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General Procedures. All reactions and manipulations were performed in a nitrogen-filled
glovebox or using standard Schlenk-type techniques. Melting points were determined using a
Metter FP5 melting apparatus in open capillaries and are uncorrected. Optical rotations were
measured on a JASCO, P-1020 high sensitive polarimeter. *H NMR and *C NMR spectra were
obtained on BRUKER DRX 400 spectrometerswith TMS as an internal standard, *P NMR spectra
were recorded with 85% H3PO, as an external standard. High resolution mass spectra were
recorded on Applied Biosystems Mariner System 5303. Enantiomeric excess (e€) were determined

by GC analysis on an Agilent HP-4890 or 6890 GC instrument with FID as detector.

Materials: All solvents were dried and degassed by standard methods and stored under
nitrogen. dimethyl itaconate was purchased from Acros. enamides, and chiral alcohols 7-10 derived
from D-fructose and D-glucose were known compounds which were synthesized according to the

literature procedure.1 All other chemicals obtained commercialy.
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Scheme 1. The synthesis route of monophosphite ligands

To a dtirred solution of 7 (1.5 mmol) in THF (5 mL) was slowly added PCl; (132 uL, 1.5



mmol) as a solution in THF (4 mL) and the resulting mixture was stirred for 1 h at room
temperature. The reaction mixture was then cooled to —10 °C and EtsN (1.07 mL, 4.5 mmol) was
slowly added. The reaction mixture was allowed to warm to room temperature, maintained under
these conditions for 0.25 h, and then cooled to 0 °C, solid BINOL was added and the resulting
mixture was allowed to warm to room temperature and gtirred overnight prior to dilution with
diethyl ether. The solid were removed by filtration through a pad of Celite, the solvent was removed
in vacuo and the residue was purified by flash chromatography (EtOAc / hexane: 1 / 20~1 / 10)),

furnished the title ligands as white foam in 75-90% yields.

The above procedure was followed using 7a and R-BINOL. After workup, it gave 3a. mp
121-122 °C; [o]p™ = -430.54 (c 1.06, THF); *H NMR (DMSO-d°): § 1.27 (s, 3H), 1.34 (s, 3H), 1.43
(s, 3H), 1.53 (s, 3H), 3.99 (m, 3H), 4.09 (t, J = 6.4 Hz, 1H), 4.24 (d, J = 9.2 Hz, 1H), 4.30 (t, J= 4.8
Hz 1H), 4.43 (t, J = 8.4 Hz 1H), 7.21-7.24 (m, 2H), 7.34-7.36 (m, 2H), 7.47-7.57 (m, 4H),
8.05-8.10 (m, 3H), 8.17 (d, J = 8.8 Hz, 1H); **C NMR (DM SO-d®): § 26.15, 27.87, 59.96, 71.44,
73.35, 73.94, 74.11, 75.16, 103.74, 108.88, 111.62, 121.67, 122.00, 122.26, 123.56, 125.13, 125.37,
125.89, 126.01, 126.60, 126.78, 128,57, 128.71, 129.95, 130.75, 130.87, 131.20, 131.71, 132.02,
146.79, 147.36; *'P NMR (DMSO-d°): § 159.37; HRMS (APCI) calcd for CaHa0sP (MF+1):

575.1829, found: 575.1850.

The above procedure was followed using 7a and S-BINOL. After workup, it gave 3b. mp
107-108 °C; [0]p™ = +196.98 (c 1.20, THF); 'H NMR (DMSO-d°): § 0.90 (s, 3H), 1.33 (s, 3H),
1.39 (s, 3H), 1.51 (s, 3H), 3.84 (d, J = 9.2 Hz , 1H), 3.95-3.99 (m, 3H), 4.27-4.37 (m, 3H),
7.21-7.23 (m, 2H), 7.33-7.35 (M, 2H), 7.51-7.54 (m, 3H), 7.61 (d, J = 8.8 Hz, 1H), 8.04-8.17 (m,
4H); °C NMR (DM SO-d°): § 25.19, 26.37, 26.60, 27.92, 59.61, 70.54, 73.16, 73.31, 73.43, 75.51,
103.54, 108.92, 111.69, 121.70, 122.04, 123.50, 125.08, 125.31,125.87, 126.02, 126.49, 126.72,
128.54, 128.69, 129.99, 130.76, 131.17, 131.64, 132.07, 146.96, 147.36; **P NMR (DM SO-d°): &

