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1. General information
The products were purified by column chromatography on silica gel (200-300 mesh). For thin-
layer chromatography (TLC) analysis, silica gel plates (HSGF254) were used. Visualization of the 
developed TLC plates was performed with ultraviolet irradiation (254 nm) or staining potassium 
permanganate solution followed by heating using a heat gun. High resolution mass spectra on a 
Bruker Apex IV RTMS spectrometer. 1H and 13C NMR spectra were recorded on Bruker 
AVANCE-400 (400 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm, 
δ), and the residual solvent peak was used as an internal reference: proton (chloroform δ 7.26 
ppm), carbon (chloroform δ 77.0 ppm) or tetramethylsilane (TMS δ 0.00 ppm) was used as a 
reference. Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m 
(multiplet), dd (doublet of doublet), bs (broad singlet). Coupling constants were reported in Hertz 
(Hz). Melting points were determined on a SGW X-4 melting apparatus. Analytical HPLC was 
performed on a Thermo 3000 Series instrument using Daicel Chiralcel® columns as noted. 
All reactions were carried out under argon atmosphere. All solvents were purified and dried 
according to standard methods prior to use. Racemic samples were prepared by using racemic 
BINAP as ligand.

2. General procedure for the preparation of substrates 1.
Preparation of 1a-1s, 1u and 1v.[1] 
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Scheme S1. Preparation of substrates 1
A solution of 2‐aminothiophenol a (30 mmol), malononitrile (30 mmol) and acetic acid (30 mmol) 
in ethanol (50 mL) was stirred at room temperature for 1 h. The precipitate was filtered off and 
recrystallized from ethanol to afford benzothiazol-2-yl acetonitrile b. A solution of the 
corresponding aldehyde (5 mmol), benzothiazol-2-yl acetonitrile (5 mmol) and TMSCl (1.3 mL) 
in EtOH (10 mL) was stirred at room temperature for 3 h. Then, the mixture was poured into H2O 
(20 mL), the precipitated solid was filtered and washed by i-PrOH to afford the product 1a-1s, 1u 
and 1v. All the substrates 1 were listed in Figure S1.

Preparation of 1t.
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Scheme S2. Preparation of substrates 1t.
A mixture of 2‐aminothiophenol c (20 mmol), ethyl cyanoacetate (20 mmol) was stirred at 130 ℃ 
for overnight. The residue was purified by flash column chromatography (5% EtOAc in petroleum 
ether, silica gel) to afford benzothiazol-2-yl acetic acid ethyl ester d. A solution of the 
corresponding aldehyde (5 mmol), benzothiazol-2-yl acetic acid ethyl ester d (5 mmol) and Et3N 
(2.0 equiv) in EtOH (10 mL) was stirred at 78 ℃ for overnight and then concentrated in vacuo. 
The crude reaction mixture was purified by flash column chromatography (1.5% EtOAc in 
petroleum ether, silica gel) to afford the product 1t.
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Figure S1. Structures of substrates 1.

3. General procedure for the preparation of substrates 2. 
Substrates 2 were synthesized from the 2-methylene-1,3-propanediol.[2]
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Scheme S3. Preparation of substrates 2.
To a solution of 2-methylene-1,3-propanediol (25 mmol) in anhydrous CH2Cl2 (25 mL) was added 
pyridine (50 mmol) at 0 °C and stirred for 10 minutes. To the mixture was added a solution of 
chloroformate (26 mmol) in anhydrous CH2Cl2 (25 mL) dropwise for 40 minutes. After stirring 
for 2 h, the reaction mixture was quenched with H2O, extracted with CH2Cl2 and then 
concentrated in vacuo. The residue was purified by flash chromatography by silica gel (PE/EA = 
5/1) to afford allyl carbonate 2 as a colorless oil. All the substrates 2 were listed in Figure S2.
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Figure S2. Structures of substrates 2.

4. General procedure for the synthetic transformation of 3a
Preparation of 4.
To a solution of 3a (33 mg, 0.1 mmol) in EtOH (1 mL) was added Pd/C (23 mg) and the mixture 
was stirred at 50 ℃ under H2 atmosphere (ballon) for 12 h. The conversion was monitored by TLC. 
The mixture was filtrated through a pad of Celite and the filtration was concentrated in vacuo, the 
residue was purified by column chromatography on silica gel to afford the product 4 in 90% yield 
(30.1 mg).

