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1. General experimental information 

Chemicals were purchased from commercial suppliers and used without further purification unless 

otherwise stated. Reactions were monitored by TLC and visualized with ultraviolet light. Flash 

column chromatography was performed on silica gels (300-400 mesh) eluting with ethyl acetate, 

dichloromethane and petroleum ether. 
1
H NMR and 

13
C NMR spectra were recorded in CDCl3 on 

a Bruker Avance instrument (400 MHz for 
1
H NMR, 101 MHz for 

13
C NMR). 

1
H NMR chemical 

shifts are reported in ppm relative to tetramethylsilane (TMS) with the solvent resonance 

employed as the internal standard (CDCl3 at 7.26 ppm), chemical shift, multiplicity (s = singlet, d 

=doublet, t = triplet, m = multiplet), coupling constants (Hz) and integration. 
13

C NMR chemical 

shifts arereported in ppm from tetramethylsilane (TMS) with the solvent resonance as the internal 

standard (CDCl3 at 77.1 ppm). High-resolution mass spectra (HRMS) analyses were obtained with 

the Thermo ScientificLTQ Orbitrap XL mass spectrometer and 1290 Infinity LC/6460 QQQMS. 

Enantiomeric excess was determined by HPLC analysis on chiralpak AD-H, IC, Optical rotations 

were measured on a Perkin-Elmer 241 Polarimeter. Melting points were recorded on a Buchi 

Melting Point B-545. 
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2. General procedure for the syntheses of starting materials. 

Benzothiazolimines 1a-q were prepared according to known procedures 
[1]

. Various 

3-methyl-5-arylfuran-2(3H)-ones 2a-i were prepared as reported methods 
[2,3]

. 

 

Reference 

[1].Q.-J. Ni, X.-X. Song, J.-W. Xiong, G. Raabe, and D. Enders. Chem. Commun., 2015, 51, 1263. 

[2]. S. Žari, M. Kudrjashova, T. Pehk, M. Lopp and T. Kanger, Org. Lett., 2014, 16, 1740. 

[3]. D. J. Jones, and V. C. Gibson, Heterocycles, 2006, 68, 1128. 

3. General procedure for the syntheses of compounds 3aa-3qa, 3ab-3ai. 

 

In a vial equipped with a magnetic stirring bar, compound 2 (0.24 mmol, 1.2 equiv), catalyst 3H 

(10 mol%) were dissolved in CH2Cl2 (2 mL), and the mixture was stirred at -20 °C for 10 min. 

Compound 1 (0.20 mmol, 1.0 equiv) was then added to the reaction vial. After completion of the 

reaction as indicated by TLC (PE/EA= 3/1), the solvent was evaporated and the crude product was 

directly purified by flash column chromatography using petroleum ether/ethyl acetate [V (PE/EA= 

10/1 to 3/1] as eluent.  

4. General procedure for scale-up preparation of 3aa 

 

 

In a vial equipped with a magnetic stirring bar, compound 2a (1.05g, 6.05 mmol, 1.2 equiv) and 

catalyst 3H (10 mol%) were dissolved in CH2Cl2 (50 mL, 0.1 M). The mixture was stirred at 

-20 °C for 10 min. Compound 1a (1.20g, 5.04 mmol, 1.0 equiv) was added to the reaction via. 

After completion of the reaction as indicated by TLC ((PE/EA= 3/1), the solvent was evaporated 
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and the crude product was directly purified by flash column chromatography using petroleum 

ether/ethyl acetate [ V(PE/EA= 10/1 to 3/1] as eluent. The product 3aa (1.76 g, 85% yield, >20:1 

dr, 98% ee) was obtained as white solid. 

5. Characterization data 

 (S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-3-methyl-5-phenylfuran-2(5H)-one 

(3aa)
 

white solid, 71.7 mg, 87% yield;
 
m.p.:150.3-151.1

o
C, >20:1 dr, 98% ee, 

[α]D
20

= +72.7 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 6.395 min, tminor = 5.473 min);
 1
H NMR (400 MHz, CDCl3) 

δ 7.50 (dd, J = 8.0, 3.2 Hz, 4H), 7.39 (t, J = 7.6 Hz, 2H), 7.37–7.32 (m, 6H), 

7.31– 7.21 (m, 3H), 7.07 (d, J = 7.6 Hz, 1H), 6.21 (brs, 1H), 5.53 (s, 1H), 

1.69 (s, 3H) 
 13

C NMR (101 MHz, CDCl3) δ 172.5, 165.7, 151.9, 149.6, 136.7, 135.9, 130.8, 

129.7, 129.0, 128.7, 128.6, 128.5, 128.1, 125.9, 125.5, 125.1, 121.9, 120.9, 120.7, 119.4, 89.9, 

65.3, 10.3. HRMS (ESI) m/z calcd for C25H20N2O2SNa
+
 [M+Na]

+ 
435.1138, found 435.1135. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(4-fluorophenyl)methyl)-3-methyl-5-phenylfuran-2(5H

