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1. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received. 1H and 13C 

NMR spectra were recorded on a Bruker ACF300 (300 MHz), AVANCE III (400 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. 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. Melting points were measured with a Tianjin automatic 

melting point ZRD-1 apparatus.
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2. Representative Procedure for NHC-Catalyzed Reaction of Ynals with 1,2-Dione

N
NN Mes

O

BF4

CHO

+

O
O (10 mol%)

Cs2CO3 (0.1 equiv.)
CH3CN (0.5 mL), RT, 24 h

O
O

O

1a 2 3a

Typical procedure for this reaction:

To a solution of 3-phenylpropiolaldehyde 1a (13.0 mg, 0.1 mmol) and 1,2-cyclohexanedione 2 (16.8 mg, 

0.15 mmol) in CH3CN (0.5 mL) was added catalyst VI (4.2 mg, 0.01 mmol) at room temperature, 

followed by adding the cesium carbonate (3.3 mg, 0.01 mmol). The resulting 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 = 1.5:1 to afford the desired product 3a as colorless oil (20.8 mg, 86% yield).

Note：Racemic samples for the standard of chiral HPLC chromatograms were prepared with achiral 

NHC precursor VIII as catalyst.

N
N

N
Mes

BF4

Cat. VIII

3. Analytical Data of Fused Dihydropyranones
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O
O

O

(R)-4-phenyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3a) 20.8 mg, 86% yield; Colorless 

oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 7.34 – 7.26 (m, 3H), 7.13 (d, J = 7.1 Hz, 2H), 3.75 (dd, J = 

7.5, 4.0 Hz, 1H), 3.00 (dd, J = 16.2, 7.6 Hz, 1H), 2.82 (dd, J = 16.2, 4.0 Hz, 1H), 2.54 (t, J = 6.7 Hz, 2H), 

2.47 – 2.26 (m, 2H), 2.08 – 1.86 (m, 2H); 13C NMR (125 MHz, CDCl3) δ = 190.06, 165.48, 143.40, 

138.37, 136.78, 129.35, 128.11, 127.06, 42.61, 37.56, 35.88, 27.61, 21.86; HRMS (ESI): Exact mass 

calculated for C15H15O3 [M+H]+ 243.1016, found 243.1015; HPLC (Chiralpak AS-H, i-propanol/hexane 

= 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 26.1 min, tR (major) = 36.1 min, ee = 98%; 

[α]25
D = -157.3 (c = 0.83 in DCM).

O
O

O

F

(R)-4-(4-fluorophenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3b) 20.9 mg, 80% yield; 

White solid; mp 104–107 oC; 1H NMR (300 MHz, CDCl3) δ = 7.18 – 6.97 (m, 4H), 3.73 (dd, J = 7.4, 3.9 

Hz, 1H), 3.01 (dd, J = 16.1, 7.5 Hz, 1H), 2.82 (dd, J = 16.1, 4.0 Hz, 1H), 2.58 (t, J = 6.7 Hz, 2H), 2.49 – 

2.24 (m, 2H), 2.13 – 1.88 (m, 2H); 13C NMR (100 MHz, CDCl3) δ = 189.91, 165.15, 162.46 (d, 1JC-F = 

246.3 Hz), 143.57, 136.20, 134.17, 128.82 (d, 3JC-F = 8.1 Hz), 116.46 (d, 2JC-F = 21.5 Hz), 42.09, 37.65, 

36.10, 27.69, 21.98; HRMS (ESI): Exact mass calculated for C15H14O3F [M+H]+ 261.0921, found 
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261.0929; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR 

(minor) = 29.9 min, tR (major) = 34.2 min, ee = 96%; [α]25
D = -174.4 (c = 0.78 in DCM).

