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General Remarks

General: All manipulations were conducted with Schlenk tube. '"H-NMR spectra were
recorded on Bruker AVIII-400 spectrometers. Chemical shifts (in ppm) were
referenced to tetramethylsilane (6 = 0 ppm) in CDCl; as an internal standard.
13C-NMR spectra were obtained by the same NMR spectrometers and were
calibrated with CDCl; (6 = 77.00 ppm). Mass spectra were obtained using electron
impact ionization (EI) mass spectrometer or electrospray ionization (ESI) mass
spectrometer. Optical rotations were measured as follows: [a]," (¢ in g per 100 mL of
solvent). HPLC analysis was performed on Agilent 1200 using AD-H or OD-H
columns. Unless otherwise noted, materials and solvents obtained from commercial
suppliers were used without further purification. 1f-1h were prepared according to
literature methods."

Experimental Section
(R)-2-Benzyl-3,3-bis(4-(dimethylamino)phenyl)propanal (4aa)

oh CHO
MezN NM82

Typical Procedure (1): Catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg, 0.06
mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol) were mixtured in 2.0 mL
toluene. The trans-Cinnamaldehyde 1a ( 39.6 mg, 0.3 mmol) was added after the
reaction mixture was cooled to -5 C. The reaction was stirred for one day at -5 C,
then bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) was added and
the reaction continues for another four days. The crude reaction mixture was directly
purified by flash chromatography column using hexane/Et,O = 5/1 as the eluent to
afford 73.4 mg (95 % yield, 87% ee ) of 4aa. HPLC analysis on a AD-H column at
0°C: hexane/i-PrOH = 90/10, flow rate 0.50 mL/min, A = 254 nm: “major = 28.1 min.,
"minor = 31.2 min.; [a]p" = -10.5 (c = 1.14, CHCL;, 87% ee); IR:(KBr) vmsx 2921,
2856, 2799, 1720, 1612, 1520, 1350, 816 cm™; '"H-NMR (400 MHz, CDCls, ppm) &
9.53 (d, J=3.6 Hz, 1H), 7.25-7.04 (m, 9H), 6.70 (d, J = 8.8 Hz, 2H), 6.61 (d, J = 8.4
Hz, 2H), 4.02 (d, J = 10.8 Hz, 1H), 3.52-3.44 (m, 1H), 2.92-2.76 (m, 2H), 2.90 (s, 6H),
2.85 (s, 6H); C-NMR (100 MHz, CDCl3, ppm) & 204.8, 149.3, 149.2, 139.1, 130.7,
130.1, 129.0, 128.58, 128.55, 128.3, 126.2, 113.0, 112.9, 57.8, 50.7, 40.6, 40.5, 34.8;
MS (70 eV): m/z (%): 253.2 (100), 386.3 (10) [M]". HRMS m/z (ESI): Calcd. for
C6H31N,O [M+H]" 387.24309, Found: 387.24292.

(R)-3,3-Bis(4-(dimethylamino)phenyl)-2-(4-methylbenzyl)propanal (4ba)

"!i CHO

MezN NMe2
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The reaction was carried out following the typical procedure (1) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 024 mmol),
4-methyl-Cinnamaldehyde 1b ( 43.8 mg, 0.3 mmol),
bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) in toluene (2.0 mL)
afford 74.0 mg (93 % yield, 81% ee ) of 4ba. HPLC analysis on a AD-H column at
0°C: hexane/i-PrOH = 90/10, flow rate 0.50 mL/min, A = 254 nm: “major = 30.5 min.,
"minor = 28.6 min.; [a]p" = +5.0 (¢ = 2.39, CHCL;, 81% ee); IR:(KBr) Vmax 2916,
2883, 2854, 2798, 1716, 1613, 1519, 1348, 804 cm™; "H-NMR (400 MHz, CDCl;,
ppm) & 9.51 (d, J = 3.6 Hz, 1H), 7.17 (d, J = 8.0 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H),
7.03 (d, J=7.2 Hz, 2H), 6.94 (d, J = 7.2 Hz, 2H), 6.69 (d, J = 8.4 Hz, 2H), 6.60 (d, J
= 8.4 Hz, 2H), 4.01 (d, J=10.8 Hz, 1H),3.48-3.42 (m, 1H), 2.89-2.73 (m, 2H), 2.88 (s,
6H), 2.84 (s, 6H), 2.27 (s, 3H); >C-NMR (100 MHz, CDCl;, ppm) & 204.9, 149.2,
149.15, 135.8, 135.6, 130.8, 130.2, 129.0, 128.8, 128.5, 112.9, 112.8, 57.8, 50.6, 40.6,
40.5, 34.4, 20.9; MS (70 eV): m/z (%): 253.2 (100), 400.4 (10) [M]". HRMS m/z
(ESI): Calcd. for Cy7H33N,0 [M+H]" 401.25874, Found: 401.25878

(R)-2-(4-Chlorobenzyl)-3,3-bis(4-(dimethylamino)phenyl)propanal (4ca)

CHO
Cl
Me,N I I NMe,

The reaction was carried out following the typical procedure (1) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), 4-chloro-Cinnamaldehyde
le ( 50.0 mg, 0.3 mmol), bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg,
0.2mmol) in toluene (2.0 mL) afford 73.3 mg (87 % yield, 80% ee ) of 4ca. HPLC
analysis on a AD-H column at 0°C: hexane/i-PrOH = 90/10, flow rate 0.50 mL/min, A
= 254 nm: "major = 49.8 min., “minor = 30.3 min.; [a]p" = -19.8 (¢ = 2.63, CHCl,
80% ee); IR:(KBr) vimax 2931, 2886, 2859, 2803, 1714, 1612, 1520, 1350, 807 cm'';
'H-NMR (400 MHz, CDCl3, ppm) & 9.51 (s, 1H), 7.17-7.09 (m, 6H), 6.97 (d, J = 7.2
Hz, 2H), 6.68 (d, J = 7.6 Hz, 2H), 6.61 (d, J = 7.2 Hz, 2H), 3.98 (d, J = 10.4 Hz, 1H),
3.44-3.41 (m, 1H), 3.04-2.68 (m, 2H), 2.89 (s, 6H), 2.85 (s, 6H); *C-NMR (100 MHz,
CDCls, ppm) & 204.5, 149.3, 149.2, 137.6, 131.9, 130.4, 130.3, 129.8, 128.5,128.47,
128.4, 112.9, 112.8, 57.7, 50.7, 40.55, 40.48, 34.0; MS (70 eV): m/z (%): 253.2 (100),
420.3 (10) [M]". HRMS m/z (ESI): Caled. for CaH3oCIN,O [M+H]™ 421.20412,
Found: 421.20390.

