

 

Synthesis of Carbazole-Derived Alkenes  

General procedure 3:  

In a vacuum dried 50 mL round bottomed flask, 9,10-Dihydroacridine or carbazole and 

its derivatives (2.0 mmol, 1.0 equiv), N,N-dimethylaniline (6.0 mmol, 3.0 equiv) was 

dissolved in dry DCM (10.0 mL). Then, Acryloyl chloride (10.0 mmol, 5.0 equiv) was 

added at 0 °C under argon atmosphere. The reaction mixture was then warmed to reflux, 

and its progress was monitored by TLC. 

Upon completion, the mixture was quenched with saturated aqueous NaHCO3 solution 

(10.0 mL) and the mixture was extracted with DCM three times. The organic layer was 

dried over anhydrous Na₂SO4, and concentrated under reduced pressure. The crude 

residue was purified by flash chromatography (PE/EA = 100/0 ~ 100/5) on silica gel. 

 

1-(9H-Carbazol-9-yl)prop-2-en-1-one (A1) 

 

According to General procedure 3 with 9H-carbazole (8.35 g, 50 mmol, 1.0 equiv), 

which afforded the product A1 as a white solid (8.73 g, 79% yield). 

A1 

S11 
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1H NMR (400 MHz, CDCl3): δ 8.15 (dd, J = 8.2, 0.9 Hz, 2H), 8.01 (dt, J = 7.6, 1.0 Hz, 

2H), 7.50 (ddd, J = 8.4, 7.3, 1.4 Hz, 2H), 7.41 (td, J = 7.5, 1.0 Hz, 2H), 7.15 (dd, J = 

17.0, 10.5 Hz, 1H), 6.72 (dd, J = 17.0, 1.5 Hz, 1H), 6.10 (dd, J = 10.4, 1.4 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 166.0, 138.5, 131.8, 130.9, 127.2, 126.3, 123.8, 120.1, 

115.9. 

HRMS (ESI) m/z calcd for C15H12NO [M + H]+ 222.0913, found 222.0912. 

 

1-(3,6-Di-tert-butyl-9H-carbazol-9-yl)prop-2-en-1-one (A2)  

 

According to General procedure 3 with 3,6-di-tert-butyl-9H-carbazole (1.40 g, 5 

mmol, 1.0 equiv), which afforded the product A2 as a white solid (1.09 g, 66% yield). 

1H NMR (400 MHz, CDCl3): δ 8.15 – 8.06 (m, 4H), 7.57 (dd, J = 8.8, 2.0 Hz, 2H), 

7.21 (dd, J = 17.0, 10.5 Hz, 1H), 6.73 (dd, J = 17.0, 1.5 Hz, 1H), 6.09 (dd, J = 10.5, 1.5 

Hz, 1H), 1.53 (s, 18H). 

13C NMR (100 MHz, CDCl3): δ 165.7, 146.9, 136.8, 131.8, 130.3, 126.4, 124.7, 116.2, 

115.5, 34.9, 31.8. 

HRMS (ESI) m/z calcd. for C23H28NO [M + H]+ 334.2165, found 334.2164. 

 

1-(Acridin-10(9H)-yl)prop-2-en-1-one (A3)  

 

According to General procedure 4 with 9,10-dihydroacridine (362 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A3 as a white solid (366 mg, 78% yield). 

1H NMR (400 MHz, CDCl3): δ 7.72 – 7.66 (m, 2H), 7.34 – 7.28 (m, 4H), 7.22 (td, J = 

7.4, 1.3 Hz, 2H), 6.75 – 6.56 (m, 2H), 5.78 (dd, J = 9.9, 2.3 Hz, 1H), 3.84 (s, 2H). 

13C NMR (100 MHz, CDCl3): δ 163.9, 138.8, 133.7, 129.5, 129.0, 127.3, 126.3, 126.0, 

125.1, 34.0. 

HRMS (ESI) m/z calcd. for C16H14NO [M + H]+ 236.1070, found 236.1072. 

  

A2 

A3 
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According to the literature reported procedure3. Synthesis of Indoline-Derived 

Alkenes 

General procedure 4:  

In a vacuum dried 50 mL round bottomed flask, Indoline and its derivatives (2.0 mmol, 

equiv), Triethylamine (Et3N) (2.4 mmol, 1.2 equiv) was dissolved in dry DCM (10.0 

mL). Then, Acryloyl chloride (4.0 mmol, 2.0 equiv) was added at 0 °C under argon 

atmosphere. The reaction mixture was then warmed to reflux, and its progress was 

monitored by TLC. 

Upon completion, the mixture was quenched with saturated aqueous NaHCO3 solution 

(10.0 mL) and the mixture was extracted with DCM three times. The organic layer was 

dried over anhydrous Na₂SO4, and concentrated under reduced pressure. The crude 

residue was purified by flash chromatography (PE/EA = 90/10 ~ 80/20) on silica gel. 

 

1-(Indolin-1-yl)prop-2-en-1-one (A4)  

 

According to General procedure 5 with indoline (238 mg, 2.0 mmol, 1.0 equiv), which 

afforded the product A4 as a white solid (315 mg, 91% yield). 

1H NMR (400 MHz, CDCl3): δ 8.29 (d, J = 8.2 Hz, 1H), 7.19 (q, J = 7.2, 6.6 Hz, 2H), 

7.02 (t, J = 7.5 Hz, 1H), 6.53 (qd, J = 16.8, 6.2 Hz, 2H), 5.78 (dd, J = 9.3, 2.9 Hz, 1H), 

4.14 (t, J = 8.4 Hz, 2H), 3.19 (t, J = 8.5 Hz, 2H). 

13C NMR (100 MHz, CDCl3): δ 163.9, 142.9, 131.6, 129.2, 128.9, 127.6, 124.6, 124.1, 

117.6, 48.1, 28.1. 

HRMS (ESI) m/z calcd. for C11H11NO Na [M + Na]+ 196.0733, found 196.0735. 

A4 
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1-(3,3-Dimethylindolin-1-yl)prop-2-en-1-one (A5)  

 

According to General procedure 4 with 3,3-dimethylindoline (294 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A5 as a white solid (361 mg, 90% yield). 

1H NMR (400 MHz, CDCl3): δ 8.28 (d, J = 8.1 Hz, 1H), 7.24 – 7.19 (m, 1H), 7.15 (d, 

J = 7.6, 1.9 Hz, 1H), 7.07 (t, J = 7.4, 1.2 Hz, 1H), 6.54 (t, J = 6.2 Hz, 2H), 5.79 (dd, J 

= 8.6, 3.7 Hz, 1H), 3.89 (d, J = 2.6 Hz, 2H), 1.36 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 167.9, 141.3, 129.2, 129.0, 127.8, 124.4, 122.0, 117.1, 

62.9, 40.4, 28.7. 

HRMS (ESI) m/z calcd. for C13H15NO Na [M + Na]+ 224.1046, found 224.1044. 

 

According to the literature reported procedure4-6, tertiary α,β-unsaturated 

alkenes synthesized (I). 

General procedure 5:  

In a vacuum dried 100 mL round bottomed flask, to a solution of 2-phenylacrylic acid 

(1.48 g, 10.0 mmol, 1.0 equiv) in DCM (20 mL) was added oxalyl chloride (1.2 mL, 

15.0 mmol, 1.5 equiv) and a drop of DMF at 0 °C. The reaction mixture was stirred at 

room temperature for 2 h. Then, the solvent was removed under reduced pressure to 

give the acyl chloride, which was used directly in the next step without further 

purification. 

A5 
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To a solution of amine (10.0 mmol, 1.0 equiv) and Et3N (1.67 mL, 12.0 mmol, 1.2 equiv) 

in DCM (20 mL) was added the above acyl chloride in DCM (5 mL) dropwise at 0 °C. 

Then the reaction mixture was warmed up to room temperature and stirred for 3 h. Upon 

completion, the reaction was quenched with 1M HCl(aq.) (25 mL) and extracted with 

DCM Three times. The combined organic phase was washed with saturated aqueous 

brine, dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The residue 

was purified by column chromatography (PE/DCM = 90/10 ~ 20/10) on silica gel to 

give the desired product. 

 

2-Phenyl-N-(m-tolyl)acrylamide (A7)  

 

According to General procedure 5 with m-toluidine (214 mg, 2.0 mmol, 1.0 equiv), 

which afforded the product A7 as a white solid (383.9 mg, 81% yield). 

1H NMR (400 MHz, CDCl3): δ 7.48 – 7.40 (m, 5H), 7.36 (d, J = 2.0 Hz, 2H), 7.32 – 

7.28 (m, 1H), 7.19 (t, J = 7.8 Hz, 1H), 6.96 – 6.88 (m, 1H), 6.28 (d, J = 1.2 Hz, 1H), 

5.72 (d, J = 1.2 Hz, 1H), 2.32 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.3, 145.3, 139.1, 137.6, 136.8, 129.1, 128.96, 

128.95, 128.4, 125.5, 123.4, 120.6, 117.1, 21.6. 

HRMS (ESI) m/z calcd. for C16H16NO [M + H]+ 238.1226, found 238.1225. 

 

2-Phenyl-N-(p-tolyl)acrylamide (A8)  

 

According to General procedure 5 with p-toluidine (224 mg, 2.0 mmol, 1.0 equiv), 

which afforded the product A8 as a white solid (403 mg, 85% yield). 

1H NMR (400 MHz, CDCl3): δ 7.49 – 7.32 (m, 8H), 7.11 (d, J = 8.3 Hz, 2H), 6.27 (d, 

J = 1.2 Hz, 1H), 5.71 (d, J = 1.2 Hz, 1H), 2.31 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.2, 145.2, 136.9, 135.2, 134.4, 129.6, 129.1, 128.9, 

128.4, 123.4, 120.1, 21.0. 

A7 
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HRMS (ESI) m/z calcd. for C16H16NO [M + H]+ 238.1226, found238.1225. 

 

N-(4-Methoxyphenyl)-2-phenylacrylamide (A9)  

 

According to General procedure 5 with 4-methoxyaniline (246 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A9 as a white solid (380 mg, 75% yield). 

1H NMR (400 MHz, CDCl3): δ 7.50 – 7.33 (m, 8H), 6.89 – 6.80 (m, 2H), 6.25 (d, J = 

1.3 Hz, 1H), 5.70 (d, J = 1.3 Hz, 1H), 3.78 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.2, 156.7, 145.2, 136.9, 130.9, 129.0, 128.9, 128.4, 

123.2, 121.8, 114.2, 55.6. 

HRMS (ESI) m/z calcd. for C16H16NO2 [M + H]+ 254.1176, found 254.1175. 

 

2-Phenyl-N-(4-(trifluoromethyl)phenyl)acrylamide (A10)  

  

According to General procedure 5 with 4-(trifluoromethyl)aniline (322 mg, 2.0 mmol, 

1.0 equiv), which afforded the product A10 as a white solid (454 mg, 79% yield). 

1H NMR (400 MHz, CDCl3): δ 7.64 (d, J = 8.6 Hz, 2H), 7.61 (s, 1H), 7.56 (d, J = 8.7 

Hz, 2H), 7.44 (s, 5H), 6.30 (s, 1H), 5.77 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.6, 144.8, 140.8, 136.4, 129.2, 128.4, 126.8 (q, J = 

3.8 Hz), 126.4 (q, J = 3.7 Hz), 126.4 (q, J = 122.8 Hz), 124.2, 119.7. 

19F NMR (376 MHz, CDCl3) δ –62.1. 

HRMS (ESI) m/z calcd. for C16H13F3NO [M + H]+ 292.0944, found 292.0924. 

 

N-([1,1'-Biphenyl]-4-yl)-2-phenylacrylamide (A11)  

  

According to General procedure 5 with [1,1'-biphenyl]-4-amine (338 mg, 2.0 mmol, 

1.0 equiv), which afforded the product A11 as a white solid (490 mg, 82% yield). 

1H NMR (400 MHz, CDCl3): δ 7.64 – 7.52 (m, 6H), 7.50 – 7.38 (m, 8H), 7.33 (t, J = 

A9 

A10 

A11 
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7.3 Hz, 1H), 6.32 (s, 1H), 5.75 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.3, 145.1, 140.5, 137.6, 137.0, 136.8, 129.2, 129.0, 

128.9, 128.5, 127.8, 127.3, 127.0, 123.8, 120.3. 

HRMS (ESI) m/z calcd. for C16H13F3NO [M + H]+ 300.1383, found 300.1383. 

 

N-(3,5-Dimethylphenyl)-2-phenylacrylamide (A12)  

  

According to General procedure 5 with 3,5-dimethylaniline (242 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A12 as a white solid (432 mg, 86% yield). 

1H NMR (400 MHz, CDCl3): δ 7.47 – 7.38 (m, 5H), 7.34 (s, 1H), 7.15 (s, 2H), 6.76 (s, 

1H), 6.26 (d, J = 1.3 Hz, 1H), 5.70 (d, J = 1.2 Hz, 1H), 2.28 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 165.3, 145.3, 138.8, 137.6, 136.8, 129.0, 128.9, 128.5, 

126.5, 123.3, 117.7, 21.4. 

HRMS (ESI) m/z calcd. for C17H18NO [M + H]+ 252.1383, found 252.1382. 

 

N-(Naphthalen-1-yl)-2-phenylacrylamide (A13)  

  

According to General procedure 5 with naphthalen-1-amine (286 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A13 as a white solid (388 mg, 71% yield). 

1H NMR (400 MHz, CDCl3): δ 8.15 (d, J = 7.6 Hz, 1H), 7.84 (t, J = 6.8 Hz, 2H), 7.69 

(d, J = 8.2 Hz, 1H), 7.57 (d, J = 7.1 Hz, 2H), 7.54 – 7.41 (m, 7H), 6.46 (s, 1H), 5.79 (s, 

1H). 

13C NMR (100 MHz, CDCl3): δ 165.4, 145.0, 137.1, 134.2, 132.2, 129.2(3), 129.1(6), 

129.0, 128.7, 126.8, 126.5, 126.1, 126.0, 125.9, 124.4, 120.1. 

HRMS (ESI) m/z calcd. for C19H16NO [M + H]+ 274.1226, found 274.1225. 

 

N-(3,5-Dichlorophenyl)-2-phenylacrylamide (A14)  

A12 
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According to General procedure 5 with 3,5-dichloroaniline (382 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A14 as a white solid (258 mg, 80% yield). 

1H NMR (400 MHz, CDCl3): δ 7.56 (s, 1H), 7.47 (d, J = 1.8 Hz, 2H), 7.45 – 7.35 (m, 

5H), 7.08 (q, J = 1.6 Hz, 1H), 6.25 (s, 1H), 5.74 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.5, 144.6, 144.6, 139.5, 136.2, 135.3, 129.2(2), 

129.2(0), 128.2(8), 128.2(6), 124.6, 124.3, 118.3(0), 118.2(8). 

HRMS (ESI) m/z calcd. for C15H12Cl2NO [M + H]+ 292.0290, found 292.0288. 

 

According to the literature reported procedure4-6, tertiary α,β-unsaturated 

alkenes synthesized (II). 

 

General procedure 6: 

In a vacuum dried 500 mL round bottomed flask, To a solution of Aniline (4.56 mL, 50 

mmol, 1.0 equiv) and Et3N (10.4 mL, 75 mmol, 1.5 equiv) in MeCN (150 mL) was 

added 2,3-dibromopropionyl chloride (5.75 mL, 50 mmol, 1.0 equiv) dropwise at 0 °C. 

After being stirred at 0 °C for 1.0 h, the reaction mixture was warmed up to room 

temperature and stirred for another 3 h. After completion, the reaction was quenched 

with saturated NH4Cl solution, and the MeCN was removed by evaporation. The 

aqueous layer was extracted with EA three times, and the combined organic layers were 

A14 
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washed with saturated aqueous brine, dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The residue was purified by flash chromatography (PE/DCM = 

90/10 ~ 20/10) to give the desired 2-bromo-N-phenylacrylamide. 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with 2-bromo-N-phenylacrylamide (450 mg, 2.0 mmol, 

1.0 equiv), aryl boronic acid (2.4 mmol, 1.2 equiv), Pd(dppf)Cl2 (29.2 mg, 2 mol %), 

K2CO3 (331.7 mg, 2.4 mmol, 1.2 equiv), 1,4-dioxane/water = 3:1 (8 mL). The reaction 

mixture was stirred at 80 °C for 12 h. Upon completion, the precipitate was filtered off 

and washed with saturated aqueous brine, dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The residue was purified by column chromatography (PE/EA = 

95/5 ~ 90/10) on silica gel to give the desired coupling product. 

 

2-Bromo-N-phenylacrylamide (A15)  

 

According to General procedure 6 with aniline (4.56 mL, 50 mmol, 1.0 equiv), which 

afforded the product A15 as a white solid (10.24 g, 91% yield). 

1H NMR (400 MHz, CDCl3): δ 7 8.36 (s, 1H), 7.64 – 7.55 (m, 2H), 7.42 – 7.32 (m, 

2H), 7.21 – 7.15 (m, 1H), 7.13 (d, J = 1.7 Hz, 1H), 6.14 (d, J = 1.7 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 158.8, 137.1, 129.3, 128.8, 125.4, 122.8, 120.3. 

HRMS (ESI) m/z calcd. for C9H9BrNO [M + H]+ 225.9862, found 225.9860. 

 

N,2-Diphenylacrylamide (A6)  

 

According to General procedure 6 with phenylboronic acid (244 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A6 as a white solid (329 mg, 88% yield). 

1H NMR (400 MHz, CDCl3): δ 7.55 – 7.49 (m, 2H), 7.43 (tt, J = 5.2, 2.4 Hz, 6H), 7.34 

– 7.28 (m, 2H), 7.14 – 7.08 (m, 1H), 6.27 (s, 1H), 5.72 (d, J = 1.2 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.35, 145.19, 137.75, 136.74, 129.11, 129.07, 

128.97, 128.37, 124.72, 123.40, 120.04. 

A15 
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HRMS (ESI) m/z calcd. for C15H14NO [M + H]+ 224.1070, found 224.1069. 

 

N-Phenyl-2-(p-tolyl)acrylamide (A16)  

 

According to General procedure 6 with p-tolylboronic acid (272 mg, 2.0 mmol, 1.0 

equiv), which afforded the product A16 as a white solid (431.3 mg, 91% yield). 

1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 7.9 Hz, 2H), 7.45 (s, 1H), 7.40 – 7.31 (m, 

4H), 7.27 (t, J = 6.2 Hz, 2H), 7.14 (t, J = 7.4 Hz, 1H), 6.28 (s, 1H), 5.72 (d, J = 1.2 Hz, 

1H), 2.43 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.5, 145.0, 139.0, 137.8, 133.8, 129.8, 129.1, 128.3, 

124.7, 123.0, 120.0, 21.4. 

HRMS (ESI) m/z calcd. for C16H16NO [M + H]+ 238.1226, found 238.1225. 

 

2-(4-Isopropylphenyl)-N-phenylacrylamide (A17)  

 

According to General procedure 6 with (4-isopropylphenyl)boronic acid (328.2 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A17 as a white solid (440 mg, 83% 

yield). 

1H NMR (400 MHz, CDCl3): δ 7.56 – 7.48 (m, 2H), 7.41 (s, 1H), 7.39 – 7.35 (m, 2H), 

7.35 – 7.27 (m, 4H), 7.15 – 7.08 (m, 1H), 6.26 (d, J = 1.3 Hz, 1H), 5.70 (d, J = 1.3 Hz, 

1H), 2.96 (hept, J = 6.9 Hz, 1H), 1.30 (s, 3H), 1.28 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.5, 149.9, 145.1, 137.8, 134.2, 129.1, 128.4, 127.2, 

124.7, 123.1, 120.1, 34.1, 24.0. 

HRMS (ESI) m/z calcd. for C18H20NO [M + H]+ 266.1539, found 266.1537. 

 

2-(4-(tert-Butyl)phenyl)-N-phenylacrylamide (A18)  
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According to General procedure 6 with (4-(tert-butyl)phenyl)boronic acid (356.2 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A18 as a white solid (474 mg, 85% 

yield). 