)-one(3ba) 

white solid, 76.5 mg, 89% yield; m.p.:122.5-123.0
o
C, >20:1 dr, 99% ee,  

[α]D
20

= +64.5 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 6.838 min, tminor = 5.993 min); 
1
H NMR (400 MHz, CDCl3) 

δ 7.50 – 7.43 (m, 4H), 7.37 (t, J = 7.2 Hz, 2H), 7.34 – 7.26 (m, 3H), 7.24 (t, 

J = 7.2 Hz, 1H), 7.18 (s, 1H), 7.06 – 6.98 (m, , 3H), 6.01 (s, 1H), 5.51 (s, 

1H), 1.69 (s, 3H).
 13

C NMR (101 MHz, CDCl3) δ 172.4, 165.3, 162.7(d, J = 249.5 Hz), 151.9, 

149.6, 136.5, 131.9, 130.8, 129.8 (d, J = 8.1 Hz), 129.7, 129.1, 128.8 126.0, 125.4, 122.1, 120.8, 

119.5, 115.5(d, J = 21.6 Hz), 89.7, 64.4, 10.4.
19

F NMR (376 MHz, CDCl3) δ -112.73. HRMS (ESI) 

m/z calcd for C25H19FN2O2SNa
+
 [M+Na]

+ 
453.1043, found 453.1040. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(4-chlorophenyl)methyl)-3-methyl-5-phenylfuran-2(5H

)-one (3ca) 

white solid, 77.6 mg, 87% yield; m.p.:132.6-133.4
o
C, >20:1 dr, 99% ee,  

[α]D
20

= +71.2 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 5.620 min, tminor = 5.093 min);  
1
H NMR (400 MHz, 

CDCl3) δ 7.55 – 7.49 (m, 2H), 7.46 – 7.40 (m, 2H), 7.39 – 7.25 (m, 8H), 

7.17 (d, J = 1.7 Hz, 1H), 7.08 (td, J = 7.6, 1.2 Hz, 1H), 6.02 (d, J = 8.8 

Hz, 1H), 5.53 (d, J = 7.6 Hz, 1H), 1.69 (d, J = 1.5 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 172.2, 

165.4, 149.2, 135.7, 135.4, 134.8, 129.9, 129.1, 128.7, 128.6, 127.9, 126.9, 126.0, 122.1, 120.8, 

119.5, 89.5, 64.9, 10.3. HRMS (ESI) m/z calcd for C25H19ClN2O2SNa
+
 [M+Na]

+ 
469.0748, 
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471.0718 , found 469.0744, 471.0710. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(4-bromophenyl)methyl)-3-methyl-5-phenylfuran-2(5

H)-one (3da) 

white solid, 81.3 mg, 83% yield; m.p.:123.8-124.6
o
C, >20:1 dr, 99% ee,  

[α]D
20

= +52.2 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 95/5, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 8.995 min, tminor = 7.383 min); 
1
H NMR (400 MHz, 

CDCl3) δ7.47 – 7.42 (m, 6H), 7.36 (d, J = 7.6 Hz, 2H), 7.34 – 7.29 (m, 

1H), 7.24 (td, J = 7.6, 1.2 Hz, 1H), 7.21 – 7.16 (m, 3H), 7.05 (td, J = 7.6, 

1.2 Hz, 1H), 6.03 (s, 1H), 5.51 (s, 1H), 1.71 (d, J = 1.6 Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ 

172.3, 165.2, 151.9, 149.5, 136.4, 135.2, 131.6, 130.8, 129.9, 129.7, 129.1, 128.9, 126.0, 125.4, 

122.6, 122.1, 120.8, 119.5, 89.5, 64.5, 10.4. HRMS (ESI) m/z calcd for C25H19BrN2O2SNa
+
 

[M+Na]
+
513.0243 , 515.0222, found 513.0242, 515.0219 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(p-tolyl)methyl)-3-methyl-5-phenylfuran-2(5H)-one 

(3ea) 

white solid, 74.1 mg, 87% yield; m.p.:151.5-152.2
o
C, >20:1 dr, 97% ee,  

[α]D
20

= +34.6 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 5.647 min, tminor = 4.907 min); 
1
H NMR (400 MHz, CDCl3) 

δ 7.52 – 7.45 (m, 4H), 7.43 – 7.36 (m, 2H), 7.36 – 7.31 (m, 1H), 7.29 – 

7.23 (m, 1H), 7.23 – 7.16 (m, 3H), 7.14-7.12 (m, 2H), 7.10 – 7.01 (m, 1H), 6.12 – 5.96 (m, 1H), 

5.45 (d, J = 6.8 Hz, 1H), 2.33 (s, 3H), 1.70 (s, 3H).
 13

C NMR (101 MHz, CDCl3) δ 172.6, 165.7, 

152.0, 149.7, 138.4, 136.8, 132.8, 130.8, 129.6, 129.2, 128.9, 128.7, 127.9, 125.9, 125.4, 121.9, 