(R)-3,3-Bis(4-(dimethylamino)phenyl)-2-(2-fluorobenzyl)propanal (4da)
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‘“!D, CHO
Me,N I I NMe,

The reaction was carried out following the typical procedure (1) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), 2-fluoro-Cinnamaldehyde
1d ( 45.0 mg, 0.3 mmol), bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg,
0.2mmol) in toluene (2.0 mL) afford 76.7 mg (95 % yield, 90% ee ) of 4da. HPLC
analysis on a AD-H column at 0°C: hexane/i-PrOH = 95/5, flow rate 0.50 mL/min, A
= 254 nm: “major = 35.5 min., “minor = 47.5 min.; [a]p" = -11.5 (¢ = 1.75, CHCI3,
90% ee); IR:(KBr) vmax 2920, 2884, 2795, 1723, 1614, 1520, 1348, 1227, 803, 758
cm™; "H-NMR (400 MHz, CDCls, ppm) & 9.51 (d, J = 3.2 Hz, 1H), 7.23-6.92 (m, 8H),
6.69 (d, J=8.8 Hz, 2H), 6.61 (d, J = 8.8 Hz, 2H), 4.02 (d, J = 10.8 Hz, 1H), 3.55-3.49
(m, 1H), 2.90-2.78 (m, 2H), 2.89 (s, 6H), 2.85 (s, 6H); *C-NMR (100 MHz, CDCl;,
ppm) & 204.0, 161.0 (d, J = 243Hz), 149.3, 149.27, 131.44, 131.39, 130.5, 130.1,
128.56, 128.54, 128.09, 128.01, 126.1, 125.9, 123.93, 123.90, 115.3, 115.1, 112.95,
112.86, 56.6, 51.1, 40.6, 40.5, 28.6; HRMS m/z (ESI): Calcd. for CysH30FN,O
[M+H]" 405.23367, Found: 405.23324.

(R)-3-Phenyl-2-(9H-xanthen-9-yl)propanal (4ab)
Ph CHO

LI

The reaction was carried out following the typical procedure (1) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), trans-Cinnamaldehyde 1a
( 39.6 mg, 0.3 mmol), 9H-xanthen-9-ol 3b (39.6 mg, 0.2mmol) in MeNO, (2.0 mL)
afford 60.3 mg (96 % yield, 70% ee ) of 4ba. HPLC analysis on a AD-H column at
0°C: hexane/i-PrOH = 95/5, flow rate 0.50 mL/min, A = 254 nm: “major = 16.4 min., *
minor = 19.2 min.; [a]p" = -23.9 (¢ = 2.51, CHCls, 70% ee); IR:(KBr) Vmax 2925,
1722, 1477, 1457, 1247, 754 cm™; "H-NMR (400 MHz, CDCls, ppm) & 9.64 (d, J =
1.2 Hz, 1H), 7.29-7.06 (m, 11H), 6.96 (d, J = 7.2 Hz, 2H), 4.59 (d, J = 4.0 Hz, 1H),
3.01-2.96 (m, 1H), 2.83-2.76 (m, 1H), 2.72-2.66 (m, 1H); “C-NMR (100 MHz,
CDCls, ppm) 6 203.5, 152.9, 152.86, 138.8, 129.0, 128.8, 128.6, 128.5, 128.4, 126.3,
123.7, 123.5, 122.6, 121.7, 116.8, 117.77, 62.4, 39.5, 31.2; MS (70 eV): m/z (%):
181.0 (100); HRMS m/z (ESI): Calcd. for C;H;sNaO; [MJrNa]Jr 337.11990, Found:
337.12018.

(R)-3-Phenyl-2-(9H-thioxanthen-9-yl)propanal (4ac)
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Ph CHO

L

The reaction was carried out following the typical procedure (1) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), trans-Cinnamaldehyde 1a
( 39.6 mg, 0.3 mmol), 9H-thioxanthen-9-o0l 3¢ (42.8 mg, 0.2mmol) in MeNO, (2.0 mL)
afford 56.8 mg (86 % yield, 67% ee ) of 4ca. HPLC analysis on a AD-H column at
0°C: hexane/i-PrOH = 95/5, flow rate 0.50 mL/min, A = 254 nm: *major = 25.2 min., *
minor = 19.5 min.; [a]p" = +25.0 (¢ = 1.20, CHCL, 67% ee); IR:(KBr) Vmax 2932,
1715, 1462, 1442, 762, 750, 694 cm™; "H-NMR (400 MHz, CDCl;, ppm) & 9.43 (d, J
= 2.8 Hz, 1H), 7.48-7.42 (m, 2H), 7.32-7.10 (m, 9H), 6.96 (d, J = 7.2 Hz, 2H), 4.38 (d,
J =9.6 Hz, 1H), 3.56-3.53 (m, 1H), 2.86 (dd, J; = 14.0 Hz, J, = 10.4 Hz, 1H), 2.52
(dd, J; = 14.0 Hz, J, = 4.0 Hz, 1H); C-NMR (100 MHz, CDCls, ppm) & 203.9, 138.5,
135.3, 135.2, 133.2, 133.1, 130.1, 129.6, 128.7, 128.4, 127.5, 127.45, 127.2, 127.1,
126.7, 126.5, 126.3, 52.6, 50.0, 34.7; HRMS m/z (ESI): Calcd. for CyH;sNaOS
[M-+Na]" 353.09706, Found: 353.09736.

(2R,3R)-2-(Bis(4-(dimethylamino)phenyl)methyl)-3-phenylbutanal (4ea)

Ph CHO
MezN NM82

Typical Procedure (2): Catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg, 0.06
mmol), ethyl Hantzsch Esters 2 (60.7 mg, 0.24 mmol) were mixtured in 2.0 mL
toluene. The 3-phenylbut-2-enal 1e ( 43.8 mg, 0.3 mmol, E/Z = 3/1) was added after
the reaction mixture was cooled to -5 “C. The reaction was stirred for 1.5 day at
-5 °C, then bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) was
added and the temperature was rised to +20°C to react for another four days. The
crude reaction mixture was directly purified by flash chromatography column using
hexane/Et,O = 5/1 as the eluent to afford 65.6 mg (82 % yield, 93% ee, 7:1 dr) of 4ea.
HPLC analysis on a AD-H column at 0°C: hexane/i-PrOH = 95/5, flow rate 0.50
mL/min, A = 254 nm: “major = 27.1 min., “minor = 38.3 min., * major = 20.1 min., *
minor = 45.4 min.; [a]p" = -9.6 (¢ = 2.09, CHCls, 93% ee, 7:1 dr); IR:(KBr) Vimax 2971,
2931, 2879, 2796, 1696, 1608, 1517, 1343, 803, 697 cm; 'H-NMR (400 MHz,
CDCl3, ppm) 6 9.60 (d, J = 3.2 Hz, 1H), 7.31-7.04 (m, 9H), 6.72-6.67 (m, 2H),
6.59-6.57 (m, 2H), 4.19 (d, J = 10.0 Hz, 1H), 3.52-3.48 (m, 1H), 3.10-3.06 (m, 1H),
2.91 (s, 6H), 2.90 (s, 6H), 1.35-1.28 (m, 3H); C-NMR (100 MHz, CDCls, ppm) &
205.5, 149.2, 149.1, 144.7, 131.2, 130.4, 128.8, 128.5, 128.4, 127.5, 126.4, 113.0,
112.8, 61.0, 48.6, 40.64, 40.56, 39.0, 15.5; MS (70 eV): m/z (%): 253.3 (100), 400.6
(2) [M]". HRMS m/z (ESI): Caled. for C,;H33N,O [M+H]" 401.25874, Found:
401.25850.
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(2R,3R)-2-(Bis(4-(dimethylamino)phenyl)methyl)-3-(4-methoxyphenyl)butanal (4fa)

