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

Supporting Information (Spectra) for:

Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

Shin A. Moteki,*t Kazuya Toyama,” Zeyu Liu,® Jing Ma,” Andrea Holmes,® and James M. Takacs™*

* Department of Chemistry and Nebraska Center for Materials and Nanoscience, University of Nebraska-Lincoln, Lincoln, Nebraska
68588-0304;

® School of Chemistry and Chemical Engineering, Institute of Theoretical and Computational Chemistry, Key Laboratory of
Mesoscopic Chemistry of MOE, Nanjing University, Nanjing, Jiangsu, 210093, People’s Republic of China

¢ Department of Chemistry, Doane College, Crete, Nebraska 68333

Present address 1 Laboratory for Specially-Promoted Research on Organocatalytic Chemistry, Graduate School of Science, Kyoto
University, Kyoto, Japan



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

Shin A. Moteki, Kazuya Toyama, Zeyu Liu, Jing Ma, Andrea Holmes, and James M. Takacs
Supporting Information for: Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

OH

The general procedure for the synthesis of tethers affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane), the
compound pictured (90%) as a colorless oil.

§ 7.40-7.38 (2H, m), 7.34-7.30 (2H, m), 7.28-7.25 (2H, m), 7.03-6.99 (2H, m), 2.45

1
H NMR (400 MHz, CDCls) oom GHL 5

BCc NMR (100 MHz, CDCly) 0152.7,137.7,134.3, 130.4, 130.1, 129.1, 129.1, 128.3, 121.0, 116.0, 21.3 ppm
calcd. for C13H;,0 (M+), 184.0888; found, 184.0893 m/z

HRMS (FABS)
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'H NMR of A(1)
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B3C NMR of A(l)
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OH

The general procedure for the synthesis of tethers affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane), the
compound pictured (96%) as a colorless oil.

'H NMR (400 MHz, CDCls) § 7.44-7.35 (1H, m), 7.32-7.25 (5H, m), 7.05-7.00 (2H, m), 2.46 ppm (3H, s)

6 152.6,139.1,137.2, 130.3, 130.0, 129.9, 129.3, 129.1, 128.7, 126.2, 120.9, 115.9,
21.6 ppm
calcd. for C3H;,0 (M+), 184.0888; found, 184.0886 m/z

3C NMR (100 MHz, CDCls)

HRMS (FABS)
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'H NMR of B(l)
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B3C NMR of B(1)
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! OTBDPS

The general procedure for the synthesis of tethers affords, after flash chromatography on silica gel (5:95 ethyl acetate:hexane), the
compound pictured (93%) as a colorless oil.

§7.69-7.66 (4H, dd, J = 9.6 Hz, 1.8 Hz), 7.45-7.36 (11H, m), 6.96-6.86 (2H, m), 6.57-

1
H NMR (400 MHz, CDCI
(400 MHz, €DCL) 6.51 (1H, dd, J=7.9, 1.3 Hz), 2.45 (3H, s), 0.89 ppm (9H, s)

0 152.6,136.4, 135.6, 135.3, 134.9, 133.0, 130.9, 129.9, 129.8, 129.7, 128.7, 127.8,
121.3,119.9,26.7,21.4, 19.5 ppm
calcd. for Cy9H30OSiL1 [(M+Li)+], 429.2226; found, 429.2215 m/z

3C NMR (100 MHz, CDCls)

HRMS (FABS)
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'H NMR of A(I1)
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13C NMR of A(I1)
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O OTBDPS

The general procedure for the synthesis of tethers affords, after flash chromatography on silica gel (5:95 ethyl acetate:hexane), the
compound pictured (98%) as a colorless oil.

§7.68-7.63 (4H, dd, J = 9.6, 1.9 Hz), 7.46-7.28 (10H, m), 7.18 (1H, d, J = 7.2 Hz),

1
H NMR (400 MHz, CDCLy) 6.96-6.88 (2H, m), 6.54-6.50 (1H, dd, J = 7.7, 1.5 Hz), 2.43 (3H, ), 0.88 ppm (9H, s);

6 152.5,139.1,137.2, 135.6, 134.9, 133.2, 133.0, 130.9, 129.9, 129.3, 128.0, 127.8,
127.6,126.9, 121.3, 119.8, 26.3, 21.6, 19.5 ppm
caled. for Co9H30OSiLi [(M+Li) ], 429.2226; found, 429.2217 m/z

3C NMR (100 MHz, CDCls)

HRMS (FABS)
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'H NMR of B(Il)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (85%) as a white foamy solid.

m.p. 84 - 85 °C

Optical rotation [a]D * =+28.0 (c = 1.1, CH,Cl,);

8 7.71-7.65 (5H, m), 7.63-7.58 (2H, m), 7.44-7.24 (14H, m), 7.13-7.11 (2H, dd, J =