1H NMR (400 MHz, CDCl3): δ 7.60 – 7.53 (m, 2H), 7.53 – 7.45 (m, 3H), 7.44 – 7.39 

(m, 2H), 7.35 (t, J = 7.9 Hz, 2H), 7.18 – 7.12 (m, 1H), 6.28 (s, 1H), 5.74 (s, 1H), 1.39 

(s, 9H). 

13C NMR (100 MHz, CDCl3): δ 165.6, 152.2, 145.0, 137.8, 133.8, 129.1, 128.1, 126.0, 

124.7, 123.0, 120.1, 34.8, 31.4. 

HRMS (ESI) m/z calcd. for C19H22NO [M + H]+ 280.1696, found 280.1695. 

 

2-(4-Methoxyphenyl)-N-phenylacrylamide (A19)  

 

According to General procedure 6 with (4-methoxyphenyl)boronic acid (304.1 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A19 as a white solid (380 mg, 75% 

yield). 

1H NMR (400 MHz, CDCl3): δ 7.47 (d, J = 8.0 Hz, 2H), 7.40 (dd, J = 8.0, 1.8 Hz, 1H), 

7.37 – 7.26 (m, 4H), 7.06 (dt, J = 19.2, 7.4 Hz, 2H), 6.96 (d, J = 8.3 Hz, 1H), 6.37 (d, J 

= 1.6 Hz, 1H), 5.63 (d, J = 1.6 Hz, 1H), 3.81 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.4, 157.0, 143.0, 138.1, 131.3, 130.7, 129.1, 126.4, 

124.9, 124.4, 121.4, 120.1, 111.3, 55.9. 

HRMS (ESI) m/z calcd. for C16H16NO2 [M + H]+ 254.1176, found 254.1175. 

 

2-(3-Methoxyphenyl)-N-phenylacrylamide (A20)  

 

According to General procedure 6 with (3-methoxyphenyl)boronic acid (304.1 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A20 as a white solid (390 mg, 76% 

yield). 

A18 
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1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 7.4 Hz, 3H), 7.37 – 7.27 (m, 3H), 7.15 – 

7.07 (m, 1H), 7.01 (dt, J = 7.7, 1.1 Hz, 1H), 6.99 – 6.92 (m, 2H), 6.29 (d, J = 1.2 Hz, 

1H), 5.72 (d, J = 1.2 Hz, 1H), 3.82 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 165.2, 156.0, 144.9, 138.1, 137.7, 130.2, 129.1, 124.8, 

123.8, 120.7, 120.1, 114.5, 114.0, 55.4. 

HRMS (ESI) m/z calcd. for C16H16NO2 [M + H]+ 254.1176, found 254.1176. 

 

2-(4-Chlorophenyl)-N-phenylacrylamide (A21)  

 

According to General procedure 6 with (4-chlorophenyl)boronic acid (312 mg, 2.0 

mmol, 1.0 equiv), which afforded the product A21 as a white solid (396 mg, 77% yield). 

1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 8.0 Hz, 2H), 7.48 – 7.33 (m, 7H), 7.16 (t, 

J = 7.4 Hz, 1H), 6.24 (s, 1H), 5.77 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.2, 144.4, 137.6, 135.1, 135.0, 129.6, 129.3, 129.2, 

124.9, 123.1, 120.1. 

HRMS (ESI) m/z calcd. for C15H13ClNO [M + H]+ 258.0680, found 258.0678. 

 

2-(3-Fluorophenyl)-N-phenylacrylamide (A22)  

 

According to General procedure 6 with (3-fluorophenyl)boronic acid (280 mg, 2.0 

mmol, 1.0 equiv), which afforded the product A22 as a white solid (385 mg, 80% yield). 

1H NMR (400 MHz, CDCl3): δ 7.53 (d, J = 7.9 Hz, 2H), 7.40 (td, J = 7.8, 5.6 Hz, 2H), 

7.33 (t, J = 7.8 Hz, 2H), 7.23 (s, 1H), 7.21 – 7.07 (m, 3H), 6.25 (s, 1H), 5.77 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.0, 163.0 (d, J = 247.5 Hz), 144.4 (d, J = 1.8 Hz), 

138.8 (d, J = 7.7 Hz), 137.6, 130.6 (d, J = 8.4 Hz), 129.2, 124.9, 124.0 (d, J = 3.1 Hz), 

123.6, 120.1, 116.0 (d, J = 21.1 Hz), 115.4 (d, J = 22.2 Hz). 

19F NMR (376 MHz, CDCl3) δ –111.8 

HRMS (ESI) m/z calcd. for C15H13FNO [M + H]+ 242.0976, found 242.0975. 
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N-Phenyl-2-(3-(trifluoromethyl)phenyl)acrylamide (A23)  

 

According to General procedure 6 with (3-(trifluoromethyl)phenyl)boronic acid (380 

mg, 2.0 mmol, 1.0 equiv), which afforded the product A23 as a white solid (378 mg, 

65% yield). 

1H NMR (400 MHz, CDCl3): δ 7.74 (s, 1H), 7.67 (dd, J = 7.5, 1.7 Hz, 2H), 7.55 (t, J = 

8.2 Hz, 3H), 7.40 (s, 1H), 7.34 (t, J = 7.9 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 6.24 (s, 1H), 

5.83 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.1, 144.5, 137.5, 137.4, 131.5 (q, J = 15.6 Hz)., 

129.5, 129.2, 125.7 (q, J = 3.6 Hz), 125.0 (q, J = 3.6 Hz), 123.5 (q, J = 270.8 Hz). 123.4, 

120.2. 

19F NMR (376 MHz, CDCl3) δ –62.3. 

HRMS (ESI) m/z calcd. for C16H13F3NO [M + H]+ 292.0944, found 292.0945. 

 

Methyl 3-(3-oxo-3-(phenylamino)prop-1-en-2-yl)benzoate (A24)  

 

According to General procedure 6 with (3-(methoxycarbonyl)phenyl)boronic acid 

(360 mg, 2.0 mmol, 1.0 equiv), which afforded the product A24 as a white solid (378 

mg, 65% yield). 

1H NMR (400 MHz, CDCl3): δ 8.17 – 8.12 (m, 1H), 8.08 (dt, J = 7.9, 1.4 Hz, 1H), 7.66 

(ddd, J = 7.7, 1.8, 1.2 Hz, 1H), 7.56 – 7.47 (m, 3H), 7.39 (s, 1H), 7.37 – 7.29 (m, 2H), 

7.18 – 7.11 (m, 1H), 6.26 (s, 1H), 5.81 (d, J = 0.8 Hz, 1H), 3.94 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 166.7, 165.2, 144.7, 137.6, 137.0, 132.7, 131.0, 130.1, 

129.3, 129.2(0), 129.1(6), 124.9, 123.4, 120.2, 52.5. 

HRMS (ESI) m/z calcd. for C17H16NO3 [M + H]+ 282.1125 found 282.1126. 

 

2-([1,1'-Biphenyl]-3-yl)-N-phenylacrylamide (A25)  

A23 

A24 
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According to General procedure 6 with [1,1'-biphenyl]-3-ylboronic acid (396.2 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A25 as a white solid (478 mg, 80% 

yield). 

1H NMR (400 MHz, CDCl3): δ 7.69 – 7.57 (m, 4H), 7.57 – 7.49 (m, 3H), 7.45 (q, J = 

7.6 Hz, 4H), 7.38 (t, J = 7.4 Hz, 1H), 7.33 (t, J = 7.9 Hz, 2H), 7.12 (t, J = 7.4 Hz, 1H), 

6.34 (s, 1H), 5.80 (d, J = 1.1 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.2, 145.2, 142.2, 140.5, 137.7, 137.3, 129.5, 129.2, 

129.1, 127.9, 127.8, 127.3, 127.2, 124.8, 123.8, 120.1. 

HRMS (ESI) m/z calcd. for C21H18NO [M + H]+ 300.1383, found 300.1382. 

 

2-(3,5-Dimethylphenyl)-N-phenylacrylamide (A26)  

 

According to General procedure 6 with (3,5-dimethylphenyl)boronic acid (300.2 mg, 

2.0 mmol, 1.0 equiv), which afforded the product A26 as a white solid (392 mg, 78% 

yield). 

1H NMR (400 MHz, CDCl3): δ 7.56 – 7.49 (m, 2H), 7.43 (s, 1H), 7.32 (t, J = 8.0 Hz, 

2H), 7.15 – 7.08 (m, 1H), 7.05 (s, 3H), 6.27 (d, J = 1.4 Hz, 1H), 5.68 (d, J = 1.3 Hz, 

1H), 2.35 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 165.4, 145.3, 138.8, 137.8, 136.8, 130.6, 129.1, 126.2, 

124.7, 123.4, 120.0, 21.4. 

HRMS (ESI) m/z calcd. for C17H18NO [M + H]+ 252.1383, found 252.1382. 

 

2-(Naphthalen-1-yl)-N-phenylacrylamide (A27)  

 

According to General procedure 6 with naphthalen-1-ylboronic acid (344 mg, 2.0 

mmol, 1.0 equiv), which afforded the product A27 as a white solid (382 mg, 70% yield). 

1H NMR (400 MHz, CDCl3): δ 7.91 (dd, J = 10.6, 8.3 Hz, 3H), 7.57 – 7.44 (m, 4H), 

A25 
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7.29 (d, J = 8.1 Hz, 2H), 7.20 (t, J = 7.8 Hz, 2H), 7.13 (t, J = 7.6 Hz, 1H), 7.02 (t, J = 

7.3 Hz, 1H), 6.83 (d, J = 1.8 Hz, 1H), 5.75 (d, J = 1.9 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 164.3, 142.9, 137.5, 134.4, 133.8, 131.7, 129.6, 129.3, 

128.9, 128.6, 128.0, 127.8, 127.1, 126.7, 125.6, 125.3, 124.6, 120.1. 

HRMS (ESI) m/z calcd. for C19H16NO [M + H]+ 274.1226, found 274.1225. 

 

2-(Benzofuran-3-yl)-N-phenylacrylamide (A28)  

 

According to General procedure 6 with benzofuran-3-ylboronic acid (324 mg, 2.0 

mmol, 1.0 equiv), which afforded the product A28 as a white solid (316 mg, 60% yield). 

1H NMR (400 MHz, CDCl3): δ 7.90 (s, 1H), 7.74 – 7.60 (m, 2H), 7.57 (dt, J = 8.3, 0.9 

Hz, 1H), 7.54 – 7.48 (m, 2H), 7.39 (ddd, J = 8.3, 7.2, 1.4 Hz, 1H), 7.32 (tdd, J = 7.4, 

4.2, 1.6 Hz, 3H), 7.16 – 7.10 (m, 1H), 6.40 (s, 1H), 5.98 (d, J = 1.0 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 164.7, 155.6, 144.3, 137.6, 135.5, 129.2, 126.1, 125.4, 

124.9, 123.7(1), 123.6(6), 120.5, 120.3, 117.3, 112.2. 

HRMS (ESI) m/z calcd. for C17H14NO2 [M + H]+ 264.1019, found 264.1017. 

 

N-Phenyl-2-(thiophen-3-yl)acrylamide (A29)  

 

According to General procedure 6 with thiophen-3-ylboronic acid (256 mg, 2.0 mmol, 

1.0 equiv), which afforded the product A29 as a white solid (334 mg, 73% yield). 

1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 8.1 Hz, 3H), 7.49 (d, J = 3.0 Hz, 1H), 7.39 

(dd, J = 5.0, 3.0 Hz, 1H), 7.34 (t, J = 7.8 Hz, 2H), 7.25 – 7.20 (m, 1H), 7.13 (t, J = 7.4 

Hz, 1H), 6.11 (s, 1H), 5.78 (s, 1H). 

13C NMR (100 MHz, CDCl3): δ 165.5, 140.2, 137.7, 137.2, 129.2, 127.0, 126.8, 124.8, 

124.5, 121.2, 120.1. 

HRMS (ESI) m/z calcd. for C13H12NOS [M + H]+ 230.0634, found 230.0635. 

 

  

A28 

A29 

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S40 

 

Synthesis of alkene 

Note: All alkene, are known compounds and are commercially available. 

Synthesis of Radical Precursors 

Note: All radical precursors, are known compounds and are commercially available. 

  

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S41 

 

5. Synthesis of the optimal chiral ligand. 

Synthesis of chiral ligand L*9 

Note: The chiral ligand L*9 were synthesized according to the procedure described in 

the literature7-8.  

 

 

2-(Bis(3,5-diethylphenyl)phosphaneyl)-N-((S)-quinolin-4-yl((1S,2S,4S,5R)-5-

vinylquinuclidin-2-yl)methyl)benzamide (L*9) 

 
1H NMR (400 MHz, CDCl3): δ 8.73 (d, J = 4.6 Hz, 1H), 8.43 (dd, J = 8.7, 1.3 Hz, 

1H), 8.10 (dd, J = 8.4, 1.4 Hz, 1H), 7.71 – 7.64 (m, 2H), 7.61 – 7.54 (m, 1H), 7.44 – 

7.17 (m, 4H), 7.02 (s, 1H), 7.00 – 6.91 (m, 4H), 6.84 (dd, J = 7.9, 1.7 Hz, 2H), 5.63 

(ddd, J = 17.5, 10.4, 7.4 Hz, 1H), 5.56 – 5.29 (m, 1H), 4.98 – 4.85 (m, 2H), 3.11 – 

2.97 (m, 2H), 2.95 – 2.75 (m, 1H), 2.71 – 2.62 (m, 1H), 2.62 – 2.51 (m, 8H), 2.49 – 

2.40 (m, 1H), 2.25 – 2.15 (m, 1H), 1.65 – 1.43 (m, 3H), 1.27 – 1.22 (m, 2H), 1.17 (t, J 

= 7.6 Hz, 6H), 1.11 (t, J = 7.6 Hz, 6H). 

13C NMR (100 MHz, CDCl3): δ 169.1, 150.2, 148.4, 144.5(3), 144.4(6), 144.4, 144.3, 

141.5, 137.2, 137.1, 136.8, 136.7, 135.7, 135.4, 134.5, 130.8, 130.6(1), 130.5(8), 

130.4, 130.3, 130.2, 128.9, 128.8, 128.2, 128.0, 127.6, 127.5, 126.6, 123.6, 114.4, 

60.4, 55.8, 40.8, 39.7, 28.8(3), 28.8(2), 27.9, 27.4, 25.7, 21.1, 15.6. 

31P NMR (162 MHz, CDCl3): δ −10.43. 

HRMS (ESI) m/z calcd. for C46H53N3OP [M + H]+ 694.3921, found: 694.3918. 
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Synthesis of chiral ligand L*8 

Note: The chiral ligand L*8 were synthesized according to the procedure described in 

the literature.9 

 

 

1,8-Bis((S)-4-isopropyl-4,5-dihydrooxazol-2-yl)-9H-carbazole (L*8) 

 
1H NMR (400 MHz, CDCl3): δ 12.06 (s, 1H), 8.19 (dt, J = 7.8, 0.9 Hz, 2H), 7.92 (dd, 

J = 7.6, 1.1 Hz, 2H), 7.26 (t, J = 7.7 Hz, 2H), 4.53 – 4.42 (m, 2H), 4.28 – 4.16 (m, 

4H), 1.89 (h, J = 6.7 Hz, 2H), 1.65 (s, 1H), 1.15 (d, J = 6.7 Hz, 6H), 1.02 (d, J = 6.7 

Hz, 6H). 

13C NMR (100 MHz, CDCl3): δ 162.6, 139.1, 125.8, 123.5(4), 123.4(7), 118.8, 110.6, 

73.0, 70.0, 33.5, 19.3, 18.7. 

  

L*8 
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Synthesis of chiral ligand L*6 

Note: The synthesis of chiral ligand precursor L-S2 was performed according to the 

literature procedure.10 

 

Synthesis of L−S3: Under an argon atmosphere, a round-bottom flask equipped with a 

magnetic stir bar was charged with 2-(2-isopropylphenyl)-2-oxoacetic acid (2.3 g, 12.0 

mmol, 1.2 equiv) and dry DCM (50 mL). The flask was placed in an ice bath, and the 

mixture was cooled to 0 °C. Oxalyl chloride (1.27 mL, 15.0 mmol, 1.5 equiv) and a 

catalytic amount of DMF were added dropwise. After the mixture had been stirred at 

0 °C for 0.5 h, the ice bath was removed, and the mixture was allowed to warm to room 

temperature and stirred for an additional 1 h. Upon completion, the solvent and excess 

oxalyl chloride were removed under reduced pressure to afford 2-(2-isopropylphenyl)-

2-oxoacetyl chloride. Under an argon atmosphere, the flask containing the above acyl 

chloride was charged with dry DCM (40 mL) and cooled in an ice bath. Quinine amine 

(3.23 g, 10.0 mmol, 1.0 equiv) dissolved in dry DCM (10 mL) was added slowly, 

followed by the dropwise addition of Et3N (4.2 mL, 10.0 mmol, 3.0 equiv). The reaction 

mixture was stirred for 12 h. The reaction was monitored by TLC. After completion, 

the mixture was quenched with saturated aqueous NH4Cl (30 mL). The aqueous phase 

was extracted with DCM (3 × 30 mL), and the combined organic layers were washed 

with brine (3 × 30 mL). The organic layer was dried over anhydrous Na2SO4, filtered, 

and concentrated under reduced pressure. The crude product was purified by flash 
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column chromatography on silica gel (PE/EA = 10/1) to afford the ligand precursor 

L−S3 as a pale yellow solid (3.58 g, 72% yield). 

Synthesis of Ligand L*6: Under an argon atmosphere, a dry two-necked flask 

equipped with a magnetic stir bar was charged with ligand precursor L−S3 (2.49 g, 5 

mmol), TsOH (86.1 mg, 0.5 mmol, 0.1 equiv), and dry toluene (20 mL). The mixture 

was stirred until homogeneous. A Dean-Stark trap and a reflux condenser were attached, 

and the reaction mixture was heated at reflux in an oil bath for 72 h. The reaction was 

monitored by TLC. After completion, the mixture was washed with saturated aqueous 

NH₄Cl (25 mL) and extracted with a small amount of EA. The aqueous layer was further 

extracted with EA (2 × 5 mL). The combined organic layers were washed with brine, 

dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The 

crude product was purified by flash column chromatography on silica gel (PE/EA = 1/1) 

to afford the desired product L*6 as a yellow solid (1.64 g, 50% yield). 

 

(E)-2-((2,6-Diisopropylphenyl)imino)-2-(2-isopropylphenyl)-N-((S)-(6-

methoxyquinolin-4-yl)((1S,2S,4S,5R)-5-vinylquinuclidin-2-yl)methyl)acetamide 

(L*6) 

 

 

1H NMR (400 MHz, CDCl3): δ 8.77 (d, J = 4.5 Hz, 1H), 8.52 (d, J = 4.6 Hz, 1H × 0.2), 

8.08 (d, J = 9.2 Hz, 1H), 7.97 (d, J = 9.2 Hz, 1H × 0.2), 7.75 (s, 1H), 7.50 (d, J = 4.5 

Hz, 1H), 7.48 – 7.28 (m, 2H + 2H × 0.2), 7.25 – 7.19 (m, 3H × 0.2), 7.18 – 7.07 (m, 

3H), 7.06 – 6.99 (m, 1H + 2H × 0.2), 6.98 – 6.90 (m, 1H + 1H × 0.2), 6.84 (d, J = 7.3 

Hz, 1H), 6.77 (d, J = 4.1 Hz, 1H × 0.2), 6.68 (d, J = 7.8 Hz, 1H), 6.29 (d, J = 4.6 Hz, 

1H × 0.2), 5.86 – 5.55 (m, 1H + 1H × 0.2), 5.30 – 5.19 (m, 1H × 0.2), 5.05 – 4.89 (m, 

2H + 2H × 0.2), 3.94 (s, 3H), 3.88 (s, 3H × 0.2), 3.51 – 3.09 (m, 3H + 2H × 0.2), 3.00 

(m, 1H + 3H × 0.2), 2.77 (m, 2H + 1H × 0.2), 2.70 – 2.55 (m, 3H × 0.2), 2.56 – 2.13 

L*6 
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(m, 3H + 5H × 0.2), 1.79 – 1.49 (m, 4H + 4H × 0.2), 1.40 – 1.32 (m, 1H), 1.31 – 0.95 

(m, 13H + 13H × 0.2), 0.89 (m, 1H + 1H × 0.2), 0.81 – 0.73 (m, 1H + 1H × 0.2), 0.69 

– 0.51 (m, 4H). 