O “__CHO
MeO
Me,N I I NMe,

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 024 mmol),
(E)-3-(4-methoxyphenyl)but-2-enal 1f ( 52.8 mg, 0.3 mmol),
bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) in toluene (2.0 mL)
afford 63.4 mg (74 % yield, 94% ee, 6:1 dr) of 4fa. HPLC analysis on a AD-H
column at 0°C: hexane/i-PrOH = 90/10, flow rate 0.50 mL/min, A = 254 nm: "major =
24.9 min., “minor = 30.6 min., © major = 20.6 min., © minor = 39.7 min.; [a]p" =
-17.6 (c =2.27, CHCls, 94% ee, 6:1 dr); IR:(KBr) vimax 2927, 2831, 2802, 1719, 1611,
1514, 1348, 1247, 1027, 829, 810 cm™; "H-NMR (400 MHz, CDCls, ppm) & 9.59 (d,
J=4.0 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 6.8 Hz, 4H), 6.82 (d, J = 8.4 Hz,
2H), 6.68 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 8.4 Hz, 2H), 4.17 (d, J = 10.0 Hz, 1H), 3.77
(s, 3H), 3.47-3.45 (m, 1H), 3.04-2.97 (m, 1H), 2.89 (s, 6H), 2.84 (s, 6H), 1.28 (d, J =
7.2 Hz, 3H); >C-NMR (100 MHz, CDCl;, ppm) & 205.7, 158.0, 149.11, 149.06, 136.8,
131.2, 130.4, 128.8, 128.4, 128.3, 113.8, 113.5, 113.1, 113.0, 112.8, 61.2, 55.1, 48.5,
40.6, 40.5, 38.2, 15.7; MS (70 eV): m/z (%): 253.1 (100), 430.6 (3) [M]"; HRMS m/z
(ESI): Calcd. for Co3H3sN,0, [M+H]" 431.26930, Found: 431.26886.

(2R,3R)-2-(Bis(4-(dimethylamino)phenyl)methyl)-3-(4-fluorophenyl)butanal (4ga)

Me,N NMe,

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 024 mmol),
(E)-3-(4-fluorophenyl)but-2-enal 1g ( 49.2 mg, 0.3 mmol),
bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) in toluene (2.0 mL)
afford 50.8 mg (61 % yield, 99% ee, 7:1 dr) of 4ga. HPLC analysis on a AD-H
column at 0°C: hexane/i-PrOH = 90/10, flow rate 0.50 mL/min, A = 254 nm: "major =
18.6 min., “minor = 23.0 min., © major = 14.3 min., © minor = 29.3 min.; [a]p" =
+12.6 (¢ = 1.90, CHCls, 96% ee, 7:1 dr); IR:(KBr) vimax 2970, 2925, 2853, 2799, 1696,
1610, 1513, 1345, 1220, 800 cm™; "H-NMR (400 MHz, CDCls, ppm) & 9.59 (d, J =
4.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.08-6.93 (m, 6H), 6.68 (d, J = 8.4 Hz, 2H),
6.58 (d, J = 8.4 Hz, 2H), 4.16 (d, J = 10.0 Hz, 1H), 3.44-3.38 (m, 1H), 3.07-3.03 (m,
1H), 2.89 (s, 6H), 2.85 (s, 6H), 1.29 (d, J = 7.2 Hz, 3H); >C-NMR (100 MHz, CDCls,
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ppm) 5 205.4, 149.20, 149.15, 140.4, 131.0, 130.1, 128.9, 128.8, 128.78, 128.3, 115.3,
115.0, 113.0, 112.8, 61.2, 48.7, 40.6, 40.5, 38.4, 15.6; MS (70 €V): m/z (%): 253.2
(100), 418.4 (7) [M]"; HRMS m/z (ESI): Caled. for Co;H3,FN,O [M+H]" 419.24932,
Found: 419.24921.

(2R,3R)-2-(Bis(4-(dimethylamino)phenyl)methyl)-3-(4-bromophenyl)butanal (4ha)

“__CHO
Br
Me,N I I NMe,

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 024 mmol),
(E)-3-(4-bromophenyl)but-2-enal 1h ( 67.5 mg, 0.3 mmol),
bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) in toluene (2.0 mL)
afford 57.2 mg (60% yield, >99% ee, 6:1 dr) of 4ha. HPLC analysis on a AD-H
column at 0°C: hexane/i-PrOH = 95/5, flow rate 0.50 mL/min, A = 254 nm: “ major =
31.3 min., © major = 19.0 min., © minor = 50.5 min.; [a]p" = -15.8 (¢ = 1.77,
CHCls, >99% ee, 6:1 dr); IR:(KBr) vmax 2966, 2916, 2883, 2854, 2793, 1718, 1613,
1521, 1349, 806 cm™; 'H-NMR (400 MHz, CDCls, ppm) & 9.58 (s, 1H), 7.37 (d, J =
7.2 Hz, 2H), 7.23-6.90 (m, 6H), 6.66 (d, J = 7.2 Hz, 2H), 6.58 (d, J = 7.2 Hz, 2H),
4.15 (d, J =10.0 Hz, 1H), 3.42-3.40 (m, 1H), 3.02-3.00 (m, 1H), 2.89 (s, 6H), 2.84 (s,
6H), 1.30-1.25 (m, 3H); MS (70 eV): m/z (%): 253.2 (100); *C-NMR (100 MHz,
CDCls, ppm) 6 205.1, 149.2, 149.1, 143.8, 131.4, 130.8, 130.0, 129.2, 128.8, 128.3,
120.1, 113.0, 112.7, 60.9, 48.8, 40.6, 40.5, 38.6, 15.5; HRMS m/z (ESI): Calcd. for
Co7H3,BN,O [M+H]" 479.16925, Found: 479.16884.