. 8.1, 8.0 Hz), 6.97-6.87 (2H, m), 6.57-6.54 (1H, dd, J = 8.0, 7.9 Hz), 5.28 and 5.22 (2H,
H NMR (400 MHz, CDCl;) t, J=10.0, 10.0 Hz), 4.71 and 4.68 (2H, dd, J=10.4, 10.3 Hz), 4.25-4.18 (1H, dd, J =

8.1, 8.1 Hz), 4.17-4.10 (2H, m), 3.59-3.51 (2H, m), 0.88 ppm (s, 9H)

5 165.8,165.6, 152.6, 142.2, 142.2, 137.7, 136.7, 135.6, 132.91, 132.89, 132.7, 131.0,
BC NMR (100 MHz, CDCls) 130.2, 130.0, 128.9, 128.8, 128.1, 127.9, 127.7, 127.6, 126.8, 126.6, 121.4, 120.0, 75.5,
75.3, 69.80, 69.78, 41.6, 35.9, 26.5, 19.5 ppm

calcd. for C4gH47N,05S1 [(M+H)+], 727.3356; found, 727.3373 m/z

HRMS (FAB)
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'H NMR of RA(IV)
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B3C NMR of RA(IV)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (82%) as a white foamy solid.

m.p. 89 - 90 °C

Optical rotation [a]D = =+24.2 (c = 0.8, CH,Cly);

8 7.56-7.54 (2H, m), 7.45-7.22 (17H, m), 7.09-7.07 (2H, dd, J = 7.9, 7.8 Hz), 6.92-6.90

. (2H, m), 6.57-6.54 (2H, m), 5.28 and 5.20 (2H, t, J=10.0, 10.0 Hz), 4.68 and 4.65 (2H,
H NMR (400 MHz, CDCl;) dd, J=10.1, 10.1 Hz), 4.19-4.15 (1H, dd, J = 8.2, 8.1 Hz), 4.13-4.08 (2H, m), 3.57-3.46

(2H, m), 0.87 ppm (s, 9H)

0 165.8,165.6, 152.5, 142.2, 139.5, 137.7, 135.5, 132.91, 132.88, 132.85, 130.9, 130.6,
BC NMR (100 MHz, CDCl3) 129.9, 128.9, 128.7, 128.6, 128.13, 128.07, 127.8, 127.63, 127.57, 126.8, 126.7, 126.5,
121.3,119.8, 75.5, 75.2, 69.72, 69.70, 41.5, 36.0, 26.34, 19.4 ppm

caled. for C4sH47N,03Si1 [(M+H)+], 727.3356; found, 727.3349 m/z.

HRMS (FAB)
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'H NMR of RB(1V)

1 P e | o




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

Shin A. Moteki, Kazuya Toyama, Zeyu Liu, Jing Ma, Andrea Holmes, and James M. Takacs
Supporting Information for: Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

B3C NMR of "B(1V)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (96%) as a white foamy solid.

m.p. 120 - 122 °C

Optical rotation [a]D * =+18.7 (¢ = 0.7, CH,Cl,);

§7.50-7.41 (4H, dd, J = 19.6, 8.1 Hz), 7.36-7.19 (10H, m), 7.06-7.03 (2H, dd, J = 7.8,

) 7.0 Hz), 7.03-6.98 (1H, dd, J = 8.6, 8.4 Hz), 6.95-6.92 (1H, d, J = 8.0 Hz), 5.27-5.21
H NMR (400 MHz, CDCly) (2H, m), 4.74 and 4.68 (2H, dd, J = 8.5, 8.3 Hz), 4.24-4.19 (2H, dd, J = 8.2, 8.1 Hz),

4.15-4.10 (1H, dd, J = 8.5, 8.5 Hz), 3.54-3.43 ppm (2H, m)

0 166.0, 165.9, 153.7, 141.8, 141.7, 136.9, 136.5, 130.5, 129.5, 129.3, 128.82, 128.78,
3C NMR (100 MHz, CDCl3) 128.6, 128.2,127.8, 127.7, 126.8, 126.7, 120.2, 116.3, 75.6, 75.4, 69.41, 69.38, 41.3,

35.6 ppm
caled. for C3,HaoN,O3 [(M+H) '], 489.2178; found, 489.2170 m/z

HRMS (FAB)
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'H NMR of RA(V)
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B3C NMR of RA(V)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (91%) as a white foamy solid.

m.p. 124 - 126 °C

Optical rotation [a]D * = +18.8 (¢ = 0.6, CH,Cl,);

§ 7.44-7.20 (14H, m), 7.02-6.96 (4H, m), 5.24 and 5.20 (2H, t, J = 10.8, 10.8 Hz), 4.71
and 4.66 (2H, dd, J = 8.5, 8.5 Hz), 4.21-4.17 (1H, dd, J = 8.2, 8.1 Hz), 4.14-4.07 (2H,
m), 3.55-3.43 ppm (2H, m)

'H NMR (400 MHz, CDCls)

5 165.8,165.7, 153.3, 141.9, 141.8, 138.3, 138.2, 130.4, 130.0, 129.1, 128.81, 128.77,
BC NMR (100 MHz, CDCls) 128.71, 128.2, 128.1, 127.8, 127.7, 127.6, 126.72, 126.69, 120.3, 116.3, 75.5, 75.3,
69.4,41.3, 35.8 ppm

calcd. for C3,Hy9N,O5 [(M+H)+], 489.2178; found, 489.2180 m/z.