120.7, 119.4, 89.9, 65.1, 21.2, 10.4.HRMS (ESI) m/z calcd for C26H22N2O2SNa
+
 [M+Na]

+ 

449.1294, found 449.1293. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(4-methoxyphenyl)methyl)-3-methyl-5-phenylfuran-2(

5H)-one (3fa) 

white solid, 70.7 mg, 80% yield; m.p.:173.2-174.5
o
C, >20:1 dr, 98% 

ee, [α]D
20

= +17.5 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak AD-H, n-hexane/isopropanol = 90/10, flow rate 

1.0 mL/min, λ = 254 nm, tmajor = 15.558 min, tminor = 13.403 min); 
1
H NMR (400 MHz, CDCl3) δ 7.53 – 7.43 (m, 4H), 7.42 – 7.30 (m, 

3H), 7.29 – 7.18 (m, 4H), 7.10 – 7.02 (m, 1H), 6.91 – 6.80 (m, 2H), 

5.39 (s, 1H), 3.80 (s, 3H), 1.74 (s, 3H).
 13

C NMR (101 MHz, CDCl3) 

δ 172.5, 166.1, 159.7, 151.6, 149.4, 136.8, 130.5, 129.9, 129.3, 128.9, 128.7, 127.7, 125.9, 125.5, 

121.9, 120.8, 119.2, 113.8, 90.0, 65.1, 55.3, 10.5.HRMS (ESI) m/z calcd for C26H22N2O3SNa
+
 

[M+Na]
+ 

465.1243, found 465.1242 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(4-(trifluoromethyl)phenyl)methyl)-3-methyl-5-phenyl

furan-2(5H)-one (3ga) 

white solid, 78.7 mg, 82% yield; m.p.:140.5-141.3
o
C, >20:1 dr, 97% 
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ee, [α]D
20

= +23.8 (c. 1.00, CHCl3); The ee value was determined by HPLC (Chiralpak AD-H, 

n-hexane/isopropanol = 80/20, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 18.473 min, tminor = 

8.505 min); 
1
H NMR (400 MHz, CDCl3) δ 7.58 (d, J = 8.0 Hz, 2H), 7.50 – 7.44 (m, 6H), 7.41 – 

7.31 (m, 3H), 7.26 – 7.18 (m, 2H), 7.05 (td, J = 7.6, 1.2 Hz, 1H), 6.09 (brs, 1H), 5.66 (s, 1H), 1.67 

(d, J = 1.6 Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ 172.2, 165.0, 151.8, 149.4, 140.4, 136.3, 130.9, 

130.7 (t, J = 32.9 Hz), 130.0, 129.1, 129.0(t, J = 16.6 Hz), 128.5, 126.0, 125.4 (d, J = 7.5 Hz), 

125.3, 122.2, 120.8, 119.5, 89.5, 64.5, 10.4. 
19

F NMR (376 MHz, CDCl3) δ -61.34. HRMS (ESI) 

m/z calcd for C26H19F3N2O2SNa
+
 [M+Na]

+ 
503.1012, found 503.1010. 

 

 (S)-5-((S)-(benzo[d]thiazol-2-ylamino)(o-tolyl)methyl)-3-methyl-5-phenylfuran-2(5H)-one 

(3ha) 

white solid, 65.6 mg, 77% yield; m.p.:155.2-156.4
o
C, >20:1 dr, 84% 

ee, [α]D
20

= -37.4 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 4.502 min, tminor = 4.017 min); 
1
H NMR 

(400 MHz, CDCl3) δ 7.50 – 7.40 (m, 4H), 7.39 – 7.30 (m, 3H), 7.25 – 

7.20 (m, 3H), 7.18 – 7.15 (m, 3H), 7.06 – 6.98 (m, 1H), 6.04 (brs, 1H), 

5.76 (s, 1H), 2.50 (s, 3H), 1.69 (d, J = 1.6 Hz, 3H).
 13

C NMR (101 MHz, CDCl3) δ 172.4, 165.7, 

152.1, 148.3, 136.9, 136.3, 134.6, 130.9, 130.6, 130.3, 128.9, 128.7, 128.4, 126.6, 126.5, 125.9, 

125.5, 121.9, 120.7, 119.4, 90.1, 60.8, 20.0, 10.4. 