2-(Bis(4-(dimethylamino)phenyl)methyl)-3,7-dimethyloct-6-enal (4ia)

X CHO
MezN NM62

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), citral (E + Z) 1i ( 45.6 mg,
0.3 mmol), bis(4-dimethylamino-phenyl)methanol 3a (54.0 mg, 0.2mmol) in toluene
(2.0 mL) afford 48.1 mg (59 % yield, 85% ee, 2:1 dr) of 4ia. HPLC analysis on a
AD-H column at 0°C: hexane/i-PrOH = 99/1, flow rate 0.50 mL/min, A = 254 nm: *
major = 34.3 min., “minor = 25.4 min., © major = 31.7 min., © minor = 26.7 min.;
[OL]Drt = +173.6 (¢ = 1.82, CHCl;, 85% ee, 2:1 dr); IR:(KBr) vmax 2922, 2854, 2803,
1718, 1613, 1520, 1349, 808 cm™; "H-NMR (400 MHz, CDCls, ppm) & 9.61 (d, J =
4.8 Hz, 1H), 7.13-7.09 (m, 4H), 6.65 (d, J = 8.8 Hz, 2H), 6.60 (d, J = 8.8 Hz, 2H),
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5.01-4.97 (m, 1H), 4.29-4.23 (m, 1H), 3.17-3.11 (m, 1H), 2.87 (s, 6H), 2.84 (s, 6H),
2.01-1.97 (m, 2H), 1.64 (s, 3H), 1.58 (s, 3H), 1.47-1.41 (m, 1H), 1.32-1.21 (m, 2H),
1.01-0.97 (m, 3H); MS (70 eV): m/z (%): 253.3 (100), 406.7 (6) [M]"; HRMS m/z
(ESI): Calcd. for Cy7H39N,O [M+H]" 407.30569, Found: 407.30563.

(2R,3R)-3-Phenyl-2-(9H-xanthen-9-yl)butanal (4eb)

CHO
Ph

L

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), The 3-phenylbut-2-enal 1e
( 43.8 mg, 0.3 mmol, E/Z = 3/1), 9H-xanthen-9-ol 3b (39.6 mg, 0.2mmol) in
MeNO; (2.0 mL) afford 37.9 mg (58% yield, 99% ee, >25:1 dr) of 4eb. HPLC
analysis on a OD-H column at 0°C: hexane/i-PrOH = 99/1, flow rate 0.50 mL/min, A
= 254 nm: "major = 21.5 min., “minor = 26.0 min.; [a]p" = -44.4 (c = 2.07, CHCl,
90% ee, >25:1 dr); IR:(KBr) vmax 2961, 2926, 2849, 1708, 1478, 1455, 1252, 753, 702
cm™; "H-NMR (400 MHz, CDCl;, ppm) & 9.39 (d, J = 4.0 Hz, 1H), 7.46-7.41 (m, 2H),
7.33-7.20 (m, 6H), 7.12-7.05 (m, 5H), 4.18 (d, J = 3.2 Hz, 1H), 3.25-3.19 (m, 1H),
2.94-2.89 (m, 1H), 1.12 (d, J = 6.8 Hz, 3H); "C-NMR (100 MHz, CDCl;, ppm) &
203.4, 153.1, 152.6, 144.4, 129.2, 129.0, 128.5, 128.3, 128.1, 127.7, 126.9, 124.4,
123.8, 123.3, 121.5, 116.8, 116.6, 66.3, 38.5, 37.4, 21.4; MS (70 eV): m/z (%): 181.0
(100); HRMS m/z (ESI): Calcd. for C,3HzoNaO, [M+Na]® 351.13555, Found:
351.13559.

(2R,3R)-3-Phenyl-2-(9H-thioxanthen-9-yl)butanal (4ec)

CHO
Ph

L

The reaction was carried out following the typical procedure (2) at the appointed
temperature. The reaction of catalyst D (4.1 mg, 0.015 mmol), catalyst B (19.9 mg,
0.06 mmol), ethyl Hantzsch esters 2 (60.7 mg, 0.24 mmol), The 3-phenylbut-2-enal 1e
( 43.8 mg, 0.3 mmol, E/Z = 3/1), 9H-thioxanthen-9-0l 3¢ (42.8 mg, 0.2mmol) in
MeNO; (2.0 mL) afford 26.6 mg (39 % yield, 86% ee, >25:1 dr) of 4ec. HPLC
analysis on a AD-H column at 0°C: hexane/i-PrOH = 99/1, flow rate 0.50 mL/min, A
= 254 nm: “major = 22.5 min., “minor = 27.8 min.; [a]p" = +18.2 (¢ = 1.32, CHCl,
86% ee, >25:1 dr); IR:(KBr) vmax 2961, 2927, 1721, 1460, 1443, 757, 701 cm™;
'H-NMR (400 MHz, CDCl;, ppm) & 9.44 (d, 1H, J = 3.2 Hz), 7.47-7.43 (m, 1H),
7.40-7.37 (m, 1H), 7.35-7.29 (m, 3H), 7.26-7.14 (m, 8H), 4.55 (d, 1H, J = 8.0 Hz),
3.48-3.44 (m, 1H), 2.79-2.75 (m, 1H), 1.24 (d, 1H, J = 6.8 Hz); *C-NMR (100 MHz,

S8
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CDCls, ppm) 6 203.0, 114.1, 136.0, 135.5, 133.4, 133.3, 130.3, 129.3, 128.7, 127.4,
127.3, 127.0, 126.9, 126.7, 126.6, 126.4, 58.9, 47.1, 38.3, 16.5; MS (70 eV): m/z (%):
197.1 (100); HRMS m/z (ESI): Calcd. for C,3H20NaOS [MJrNa]+ 367.11271, Found:
367.11295.

The synthesis of the compound 6
Me Me Me

~ CHO - -
Ph NaBH4 Ph OH TsCl Ph OTs

O O THF, 0°C O O pyridine, 40°C O O
(] (¢} (]

4eb 5 6

The compound 6 were prepared according to literature methods.” Compound 4eb
(131.7 mg, 0.4 mmol, 90% ee, >25:1 dr) was dissolved in dry THF (5 mL) and the
mixture was cooled to 0 °C. Then solid NaBHy4 (4 mmol, 10 equiv) was added in one
portion. Frothing occurs but is readily controllable through magnetic stirring of the
solution. After 30 minutes the mixture was quenched with few drops of water. Brine
(10 mL ) was added and the resulting mixture extracted with AcOEt (3 x 10 mL). The
combined organics were washed with brine (5 mL), dried over MgSQ,, filtered and
concentrated in vacuo. The crude residue was dissolved in 7 mL of dry pyridine and
tosyl chloride (1.2 mmol, 10 equiv) was added in one portion. The reaction was stirred
2 day at 40°C. Water (20 mL) and diethyl ether were added. After separation of the
two phases, the aqueous phase was further extracted with diethyl ether (2x20 mL).
The combined organic layers were washed with water, dried over MgSOQy, filtered and
concentrated in vacuo. The product was purified by flash chromatography on silica
gel to afford 156.8 mg (81 % yield, 88% ee, >25:1 dr) of 6. HPLC analysis on a
AD-H column which was cooled to 0°C: hexane/i-PrOH = 95/5, flow rate 0.50
mL/min, A = 254 nm: “major = 22.4 min., “minor = 23.6 min.; [a]p" = -35.3 (¢ = 1.02,
CHCl;, 88% ee, >25:1 dr); IR:(KBr) vmax 2925, 1477, 1357, 1255, 1173, 937, 757,
552 cm™; "TH-NMR (400 MHz, CDCls, ppm) & 7.63 (d, J = 8.4 Hz, 2H), 7.71-7.13 (m,
8H), 7.06-6.94 (m, 7H), 4.11-4.04 (m, 2H), 3.90-3.85 (m, 1H), 3.00-2.92 (m, 1H),
2.47 (s, 3H), 2.19-2.13 (m, 1H), 1.01 (d, J = 7.2 Hz, 3H); "C-NMR (100 MHz, CDCls,
ppm) o 153.0, 152.9, 145.8, 144.6, 132.7, 129.7, 128.9, 128.72, 128.7, 127.97, 127.92,
127.2, 126.3, 124.0, 123.3, 123.2, 123.0, 116.6, 116.55, 68.2, 53.2, 38.5, 38.4, 21.6,
17.6; HRMS m/z (ESI): Calcd. for C;3oHsNaO4S [M+Na]+ 507.16005, Found:
507.15948.