HRMS (FAB)

S23



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

Shin A. Moteki, Kazuya Toyama, Zeyu Liu, Jing Ma, Andrea Holmes, and James M. Takacs
Supporting Information for: Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

'H NMR of RB(V)

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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B3C NMR of *B(V)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (77%) as a white foamy solid.

m.p. 138 - 139 °C
Optical rotation [a]D * =-158.0 (¢ = 0.2, CH,Cl,)
8 7.44-7.12 (36H, m), 7.04-7.02 (2H, m), 5.23-5.18 (2H, m), 5.10 (2H, s), 4.66-4.60 (2H, m),
'H NMR (400 MHz, CDCls) 4.19-4.15 (1H, dd, J = 8.2, 8.2 Hz), 4.12-4.05 (2H, m), 3.57-3.45 (2H, m), 0.98 (3H, s), 0.39
ppm (3H, s)

5 165.5, 165.47, 149.0, 145.5, 145.2, 142.1, 142.0, 141.39, 141.36, 140.7, 136.7, 136.6,
134.03, 134.01, 130.8, 130.1, 128.7, 128.69, 128.66, 128.2, 128.1, 127.8, 127.76, 127.6,
127.53, 127.50, 127.29, 127.26, 127.17, 127.07 126.99, 126.72, 126.70, 124.2, 122.1, 122.0,
113.2, 86.0 (d, JCP = 8.9 Hz), 83.3, 82.1 (d, JCP = 14.5 Hz), 80.9 (d, JCP = 4.5 Hz), 75.4,
75.2,69.7, 69.6, 41.4, 35.6, 27.1, 25.8 ppm

3C NMR (100 MHz, CDCl5)

*'P NMR (162 MHz, CDCls5) & 134.9 ppm
caled. for Ce3HseN,O7P [(M+H) ], 983.3825; found, 983.3840 m/z.

HRMS (FAB)
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'H NMR of RAa
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13C NMR of RAa
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31p NMR of RAa
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (77%) as a white foamy solid.

m.p. 139 - 140 °C
Optical rotation [a]D * =-158.0 (¢ = 0.2, CH,Cl,)
8 7.45-7.21 (35H, m), 7.20 (1H, m), 7.05-7.03 (2H, m), 5.24-5.22 (2H, m), 5.13-5.12 (2H,
'H NMR (400 MHz, CDCls) m), 4.68-4.64 (2H, m), 4.19-4.07 (3H, m), 3.55-3.54 (2H, m), 0.98 (3H, s), 0.408 ppm (3H,
s)

0 165.53, 165.50, 149.02, 145.54, 145.15, 142.08, 141.98, 141.41, 140.70, 136.73, 136.62,
133.99, 130.81, 130.07, 129.61, 128.78, 128.73, 128.67, 128.24, 128.07, 127.83, 127.79,
127.62, 127.54, 127.41, 127.31, 127.28, 127.20, 127.08, 127.00, 126.72, 126.52, 124.20,
121.95, 113.28, 86.05, 85.96, 83.30, 82.14, 82.00, 80.83, 80.79, 75.40, 75.21, 69.66, 41.31,
35.59, 27.15, 25.86 ppm

3C NMR (100 MHz, CDCl5)

*'P NMR (162 MHz, CDCls5) & 134.7 ppm
caled. for Ce3HssN,O7P [(M+Na) '], 1005.3747; found, 1005.3635 m/z.

HRMS (ESI)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (78%) as a white foamy solid.

m.p. 126 - 130 °C
Optical rotation [a]D **=-118.2 (c = 0.4, CH,Cl,)

8 7.39-7.17 (22H, m), 7.09-7.00 (12H, m), 5.20-5.18 (2H, m), 5.00 (1H, d, J = 7.8 Hz),
'H NMR (400 MHz, CDCls) 491 (1H, d, J = 8.2 Hz), 4.63-4.60 (2H, m), 4.14-4.12 (1H, dd, J = 8.3, 8.3 Hz), 4.04-

4.00 (2H, m), 3.36-3.34 (2H, m), 2.34-2.28 (12H, m) 1.10 (3H, s), 0.34 ppm (3H, s)
§ 165.54, 165.51, 148.87, 148.85, 143.1, 142.5, 142.2, 142.1, 138.6, 138.5, 138.4,
) 138.0, 137.7, 137.2, 136.9, 136.6, 134.63, 134.60, 130.7,130.6, 128.8, 128.7, 128.6,

C NMR (100 MHz, CDCls) 128.4,128.1, 127.8, 127.6, 127.52, 127.46, 127.22, 126.8, 126.7, 124.3, 122.73,
122.66, 112.6 ppm