158.48; HRMS (APCI) calcd for CaH3,08P (M*+1): 575.1829, found: 575.1841C

The above procedure was followed using 7b and R-BINOL. After workup, it gave 3c. mp
135-136 °C; [o]p> = -382.45 (¢ 1.08, THF); *H NMR (DM SO-d°): § 1.24-1.75 (m, 20H), 3.97-4.04

(m, 3H), 4.10 (t, J = 6.4 Hz, 1H), 4.23 (d, J = 9.2 Hz, 1H), 4.30 (d, J = 4.4 Hz, 1H), 4.42 (t, J = 8.4



Hz, 1H), 7.21-7.24 (m, 2H), 7.33-7.38 (m, 2H), 7.46-7.53 (m, 4H), 8.05-8.09 (m, 3H), 8.18 (d, J =
8.8 Hz, 1H); *C NMR (DMSO-d°): § 23.32, 23.56, 23.68, 24.40, 24.54, 35.05, 35.16, 35.47, 37.32,
60.25, 71.06, 73.03, 74.25, 74.43, 74.80, 403.34, 109.45, 112.20, 121.49, 122.01, 122.32, 123.62,
125.14, 125.38, 125.89, 126.02, 126.62, 126.81, 128.59, 128.73, 129.76, 130.77, 130.95, 131.19,
131.73, 132.06, 146.83, 147.41; *'P NMR (DMSO-d®): & 159.55; HRMS (APCI) calcd for

CagH400sP (M +1): 655.2455, found: 655.2508.

The above procedure was followed using 7b and S-BINOL. After workup, it gave 3d. mp
153-154 °C; [0]p” = +196.98 (¢ 1.20, THF); *H NMR (DMSO-d°): § 1.07-1.69 (m, 20H), 3.83-4.00
(m, 4H), 4.30-4.32 (m, 2H), 4.38 (m, 1H), 7.21-7.22 (m, 2H), 7.32-7.36 (M, 2H), 7.47-7.62 (m, 4H),
8.05-8.17 (m, 4H); *C NMR (DMSO-d°): § 22.10, 22.54, 22.97, 23.38, 23.50, 24.28, 24.45, 34.29,
35.28, 36.05, 37.42, 59.78, 70.16, 73.14, 73.32, 73.47, 75.19, 103.19, 109.48, 112.17, 121.71,
121.96, 122.11, 123,52, 125.07, 125.32, 125.87, 126.01, 126.50, 126.73, 128.55, 128.70, 130.04,
130.77, 131.17, 131.67, 132.08, 146.99, 147.41; *'P NMR (DMSO-d°): § 158.47; HRMS (APCI)

calcd for CagHaoOgP (M *+1): 655.2455, found: 655.2481

The above procedure was followed using 8a and R-BINOL. After workup, it gave 4a. mp
120-121 °C; [0]p”® = -360.71 (¢ 1.20, THF); *H NMR (DM SO-d°): § 1.27 (s, 3H), 1.33 (s, 3H), 1.40
(s, 3H), 146 (s, 3H), 3.57 (d, J = 13.2 Hz, 1H), 3.67 (d, J = 9.2 Hz, 1H), 3.82 (d, J = 13.2 Hz, 1H),
4.04(d, J=9.2 Hz, 1H), 4.40 (d, J = 7.6 Hz, 1H), 4.72 (d, J = 8.0 Hz, 1H), 4.91 (d, J = 10.4 Hz, 1H),
7.20-7.22 (M, 2H), 7.34-7.38 (M, 2H), 7.49-7.58 (m, 4H), 8.08-8.19 (m, 4H); *C NMR (DM SO-d°):
§ 24.60, 25.86, 26.06, 26.27, 62.59, 70.55, 71.09, 71.26, 73.40, 73.78, 104.70, 108.69, 109.02,
121.45, 121.98, 125.22, 125.47, 125.85, 126.01, 126.68, 126.85, 128.64, 128.72, 130.09, 130.86,
131.01, 131.26, 131.80, 132.03, 146.59, 147.08; *'P NMR (DMSO-d°): & 157.75; HRMS (APCI)

caled for CaH30gP (M +1): 575.1829, found: 575.17861

The above procedure was followed using 8a and S-BINOL. After workup, it gave 4b. mp
147-148 °C; [o]p® = +201.12 (c 0.89, THF); *H NMR (DMSO-d°): § 1.23 (s, 3H), 1.32 (s, 3H),
1.48 (s, 3H), 1.58 (s, 3H), 3.58 (d, J = 13.2 Hz, 1H), 3.82-3.85 (m, 2H), 4.32-4.36 (m, 2H),
4.42-4.44 (m, 1H), 4.92 (m, 1H), 7.23-7.25 (m, 2H), 7.34-7.36 (m, 2H), 7.50-7.52 (m, 2H), 7.59 (d,

