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General methods

Oxygen- and moisture-sensitive reactions were carried out under a nitrogen 
atmosphere. Solvents were purified and dried by standard methods prior to use unless 
otherwise stated. All commercially available reagents were used without further 
purification unless otherwise noted. Column chromatography was performed on silica 
gel (100-200 mesh). Melting points were measured on a BEI JING TECH X-5 
melting point apparatus and are uncorrected. Infrared spectra were recorded on a 
Nicolet-NEXUS 670 FT-IR spectrometer. 1H NMR and 13C NMR Spectra were 
performed on a Bruker DPX-400 (400 MHz) spectrometer in CDCl3 with TMS as an 
internal standard; J values are given in hertz. Mass spectra were obtained using a 
Bruker esquire-3000 instrument with an electrospray ionization source (ESIMS). All 
of the ESIMS specters were performed using MeOH as the solvent. Optical rotations 
were measured on a Perkin-Elmer, model 341 Polarimeter at 20 °C in CHCl3. The ee 
value was determined by HPLC using a chiral column with hexane-propan-2-ol (ratio 
as indicated) as the eluent. The chromatographic system was VARIAN PROSTAR, 
consisted of a UV-VIS detector (model 320) and two pumps (model 320). The column 
used was a Chiralcel OD-H (250×4.6 mm) or Chiralcel OB-H (250×4.6 mm) from 
Daicel Chemical Ind., Ltd. (Japan). The column was operated at ambient temperature.
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General procedure for the synthesis of chiral ligands bearing dendrimers
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Scheme 1. Synthesis of ferrocenyl β-amino alcohol ligand

Compounds 4 was prepared according to the literature procedures.1

General procedure for the synthesis of compound 5
A Grignard reagent was prepared from 133 mg (5.5 mmol) magnesium and 1.55 g 

(4-bromophenoxy) (tert-butyl) dimethylsilane (5.4 mmol) in dry THF (15 mL). 
Adding a small crystal of iodine to initiate the reaction, and then the reaction mixture 
was heated to reflux for 2h. The solution was cooled to 0 °C, before adding 0.25 g 
(0.84 mmol) 4. The reaction was quenched with saturated aqueous NH4Cl at 0 °C 
after it carried out completely at room temperature. The phases were separated and the 
aqueous phase was extracted with Et2O (3×10 mL). The combined organic phases 
were washed with brine (15mL), dried over Na2SO4 and after filtration, the solvent 

S3



was removed under reduced pressure. The resulting residue was purified by the 
preparative TLC with petroleum (60-90 °C) / EtOAc (V/V, 6:1) as developing solvent 
to give a yellow solid: mp 85-87 °C, yield 70%. 20

D][α = -28 (c 0.5, in CHCl3). 1H NMR 
(400 MHz, CDCl3) δ 7.24-7.13 (m, 4H, Ar-H), 6.78-6.70 (m, 4H, Ar-H), 4.12-4.03 (m, 
9H, FcH), 3.71 (s, 1H, -OH), 3.51 (d, J = 13.0 Hz, 1H, FcCH’HN), 3.22 (d, J = 13.0 
Hz, 1H, FcCH’HN), 2.31 (dd, J = 6.3, 3.5 Hz, 1H,- N-CH), 1.90 (d, J = 3.5 Hz, 1H, -
N-CH’H), 1.48 (d, J = 6.3 Hz, 1H, -N-CH’H), 0.99 (s, 9H, -C(CH3)3), 0.96 (s, 9H, -
C(CH3)3), 0.20 (d, J = 0.7 Hz, 6H, -CH3), 0.18 (d, J = 3.3 Hz, 6H, -CH3).13C NMR 
(100MHz, CDCl3) δ 154.39 , 140.73 , 137.89 , 127.55 , 119.33 , 83.88 , 73.56 , 68.91 , 
68.47 , 68.08 , 58.14 , 45.77 , 30.15 , 25.66. IR (KBr) 3429, 3084, 2939, 2858, 1607, 
1507, 1465, 1404, 1357, 1258, 1171, 1091, 1006, 916, 833, 558, 479. HRMS(ESI): 
calcd for C38H53FeNO3Si2 [M]+ 683.2913, found 683.2944 [M+H]+ 684.2947, found 
684.2990.