*’P NMR (162 MHz, CDCl5) 8 135.3 ppm
caled. for Co7Hg3sN2O-P [(M+H)'], 1039.2001; found, 1039.4435 m/z

HRMS (FAB)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (81%) as a white foamy solid.

m.p. 126 - 129 °C
Optical rotation [a]D ** =-103.5 (c = 0.4, CH,Cl,)

87.37-7.13 (22H, m), 7.09-6.99 (12H, m), 5.22-5.17 (2H, m), 4.98 (1H, d, J = 7.8 Hz),
'H NMR (400 MHz, CDCls) 4.90 (1H, d, J = 8.2 Hz), 4.63-4.61 (2H, m), 4.13-4.10 (1H, dd, J = 8.3, 8.3 Hz), 4.05-

4.03 (2H, m), 3.36-3.33 (2H, m), 2.34-2.29 (12H, m) 1.08 (3H, s), 0.34 ppm (3H, s)

5 165.55, 165.51, 148.9 (2C), 143.1, 142.6, 142.2, 142.1, 138.6, 138.53, 138.51, 138.1,
137.7,137.2, 136.9, 136.6, 134.5, 130.7,130.6, 128.9, 128.7, 128.6, 128.4, 128.1,
127.8, 127.6, 127.52, 127.46, 127.2, 126.8, 126.68, 127.67, 124.2, 122.6, 122.5,
112.67, 85.0 (d, JCP = 8.8 Hz), 82.9, 82.4 (d, JCP = 14.3 Hz), 81.4 (d, JCP = 4.4 Hz),
75.4,75.1, 69.62, 69.60, 41.2, 35.8,27.3, 25.7, 21.17, 21.14, 21.04, 21.02 ppm

3C NMR (100 MHz, CDCls)

*’P NMR (162 MHz, CDCl5) 8 135.3 ppm
caled. for Co7HgsN2O-P [(M+H)'], 1039.2001; found, 1039.4435 m/z

HRMS (FAB)
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13C NMR of SBc
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31p NMR of SBc
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (82%) as a white foamy solid.

m.p. 133 -136 °C

Optical rotation [a]D **=-118.0 (c = 0.2, CH,Cl,)

8 7.48-7.43 (4H, m), 7.39-7.20 (18H, m), 7.15-7.13 (6H, m), 7.10-6.99 (6H, m), 5.32-
5.19 (3H, m), 5.03 (1H, d, J = 8.2 Hz), 4.91-4.75 (2H, m), 4.66-4.65 (2H, m), 4.16-4.07
(3H, m), 3.53-3.47 (2H, m), 2.33 (3H, s), 2.32 (3H, ), 2.29 (3H, s), 2.28 (3H, 5), 0.96
(3H, s), 0.61 ppm (3H, s)

8§ 165.51, 165.48, 149.1, 143.0, 142.5, 142.1, 142.0, 138.6, 138.5, 138.0, 137.3, 136.90,
136.86, 136.72, 136.6, 136.5, 130.7,130.1, 128.8, 128.70, 128.64, 128.55, 128.37,
128.0, 127.8, 127.6, 127.5, 127.1, 126.9, 126.7, 124.2, 122.4, 122.3, 112.8, 85.3 (d,
JCP = 8.8 Hz), 83.0, 82.3 (d, JCP = 14.3 Hz), 81.2 (d, JCP = 4.4 Hz), 75.4, 75.2, 69.7,
69.6,41.3,35.6,27.3,25.8,21.16,21.12, 21.01 ppm

'H NMR (400 MHz, CDCl5)

3C NMR (100 MHz, CDCl5)

*'P NMR (162 MHz, CDCl3) 8 131.5 ppm
caled. for CegHgsNoO7P [(M+H) '], 1053.2267; found, 1053.4563 m/z

HRMS (FAB)
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'H NMR of RCc
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13C NMR of RCe
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31p NMR of RCc

131.49

T T R | T T IRARARARAS T T T IRARAARAS T

T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

545



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

Shin A. Moteki, Kazuya Toyama, Zeyu Liu, Jing Ma, Andrea Holmes, and James M. Takacs
Supporting Information for: Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (85%) as a white foamy solid.

m.p. 121 - 125 °C
Optical rotation [a]D * =-141.0 (c = 0.2, CH,Cl,)

§ 7.42-7.40 (4H, m), 7.39-7.22 (18H, m), 7.08-6.98 (12H, m), 5.20-5.17 (2H, m), 5.01-
'H NMR (400 MHz, CDCl5) 4.96 (2H, m), 4.64-4.60 (2H, m), 4.18-4.14 (1H, dd, J = 8.1, 8.1 Hz), 4.09-4.03 (2H,

m), 3.50-3.47 (2H, m), 2.31-2.25 (12H, m) 1.04 (3H, s), 0.36 ppm (3H, s)