J=88Hz, 1H), 7.77 (d, J = 8.8 Hz, 1H), 8.07-8.20 (m, 4H); *C NMR (DMSO-d%): § 24.49, 25.44,



25.98, 26.06, 62.65, 70.90, 72.82, 73.03, 73.51, 73.87, 105.07, 108.86, 109.07, 121.46, 122.04,
123.43, 125.24, 125.40, 125.88, 126.00, 126.65, 126.80, 128.57, 128.69, 130.27, 130.81, 130.92,
131.20, 131.75, 132.04, 146.69, 147.75; °'P NMR (DMS0-d°): § 160.52; HRMS (APCI) calcd for

Ca:H3,08P (M*+1): 575.1829, found: 575.1797

The above procedure was followed using 8b and R-BINOL. After workup, it gave 4c. mp
134-135 °C; [a] o> = -325.42 (¢ 1.05, THF); *H NMR (DM SO-d®): § 1.35-1.72 (m, 20H), 3.57 (d, J
=132 Hz, 1H), 3.67 (d, J = 9.2 Hz, 1H), 3.84 (d, J = 12.8 Hz, 1H), 4.00 (t, J = 9.2 Hz, 1H), 4.41 (d,
J=7.6Hz 1H), 472 (d, J = 8.0 Hz, 1H), 4.94 (d, J = 10.4 Hz, 1H), 7.20-7.24 (m, 2H), 7.34-7.37
(m, 2H), 7.48-7.57 (m, 4H), 8.08 (m, 3H), 8.17-8.20 (d, J = 8.8 Hz, 1H); *C NMR (DMSO-d°): §
23.24, 23.36, 23.50, 24.56, 33.77, 35.21, 35.33, 35.52, 62.69, 70.06, 71.10, 71.29, 73.13, 7353,
104.18, 109.29, 109.67, 121.37, 121.99, 122.08, 123.52, 125.23, 125.48, 125.84, 126.01, 126.68,
126.86, 128.66, 128.72, 129.98, 130.87, 131.05, 131.26, 131.79, 132.04, 146.54, 147.10; *P NMR

(DMSO-d°): § 153.43; HRMS (APCI) calcd for CagHagOsP (M*+1): 655.2455, found: 655.24341

The above procedure was followed using 8b and S-BINOL. After workup, it gave 4d. mp
143-144 °C; [o]p> = +151.82 (¢ 1.23, THF); *H NMR (DM SO-d®): § 1.33-1.85 (m, 20H), 3.58 (d, J
= 13.2 Hz, 1H), 3.79-3.85 (M, 2H), 4.29-4.41 (m, 3H), 4.91 (d, J = 8.4 Hz, 1H), 7.21-7.23 (m, 2H),
7.34-7.38 (m, 2H), 7.51 (m, 2H), 7.58 (d, J = 8.8 Hz, 1H), 7.76 (d, J = 8.8 Hz, 1H), 8.06-8.10 (m,
2H), 8.14 (d, J = 9.2 Hz, 1H), 8.17 (d, J = 8.8 Hz, 1H); ®C NMR (DMSO-d°): § 23.19, 23.34, 23.50,
2456, 33.78, 34.56, 35.01, 35.48, 62.77, 70.58, 72.96, 73.18, 73.69, 104.72, 109.62, 109.72,
121.32, 121.49, 125.23, 125.42, 125.90, 126.01, 126.65, 126.78, 128.60, 128.67, 130.33, 130.80,
130.92, 131.21, 131.74, 132.02, 146.63; *'P NMR (DM SO-d°): § 154.91; HRMS (APCI) calcd for