O
O

O

Br

(R)-4-(4-bromophenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3c) 24.4 mg, 76% yield; 

White solid; mp 169–172 oC; 1H NMR (400 MHz, CDCl3) δ (ppm) = 7.48 (d, J = 8.2 Hz, 2H), 7.03 (d, J 

= 8.4 Hz, 2H), 3.71 (dd, J = 7.4, 3.9 Hz, 1H), 3.01 (dd, J = 16.1, 7.6 Hz, 1H), 2.81 (dd, J = 16.2, 4.0 Hz, 

1H), 2.57 (t, J = 6.7 Hz, 2H), 2.44 – 2.27 (m, 2H), 2.06 – 1.94 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

(ppm) = 189.85, 164.98, 143.69, 137.45, 135.69, 132.65, 128.85, 122.30, 42.29, 37.63, 35.82, 27.69, 

21.96; HRMS (ESI): Exact mass calculated for C15H13O3BrNa [M+Na]+ 242.9940, found 242.9927; 

HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 

30.6 min, tR (major) = 36.6 min, ee = 92%; [α]25
D = -144.8 (c = 0.84 in DCM).

O
O

O

Cl

(S)-4-(2-chlorophenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3d) 22.9 mg, 83% 

yield; Colorless oil; 1H NMR (300 MHz, CDCl3) δ (ppm) = 7.47 – 7.32 (m, 1H), 7.29 – 7.13 (m, 2H), 

7.00 (dd, J = 5.9, 3.4 Hz, 1H), 4.25 (dd, J = 7.2, 4.3 Hz, 1H), 2.89 (qd, J = 16.3, 5.9 Hz, 2H), 2.69 – 2.50 

(m, 2H), 2.48 – 2.15 (m, 2H), 2.13 – 1.85 (m, 2H); 13C NMR (75 MHz, CDCl3) δ = 189.88, 165.05, 
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144.47, 135.56, 135.26, 133.71, 130.54, 129.60, 128.00, 127.76, 39.21, 37.70, 34.42, 27.63, 21.98; 

HRMS (ESI): Exact mass calculated for C15H14O3Cl [M+K]+ 277.0626, found 277.0615; HPLC 

(Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 30.5 min, 

tR (major) = 52.6 min, ee = 98%; [α]25
D = +19.5 (c = 1.12 in DCM).

O
O

O

(R)-4-p-tolyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3e) 20.3 mg, 79% yield; Colorless 

oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 7.15 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 3.70 (dd, 

J = 7.5, 4.1 Hz, 1H), 2.99 (dd, J = 16.1, 7.6 Hz, 1H), 2.82 (dd, J = 16.1, 4.1 Hz, 1H), 2.56 (t, J = 6.8 Hz, 

2H), 2.46 – 2.29 (m, 5H), 2.08 – 1.91 (m, 2H); 13C NMR (125 MHz, CDCl3) δ (ppm) = 190.09, 165.48, 

143.44, 138.10, 136.91, 135.37, 130.10, 127.01, 42.44, 37.67, 36.07, 27.71, 21.98, 21.01; HRMS (ESI): 

Exact mass calculated for C16H17O3 [M+H]+ 257.1172, found 257.1171; HPLC (Chiralpak AS-H, i-

propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 23.6 min, tR (major) = 34.5 

min, ee = 97%; [α]25
D = -221.7 (c = 1.08 in DCM).

O
O

O

(R)-4-m-tolyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3f) 20.7 mg, 81% yield; Colorless 

oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 7.23 (t, J = 7.9 Hz, 1H), 7.12 (d, J = 7.6 Hz, 1H), 6.93 (br, 
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2H), 3.69 (dd, J = 7.5, 4.0 Hz, 1H), 2.99 (dd, J = 16.2, 7.7 Hz, 1H), 2.84 (dd, J = 16.1, 4.1 Hz, 1H), 2.61 

– 2.53 (m, 2H), 2.47 – 2.35 (m, 2H), 2.33 (s, 3H), 2.08 – 1.90 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

(ppm) = 190.05, 165.43, 143.49, 139.30, 138.43, 136.70, 129.31, 129.01, 127.75, 124.19, 42.80, 37.68, 

35.98, 27.74, 21.99, 21.40; HRMS (ESI): Exact mass calculated for C16H17O3 [M+H]+ 257.1172, found 

257.1179; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR 

(minor) = 26.5 min, tR (major) = 33.4min, ee = 98%; [α]25
D = -119.8 (c = 1.11 in DCM).