. HRMS (ESI) m/z calcd for C26H22N2O2SNa
+
 [M+Na]

+ 
449.1294, found 449.1293 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(m-tolyl)methyl)-3-methyl-5-phenylfuran-2(5H)-one 

3ia) 

white solid, 74.1 mg, 87% yield; m.p.:170.2-171.8
o
C, >20:1 dr, 99% 

ee, [α]D
20

= +102.2 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 95/5, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 15.470 min, tminor = 10.515 min); 
1
H 

NMR (400 MHz, CDCl3) δ 7.53 – 7.45 (m, 4H), 7.41 – 7.33 (m, 2H), 

7.31 (d, J = 6.8 Hz, 1H), 7.24 – 7.15 (m, 3H), 7.12 – 6.97 (m, 4H), 

6.07 (s, 1H), 5.43 (s, 1H), 2.32 (s, 3H), 1.67 (s, 3H).
 13

C NMR (101 

MHz, CDCl3) δ 172.5, 165.8, 152.0, 149.6, 138.2, 136.8, 135.8, 130.8, 129.6, 129.3, 128.9, 128.7, 

128.3, 125.9, 125.5, 125.1, 121.9, 120.7, 119.4, 89.9, 65.3, 21.5, 10.4. HRMS (ESI) m/z calcd for 

C26H22N2O2SNa
+
 [M+Na]

+ 
449.1294, found 449.1293 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(2-chlorophenyl)methyl)-3-methyl-5-phenylfuran-2(5H

)-one (3ja) 

white solid, 73.1 mg, 82% yield; m.p.:141.3-142.4
o
C, >20:1 dr, 76% ee,  

[α]D
20

= +46.4 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ 

= 254 nm, tmajor = 3.492 min, tminor = 3.722 min);  
1
H NMR (400 MHz, 

CDCl3) δ 7.81 (dd, J = 7.6, 1.6 Hz, 1H), 7.65 – 7.62 (m, 2H), 7.58 (dd, 

J = 8.0, 1.2 Hz, 1H), 7.43 – 7.32 (m, 3H), 7.32 – 7.27 (m, 3H), 7.25 – 

7.11 (m, 4H), 6.37 (s, 1H), 1.86 (d, J = 1.6 Hz, 3H).
13

C NMR (101 MHz, CDCl3) δ 173.4, 165.8, 
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152.0, 150.9, 136.1, 134.4, 134.4, 130.9, 129.8, 129.5, 129.5, 129.2, 128.4, 128.4, 127.1, 126.0, 

125.8, 122.1, 120.9, 119.6, 91.1, 59.5, 10.5. HRMS (ESI) m/z calcd for C25H19ClN2O2SNa
+
 

[M+Na]
+ 

469.0748, 471.0718 , found 469.0744, 471.0710 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(3-chlorophenyl)methyl)-3-methyl-5-phenylfuran-2(5H

)-one (3ka) 

white solid, 77.6 mg, 87% yield; m.p.:135.7-136.5 
o
C, >20:1 dr, 99% ee,  

[α]D
20

= -30.5 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak AD-H, n-hexane/isopropanol = 95/5, flow rate 1.0 mL/min, 

λ = 254 nm, tmajor = 23.815 min, tminor = 15.398 min); 
1
H NMR (400 

MHz, CDCl3) δ 7.50 (dd, J = 13.0, 6.8 Hz, 4H), 7.41 (t, J = 7.6 Hz, 2H), 

7.37 – 7.22 (m, 7H), 7.08 (t, J = 7.6 Hz, 1H), 6.01 (s, 1H), 5.56 (s, 1H), 

1.73 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 172.3, 165.1, 151.9, 149.4, 

138.3, 136.4, 134.4, 130.8, 129.9, 129.8, 129.1, 128.9, 128.8, 128.4, 126.0, 126.0, 125.4, 122.1, 

120.8, 119.5, 89.6, 64.5, 10.4.HRMS (ESI) m/z calcd for C25H19ClN2O2SNa
+
 [M+Na]

+ 
469.0748, 

471.0718 , found 469.0744, 471.0710 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(naphthalen-2-yl)methyl)-3-methyl-5-phenylfuran-2(5

H)-one (3la) 

white solid, 81.3 mg, 88% yield; m.p.:183.6-184.5
o
C, >20:1 dr, 97% 

ee, [α]D
20

= +92.3 (c. 1.00, CHCl3);  The ee value was determined by 

HPLC (Chiralpak AD-H, n-hexane/isopropanol = 90/10, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 28.315 min, tminor = 16.765 min); 
1
H 

NMR (400 MHz, CDCl3) δ7.87 – 7.79 (m, 4H), 7.56 – 7.47 (m, 6H), 

7.46 – 7.31 (m, 4H), 7.30 (d, J = 3.6 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 

7.05 (t, J = 7.6 Hz, 1H), 6.18 (d, J = 8.4 Hz, 1H), 5.68 (d, J = 8.0 Hz, 1H), 1.63 (s, 3H). 
13

C NMR 

(101 MHz, CDCl3) δ 172.4, 165.6, 151.9, 149.5, 136.8, 133.4, 133.2, 132.9, 130.8, 129.7, 129.0, 

128.8, 128.3, 128.1, 127.7, 127.6, 126.5, 126.5, 125.9, 125.5, 125.3, 121.9, 120.7, 119.4, 90.0, 

65.4, 10.4.HRMS (ESI) m/z calcd for C29H22N2O2SNa
+
 [M+Na]