13C NMR (100 MHz, CDCl3) (minor) δ 165.2, 161.9, 147.5, 147.4, 143.1, 141.5, 137.5, 

132.2 – 131.8 (two carbons overlapped), 130.9, 129.7, 129.3, 128.8 – 128.3 (two 

carbons overlapped), 126.0, 125.8, 125.0, 124.8, 123.3, 122.7, 114.6, 102.1, 56.3, 55.4, 

40.9, 39.8, 31.5, 29.0, 28.1, 28.0, 27.5, 23.9, 23.8 – 23.5 (two carbons overlapped), 21.8. 

13C NMR (100 MHz, CDCl3) (major) δ 163.9, 163.3, 157.9, 147.8, 147.3, 145.4, 144.5, 

144.3, 141.3, 136.0, 135.6, 135.5, 131.6, 129.9, 129.3, 124.2, 123.9, 123.0, 121.5, 118.5, 

101.4, 60.6, 56.0, 55.5, 50.0, 39.6, 30.4, 28.8, 27.2, 25.6, 24.3, 24.2, 22.4, 21.8. 

HRMS (ESI) m/z calcd. for C43H53N4O2 [M + H]+ 657.4163, found: 657.4159 
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6. Copper-catalyzed chemo- and enantioselective radical 1, 2-carbosulfuration of 

acrylamide 

 

General procedure A 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium thiocarboxylates (0.20 mmol, 1.0 equiv), 

alkene (0.40 mmol, 2.0 equiv), Cu(MeCN)4BF4 (6.28 mg, 0.02 mmol, 10 mol %), L*6 

(19.75 mg, 0.03 mmol, 15 mol %) and Cs2CO3 (195.50 mg, 0.60 mmol, 3.0 equiv), 

Then, diisopropyl ether (4.0 mL) was added by syringe under argon atmosphere. Finally, 

radical precursor (0.40 mmol, 2.0 equiv) were sequentially added into the mixture and 

the reaction mixture was stirred at 35 °C. Upon completion (monitored by TLC), the 

precipitate was filtered off and washed by DCM. The filtrate was evaporated and the 

residue was purified by column chromatography on silica gel to afford the desired 

product. 

 

Ethyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate (1) 

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with ethyl 

2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 days. 

The reaction mixture was purified by column chromatography on silica gel (PE/EA = 

10/1), which afforded the product 1 as a colorless oil (86.4 mg, 91% yield, 93% ee).  

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 
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254 nm), tR (minor) = 16.77 min, tR (major) = 22.21 min. 

1H NMR (400 MHz, CDCl3): δ 8.56 – 8.05 (m, 2H), 7.98 (dd, J = 12.5, 7.6 Hz, 4H), 

7.59 (t, J = 7.4 Hz, 1H), 7.47 (dt, J = 15.0, 7.6 Hz, 4H), 7.40 (t, J = 7.5 Hz, 2H), 5.65 

(dd, J = 9.4, 3.5 Hz, 1H), 4.05 – 3.88 (m, 2H), 2.94 (dd, J = 14.2, 9.5 Hz, 1H), 2.19 (dd, 

J = 14.2, 3.5 Hz, 1H), 1.27 (s, 3H), 1.19 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.8, 176.7, 170.8, 138.6, 136.0, 134.2, 128.9, 127.7, 

127.6, 126.8, 124.2, 120.0, 116.4, 61.0, 44.7, 42.3, 25.9, 25.1, 13.9. 

HRMS (ESI) m/z calcd. for C27H25NO4SNa [M + Na]+ 496.1553, found 496.1557 

 

Ethyl 2-(benzoylthio)-2-methylpropanoate (1) 

 

1H NMR (400 MHz, CDCl3): δ 7.95 – 7.87 (m, 2H), 7.59 – 7.53 (m, 1H), 7.43 (t, J = 

7.7 Hz, 2H), 4.22 (q, J = 7.1 Hz, 2H), 1.69 (s, 6H), 1.25 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 191.1, 174.0, 136.7, 133.6, 128.7, 127.2, 61.8, 51.2, 

26.2, 14.1. 

HRMS (ESI) m/z calcd. for C13H17O3S [M + H]+ 253.0893, found 253.0892 

 

Methyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate (2)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with 

methyl 2-bromo-2-methylpropanoate (51.7 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 2 as a colorless oil (75 mg, 82% yield, 92% 

ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 20.55 min, tR (major) = 25.32 min. 

2 

1 
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1H NMR (400 MHz, CDCl3): δ 8.52 – 8.04 (m, 2H), 8.02 – 7.94 (m, 4H), 7.60 (t, J = 

7.4 Hz, 1H), 7.52 – 7.43 (m, 4H), 7.40 (t, J = 7.4 Hz, 2H), 5.65 (dd, J = 9.5, 3.4 Hz, 

1H), 3.45 (s, 3H), 2.95 (dd, J = 14.2, 9.5 Hz, 1H), 2.14 (dd, J = 14.2, 3.4 Hz, 1H), 1.29 

(s, 3H), 1.19 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.9, 177.0, 170.7, 138.6, 136.0, 134.3, 129.0, 127.8, 

127.6, 126.8, 124.2, 120.0, 116.5, 52.1, 44.8, 44.6, 42.3, 25.7, 25.3. 

HRMS (ESI) m/z calcd. for C27H25NO4SNa [M + Na]+ 482.1397, found 482.1392 

 

Isopropyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate 

(3)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with 

isopropyl 2-bromo-2-methylpropanoate (59.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 3 as a colorless oil (67.2 mg, 69% yield, 

94% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 11.81 min, tR (major) = 13.77 min. 

1H NMR (400 MHz, CDCl3): δ 8.44 – 8.05 (m, 2H), 7.98 (dd, J = 14.3, 7.8 Hz, 4H), 

7.59 (t, J = 7.4 Hz, 1H), 7.47 (dt, J = 14.6, 7.7 Hz, 4H), 7.39 (t, J = 7.5 Hz, 2H), 5.65 

(dd, J = 9.3, 3.7 Hz, 1H), 4.94 – 4.82 (m, 1H), 2.89 (dd, J = 14.2, 9.3 Hz, 1H), 2.23 (dd, 

J = 14.2, 3.7 Hz, 1H), 1.22 (s, 3H), 1.16 (d, J = 5.3 Hz, 6H), 1.12 (d, J = 6.3 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.8, 176.3, 171.0, 138.7, 136.1, 134.2, 128.9, 127.7, 

127.6, 126.8, 124.2, 120.0, 116.5, 68.4, 44.8, 44.3, 42.3, 26.2, 24.8, 21.7(3), 21.6(6). 

HRMS (ESI) m/z calcd. for C29H29NO4SNa [M + Na]+ 510.1710, found 510.1705. 

 

tert-Butyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate 
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(4)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with tert-

butyl 2-bromo-2-methylpropanoate (68.8 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 

3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 4 as a colorless oil (60.1 mg, 60% yield, 

92% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 14.18 min, tR (major) = 16.96 min. 

1H NMR (400 MHz, CDCl3): δ 8.44 – 8.06 (m, 2H), 7.98 (dd, J = 14.0, 7.5 Hz, 4H), 

7.59 (t, J = 7.4 Hz, 1H), 7.51 -7.42 (m, 4H), 7.39 (t, J = 7.4 Hz, 2H), 5.63 (dd, J = 9.3, 

4.0 Hz, 1H), 2.82 (dd, J = 14.2, 9.3 Hz, 1H), 2.25 (dd, J = 14.2, 4.0 Hz, 1H), 1.36 (s, 

9H), 1.18 (s, 3H), 1.13 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.8, 176.1, 171.3, 138.7, 136.1, 134.1, 128.9, 

127.7(0), 127.6(6), 126.8, 124.2, 120.0, 116.5, 80.8, 44.9, 44.1, 43.0, 27.9, 26.7, 24.7. 

HRMS (ESI) m/z calcd. for C30H31NO4SNa [M + Na]+ 524.1866, found 524.1865 

 

Ethyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-diethyl-5-oxopentanoate (5)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with ethyl 

2-bromo-2-ethylbutanoate (77.8 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 days. 

The reaction mixture was purified by column chromatography on silica gel (PE/EA = 

4 
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10/1), which afforded the product 5 as a colorless oil (70.1 mg, 70% yield, 92% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 11.38 min, tR (minor) = 14.45 min. 

1H NMR (400 MHz, CDCl3): δ 8.39 – 8.06 (m, 2H), 8.02 – 7.94 (m, 4H), 7.60 (t, J = 

7.4 Hz, 1H), 7.52 – 7.43 (m, 4H), 7.39 (t, J = 7.5 Hz, 2H), 5.63 (dd, J = 9.4, 3.6 Hz, 

1H), 4.03 – 3.86 (m, 2H), 2.91 (dd, J = 14.5, 9.4 Hz, 1H), 2.15 (dd, J = 14.5, 3.6 Hz, 

1H), 1.73 -1.45 (m, 4H), 1.05 (t, J = 7.1 Hz, 3H), 0.80 (t, J = 7.4 Hz, 3H), 0.75 (t, J = 

7.4 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 190.0, 175.8, 170.8, 138.7, 136.0, 134.1, 128.8, 

127.6(1), 127.5(6), 126.7, 124.2, 119.8, 116.4, 60.6, 49.5, 44.2, 39.6, 26.8, 26.2, 13.9, 

8.2(3), 8.1(9). 

HRMS (ESI) m/z calcd. for C30H31NO4SNa [M + Na]+ 524.1866, found 524.1861 

 

Ethyl (S)-1-(2-(benzoylthio)-3-(9H-carbazol-9-yl)-3-oxopropyl)cyclobutane-1-

carboxylate (6)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with ethyl 

1-bromocyclobutane-1-carboxylate (64, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 days. 

The reaction mixture was purified by column chromatography on silica gel (PE/EA = 

10/1) which afforded the product 6 as a colorless oil (70 mg, 67% yield, 92% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 23.51 min, tR (major) = 25.69 min. 

1H NMR (400 MHz, CDCl3): δ 8.41 – 8.06 (m, 2H), 8.02 – 7.91 (m, 4H), 7.62 – 7.55 

(m, 1H), 7.51 – 7.42 (m, 4H), 7.39 (t, J = 7.4 Hz, 2H), 5.63 (dd, J = 8.8, 4.9 Hz, 1H), 

3.89 (qt, J = 7.2, 3.7 Hz, 2H), 3.02 (dd, J = 14.1, 8.9 Hz, 1H), 2.49 – 2.38 (m, 2H), 2.35 

– 2.23 (m, 2H), 2.05 – 1.79 (m, 3H), 1.01 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 190.0, 176.2, 171.0, 138.7, 136.1, 134.2, 128.9, 

127.6(two carbons overlapped), 126.8, 124.2, 119.9, 116.5, 61.0, 47.4, 45.0, 41.9, 31.3, 

6 
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30.9, 16.1, 13.9. 

HRMS (ESI) m/z calcd. for C29H27NO4SNa [M + Na]+ 508.1553, found 508.1551 

 

Ethyl (S)-1-(2-(benzoylthio)-3-(9H-carbazol-9-yl)-3-oxopropyl)cyclopentane-1-

carboxylate (7)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with ethyl 

1-bromocyclopentane-1-carboxylate (63 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 

3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 7 as a colorless oil (32 mg, 32% yield, 92% 

ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 12.85 min, tR (minor) = 15.80 min. 

1H NMR (600 MHz, CDCl3): δ 8.45 – 8.04 (m, 2H), 7.99 (ddd, J = 7.6, 1.4, 0.7 Hz, 

2H), 7.97 – 7.92 (m, 2H), 7.59 (ddt, J = 8.7, 7.2, 1.3 Hz, 1H), 7.51 – 7.43 (m, 4H), 7.39 

(td, J = 7.5, 0.9 Hz, 2H), 5.64 (dd, J = 9.3, 3.9 Hz, 1H), 3.93 – 3.82 (m, 2H), 2.97 (dd, 

J = 14.2, 9.3 Hz, 1H), 2.28 – 2.19 (m, 2H), 2.11 – 2.04 (m, 1H), 1.75 (ddd, J = 13.0, 

8.7, 7.4 Hz, 1H), 1.69 – 1.59 (m, 2H), 1.56 – 1.42 (m, 3H), 0.99 (t, J = 7.1 Hz, 3H). 

13C NMR (150 MHz, CDCl3): δ 190.0, 176.5, 170.7, 138.8, 136.1, 134.2, 129.0, 

127.7(0), 127.6(7), 126.8, 124.2, 120.0, 116.6, 61.0, 54.3, 45.5, 43.0, 36.6, 36.0, 24.5, 

24.3, 13.9. 

HRMS (ESI) m/z calcd. for C30H29NO4SNa [M + Na]+ 522.1710, found 522.1706 

 

Ethyl (S)-1-(2-(benzoylthio)-3-(9H-carbazol-9-yl)-3-oxopropyl)cyclohexane-1-

carboxylate (8)  
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According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) with ethyl 

1-bromocyclohexane-1-carboxylate (68 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 

days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 8 as a colorless solid (67.8 mg, 66% yield, 

90% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 9.99 min, tR (minor) = 12.23 min. 

1H NMR (400 MHz, CDCl3): δ 8.58 – 8.01 (m, 2H), 8.01 – 7.92 (m, 4H), 7.63 – 7.56 

(m, 1H), 7.49- 7.42 (m, 4H), 7.39 (t, J = 7.5 Hz, 2H), 5.60 (dd, J = 10.1, 2.6 Hz, 1H), 

4.07 – 3.85 (m, 2H), 2.97 (dd, J = 14.1, 10.1 Hz, 1H), 2.32 (d, J = 12.6 Hz, 1H), 2.08 – 

1.95 (m, 2H), 1.67 – 1.59 (m, 1H), 1.51 (d, J = 8.3 Hz, 2H), 1.41 – 1.31 (m, 1H), 1.20 

(d, J = 8.9 Hz, 4H), 1.02 (t, J = 7.1 Hz, 3H).  

13C NMR (100 MHz, CDCl3): δ 189.8, 175.4, 170.3, 138.5, 136.1, 134.2, 129.0, 127.8, 

127.6, 126.8, 124.2, 119.9, 116.7, 60.8, 47.1, 45.2, 43.8, 34.8, 34.3, 25.7, 23.5, 23.4, 

13.9. 

HRMS (ESI) m/z calcd. for C31H31NO4SNa [M + Na]+ 536.1866, found 536.1864 

 

Methyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dichloro-5-oxopentanoate (9)  

  

According to General procedure A, potassium benzothioate (42.2 mg, 0.24 mmol, 1.2 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (44.2 mg, 0.2 mmol, 1.0 equiv) with ethyl 

2-bromo-2,2-dichloroacetate (35.4 μL, 0.3 mmol, 1.5 equiv) stirred at 35 °C for 3 days. 

The reaction mixture was purified by column chromatography on silica gel (PE/EA = 

10/1), which afforded the product 9 as a colorless oil (18 mg, 20% yield, 89% ee). 

8 

9 

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S53 

 

HPLC analysis: Chiralcel IH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 254 

nm), tR (minor) = 10.42 min, tR (major) = 11.64 min. 

1H NMR (400 MHz, CDCl3): δ 8.60 – 8.02 (m, 2H), 8.02 – 7.92 (m, 4H), 7.65 – 7.58 

(m, 1H), 7.53 – 7.37 (m, 6H), 5.97 (dd, J = 9.7, 2.5 Hz, 1H), 3.97 (dd, J = 14.8, 9.7 Hz, 

1H), 3.81 (s, 3H), 3.05 (dd, J = 14.9, 2.5 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 188.9, 169.3, 165.9, 135.5, 134.5, 129.0, 127.7, 127.6, 

126.8, 124.3, 119.9, 82.0, 54.8, 48.9, 43.9. 

HRMS (ESI) m/z calcd. for C25H19Cl2NO4SNa [M + Na]+ 522.0304, found 522.0302 

 

(S)-S-(1-(9H-Carbazol-9-yl)-4,4,4-trichloro-1-oxobutan-2-yl) benzothioate (10)  

 

According to General procedure A, potassium benzothioate (42.2 mg, 0.24 mmol, 1.2 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (44.2 mg, 0.2 mmol, 1.0 equiv) with 

carbon tetrachloride (29 μL, 0.3 mmol, 1.5 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 10 as a colorless oil (63.6 mg, 63% yield, 91% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 9.70 min, tR (minor) = 13.66 min. 

1H NMR (600 MHz, CDCl3): δ 8.21 (s, 2H), 8.00 – 7.92 (m, 4H), 7.62 (t, J = 7.5 Hz, 

1H), 7.48 (q, J = 7.2 Hz, 4H), 7.40 (t, J = 7.5 Hz, 2H), 6.01 (dd, J = 10.1, 1.9 Hz, 1H), 

4.30 (dd, J = 14.8, 10.1 Hz, 1H), 3.27 (dd, J = 14.8, 1.9 Hz, 1H). 

13C NMR (150 MHz, CDCl3): δ 188.9, 169.0, 138.7, 135.6, 134.7, 129.1, 127.9, 127.8, 

126.9, 124.5, 120.1, 116.2, 96.5, 58.3, 44.5. 

HRMS (ESI) m/z calcd. for C23H16Cl3NO2SNa [M + Na]+ 497.9860, found 497.9858 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-2,2-dimethyl-4-((2-methylbenzoyl)thio)-5-

oxopentanoate (11) 

10 
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According to General procedure A, potassium 2-methylbenzothioate (38.0 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 11 as a colorless oil (72.3 mg, 74% yield, 

83% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 12.99 min, tR (major) = 23.08 min. 

1H NMR (400 MHz, CDCl3): δ 8.21 (s, 2H), 8.03 – 7.95 (m, 2H), 7.71 (dd, J = 7.8, 1.4 

Hz, 1H), 7.48 (ddd, J = 8.6, 7.3, 1.4 Hz, 2H), 7.39 (tt, J = 7.5, 1.3 Hz, 3H), 7.25 – 7.19 

(m, 2H), 5.57 (dd, J = 9.6, 3.4 Hz, 1H), 3.98 (ddq, J = 37.4, 10.8, 7.1 Hz, 2H), 2.98 (dd, 

J = 14.2, 9.6 Hz, 1H), 2.49 (s, 3H), 2.15 (dd, J = 14.2, 3.4 Hz, 1H), 1.28 (s, 3H), 1.20 

(s, 3H), 1.08 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 191.9, 176.8, 170.7, 138.8, 137.3, 136.4, 132.4, 131.9, 

128.7, 127.7, 126.8, 126.1, 124.2, 120.0, 116.5, 61.0, 45.3, 44.7, 42.3, 25.9, 25.2, 20.7, 

14.0. 

HRMS (ESI) m/z calcd. for C29H29NO4SNa [M + Na]+ 510.1708, found 510.1710. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-2,2-dimethyl-4-((3-methylbenzoyl)thio)-5-

oxopentanoate (12)  

 

According to General procedure A, potassium 3-methylbenzothioate (38.0 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

11 
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(PE/EA = 10/1), which afforded the product 12 as a colorless oil (72.3 mg, 74% yield, 

89% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 15.38 min, tR (major) = 18.81 min. 

1H NMR (400 MHz, CDCl3): δ 8.51 – 8.04 (m, 2H), 7.99 (d, J = 7.6 Hz, 2H), 7.76 (d, 

J = 8.5 Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.39 (t, J = 7.5 Hz, 3H), 7.33 (t, J = 7.5 Hz, 

1H), 5.63 (dd, J = 9.5, 3.5 Hz, 1H), 4.03 – 3.86 (m, 2H), 2.93 (dd, J = 14.2, 9.5 Hz, 1H), 

2.38 (s, 3H), 2.16 (dd, J = 14.2, 3.5 Hz, 1H), 1.26 (s, 3H), 1.18 (s, 3H), 1.05 (t, J = 7.1 

Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 190.0, 176.7, 170.8, 138.9, 136.1, 135.0, 128.8, 128.1, 

127.7, 126.8, 124.9, 124.2, 120.0, 116.5, 61.0, 44.7, 44.6, 42.3, 25.9, 25.1, 21.4, 13.9. 