5 165.55, 165.50, 149.1, 143.0, 142.5, 142.1, 142.0, 138.6, 138.5, 138.0, 137.3, 136.93,
136.87, 136.75, 136.6, 136.5, 134.2,130.7,130.1, 128.8, 128.70, 128.64, 128.59,
128.55,128.4, 128.0, 127.8, 127.6, 127.5, 127.1, 126.9, 126.7, 124.2, 122.4, 122.3,
112.8, 85.3 (d, JCP = 8.8 Hz), 83.0, 82.3 (d, JCP = 14.3 Hz), 81.2 (d, JCP = 4.4 Hz),
75.4,75.1,69.7, 69.6, 41.3, 35.6, 27.3, 25.8, 21.16, 21.12, 21.01,14.2 ppm

3C NMR (100 MHz, CDCls)

P NMR (162 MHz, CDCls) § 136.4 ppm
caled. for Ce7HgsN,OP [(M+H)'], 1039.2001; found, 1039.4461 m/z.

HRMS (FAB)
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'H NMR of RAc
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13C NMR of RAc
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (82%) as a white foamy solid.

m.p. 120 - 125 °C
Optical rotation [a]D % =-128.7 (¢ = 0.2, CH,Cl,)

8 7.45-7.41 (4H, m), 7.40-7.20 (18H, m), 7.07-6.99 (12H, m), 5.22-5.20 (2H, m), 5.02-
'H NMR (400 MHz, CDCl5) 5.00 (2H, m), 4.63-4.62 (2H, m), 4.17-4.14 (1H, dd, J = 8.2, 8.2 Hz), 4.09-4.03 (2H,

m), 3.50-3.47 (2H, m), 2.32-2.26 (12H, m) 1.05 (3H, s), 0.40 ppm (3H, s)
§ 165.55, 165.51, 149.1, 143.0, 142.5, 142.1, 142.0, 138.66, 138.61, 138.1, 137.3,
136.9, 136.9, 136.8, 136.6, 136.5, 134.11, 134.08, 130.1, 128.8, 128.70, 128.65, 128.4,
128.0, 127.8, 127.6, 127.5, 127.2, 126.9, 126.7, 124.2, 122.33, 122.22, 112.9, 85.3 (d,
JCP = 8.8 Hz), 83.1, 82.4 (d, JCP = 14.3 Hz), 81.2 (d, JCP = 4.4 Hz), 75.4, 75.2, 69.7,
69.6,41.3,35.6,27.3,25.8,21.18, 21.14, 21.03 ppm

3C NMR (100 MHz, CDCls)

P NMR (162 MHz, CDCls) 5 136.2 ppm
caled. for Ce7HeN,O-P [(M+H)+], 1039.2001; found,1039.4430 m/z

HRMS (FAB)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (89%) as a white foamy solid.

m.p. 120 - 125°C
Optical rotation [a]D % =-163.0 (c = 0.2, CH,Cl,)

8 7.33-7.21 (17H, m), 7.19-7.16 (2H, m), 7.13-7.05 (2H, m), 7.01-6.86 (9H, m), 5.07
'H NMR (400 MHz, CDCls) (1H, d, J=7.9 Hz), 4.96 (1H, d, J = 8.3 Hz), 4.67-4.59 (2H, m), 4.15-4.03 (3H, m),

3.36-3.27 (2H, m), 2.29-2.23 (24H, m) 1.17 (3H, s), 0.34 ppm (3H, s)

5 165.6, 165.5, 149.1, 145.6, 145.3, 142.12, 142.11, 141.0, 140.9, 138.6, 137.50,
137.45, 136.8, 136.5, 136.2, 134.4, 130.8, 130.2, 129.5, 129.1, 129.0 128.8, 128.7,
128.5, 127.84, 127.76, 127.51, 127.46, 126.7, 126.6, 125.1, 124.9, 124.0, 122.2, 122.1,
112.7, 84.5 (d, JCP = 8.3 Hz), 83.1, 82.3 (d, JCP = 14.0 Hz), 82.0 (d, JCP = 4.3 Hz),
75.4,75.1, 69.61, 69.58, 41.2, 35.8, 27.4, 25.8, 21.65, 21.57, 21.53 ppm

3C NMR (100 MHz, CDCls)

3P NMR (162 MHz, CDCly) 6 134.7 ppm
caled. For C7H7;N,O7P [(M+H)"], 1095.3064; found, 1095.5075 m/z

HRMS (FAB)
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'H NMR of RAb
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31p NMR of RADb
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (87%) as a white foamy solid.

m.p. 120 - 125 °C

Optical rotation [a]D % =-149.0 (c = 0.2, CH,Cl,)

§ 7.41-7.23 (17H, m), 7.12-7.09 (2H, m), 7.03-7.00 (2H, m), 6.94-6.82 (9H, m), 5.32-
5.17 (2H, m), 5.07-5.05 (2H, m), 4.70-4.65 (2H, m), 4.21-4.17 (1H, dd, J = 8.3, 8.3
Hz), 4.10-4.08 (2H, m), 3.50-3.47 (2H, m), 2.29-2.23 (24H, m) 1.10 (3H, s), 0.35 ppm
(3H,s)