Preparation of 5.
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To a solution of 3a (33 mg, 0.1 mmol) in DCE (1 mL) was added m-CPBA (0.18 mmol, 31 mg) in 
three pots and the mixture was stirred at 84 ℃ for 24 h. After the reaction was completed, the solid 
was filtrated through a pad of Celite and the filtration was concentrated in vacuo, the residue was 
purified by column chromatography on silica gel to afford the product 5 in 61% yield (21.3 mg).
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Scheme S4. Synthetic transformation of 3a

5. Screening of asymmetric reaction Conditions.
Table S1. Optimization of the reaction conditions.a
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Entry LG [M]
(mol %)

L Solvent t
(h)

dr
(%)c

Yield
(%)b

ee
(%)d

1 OCO2Bn Pd(OAc)2 L1 THF 15 >20:1 95 5

2 OCO2Bn Pd2(dba)3 L1 THF 24 - NR -

3 OCO2Bn Pd(dba)2 L1 THF 24 - NR -

4 OCO2Bn Pd2(dba)3·CHCl3 L1 THF 24 - NR -

5 OCO2Bn Pd(MeCN)2Cl2 L1 THF 24 - NR -

6 OCO2Bn [IrCl(cod)2]2 L1 THF 24 - NR -
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7 OCO2Bn Pd(OAc)2 L1 Et2O 12 >20:1 85 6

8 OCO2Bn Pd(OAc)2 L1 1,4-Dioxane 24 - NR -

9 OCO2Bn Pd(OAc)2 L1 Toluene 24 - NR -

10 OCO2Bn Pd(OAc)2 L1 DCM 24 - NR

11 OCO2Bn Pd(OAc)2 L1 MeCN 24 - NR

12 OCO2Bn Pd(OAc)2 L1 TBME 12 >20:1 95 12

13 OCO2Bn Pd(OAc)2 L2 TBME 20 >20:1 92 3

14 OCO2Bn Pd(OAc)2 L3 TBME 20 - NR -

15 OCO2Bn Pd(OAc)2 L4 TBME 24 >20:1 95 37

16 OCO2Bn Pd(OAc)2 L5 TBME 24 - NR -

17 OCO2Bn Pd(OAc)2 L6 TBME 24 - NR -

18 OCO2Bn Pd(OAc)2 L7 TBME 24 - NR -

19 OCO2Me Pd(OAc)2 L4 TBME 48 >20:1 96 34

20 OCO2Ph Pd(OAc)2 L4 TBME 70 >20:1 98 33

21 OCO2i-Pr Pd(OAc)2 L4 TBME 48 >20:1 99 34

22 OCO2n-Bu Pd(OAc)2 L4 TBME 70 >20:1 95 33
23e OCO2Bn Pd(OAc)2 L3 TBME 24 - NR -

24e OCO2Bn Pd(OAc)2 L5 TBME 24 - NR -

25e OCO2Bn Pd(OAc)2 L6 TBME 24 - NR -

26e OCO2Bn Pd(OAc)2 L7 TBME 24 - NR -
a General conditions: 1a (0.1 mmol), 2a (0.15 mmol), [Pd] (5 mol %), and L (5 mol %) in solvent 
(1.0 mL) at room temperature. b All yields refer to the isolated yields. c The dr values were 
determined by 1H NMR spectroscopy. d Enantiomeric excess was determined by chiral HPLC. NR 
= No reaction. e 50 ℃.

HPLC acquisition parameters：
Chiral column: CHIRALCEL ® OD-H, Wave length: 254 nm,
Mobile phase: n-hexane:i-PrOH =5:95, Flow rate: 1.0 mL/min, Temperature: 30 ℃.
HPLC Spectra of racemic 3a

Peak RetTime Area Height Area Height
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(min) (mAu*min) (mAu)  (%) (%)
1 8.552 258.716 842.896 50.13 57.55
2 12.207 257.398 621.718 49.87 42.45

HPLC Spectra of enantiomeric 3a

Peak RetTime
(min)

Area
(mAu*min)

Height
(mAu)

Area
 (%)

Height
(%)

1 8.227 103.068 287.026 31.42 37.86
2 11.927 224.932 471.163 68.58 62.14

6. Analytical data
The compound 3a was prepared according to the general procedure. The 
product was obtained as a white solid (31.6 mg, 95% yield). Melting point 
130-132 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.78 (dt, J = 8.0, 
0.9 Hz, 1H), 7.70 – 7.44 (m, 1H), 7.48 – 7.30 (m, 1H), 7.25 – 7.17 (m, 1H), 

7.15 (d, J = 4.3 Hz, 4H), 5.34 – 5.26 (m, 1H), 5.24 – 5.17 (m, 1H), 5.09 (s, 1H), 4.62 (dd, J = 12.6, 1.9 
Hz, 1H), 4.41 (d, J = 12.5 Hz, 1H), 3.68 (dd, J = 14.0, 1.6 Hz, 1H), 3.10 (dd, J = 14.0, 1.8 Hz, 1H). 
13C NMR (100 MHz, CDCl3) δ 165.94, 153.08, 137.00, 135.96, 134.56, 128.87, 128.12, 127.03, 
126.62, 125.75, 123.26, 121.80, 118.34, 115.20, 84.76, 73.03, 53.25, 43.58.
HRMS (ESI) m/z Calcd for C20H16N2OS, [M+H]+ : 333.1056; Found:333.1051.  