HRMS (ESI) m/z calcd. for C29H29NO4SNa [M + Na]+ 510.1710, found 510.1710. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-2,2-dimethyl-4-((4-methylbenzoyl)thio)-5-

oxopentanoate (13)  

 

According to General procedure A, potassium 4-methylbenzothioate (38.0 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 13 as a colorless oil (68.2 mg, 70% yield, 

93% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 18.58 min, tR (major) = 22.09 min. 

1H NMR (400 MHz, CDCl3): δ 8.06 (s, 2H), 7.98 (d, J = 7.6 Hz, 2H), 7.85 (d, J = 8.3 

Hz, 2H), 7.50 – 7.44 (m, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.25 – 7.21 (m, 2H), 5.62 (dd, J 

= 9.5, 3.5 Hz, 1H), 4.03 – 3.86 (m, 2H), 2.92 (dd, J = 14.2, 9.5 Hz, 1H), 2.39 (s, 3H), 

2.16 (dd, J = 14.2, 3.5 Hz, 1H), 1.26 (s, 3H), 1.18 (s, 3H), 1.05 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 176.7, 170.9, 145.3, 138.6, 133.5, 129.6, 
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127.7(two carbons overlapped), 126.8, 124.2, 119.9, 116.5, 61.0, 44.7, 44.5, 42.3, 25.8, 

25.1, 21.8, 13.9. 

HRMS (ESI) m/z calcd. for C29H29NO4SNa [M + Na]+ 510.1710, found 510.1710. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-4-((4-methoxybenzoyl)thio)-2,2-dimethyl-5-

oxopentanoate (14)  

 

According to General procedure A, potassium 4-methoxybenzothioate (41.2 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 8/1), which afforded the product 14 as a colorless oil (40.2 mg, 40% yield, 

91% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 21.35 min, tR (minor) = 29.00 min. 

1H NMR (400 MHz, CDCl3): δ 8.49 – 8.03 (m, 2H), 7.99 (d, J = 7.5 Hz, 2H), 7.96 – 

7.90 (m, 2H), 7.51 – 7.44 (m, 2H), 7.39 (t, J = 7.5 Hz, 2H), 6.96 – 6.89 (m, 2H), 5.60 

(dd, J = 9.5, 3.5 Hz, 1H), 4.03 – 3.87 (m, 2H), 3.85 (s, 3H), 2.91 (dd, J = 14.2, 9.5 Hz, 

1H), 2.16 (dd, J = 14.2, 3.5 Hz, 1H), 1.25 (s, 3H), 1.17 (s, 3H), 1.04 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 188.2, 176.8, 171.0, 164.4, 138.7, 129.9, 128.9, 127.8, 

126.8, 124.2, 119.9, 116.6, 114.1, 61.0, 55.7, 44.8, 44.5, 42.3, 25.8, 25.1, 13.9. 

HRMS (ESI) m/z calcd. for C29H29NO5SNa [M + Na]+ 526.1659, found 526.1656. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-4-((3-chlorobenzoyl)thio)-2,2-dimethyl-5-

14 
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oxopentanoate (15)  

 

According to General procedure A, potassium 3-chlorobenzothioate (42.0 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 15 as a colorless oil (45.6 mg, 45% yield, 

88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 22.13 min, tR (major) = 27.73 min. 

1H NMR (400 MHz, CDCl3): δ 8.56 – 8.05 (m, 2H), 8.02 – 7.97 (m, 2H), 7.93 (t, J = 

1.8 Hz, 1H), 7.84 – 7.80 (m, 1H), 7.55 (ddd, J = 8.0, 2.1, 1.1 Hz, 1H), 7.48 (td, J = 8.5, 

8.0, 1.4 Hz, 2H), 7.42 – 7.36 (m, 3H), 5.66 (dd, J = 9.3, 3.7 Hz, 1H), 4.03 – 3.88 (m, 

2H), 2.90 (dd, J = 14.2, 9.3 Hz, 1H), 2.17 (dd, J = 14.2, 3.7 Hz, 1H), 1.26 (s, 3H), 1.17 

(s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 188.9, 176.6, 170.6, 138.6, 137.5, 135.3, 134.1, 130.2, 

127.8, 127.6, 126.8, 125.8, 124.3, 120.0, 116.4, 61.0, 44.9, 44.5, 42.3, 26.0, 25.0, 14.0. 

HRMS (ESI) m/z calcd. for C28H26ClNO4SNa [M + Na]+ 530.1162, found 530.1163. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-4-((2-chlorobenzoyl)thio)-2,2-dimethyl-5-

oxopentanoate (16)  

 

According to General procedure A, potassium 2-chlorobenzothioate (42.0 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

15 
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(PE/EA = 101), which afforded the product 16 as a colorless oil (66.0 mg, 65% yield, 

87% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 9.57 min, tR (minor) = 11.39 min. 

1H NMR (400 MHz, CDCl3): δ 8.42 – 8.03 (m, 2H), 8.02 – 7.97 (m, 2H), 7.61 (dd, J = 

7.7, 1.6 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.46 – 7.37 (m, 4H), 7.29 (td, J = 7.4, 1.6 Hz, 

1H), 5.61 (dd, J = 9.7, 3.3 Hz, 1H), 3.97 (ddq, J = 40.8, 10.7, 7.1 Hz, 2H), 3.00 (dd, J 

= 14.1, 9.7 Hz, 1H), 2.17 (dd, J = 14.2, 3.3 Hz, 1H), 1.28 (s, 3H), 1.20 (s, 3H), 1.06 (t, 

J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.9, 176.7, 170.2, 138.7, 136.3, 133.0, 131.1(3), 

131.1(1), 129.4, 127.8, 127.0, 126.8, 124.3, 120.0, 116.5, 61.0, 45.7, 44.6, 42.3, 25.8, 

25.2, 13.9. 

HRMS (ESI) m/z calcd. for C28H26ClNO4SNa [M + Na]+ 530.1163, found 530.1163. 

 

Ethyl (S)-4-((3-bromobenzoyl)thio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-

oxopentanoate (17)  

 

According to General procedure A, potassium 3-bromobenzothioate (47.7 mg, 0.2 

mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 10/1), which afforded the product 17 as a colorless oil (49.6 mg, 45% yield, 

98% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 23.29 min, tR (major) = 28.55 min. 

1H NMR (400 MHz, CDCl3): δ 8.48 – 8.10 (m, 2H), 8.08 (t, J = 1.7 Hz, 1H), 7.99 (d, 

J = 7.6 Hz, 2H), 7.86 (d, J = 7.9 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.51 – 7.44 (m, 2H), 

7.39 (t, J = 7.4 Hz, 2H), 7.31 (t, J = 7.9 Hz, 1H), 5.66 (dd, J = 9.3, 3.7 Hz, 1H), 4.03 – 

3.88 (m, 2H), 2.90 (dd, J = 14.2, 9.3 Hz, 1H), 2.17 (dd, J = 14.3, 3.7 Hz, 1H), 1.26 (s, 

3H), 1.17 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 
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13C NMR (100 MHz, CDCl3): δ 188.7, 176.6, 170.5, 138.6, 137.6, 137.0, 130.4(8), 

130.4(6), 127.8, 126.8, 126.2, 124.3, 123.2, 120.0, 116.4, 61.0, 44.9, 44.5, 42.3, 26.0, 

25.0, 14.0. 

HRMS (ESI) m/z calcd. for C28H26BrNO4SNa [M + Na]+ 574.0658, found 574.0658. 

 

Ethyl (S)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxo-4-((2,4,6-

trichlorobenzoyl)thio)pentanoate (18)  

 

According to General procedure A, potassium 2,4,6-trichlorobenzothioate (55.6 mg, 

0.2 mmol, 1.0 equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.4 mmol, 2.0 

equiv) with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred 

at 35 °C for 3 days. The reaction mixture was purified by column chromatography on 

silica gel (PE/EA = 10/1), which afforded the product 18 as a colorless oil (73.6 mg, 

64% yield, 85% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 20.15 min, tR (major) = 27.14 min. 

1H NMR (400 MHz, CDCl3): δ 8.80 - 7.55 (m, 4H), 7.53 – 7.44 (m, 2H), 7.40 (t, J = 

7.5 Hz, 2H), 7.31 (s, 2H), 5.67 (dd, J = 10.0, 2.8 Hz, 1H), 4.08 – 3.89 (m, 2H), 3.06 (dd, 

J = 14.2, 10.0 Hz, 1H), 2.21 (dd, J = 14.2, 2.8 Hz, 1H), 1.29 (s, 3H), 1.18 (s, 3H), 1.08 

(t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 188.7, 176.6, 169.6, 137.2, 135.0, 132.6(two carbons 

overlappeded), 128.6(two carbons overlapped), 127.7, 126.8, 124.4, 120.0, 61.1, 45.5, 

44.2, 42.4, 25.8, 25.1, 14.0. 

HRMS (ESI) m/z calcd. for C28H24Cl3NO4SNa [M + Na]+ 598.0384, found 598.0381. 

 

Methyl (S)-4-((3-bromobenzoyl)thio)-5-(3,6-di-tert-butyl-9H-carbazol-9-yl)-2,2-

18 
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dimethyl-5-oxopentanoate (19) 

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(3,3-dimethylindolin-1-yl)prop-2-en-1-one (80.4 mg, 0.4 mmol, 2.0 equiv) 

with methyl 1-bromocyclopentane-1-carboxylate (59.0 μL, 0.4 mmol, 2.0 equiv) stirred 

at 35 °C for 3 days. The reaction mixture was purified by column chromatography on 

silica gel (PE/EA = 8/1), which afforded the product 19 as a colorless oil (65.1 mg, 70% 

yield, 89% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 4.24 min, tR (minor) = 4.64 min. 

1H NMR (400 MHz, CDCl3): δ 7.96 (dd, J = 8.2, 1.7 Hz, 5H), 7.62 – 7.56 (m, 1H), 

7.54 – 7.38 (m, 5H), 5.61 (dd, J = 9.6, 3.5 Hz, 1H), 3.39 (s, 3H), 3.02 (dd, J = 14.0, 9.5 

Hz, 1H), 2.30 – 2.15 (m, 2H), 2.15 – 2.07 (m, 1H), 1.85-1.76 (m, 1H), 1.72 – 1.53 (m, 

5H), 1.43 (s, 18H). 

13C NMR (100 MHz, CDCl3): δ 190.2, 176.9, 170.1, 147.2, 138.2, 136.2, 134.2, 128.9, 

127.7, 125.2, 123.6, 116.3, 110.1, 54.3, 52.1, 45.2, 43.0, 36.3, 36.0, 34.9, 32.2, 31.8, 

24.4, 24.3. 

HRMS (ESI) m/z calcd. for C29H26BrNO4SNa [M + Na]+ 586.0658, found 586.0655 

 

Ethyl (S)-5-(acridin-10(9H)-yl)-4-(benzoylthio)-2,2-dimethyl-5-oxopentanoate (20)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(acridin-10(9H)-yl)prop-2-en-1-one (94.0 mg, 0.4 mmol, 2.0 equiv) with 

ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 

3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 101), which afforded the product 20 as a colorless oil (48.7 mg, 50% yield, 

19 
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86% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 7.45 min, tR (major) = 9.36 min. 

1H NMR (600 MHz, CDCl3): δ 8.11 – 7.51 (m, 5H), 7.44 (t, J = 7.3 Hz, 2H), 7.33 – 

7.26 (m, 3H), 7.25 – 7.13 (m, 3H), 5.18 (dd, J = 9.4, 4.6 Hz, 1H), 4.21 – 3.59 (m, 4H), 

2.78 – 2.41 (m, 1H), 2.01 (dd, J = 14.2, 4.6 Hz, 1H), 1.28 – 1.08 (m, 9H). 

13C NMR (150 MHz, CDCl3): δ 189.1, 177.0, 169.7, 138.9, 136.4, 135.1, 133.8, 128.8, 

127.4(two carbons overlapped), 126.5, 125.3, 60.9, 44.1, 42.2, 34.1, 29.8, 26.2, 14.1. 

HRMS (ESI) m/z calcd. for C29H29NO4SNa [M + Na]+ 510.1710, found 510.1712. 

 

Ethyl (S)-1-(2-(benzoylthio)-3-(indolin-1-yl)-3-oxopropyl)cyclopentane-1-

carboxylate (21) 

  

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(indolin-1-yl)prop-2-en-1-one (69.2 mg, 0.4 mmol, 2.0 equiv) with ethyl 1-

bromocyclopentane-1-carboxylate (62.2 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 

days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 8/1), which afforded the product 21 as a colorless oil (64.0 mg, 71% yield, 

88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 7.97 min, tR (major) = 9.25 min. 

1H NMR (600 MHz, CDCl3): δ 8.24 (d, J = 8.0 Hz, 1H), 7.94 (dd, J = 8.2, 1.4 Hz, 2H), 

7.63 – 7.54 (m, 1H), 7.45 (t, J = 7.9 Hz, 2H), 7.19 (t, J = 8.5 Hz, 2H), 7.03 (td, J = 7.4, 

1.0 Hz, 1H), 4.73 (dd, J = 9.7, 3.7 Hz, 1H), 4.31 (td, J = 10.3, 6.9 Hz, 1H), 4.22 (td, J 

= 10.3, 6.3 Hz, 1H), 4.11 (qd, J = 7.2, 2.1 Hz, 2H), 3.30 – 3.13 (m, 2H), 2.84 (dd, J = 

14.0, 9.7 Hz, 1H), 2.30 – 2.24 (m, 1H), 2.15 (ddd, J = 21.0, 13.2, 5.5 Hz, 2H), 1.73 – 

1.59 (m, 5H), 1.50 (dt, J = 12.8, 7.4 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H). 

13C NMR (150 MHz, CDCl3): δ 190.3, 177.1, 168.7, 143.0, 136.3, 134.0, 132.1, 128.9, 

127.6(3), 127.5(6), 124.8, 124.3, 117.5, 61.1, 54.5, 48.1, 43.2, 42.6, 36.8, 35.6, 28.1, 
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24.7, 24.4, 14.2. 

HRMS (ESI) m/z calcd. for C25H27NO4SNa [M + Na]+ 460.1553, found 460.1552. 

 

Ethyl (S)-4-(benzoylthio)-5-(3,3-dimethylindolin-1-yl)-2,2-dimethyl-5-

oxopentanoate (22)  

 

According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(3,3-dimethylindolin-1-yl)prop-2-en-1-one (80.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (55.6 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 8/1), which afforded the product 22 as a colorless oil (74.3 mg, 82% yield, 

92% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 12.84 min, tR (minor) = 16.65 min. 

1H NMR (400 MHz, CDCl3): δ 8.23 – 8.18 (m, 1H), 7.98 – 7.91 (m, 2H), 7.63 – 7.56 

(m, 1H), 7.46 (t, J = 7.8 Hz, 2H), 7.21 (ddd, J = 8.3, 7.2, 1.5 Hz, 1H), 7.14 (dd, J = 7.5, 

1.5 Hz, 1H), 7.07 (td, J = 7.4, 1.1 Hz, 1H), 4.76 (dd, J = 9.7, 3.5 Hz, 1H), 4.13 (q, J = 

7.1 Hz, 2H), 4.04 – 3.91 (m, 2H), 2.79 (dd, J = 14.1, 9.7 Hz, 1H), 2.02 (dd, J = 14.1, 

3.5 Hz, 1H), 1.41 (s, 3H), 1.31 (s, 3H), 1.29 (s, 3H), 1.26 (d, J = 7.1 Hz, 3H), 1.23 (s, 

3H). 

13C NMR (100 MHz, CDCl3): δ 190.1, 177.0, 168.6, 141.6, 141.4, 136.2, 134.0, 128.9, 

127.8, 127.5, 124.6, 120.0, 117.5, 62.6, 61.0, 44.1, 42.4, 42.3, 40.4, 28.6, 28.5, 26.1, 

24.9, 14.2. 

HRMS (ESI) m/z calcd. for C25H29NO4SNa [M + Na]+ 476.1866, found 476.1863. 

 

Methyl (S)-1-(2-(benzoylthio)-3-(3,3-dimethylindolin-1-yl)-3-

oxopropyl)cyclopentane-1-carboxylate (23)  
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According to General procedure A, potassium benzothioate (35.2 mg, 0.2 mmol, 1.0 

equiv), 1-(3,3-dimethylindolin-1-yl)prop-2-en-1-one (80.4 mg, 0.4 mmol, 2.0 equiv) 

with ethyl 2-bromo-2-methylpropanoate (59.0 μL, 0.4 mmol, 2.0 equiv) stirred at 35 °C 

for 3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 8/1), which afforded the product 23 as a colorless oil (65.1 mg, 70% yield, 

90% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 13.65 min, tR (minor) = 17.27 min. 

1H NMR (400 MHz, CDCl3): δ 8.21 (d, J = 8.1 Hz, 1H), 7.98 – 7.89 (m, 2H), 7.64 – 

7.56 (m, 1H), 7.46 (t, J = 7.8 Hz, 2H), 7.21 (ddd, J = 8.2, 7.3, 1.5 Hz, 1H), 7.14 (dd, J 

= 7.5, 1.4 Hz, 1H), 7.07 (td, J = 7.4, 1.1 Hz, 1H), 4.70 (dd, J = 9.9, 3.4 Hz, 1H), 4.01 

(d, J = 10.0 Hz, 1H), 3.91 (d, J = 10.0 Hz, 1H), 3.66 (s, 3H), 2.87 (dd, J = 14.0, 9.9 Hz, 

1H), 2.36 – 2.23 (m, 1H), 2.18 (dt, J = 11.7, 5.9 Hz, 1H), 2.07 (dd, J = 14.0, 3.4 Hz, 

1H), 1.78 – 1.61 (m, 4H), 1.58 – 1.45 (m, 2H), 1.42 (s, 3H), 1.30 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 190.3, 177.4, 168.5, 141.7, 141.5, 136.3, 134.1, 128.9, 

127.8, 127.6, 124.6, 122.0, 117.5, 62.6, 54.5, 52.3, 43.1, 42.6, 40.4, 36.5, 35.6, 28.7, 

28.6, 24.6, 24.4. 

HRMS (ESI) m/z calcd. for C27H31NO4SNa [M + Na]+ 488.1886, found 488.1885. 
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7. Copper-catalyzed chemo- and enantioselective 1,2-carbosulfidation of phenyl-

substituted acrylamides 

General procedure B 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with alkene (0.20 mmol, 1.0 equiv), benzothioic S-acid 

(0.30 mmol, 1.5 equiv), Cu(PPh3)2BH4 (12.0 mg, 0.02 mmol, 10 mol %), L*8 (11.67 

mg, 0.03 mmol, 15 mol %) and Rb2CO3 (138.6 mg, 0.60 mmol, 3.0 equiv), Then, H2O 

(3.6 μL, 0.20 mmol, 1.0 equiv) and Toluene (4.0 mL) was added by syringe under argon 

atmosphere. Finally, perchloromethane (1.0 mmol, 5.0 equiv) were sequentially added 

into the mixture and the reaction mixture was stirred at 35 °C. Upon completion 

(monitored by TLC), the precipitate was filtered off and washed by DCM. The filtrate 

was evaporated and the residue was purified by column chromatography on silica gel 

to afford the desired product. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-2-phenyl-1-(phenylamino)butan-2-yl) benzothioate 

(24)  

 

According to General procedure B, N,2-diphenylacrylamide (44.6 mg, 0.20 mmol, 1.0 

equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with perchloromethane 

(96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The reaction mixture was 

purified by column chromatography on silica gel (PE/EA = 10/1), which afforded the 

product 24 as a colorless solid (85.9 mg, 90% yield, 91% ee). 

HPLC analysis: Chiralcel ADH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 27.60 min, tR (major) = 33.09 min. 

1H NMR (400 MHz, CDCl3): δ 8.25 (s, 1H), 8.02 (d, J = 7.6 Hz, 2H), 7.68 – 7.61 (m, 

3H), 7.49 (t, J = 7.7 Hz, 2H), 7.42 – 7.34 (m, 5H), 7.28 (d, J = 7.7 Hz, 2H), 7.07 (t, J = 
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7.4 Hz, 1H), 4.32 (d, J = 16.3 Hz, 1H), 4.19 (d, J = 16.3 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 168.8, 137.7, 136.4, 136.0, 134.5, 129.1, 129.0, 

128.9, 127.8, 127.7, 124.7, 120.3, 96.8, 62.8, 57.1. 