O
O

O

(R)-4-o-tolyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3g) 18.3 mg, 71% yield; Colorless 

oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 7.25 – 7.15 (m, 3H), 6.97 (d, J = 7.4 Hz, 1H), 4.02 (dd, J = 

7.5 Hz, 4.2, 1H), 3.04 – 2.94 (m, 1H), 2.81 – 2.71 (m, 1H), 2.65 – 2.53 (m, 2H), 2.43 – 2.25 (m, 5H), 

2.10 – 1.94 (m, 2H); 13C NMR (100 MHz, CDCl3) δ (ppm) = 189.91, 165.28, 144.27, 136.91, 136.17, 

135.52, 131.36, 128.08, 127.23, 126.01, 38.63, 37.73, 35.10, 27.78, 22.03, 19.49; HRMS (ESI): Exact 

mass calculated for C16H17O3 [M+H]+ 257.1172, found 257.1178; HPLC (Chiralpak AS-H, i-

propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 33.1 min, tR (major) = 47.4 

min, ee = 99%; [α]25
D = -154.5 (c = 0.76 in DCM).
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O
O

O

(R)-4-(4-tert-butylphenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3h) 22.7 mg, 76% 

yield; White solid; mp 143–145 oC; 1H NMR (300 MHz, CDCl3) δ (ppm) = 7.39 – 7.30 (m, 2H), 7.06 (d, 

J = 8.3 Hz, 2H), 3.71 (dd, J = 7.3, 4.0 Hz, 1H), 2.99 (dd, J = 16.1, 7.5 Hz, 1H), 2.83 (dd, J = 16.1, 4.0 

Hz, 1H), 2.57 (t, J = 6.7 Hz, 2H), 2.39 (dd, J = 9.0, 5.4 Hz, 2H), 2.12 – 1.87 (m, 2H), 1.30 (s, 9H); 13C 

NMR (75 MHz, CDCl3) (ppm) δ = 190.10, 165.56, 151.25, 143.46, 136.97, 135.24, 126.78, 126.35, 

42.34, 37.67, 36.05, 34.53, 31.21, 27.76, 21.98; HRMS (ESI): Exact mass calculated for C19H23O3 

[M+H]+ 299.1642, found 299.1649; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 

mL/min, λ = 254 nm): tR (minor) = 17.5 min, tR (major) = 23.8 min, ee = 98%; [α]25
D = -218.7 (c = 1.39 

in DCM).

O
O

O

(R)-4-(4-ethylphenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3i) 23.8 mg, 88% yield; 

Colorless oil; 1H NMR (300 MHz, CDCl3) δ (ppm) = 7.17 (d, J = 8.1 Hz, 2H), 7.12 – 7.01 (m, 2H), 3.70 

(dd, J = 7.3, 4.1 Hz, 1H), 2.99 (dd, J = 16.1, 7.5 Hz, 1H), 2.83 (dd, J = 16.1, 4.2 Hz, 1H), 2.74 – 2.50 (m, 

4H), 2.38 (dd, J = 11.0, 5.2 Hz, 2H), 2.14 – 1.89 (m, 2H), 1.22 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, 
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CDCl3) δ (ppm) = 190.04, 165.51, 144.35, 143.44, 136.93, 135.59, 128.89, 127.07, 42.46, 37.67, 36.07, 

28.39, 27.73, 21.98, 15.33; HRMS (ESI): Exact mass calculated for C17H19O3 [M+H]+ 271.1329, found 

271.1333; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR 

(minor) = 23.7 min, tR (major) = 33.8 min, ee = 98%; [α]25
D = -164.8 (c = 1.01 in DCM).

O
O

O

O

(R)-4-(3-methoxyphenyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3j) 21.8 mg, 80% 

yield; Yellow solid; mp 133–136 oC; 1H NMR (300 MHz, CDCl3) δ (ppm) = 7.27 (dd, J = 9.5, 6.4 Hz, 

1H), 6.84 (dd, J = 8.1, 2.2 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.69 – 6.63 (m, 1H), 3.79 (s, 3H), 3.70 (dd, 

J = 7.4, 4.3 Hz, 1H), 3.00 (dd, J = 16.2, 7.5 Hz, 1H), 2.84 (dd, J = 16.1, 4.3 hz, 1H), 2.57 (t, J = 6.7 Hz, 

2H), 2.45 – 2.33 (m, 2H), 2.12 – 1.87 (m, 2H); 13C NMR (75 MHz, CDCl3) δ (ppm) = 190.04, 165.35, 

160.28, 143.56, 139.93, 136.41, 130.57, 119.26, 113.34, 113.10, 55.27, 42.78, 37.67, 35.91, 27.70, 21.97; 

HRMS (ESI): Exact mass calculated for C16H17O4 [M+H]+ 273.1121, found 273.1126; HPLC (Chiralpak 

AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 48.7 min, tR (major) 

= 55.9 min, ee = 94%; [α]25
D = -145.4 (c = 1.36 in DCM).