8 165.51, 165.49, 149.3, 145.6, 145.2, 142.1, 142.0, 141.2, 137.4, 136.83, 136.76,
136.42, 136.35, 136.2, 133.68, 133.65, 130.9, 129.8, 129.5, 129.1, 129.0, 128.8,
128.70, 128.66, 127.8, 127.6, 127.5, 126.7, 126.4, 125.0, 124.9, 123.9, 121.7, 121.6,
112.9, 85.2 (d, JCP = 8.8 Hz), 83.2, 82.6 (d, JCP = 14.3 Hz), 81.2 (d, JCP = 4.4 Hz),
75.4,75.2, 69.65, 69.63, 41.3, 35.7,27.3, 25.9, 21.63, 21.55, 21.52 ppm

'H NMR (400 MHz, CDCls)

3C NMR (100 MHz, CDCls)

3P NMR (162 MHz, CDCly) 6 136.4 ppm
caled. for C71H7;N,O7P [(M+H)'], 1095.3064; found, 1095.5059 m/z

HRMS (FAB)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (80%) as a white foamy solid.

m.p. 123 - 127 °C
Optical rotation [a]D ** =-141.0 (c = 0.2, CH,Cl,)

8 7.56-7.28 (23H, m), 7.24-7.23 (5H, m), 7.22-7.12 (2H, m), 7.06-7.03 (2H, m), 6.97-
'H NMR (400 MHz, CDCls) 6.94 (2H, m), 6.67-6.63 (1H, m), 5.25-5.13 (2H, m), 4.69-4.64 (2H, m), 4.25-4.10 (3H,

m), 3.60-3.47 (2H, m), 1.40 (18H, s), 1.33 (18H, s), 1.06 (3H, s), 0.45 ppm (3H,s)
0165.97,165.94, 157.13, 150.01, 149.79, 143.37, 142.32, 141.66, 141.58, 141.49,
139.73, 137.90, 129.61, 128.93, 128.80, 128.74, 128.39, 128.37, 128.03, 127.96,
127.76, 127.67, 127.43, 126.69, 126.64, 125.69, 124.93, 124.03, 118.59, 114.51,
109.27, 81.10, 75.67, 75.39, 69.27, 69.20, 41.28, 35.77, 34.48, 34.45, 31.49, 31.35,
27.05 ppm

3C NMR (100 MHz, CDCl5)

*'P NMR (162 MHz, CDCl3) 8 133.5 ppm
caled. for C79HgsN,O7P [(M+Na) ], 1230.5085; found, 1230.7161 m/z

HRMS (ESI)
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The general procedure for the synthesis of tether affords, after flash chromatography on silica gel (5:95 methanol:dichloromethane),
the compound pictured (80%) as a white foamy solid.

m.p. 124 - 126 °C

Optical rotation [a]D % =-128.0 (¢ = 0.5, CH,Cl,)

§ 7.57-7.52 (4H, m), 7.45-7.28 (20H, m), 7.26-7.22 (5H, m), 7.14-7.12 (1H, m), 7.07-

7.04 (2H, m), 6.97-6.95 (2H, m), 5.25-5.22 (2H, m), 4.72-4.67 (2H, m), 4.27-4.22 (2H,

m), 4.10 (1H, m), 3.63-3.62 (2H, m), 1.40 (18H, s), 1.34 (18H, s), 0.98 (3H, s), 0.53 ppm

(3H.s)

5 165.99, 165.96, 157.15, 150.06, 149.81, 143.36, 142.32, 141.67, 141.61, 141.49,

) 139.69, 137.91, 129.61, 128.94, 128.82, 128.75, 128.40, 128.29, 128.02, 127.96, 127.78,
C NMR (100 MHz, CDCls) 127.67, 127.38, 126.70, 126.65, 125.70, 124.96, 124.08, 118.58, 114.54, 114.51, 109.29,

81.27, 75.69, 75.41, 69.35, 69.23, 41.29. 35.79, 34.49, 34.46, 31.49, 31.36, 27.07 ppm

'H NMR (400 MHz, CDCl5)

*P NMR (162 MHz, CDCl5) 3133.6 ppm
caled. for C79HgsN,O7P [(M+Na) ], 1230.5085; found, 1230.7059 m/z

HRMS (ESI)
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31p NMR of SAd
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The general procedure for the synthesis of self-assembled ligands affords the compound pictured (99%) as a white solid.

m.p. 171 - 173 °C
Optical rotation [a]D % =-67.5 (c = 0.2, CH,Cl,)

§ 7.47-7.42 (16H, m), 7.34-7.12 (52H, m), 7.03-6.98, (8H, m), 5.06 (4H, s), 4.02-3.98,
'H NMR (400 MHz, CDCls) (4H, m), 3.86-3.80 (4H, m), 3.76 (4H, s), 3.37-3.33 (4H, m), 0.99 (6H, s), 0.37 (3H, s),

0.35 ppm (3H, s)