Single crystals of compund 6 suitable for X-ray crystallographic analysis were
obtained by means of slow crystallization from a mixture of Hexane-Et,0.

Reference:

(1) M. Stadler, B. List, synlett 2008, 597.
(2) R. R. Shaikh, A. Mazzanti, M. Petrini, G. Bartoli, P. Melchiorre, Angew. Chem. Int.
Ed. 2008, 47, 8707.
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checkCIF/FLATON report (basic structural check) http: //wmdZ. ivcr. org/cgi—bin/checkeif. pl

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CTFs
submitted for publication in TUCT journals (Acte Crystaflographica, Jowmnal of Applied
Crystallography, Jownal of Synchrotron Radiation), however, if you intend to submit to Acta
Crystatlographica Section C or E, you should make sure that full publication checks are run on the
final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 22/10/2010; check.def file version of 11/10/2010
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Racemic
VWD A, % 12=254 nm (XSK\XSK 2009-11-29 11-37-05V1.0)
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Racemic
YWD A, 1 12=254 nm (XSK\XSK 2010-05-20 10-48-5311.D)
mAlU | i
i
] 1
800 | ll
] |
|
[
] |
600 |
o .
. | g
|| | B
1 [ M\
400+ | A
E | / \
| [ \
| II L'-\
i | I‘. II.‘ \
200 ‘l \/
m I Y \.
I — -/ —
20 I ‘ 22|.5 ‘ 2‘5 2T|.5 3ID 32| 5 3|5 I 3?".5 T ‘-ﬂl
I O B B a] SR i g U 1) A [k = I 1) #
7 [min] [min] mAU *5 MLl %

1 ZB.173 VV 0.7328 4.67656ed 977.63123 49,6040
2 29.945 VB 1.47897 4.75123e4 dgB.67648 50.3%9e0
Sample

VIWDT A, 07 15=254 nm (XSK\XSK 2010-06-01 14-16-0181.1)
mAU 8
700 . &:}\ r_}{f \ __,d—-.TC H -]
| =
] fo AR
600 | .'I \ ﬁ I j\
1 o o =
[ Meghl ™ ™ " N Me,
00 f \ 4ba
i | |
- |I‘ ‘II
400 | \
300 III
] | "-.
] 5 |I "\
200 = | \
] A \
f"‘l -
04— _— — |
20 22| 5 2|5 2?| 5 SID 32| 5 3|5 STI 5 ‘"nil
I G B e SR o e I Ty 4 e 1=y I 1y 4
7 [min] (min mal *g may %
1 2B.568 vV 0.7447 8222.42773 168.17261 9.5428
2 30.4e8 VB 1.6170 7.79415e4 J08.2381e 890.457Z2
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Racemic

YWDT A, #12=254 nm (XSKIXSK 2010-05-04 19-33-3311.D)

mAlU F
1200 % ;?-)\\f-f““ CHO
] i Ol N/ \E
) FEP PN
1000 ‘| j I’ ]i/ /J
] | Megh ™ 5 T NMe,
] ‘ 4ca
800 ] |
500 ‘
400 ‘ | Y
4 | ED N 60
Q o F
J | | Gt
200 |‘ _,/ )
] I'. ,-” \
[ / .
P (N N P —
2 o 4 50 g mir
I BB ] SR g I 1 W & RIS
7 [min] [min mal *g [mAT ] %
1 30.443 VB 0.B694 6.97005%=4 120B.62671 51.0B88
2 51.8le MM 5.0429 g.67273e4d 220.53206 45,9102
Sample
VWOT A, 7 -=252 nm [XSKXSK 2010-05-04 20650211 D) —
mAU @ );f_ \ﬁf\ _CHO
] é Cl ==
800 b I,' \ T S /’-“A;:
1 ‘I III". H'l'!--‘_ L L g
700y o [\ MepN™ ™ == TNMes
. | \ 4ca
600 - l\\w\ |
'ln |
500 | ||
i |
400 | | \
] | | \
i [ | \
300 \
] | | \
N |
] | \
200 | | \
n || \
1004 I| \ I| \
1 ]\ —
] P — —_— |
) i
T T T T T
20 30 40 50 60 mir
I £ B ] SR g I 1 W & HTIEA
# [min] (min mal *g mal %
1 30.281 MM 0.9591 2.96322e4 514.92493 10.074¢
2 449,818 BB 4 4837 Z2.64487e5 BlZ.48844 EO 8254
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Racemic
YVWDT A, 3 15=254 nm (XSKUCSK 2010-05-03 14-54-53V1.0)
mAl §
10{]0—_ ﬁ
i |
I
, [
|
an0 ‘ |
i | |‘
4 | ||
600 |
] |
‘|
] o
400 | ||‘
Lo
] l
200 | \ | \
|I II"'-. |‘ II'*.
0 —~— JII \ - . \__ﬁ _
0 98 30 35 w45 50 " ss '
e R B SR I I i) A I vy I i A4
F [min] [min] mAU *g [mAT ] %
e i o R i e |
1 35.947 BB 1.3129 B.B85349%9e4 995.20557 49,7911
2 48.994 VB 1.28l0 B8.92776ed 1059.64209 50.2089
Sample
VWDT A, 32 15=254 nm (XSKWXSK 2010-04-13 19-24-5311.0)
mAU F 5 o
Ao
3000 | ‘
[
o0, |
2500 4 |
Mes NMey | |
2000 4da | l
- |
1 |
_ |
1500 | II
] ‘ {
10{10—: | ",I
| I‘ll q;‘é;?
500 || "al\ $ \k\\‘;_““
| e
[]._:— T "II \ ——__.,—;J/_\,
20 T 2I5 T 30 ] 3I5 4b 41I5 T SID 5|5 min|
[ e e T 1 B S C R ) I 117 F4 == i 1]
# [min] [min] mAU * g [maU ] %
i R R e R |
1 35.481 MM 1.4120 2.94748e5 3479.16309 95,1892
2 47.466 MM 1.2179 1.488985e4 203.85285 4.8108
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Racemic
VWDT A, 70 10=254 nm (XSK\XSK 2010-05-18 10-44-2001 D)
mAU o
] ¥ Ph CHO
700 || :
oo “ ||| ﬁfﬁ - I w\«"
] | ~ -
\|| | g
500+ ‘ | | || 4ab
400 | |
| .
300 | | |
] ‘| ||
] \ |
2UU*_ ‘ [ | |
| |
] | \ﬂ
100 | | I
\ [
A |I \ / \
1 S I | . / \ J \‘f\ S S
10 125 T A R AT ‘o1 mi
e O B A ra] 2SR e e e T A W & e T A
# [min] [min] mAU *g [mAU ] %
1 1&6.732 BB 0.3400 1.624485e4 741.85345 449.49817
2 19.2%¢ BV 0.3926 1.62614e4 643.10303 50.0183
Sample
VWDT A, 1 15=254 nm (XSK\WXSK 2010-07-09 21-14-35V1.0)
mAU &
] $
1750 ] ||
] |
] M
1500—_ ‘
1 M
1250 |
] | 4ab
1000 ‘ |
] \
750 |
|
500 ‘ | :
] ‘ I =
250 | I'. .‘"I
] || f
0] LN N o~
10 12|.5 1|5 WIS 2IU ‘I 225 2‘5 ‘ 2?|.5 T Iwﬂl
e O B RS 2SR b (E AT A e = (EFTTE A
# [min] [min] mAU *g [m&U ] %
1 16.383 VB 0.3591 4.39057=4 1895.34058 B54.8933
2 19.180 BB