+ 
485.1294, found 485.1296. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(furan-2-yl)methyl)-3-methyl-5-phenylfuran-2(5H)-on

e (3ma) 

light yellow solid, 68.3 mg, 85% yield; m.p.:122.8-123.9 
o
C, >20:1 

dr, 99% ee, [α]D
20

= +25.8 (c. 1.00, CHCl3); The ee value was 

determined by HPLC (Chiralpak AD-H, n-hexane/isopropanol = 

95/5, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 20.057 min, tminor = 

17.775 min); 
1
H NMR (400 MHz, CDCl3) δ 7.54 (t, J = 7.2 Hz, 2H), 

7.47 (d, J = 7.6 Hz, 2H), 7.39 – 7.34 (m, 4H), 7.32 – 7.24 (m, 2H), 

7.10 (t, J = 7.6 Hz, 1H), 6.32 (s, 2H), 5.77 (s, 2H), 1.85 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 

172.5, 165.4, 151.9, 149.5, 148.5, 142.5, 136.4, 130.8, 130.0, 128.8, 128.7, 125.9, 125.5, 122.2, 

120.8, 119.5, 110.7, 109.5, 89.7, 59.3, 10.5. HRMS (ESI) m/z calcd for C23H18N2O3SNa
+
 

[M+Na]
+
425.0930, found 425.0931. 

 

(S)-5-((R)-(benzo[d]thiazol-2-ylamino)(thiophen-2-yl)methyl)-3-methyl-5-phenylfuran-2(5H)
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-one (3na) 

light yellow solid, 72.7 mg, 87% yield; m.p.:128.5-130.1
o
C, >20:1 

dr, [α]D
20

= +31.9 (c. 1.00, CHCl3); 99% ee, The ee value was 

determined by HPLC (Chiralpak AD-H, n-hexane/isopropanol = 

90/10, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 26.125 min, tminor 

= 17.907 min); 
1
H NMR (400 MHz, CDCl3) δ 7.52 (t, J = 7.2 Hz, 

4H), 7.38 (t, J = 7.6 Hz, 2H), 7.34 – 7.20 (m, 4H), 7.09 (d, J = 6.0 

Hz, 2H), 7.01 – 6.85 (m, 1H), 6.03 (brs, 1H), 5.79 (s, 1H),, 1.79 (s, 3H). 
13

C NMR (101 MHz, 

CDCl3) δ 172.7, 165.3, 151.9, 149.3, 139.1, 136.6, 130.9, 130.0, 128.9, 128.8, 127.3, 126.8, 125.9, 

125.8, 125.5, 122.1, 120.8, 119.5, 89.9, 60.7, 10.5. HRMS (ESI) m/z calcd for C23H18N2O2S2Na
+
 

[M+Na]
+ 

441.0702, found 441.0702. 

 

(S)-5-((S)-((6-chlorobenzo[d]thiazol-2-yl)amino)(phenyl)methyl)-3-methyl-5-phenylfuran-2(5

H)-one (3oa) 

white solid, 76.7 mg, 86% yield; m.p.:175.4-176.8 
o
C, 7:1 dr, 99% 

ee, [α]D
20

= +37.4 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak AD-H, n-hexane/isopropanol = 95/5, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 23.312 min, tminor = 12.643 min); 
1
H 

NMR (400 MHz, CDCl3) δ 7.52 – 7.38 (m, 4H), 7.37 – 7.25 (m, 

8H), 7.22 – 7.12 (d, J = 7.3 Hz, 2H), 6.20 (brs, 1H), 5.52 (s, 1H), 

1.65 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 172.5, 165.8, 150.6, 149.5, 136.7, 135.8, 132.0, 129.7, 

129.0, 128.8, 128.7, 128.5, 128.0, 127.0, 126.3, 125.4, 120.4, 120.0, 89.9, 65.2, 10.3.HRMS (ESI) 

m/z calcd for C25H19ClN2O2SNa
+
 [M+Na]

+ 
469.0748, 471.0718 , found 469.0744, 471.0710 

 

(S)-5-((S)-((6-methoxybenzo[d]thiazol-2-yl)amino)(phenyl)methyl)-3-methyl-5-phenylfuran-2

(5H)-one (3pa) 

white solid, 70.7 mg, 80% yield; m.p.:168.8-170.1
o
C, >20:1 dr, 98% ee,  

[α]D
20

= +61.3 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ 

= 254 nm, tmajor = 5.715 min, tminor = 5.982 min); 
1
H NMR (400 MHz, 

CDCl3) δ 7.46 (dd, J = 7.6, 1.6 Hz, 2H), 7.35 (q, J = 8.8, 7.6 Hz, 4H), 

7.31 – 7.28 (m, 4H), 7.19 (d, J = 1.6 Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.83 (dd, J = 8.8, 2.4 Hz, 

1H), 5.89 (s, 1H), 5.45 (d, J = 3.6 Hz, 1H), 3.76 (s, 3H), 1.66 (d, J = 1.6 Hz, 3H).
13

C NMR (101 

MHz, CDCl3) δ 172.5, 163.9, 155.4, 149.7, 146.2, 136.8, 136.1, 131.8, 129.6, 128.9, 128.7, 128.5, 

128.4, 128.0, 125.5, 119.7, 113.6, 105.2, 89.9, 65.2, 55.9, 10.3.HRMS (ESI) m/z calcd for 

C26H22N2O3SNa
+
 [M+Na]

+ 
465.1243, found 465.1242. 