CagH400gP (M +1): 655.2455, found: 655.2470

The above procedure was followed using 9a and R-BINOL. After workup, it gave 5a. mp
113-114 °C; [e]p® = -303.13 (¢ 1.14, THF); *H NMR (DM SO-d°): § 1.28 (s, 3H), 1.33 (s, 3H), 1.38
(s, 3H), 1.42 (s, 3H), 3.74-3.77 (m, 1H), 3.96-4.02 (M, 2H), 4.15-4.18 (M, 1H), 4.69 (d, J = 9.6 Hz,
1H), 4.81 (d, J = 3.6 Hz, 1H), 5.80 (d, J = 3.2 Hz, 1H), 7.21-7.23 (m, 2H), 7.34-7.37 (m, 2H),
7.49-7.53 (m, 2H), 7.59 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.8 Hz, 1H), 8.08-8.21 (m, 4H); *C NMR

(DMSO-d°): § 25.33, 26.09, 26.54, 26.66, 66.41, 71.72, 77.69, 77.82, 80.12, 83.68, 104.53, 108.62,



111.59, 121.55, 121.85, 125.25, 125.51, 125.98, 126.05, 126.69, 126.86, 128.68, 128.74, 130.40,
130.77, 131.06, 131.28, 131.64, 131.99, 146.52, 147.66; *'P NMR (DMSO-d°): § 147.75; HRMS

(APCI) caled for CsH3,0gP (M¥+1): 575.1829, found: 575.18020]

The above procedure was followed using 9a and S-BINOL. After workup, it gave 5b. mp
107-108 °C; [o]p® = +291.92 (c 1.11, THF); *H NMR (DMSO-d®): § 1.20 (s, 3H), 1.38 (s, 3H),
1.39 (s, 3H), 1.42 (s, 3H), 3.80-3.83 (M, 1H), 3.96-4.00 (M, 1H), 4.08-4.10 (m, 1H), 4.22-4.25 (m,
1H), 459 (d, J = 3.6 Hz, 1H), 4.79-4.82 (m, 1H), 5.82 (d, J = 3.6 Hz, 1H), 7.20-7.22 (m, 2H),
7.35-7.36 (m, 2H), 7.49-7.52 (m, 2H), 7.57 (d, J = 8.8 Hz, 1H), 7.66 (d, J = 8.8 Hz, 1H), 8.08-8.21
(m, 4H); °C NMR (DMSO-d°): & 25.20, 25.86, 26.43, 26.55, 66.21, 71.88, 77.16, 77.31, 80.18,
83.74, 104.54, 108.57, 111.40, 121.56, 121.64, 121.95, 123.35, 125.30, 125.49, 125.95, 126.75,
126.87, 128.66, 128.74, 130.30, 130.82, 131.03, 131.28, 131.74, 132.00, 146.65, 147.25; *P NMR

(DMSO-d®): § 152.58; HRMS (APCI) calcd for CHa,0gP (M *+1): 575.1829, found: 575.17951

The above procedure was followed using 9b and R-BINOL. After workup, it gave 5c. mp
121-122 °C; [0]p? = -267.67 (c 1.13, THF); '"H NMR (DM SO-d®): § 1.33-1.59 (m, 20H), 3.74 (m,
1H), 3.97-4.12 (m, 3H), 4.79 (m, 2H), 5.85 (d, J = 3.6 Hz, 1H), 7.22-7.24 (m, 2H), 7.35-7.37 (m,
2H), 7.50-7.54 (m, 3H), 7.65 (d, J = 8.4 Hz, 1H), 8.08-8.15 (m, 3H), 8.18 (d, J = 8.8 Hz, 1H); **C
NMR (DM SO-d°): § 22.39, 23.22, 23.58, 24.30, 24.65, 32.39, 33.47, 34.46, 35.17, 35.43, 35.91,
36.03, 66.34, 71.43, 77.77, 77.94, 80.40, 83.29, 104.31, 105.33, 109.10, 112.13, 121.38, 121.73,
121.86, 123.53, 125.22, 125.49, 125.91, 126.04, 126.67, 126.85, 128.67, 130.36, 130.79, 131.03,
131.25, 131.70, 132.02, 146.58, 147.47; *P NMR (DM SO-d°): § 149.34; HRMS (APCI) calcd for

CagHa0OsP (M¥+1): 655.2455, found: 655.24637]