The compound 3b was prepared according to the general procedure. The 
product was obtained as a white solid (28.3 mg, 78% yield). Melting 
point 65-67 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.06 (dt, J = 8.2, 0.9 Hz, 1H), 7.79 (dt, J = 
8.0, 0.9 Hz, 1H), 7.53 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.41 (ddd, J = 8.2, 7.2, 
1.2 Hz, 1H), 7.15 – 6.92 (m, 2H), 6.82 – 6.55 (m, 2H), 5.27 (q, J = 1.4 Hz, 

1H), 5.22 – 5.15 (m, 1H), 5.04 (s, 1H), 4.60 (dd, J = 12.6, 1.9 Hz, 1H), 4.39 (d, J = 12.5 Hz, 1H), 3.71 
(s, 3H), 3.69 – 3.60 (m, 1H), 3.08 (dd, J = 14.0, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 166.12, 159.84, 153.07, 137.11, 134.58, 128.27, 128.22, 126.58, 
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125.71, 123.24, 121.82, 118.52, 115.11, 113.49, 84.42, 73.09, 55.14, 53.42, 43.50.
HRMS (ESI) m/z Calcd for C21H18N2O2S, [M+H]+ : 363.1162; Found: 363.1160.

The compound 3c was prepared according to the general procedure. 
The product was obtained as a white solid (33.3 mg, 96% yield). 
Melting point 128-130 ºC.
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.2, 0.9 Hz, 1H), 7.79 (dt, J = 
8.0, 0.9 Hz, 1H), 7.53 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.41 (ddd, J = 8.2, 
7.2, 1.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 5.27 (t, 

J = 1.5 Hz, 1H), 5.23 – 5.14 (m, 1H), 5.06 (s, 1H), 4.60 (dd, J = 12.5, 1.8 Hz, 1H), 4.40 (d, J = 12.5 Hz, 
1H), 3.66 (dd, J = 14.0, 1.6 Hz, 1H), 3.09 (dd, J = 13.9, 1.8 Hz, 1H), 2.23 (s, 3H).
13C NMR (100 MHz, CDCl3) δ 166.08, 153.08, 138.61, 137.10, 134.57, 133.01, 128.80, 126.89, 
126.58, 125.70, 123.25, 121.80, 118.47, 115.08, 84.63, 73.03, 53.32, 43.62, 21.18.
HRMS (ESI) m/z Calcd for C21H18N2OS, [M+H]+ : 347.1213 ; Found: 347.1218.

The compound 3d was prepared according to the general procedure. The 
product was obtained as a white solid (30.8 mg, 88% yield). Melting point 
113-115 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.2 Hz, 1H), 7.89 – 7.70 (m, 1H), 
7.54 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.43 (ddd, J = 8.2, 7.2, 1.2 Hz, 1H), 7.19 – 
7.04 (m, 2H), 6.93 – 6.65 (m, 2H), 5.28 (q, J = 1.4 Hz, 1H), 5.21 – 5.15 (m, 

1H), 5.09 (s, 1H), 4.60 (dd, J = 12.6, 1.9 Hz, 1H), 4.40 (d, J = 12.6 Hz, 1H), 3.65 (dd, J = 14.0, 1.6 Hz, 
1H), 3.09 (dd, J = 14.0, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.74, 164.12, 161.66, 153.07, 136.79, 134.47, 131.92, 131.89, 
128.89, 128.80, 126.72, 125.88, 123.28, 121.85, 118.20, 115.35, 115.21, 114.99, 84.00, 73.06, 53.29 , 
43.51.
HRMS (ESI) m/z Calcd for C20H15FN2OS, [M+H]+ : 351.0962; Found: 351.0960.

The compound 3e was prepared according to the general procedure. The 
product was obtained as a white solid (30.4 mg, 83% yield). Melting point 
161-163 ºC.
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.81 (dt, J = 
8.1, 0.9 Hz, 1H), 7.55 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.43 (ddd, J = 8.3, 7.2, 
1.2 Hz, 1H), 7.18 – 6.97 (m, 4H), 5.28 (p, J = 1.2 Hz, 1H), 5.23 – 5.16 (m, 

1H), 5.10 (s, 1H), 4.60 (dd, J = 12.5, 1.8 Hz, 1H), 4.40 (d, J = 12.6 Hz, 1H), 3.79 – 3.59 (m, 1H), 3.09 
(dd, J = 13.9, 1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.60, 153.07, 136.69, 134.77, 134.53, 134.45, 128.41, 128.32, 
126.76, 125.92, 123.29, 121.90, 118.11, 115.40, 83.91, 73.00, 53.17, 43.57.
HRMS (ESI) m/z Calcd for C20H15ClN2OS, [M+H]+ : 367.0666; Found: 367.0662.