 

(S)-3-methyl-5-((S)-((4-methylbenzo[d]thiazol-2-yl)amino)(phenyl)methyl)-5-phenylfuran-2(

5H)-one (3qa) 

white solid, 68.2 mg, 80% yield; m.p.:164.7-165.4
o
C, >20:1 dr, 14% ee,  

[α]D
20

= -24.8 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ 

= 254 nm, tmajor = 3.657 min, tminor = 3.982 min); 
1
H NMR (400 MHz, 

CDCl3) δ 7.58 (d, J = 1.6 Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.32 – 
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7.30 (m, 4H), 7.29 – 7.19 (m, 6H), 7.17 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 5.80 (dd, J = 

12.0, 8.4 Hz, 1H), 5.68 (dd, J = 8.4, 2.8 Hz, 1H), 2.69 (s, 3H), 1.85 (d, J = 1.6 Hz, 3H). 
13

C NMR 

(101 MHz, CDCl3) δ 173.5, 164.9, 150.9, 137.1, 136.0, 130.6, 129.2, 128.8, 128.7, 128.6, 128.2, 

128.2, 126.7, 125.4, 122.0, 118.4, 91.3, 64.9, 18.5, 10.6.HRMS (ESI) m/z calcd for 

C26H22N2O2SNa
+
 [M+Na]

+ 
449.1294, found 449.1293. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-3-methyl-5-(p-tolyl)furan-2(5H)-one 

(3ab) 

white solid, 77.5 mg, 91% yield; m.p.:158.3-159.2
o
C, >20:1 dr, 99% 

ee, [α]D
20

= +72.6 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 4.290 min, tminor = 3.882 min);
1
H NMR 

(400 MHz, CDCl3) δ 7.50 (dd, J = 8.0, 2.0 Hz, 2H), 7.38 (d, J = 8.0 

Hz, 2H), 7.34– 7.30 ((m, 5H), 7.29 – 7.23 (m, 1H), 7.24 – 7.17 (m, 

3H), 7.09 – 7.03 (m, 1H), 5.48 (s, 1H), 2.34 (s, 3H), 1.68 (d, J = 1.6 Hz, 3H).
 13

C NMR (101 MHz, 

CDCl3) δ 172.6, 165.8, 151.9, 149.8, 138.7, 136.0, 133.7, 130.8, 129.7, 129.4, 128.5, 128.4, 128.1, 

125.9, 125.4, 121.9, 120.7, 119.3, 89.8, 65.3, 21.1, 10.3.HRMS (ESI) m/z calcd for 

C26H22N2O2SNa
+
 [M+Na]

+ 
449.1294, found 449.1293 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(4-chlorophenyl)-3-methylfuran-2(5

H)-one (3ac) 

white solid, 76.7.3 mg, 90% yield; m.p.:152.6-153.9 
o
C, >20:1 dr, 99% 

ee, [α]D
20

= +57.3 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 4.300 min, tminor = 3.902 min); 
1
H NMR 

(400 MHz, CDCl3) δ 7.52 – 7.48 (m, 4H), 7.37 (d, J = 8.0 Hz, 2H), 

7.34 – 7.25 (m, 6H), 7.17 (d, J = 2.0 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 

6.19 (d, J = 8.0 Hz, 1H), 5.53 (d, J = 5.2 Hz, 1H), 1.69 (d, J = 1.6 Hz, 3H) 
13

C NMR (101 MHz, 

CDCl3) δ 172.3, 165.5, 151.9, 149.2, 136.0, 135.8, 132.0, 130.8, 129.9, 128.7, 128.5, 128.0, 127.2, 

125.9, 122.9, 122.0, 120.8, 119.5, 89.6, 64.8, 10.3. HRMS (ESI) m/z calcd for C25H19ClN2O2SNa
+
 

[M+Na]
+ 

469.0748, 471.0718 , found 469.0744, 471.0710 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(4-bromophenyl)-3-methylfuran-2(5

H)-one (3ad) 

white solid, 85.3 mg, 87% yield; m.p.:142.6-143.3
o
C, >20:1 dr, 99% 

ee, [α]D
20

= +40.5 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 8.798 min, tminor = 7.190 min); 
1
HNMR 

(400 MHz, CDCl3) δ 7.55 (d, J = 2.0 Hz, 1H), 7.46 (dd, J = 7.2, 2.0 Hz, 

2H), 7.37 (d, J = 2.8 Hz, 1H), 7.36 (d, J = 2.8 Hz, 1H), 7.32 – 7.27 (m, 

8H), 7.17 (d, J = 1.6 Hz, 1H), 6.21 (brs, 1H), 5.49 (s, 1H), 1.64 (s, 3H).
13

C NMR (101 MHz, 

CDCl3) δ 172.5, 165.9, 150.9, 149.4, 136.7, 135.7, 132.4, 130.1, 129.7, 129.1, 129.0, 128.8, 128.7, 