O
O

O

S

(S)-4-(thiophen-2-yl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3k) 18.3 mg, 74% yield; 
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White solid; mp 156–157 oC; 1H NMR (300 MHz, CDCl3) δ (ppm) = 7.26 – 7.22 (m, 1H), 6.97 (dd, J = 

5.1, 3.5 Hz, 1H), 6.92 – 6.85 (m, 1H), 4.11 – 3.87 (m, 1H), 3.14 – 2.89 (m, 2H), 2.66 – 2.44 (m, 4H), 

2.17 – 1.93 (m, 2H); 13C NMR (75 MHz, CDCl3) δ (ppm) = 190.01, 165.00, 143.12, 140.52, 136.10, 

127.50, 125.36, 125.33, 37.59, 36.47, 27.62, 21.99; Exact mass calculated for C13H13O3S [M+H]+ 

249.0580, found 249.0589; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ 

= 254 nm): tR (minor) = 32.4 min, tR (major) = 49.2 min, ee = 92%; [α]25
D = -168.1 (c = 1.18 in DCM).

O
O

O

(S)-4-phenethyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3l) 22.3 mg, 83% yield; Colorless 

oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 7.30 (t, J = 7.5 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.15 (d, J = 

7.4 Hz, 2H), 2.83 – 2.66 (m, 3H), 2.61 (ddd, J = 13.9, 9.2, 7.4 Hz, 1H), 2.55 – 2.37 (m, 5H), 2.09 – 1.89 

(m, 3H), 1.79 – 1.68 (m, 1H); 13C NMR (100 MHz, CDCl3) δ (ppm) = 189.69, 166.16, 143.19, 140.14, 

138.68, 128.66, 128.21, 126.42, 37.58, 35.79, 33.15, 32.64, 32.54, 27.82, 22.07; Exact mass calculated 

for C17H19O3 [M+H]+ 271.1329, found 271.1328; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, 

flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 24.9 min, tR (major) = 34.1 min, ee = 97%; [α]25
D = -

113.0 (c = 0.74 in DCM).
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O
O

O

(S)-4-hexyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3m) 20.7 mg, 83% yield; Yellow oil; 

1H NMR (300 MHz, CDCl3) δ (ppm) = 2.66 (d, J = 4.7 Hz, 2H), 2.61 – 2.37 (m, 4H), 2.14 – 1.96 (m, 

2H), 1.82 – 1.51 (m, 2H), 1.49 – 1.14 (m, 9H), 0.87 (t, J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 

(ppm) = 189.83, 166.43, 143.02, 139.29, 37.59, 36.51, 32.89, 31.91, 31.51, 29.09, 27.99, 26.53, 22.51, 

22.10, 13.98; Exact mass calculated for C15H23O3 [M+H]+ 251.1642, found 251.1640; HPLC (Chiralpak 

AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 12.5 min, tR (major) 

= 14.4 min, ee = 98%; [α]25
D = -37.8 (c = 0.55 in DCM).

O
O

O

(R)-4-cyclopentyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3n) 15.9 mg, 70% yield; 

Colorless oil; 1H NMR (500 MHz, CDCl3) δ (ppm) = 2.74 (dd, J = 16.0, 2.0 Hz, 1H), 2.62 (dt, J = 10.8, 

5.6 Hz, 2H), 2.57 – 2.43 (m, 3H), 2.28 (t, J = 6.4 Hz, 1H), 2.11 – 1.98 (m, 2H), 1.96 – 1.81 (m, 2H), 1.80 

– 1.45 (m, 7H); 13C NMR (100 MHz, CDCl3) δ (ppm) = 189.83, 166.83, 143.36, 139.95, 43.04, 41.57, 