HRMS (ESI) m/z calcd. for C23H18Cl3NO2SNa [M + Na]+ 500.0016, found 500.0013. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-2-phenyl-1-(m-tolylamino)butan-2-yl) benzothioate 

(25)  

 

According to General procedure B, 2-phenyl-N-(m-tolyl)acrylamide (47.4 mg, 0.20 

mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 25 as a colorless oil (58.9 mg, 60% yield, 86% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 6.91 min, tR (major) = 8.89 min. 

1H NMR (400 MHz, CDCl3): δ 8.22 (s, 1H), 8.08 – 8.01 (m, 2H), 7.67 (dd, J = 11.3, 

7.4 Hz, 3H), 7.52 (t, J = 7.8 Hz, 2H), 7.45 – 7.36 (m, 3H), 7.31 (s, 1H), 7.18 (d, J = 5.7 

Hz, 2H), 6.97 – 6.88 (m, 1H), 4.35 (d, J = 16.3 Hz, 1H), 4.22 (d, J = 16.3 Hz, 1H), 2.32 

(s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 168.8, 139.1, 137.6, 136.4, 134.5, 129.1, 

129.1(0), 129.0(6), 128.9, 127.8, 127.7, 125.5, 120.8, 117.2, 96.8, 62.8, 57.1, 21.6. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO2SNa [M + Na]+ 514.0173, found 514.0174. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-2-phenyl-1-(p-tolylamino)butan-2-yl) benzothioate 

(26)  

 

According to General procedure B, 2-phenyl-N-(p-tolyl)acrylamide (47.4 mg, 0.20 

mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

25 
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which afforded the product 26 as a colorless oil (78.6 mg, 80% yield, 87% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 7.78 min, tR (major) = 12.49 min. 

1H NMR (400 MHz, CDCl3): δ 8.17 (s, 1H), 8.05 – 7.98 (m, 2H), 7.70 – 7.60 (m, 3H), 

7.49 (t, J = 7.8 Hz, 2H), 7.43 – 7.32 (m, 3H), 7.27 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.3 

Hz, 2H), 4.38 – 4.16 (m, 2H), 2.27 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 168.8, 136.4, 136.2, 135.1, 134.4(9), 134.4(7), 

129.6, 129.1, 129.0, 128.9, 127.8, 127.7, 120.5, 96.8, 62.7, 57.2, 21.0. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO2SNa [M + Na]+ 514.0173, found 514.0172. 

 

(R)-S-(4,4,4-Trichloro-1-((4-methoxyphenyl)amino)-1-oxo-2-phenylbutan-2-yl) 

benzothioate (27)  

 

According to General procedure B, N-(4-methoxyphenyl)-2-phenylacrylamide (50.6 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 27 as a colorless oil (59.8 mg, 59% yield, 89% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 10.16 min, tR (major) = 14.60 min. 

1H NMR (400 MHz, CDCl3): δ 8.15 (s, 1H), 8.09 – 8.00 (m, 2H), 7.72 – 7.63 (m, 3H), 

7.52 (t, J = 7.8 Hz, 2H), 7.45 – 7.36 (m, 3H), 7.30 (d, J = 9.1 Hz, 2H), 6.86 – 6.80 (m, 

2H), 4.35 (d, J = 16.3 Hz, 1H), 4.22 (d, J = 16.3 Hz, 1H), 3.78 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 168.8, 156.9, 136.5, 136.2, 134.5, 130.7, 129.1, 

129.0, 128.9, 127.8, 127.7, 122.3, 114.2, 96.9, 62.6, 57.1, 55.6. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO3SNa [M + Na]+ 530.0122, found 530.0118. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-2-phenyl-1-((4-

(trifluoromethyl)phenyl)amino)butan-2-yl) benzothioate (28)  
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According to General procedure B, 2-phenyl-N-(4-

(trifluoromethyl)phenyl)acrylamide (50.6 mg, 0.20 mmol, 1.0 equiv), benzothioic S-

acid (35.3 μL, 0.30 mmol, 1.5 equiv), with perchloromethane (96.7 μL, 1.0 mmol, 5.0 

equiv) stirred at 35 °C for 3 days. The reaction mixture was purified by column 

chromatography on silica gel (PE/EA = 10/1), which afforded the product 28 as a yellow 

oil (60.0 mg, 55% yield, 84% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 6.32 min, tR (major) = 18.89 min. 

1H NMR (400 MHz, CDCl3): δ 8.47 (s, 1H), 8.06 – 7.98 (m, 2H), 7.69 – 7.61 (m, 3H), 

7.59 – 7.46 (m, 6H), 7.44 – 7.33 (m, 3H), 4.29 (d, J = 16.3 Hz, 1H), 4.14 (d, J = 16.3 

Hz, 1H). 

13C NMR (150 MHz, CDCl3): δ 189.7, 169.2, 140.8, 136.2, 135.4, 134.8, 129.1(9), 

129.1(7), 129.1(5), 128.4(q, J = 79.7 Hz), 127.9, 127.8, 126.7, 126.4 (q, J = 3.9 Hz), 

124.1(q, J = 271.6 Hz), 119.8, 96.6, 62.9, 57.2. 

126.37 (q, J = 3.9 Hz). 

19F NMR (565 MHz, CDCl3) δ –62.20. 

HRMS (ESI) m/z calcd. for C24H17Cl3F3NO2SNa [M + Na]+ 567.9890, found 567.9889. 

 

(R)-S-(1-([1,1'-Biphenyl]-4-ylamino)-4,4,4-trichloro-1-oxo-2-phenylbutan-2-yl) 

benzothioate (29)  

 

According to General procedure B, N-([1,1'-biphenyl]-4-yl)-2-phenylacrylamide 

(59.8 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 29 as a colorless oil (55.3 mg, 50% yield, 87% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 18.81 min, tR (major) = 26.78 min. 

1H NMR (400 MHz, CDCl3): δ 8.36 (s, 1H), 8.06 (d, J = 7.8 Hz, 2H), 7.74 – 7.64 (m, 

28 
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3H), 7.53 (q, J = 7.4 Hz, 8H), 7.46 – 7.37 (m, 5H), 7.34 (t, J = 7.3 Hz, 1H), 4.37 (d, J 

= 16.3 Hz, 1H), 4.23 (d, J = 16.3 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.5, 168.9, 140.6, 137.7, 137.0, 136.4, 136.0, 134.6, 

129.1(2), 129.0(6), 129.0, 128.9, 127.8, 127.7(8), 127.7(6), 127.3, 127.0, 120.5, 96.8, 

62.8, 57.1. 

HRMS (ESI) m/z calcd. for C29H22Cl3NO2SNa [M + Na]+ 576.0329, found 576.0327. 

 

(R)-S-(4,4,4-Trichloro-1-((3,5-dimethylphenyl)amino)-1-oxo-2-phenylbutan-2-yl) 

benzothioate (30)  

 

According to General procedure B, N-(3,5-dimethylphenyl)-2-phenylacrylamide 

(50.2 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 30 as a colorless oil (62.6 mg, 50% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 8.83 min, tR (major) = 10.47 min. 

1H NMR (400 MHz, CDCl3): δ 8.14 (s, 1H), 8.02 (d, J = 7.7 Hz, 2H), 7.65 (d, J = 7.6 

Hz, 2H), 7.52 – 7.44 (m, 4H), 7.41 – 7.33 (m, 3H), 7.05 (s, 2H), 6.72 (s, 1H), 4.32 (d, 

J = 16.3 Hz, 1H), 4.20 (d, J = 16.3 Hz, 1H), 2.25 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 168.7, 138.9, 137.6, 134.5, 132.4, 131.7, 129.1, 

129.0, 127.8, 127.7, 126.4, 117.8, 96.8, 62.7, 57.0, 21.4. 

HRMS (ESI) m/z calcd. for C25H22Cl3NO2SNa [M + Na]+ 528.0329, found 528.0328. 

 

(R)-S-(4,4,4-Trichloro-1-(naphthalen-1-ylamino)-1-oxo-2-phenylbutan-2-yl) 

benzothioate (31)  

 

According to General procedure B, 2-(3,5-di-tert-butylphenyl)-N-phenylacrylamide 

(67.0 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

30 
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reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 31 as a colorless oil (50.6 mg, 48% yield, 85% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 4.61 min, tR (minor) = 5.04 min. 

1H NMR (400 MHz, CDCl3): δ 8.49 (s, 1H), 8.11 – 8.04 (m, 2H), 7.82 – 7.74 (m, 4H), 

7.66 (t, J = 7.5 Hz, 2H), 7.55 – 7.49 (m, 2H), 7.47 – 7.38 (m, 5H), 7.33 – 7.23 (m, 2H), 

4.43 – 4.31 (m, 2H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 169.6, 136.8, 136.5, 134.6, 134.1, 132.1, 

129.1(9), 129.1(6), 129.0, 128.7, 127.8(7), 127.8(4), 127.5, 126.4, 126.2, 126.0, 125.8, 

121.3, 120.7, 97.0, 62.7, 56.8. 

HRMS (ESI) m/z calcd. for C27H20Cl3NO2SNa [M + Na]+ 635.9764, found 635.9764. 

 

(R)-S-(4,4,4-Trichloro-1-((3,5-dichlorophenyl)amino)-1-oxo-2-phenylbutan-2-yl) 

benzothioate (32)  

 

According to General procedure B, N-(3,5-dichlorophenyl)-2-phenylacrylamide (58.2 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 32 as a yellow oil (55.6 mg, 51% yield, 85% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 5.68 min, tR (major) = 8.44 min. 

1H NMR (600 MHz, CDCl3): δ 8.37 (s, 1H), 8.06 – 8.00 (m, 2H), 7.66 (ddt, J = 7.9, 

7.2, 1.3 Hz, 1H), 7.63 – 7.60 (m, 2H), 7.53 – 7.49 (m, 2H), 7.42 – 7.34 (m, 5H), 7.06 

(t, J = 1.8 Hz, 1H), 4.26 (d, J = 16.3 Hz, 1H), 4.12 (d, J = 16.3 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ189.5, 169.0, 139.4, 136.0 135.2, 135.1, 134.7, 

129.0(three carbons overlap), 127.8, 127.6, 124.4, 118.1, 96.3, 62.6, 57.0. 

HRMS (ESI) m/z calcd. for C23H16Cl5NO2SNa [M + Na]+ 567.9237, found 567.9236. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-1-(phenylamino)-2-(p-tolyl)butan-2-yl) benzothioate 

(33)  
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According to General procedure B, N-phenyl-2-(p-tolyl)acrylamide (44.6 mg, 0.20 

mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 33 as a colorless oil (60.9 mg, 62% yield, 81% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 7.73 min, tR (major) = 9.02 min. 

1H NMR (400 MHz, CDCl3): δ 8.23 (s, 1H), 8.01 (dd, J = 8.4, 1.3 Hz, 2H), 7.67 – 7.59 

(m, 1H), 7.55 – 7.45 (m, 4H), 7.42 – 7.36 (m, 2H), 7.27 (d, J = 7.6 Hz, 2H), 7.18 (d, J 

= 8.2 Hz, 2H), 7.09 – 7.04 (m, 1H), 4.30 (d, J = 16.3 Hz, 1H), 4.18 (d, J = 16.3 Hz, 1H), 

2.34 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.5, 169.0, 138.9, 137.8, 136.4, 134.5, 133.0, 129.7, 

129.1(two carbons overlapped), 127.8. 127.6, 124.6, 120.2, 96.9, 62.6, 57.0, 21.2. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO2SNa [M + Na]+ 514.0173, found 514.0172. 

 

(R)-S-(4,4,4-Trichloro-2-(4-isopropylphenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (34)  

 

According to General procedure B, 2-(4-isopropylphenyl)-N-phenylacrylamide (53.0 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 34 as a colorless oil (95.5 mg, 94% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 99/1, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 15.09 min, tR (minor) = 19.18 min. 

1H NMR (400 MHz, CDCl3): δ 8.07 – 7.99 (m, 2H), 7.67 – 7.60 (m, 1H), 7.59 – 7.52 

(m, 2H), 7.48 (t, J = 7.8 Hz, 2H), 7.43 – 7.38 (m, 2H), 7.30 – 7.20 (m, 5H), 7.11 – 7.02 
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(m, 1H), 4.34 – 4.16 (m, 2H), 2.90 (hept, J = 6.9 Hz, 1H), 1.23 (d, J = 6.9 Hz, 6H). 

13C NMR (100 MHz, CDCl3): δ 189.5, 169.0, 149.8, 137.8, 136.4, 134.4, 133.2, 

129.0(7), 129.0(6), 127.8, 127.5, 127.1, 124.6, 120.2, 97.0, 62.6, 56.9, 33.7, 23.9. 

HRMS (ESI) m/z calcd. for C26H24Cl3NO2SNa [M + Na]+ 542.0486, found 542.0484. 

 

(R)-S-(2-(4-(Tert-butyl)phenyl)-4,4,4-trichloro-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (35)  

 

According to General procedure B, 2-(4-(tert-butyl)phenyl)-N-phenylacrylamide 

(55.8 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 35 as a colorless oil (64 mg, 60% yield, 85% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 99/1, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 10.11 min, tR (minor) = 15.20 min. 

1H NMR (400 MHz, CDCl3): δ 8.24 (s, 1H), 8.05 (dd, J = 8.3, 1.4 Hz, 2H), 7.70 – 7.64 

(m, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 7.8 Hz, 2H), 7.42 (dd, J = 14.8, 8.2 Hz, 

4H), 7.30 (t, J = 7.9 Hz, 2H), 7.14 – 7.07 (m, 1H), 4.37 – 4.21 (m, 2H), 1.33 (s, 9H). 

13C NMR (100 MHz, CDCl3): δ 189.4, 169.0, 152.1, 137.8, 136.4, 134.4, 132.8, 132.4, 

132.3, 131.6(9), 131.6(6), 129.1, 129.0, 128.7, 128.6, 127.7, 127.2, 125.9, 124.6, 120.2, 

97.0, 62.5, 56.8, 34.7, 31.3. 

HRMS (ESI) m/z calcd. for C27H26Cl3NO2SNa [M + Na]+ 556.0642, found 556.0642. 

 

(R)-S-(4,4,4-Trichloro-2-(4-methoxyphenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (36)  

 

According to General procedure B, 2-(4-methoxyphenyl)-N-phenylacrylamide (50.6 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 
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perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 8/1), 

which afforded the product 36 as a colorless oil (89.2 mg, 88% yield, 92% ee). 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 23.06 min, tR (minor) = 31.78 min. 

1H NMR (400 MHz, CDCl3): δ 8.82 (s, 1H), 8.06 – 8.00 (m, 2H), 7.75 (dd, J = 7.8, 1.6 

Hz, 1H), 7.68 – 7.60 (m, 1H), 7.52 – 7.42 (m, 5H), 7.33 – 7.27 (m, 2H), 7.11 – 7.02 (m, 

2H), 6.97 – 6.91 (m, 1H), 4.43 (d, J = 16.8 Hz, 1H), 3.82 (s, 3H), 3.76 (d, J = 16.8 Hz, 

1H). 

13C NMR (100 MHz, CDCl3): δ 191.6, 169.0, 158.3, 138.3, 137.0, 134.2, 132.1, 131.0, 

129.0, 128.9, 127.6, 124.0, 120.5, 120.0(1), 119.9(7), 111.6, 96.6, 62.8, 55.8, 55.3. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO3SNa [M + Na]+ 530.0122, found 530.0120. 

 

(R)-S-(4,4,4-Trichloro-2-(3-methoxyphenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (37)  

 

According to General procedure B, 2-(3-methoxyphenyl)-N-phenylacrylamide (50.6 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 8/1), 

which afforded the product 37 as a colorless oil (71.0 mg, 70% yield, 93% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 27.64 min, tR (minor) = 34.40 min. 

1H NMR (400 MHz, CDCl3): δ 8.21 (s, 1H), 8.04 – 7.98 (m, 2H), 7.66 – 7.60 (m, 1H), 

7.48 (t, J = 7.8 Hz, 2H), 7.42 – 7.37 (m, 2H), 7.33 – 7.25 (m, 3H), 7.25 – 7.20 (m, 2H), 

7.09 – 7.04 (m, 1H), 6.87 (ddd, J = 8.0, 2.4, 1.1 Hz, 1H), 4.32 (d, J = 16.3 Hz, 1H), 4.20 

(d, J = 16.3 Hz, 1H), 3.80 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.3, 168.7, 160.0, 137.7, 137.6, 136.4, 134.5, 130.0, 

129.0(9), 129.0(7), 127.8, 124.7, 120.2, 120.0, 114.1, 113.8, 96.8, 62.5, 56.8, 55.5. 

HRMS (ESI) m/z calcd. for C24H20Cl3NO3SNa [M + Na]+ 530.0122, found 530.0121. 
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(R)-S-(4,4,4-Trichloro-2-(4-chlorophenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (38)  

 

According to General procedure B, 2-(4-chlorophenyl)-N-phenylacrylamide (51.4 mg, 

0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 38 as a yellow oil (61.3 mg, 60% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 17.57 min, tR (major) = 26.24 min. 

1H NMR (400 MHz, CDCl3): δ 8.30 (s, 1H), 8.01 (dd, J = 8.3, 1.4 Hz, 2H), 7.67 – 7.62 

(m, 1H), 7.62 – 7.58 (m, 2H), 7.50 (t, J = 7.8 Hz, 2H), 7.42 – 7.34 (m, 4H), 7.28 (t, J = 

8.0 Hz, 2H), 7.09 (t, J = 7.4 Hz, 1H), 4.29 (d, J = 16.3 Hz, 1H), 4.14 (d, J = 16.3 Hz, 

1H). 

13C NMR (100 MHz, CDCl3): δ 189.3, 168.4, 137.5, 136.2, 135.0, 134.7, 134.6, 129.3, 

129.2(three carbons overlap), 127.8, 124.9, 120.3, 96.5, 62.3, 57.1. 

HRMS (ESI) m/z calcd. for C23H17Cl4NO2SNa [M + Na]+ 533.9626, found 533.9626. 

 

(R)-S-(4,4,4-Trichloro-2-(3-fluorophenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (39)  

 

According to General procedure B, 2-(3-fluorophenyl)-N-phenylacrylamide (48.2 mg, 

0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 39 as a yellow oil (71.3 mg, 72% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 12.13 min, tR (major) = 29.06 min. 

1H NMR (400 MHz, CDCl3): δ 8.28 (s, 1H), 8.07 – 7.95 (m, 2H), 7.69 – 7.61 (m, 1H), 
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7.53 – 7.33 (m, 7H), 7.32 – 7.26 (m, 2H), 7.13 – 7.01 (m, 2H), 4.30 (d, J = 16.3 Hz, 

1H), 4.18 (d, J = 16.3 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.1, 168.2, 163.0 (d, J = 245.7 Hz), 138.7 (d, J = 7.3 

Hz), 137.5, 136.2, 134.7, 130.6 (d, J = 8.4 Hz), 129.1(7), 129.1(5), 127.8, 124.9, 123.5 

(d, J = 3.0 Hz), 120.3, 116.0 (d, J = 20.8 Hz), 115.3 (d, J = 24.0 Hz), 96.5, 62.2 (d, J = 

1.8 Hz), 57.0. 

19F NMR (376 MHz, CDCl3) δ −111.73. 

HRMS (ESI) m/z calcd. for C23H17Cl3FNO2SNa [M + Na]+ 517.9922, found 517.9920.  

 

(R)-S-(4,4,4-Trichloro-1-oxo-1-(phenylamino)-2-(3-

(trifluoromethyl)phenyl)butan-2-yl) benzothioate (40)  

 

According to General procedure B, N-phenyl-2-(3-

(trifluoromethyl)phenyl)acrylamide (58.2 mg, 0.20 mmol, 1.0 equiv), benzothioic S-

acid (35.3 μL, 0.30 mmol, 1.5 equiv), with perchloromethane (96.7 μL, 1.0 mmol, 5.0 

equiv) stirred at 35 °C for 3 days. The reaction mixture was purified by column 

chromatography on silica gel (PE/EA = 10/1), which afforded the product 40 as a yellow 

oil (103.5 mg, 95% yield, 90% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 10.66 min, tR (major) = 18.43 min. 