The above procedure was followed using 9b and S-BINOL. After workup, it gave 5d. mp
118-119 °C; [a]p® = +262.74 (c 1.08, THF); *H NMR (DMSO-d®): § 1.33-1.68 (m, 20H), 3.81-3.83
(M, 1H), 4.01-4.06 (M, 2H), 4.25-4.27 (m, 1H), 4.57 (m, 1H), 4.71 (d, J = 9.6 Hz, 1H), 5.87 (d, J =
3.6 Hz, 1H), 7.20-7.22 (m, 2H), 7.33-7.36 (m, 2H), 7.50-7.52 (m, 2H), 7.57 (d, J = 8.8 Hz, 1H),
7.65 (d, J = 8.8 Hz, 1H), 8.06-8.10 (m, 2H), 8.13 (d, J = 8.8 Hz, 1H), 8.18 (d, J = 9.2 Hz, 1H); *C
NMR (DMSO-dG): 0 23.19, 23.43, 23.51, 23.62, 24.31, 24.63, 34.34, 34.91, 35.74, 35.99, 66.18,

71.63, 77.49, 77.64, 80.33, 83.36, 104.28, 109.04, 111.81, 121.53, 121.92, 125.25, 125.44, 125.97,



126.70, 126.81, 128.60, 128.72, 130.38, 130.79, 131.00, 131.26, 131.77, 132.01, 146.69; P NMR

(DMSO-df): § 149.05; HRMS (APCI) calcd for CagHagOsP (M *+1): 655.2455, found: 655.2507C

The above procedure was followed using 10a and R-BINOL. After workup, it gave 6a. mp
76-77 °C; [0]p> = -248.68 (c 0.98, THF); '"H NMR (DM SO-d°): § 1.28 (s, 3H), 1.30 (s, 3H), 1.33 (s,
3H), 1.44 (s, 3H), 3.74-3.78 (m, 1H), 3.98-4.08 (M, 2H), 4.20-4.23 (m, 1H), 4.53-4.60 (m, 2H),
5.73 (d, J = 3.6 Hz, 1H), 7.19-7.21 (m, 2H), 7.34-7.38 (m, 2H), 7.49-7.51 (m, 3H), 7.60 (d, J = 8.8
Hz, 1H), 8.07-8.19 (m, 4H); *C NMR (DMSO-d°®): § 25.00, 26.15, 26.54, 26.63, 64.67, 73.88,
73.98, 74.71, 78.11, 78.44, 103.54, 108.89, 112.49, 121.62, 121.73, 121.88, 123.41, 125.21, 125.42,
125.90, 125.99, 126.67, 126.81, 128.61, 128.70, 130.12, 130.77, 130.95, 131.22, 131.77, 132.01,
146.70, 147.37; *P NMR (DMSO-d°): § 148.81; HRMS (APCI) calcd for CaHa0sP (MF+1):

575.1829, found: 575.17860

The above procedure was followed using 10a and S-BINOL. After workup, it gave 6b. mp
111-112 °C; [a] o™ = +318.37 (¢ 1.15, THF); '"H NMR (DM SO-d°): § 1.33 (s, 3H), 1.37 (s, 3H), 1.38
(s, 3H), 1.46 (s, 3H), 3.73-3.76 (m, 1H), 3.96-4.01 (m, 2H), 4.17 (t, J = 5.6 Hz, 1H), 4.55-4.59 (m,
1H), 4.81 (t, J = 4.2 Hz, 1H), 5.75 (d, J = 3.2 Hz, 1H), 7.20-7.24 (m, 2H), 7.33-7.36 (m, 2H),
7.48-7.58 (m, 4H), 8.06-8.19 (m, 4H); *C NMR (DMSO-d°): § 25.17, 26.28, 26.54, 26.60, 65.11,
74.14, 74.30, 74.82, 77.41, 78.54, 103.44, 109.01, 112.29, 121.58, 121.84, 122.35, 123.56, 125.13,
125.43, 125.87, 126.05, 126.54, 126.80, 128.59, 128.71, 129.89, 130.93, 131.24, 131.67, 132.02,
146.71, 147.51; *P NMR (DMSO-d°): § 151.85; HRMS (APCI) calcd for CaHa0gP (M*+1):