128.5, 128.1, 128.0, 125.4, 125.1, 123.2, 120.4, 114.3, 104.1, 89.8, 65.3, 10.3. HRMS (ESI) m/z 

calcd for C25H19BrN2O2SNa
+
 [M+Na]

+ 
513.0243 , 515.0222, found 513.0242, 515.0219 
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(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(4-fluorophenyl)-3-methylfuran-2(5

H)-one (3ae) 

white solid, 73.9 mg, 86% yield; m.p.:135.3-136.7
o
C, >20:1 dr, 96% ee,  

[α]D
20

= +50.3 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 95/5, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 11.520 min, tminor = 9.752 min); 
1
H NMR (400 MHz, 

CDCl3) δ 7.52 – 7.41 (m, 4H), 7.32 – 7.26 (m, 5H), 7.24– 7.22 (m, 1H), 

7.19 (s, 1H), 7.07 –7.01 (m, 3H), 6.19 (brs, 1H), 5.53 (d, J = 5.2 Hz, 

1H), 1.68 (s, 3H).
 13

C NMR (101 MHz, CDCl3) δ 172.4, 165.6, 162.7(d, J = 249.7 Hz), 151.9, 

149.4, 135.9, 132.7, 132.6, 130.8, 129.9, 128.6, 128.5, 128.0, 127.5(d, J = 8.3 Hz), 125.9, 122.0, 

120.8, 119.4, 115.9(d, J = 20.7 Hz), 89.6, 65.1, 10.4.
19

F NMR (376 MHz, CDCl3) δ -112.70. 

HRMS (ESI) m/z calcd for C25H19FN2O2SNa
+
 [M+Na]

+ 
453.1043, found 453.1040. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(4-methoxyphenyl)-3-methylfuran-2

(5H)-one (3af) 

white solid, 77.8 mg, 88% yield; m.p.:157.1-158.4
o
C, >20:1 dr, 99% ee, 

[α]D
20

= +26.3 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ 

= 254 nm, tmajor = 6.527 min, tminor = 6.072 min); 
1
H NMR (400 MHz, 

CDCl3) δ 7.52 – 7.46 (m, 2H), 7.36 (d, J = 8.8 Hz, 2H), 7.32 – 7.27 (m, 

5H), 7.24 (s, 1H), 7.19 (d, J = 1.7 Hz, 1H), 7.04 (td, J = 7.6, 1.2 Hz, 

1H), 6.88 (d, J = 8.8 Hz, 2H), 6.11 (d, J = 8.4 Hz, 1H), 5.44 (d, J = 6.4 Hz, 1H), 3.77 (s, 3H), 1.67 

(d, J = 1.6 Hz, 3H).
13

C NMR (101 MHz, CDCl3) δ 172.6, 165.7, 159.8, 152.0, 149.8, 136.0, 130.8, 

129.4, 128.5, 128.4, 128.1, 126.9, 125.9, 121.9, 120.7, 119.4, 114.3, 89.7, 65.2, 55.3, 10.3.HRMS 

(ESI) m/z calcd for C26H22N2O3SNa
+
 [M+Na]

+ 
465.1243, found 465.1242. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(3,4-dimethylphenyl)-3-methylfura

n-2(5H)-one (3ag) 

white solid, 72.2 mg, 82% yield; m.p.:163.5-164.8
o
C, >20:1 dr, 99% ee,  

[α]D
20

= +80.2 (c. 1.00, CHCl3); The ee value was determined by HPLC 

(Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 

254 nm, tmajor = 5.873 min, tminor = 4.990 min); 
1
H NMR (400 MHz, 

CDCl3) δ 7.50 (dd, J = 8.0, 1.2 Hz, 2H), 7.39 –7.35(m, 4H), 7.33 –7.28 

(m, 2H) 7.19 –7.14 (m, 2H), 7.07 (d, J = 7.2 Hz, 1H), 6.09 (d, J = 8.0 

Hz, 1H), 5.45 (d, J = 6.4 Hz, 1H), 2.27 (s, 3H) 2.24 (s, 3H), 1.66 (d, J = 1.6 Hz, 3H). 
13

C NMR 

(101 MHz, CDCl3) δ 172.7, 165.8, 152.0, 150.0, 137.4, 137.3, 136.0, 134.0, 130.8, 130.2, 129.2, 

128.5, 128.4, 128.1, 126.5, 125.9, 122.7, 121.8, 120.7, 119.3, 89.7, 65.3, 20.0, 19.4, 10.3.HRMS 

(ESI) m/z calcd for C27H24N2O2SNa
+
 [M+Na]

