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1. General Information 

Chemicals and solvents were purchased from commercial suppliers and used as received. 
1
H and 

13
C 

NMR spectra were recorded on a Bruker ACF300 (300 MHz) or AMX500 (500 MHz) spectrometer. 

Chemical shifts were reported in parts per million (ppm), and the residual solvent peak was used as an 

internal reference: proton (chloroform δ 7.26), carbon (chloroform δ 77.0) or tetramethylsilane (TMS δ 

0.00) 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). Low resolution mass spectra were obtained on a Finnigan/MAT LCQ spectrometer in 

ESI mode, and a Finnigan/MAT 95XL-T mass spectrometer in EI mode. All high resolution mass 

spectra were obtained on a Finnigan/MAT 95XL-T spectrometer. For thin layer chromatography (TLC), 

Merck pre-coated TLC plates (Merck 60 F254) were used, and compounds were visualized with a UV 

light at 254 nm. Flash chromatography separations were performed on Merck 60 (0.040-0.063 mm) 

mesh silica gel. The enantiomeric excesses of products were determined by chiral phase HPLC analysis. 

Optical rotations were recorded on Jasco DIP-1000 polarimeter. 
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2. Experimental Procedure for Decarboxylative Reaction of MAHTs to Enones 

+
SPh

O

HO

O
Cat.I (20 mol%)

THF, 24 h, RT
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Ph

SPhO
Ph

O

Me

O

Me

3aa  

Typical procedure for the cascade reaction: 

To a solution of trans-4-Phenyl-3-buten-2-one 1a (29.2 mg, 0.2 mmol,) and catalyst I (12.9 mg, 0.04 

mmol) in THF (1.0 mL) at room temperature, was added malonic acid half thioester 2a (98.1 mg, 0.50 

mmol) in one portion. The reaction mixture was kept stirring at room temperature for 24 h. The crude 

product was purified by silica gel flash chromatography, eluted by hexane/EtOAc = 10:1 to afford the 

desired product 3aa as colorless oil (48.3 mg, 81% yield). 

 

 

(R)-S-phenyl 5-oxo-3-phenylhexanethioate (3aa) (Table 2, entry 1). 48.3 mg, 81% yield; Colorless 

oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.40 – 7.36 (m, 3H), 7.33 – 7.29 (m, 4H), 7.24 – 7.21 (m, 

3H), 3.77 (p, J = 7.2 Hz, 1H), 3.04 – 2.81 (m, 4H), 2.06 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 

206.53, 195.84, 142.40, 134.37, 129.37, 129.12, 128.65, 127.49, 127.36, 126.96, 49.36, 48.90, 37.81, 

30.34; HRMS (ESI) calcd for C18H18O2SNa
+
 [M + Na

+
] 321.0920, found 321.0929; HPLC (Chiralpak 

IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 15.6 min, tR (minor) = 

20.5 min, ee = 97%; [α]
25

D = -74.2 (c = 1.01 in DCM). 
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(R)-S-phenyl 3-(4-fluorophenyl)-5-oxohexanethioate (3ba) (Table 2, entry 2). 48.1 mg, 76% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.42 – 7.36 (m, 3H), 7.33 – 7.27 (m, 2H), 7.23 – 

7.17 (m, 2H), 6.99 (t, J = 8.6 Hz, 2H), 3.76 (p, J = 7.2 Hz, 1H), 3.02 – 2.78 (m, 4H), 2.06 (s, 3H); 
13

C 

NMR (125 MHz, CDCl3) δ (ppm): 206.25, 195.70, 162.66, 160.72, 138.12, 138.10, 134.34, 129.45, 

129.17, 128.96, 128.90, 127.36, 115.54, 115.38, 49.34, 48.96, 37.04, 30.35; HRMS (ESI) calcd for 

C18H17O2FSNa
+
 [M + Na

+
] 339.0825, found 339.0831; HPLC (Chiralpak IC, i-propanol/hexane = 

20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 9.9 min, tR (minor) = 14.5 min, ee = 97%; 

[α]
25

D = -77.1 (c = 0.90 in DCM). 