The compound 3f was prepared according to the general procedure. The 
product was obtained as a white solid (39.1 mg, 95% yield). Melting point 
182-184ºC. 
1H NMR (400 MHz, CDCl3) δ 8.06 (dt, J = 8.3, 0.9 Hz, 1H), 7.94 – 7.72 (m, 
1H), 7.55 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.43 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 

7.30 – 7.26 (m, 2H), 7.09 – 6.86 (m, 2H), 5.28 (d, J = 1.7 Hz, 1H), 5.24 – 5.13 (m, 1H), 5.09 (s, 1H), 
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4.60 (dd, J = 12.6, 1.9 Hz, 1H), 4.39 (d, J = 12.5 Hz, 1H), 3.64 (dq, J = 14.0, 1.8 Hz, 1H), 3.09 (dd, J = 
14.0, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.57, 153.07, 136.68, 135.04, 134.45, 131.26, 128.71, 126.76, 
125.93, 123.29, 123.07, 121.92, 118.08, 115.40, 83.93, 72.99, 53.11, 43.60.
HRMS (ESI) m/z Calcd for C20H15BrN2OS, [M+H ]+ : 411.0161; Found: 411.0165.

The compound 3g was prepared according to the general procedure. The 
product was obtained as a white solid (30.6 mg, 81% yield). Melting 
point 148-150 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.08 (dt, J = 8.2, 0.9 Hz, 1H), 8.04 – 7.89 (m, 
2H), 7.82 (dt, J = 8.0, 0.9 Hz, 1H), 7.57 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.46 

(ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.35 – 7.28 (m, 2H), 5.34 – 5.29 (m, 1H), 5.27 (s, 1H), 5.24 – 5.19 (m, 
1H), 4.63 (dd, J = 12.6, 1.8 Hz, 1H), 4.43 (d, J = 12.6 Hz, 1H), 3.65 (dd, J = 14.0, 1.5 Hz, 1H), 3.12 
(dd, J = 13.9, 1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 164.96, 153.07, 148.10, 142.86, 136.19, 134.29, 128.13, 127.00, 
126.20, 123.36, 123.19, 121.98, 117.66, 115.80, 83.42, 72.94, 52.96, 43.69.
HRMS (ESI) m/z Calcd for C20H15N3O3S, [M+H]+ : 378.0907; Found: 378.0905 .

The compound 3h was prepared according to the general procedure. 
The product was obtained as a white solid (29.0 mg, 80% yield). 
Melting point 96-98 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.79 (ddd, 
J = 8.0, 1.2, 0.6 Hz, 1H), 7.53 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 7.41 (ddd, 
J = 8.2, 7.2, 1.2 Hz, 1H), 7.01 (td, J = 7.8, 0.9 Hz, 1H), 6.75 (dt, J = 9.2, 

1.4 Hz, 2H), 6.66 (dt, J = 7.6, 1.3 Hz, 1H), 5.36 – 5.25 (m, 1H), 5.20 (t, J = 1.4 Hz, 1H), 5.07 (s, 1H), 
4.62 (dd, J = 12.5, 1.8 Hz, 1H), 4.41 (d, J = 12.4 Hz, 1H), 3.68 (dd, J = 14.0, 1.5 Hz, 1H), 3.51 (s, 3H), 
3.10 (dd, J = 14.0, 1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 166.04, 159.23, 153.08, 137.30, 136.95, 134.59, 129.08, 126.63, 
125.77, 123.18, 121.82, 119.33, 118.40, 115.75, 115.25, 111.30, 84.81, 73.03, 54.96, 53.22, 43.50.
HRMS (ESI) m/z Calcd for C21H18N2O2S, [M+H]+ : 363.1162 ; Found: 363.1158.

The compound 3i was prepared according to the general procedure. 
The product was obtained as a white solid (31.2 mg, 90% yield). 
Melting point 133-135 ºC.
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.78 (dt, J = 
8.1, 0.9 Hz, 1H), 7.53 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.49 – 7.36 (m, 1H), 
7.06 (d, J = 1.9 Hz, 1H), 7.05 – 6.93 (m, 2H), 6.90 – 6.77 (m, 1H), 5.28 (d, 

J = 1.6 Hz, 1H), 5.24 – 5.12 (m, 1H), 5.05 (s, 1H), 4.61 (dd, J = 12.5, 1.8 Hz, 1H), 4.40 (d, J = 12.6 Hz, 
1H), 3.68 (dq, J = 13.8, 1.8 Hz, 1H), 3.10 (dd, J = 14.0, 1.8 Hz, 1H), 2.16 (s, 3H).
13C NMR (100 MHz, CDCl3) δ 166.02, 153.04, 137.86, 137.06, 135.82, 134.56, 129.59, 127.86, 
127.56, 126.59, 125.72, 124.16, 123.22, 121.74, 118.37, 115.17, 84.88, 73.06, 53.23, 43.53, 21.29.
HRMS (ESI) m/z Calcd for C21H18N2OS, [M+H]+ : 347.1213; Found: 347.1211.   