0 169.9, 149.0, 148.9, 145.7, 145.6, 145.3, 144.1, 143.7, 141.50, 141.45, 140.8, 140.7,
135.14, 135.05, 135.0, 134.9, 130.8, 129.3, 129.1, 128.81, 128.76, 128.4, 128.3, 127.8,
127.7,127.6, 127.43, 127.39, 127.4, 127.3, 127.2, 127.1,, 127.0, 125.0, 124.2, 122.4,
122.2,113.24, 113.1, 85.8, 85.7, 83.1, 83.0, 82.3, 82.1, 80.9, 80.8, 72.9, 65.6, 64.4,
64.3,53.5,31.1,27.2,25.79, 25.75 ppm

3C NMR (100 MHz, CDCls)

5IP NMR (162 MHz, CDCls) § 133.7 ppm
calcd. for C138H132N4014PQZH [(M+Li)+], 21978508, fOllIld, 2197.8728 m/z

HRMS (FAB)
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'H NMR of Zn(*Aa, RAa)
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3C NMR of Zn(°Aa, RAa)
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1P NMR of Zn(*Aa, RAa)
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The general procedure for the synthesis of self-assembled ligands affords the compound pictured (99%) as a white solid.

m.p. 171-173 °C
Optical rotation [a]D ** =-67.5 (¢ = 0.2, CH,CL,)

57.47— 691 (68H, m), 5.32 (1H, s), 5.04 — 4.99 (3H, m), 4.05 — 3.83 (4H, m), 3.86 —
'HNMR (400 MHz, CDCls) 3.80 (4H, m), 3.76 — 3.60 (4H, m), 3.38 — 3.33 (4H, m), 2.32 — 2.23 (36H, m), 1.13

(3H, s), 1.06 (3H, s), 0.39 (3H, s), 0.36 ppm (3H, )
5 169.9, 165.6, 149.5, 145.8, 145.3, 1442, 143.9, 143.7, 143.2, 142.6, 142.1, 140.9,
138.8, 138.2, 137.5, 136.9, 136.5, 136.3, 135.2, 134.9, 134.8, 130.1, 129.8, 129.5,
129.4, 129.0, 128.8, 128.5, 128.1, 127.8, 127.6, 127.1, 126.9, 126.7, 126.5, 125.1,
125.0, 124.1, 112.7, 85.3, 85.1, 83.3, 83.0, 82.4, 81.7, 81.3, 75.4, 75.1, 72.9, 69.7, 65.7,
65.3,64.7,53.5,41.3,35.7,31.3,27.4,27.3,25.9, 25.8, 21.7, 21.4, 21.2, 20.9 ppm

3C NMR (100 MHz, CDCl5)

*'P NMR (162 MHz, CDCl3) § 135.5, 135.0 ppm
calcd. for C33H13:N4014P2Zn [(M+Li)+], 2197.8508; found, 2197.8728 m/z

HRMS (ESI)
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'H NMR of Zn(°Ab, RAc)
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3C NMR of Zn(°Ab, RAc)
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1P NMR of Zn(®Ab, RAc)
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Zn

3IP NMR (162 MHz, CD,Cl,) 5 107.7 (dd, Jp.rn= 249 Hz, Jp.p = 39 Hz), 113.16 (dd, Jp.ry = 254 Hz, Jp.p = 39 Hz)
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1P NMR of Zn(®Bc, *Cc)
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OH

The general procedure for the preparative scale reaction affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane),
the compound pictured (93%) as a clear oil.

Optical rotation [a]D * =+65.3 (c = 1.0, CHCl;)
J&W Scientific 30.0 m x 0.25 mm ID Cyclosil B, 120 °C (1 min hold) to 130°C @
GC analysis 1°C/min then165°C @ 2°C/min) found peaks at 15.19 (2.8%, (R)) and 15.74 (97.2%,
(S)

§7.28 (1H, t,J = 7.6 Hz), 7.26 (1H, s), 7.22 (1H, dd, J = 9.6, 4.1 Hz), 7.13 (1H, d, J =

1
H NMR (400 MHz, CDCL,) 7.6 Hz), 4.89-4.84 (1H, q, ] = 12.8, 6.4 Hz), 2.40 (3H, s) 1.51 ppm (3H, d, J = 6.8 Hz);

®C NMR (100 MHz, CDCl5) o 145.9,138.1, 128.4, 128.2, 126.2, 122.5, 70.4, 25.2, 21.5 ppm
caled. for CoH -0 [(M+H) '], 136.0888; found: 136.0886 m/z

HRMS (FABS)
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'H NMR of 4a
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13C NMR of 4a
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OH

OMe

The general procedure for the preparative scale reaction affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane),
the compound pictured (90%) as a clear oil.