 

 

(R)-S-phenyl 3-(4-isopropylphenyl)-5-oxohexanethioate (3ca) (Table 2, entry 3). 59.2 mg, 87% 

yield; Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.38 – 7.36 (m, 3H), 7.30 (dd, J = 6.6, 3.0 

Hz, 2H), 7.17 – 7.13 (m, 4H), 3.74 (p, J = 7.2 Hz, 1H), 3.02 – 2.80 (m, 5H), 2.06 (s, 3H), 1.24 (d, J = 

6.9 Hz, 6H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.73, 195.99, 147.45, 139.72, 134.39, 129.35, 

129.12, 127.60, 127.23, 126.66, 49.49, 49.02, 37.44, 33.65, 30.31, 23.94, 23.91; HRMS (ESI) calcd for 

C21H24O2SNa
+
 [M + Na

+
] 363.1389, found 363.1407; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, 

flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 11.3 min, tR (minor) = 16.9 min, ee = 97%; [α]
25

D = 

-64.2 (c = 1.23 in DCM). 
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(R)-S-phenyl 3-(4-(allyloxy)phenyl)-5-oxohexanethioate (3da) (Table 2, entry 4). 50.4 mg, 71% 

yield; Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.41 – 7.34 (m, 2H), 7.33 – 7.27 (m, 2H), 

7.17 – 7.11 (m, 2H), 6.89 – 6.83 (m, 2H), 6.05 (ddt, J = 17.2, 10.5, 5.3 Hz, 1H), 5.40 (ddd, J = 17.2, 3.1, 

1.5 Hz, 1H), 5.28 (ddd, J = 10.5, 2.6, 1.3 Hz, 1H), 4.51 (dt, J = 5.3, 1.4 Hz, 2H), 3.71 (p, J = 7.2 Hz, 

1H), 3.00 – 2.77 (m, 4H), 2.04 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.70, 195.90, 157.48, 

134.59, 134.37, 133.28, 129.35, 129.11, 128.34, 127.55, 117.58, 114.84, 68.79, 49.60, 49.12, 37.15, 

30.35; HRMS (ESI) calcd for C21H22O3SNa
+
 [M + Na

+
] 377.1182, found 377.1191; HPLC (Chiralpak 

IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 15.7 min, tR (minor) = 

24.6 min, ee = 96%; [α]
25

D = -79.8 (c = 1.16 in DCM). 

 

(R)-S-phenyl 3-(4-(benzyloxy)phenyl)-5-oxohexanethioate (3ea) (Table 2, entry 5). 63.1mg, 78% 

yield; White solid; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.44 – 7.42 (m, 2H), 7.39 – 7.37 (m, 5H), 

7.34 – 7.29 (m, 3H), 7.15 (d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.6 Hz, 2H), 5.04 (s, 2H), 3.72 (p, J = 7.2 Hz, 

1H), 3.00 – 2.78 (m, 4H), 2.05 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.68, 195.90, 157.69, 

136.99, 134.72, 134.37, 129.36, 129.13, 128.54, 128.39, 127.92, 127.55, 127.45, 114.97, 70.00, 49.60, 

49.12, 37.15, 30.36; HRMS (ESI) calcd for C25H24O3SNa
+
 [M + Na

+
] 427.1338, found 427.1324; 

HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 18.4 
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min, tR (minor) = 28.4 min, ee = 97%; [α]
25

D = -71.0 (c = 1.29 in DCM). 

 

 

(R)-S-phenyl 3-(3-methoxyphenyl)-5-oxohexanethioate (3fa) (Table 2, entry 6). 49.2 mg, 75% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.39 – 7.37 (m, 3H), 7.32 – 7.30 (m, 2H), 7.23 (dd, 

J = 8.8, 7.7 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.77 (dd, J = 3.8, 1.5 Hz, 2H), 3.80 (s, 3H), 3.74 (p, J = 

7.2 Hz, 1H), 3.01 – 2.80 (m, 4H), 2.06 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.51, 195.84, 

159.78, 144.13, 134.40, 129.69, 129.40, 129.15, 127.55, 119.62, 113.38, 112.18, 55.19, 49.32, 48.87, 

37.84, 30.36; HRMS (ESI) calcd for C19H20O3SNa
+
 [M + Na

+
] 351.1025, found 351.1009; HPLC 

(Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 25.2 min, tR 

(minor) = 27.1 min, ee = 97%; [α]
25

D = -69.5 (c = 0.96 in DCM). 