The compound 3j was prepared according to the general procedure. 
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The product was obtained as a white solid (26.7 mg, 65% yield). Melting point 137-139 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.1 Hz, 1H), 7.55 (ddd, J = 8.3, 
7.2, 1.3 Hz, 1H), 7.50 – 7.38 (m, 1H), 7.34 (d, J = 3.8 Hz, 2H), 7.05 – 6.91 (m, 2H), 5.29 (d, J = 1.7 Hz, 
1H), 5.22 – 5.17 (m, 1H), 5.08 (s, 1H), 4.61 (dd, J = 12.6, 1.8 Hz, 1H), 4.39 (d, J = 12.6 Hz, 1H), 3.64 
(dd, J = 14.0, 1.6 Hz, 1H), 3.10 (dd, J = 14.0, 1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.48, 153.05, 138.10, 136.60, 134.43, 131.95, 130.20, 129.56, 
126.77, 125.94, 125.60, 123.30, 122.21, 121.85, 117.95, 115.50, 83.82, 73.00, 53.09, 43.56.
HRMS (ESI) m/z Calcd for C20H15BrN2OS, [M+H]+ : 411.0161; Found: 411.0163.

The compound 3k was prepared according to the general procedure. 
The product was obtained as a white solid (30.4 mg, 83% yield). 
Melting point 130-132 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.81 (dt, J = 
8.0, 0.9 Hz, 1H), 7.55 (ddd, J = 8.4, 7.3, 1.2 Hz, 1H), 7.43 (ddd, J = 8.3, 
7.2, 1.2 Hz, 1H), 7.23 – 7.13 (m, 2H), 7.04 (t, J = 7.8 Hz, 1H), 6.94 (dt, J = 

7.9, 1.4 Hz, 1H), 5.29 (q, J = 1.5 Hz, 1H), 5.24 – 5.14 (m, 1H), 5.09 (s, 1H), 4.61 (dd, J = 12.6, 1.8 Hz, 
1H), 4.40 (d, J = 12.6 Hz, 1H), 3.76 – 3.45 (m, 1H), 3.10 (dd, J = 13.9, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.50, 153.05, 137.90, 136.62, 134.44, 134.12, 129.27, 129.03, 
127.33, 126.76, 125.93, 125.18, 123.30, 121.83, 117.97, 115.45, 83.87, 72.99, 53.07, 43.61.
HRMS (ESI) m/z Calcd for C20H15ClN2OS, [M+H]+ : 367.0666; Found: 367.0661.

The compound 3l was prepared according to the general procedure. The 
product was obtained as a white solid (32.2 mg, 92% yield). Melting 
point 155-157 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.2, 0.8 Hz, 1H), 7.87 – 7.70 
(m, 1H), 7.55 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.43 (ddd, J = 8.2, 7.2, 1.2 Hz, 

1H), 7.08 (td, J = 8.0, 5.8 Hz, 1H), 7.03 – 6.87 (m, 2H), 6.83 (dt, J = 7.8, 1.3 Hz, 1H), 5.29 (q, J = 1.5 
Hz, 1H), 5.23 – 5.15 (m, 1H), 5.12 (s, 1H), 4.61 (dd, J = 12.6, 1.8 Hz, 1H), 4.40 (d, J = 12.5 Hz, 1H), 
3.65 (dq, J = 14.0, 1.8 Hz, 1H), 3.10 (dd, J = 13.9, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.57, 163.59, 161.14, 153.07, 138.41, 138.34, 136.65, 134.45, 
129.62, 129.54, 126.76, 125.92, 123.30, 122.75, 122.72, 121.84, 118.05, 115.95, 115.74, 115.42, 
114.41, 114.18, 83.90, 72.98, 53.07, 43.68.
HRMS (ESI) m/z Calcd for C20H15FN2OS, [M+H]+ : 351.0962; Found: 351.0966.

The compound 3m was prepared according to the general procedure. The 
product was obtained as a white solid (31.5 mg, 86% yield). Melting point 
161-163 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.05 – 7.99 (m, 2H), 7.77 (dt, J = 8.0, 0.9 Hz, 
1H), 7.50 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.40 (tdd, J = 7.2, 3.6, 1.3 Hz, 2H), 

7.23 (dd, J = 7.4, 1.7 Hz, 1H), 7.07 (dd, J = 8.0, 1.3 Hz, 1H), 5.42 (s, 1H), 5.29 (d, J = 1.6 Hz, 1H), 
5.26 – 5.19 (m, 1H), 4.59 (dd, J = 12.5, 1.8 Hz, 1H), 4.41 (d, J = 12.6 Hz, 1H), 3.94 (dq, J = 14.1, 1.8 
Hz, 1H), 3.16 (dd, J = 14.1, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 163.86, 152.65, 136.99, 135.55, 133.77, 133.72, 130.22, 129.43, 
128.71, 127.24, 126.52, 125.77, 123.54, 121.62, 118.57, 115.36, 80.05, 73.18 , 52.49, 42.42.
HRMS (ESI) m/z Calcd for C20H15ClN2OS, [M+H]+ : 367.0666; Found: 367.0662.