0.4044 781Z.%6285 Z97.0550Z

15.1067
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Racemic
VIWDT A, 37 15=254 nm (XSKIXSK 2010-05-28 15-20-47\1.0)
mAU A 2
250 ||‘ .
- | L CLO
200 | || |'I‘I =
] 1
‘| #n dac
1504 ‘ \ [
] A
] ‘H |H
1004 | | ‘l |
1 \
| L
i ‘ | || |I
50—_ | II | |
[ [
I| I'ul I|I I'.‘
04—- TN o / \\ — / II\ ; - R
T T T T T T T T T T
15 17.5 20 225 25 275 30 min|
I P BT RS E] SRR &R I ENES
# [min] [min] mAU *g [mAU ] %

s === - B R |
280.50625 50.4915

1 15.0e8 BB 0.3945 7204,.54482

2 24,993 BB 0.4992 7064.27344 216.99493 49,5085
Sample
YWD A, =254 nm (ZBWSK 2010-07-09 20-37-1501.0)
mAU __ %
12DEII—- ﬁ
1000 ‘ ‘
1 ‘ ‘ 4ac
BDO*_ ‘ ‘
5[][}—_ ‘ |
400—: % || |
| i |
200 1 |
| ' |
I| | I‘
0 _ A o J I /
. é IIO I|5 2|D 2|5 3|0 rnir:
i R B A a) SR i (AT I i T 1
# [min] [min] maU *g [mAT %

s = R B = |
341.12457 16.30Z5

1 19.480 vV 0.3980 B7E3.63477
2 25.1E89 BB 0.5200 4.50955e4

15337.59424 53,6975
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Racemic
YVWDT A, 2 15=254 nm (XSKUXSK 2010-04-28 20-35-39V1.0)
mALl &
5{][]—_ % g Ph CHO
] | i N v
200 ‘ || ﬁ_iﬁﬂ
_ i | M - CHO
300 2 ‘ ‘ | . .
ﬁ | Ll
1 | | | MeoN NMe,
2{10—_ H | ‘ | dea
I | g
g i | | | | ¥
100+ l | I‘ | II f\
1 n | ‘ | | I‘ ",
| \ | \ [ |
‘ Iu" | |‘ | \ [ [
0 ,Jl By |-.“ | _M_J \ J’\\_ul N / _\«-_| YA .
I T R Y e T
U R T 1] <RI B & I 1y F4 I 1= I 1y
F [min] [min] maU *g [mAU ] %

1 19.510 VB 0.505% 9285,18555 Z73.35315 11.3404
Z Ze6.425 BB 0.90e0 3.20400e4 5ZB8.00201 39,0898
3 37.584 BE 1.0B22 3.19Z213e4 440.81558 3B8.9451
4 44 BZ5 BB 1.2624 B8705.49218 104.77153 10.6247

Sample
VWOT A, 7 7-=254 nm [XSKXSK 201004 29 T0 612311 D)
mAU ] 5
1750 T@f H
' “ P~ -CHO
1500 | :
| \l L
4 A
1250 ] | MeoN #NMe,
] ‘ | dea
1000 ‘ ‘
] |
750 |
1 |
] |
500 [~ ‘ \l
] 8 |
] ) | II
250 il w © w
] I | @ S
i | 2 2
0] S A N AN
10 2 0 " 4 50 min
P D L) I~ SO i i A e vy i i A4
# [min] [min] mAU *g [mAaT ] %

1 2Z0.147 EB 0.5334 1.20375=4 341.58600 B.5614
2 Z7.097 BB 0.9454 1.18881e5 1E59.24731 ©54.5404
3 38.3l6c BB 1.0910 450Z.23006 61.42187 3.202Z0
4 45.405 BB 1.2451 5184.46533 62.45428 3.6872
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Racemic
VWD A, 15=254 nm (XSKAXSK 2010-05-03 13-48-4641.0)
mAL -
2000 . @ 7
; : I MeO— ‘}ﬂ
1750 o II"ul | ‘I
A L E;L
1500 ‘l"‘ i | | Me. NMe,
1250—3 ||| | |‘ ‘ ‘|
] i N |
1000 | | |‘ | ||
: 1 R ||
750 4 ‘ | i ll @
1 | | | | | o
1 | | 2
500 _: || || ‘| I,I‘ ‘| |II II." \\\
| ‘I | | I‘.I [\
250 | II‘ Il Y I| \ I|I \'\
] [ | | |
C—_ — _/r\ _L/I \-_'_ _|/'I‘ \\ —+/'II \“' —_— \"-—- .
15 20 - 25 30 " 35 40 45 mir
W PR K o 1 1 iE o T 7
i [min] 'r.“.in mal *s [mAT ] %
1 20.838 BB 0.5974 5.89230ed4 1506.95850 15.8300
2 25.257 VB 1.0356 1.26145e5 1800.9B804 33.B88%¢
3 30.744 BB 0.9358 1.27514e5 2065.278B81 34.2575
4 39.318 BB 1.4737 5.%0d11ed 561.281e68 1e.0229
Sample
VWDT A, % =258 nm (XSKXSK 2010-05-03 16-11 3411 D)
mAlU 7 2
: j :
175C{ | ‘I MeO O /,CHO
] B
1500 | |‘ | o | s
] R o i
oo | MeN NMe
] | | 4fa
] |
1000 | |
] |
] ‘ |
] |
750 |
1 |
4 II
500 & | |
260 f "‘.I ‘l . 3
] [ | \ = g
C—: ) I"\q_'_‘_,f \\~..,__ e . S .
R T 35 40 45 mir
Ve AR I ) A 0 g 9 T A3 W 40 1 7
7 [min] (min mAaU *g maU %
1 Z20.82Z8B VB 0.5B87 1.33257e4 350.11e00 B.3637
2 Z24.B73 BB 1.0065 1.33262e5 969.20251 B3.6401
3 30.g8ll BB 0.9B82 4453,.52832 og7.11514 2.74952
4 39,734 BB 1.31B81 BZBe.709%¢ 94 ,55170 3.2010
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Racemic
YVWDTA, 72 12=254 nm (XSKWXSK 2010-05-11 21-553-0011.D)
mAlU §
10{][}—- ﬁ
W
] Ny
BDEII—_ o | |‘
_ e i R
N A |
500 | [
i ||I I| '.‘ || ||
i [ \
1 \ [ ‘ |
400 | | I | °
| | T g
1 | E
| | | | 1
] L
200 i | | | | |
o [ A I .'
o
I, [ | [ [
0—-‘| (AW _J AAY, \._,__)' N S \~—. —
10 1|5 2h 2‘5 3ID 3|5 min|
UG L D |1 U X IEATTE A Iz = ENEE
7 [min] [min] mAU *s [mAU ] %
el R R R [ |
1 14.818 VB 0.4558 1.96283e4 634.03271 13.2683
Z 19,202 vv 1.190% 5.47110e4d 6B0.82300 36.9832
3 23.558 VB 0.8237 5.56895=4 1024.07239 37.6447
4 30.0B86 BB 0D.9398 1.79057e4 284 ,92010 12.1038
Sample
VWDT A, 8 12=254 nm (XSKWXSK 2010-05-11 22-46-3001.0)
mAL -
700 @;
i
- | |
GDD—_ | |‘
[ |
500 | I|
B
200 | II
n
300 [
: g o
200 ?. | II'.
] i | |
] |I l\ || I""
100 ©
] ;h ; \\ 8 2
u—:--i——u"l AN S - —V'g\-——ﬁf‘ - AN ,
I T T T -
e f B a] S b 5T TR U5 1y I 1] A4
F [min] [min] m&O *g [mAU ] %