 

 

(R)-S-phenyl 3-(furan-2-yl)-5-oxohexanethioate (3ga) (Table 2, entry 7). 49.0mg, 85% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.40 – 7.38 (m, 3H), 7.37 – 7.34 (m, 2H), 7.32 (dd, 

J = 1.8, 0.8 Hz, 1H), 6.28 (dd, J = 3.2, 1.9 Hz, 1H), 6.07 (d, J = 3.2 Hz, 1H), 3.86 (p, J = 6.9 Hz, 1H), 

3.06 – 2.97 (m, 2H), 2.92 – 2.83 (m, 2H), 2.11 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.21, 

195.64, 155.15, 141.47, 134.41, 129.45, 129.18, 127.46, 110.23, 105.73, 46.54, 46.20, 31.38, 30.16; 

HRMS (ESI) calcd for C16H16O3SNa
+
 [M + Na

+
] 311.0712, found 311.0716; HPLC (Chiralpak IC, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 16.2 min, tR (minor) = 39.8 
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min, ee = 98%; [α]
25

D = -43.7 (c = 1.13 in DCM). 

 

 

(R)-S-phenyl 5-oxo-3-(thiophen-2-yl)hexanethioate (3ha) (Table 2, entry 8). 46.3 mg, 76% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.40 – 7.38 (m, 3H), 7.35 – 7.33 (m, 2H), 7.16 (d, 

J = 5.0 Hz, 1H), 6.92 (dd, J = 5.0, 3.5 Hz, 1H), 6.88 (d, J = 3.2 Hz, 2H), 4.09 (p, J = 6.9 Hz, 1H), 3.08 

– 2.99 (m, 2H), 2.98 – 2.86 (m, 2H), 2.10 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.07, 

195.59, 145.90, 134.41, 129.46, 129.18, 127.41, 126.76, 124.54, 123.66, 49.87, 49.58, 33.14, 30.35; 

HRMS (ESI) calcd for C16H16O2S2Na
+
 [M + Na

+
] 327.0484, found 327.0488; HPLC (Chiralpak IC, 

i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 14.6 min, tR (minor) = 23.0 

min, ee = 97%; [α]
25

D = -56.5 (c = 1.05 in DCM). 

 

 

(R)-S-phenyl 3-methyl-5-oxohexanethioate (3ia) (Table 2, entry 9). 36.9 mg, 78% yield; Colorless 

oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.40 (br, 5H), 2.68 (ddd, J = 8.5, 6.3, 2.7 Hz, 1H), 2.58 (ddd, 

J = 12.4, 11.4, 5.9 Hz, 3H), 2.40 – 2.34 (m, 1H), 2.13 (s, 3H), 1.03 (d, J = 6.1 Hz, 3H); 
13

C NMR (125 

MHz, CDCl3) δ (ppm): 207.50, 196.46, 134.38, 129.37, 129.16, 127.73, 49.55, 30.30, 29.65, 27.01, 

19.79; HRMS (ESI) calcd for C13H16O2SNa
+
 [M + Na

+
] 259.0763, found 259.0761; HPLC (Chiralpak 

ID, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 10.4 min, tR (minor) = 

9.5 min, ee = 97%; [α]
25

D = -5.7 (c = 0.90 in DCM). 



S8 
 

 

 

(R)-S-phenyl 3-methyl-5-oxoheptanethioate (3ja) (Table 2, entry 10). 35.1 mg, 70% yield; Colorless 

oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.40 (br, 5H), 2.71 – 2.66 (m, 1H), 2.63 – 2.52 (m, 3H), 2.45 

– 2.33 (m, 3H), 1.04 (dd, J = 12.8, 6.6 Hz, 6H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 210.22, 196.53, 

134.42, 129.38, 129.18, 127.81, 49.68, 48.28, 36.37, 27.15, 19.90, 7.71; HRMS (ESI) calcd for 

C14H18O2SNa
+
 [M + Na

+
] 273.0920, found 273.0920; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, 

flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 8.2 min, tR (minor) = 9.2 min, ee = 98%; [α]
25

D = -6.5 

(c = 1.20 in DCM). 