575.1829, found: 575.1864(

The above procedure was followed using 10b and R-BINOL. After workup, it gave 6¢. mp
110-111 °C; [a]p® = -192.45 (c 1.00, THF); *H NMR (DM SO-d°): § 1.31-1.68 (m, 20H), 3.70-3.74
(m, 1H), 3.97-4.00 (M, 1H), 4.07-4.10 (M, 1H), 4.14-4.17 (m, 1H), 4.52-4.54 (m, 1H), 4.60 (t, J =
4.0 Hz, 1H), 5.75 (d, J = 3.6 Hz, 1H), 7.20-7.22 (m, 2H), 7.34-7.37 (m, 2H), 7.49-7.56 (m, 4H),
8.07-8.13 (m, 3H), 8.18 (d, J = 8.8 Hz, 1H); *C NMR (DMSO-d°): § 23.38, 24.32, 24.61, 34.20,
35.54, 35.83, 64.83, 74.71, 78.03, 78.25, 103.32, 109.42, 113.12, 121.52, 121.80, 122.00, 123.40,
125.15, 125.37, 125.89, 126.00, 126.61, 126.78, 128.61, 128.69, 130.07, 130.77, 130.92, 131.16,

131.77, 132.03, 146.90, 147.44; P NMR (DMSO-d®): § 148.71; HRMS (APCI) calcd for



C3gH400gP (M++l): 655.2455, found: 655.2395]

The above procedure was followed using 10b and S-BINOL. After workup, it gave 6d. mp
131-132 °C; [o] o™ = +358.48 (¢ 1.00, THF); '"H NMR (DM SO-d°): 6 1.37-1.65 (m, 20H), 3.70-3.74
(m, 1H), 3.92-3.95 (m, 1H), 3.98-4.02 (m, 1H), 4.15-4.18 (m, 1H), 4.60-4.66 (M, 1H), 4.82 (t, J =
4.0 Hz, 1H), 5.77 (d, J = 3.6 Hz, 1H), 7.20-7.25 (m, 2H), 7.33-7.39 (m, 2H), 7.48-7.57 (m, 4H),
8.07-8.09 (m, 3H), 8.18 (d, J = 8.8 Hz, 1H); *C NMR (DMSO-d°): § 23.46, 24.38, 24.71, 34.38,
35.63, 35.83, 65.25, 74.51, 74.70, 77.41, 78.18, 103.09, 109.55, 112.88, 121.33, 121.94, 122.46,
123.59, 125.15, 125.44, 125.83, 126.05, 126.57, 126.84, 128.60, 128.72, 129.75, 130.99, 131.21,
131.68, 132.05, 146.75, 147.48; *'P NMR (DMSO-d%): & 153.48; HRMS (APCI) calcd for

CasHagOsP (M*+1): 655.2455, found: 655.2416 |

(B) General procedurefor asymmetric hydrogenation

In a nitrogen-filled glovebox, to a solution of [Rh(COD),]BF, (2.0 mg, 0.005
mmol) in anhydrous and degassed CH,Cl, (1 mL) was added ligand (0.011 mmoal).
After stirring the mixture for 30 min, a substrate (0.5 mmol) dissolved in CH.Cl; (1
mL) was added. The reaction mixture was transferred to a Parr stainless autoclave. The
autoclave was purged three times with hydrogen and the pressure was set to 1.2 or 10
atm, the hydrogenation was performed at room temperature for 12 h. After carefully
releasing the hydrogen, the reaction mixture was passed through a short silica-gel plug
to remove the catalyst. The resulting solution was used directly for chira GC to

measure enantiomeri c excesses.

(C) GC Conditions for Determination of enantiomeric excesses of hydrogenation

products

J*\/COOCH
H,COOC 3

The ee's were determined by GC analysis using a Supelco y-DEX 225 column, 30m x
0.25mm. Oven temperature is 80 °C. t(S)=14.4, t(R)=15.3. Absol ute configuration was

determined by comparison of the sign of the optical rotation with reported value.?