1 14.2Z64 BB 0.4163 5689e.16748 Z0B.516B¢6 9.491¢
2 1B.6ll BB 1.0671 5.11478e4 714.16455 B5.ZZB2
3 22.956 BB 0.B531 10ZB.44629 17.35118 1.7137
4 29.34%¢ BB 0.0475 Z140.35254 33.091241 3.56865

S46



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Racemic

VWD A, 3 12=254 nm (XSKWXSK 2010-05-25 16-38-45\1.0)

mAU by
300 ;E; TIT
7 | ||
| |
250 |
1 !
] H | ||
200 ‘ | 4ha
150 | | ‘| s
(-
] ‘| S .
o | |\ 2
] ‘ ‘| | Il‘“r""l \ ; \
50 R | \\ A
] | | [
[ | ) / \
D: e ;_,L I\—__rj'\__ e \’II — S ]/\' _ _,-—0-/;' '\—'_7 —
5 0 %5 0 35 10 d5 ~ T80 "min
e B A fa] SR 0 TR I o= e i
# [min] [min] mAU *g [mAT ] %
e R R | —=mmmmmm - | === |
1 18.011 BB 0.4895 9¢03.44434 2484 58002 1B.5Z20¢
2 27.454 v 0.800e 1.73550e4 325.04784 33,4708
3 29,020 vV 2.1867 1.B0B3%=4 115.%4009 34,8754
4 45,587 VB 1.3201 6B809.8B9258 76.45879% 13.1331
Sample
VWO A, T =254 nm [XSKWSK 2070-05-28 T5-33-487 D)
mAU ] %
700 ."'E‘-.
anu—: |'I I"ul
1 [
] C
1 - [
500 8 [
] g | \
] I | \ 4ha
200 | I '.‘
] I |
300 | |
] || | :
200 ‘ l\ || \
1 \
| o
] | | \
100 || / o
|| \ \ %
% DN I Y A N
5 a0 " 25 i 3 "4 T4 T80 55 i
I f B FE) SR 0 AT I i T
# [min] [min] mAU *g [mAU ] %
R e R R | —mmmmm oo R
1 19.020 VB 0.6340 1.92757e4 453.67825 11.1085
2 31.Zg6l BB 2.9458 1.48788e5 T716.93311 Be.327Z2
3 50.48Z2 BV 1.7103 4449 g8359 37.14183 Z2.5e4d3
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Racemic
VWOT A, 7 7-=254 nm (XSKWXSK 2070-05-11 1730-0511.0)
mAU A =] A
J = g
1000 i \\\&:_@ )\\J%JHIC HO
7 | - |“".?:"~_ | =
] [ /[\/T
B o -
800 | I| @q} el Mh e,
_ Ry tia
500 | | f?%&'\ o
| | |I Il \II @ . \_fz@w
| | Lo = %@\\%-
400 - I| |I ‘I A\ s
_ | \ | II‘ IIII | ,"f \
I | [ A\
_ o | o
1 [ | . P ‘
i | I"-., | "'-.‘ | '\\. |
u; N J.--"I \"\_u‘ - 7‘\__,__:‘ \y \ — I
2 25 " 35 40 mir]
e ORI () SR o T E TR e vy ERTTESS
# [min] [min] maU *g [mAU 1 %
e R R | —==mmmm - | === |
1 25.100 MF 0.7763 4.94357=4 1061.38B15% 32.5110
2 26.377 FM 0.7480 2.67627e4d 595.53455 17.6003
3 31.1B5 BV 0.B9B86 2.58338ed 436.55292 16.9894
4 34.321 MF 1.9710 5.00260e4d 423.02014 32.8992
Sample
VWOT B, 7% [-=254 nm [XSKWSK 2010-06-11 16-37-1611 D)
mAU &
| B Ao~ cro
600 I‘ \ - N
| I |
500 || Me,M ’J\/ Z N g
1 g 8 | dia
400 N Ir? |
| I| / I'ul
300 |‘ I‘I || ".I | \
g [ [ | \
[ | \
] g || P |
200 s 0 | \
] P |I \ \'\\
A [ \
100 4 ‘.'I "-.\ .‘I I'.‘I I|I I"". ||
E I‘.'II Il\'('l I't‘ III‘ \\ I|
U{ — —'—L‘ —\‘——|— - \-H T _ |
20 25 " 3 4 T
I S P el 1 5T I = C O & I 1) F I 7 i T
7 [min] [min] mAU *s [maU ] %
e | mmm = e B D R | mmmmm e |
1 25.428 Vv 0D.701e 7367.71826 162.246449 5.0873
2 Ze.e%7 VB 0.7215 1.94Z2458e4 402.685524 13.4380
3 31.883 BV 0.9528 2.45000e4 388.41849 16.9502
4 34,291 VB 1.8154 9,32483e4 678.54285 64,5135
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Racemic
YWDT A, 1 12=254 nm (XSKAXSK 2010-05-31 21-43-27v1.0)
mAU = ;
“ » .. CHO
1 ﬁl @ ’h""é\ Ph,— ’i
500 | I| Eg '\*\‘?\}‘ P e
i | ‘, n&:}\\ ﬂJ-- 4_;-\.: :H \bx_l
| i
i \ I . e
400 - |‘ ‘I I|I ‘III -—L.—v-'{ O g
1 | [
] |x f \ 4eb
3004 | \ |
| II |
. |
] | | &
200 | A | P
4 II \II ‘ II\I | \ / - \
] | I" || | [
100 |I I'.I | \l '\\ ," \
] AU Y \
. d_.,/lnl‘"\ I /'II \"'I \“'----f-__ .JII, N —\] — ‘\“5 q e
1-5 I 1TI 5 ZIEI ZZI 5 I 2‘5 2?‘ 5 I 3I[] 32| 5 I~ni|
A P D (1~ U & I 1] F4 I = e AR
7 min] ‘min maU * g mAU ] %
1 22.177 VB 0.8214 3.05131=4d 259.28235 35.0436
2 Ze.0%% MF 1.1868 3.2ed473=4d 458 .34257 B.1366
3 ZB.SBd MF 1.0334 1.05541e4d 170.22038 12.3287
4 28,781 FM 2363 1.18815e4 1e0.31342 13.8910
Sample
VWDT A, 3 12=254 nm (XSKIWXSK 2070-06-01 10-25-58V1.0)
mALl i z
00 ._CHO
] -
A Ph
1 || ‘I| ‘/:QC\ ﬂ“‘“‘:\
oo | [|\/T B
1 ‘ II o 'H._O _«_:i:
|
200 | I|I 4eb
' a
200—- | I‘II
] o
100 |
| \ ©
| bl _
S N~
15 1?’| 5 I 2b 22|.5 2|5 T 2T|.5 SIU 32| 5 I-rm
I OB A a2 o e ETETR U i T #4
# (min] min] mAU *g [mAU %
1 21.505 VB 0D.75e0 2.68l14%9c8ed 503.12851 94,6075
2 26.026 BB 0.9308 1493,17358 23.764908 5.34925