 

 

(R)-S-4-chlorophenyl 5-oxo-3-phenylhexanethioate (3ab) (Table 2, entry 11). 48.6 mg, 73% yield; 

White solid; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.35 – 7.30 (m, 4H), 7.24 – 7.20 (m, 5H), 3.76 (p, J 

= 7.2 Hz, 1H), 2.98 (qd, J = 15.1, 7.2 Hz, 2H), 2.87 (qd, J = 16.9, 7.1 Hz, 2H), 2.06 (s, 3H); 
13

C NMR 

(125 MHz, CDCl3) δ (ppm): 206.46, 195.34, 142.30, 135.81, 135.60, 129.38, 128.70, 127.36, 127.04, 

125.95, 49.40, 48.92, 37.80, 30.37; HRMS (ESI) calcd for C18H17O2ClSNa
+
 [M + Na

+
] 355.0530, 

found 355.0547; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): 

tR (major) = 12.4 min, tR (minor) = 16.1 min, ee = 95%; [α]
25

D = -79.7 (c = 0.98 in DCM). 
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(R)-S-2-methoxyphenyl 5-oxo-3-phenylhexanethioate (3ac) (Table 2, entry 12). 52.6 mg, 80% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.30 (td, J = 8.4, 1.6 Hz, 1H), 7.26 – 7.11 (m, 6H), 

6.86 (dd, J = 14.6, 7.9 Hz, 2H), 3.73 – 3.65 (m, 4H), 2.94 – 2.73 (m, 4H), 1.95 (s, 3H); 
13

C NMR (125 

MHz, CDCl3) δ (ppm): 206.59, 195.06, 159.08, 142.54, 136.53, 131.61, 128.56, 127.36, 126.82, 121.00, 

115.74, 111.51, 55.84, 49.12, 48.83, 37.87, 30.29; HRMS (ESI) calcd for C19H20O3SNa
+
 [M + Na

+
] 

351.1025, found 351.1035; HPLC (Chiralpak ID, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 

254 nm): tR (major) = 15.4 min, tR (minor) = 17.3 min, ee = 98%; [α]
25

D = -66.4 (c = 1.15 in DCM). 

 

 

(R)-S-3,4-dimethoxyphenyl 5-oxo-3-phenylhexanethioate (3ad) (Table 2, entry 13). 50.9 mg, 71% 

yield; Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.31 – 7.28 (m, 2H), 7.21 (dd, J = 10.9, 4.4 

Hz, 3H), 6.86 (d, J = 2.5 Hz, 2H), 6.76 (s, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 3.76 (p, J = 7.1 Hz, 1H), 3.00 

– 2.80 (m, 4H), 2.05 (s, 3H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 206.53, 196.85, 150.22, 149.15, 

142.46, 128.60, 127.60, 127.38, 126.90, 118.37, 117.23, 111.49, 55.92, 55.84, 49.11, 48.92, 37.82, 

30.32; HRMS (ESI) calcd for C20H22O4SNa
+
 [M + Na

+
] 381.1131, found 381.1140; HPLC (Chiralpak 

IA, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm): tR (major) = 20.0 min, tR (minor) = 

22.2 min, ee = 96%; [α]
25

D = -70.3 (c = 0.95 in DCM). 
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(R)-S-phenyl 2-(3-oxocyclopentyl)ethanethioate (3ka) (Table 2, entry 14). 29.1 mg, 62% yield; 

Colorless oil; 
1
H NMR (500 MHz, CDCl3) δ (ppm): 7.43 – 7.40 (m, 5H), 2.85 – 2.75 (m, 2H), 2.75 – 

2.65 (m, 1H), 2.51 (dd, J = 18.3, 7.7 Hz, 1H), 2.36 – 2.15 (m, 3H), 1.94 (dd, J = 18.4, 9.8 Hz, 1H), 1.70 

– 1.61 (m, 1H); 
13

C NMR (125 MHz, CDCl3) δ (ppm): 217.75, 195.86, 134.40, 129.56, 129.27, 127.36, 

48.58, 44.37, 38.16, 33.97, 29.12; HRMS (ESI) calcd for C13H14O2SNa
+
 [M + Na

+
] 257.0607, found 

257.0609; HPLC (Chiralpak IC, i-propanol/hexane = 20/80, flow rate 1.0 mL/min, λ = 254 nm): tR 

(major) = 27.0 min, tR (minor) = 32.6 min, ee = 80%; [α]
25

D = -73.0 (c = 0.86 in DCM). 
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3. HPLC Chromatogram Profile and NMR Spectra of the Products 
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Compound 3ba 
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