1H NMR (400 MHz, CDCl3): δ 8.33 (s, 1H), 8.05 – 7.99 (m, 2H), 7.94 (d, J = 1.8 Hz, 

1H), 7.90 – 7.83 (m, 1H), 7.69 – 7.60 (m, 2H), 7.52 (q, J = 7.9 Hz, 3H), 7.42 – 7.37 (m, 

2H), 7.28 (t, J = 7.9 Hz, 2H), 7.13 – 7.06 (m, 1H), 4.34 (d, J = 16.4 Hz, 1H), 4.18 (d, J 

= 16.3 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.1, 168.1, 137.4, 137.2, 136.1, 134.8, 131.4 (q, J = 

32.5Hz), 131.2, 129.6, 129.2(0), 129.1(7), 129.0, 127.8, 125.8 (q, J = 3.7 Hz), 125.1, 

124.9 (q, J = 3.7 Hz), 123.7 (q, J = 236.5 Hz), 120.4, 96.4, 62.3, 57.1. 

19F NMR (376 MHz, CDCl3) δ –62.54. 

HRMS (ESI) m/z calcd. for C24H17Cl3F3NO2SNa [M + Na]+ 567.9890, found 567.9886. 

 

Methyl (R)-3-(2-(benzoylthio)-4,4,4-trichloro-1-oxo-1-(phenylamino)butan-2-

40 

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S75 

 

yl)benzoate (41)  

 

According to General procedure B, methyl 3-(3-oxo-3-(phenylamino)prop-1-en-2-

yl)benzoate (56.2 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 

1.5 equiv), with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 

3 days. The reaction mixture was purified by column chromatography on silica gel 

(PE/EA = 8/1), which afforded the product 41 as a colorless oil (40.7 mg, 38% yield, 

99% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 6.36 min, tR (major) = 8.68 min. 

1H NMR (400 MHz, CDCl3): δ 8.36 (t, J = 1.9 Hz, 1H), 8.25 (s, 1H), 8.08 – 8.00 (m, 

3H), 7.87 (ddd, J = 8.1, 2.3, 1.1 Hz, 1H), 7.70 – 7.62 (m, 1H), 7.55 – 7.45 (m, 3H), 7.42 

– 7.35 (m, 2H), 7.28 (t, J = 8.36 Hz, 2H), 7.12 – 7.05 (m, 1H), 4.40 – 4.19 (m, 2H), 

3.93 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 189.2, 168.4, 166.5, 137.5, 136.9, 136.2, 134.7, 132.0, 

131.0, 130.1, 129.2(2), 129.1(5), 129.1, 128.9, 127.8, 124.9, 120.4, 96.6, 62.4, 56.8, 

52.6. 

HRMS (ESI) m/z calcd. for C23H18Cl3NO2SNa [M + Na]+ 500.0016, found 500.0013. 

 

(R)-S-(2-([1,1'-Biphenyl]-3-yl)-4,4,4-trichloro-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (42)  

 

According to General procedure B, 2-([1,1'-biphenyl]-3-yl)-N-phenylacrylamide 

(59.8 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 42 as a colorless oil (105 mg, 95% yield, 89% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 12.96 min, tR (major) = 18.78 min. 

41 
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1H NMR (400 MHz, CDCl3): δ 8.28 (s, 1H), 8.06 – 8.00 (m, 2H), 7.88 (t, J = 1.9 Hz, 

1H), 7.63 (ddt, J = 7.0, 4.5, 2.0 Hz, 2H), 7.56 (dd, J = 7.3, 1.8 Hz, 3H), 7.51 – 7.34 (m, 

8H), 7.26 (t, J = 7.9 Hz, 2H), 7.10 – 7.03 (m, 1H), 4.44 – 4.18 (m, 2H). 

13C NMR (100 MHz, CDCl3): δ 189.3, 168.8, 142.0, 140.6, 137.7, 136.4, 136.3, 134.6, 

129.4, 129.1(1), 129.0(9), 129.0, 127.9, 127.8(4), 127.8(0), 127.4, 126.7, 126.5, 124.8, 

120.3, 96.9, 62.8, 57.0. 

HRMS (ESI) m/z calcd. for C29H22Cl3NO2SNa [M + Na]+ 576.0329, found 576.0327. 

 

(R)-S-(4,4,4-Trichloro-2-(3,5-dimethylphenyl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (43)  

 

According to General procedure B, 2-(3,5-dimethylphenyl)-N-phenylacrylamide 

(50.2 mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), 

with perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 43 as a colorless oil (97 mg, 96% yield, 88% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 7.66 min, tR (major) = 11.38 min. 

1H NMR (400 MHz, CDCl3): δ 8.11 (s, 1H), 8.06 – 8.01 (m, 2H), 7.67 – 7.58 (m, 1H), 

7.49 (t, J = 7.9 Hz, 2H), 7.41 – 7.37 (m, 2H), 7.27 (dd, J = 7.0, 1.6 Hz, 2H), 7.24 (d, J 

= 1.4 Hz, 2H), 7.10 – 7.03 (m, 1H), 6.96 (s, 1H), 4.33 – 4.19 (m, 2H), 2.32 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 189.3, 169.1, 138.6, 137.8, 136.4, 136.1, 134.4, 130.6, 

129.0(two carbons overlapped), 127.8, 125.1, 124.6, 120.2, 97.0, 62.4, 56.7, 21.6. 

HRMS (ESI) m/z calcd. for C25H22Cl3NO2SNa [M + Na]+ 528.0329, found 528.0326. 

 

(R)-S-(4,4,4-Trichloro-2-(naphthalen-1-yl)-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (44)  

 

According to General procedure B, 2-(naphthalen-1-yl)-N-phenylacrylamide (50.2 
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mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 44 as a colorless oil (50.6 mg, 48% yield, 91% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 8.42 min, tR (major) = 12.25 min. 

1H NMR (400 MHz, CDCl3): δ 8.36 (s, 1H), 8.17 – 8.04 (m, 2H), 8.02 – 7.96 (m, 2H), 

7.95 – 7.86 (m, 2H), 7.65 – 7.58 (m, 1H), 7.47 (dddd, J = 12.6, 7.8, 6.6, 1.2 Hz, 5H), 

7.36 – 7.29 (m, 2H), 7.22 (t, J = 8.0 Hz, 2H), 7.07 – 6.99 (m, 1H), 4.53 (d, J = 16.8 Hz, 

1H), 4.10 (d, J = 16.9 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 191.2, 169.3, 137.6, 137.0, 134.5, 134.4(two carbons 

overlapped), 131.1, 129.8, 129.0(2), 128.9(9)(two carbons overlapped), 127.7(two 

carbons overlapped), 127.2, 125.8, 124.8, 124.7, 123.9, 120.5, 96.2, 65.8, 57.0. 

HRMS (ESI) m/z calcd. for C27H20Cl3NO2SNa [M + Na]+ 550.0173, found 550.0171. 

 

(R)-S-(2-(Benzofuran-3-yl)-4,4,4-trichloro-1-oxo-1-(phenylamino)butan-2-yl) 

benzothioate (45) 

 

According to General procedure B, 2-(benzofuran-3-yl)-N-phenylacrylamide (50.2 

mg, 0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 45 as a colorless oil (51.7 mg, 50% yield, 86% ee). 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 80/20, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 17.58 min, tR (minor) = 25.48 min. 

1H NMR (400 MHz, CDCl3): δ 8.42 (s, 1H), 8.00 (d, J = 7.3 Hz, 2H), 7.95 (s, 1H), 7.88 

(dd, J = 7.8, 1.3 Hz, 1H), 7.68 – 7.63 (m, 1H), 7.51 (td, J = 8.0, 2.7 Hz, 3H), 7.42 (d, J 

= 7.6 Hz, 2H), 7.36 – 7.30 (m, 2H), 7.29 (s, 1H), 7.26 (d, J = 7.4 Hz, 1H), 7.10 (t, J = 

7.4 Hz, 1H), 4.51 (d, J = 16.2 Hz, 1H), 4.22 (d, J = 16.2 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.3, 167.1, 155.5, 144.6, 137.4, 136.2, 134.6, 

129.1(two carbons overlapped), 127.7, 125.5, 125.3, 124.9, 123.6, 121.3, 120.4, 116.8, 
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112.1, 96.5, 56.7, 54.4. 

HRMS (ESI) m/z calcd. for C25H18Cl3NO3SNa [M + Na]+ 539.9965, found 539.9962. 

 

(R)-S-(4,4,4-Trichloro-1-oxo-1-(phenylamino)-2-(thiophen-3-yl)butan-2-yl) 

benzothioate (46)  

 

According to General procedure B, N-phenyl-2-(thiophen-3-yl)acrylamide (45.8 mg, 

0.20 mmol, 1.0 equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), with 

perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) stirred at 35 °C for 3 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 46 as a colorless oil (48.3 mg, 50% yield, 84% ee). 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 14.78 min, tR (major) = 22.97 min. 

1H NMR (400 MHz, CDCl3): δ 8.27 (s, 1H), 8.03 – 7.96 (m, 2H), 7.68 – 7.61 (m, 1H), 

7.52 – 7.46 (m, 3H), 7.41 (d, J = 7.9 Hz, 2H), 7.34 (dd, J = 5.2, 2.9 Hz, 1H), 7.32 – 7.26 

(m, 3H), 7.13 – 7.05 (m, 1H), 4.34 (d, J = 16.2 Hz, 1H), 4.09 (d, J = 16.2 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.2, 168.2, 137.6, 136.5, 136.2, 134.6, 129.1(two 

carbons overlapped), 127.8, 127.1, 126.8, 124.8, 124.4, 120.3, 96.8, 59.6, 56.2. 

HRMS (ESI) m/z calcd. for C21H16Cl3NO2S2Na [M + Na]+ 505.9580, found 505.9579. 
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8. Copper-catalyzed chemo- and enantioselective radical 1,2-carbosulfuration of 

styrene-type alkenes 

General procedure C 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), alkene (0.2 mmol, 1.0 equiv) Cu(MeCN)4BF4 (6.28 mg, 

0.02 mmol, 10 mol %), L*9 (16.6 mg, 0.024 mmol, 12 mol %) and Cs2CO3 (195.50 mg, 

0.60 mmol, 3.0 equiv), Then, Toluene/PhCF3/DMF (2.0 mL, (v/v/v = 6:3:1)) was added 

by syringe under argon atmosphere. Finally, tetrachloromethane (29 μL, 0.3 mmol, 1.5 

equiv) were sequentially added into the mixture and the reaction mixture was stirred at 

−20 °C. Upon completion (monitored by TLC), the precipitate was filtered off and 

washed by DCM. The filtrate was evaporated and the residue was purified by column 

chromatography on silica gel to afford the desired product. 

 

(R)-S-(3,3,3-Trichloro-1-phenylpropyl) 3,5-dimethylbenzenesulfonothioate (47) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), styrene (23 μL, 0.2 mmol, 1.0 equiv) with 

tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 47 as a colorless solid (72.6 mg, 86% yield, 91% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 22.14 min, tR (minor) = 26.42 min. 

1H NMR (400 MHz, CDCl3): δ 7.40 – 7.36 (m, 2H), 7.23 (qd, J = 4.0, 1.4 Hz, 3H), 

7.20 – 7.16 (m, 3H), 4.91 (dd, J = 8.2, 4.9 Hz, 1H), 3.48 – 3.40 (m, 2H), 2.33 (s, 6H). 
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13C NMR (100 MHz, CDCl3): δ 144.5, 139.4, 137.6, 135.6, 130.0., 128.7, 128.3, 124.7, 

96.6, 59.0, 52.6, 21.3. 

HRMS (ESI) m/z calcd. for C17H17Cl3O2S2Na [M + Na]+ 444.9628, found 444.9627. 

 

(1,3,3,3-Tetrachloropropyl)benzene11 (47) 

  
1H NMR (400 MHz, CDCl3): δ 7.50 – 7.45 (m, 2H), 7.44 – 7.34 (m, 3H), 5.33 (dd, J = 

6.5, 5.4 Hz, 1H), 3.72 – 3.49 (m, 2H). 

13C NMR (100 MHz, CDCl3): δ 140.5, 129.0, 127.5, 96.3, 62.8, 58.4. 

 

(R)-S-(3,3,3-Trichloro-1-(o-tolyl)propyl) 3,5-dimethylbenzenesulfonothioate (48). 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-methyl-2-vinylbenzene (23.6 mg, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 48 a colorless oil (70.6 mg, 81% yield, 86% ee). 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 99/1, flow rate 0.6 mL/min,  = 254 

nm), tR (minor) = 22.71 min, tR (major) = 23.45 min. 

1H NMR (400 MHz, CDCl3): δ 7.56 (s, 2H), 7.25 (s, 1H), 7.12 (tq, J = 14.9, 5.1, 4.1 

Hz, 4H), 5.07 (t, J = 6.7 Hz, 1H), 3.62 (d, J = 7.4 Hz, 2H), 2.38 (s, 6H), 2.11 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 144.1, 139.7, 136.0, 135.7, 135.2, 131.2, 128.6, 127.0, 

126.8, 125.0, 96.9, 58.8, 47.4, 21.3, 19.2. 

HRMS (ESI) m/z calcd. for C17H16Cl3FO2S2Na [M + Na]+ 462.9534, found 462.9535. 

 

(R)-S-(3,3,3-Trichloro-1-(p-tolyl)propyl) 3,5-dimethylbenzenesulfonothioate (49) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

48 
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mg, 0.24 mmol, 1.2 equiv), 1-methyl-4-vinylbenzene (26.3 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 49 as a colorless oil (55 mg, 63% yield, 88% ee) 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 19.88 min, tR (minor) = 23.25 min. 

1H NMR (400 MHz, CDCl3): δ 7.38 (s, 2H), 7.19 (s, 1H), 7.08 – 7.01 (m, 4H), 4.88 

(dd, J = 8.4, 4.7 Hz, 1H), 3.49 – 3.37 (m, 2H), 2.33 (s, 6H), 2.29 (s, 3H). 

13C NMR (100 MHz, CDCl3): δ 144.4, 139.3, 138.5, 135.3, 134.4, 129.6, 128.0, 124.6, 

95.6, 58.8, 52.3, 21.2. 

HRMS (ESI) m/z calcd. for C18H19Cl3O2S2Na [M + Na]+ 458.9784, found 458.9783. 

 

(R)-S-(1-(4-(Tert-butyl)phenyl)-3,3,3-trichloropropyl) 3,5-

dimethylbenzenesulfonothioate (50) 

 

According to General procedure B, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-(tert-butyl)-4-vinylbenzene (36.6 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 50 as a colorless oil (48.8 mg, 51% yield, 87% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 15.16 min, tR (minor) = 18.60 min. 

1H NMR (400 MHz, CDCl3): δ 7.48 (s, 2H), 7.26 – 7.23 (m, 2H), 7.19 (s, 1H), 7.11 – 

7.06 (m, 2H), 4.86 (dd, J = 8.6, 4.5 Hz, 1H), 3.51 – 3.43 (m, 2H), 2.35 (s, 6H), 1.26 (s, 

9H). 

13C NMR (100 MHz, CDCl3): δ 151.7, 144.2, 139.4, 135.5, 134.2, 127.6, 125.8, 124.7, 

96.6, 58.9, 52.2, 34.6, 31.2, 21.3. 

HRMS (ESI) m/z calcd. for C21H25Cl3O2S2Na [M + Na]+ 501.0254, found 501.0252. 

 

(R)-S-(3,3,3-Trichloro-1-(3-methoxyphenyl)propyl) 3,5-
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dimethylbenzenesulfonothioate (51) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-methoxy-3-vinylbenzene (27.8 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 51 as a colorless oil (43.4 mg, 48% yield, 89% ee) 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 25.36 min, tR (minor) = 28.22 min. 

1H NMR (400 MHz, CDCl3): δ 7.38 (s, 2H), 7.20 – 7.12 (m, 2H), 6.80 – 6.72 (m, 2H), 

6.68 – 6.66 (m, 1H), 4.86 (dd, J = 7.0, 6.0 Hz, 1H), 3.72 (s, 3H), 3.44 – 3.38 (m, 2H), 

2.33 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 159.8, 144.3, 139.3, 138.8, 135.4, 129.9, 124.6, 120.4, 

113.8(5), 113.7(7), 96.5, 58.9, 55.2, 52.4, 21.2. 

HRMS (ESI) m/z calcd. for C18H19Cl3O3S2Na [M + Na]+ 474.9733, found 474.9732. 

 

(R)-S-(3,3,3-Trichloro-1-(4-fluorophenyl)propyl) 3,5-

dimethylbenzenesulfonothioate (52) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-fluoro-4-vinylbenzene (23.9 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 52 as a colorless oil (47.5 mg, 54% yield, 87% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

214 nm), tR (major) = 23.95 min, tR (minor) = 25.43 min. 

1H NMR (400 MHz, CDCl3): δ 7.32 (s, 2H), 7.22 – 7.13 (m, 3H), 6.91 (t, J = 8.6 Hz, 

2H), 4.94 (dd, J = 8.9, 4.2 Hz, 1H), 3.44 – 3.31 (m, 2H), 2.33 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 162.5 (d, J = 248.5 Hz), 144.4, 139.4, 135.5, 133.4 (d, 
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J = 3.3 Hz), 130.1 (d, J = 8.3 Hz), 124.5, 115.8 (d, J = 21.9 Hz), 96.3, 58.8, 51.7, 21.2. 

19F NMR (376 MHz, CDCl3): δ −112.59. 

HRMS (ESI) m/z calcd. for C17H16Cl3FO2S2Na [M + Na]+ 462.9534, found 462.9535. 

 

(R)-S-(3,3,3-Trichloro-1-(3-fluorophenyl)propyl) 3,5-

dimethylbenzenesulfonothioate (53) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-fluoro-3-vinylbenzene (23.8 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 53 as a colorless oil (23 mg, 26% yield, 87% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 20.99 min, tR (minor) = 23.31 min. 

1H NMR (400 MHz, CDCl3): δ 7.36 (s, 2H), 7.24 – 7.17 (m, 2H), 7.01 – 6.97 (m, 1H), 

6.94 – 6.84 (m, 2H), 4.89 (dd, J = 8.5, 4.5 Hz, 1H), 3.42 (dd, J = 15.2, 4.6 Hz, 1H), 3.36 

(dd, J = 15.2, 8.6 Hz, 1H), 2.34 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 162.7 (d, J = 247.7 Hz), 144.2, 140.0 (d, J = 7.2 Hz), 

139.4, 135.6, 130.4 (d, J = 8.4 Hz), 124.6, 124.0 (d, J = 3.0 Hz), 115.5 (d, J = 21.0 Hz), 

115.2 (d, J = 22.4 Hz), 96.3, 58.8, 51.8 (d, J = 8.0 Hz), 51.7, 21.2. 

19F NMR (376 MHz, CDCl3): δ −111.70. 

HRMS (ESI) m/z calcd. for C17H16Cl3FO2S2Na [M + Na]+ 462.9534, found 462.9532. 

 

(R)-S-(3,3,3-Trichloro-1-(3-chlorophenyl)propyl) 3,5-

dimethylbenzenesulfonothioate (54) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-chloro-3-vinylbenzene (24.0 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 
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reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 54 as a colorless oil (45.6 mg, 50% yield, 87% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 21.32 min, tR (minor) = 24.99 min. 

1H NMR (400 MHz, CDCl3): δ 7.34 (s, 2H), 7.22 – 7.09 (m, 5H), 4.91 (dd, J = 8.3, 4.5 

Hz, 1H), 3.45 – 3.32 (m, 2H), 2.35 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 144.3, 139.8, 139.5, 135.7, 134.8, 130.0, 128.7, 128.4, 

126.6, 125.0, 96.3, 58.9, 51.8, 21.3. 

HRMS (ESI) m/z calcd. for C17H16Cl4O2S2Na [M + Na]+ 478.9238, found 478.9240. 