+ 
463.1451, found 463.1450. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-5-(2,4-dimethylphenyl)-3-methylfura

n-2(5H)-one (3ah) 

white solid, 70.4 mg, 80% yield m.p.:172.3-174.1
o
C, >20:1 dr, 94% ee,  

[α]D
20

= -52.7 (c. 1.00, CHCl3); The ee value was determined by 
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HPLC (Chiralpak IC, n-hexane/isopropanol = 85/15, flow rate 1.0 mL/min, λ = 254 nm, tmajor = 

5.073 min, tminor = 4.573 min);  
1
H NMR (400 MHz, CDCl3) δ 7.57 – 7.53 (m, 2H), 7.44 – 7.39 

(m, 2H), 7.31 – 7.27 (m, 5H), 7.22 (d, J = 8.0 Hz, 1H), 7.09 (s, 1H), 7.00 (s, 2H), 5.61 (s, 1H), 

5.08 (s, 1H), 2.33 (s, 3H), 2.17 (s, 3H), 1.67 (s, 3H). 
13

C NMR (101 MHz, CDCl3) δ 178.0, 166.5, 

152.4, 150.7, 139.0, 135.6, 135.4, 130.9, 129.8, 129.3, 128.1, 127.6, 127.4, 127.1, 127.1, 125.7, 

125.1, 123.7, 121.0, 119.9, 118.3, 106.7, 63.8, 53.9, 20.2, 20.1.HRMS (ESI) m/z calcd for 

C27H24N2O2SNa+ [M+Na]+ 463.1451, found 463.1450. 

 

(S)-5-((S)-(benzo[d]thiazol-2-ylamino)(phenyl)methyl)-3-methyl-5-(naphthalen-2-yl)furan-2(

5H)-one (3ai) 

white solid, 81.3 mg, 88% yield; m.p.:192.4-193.5
o
C, >20:1 dr, 99% 

ee, [α]D
20

= +51.3 (c. 1.00, CHCl3); The ee value was determined by 

HPLC (Chiralpak IC, n-hexane/isopropanol = 95/5, flow rate 1.0 

mL/min, λ = 254 nm, tmajor = 13.865 min, tminor = 11.890 min); 
1
H 

NMR (400 MHz, CDCl3) δ 8.01 (s, 1H), 7.90 – 7.81 (m, 3H), 7.59 – 

7.50 (m, 3H), 7.47 (d, J = 8.0 Hz, 2H), 7.39 – 7.31 (m, 6H), 7.26 (s, 

1H), 7.04 (t, J = 7.6 Hz, 1H), 6.23 (s, 1H), 5.64 (s, 1H), 1.71 (s, 3H). 
13

C NMR (101 MHz, CDCl3) 

δ 172.5, 165.7, 149.6, 135.9, 134.0, 133.1, 130.6, 129.8, 128.9, 128.6, 128.5, 128.3, 128.1, 127.7, 

126.9, 126.8, 125.9, 124.9, 122.7, 122.0, 120.7, 119.3, 90.0, 65.2, 10.4. HRMS (ESI) m/z calcd for 

C29H22N2O2SNa
+
 [M+Na]

+ 
485.1294, found 485.1296. 

 

6.X-ray diffraction parameters and data for 3ac 

Table S1: Important crystal data of compound 3ac 

Empirical formula            C51H40Cl4N4O4S2 

Formula weight 978.79 

Temperature/K 293(2) 

Crystal system  monoclinic 

Space group P21 

a/Å 15.8968(6) 

b/Å 11.2913(4) 

c/Å 16.5092(6) 

α/° 90 

β/° 109.741(4) 

γ/° 90 

Volume/ Å3 2789.17(19) 

Z 2 

ρcalcg/cm3 1.165 

μ/mm-1 2.97 

F(000) 1012 

Crystal size/mm3 0.17 × 0.1 × 0.08 

Radiation CuKα                 (λ = 1.54184) 

2Θ range for data collection/°  9.49 to 140.838 
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Index ranges 
 -14 ≤ h ≤ 19, -13 ≤ k ≤ 10, -20 

≤ l ≤ 19 

Reflections collected 24007 

Independent reflections 9306 [Rint = 0.0461, Rsigma = 0.0588] 

Data/restraints/parameters 9306/67/556 

Goodness-of-fit on F2 1.027 

Final R indexes    [I>=2σ (I)] R1 = 0.0890, wR2 = 0.2295 

Final R indexes   [all data] R1 = 0.1093, wR2 = 0.2561 

Largest diff. peak/hole / e Å-3 0.60/-0.27 

Flack parameter -0.01(2) 

Single crystal of 3ac was obtained by slow evaporation from PE/DCM (V=4/1) at 25 
o
C. ORTEP 

diagram of compound 3ac, the ellipsoid contour probability levels: 50% 

 

 
Figure S1. ORTEP plot of compound 3ac 

Thermal ellipsoids are drawn at 50% probability level. 
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7. HPLC, NMR spectra of products 

7.1 NMR spectra 
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7.2 HPLC spectra 
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