S49




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

Racemic
VWD A, 2 15=254 nm (XSKVXSK 2010-06-01 13-14-22V1.0)
mAU ] & -
] £ z
500
] 1l . JCHO
f Ph* \L
i | _,"’E:_h i L‘t‘a.
400 ‘ ‘ “\j E j
‘ | .-""r 'x.S_f' f:
SD[}—_ | @
. ‘ | - dec
] ‘ | ‘I'ﬁ"l £
200+ ‘ ‘ A 2:
| | | |I I'.
n R
1 ‘ |I | l‘ |II II'\
1004 | |
, | ] I
|| I'ul I|I I'. II| II"L
T .‘I L\. .l" I‘\- r"l‘ \\_
0 f——— —— . N— ———
1|5 17.5 2‘0 225 2‘5 2'|’|.5 3ID 32| 5 I-rm
W O B R E] SR 0 I T A4 Iz = RN
7 [min] [min] mAU *g mal %
1 17.529 VB 0.3391 1.14228e4 514.56842 45,3462
2 21.763 BV 0.416l g818.76807 252.05048 27.0690
3 27.376 BB 0.5670 6948.72266 1B8.45505 27.5846
Sample
VWDT A, 72 12=254 nm [(XSKWXSK 2010-06-02 271-21-55V1.0)
mAU ] 2 =
1400 i ,?\ CHO
I Ph™ ™ 2
1200 || || e i
i ‘ E y I S
1000 ‘ || " S_/ .;»_5’-}
|
800 ‘ ‘I dec
] ‘ |
500 - I‘
] | |
R |
400 —_ ‘ I‘
|
] L N
2004 | \ 3
j I \ -
| 2
0 —— - ! \\ \__ e T T
1|5 17.5 2|0 22|.5 2|5 275 3|0 32|.5 I-r|i|
e P B A a) SR 0 I 1] F4 I iy I 1] F4
# [min] (min mal *g [mAT ] %
1 22.508 BB 0.4528 4.28645ed4 1437.32715 93.1671
2 27.842 BV 0.5e666 3143.68188 Bd.76e50 6.83249
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Racemic
VWDT A, 3 15=254 nm (XSKIWXSK 2070-10-31 15-29-2611.0)
mAU S .
300+ i :
#T Ph OTs
250 ‘ ‘ £ =
] 5 |
] ‘ | -
znu—: “ |||| @]
] ‘ H 6
150{ H‘ | |
| | y
- | 1 :
1004 | )
] || | | N
| [
, | || | A\
50 | \ | || \'\
1 | I .
U;.Jh'\,_\_..wvf\_,n\ N " N ,L'l _"\_r__i_,\hif_b - | \1 -
1_0 I 2|D 3‘0 4‘0 5‘0 Sb TIO I min|
W AR KA W 9 1 751 e 75 4% THT 51
# [min] [min] mAU * g [mAU ] %
el |[-———— === [-——————- | -————————- [-——————~
1 22,730 vv 0.e71le 1.31770ed 29B8.7778B3 Z0.5754
2 23.958 VB 0,.7689 1.45954e4 278.39587 22.7902
3 42,172 BB 1.1903 1.798eded 225.0051e Z2ZB.0BS1
4 ©6.334 BB 2.5272 1.82837e4 94 ,B4215 285.5493
Sample
VWDT A, 3 12=254 nm (XSKWXSK 2010-10-31 16-59-6301.D)
mAU | 5 N
% @6@ =
] & ;
1000 4
BDD—_ ‘
500 ‘ 6
400; |
N
200 ] |E _'5"??}%
i L &
] R
Df— o — — —_ S
W_D ZID 3‘0 4‘0 5‘0 SIO I 7‘0 I min|
e YR E] SR U 1] FH I AT
¥ [min] [min] m&U *g [mAT ] %
] e | —mmmmmm == mmmmm - R |
1 22.421 MF 0.7691 5.36201led 1162.03333 93.7349
2 23.574 FM 0.5436 3583.87231 109.B87580 £.2651
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II II NMe,

3a

Et0OC COOEt
pp -CHO + II

MesN

la

%):,But 30% + anK 30%

Ph CHO

°TFA °TFA
toluene, -5°C, 5.5d O O
Me,sN NMe,
entry 12, Table 1; yield = 99%; ee = 37%
VWDT A, 2 15=254 nm (XSKWXSK 20171-02-22 21-41-0511.D)
mAU 3
] i
2500 —_ II \
| | ﬂl
.
200(:—: Fh CHO ll ‘I'I 5
1500 G @ ' Ill‘u "'Iﬂ\'"-.
] Maqld MM ey | \ [
| I',I |I I'l‘I
1000 | | I"‘.
] | o
J ' ‘I"‘ II I"‘.
500 II \/ II""\
. ] __/ T \ B a
15 2ID 2|5 I I ‘ I EIG ‘ I I I 3|5 mir
I O BT E] e 8 05 I TE W oy I 1 #
# [min] [min mal *g [mAU ] %
1 31.334 vv 1.5329 3.24e70e5 29B80.52734 e8.3904
2 34.481 VB 1.2845 1.500e0e5 1705.08545 31.609%¢
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