37.70, 32.83, 31.24, 30.31, 29.38, 25.07, 24.10, 22.32; Exact mass calculated for C14H19O3 [M+H]+ 

235.1329, found 235.1335; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ 

= 254 nm): tR (minor) = 18.3 min, tR (major) = 26.6 min, ee = 98%; [α]25
D = -56.3 (c = 1.14 in DCM).
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O
O

O

(R)-4-cyclopropyl-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3o) 14.7 mg, 71% yield; 

Colorless oil; 1H NMR (300 MHz, CDCl3) δ (ppm) = 2.82 – 2.64 (m, 3H), 2.56 – 2.44 (m, 3H), 2.15 – 

1.99 (m, 2H), 1.85 – 1.69 (m, 1H), 0.93 – 0.49 (m, 3H), 0.38 (td, J = 9.6, 4.6 Hz, 1H), 0.15 (td, J = 9.9, 

5.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ (ppm) = 189.99, 166.36, 142.73, 138.53, 41.33, 37.59, 34.17, 

27.80, 21.98, 14.02, 5.03, 2.68; Exact mass calculated for C12H15O3 [M+H]+ 207.1016, found 207.1017; 

HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR (minor) = 

21.7 min, tR (minor) = 35.3 min, ee = 98%; [α]25
D = -115.7 (c = 0.42 in DCM).

O
O

O

Si

(S)-4-(tert-butyldimethylsilyl)-3,4,6,7-tetrahydro-2H-chromene-2,8(5H)-dione (3p) 20.4 mg, 73% 

yield; White solid; mp 111–113 oC; 1H NMR (300 MHz, CDCl3) δ (ppm) = 2.77 (d, J = 4.6 Hz, 2H), 

2.63 – 2.32 (m, 4H), 2.10 (t, J = 4.6 Hz, 1H), 2.07 – 1.92 (m, 1H), 0.95 (s, 9H), 0.11 (s, 3H), 0.03 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ (ppm) = 188.72, 167.30, 142.90, 142.55, 37.59, 30.87, 30.21, 26.59, 

25.39, 22.03, 17.62, -5.85, -6.93; Exact mass calculated for C15H25O3Si [M+H]+ 281.1567, found 

281.1574; HPLC (Chiralpak AS-H, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 254 nm): tR 

(minor) = 16.4 min, tR (major) = 20.5 min, ee = 93%; [α]25
D = -167.7 (c = 0.91 in DCM).
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4. NMR Spectra of the Products 
Compound 3a
1H NMR (500 MHz, CDCl3)
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Compound 3b
1H NMR (300 MHz, CDCl3)
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Compound 3c
1H NMR (400 MHz, CDCl3)
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Compound 3f
1H NMR (500 MHz, CDCl3)
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13C NMR (100 MHz, CDCl3)
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13C NMR (100 MHz, CDCl3)
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13C NMR (75 MHz, CDCl3)
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Compound 3i
1H NMR (300 MHz, CDCl3)
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13C NMR (100 MHz, CDCl3)
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Compound 3k
1H NMR (300 MHz, CDCl3)
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13C NMR (75 MHz, CDCl3)
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1H NMR (500 MHz, CDCl3)
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Compound 3p
1H NMR (300 MHz, CDCl3)
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5. HPLC Chromatogram Profile of the Products    
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Racemic 3a

Enantiomeric enriched 3a
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Enantiomeric enriched 3b

Racemic 3c

O
O

O

F

O
O

O

F



S32

Enantiomeric enriched 3c

Racemic 3d
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Enantiomeric enriched 3d

Racemic 3e
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Enantiomeric enriched 3e

Racemic 3f
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Enantiomeric enriched 3f

O
O

O

O
O

O



S36

Racemic 3g

Enantiomeric enriched 3g
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Racemic 3h

Enantiomeric enriched 3h
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Racemic 3i

Enantiomeric enriched 3i
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Racemic 3j

Enantiomeric enriched 3j
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Racemic 3k

Enantiomeric enriched 3k
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Racemic 3l

Enantiomeric enriched 3l
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Racemic 3m

Enantiomeric enriched 3m
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Racemic 3n

Enantiomeric enriched 3n
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Racemic 3o

Enantiomeric enriched 3o
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Racemic 3p

Enantiomeric enriched 3p
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