The compound 3n was prepared according to the general procedure. The 
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product was obtained as a white solid (26.3 mg, 64% yield). Melting point 164-166 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.09 – 7.91 (m, 2H), 7.83 – 7.69 (m, 1H), 7.57 – 7.34 (m, 3H), 7.29 (dd, 
J = 8.0, 1.4 Hz, 1H), 7.18 (td, J = 7.8, 1.7 Hz, 1H), 5.39 (s, 1H), 5.29 (d, J = 1.4 Hz, 1H), 5.25 – 5.18 
(m, 1H), 4.59 (dd, J = 12.6, 1.8 Hz, 1H), 4.41 (d, J = 12.5 Hz, 1H), 3.94 (dd, J = 14.1, 1.6 Hz, 1H), 
3.17 (dd, J = 14.1, 1.9 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 163.80, 152.59, 137.01, 135.77, 135.34, 132.11, 130.55, 129.76, 
127.84, 126.51, 125.77, 124.38, 123.58, 121.62, 118.61, 115.38, 82.40, 73.21, 52.42, 42.43.
HRMS (ESI) m/z Calcd for C20H15BrN2OS, [M+H]+ : 411.0161; Found: 411.0164.

The compound 3o was prepared according to the general procedure. 
The product was obtained as a white solid (29.1 mg, 76% yield). 
Melting point 178-180 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.10 (dd, J = 7.3, 1.2 Hz, 1H), 8.02 (dd, J 
= 8.6, 1.1 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.63 (dd, J = 8.2, 1.3 Hz, 1H), 

7.57 (t, J = 7.8 Hz, 1H), 7.45 (dtd, J = 7.4, 2.9, 1.3 Hz, 3H), 7.26 – 7.20 (m, 1H), 7.07 (ddd, J = 8.0, 6.8, 
1.0 Hz, 1H), 6.79 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 5.78 (s, 1H), 5.34 (q, J = 1.5 Hz, 1H), 5.29 – 5.21 (m, 
1H), 4.69 (dd, J = 12.6, 1.8 Hz, 1H), 4.52 (d, J = 12.6 Hz, 1H), 4.16 – 3.93 (m, 1H), 3.20 (dd, J = 14.1, 
1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 165.09, 152.64, 137.25, 135.14, 132.62, 131.99, 130.53, 129.50, 
128.38, 126.34, 125.94, 125.46, 125.31, 124.96, 123.10, 121.80, 121.35, 118.78, 115.28, 112.73, 79.97, 
73.48, 53.52, 42.99.
HRMS (ESI) m/z Calcd for C24H18N2OS, [M+H]+ : 383.1213; Found: 383.1221.

The compound 3p was prepared according to the general procedure. 
The product was obtained as a white solid (32.5 mg, 85% yield). 
Melting point 128-130 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 8.2 Hz, 1H), 7.79 – 7.69 (m, 
3H), 7.68 – 7.60 (m, 1H), 7.61 – 7.49 (m, 2H), 7.48 – 7.32 (m, 3H), 7.16 

(dd, J = 8.5, 1.7 Hz, 1H), 5.32 (d, J = 1.8 Hz, 1H), 5.28 (s, 1H), 5.24 (d, J = 1.9 Hz, 1H), 4.67 (dd, J = 
12.6, 1.8 Hz, 1H), 4.47 (d, J = 12.5 Hz, 1H), 3.74 (dq, J = 14.0, 1.7 Hz, 1H), 3.14 (dd, J = 13.9, 1.9 Hz, 
1H).
13C NMR (100 MHz, CDCl3) δ 165.93, 153.09, 137.02, 134.56, 133.50, 133.39, 132.80, 128.42, 
127.71, 127.54, 126.73, 126.64, 126.37, 126.06, 125.76, 124.48, 123.24, 121.82, 118.38, 115.28, 84.81, 
73.14, 53.38, 43.71.
HRMS (ESI) m/z Calcd for C24H18N2OS, [M+H]+ : 383.1213; Found: 383.1212.

The compound 3q was prepared according to the general procedure. The 
product was obtained as a white solid (32.3 mg, 89% yield). Melting point 
160-162 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.1 Hz, 1H), 7.86 – 7.68 (m, 1H), 
7.65 – 7.45 (m, 2H), 7.45 – 7.34 (m, 1H), 7.16 (d, J = 7.3 Hz, 1H), 6.55 (d, J = 
8.3 Hz, 1H), 5.27 (d, J = 1.8 Hz, 1H), 5.21 – 5.18 (m, 1H), 5.15 (s, 1H), 4.61 

(dd, J = 12.5, 1.8 Hz, 1H), 4.42 (d, J = 12.5 Hz, 1H), 3.65 (dd, J = 13.9, 1.5 Hz, 1H), 3.14 (d, J = 1.8 
Hz, 1H), 3.11 (s, 3H).
13C NMR (100 MHz, CDCl3) δ 166.12, 162.58, 153.20, 152.70, 139.13, 136.85, 134.71, 126.50, 
125.59, 123.17, 121.63, 118.47, 115.24, 115.10, 111.09, 84.76, 72.89, 52.69, 51.68, 43.89.
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HRMS (ESI) m/z Calcd for C20H17N3O2S, [M+H]+ : 364.1114; Found: 364.1119.