/O)*\NHAC
F4C

The ee's were determined by GC analysis using a Supelco Chiral select 1000 column,
30m x 0.25mm. Oven temperature is 150 °C. t(S)=9.7, t(R)=10.3. Absolute

configuration was determined by comparison of the sign of the optical rotation with

©)*\NHAC

The ee's were determined by GC analysis using a Supelco Chiral select 1000 column,

reported value.®

30m x 0.25mm. Oven temperature is 130 °C. t(S)=16.7, t(R)=18.3. Absolute

configuration was determined by comparison of the sign of the optical rotation with

/©)*\NHAC
F

The ee's were determined by GC analysis using a Supelco Chiral select 1000 column,

reported value.®

30m x 0.25mm. Oven temperature is 140 °C. t(S)=12.9, t(R)=13.6. Absolute

configuration was determined by comparison of the sign of the optical rotation with

/©)>NHAC
H4CO

The ee's were determined by GC analysis using a Supelco Chira select 1000 column,

reported value.®

30m x 0.25mm. Oven temperature is 140 °C. t(S)=45.0, t(R)=46.9. Absolute
configuration was determined by comparison of the sign of the optical rotation with

reported value.®



©>*\NHAC

The ee's were determined by GC analysis using a Supelco Chiral select 1000 column,
30m x 0.25mm. Oven temperature is 130 °C. t(S)=20.9, t(R)=22.0. Absolute

configuration was determined by comparison of the sign of the optical rotation with

NHAc

The ee’s were determined by GC analysis using a Chrompack chiral fused silica25m x

reported value.®

0.25mm Chirasil-L-Va column. Oven temperature is 170 °C. t(S)=22.4, t(R)=24.0.
Absolute configuration was determined by comparison of the sign of the optical

rotation with reported value.®

* NHAC

Cl
The ee's were determined by GC analysis using a Supleco Chiral select 2000 column,
30m x 0.25mm. Oven temperature is 150 °C. t(S)=24.80, t(R)=25.50. Absolute
configuration was determined by comparison of the sign of the optical rotation with

reported value.®

* NHAC

Br
The ee's were determined by GC analysis using a Supelco Chiral select 1000 column,
30m x 0.25mm. Oven temperature is 150 °C. t(S)=43.2, t(R)=45.1. Absolute
configuration was determined by comparison of the sign of the optical rotation with

reported value.®
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13C NMR (R-A-IT in DMSO-d6)
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1H NMR (S-A-II in DMSO-d6)
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13C NMR (S-A-II in DMSO-d6)
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1H NMR (R-A-I in DMS0-d6)
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13C NMR (R-A-I in DMS0-d6)
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1H NMR (S-A-I in DMSO-d6)
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13C NMR (S-A-I in DMS0-d6)
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1H NMR (E-R-A-II in DMSO-d6)
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13C NMR (E-R-A-II in DMSO-d6)
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1H NMR (E-S-A-II in DMSO-db6)
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13C NMR (E-S-A-IT in DMSO-d6)
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1H NMR (E-R-A-I in DMS0-d6)
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13C NMR (E-R-A-I in DMSO-d6)
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1H NMR (E-S-A-I in DMSO-d6)
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13C NMR (E-S-A-I in DMS0-d6)
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1H NMR (R-G-A-II in DMSO-d6)
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13C NMR (R-G-A-II in DMSO-d6)
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1H NMR (S-G-A-II in DMS0-d6)

661"
e’
0ee”
p9e”
€67
018"
82s”
GLS”
L6S”
899"
069
6L0
680
660
0Tt
148
§91°
LRT"
602"

O O O O W W DD M~ [~~~

=1
a.
a.

|

|

(

'H NMR (DMSO—dG)

{7430
0S¥ "0

961 ¥
1p0°07

-

0L0°1

LLLLA_JL__)Jb

9L0°1

8901

—EL0T

—

9601

—

(41N}

—_—rr N

266°0

—_

——

€61°C

287°¢

-

vEC'C
=30

0001
il 4 /A4

—£91°¢

Teabajur

39



13C NMR (S-G-A-II in DMSO-d6)
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1H NMR (R-G-A-I in DMS0-d6)
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13C NMR (R-§-AI in DMS0-d6)
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1H NMR (S-G-A-I in DMSO-d6)
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13C NMR (S-G-A-I in DMSO-d6)
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1H NMR (REGA-II in DMS0-d6)
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13C NMR (REGA-II in DMSO-d6)
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1H NMR (SEGA-II in DMS0-d6)
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13C NMR (SEGA-II in DMS0-d6)
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1H NMR (REGA-I in DMSO-d6)
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13C NMR (REGA-I in DMSO-d6)
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1H NMR (SEGA-I in DMSO-d6)
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13C NMR (SEGA-I in DMSO-d6)
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