 

(R)-S-(1-([1,1'-Biphenyl]-4-yl)-3,3,3-trichloropropyl) 3,5-

dimethylbenzenesulfonothioate (55) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 4-vinyl-1,1'-biphenyl (36.0 mg, 0.2 mmol, 1.0 equiv) with 

tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 55 as a colorless oil (69.7 mg, 70% yield, 87% ee). 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 28.77 min, tR (minor) = 37.28 min. 

1H NMR (400 MHz, CDCl3): δ 7.55 – 7.50 (m, 2H), 7.47 – 7.37 (m, 6H), 7.37 – 7.32 

(m, 1H), 7.26 – 7.22 (m, 2H), 7.15 (s, 1H), 4.97 (dd, J = 7.8, 5.2 Hz, 1H), 3.50 – 3.41 

(m, 2H), 2.28 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 144.4, 141.3, 140.0, 139.3, 136.5, 135.4, 128.9, 128.6, 

127.7, 127.4, 126.9, 124.6, 96.6, 58.9, 52.2, 21.2. 

HRMS (ESI) m/z calcd. for C23H21Cl3O2S2Na [M + Na]+ 520.9941, found 520.9942. 

 

(R)-S-(3,3,3-Trichloro-1-(4-phenoxyphenyl)propyl) 3,5-

dimethylbenzenesulfonothioate (56) 
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According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 1-phenoxy-4-vinylbenzene (37 μL, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 56 as a colorless oil (61 mg, 59% yield, 86% ee) 

HPLC analysis: Chiralcel ID (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 254 

nm), tR (minor) = 18.51 min, tR (major) = 19.38 min. 

1H NMR (400 MHz, CDCl3): δ 7.42 (s, 2H), 7.34 (m, 2H), 7.22 (s, 1H), 7.16 – 7.10 (m, 

3H), 7.00 – 6.94 (m, 2H), 6.88 – 6.82 (m, 2H), 4.91 (dd, J = 8.9, 4.3 Hz, 1H), 3.48 – 

3.43 (m, 1H), 3.39 (dd, J = 15.1, 8.9 Hz, 1H), 2.36 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 157.9, 156.3, 144.4, 139.4, 135.5, 131.7, 129.9, 129.6, 

124.6, 123.9, 119.4, 118.5, 96.5, 58.9, 52.0, 21.2.  

HRMS (ESI) m/z calcd. for C23H21Cl3O3S2Na [M + Na]+ 536.9890, found 536.9888. 

 

(R)-S-(3,3,3-Trichloro-1-(4-(methylthio)phenyl)propyl) 3,5-

dimethylbenzenesulfonothioate (57) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), methyl(4-vinylphenyl)sulfane (30 mg, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 57 as a colorless oil (64.6 mg, 69% yield, 90% ee) 

HPLC analysis: Chiralcel OZ3 (n-Hexane/i-PrOH = 98/2, flow rate 0.6 mL/min,  = 

254 nm), tR (major) = 29.64 min, tR (minor) = 36.25 min. 

1H NMR (400 MHz, CDCl3): δ 7.35 (s, 2H), 7.18 (s, 1H), 7.11 – 7.04 (m, 4H), 4.90 

(dd, J = 8.7, 4.4 Hz, 1H), 3.46 – 3.40 (m, 1H), 3.40 – 3.34 (m, 1H), 2.44 (s, 3H), 2.34 

(s, 6H). 

13C NMR (100 MHz, CDCl3): δ 144.5, 139.5, 139.4, 135.5, 133.9, 128.7, 126.2, 124.7, 
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96.6, 58.8, 52.2, 21.3, 15.4. 

HRMS (ESI) m/z calcd. for C18H19Cl3O2S3Na [M + Na]+ 490.9503, found 490.9502. 

 

(R)-S-(1-(Benzo[d][1,3]dioxol-5-yl)-3,3,3-trichloropropyl) 3,5-

dimethylbenzenesulfonothioate (58)  

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 5-vinylbenzo[d][1,3]dioxole (29.6 mg, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 10/1), 

which afforded the product 58 as a colorless oil (28 mg, 30% yield, 83% ee). 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 16.40 min, tR (minor) = 20.19 min. 

1H NMR (400 MHz, CDCl3): δ 7.41 – 7.35 (m, 2H), 7.22 – 7.18 (m, 1H), 6.71 – 6.62 

(m, 2H), 6.60 (d, J = 1.7 Hz, 1H), 5.92 (dd, J = 7.4, 1.4 Hz, 2H), 4.85 (dd, J = 8.9, 4.2 

Hz, 1H), 3.45 – 3.28 (m, 2H), 2.35 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 148.1, 147.9, 144.6, 139.4, 135.4, 131.0, 124.7, 122.3, 

108.4, 108.3, 101.5, 96.6, 77.5, 77.2, 76.8, 59.0, 52.5, 21.3. 

HRMS (ESI) m/z calcd. for C18H17Cl3O4S2Na [M + Na]+ 488.9526, found 488.9525. 

 

(R)-S-(1-(Benzo[b]thiophen-3-yl)-3,3,3-trichloropropyl) 3,5-

dimethylbenzenesulfonothioate (59) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 3-vinylbenzo[b]thiophene (32 mg, 0.2 mmol, 1.0 equiv) 

with tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 59 as a colorless oil (63.1 mg, 65% yield, 94% ee) 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

59 
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254 nm), tR (major) = 9.90 min, tR (minor) = 11.27 min. 

1H NMR (400 MHz, CDCl3): δ 7.78 – 7.72 (m, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.36 (s, 

1H), 7.34 – 7.27 (m, 4H), 7.10 (s, 1H), 5.29 (dd, J = 8.5, 4.2 Hz, 1H), 3.70 – 3.57 (m, 

2H), 2.27 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 143.7, 140.4, 139.2, 136.2, 135.3, 131.0, 126.6, 124.9, 

124.6, 124.4, 122.9, 121.4, 96.6, 58.0, 45.8, 21.2. 

HRMS (ESI) m/z calcd. for C19H17Cl3O2S3Na [M + Na]+ 500.9348, found 500.9350. 

 

(R)-S-(3,3,3-Trichloro-1-(quinolin-3-yl)propyl) 3,5-

dimethylbenzenesulfonothioate (60) 

 

According to General procedure C, sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), 3-vinylquinoline (31 mg, 0.2 mmol, 1.0 equiv) with 

tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The 

reaction mixture was purified by column chromatography on silica gel (PE/EA = 20/1), 

which afforded the product 60 as a colorless oil (47 mg, 50% yield, 86% ee) 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 28.69 min, tR (major) = 36.33 min. 

1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 2.4 Hz, 1H), 8.03 (dd, J = 8.4, 1.1 Hz, 1H), 

7.94 (d, J = 2.3 Hz, 1H), 7.76 – 7.66 (m, 2H), 7.55 (ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.20 

– 7.15 (m, 2H), 6.88 (tt, J = 1.6, 0.8 Hz, 1H), 5.17 (dd, J = 8.0, 4.9 Hz, 1H), 3.57 – 3.46 

(m, 2H), 2.13 – 2.08 (m, 6H). 

13C NMR (100 MHz, CDCl3): δ 150.2, 147.6, 144.2, 139.4, 135.4(two carbons 

overlapped), 130.7, 130.3, 129.4, 127.9, 127.4, 127.3, 124.4, 96.3, 58.6, 50.1, 21.0. 

HRMS (ESI) m/z calcd. for C20H18Cl3NO2S2Na [M + Na]+ 459.9737, found 459.9735 
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9. Synthetic utility  

Large-scale reaction 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium thiocarboxylates (2.0 mmol, 1.0 equiv), 

alkene (4.0 mmol, 2.0 equiv) Cu(MeCN)4BF4 (0.2 mmol, 10 mol %), L*6 (0.3 mmol, 

15 mol %) and Cs2CO3 (6.0 mmol, 3.0 equiv), Then, diisopropyl ether (16.0 mL) was 

added by syringe under argon atmosphere. Finally, radical precursor (4.0 mmol, 2.0 

equiv) were sequentially added into the mixture and the reaction mixture was stirred at 

35 °C. Upon completion (monitored by TLC), the precipitate was filtered off and 

washed by DCM. The reaction mixture was purified by column chromatography on 

silica gel (PE/EA = 10/1), which afforded the product 1 as a colorless oil (747.0 mg, 

79% yield, 93% ee). 
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Large-scale reaction 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with alkene (2.0 mmol, 1.0 equiv), benzothioic S-acid 

(3.0 mmol, 1.5 equiv), Cu(PPh3)2BH4 (0.2 mmol, 10 mol %), L*8 (0.3 mmol, 15 mol %) 

and Rb2CO3 (6.0 mmol, 3.0 equiv), Then, Toluene (16.0 mL) was added by syringe 

under argon atmosphere. Finally, perchloromethane (10.0 mmol, 5.0 equiv) were 

sequentially added into the mixture and the reaction mixture was stirred at 35 °C. Upon 

completion (monitored by TLC), the precipitate was filtered off and washed by DCM. 

The reaction mixture was purified by column chromatography on silica gel (PE/EA = 

10/1), which afforded the product 24 as a colorless oil (716 mg, 75% yield, 94% ee). 
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Synthesis of 61 

Compound 1 (94.6 mg, 0.20 mmol, 93% ee) was dissolved in HCl-EtOH (10.0 M, 2.0 

mL), and the resulting mixture was stirred at room temperature for 8 h. Upon 

completion, the reaction mixture was diluted with EA (10 mL) and washed with H₂O 

(3 × 10 mL). The organic layer was dried over anhydrous Na2SO4 and concentrated 

under reduced pressure. The residue was purified by silica gel column chromatography 

(PE/EA = 20/1) to afford 61 as a colorless oil (66.9 mg, 95% yield, 93% ee). 

 

Diethyl (S)-4-(benzoylthio)-2,2-dimethylpentanedioate (61) 

 

 

HPLC analysis: Chiralcel ADH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 12.99 min, tR (major) = 16.31 min. 

1H NMR (400 MHz, CDCl3): δ 7.97 – 7.88 (m, 2H), 7.63 – 7.52 (m, 1H), 7.45 (dd, J = 

8.4, 7.2 Hz, 2H), 4.44 (dd, J = 8.3, 5.6 Hz, 1H), 4.19 (qd, J = 7.1, 1.5 Hz, 2H), 4.12 (q, 

J = 7.1 Hz, 2H), 2.46 (dd, J = 14.4, 8.4 Hz, 1H), 2.11 (dd, J = 14.4, 5.7 Hz, 1H), 1.28 

(q, J = 4.0 Hz, 6H), 1.24 (q, J = 4.0 Hz, 6H). 

13C NMR (100 MHz, CDCl3): δ 189.6, 176.9, 171.9, 136.4, 133.9, 128.9, 127.5, 61.9, 

60.9, 42.7, 42.2, 42.1, 25.8, 24.9, 14.2, 14.1. 

HRMS (ESI) m/z calcd. for C18H24O5SNa [M + Na]+ 375.1237, found 375.1235 
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Synthesis of 62 

In a round-bottomed flask (10 mL) equipped with a stir bar, a solution of the 24 (47.7 

mg, 0.1 mmol, 1.0 equiv) in MeOH (2.0 mL) was prepared. The solution was cooled to 

0 °C. NaBH4 (18.9 mg, 0.5 mmol, 5.0 equiv) was added and the mixture was stirred at 

room temperature for 4 hours. the reaction mixture was quenched by adding 3N HCl 

(aq.) and concentrated. The residue was purified by column chromatography on silica 

gel (PE/DCM = 5/1) to afford the product 62 (29.8 mg, 80%, 95% ee) as a colorless 

solid. 

 

(R)-4,4,4-Trichloro-2-mercapto-N,2-diphenylbutanamide (62) 

 

 

HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 254 

nm), tR (minor) = 24.58 min, tR (major) = 30.85 min. 

1H NMR (400 MHz, CDCl3): δ 9.19 (s, 1H), 7.61 – 7.54 (m, 4H), 7.37 (q, J = 6.9 Hz, 

5H), 7.17 (t, J = 7.4 Hz, 1H), 4.54 (d, J = 15.4 Hz, 1H), 3.64 (d, J = 15.5 Hz, 1H), 3.11 

(s, 1H). 

13C NMR (100 MHz, CDCl3): δ 169.4, 138.7, 129.6, 129.2, 128.3, 128.0, 124.8, 120.0, 

98.7, 57.3, 52.1. 

HRMS (ESI) m/z calcd. for C16H14Cl3NOSNa [M + Na]+ 395.9754, found 395.9755 
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Synthesis of 63 

 

To a mixture of copper(II) sulfate (3.2 mg, 0.02 mmol, 10 mol%) and sodium 

bicarbonate (67.2 mg, 0.80 mmol, 4.0 equiv.) was added a solution of corresponding 

thiosulfonates 47 (84.4 mg, 0.20 mmol, 1.0 equiv, 90% ee) and (4-

(ethoxycarbonyl)phenyl)boronic acid (116.4 mg, 0.6 mmol, 3.0 equiv.) dissolved in 

methanol (5.0 mL) at room temperature. After stirring for 48 hours at the same 

temperature, the mixture was passed through a short pad of silica gel with EA and then 

concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (PE /EA = 100/1 ~ 20/1) to give product 63 (62.7 mg, 

78%, 89% ee) as a white solid. 

 

Ethyl (R)-4-((3,3,3-trichloro-1-phenylpropyl)thio)benzoate (63) 

 

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 99/1, flow rate 0.6 mL/min,  = 

254 nm), tR (minor) = 13.39 min, tR (major) = 15.31 min. 

1H NMR (400 MHz, CDCl3): δ 7.95 – 7.89 (m, 2H), 7.41 – 7.33 (m, 4H), 7.33 – 7.28 

(m, 2H), 7.27 –7.22 (m, 1H), 4.77 (dd, J = 8.6, 3.3 Hz, 1H), 4.36 (q, J = 7.1 Hz, 2H), 

3.49 (dd, J = 15.1, 8.6 Hz, 1H), 3.30 (dd, J = 15.1, 3.3 Hz, 1H), 1.38 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 166.2, 140.4, 139.6, 130.8, 130.2, 129.3, 128.9, 128.4, 

128.2, 97.5, 61.2, 59.5, 49.7, 14.4. 

HRMS (ESI) m/z calcd. for C18H17Cl3O2SNa [M + Na]+ 424.9907, found 424.9905 

63 
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Additional Substrate Scope 

 

 

Compounds 68, 72, and 74 were synthesized according to General Procedure A: sulfur 

source substrates (0.2 mmol, 1.0 equiv), acrylamide substrates (0.4 mmol, 2.0 equiv) 

with radical precursor (0.4 mmol, 2.0 equiv) stirred at 35 °C for 3 days. The reaction 

mixture was purified by column chromatography on silica gel (PE/EA = 10/1), which 

afforded the product. 

Compounds 71 were synthesized according to General Procedure C: sulfur source 

substrates (0.24 mmol, 1.2 equiv), styrene (0.2 mmol, 1.0 equiv) with 

tetrachloromethane (0.3 mmol, 1.5 equiv) stirred at −20 °C for 7 days. The reaction 

mixture was purified by column chromatography on silica gel (PE/EA = 40/1), which 

afforded the product 47. 

 

Ethyl (S)-4-(benzoylthio)-5-(methoxy(methyl)amino)-2,2-dimethyl-5-

oxopentanoate (68). 
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HPLC analysis: Chiralcel IG (n-Hexane/i-PrOH = 90/10, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 18.05 min, tR (minor) = 20.40 min.  

1H NMR (400 MHz, CDCl3): δ 8.00 – 7.88 (m, 2H), 7.62 – 7.53 (m, 1H), 7.44 (t, J = 

7.8 Hz, 2H), 5.21 – 4.90 (m, 1H), 4.14 (qd, J = 7.1, 3.0 Hz, 2H), 3.80 (s, 3H), 3.21 (s, 

3H), 2.52 (dd, J = 14.2, 8.8 Hz, 1H), 2.06 (dd, J = 14.2, 4.9 Hz, 1H). 

13C NMR (100 MHz, CDCl3): δ 189.9, 177.1, 136.5, 133.8, 128.8, 127.5, 60.9, 43.2, 

42.3, 26.1, 24.6, 14.2. 

HRMS (ESI) m/z calcd. for C18H25NO5SNa [M + Na]+ 390.1346, found 390.1344 

 

(R)-S-(1-([1,1'-Biphenyl]-4-yl)-3,3,3-trichloropropyl) benzothioate (71). 

  

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 99.5/0.5, flow rate 0.5 mL/min, 

 = 254 nm), tR (major) = 25.90 min, tR (minor) = 30.13 min.  

1H NMR (400 MHz, CDCl3): δ 8.00 – 7.91 (m, 2H), 7.61 – 7.55 (m, 5H), 7.51 (d, J = 

8.4 Hz, 2H), 7.47 – 7.40 (m, 4H), 7.36 – 7.32 (m, 1H), 5.37 (dd, J = 8.2, 4.6 Hz, 1H), 

3.62 – 3.49 (m, 2H). 

13C NMR (100 MHz, CDCl3): δ 189.9, 141.0, 140.6, 138.9, 136.5, 133.9, 128.9, 128.9, 

128.8, 127.6, 127.6, 127.5, 127.2, 97.4, 59.6, 45.4. 

HRMS (ESI) m/z calcd. for C22H17Cl3OSNa [M + Na]+ 456.9958, found 456.9957. 

 

Ethyl (S)-4-(acetylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate (72). 

  

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 98/2, flow rate 1.0 mL/min,  = 

254 nm), tR (major) = 23.56 min, tR (minor) = 32.32 min.  

1H NMR (400 MHz, CDCl3): δ 8.30 – 8.05 (m, 2H), 8.04 – 7.94 (m, 2H), 7.48 (ddd, J 

68 

71 
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= 8.5, 7.3, 1.4 Hz, 2H), 7.40 (td, J = 7.4, 1.0 Hz, 2H), 5.45 (dd, J = 9.3, 3.8 Hz, 1H), 

4.03 – 3.85 (m, 2H), 2.81 (dd, J = 14.3, 9.3 Hz, 1H), 2.37 (s, 3H), 2.09 (dd, J = 14.2, 

3.9 Hz, 1H), 1.22 (s, 3H), 1.14 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 

13C NMR (100 MHz, CDCl3): δ 193.9, 176.7, 170.8, 127.7, 126.8, 124.2, 120.0, 61.0, 

44.9, 44.5, 42.2, 30.4, 26.1, 25.0, 14.0. 

HRMS (ESI) m/z calcd. for C23H25NO4SNa [M + Na]+ 434.1397, found 434.1398. 

 

Benzyl (S)-4-(benzoylthio)-5-(9H-carbazol-9-yl)-2,2-dimethyl-5-oxopentanoate 

(74). 

  

HPLC analysis: Chiralcel ODH (n-Hexane/i-PrOH = 95/5, flow rate 1.0 mL/min,  = 

254 nm), tR (minor) = 14.14 min, tR (major) = 20.87 min. 

1H NMR (400 MHz, CDCl3): δ 8.30 – 8.06 (m, 2H), 7.94 (td, J = 8.5, 8.1, 1.4 Hz, 4H), 

7.61 – 7.56 (m, 1H), 7.47 – 7.42 (m, 4H), 7.37 (td, J = 7.5, 1.0 Hz, 2H), 7.23 – 7.18 (m, 

3H), 7.13 (dt, J = 4.8, 3.7 Hz, 2H), 5.65 (dd, J = 9.4, 3.5 Hz, 1H), 4.99 – 4.86 (m, 2H), 

2.98 (dd, J = 14.2, 9.4 Hz, 1H), 2.19 (dd, J = 14.2, 3.5 Hz, 1H), 1.30 (s, 3H), 1.22 (s, 

3H). 

13C NMR (100 MHz, CDCl3): δ 189.9, 176.5, 170.7, 136.1, 136.0, 134.2, 129.0, 128.4, 

128.0, 127.8, 127.8, 127.7, 126.8, 125.9, 124.2, 120.4, 120.0, 116.5, 66.6, 44.7, 44.7, 

42.5, 25.7, 25.2. 