Optical rotation [a]D * =+40.4 (c = 1.1, CHCl))

J&W Scientific 30 m x 0.25 mm ID Cyclosil B, 120 °C (1 min hold) to 130°C @
GC analysis 1°C/min then to 165°C @ 2°C/min) found peaks at 24.15 (2.5%, (R)) and 24.53
(97.5%, (S))

6 7.28 (1H, t, J = 8.0 Hz), 6.96-6.95 (2H, m), 6.84-6.82 (1H, dd, J = 7.7, 2.4 Hz), 4.89-

1
HNMR (400 MHz, CDC) 4.84 (1H, g, J = 12.8, 6.4 Hz), 3.82 (3H, s) 1.49 ppm (3H, d, J = 6.4 Hz)

®C NMR (100 MHz, CDCl5) 8 159.7, 147.6, 129.5, 117.7, 112.9, 110.9, 70.3, 55.2, 25.1 ppm
caled. for CoH 20, [(M+H) ], 152.0837; found: 152.0835 m/z

HRMS (FABS)
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13C NMR of 4b

I 1 I I T | T I T T T T T T I I T 1

|
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S85



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

Shin A. Moteki, Kazuya Toyama, Zeyu Liu, Jing Ma, Andrea Holmes, and James M. Takacs
Supporting Information for: Two-Stage Optimization of a Supramolecular Catalyst for Catalytic Asymmetric Hydroboration

OH

Cl

The general procedure for the preparative scale reaction affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane),
the compound pictured (89%) as a clear oil.

Optical rotation [a]D * =+50.3 (c = 1.2, CHCl;)
(J&W Scientific 30.0 m x 0.25 mm ID Cyclosil B, 120 °C (1 min hold) to 130°C @
GC analysis 1°C/min then 165°C @ 2°C/min) found peaks at 23.73 (1.8%, (R)) and 23.99 (98.2%,
(S)
. 1H .30-7.21 (3H 4.87-4.82 (IH =12.8,64Hz), 1.4 H
lH NMR (400 MHZ, CDCI3) 0737 ( s S), 7.30-7 (3 5 m)a 87 8 ( » g, J 8, 6 Z)a 6 ppm (3 ,
d,J=6.4 Hz)
BCNMR (100 MHz, CDCl3) 0 147.9,134.2,129.8, 127.5, 125.6, 123.6, 69.8, 25.2 pm

+ + . .
HRMS (FABS) caled. for CsHoClO [(M+H)'], 156.0342; found: 156.10338 m/z.
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13C NMR of 4¢
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OH

The general procedure for the preparative scale reaction affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane),
the compound pictured (89%) as a clear oil.

Optical rotation [a]D * =+39.8 (c = 1.8, CHCl;)
(J&W Scientific 30.0 m x 0.25 mm ID Cyclosil B, 120 °C (1 min hold) to 130°C @
GC analysis 1°C/min then 165°C @ 2°C/min) found peaks at 13.23 (2.2%, (R)) and 13.52 (97.8%,
(S)

§7.29 (1H, dt, J = 8.0, 2.1 Hz), 7.13-7.07 (2H, m), 6.99-6.94 (1H, dt, J = 9.2, 3.6 Hz),

1
HNMR (400 MHz, CDC) 4.86 (1H, g, J = 12.8, 6.4 Hz), 1.48 ppm (3H, d, J = 6.5 Hz)

6 163.0 (d, JCF = 245.5 Hz), 148.5 (d, JCF = 7.0 Hz), 130.0 (t, JCF = 14.1 Hz), 121.0
BC NMR (100 MHz, CDCls) (d, JCF =2.0 Hz), 114.2 (d, JCF = 21.1 Hz), 112.3 (d, JCF = 22.1 Hz), 69.7 (d, JCF =
2.0 Hz), 25.2 ppm

calcd. for CgHoFO [(M+H)+], 140.0639; found: 140.0639 m/z

HRMS (FABS)
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13C NMR of 4d
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OH

The general procedure for the preparative scale reaction affords, after flash chromatography on silica gel (10:90 ethyl acetate:hexane),
the compound pictured (87%) as a clear oil.

Optical rotation [a]D * =+39.1 (c = 0.9, CHCl5)
(J&W Scientific 30.0 m x 0.25 mm ID Cyclosil B, 120 °C (1 min hold) to 130°C @
GC analysis 1°C/min then 165°C @ 2°C/min) found peaks at 13.34 (1.3%, (R)) and 13.59 (98.7%,
(S)

§7.65 (1H, 8), 7.55-7.53 (2H, m), 7.47 (1H, d, = 7.7 Hz), 4.93 (1H, q, J = 12.8, 6.4

1
HNMR (400 MHz, CDCl;) Hz), 237 (3H, 5) 1.49 ppm (3H, d, J = 6.4 Hz)

6 146.7, 130.7 (q, JCF = 32.2 Hz), 128.9, 128.8, 124.2 (t, JCF = 4.0 Hz), 125.5 (d, JCF
=271.7 Hz), 122.2 (q, JCF = 4.0 Hz), 69.8, 25.3 ppm
caled. for CoHoF30 [(M+H)'], 190.0606; found: 190.0599 m/z

3C NMR (100 MHz, CDCls)

HRMS (FABS)
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13C NMR of 4e
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