The compound 3r was prepared according to the general procedure. The 
product was obtained as a white solid (32.0 mg, 92% yield). Melting point 
163-165 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.1 Hz, 1H), 7.81 (dd, J = 8.1, 1.2 
Hz, 1H), 7.56 (t, J = 7.7 Hz, 1H), 7.49 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.43 – 
7.35 (m, 2H), 6.95 (d, J = 7.6 Hz, 1H), 5.27 (d, J = 1.7 Hz, 1H), 5.23 – 5.19 (m, 

1H), 5.18 (s, 1H), 4.62 (dd, J = 12.5, 1.8 Hz, 1H), 4.43 (d, J = 12.5 Hz, 1H), 3.68 (dq, J = 13.9, 1.8 Hz, 
1H), 3.13 (dd, J = 13.9, 1.8 Hz, 1H), 1.98 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 166.09, 156.98, 154.54, 153.02, 136.91, 136.89, 134.76, 126.30, 
125.48, 123.38, 123.00, 121.42, 118.90, 118.35, 115.23, 85.40, 72.95, 51.97, 43.47, 23.69. 
HRMS (ESI) m/z Calcd for C20H17N3OS, [M+H]+ : 348.1165; Found: 348.1166.

The compound 3s was prepared according to the general procedure. The 
product was obtained as a white solid (33.4 mg, 87% yield). Melting point 
206-208 ºC.
1H NMR (400 MHz, CDCl3) δ 8.15 (d, J = 8.6 Hz, 1H), 8.01 (d, J = 8.2 Hz, 
1H), 7.75 (dd, J = 11.1, 8.2 Hz, 3H), 7.47 (dddt, J = 1715.4, 11.2, 8.0, 3.4 Hz, 
4H), 7.41 – 7.33 (m, 1H), 5.47 (s, 1H), 5.38 – 5.26 (m, 1H), 5.23 (d, J = 1.9 

Hz, 1H), 4.68 (dd, J = 12.5, 1.8 Hz, 1H), 4.51 (d, J = 12.5 Hz, 1H), 3.71 (dt, J = 14.2, 2.0 Hz, 1H), 3.18 
(dd, J = 13.9, 1.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 166.49, 155.24, 153.04, 146.61, 136.86, 136.81, 134.80, 129.38, 
129.24, 127.75, 127.41, 126.81, 126.30, 125.47, 123.31, 121.56, 119.55, 118.58, 115.32, 85.33, 73.04, 
51.29, 43.98.
HRMS (ESI) m/z Calcd for C23H17N3OS, [M+H]+ : 348.1165; Found: 384.1163.

The compound 3t was prepared according to the general procedure. The 
product was obtained as a white solid (28.0 mg, 61% yield). Melting 
point 97-99 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.3, 0.9 Hz, 1H), 7.93 – 7.72 
(m, 1H), 7.51 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H), 7.41 (ddd, J = 8.2, 7.2, 1.2 Hz, 

1H), 7.26 – 7.01 (m, 2H), 6.96 – 6.75 (m, 2H), 5.27 (s, 1H), 5.02 (d, J = 1.9 Hz, 1H), 4.96 (d, J = 2.0 
Hz, 1H), 4.52 (d, J = 12.8 Hz, 1H), 4.40 (d, J = 12.7 Hz, 1H), 4.29 – 3.98 (m, 2H), 3.65 – 3.43 (m, 1H), 
3.24 (d, J = 14.3 Hz, 1H), 1.20 (t, J = 7.1 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 170.05, 169.58, 152.16, 139.59, 136.98, 135.28, 130.38, 129.07, 
126.13, 125.34, 123.13, 121.73, 121.50, 111.63, 84.44, 72.65, 61.62, 59.09, 42.37, 13.90.
HRMS (ESI) m/z Calcd for C22H20BrNO3S, [M+H]+ : 458.0420; Found: 458.0421.

The compound 3u was prepared according to the general procedure. The 
product was obtained as a brown solid (11.1 mg, 31% yield). Melting 
point 99-101 ºC. 
1H NMR (400 MHz, DMSO-d6) δ 8.23 – 8.13 (m, 1H), 8.08 (d, J = 8.1 Hz, 
1H), 7.62 – 7.55 (m, 1H), 7.54 – 7.47 (m, 1H), 7.40 – 7.14 (m, 5H), 6.58 (dd, 

J = 16.0, 1.2 Hz, 1H), 6.09 (dd, J = 15.9, 6.2 Hz, 1H), 5.23 (s, 1H), 5.17 (d, J = 1.9 Hz, 1H), 4.82 (dd, J 
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= 6.3, 1.2 Hz, 1H), 4.46 (d, J = 12.2 Hz, 1H), 4.38 (d, J = 12.4 Hz, 1H), 3.40 (s, 1H), 3.26 – 3.10 (m, 
1H), .
13C NMR (100 MHz, DMSO-d6) δ 166.42, 152.79, 138.15, 135.89, 134.60, 134.53, 129.18, 128.79, 
127.39, 126.99, 126.49, 123.76, 123.54, 123.14, 118.82, 114.96, 81.62, 71.63, 52.49, 42.85.
HRMS (ESI) m/z Calcd for C22H18N2OS, [M+H]+ : 359.1213; Found:359.1210.