HRMS (ESI) m/z calcd. for C33H29NO4SNa [M + Na]+ 558.1718, found 558.1711 

74 
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10. Radical trap experiments 

Control experiment with TEMPO 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium benzothioate (35.2 mg, 0.20 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.40 mmol, 2.0 equiv) 

Cu(MeCN)4BF4 (6.28 mg, 0.02 mmol, 10 mol %), L*6 (19.75 mg, 0.03 mmol, 15 

mol %), TEMPO (93.8 mg, 0.60 mmol, 3.0 equiv) and Cs2CO3 (195.6 mg, 0.60 mmol, 

3.0 equiv), Then, diisopropyl ether (4.0 mL) was added by syringe under argon 

atmosphere. Finally, ethyl 2-bromo-2-methylpropanoate (55.7 μl, 0.40 mmol, 2.0 equiv) 

were sequentially added into the mixture and the reaction mixture was stirred at 35 °C. 

Upon completion, the reaction was filtered through a pad of celite and rinsed with DCM. 

The filtrate was concentrated and the residue was purified by column chromatography 

on silica gel to afforded 64 (49.8 mg, 54% yield). No product 1 was observed. 

 

Ethyl 2-methyl-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)propanoate (64), these 

data are consistent with the literature.12 

 
1H NMR (400 MHz, CDCl3): δ 4.17 (q, J = 7.1 Hz, 2H), 1.51 - 1.43(m, 12H), 1.31 (t, 

J = 7.1 Hz, 3H), 1.15 (s, 6H), 1.00 (s, 6H). 

13C NMR (100 MHz, CDCl3): δ 175.5, 80.4, 60.0, 58.9, 40.0, 32.8, 23.7, 19.8, 16.4, 

13.6. 

HRMS (ESI) m/z calcd. for C15H29NO3 [M + H]+ 272.2215, found 272.2219 
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Control experiment with BHT 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium benzothioate (35.2 mg, 0.20 mmol, 1.0 

equiv), 1-(9H-carbazol-9-yl)prop-2-en-1-one (88.4 mg, 0.40 mmol, 2.0 equiv) 

Cu(MeCN)4BF4 (6.28 mg, 0.02 mmol, 10 mol %), L*6 (19.75 mg, 0.03 mmol, 15 

mol %), BHT (220.4 mg, 1.0 mmol, 5.0 equiv) and Cs2CO3 (195.50 mg, 0.60 mmol, 

3.0 equiv), Then, diisopropyl ether (4.0 mL) was added by syringe under argon 

atmosphere. Finally, ethyl 2-bromo-2-methylpropanoate (55.7 μl, 0.40 mmol, 2.0 equiv) 

were sequentially added into the mixture and the reaction mixture was stirred at 35 °C. 

Upon completion, the reaction was filtered through a pad of celite and rinsed with DCM. 

The filtrate was concentrated and the residue was purified by column chromatography 

on silica gel to afforded 65 (44.0 mg, 33% yield) and product 1 (35.0 mg, 37% yield) 

 

Ethyl 2-(3,5-di-tert-butyl-1-methyl-4-oxocyclohexa-2,5-dien-1-yl)-2-

methylpropanoate (65), these data are consistent with the literature13. 

 
1H NMR (400 MHz, CDCl3): δ 6.56 (s, 2H), 4.14 (q, J = 7.1 Hz, 2H), 1.31 – 1.28 (m, 

3H), 1.24 (s, 18H), 1.21 (s, 3H), 1.15 (s, 6H). 

HRMS (ESI) m/z calcd. for C21H34O3Na [M + Na]+ 357.2400, found 357.2399 
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Control experiment with TEMPO and BHT  

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with N,2-diphenylacrylamide (44.6 mg, 0.20 mmol, 1.0 

equiv), benzothioic S-acid (35.3 μL, 0.30 mmol, 1.5 equiv), Cu(PPh3)2BH4 (12.0 mg, 

0.02 mmol, 10 mol %), TEMPO (93.8 mg, 0.60 mmol, 3.0 equiv) or BHT (220.4 mg, 

1.0 mmol, 5.0 equiv) L*8 (11.67 mg, 0.03 mmol, 15 mol %) and Rb2CO3 (138.6 mg, 

0.60 mmol, 3.0 equiv), Then, Toluene (4.0 mL) was added by syringe under argon 

atmosphere. Finally, perchloromethane (96.7 μL, 1.0 mmol, 5.0 equiv) were 

sequentially added into the mixture and the reaction mixture was stirred at 35 °C. No 

product 24 was observed. 
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Control experiment with TEMPO 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), styrene (23 μL, 0.2 mmol, 1.0 equiv) Cu(MeCN)4BF4 (6.28 

mg, 0.02 mmol, 10 mol %), TEMPO (93.8 mg, 0.60 mmol, 3.0 equiv), L*9 (16.6 mg, 

0.024 mmol, 12 mol %) and Cs2CO3 (195.50 mg, 0.60 mmol, 3.0 equiv), Then, 

Toluene/PhCF3/DMF (2.0 mL, (v/v/v = 6:3:1)) was added by syringe under argon 

atmosphere. Finally, tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) were 

sequentially added into the mixture and the reaction mixture was stirred at −20 °C. No 

product 47 was observed. 

 

Control experiment with BHT 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), styrene (23 μL, 0.2 mmol, 1.0 equiv) Cu(MeCN)4BF4 (6.28 

mg, 0.02 mmol, 10 mol %), BHT (220.4 mg, 1.0 mmol, 5.0 equiv), L*9 (16.6 mg, 0.024 

mmol, 12 mol %) and Cs2CO3 (195.50 mg, 0.60 mmol, 3.0 equiv), Then, 

Toluene/PhCF3/DMF (2.0 mL, (v/v/v = 6:3:1)) was added by syringe under argon 

atmosphere. Finally, tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) were 

sequentially added into the mixture and the reaction mixture was stirred at −20 °C. 

Upon completion, the reaction was filtered through a pad of celite and rinsed with DCM. 

The filtrate was concentrated and the residue was purified by column chromatography 

on silica gel to afford 66 (53.1 mg, 79% yield) and product 47 (26.1 mg, 31% yield). 

 

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S100 

 

2,6-Di-tert-butyl-4-methyl-4-(trichloromethyl)cyclohexa-2,5-dien-1-one (66), these 

data are consistent with the literature14. 

  
1H NMR (400 MHz, CDCl3): δ 6.98 (s, 2H), 2.27 (s, 3H), 1.43 (s, 18H). 

HRMS (ESI) m/z calcd. for C16H23Cl3ONa [M + Na]+ 359.0707, found 359.0705 

  

66 
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Radical clock experiment 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with sodium 3,5-dimethylbenzenesulfonothioate (53.8 

mg, 0.24 mmol, 1.2 equiv), (1-(2-phenylcyclopropyl)vinyl)benzene (44.0 mg, 0.2 

mmol, 1.0 equiv), Cu(MeCN)4BF4 (6.28 mg, 0.02 mmol, 10 mol %), L*9 (16.6 mg, 

0.024 mmol, 12 mol %) and Cs2CO3 (195.50 mg, 0.60 mmol, 3.0 equiv), Then, 

Toluene/PhCF3/DMF (2.0 mL, (v/v/v = 6/3/1)) was added by syringe under argon 

atmosphere. Finally, tetrachloromethane (29 μL, 0.3 mmol, 1.5 equiv) were 

sequentially added into the mixture and the reaction mixture was stirred at −20 °C. 

Upon completion, the reaction was filtered through a pad of celite and rinsed with DCM. 

The filtrate was concentrated and the residue was purified by column chromatography 

on silica gel to afford 67 (35.0 mg, 37% yield). 

 

(E)-S-(6,6,6-trichloro-1,4-diphenylhex-3-en-1-yl) 3,5-

dimethylbenzenesulfonothioate (67).  

 

 
 
1H NMR (400 MHz, CDCl3): δ 7.34 – 7.23 (m, 4H), 7.23 – 7.11 (m, 10H), 7.05 (d, J = 

5.5 Hz, 1H), 7.00 (ddd, J = 9.9, 7.6, 1.6 Hz, 1H), 5.75 (t, J = 7.3 Hz, 1H), 4.64 (dd, J = 

8.2, 6.7 Hz, 1H), 3.77 (d, J = 2.2 Hz, 2H), 3.08 – 2.86 (m, 2H), 2.25 (s, 6H), 2.23 (s, 

1H). 

13C NMR (100 MHz, CDCl3): δ 145.0, 142.5, 139.1, 138.8, 137.0, 135.1, 132.4, 128.6, 

128.4, 128.2, 127.9, 127.5, 127.1, 124.3, 124.3, 98.4, 55.4, 53.8, 36.9, 21.3. 

HRMS (ESI) m/z calcd. for C26H25Cl3O2S2Na [M + Na]+ 561.0254, found 561.0254 

  

67 
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Control Experiments for Kinetic Studies. 

 
Figure S10. Control Experiments with Varying Equivalents of Sulfur Salt and Base. 

 

Because the sulfur nucleophile S1 and the base are introduced as ionic salts, their 

solubility and the resulting heterogeneity of the reaction mixture make rigorous 

determination of their kinetic orders by variable time normalization analysis (VTNA) 

challenging. We therefore first performed comparative experiments to assess their 

effects on the reaction. Increasing the loading of S1 led to a gradual decrease in the 

reaction rate, indicating an inhibitory effect of the sulfur nucleophile. In contrast, 

increasing the amount of base resulted in only a slight improvement in the product yield, 

suggesting that the base loading has a relatively minor effect on the overall reaction 

efficiency under the conditions examined. 
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Kinetic experiments were conducted to determine the dependence of the reaction 

rate on the concentration of acrylamide A115. 

 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium thiocarboxylates (0.20 mmol, 1.0 equiv), 

1-(9H-carbazol-9-yl)prop-2-en-1-one (0.05–0.1 mmol, 0.25–0.50 equiv), 

Cu(MeCN)4BF4 (0.02 mmol, 10 mol %), L*6 (0.03 mmol, 15 mol %) ,1,3,5-

Trimethoxybenzene (0.20 mmol, 1.0 equiv) and Cs2CO3 (0.60 mmol, 3.0 equiv), Then, 

diisopropyl ether (4.0 mL) was added by syringe under argon atmosphere. Finally, ethyl 

2-bromo-2-methylpropanoate (0.40 mmol, 2.0 equiv) were sequentially added into the 

mixture and the reaction mixture was stirred at 35 °C. Aliquots (~100 μL) were taken 

from reaction mixture at various reaction times, the product was filtered off and washed 

by CHCl3 for three times. The combined organic layers was concentrated to afford 

crude product. The yield of A1 and 1 were analyzed by 1H NMR spectroscopy using 

1,3,5-trimethoxybenzene as an internal standard. 

Table S6. Concentrations of Starting Material A1 and Product 1 at Different Time 

Points (×10⁻³ M). [A1] = 0.05 mmol. 

Time (h) A1 [M] 1 [M] 

2 7 1.75 

4 5.625 2.75 

6 5.125 4 

8 4.25 4.625 

10 3.875 5.25 

Table S7.  Concentrations of Starting Material A1 and Product 1 at Different Time 

Points (×10⁻³ M). [A1] = 0.10 mmol. 

Time (h) A1 [M] 1 [M] 

2 15 3.875 

4 12.25 5.625 

6 10.375 7.375 

8 8.375 8.5 

10 8 9.75 
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Figure S11. Variable time normalization analysis (VTNA) enables the determination of 

the reaction order with respect to substrate A1. 
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Kinetic experiments were conducted to determine the dependence of the reaction 

rate on the concentration of E1115. 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium thiocarboxylates (0.20 mmol, 1.0 equiv), 

1-(9H-carbazol-9-yl)prop-2-en-1-one (0.40 mmol, 2.0 equiv), Cu(MeCN)4BF4 (0.02 

mmol, 10 mol %), L*6 (0.03 mmol, 15 mol %) ,1,3,5-Trimethoxybenzene (0.20 mmol, 

1.0 equiv) and Cs2CO3 (0.60 mmol, 3.0 equiv), Then, diisopropyl ether (4.0 mL) was 

added by syringe under argon atmosphere. Finally, benzyl 2-bromo-2-

methylpropanoate (0.05–0.1 mmol, 0.25–0.50 equiv) were sequentially added into the 

mixture and the reaction mixture was stirred at 35 °C. Aliquots (~100 μL) were taken 

from reaction mixture at various reaction times, the product was filtered off and washed 

by CHCl3 for three times. The combined organic layers were concentrated to afford 

crude product. The yield of E11 and 74 were analyzed by 1H NMR spectroscopy using 

1,3,5-trimethoxybenzene as an internal standard. 

Table S8.  Concentrations of Starting Material E11 and Product 75 at Different Time 

Points (×10⁻³ M). [E11] = 0.05 mmol. 

Time (h) E11 [M] 74 [M] 

2 6.5625 0.25 

4 4.4375 1 

6 2.125 1.75 

8 1.5 2.0625 

10 1.25 2.1875 

Table S9.  Concentrations of Starting Material E11 and Product 75 at Different Time 

Points (×10⁻³ M). [E11] = 0.10 mmol 

Time (h) E11 [M] 74 [M] 

2 17.0625 0 

4 14.9375 1 

6 13.0625 1.75 

8 11.0625 2.5 

10 10.3125 3.25 
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Figure S12. Variable time normalization analysis (VTNA) enables the determination 

of the reaction order with respect to substrate E11. 

  

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S107 

 

Kinetic experiments were conducted to determine the dependence of the reaction 

rate on the concentration of catalyst([Cu/L*])15. 

Under argon atmosphere, an oven-dried resealable Schlenk tube equipped with a 

magnetic stir bar was charged with potassium thiocarboxylates (0.20 mmol, 1.0 equiv), 

1-(9H-carbazol-9-yl)prop-2-en-1-one (0.20 mmol, 2.0 equiv), Cu(MeCN)4BF4 (5–10 

mol %), L*6 (7.5–15 mol %) ,1,3,5-Trimethoxybenzene (0.20 mmol, 1.0 equiv) and 

Cs2CO3 (0.60 mmol, 3.0 equiv), Then, diisopropyl ether (4.0 mL) was added by syringe 

under argon atmosphere. Finally, ethyl 2-bromo-2-methylpropanoate (0.40 mmol, 2.0 

equiv) were sequentially added into the mixture and the reaction mixture was stirred at 

35 °C. Aliquots (~100 μL) were taken from reaction mixture at various reaction times, 

the product was filtered off and washed by CHCl3 for three times. The combined 

organic layers were concentrated to afford crude product. The yield of A1 and 1 were 

analyzed by 1H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal 

standard. 

Table S10.  Concentrations of Starting Material A1 and Product 1 at Different Time 

Points (×10⁻³ M). [Cu/L*] = 10% mol 

Time (h) A1 [M] 1 [M] 

2 35.125 0.625 

4 28 2 

8 23.75 3.125 

12 20.875 4.125 

24 17 5.375 

Table S11. Concentrations of Starting Material A1 and Product 1 at Different Time 

Points (×10⁻³ M). [Cu/L*] = 5% mol 

Time (h) A1 [M] 1 [M]  

2 50.5 0 

4 49.125 1 

8 39.75 1.75 

12 36.125 2.5 

24 30.875 3.25 
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Figure S13. Variable time normalization analysis (VTNA) enables the determination 

of the reaction order with respect to [Cu/L*]. 

  

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S109 

 

11. References 

(1) Tian, Y.; Li, X.-T.; Liu, J.-R.; Cheng, J.; Gao, A.; Yang, N.-Y.; Li, Z.; Guo, K.-X.; Zhang, W.; Wen, 

H.-T.; Li, Z.-L.; Gu, Q.-S.; Hong, X.; Liu, X.-Y. A General Copper-Catalysed Enantioconvergent 

C(sp3)–S Cross-Coupling via Biomimetic Radical Homolytic Substitution. Nat. Chem. 2024, 16, 466–

475. 

(2) Fu, Z.; Huang, Q.; Huang, L. Pd-Catalyzed Convergent Coupling of Alkenyl Bromide, Isocyanides, 

and Thiocarboxylate to Synthesize Thiophene Derivatives. Org. Lett. 2025, 27, 7590–7596. 

(3) Gupta, P.; Madhavan, S.; Kapur, M. Synthesis of Ferrocene 1,3-Derivatives by Distal C-H Activation. 

Angew. Chem. Int. Ed. 2023, 62, e202305278. 

(4) Fang, J.-H.; Chen, J.-J.; Du, X.-Y.; Dong, Z.; Tian, R.-Y.; Yang, C.-J.; Wang, F.-L.; Luan, C.; Li, Z.-

L.; Liu, X.-Y. Copper-Catalyzed Asymmetric Three-Component Radical 1,2-Carboamination of 

Acrylamides with Arylamines: Access to Chiral α-Tertiary N-Arylamines. CCS Chem. 2024, 6, 2652–

2661. 

(5) Sarkar, S.; Banerjee, A.; Shah, J. A.; Mukherjee, U.; Frederiks, N. C.; Johnson, C. J.; Ngai, M. Y. 

Excited-State Copper-Catalyzed [4 + 1] Annulation Reaction Enables Modular Synthesis of α,β-

Unsaturated-γ-Lactams. J. Am. Chem. Soc. 2022, 144, 20884–20894. 

(6) Wu, D.; Fan, W.; Wu, L.; Chen, P.; Liu, G. Copper-Catalyzed Enantioselective Radical Chlorination 

of Alkenes. ACS Catal. 2022, 12, 5284–5291. 

(7) Wiedemann, T.; Voit, G.; Tchernook, A.; Roesle, P.; Gottker-Schnetmann, I.; Mecking, S. 

Monofunctional hyperbranched ethylene oligomers. J. Am. Chem. Soc. 2014, 136, 2078–2085. 

(8) Jiang, S.-P.; Dong, X.-Y.; Gu, Q.-S.; Ye, L.; Li, Z.-L.; Liu, X.-Y. Copper-Catalyzed 

Enantioconvergent Radical Suzuki-Miyaura C(sp3)-C(sp2) Cross-Coupling. J. Am. Chem. Soc. 2020, 142, 

19652–19659. 

(9) Chen, W.; Yang, Q.; Zhou, T.; Tian, Q.; Zhang, G. Enantioselective Synthesis of α-exo-Methylene 

γ‑Butyrolactones via Chromium Catalysis. Org. Lett. 2015, 17, 5236–5239. 

(10) Yang, Y. C.; Li, W. S.; Uang, T. Y.; Kuo, T. S.; Wu, H. L. Access to Chiral Tertiary α-Hydroxyesters 

via Rhodium-Catalyzed Enantioselective Allylation of α-Ketoesters. Chem. Asian J. 2026, 21, e70585. 

(11) Cheng, X.-Y.; Zhang, Y.-F.; Wang, J.-H.; Gu, Q.-S.; Li, Z.-L.; Liu, X.-Y. A Counterion/Ligand-

Tuned Chemo- and Enantioselective Copper-Catalyzed Intermolecular Radical 1,2-Carboamination of 

Alkenes. J. Am. Chem. Soc. 2022, 144, 18081–18089. 

(12) Ding, R.; Huang, Z. D.; Liu, Z. L.; Wang, T. X.; Xu, Y. H.; Loh, T. P. Palladium-Catalyzed Cross-

Coupling of Enamides with Sterically Hindered α-Bromocarbonyls. Chem. Commun. 2016, 52, 5617–

5620. 

(13) Singh, V.; Kundu, A.; Weisser, K.; Hazari, A. S.; Adhikari, D. Exclusively Ligand-Redox-Promoted 

C–H Tertiary Alkylation of Heteroarenes. ACS Catal. 2024, 14, 8939–8948. 

(14) Barbier, M.; Barton, D. H. R.; Devys, M.; Topgi, R. S. A Simple Synthesis of Tropones and Related 

Compounds. Tetrahedron 1987, 43, 5031–5038. 

(15) Bures, J. Variable Time Normalization Analysis: General Graphical Elucidation of Reaction Orders 

from Concentration Profiles. Angew. Chem. Int. Ed. 2016, 55, 16084–16087. 

D
ow

nloaded from
 pubs.​acs.​org/​jacsat/​article-supplem

ent/​5447594/​pdf/​ja6c14452_si_001/​ by SO
U

TH
ER

N
 U

N
IV SC

I & TEC
H

LG
Y C

H
IN

A user on 13 O
ctober 2026



 

S110 

 

12. NMR spectrum 
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