The compound 3v was prepared according to the general procedure. The 
product was obtained as a brown solid (7.1 mg, 26% yield). Melting point 99-
101 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.03 (dt, J = 8.2, 1.0 Hz, 1H), 7.92 (dt, J = 8.0, 0.9 
Hz, 1H), 7.54 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 7.45 (ddd, J = 8.3, 7.2, 1.2 Hz, 1H), 

5.18 (q, J = 1.4 Hz, 1H), 5.15 – 5.07 (m, 1H), 4.40 (dd, J = 12.4, 2.0 Hz, 1H), 4.28 – 4.13 (m, 2H), 3.29 
(dq, J = 14.1, 1.9 Hz, 1H), 3.00 (dd, J = 13.9, 1.9 Hz, 1H), 1.29 (d, J = 6.1 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 166.20, 153.28, 137.14, 134.33, 126.75, 125.91, 123.41, 121.79, 
118.32, 114.71, 77.85, 72.30, 52.40, 43.71, 17.64.
HRMS (ESI) m/z Calcd for C15H14N2OS, [M+H]+ : 271.0900; Found: 271.0904. 

The compound 3w was prepared according to the general procedure. 
The product was obtained as a white solid (34.9 mg, 95% yield). 
Melting point 159-161 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 2.0 Hz, 1H), 7.68 (d, J = 8.6 Hz, 
1H), 7.39 (dd, J = 8.6, 2.0 Hz, 1H), 7.22 (d, J = 6.7 Hz, 1H), 7.19 – 7.07 (m, 
4H), 5.29 (q, J = 1.4 Hz, 1H), 5.23 – 5.17 (m, 1H), 5.06 (s, 1H), 4.61 (dd, J 

= 12.6, 1.8 Hz, 1H), 4.41 (d, J = 12.6 Hz, 1H), 3.65 (dd, J = 13.9, 1.6 Hz, 1H), 3.09 (dd, J = 13.9, 1.8 
Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 168.01, 153.86, 136.77, 135.81, 132.78, 132.76, 128.97, 128.18, 
126.97, 126.39, 123.15, 122.56, 118.16, 115.40, 84.81, 73.06, 53.38, 43.46.
HRMS (ESI) m/z Calcd for C20H15ClN2OS, [M+H]+ : 367.0666; Found:367.0664. 

The compound 4 was prepared according to the general procedure. The 
product was obtained as a white solid (30.1 mg, 90% yield). Melting point 
123-125 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.07 (dt, J = 8.2, 0.9 Hz, 1H), 7.90 – 7.70 (m, 1H), 
7.54 (d, J = 1.2 Hz, 1H), 7.48 – 7.36 (m, 1H), 7.22 (dt, J = 5.3, 3.1 Hz, 1H), 7.20 

– 7.11 (m, 4H), 5.02 (s, 1H), 4.44 – 3.73 (m, 2H), 3.10 (dd, J = 14.2, 5.5 Hz, 1H), 2.50 (d, J = 14.2 Hz, 
1H), 2.22 (dd, J = 3.6, 1.9 Hz, 1H), 1.61 (d, J = 7.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 168.02, 153.19, 136.59, 134.59, 128.71, 128.03, 126.99, 126.58, 
125.66, 123.23, 121.80, 120.67, 85.52, 74.17, 47.94, 41.06, 27.80, 18.26.
HRMS (ESI) m/z Calcd for C20H18N2OS, [M+H]+ : 334.1213; Found: 335.1214.

The compound 5 was prepared according to the general procedure. The 
product was obtained as a white solid (21.3 mg, 61% yield). Melting point 
168-170 ºC. 
1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.2 Hz, 1H), 7.81 (dd, J = 8.2, 1.2 
Hz, 1H), 7.57 (ddd, J = 8.3, 7.1, 1.3 Hz, 1H), 7.45 (ddd, J = 8.2, 7.2, 1.2 Hz, 1H), 

7.28 – 7.23 (m, 1H), 7.22 – 7.11 (m, 4H), 5.09 (s, 1H), 4.26 (dd, J = 11.6, 2.0 Hz, 1H), 3.83 (dd, J = 
11.6, 2.2 Hz, 1H), 3.51 (dd, J = 13.4, 1.7 Hz, 1H), 3.14 (ddd, J = 15.3, 4.7, 1.8 Hz, 2H), 2.25 (dd, J = 
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13.5, 2.2 Hz, 1H).
13C NMR (100 MHz, CDCl3) δ 164.82, 152.99, 135.17, 134.51, 129.12, 128.22, 127.00, 126.76, 
125.95, 123.43, 121.83, 118.33, 84.87, 72.77, 55.79, 53.11, 52.45, 41.74. 
HRMS (ESI) m/z Calcd for C20H16N2O2S, [M+H]+ : 349.1005; Found: 349.1002.

7. X-ray crystallographic analysis
The structure of 3a was assigned by X-ray crystallographic analysis:
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8. NMR spectra
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