General procedure for the synthesis of compound 62,3

To a solution of 1mL TBAF (1 M in THF) in dry THF (5 mL) at room temperature 
was dropped 0.31g (0.45 mmol) 5 (in 10 mL dry THF) in half an hour. The resulting 
solution was stirred at room temperature. After half an hour, the solution was 
quenched with pure water. The phases were separated and the aqueous phase was 
extracted with EtOAc (3×10 mL). The combined organic phases were washed with 
brine (20 mL), dried over Na2SO4 and after filtration, the solvent was removed under 
reduced pressure. The resulting residue was purified by the preparative TLC with 
CH2Cl2:CH3OH (V/V, 20:1) as developing solvent to give a yellow solid: mp 117-
118.3 °C, yield 93%. 20

D][α = -54 (c 0.724, in CH3OH). 1H NMR (400 MHz, DMSO) δ 
7.12 (dd, J = 25.7, 8.6 Hz, 4H, Ar-H), 6.62 (dd, J = 8.6, 1.9 Hz, 4H, Ar-H), 5.76 (s, 
2H, Ar-OH), 4.38 (s, 1H, -OH), 4.20-4.00 (m, 9H, FcH), 3.56 (d, J = 13.0 Hz, 1H, 
FcCH’HN), 3.00 (d, J = 13.0 Hz, 1H, FcCH’HN), 2.36 (dd, J = 6.1, 3.3 Hz, 1H, - N-
CH), 1.52 (d, J = 3.0 Hz, 1H, -N-CH’H), 1.33 (d, J = 6.2 Hz, 1H, -N-CH’H). 3C NMR 
(100 MHz, DMSO) δ 155.88 , 138.26 , 137.56 , 127.93 , 127.48 , 114.36 , 84.92 , 
74.17 , 69.05 , 68.51 , 67.69 , 58.51 , 55.13 , 46.38 , 29.45. IR (KBr) 3460, 2927, 
1601, 1509, 1446, 1369, 1236, 1169, 1031, 829, 587, 488. HRMS (ESI): calcd for 
C26H25FeNO3 [M+H]+ 456.1217, found 456.1258 [M+Na]+ 478.1082, found 478.1126.

General procedure for the synthesis of chiral ligands bearing dendrimers
Compound 8a A mixture 0.1g (0.22 mmol) 6, the corresponding benzyl bromide 

(53 μL), 0.12g (0.87 mmol) K2CO3 and 0.001g (0.004 mmol) 18-C-6 in THF was 
heated at reflux and stirred vigorously for one hour. After most of the organic solvent 
was removed under reduced pressure, CH2Cl2 (20 mL) and water (20 mL) was added 
to the mixture. The phases were separated and the aqueous phase was extracted with 
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CH2Cl2 (3×10 mL). The combined organic phases were washed with brine (20 mL), 
dried over Na2SO4 and after filtration, the solvent was removed under reduced 
pressure. The resulting residue was purified by the preparative TLC with petroleum 
(60-90 °C)/EtOAc (V/V, 4:1) as developing solvent to give a yellow glass: mp 39-41 
°C; Yield 64%. 20

D][α = -14 (c 1.05, in CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.46-
7.30 (m, 10H, Ar-H), 7.30-7.22 (m, 4H, Ar-H), 6.89 (td, J = 9.4, 2.5 Hz, 4H, Ar-H), 
5.04 (d, J = 8.2 Hz, 4H, Ar-O-CH2), 4.17-3.96 (m, 9H, FcH), 3.71 (d, J = 3.6 Hz, 1H, 
-OH), 3.49 (d, J = 12.9 Hz, 1H, FcCH’HN), 3.25 (dd, J = 12.9, 1.9 Hz, 1H, 
FcCH’HN), 2.34 (dd, J = 5.9, 3.1 Hz, 1H, -N-CH), 1.90 (d, J = 2.8 Hz, 1H, -N-CH’H), 
1.48 (d, J = 6.3 Hz, 1H, -N-CH’H). 13C NMR (100 MHz, CDCl3) δ 157.71, 157.56, 
140.43, 137.69, 137.08, 137.03, 128.56, 128.54, 127.93, 127.59, 127.47, 114.21, 
114.17, 83.82, 73.48, 69.93, 69.00, 68.83, 68.46, 68.15, 68.08, 58.20, 45.63, 30.10. IR 
(KBr) 3429, 3035, 2921, 1607, 1505, 1456, 1381, 1317, 1236, 1170, 1105, 1024, 820, 
737, 694, 635, 486.HRMS(ESI): calcd for C40H37FeNO3 [M]+ 635.2123 found 
635.2088 [M+H]+ 636.2156 , found 636.2204

Compound 8b A mixture 0.1g (0.22 mmol) 4, the corresponding 0.17 g (0.44 mmol) 
7b, 0.3g (2.17 mmol) K2CO3 and 0.003g (0.011 mmol) 18-C-6 in THF was heated at 
reflux and stirred vigorously for two hours. The following procedure is the same as 8a. 
The resulting residue was purified by the preparative TLC with petroleum (60-90 °C) 
/ CH2Cl2 / EtOAc (V/V/V, 6:4:1) as developing solvent to give a yellow glass: mp 43-
45 °C; Yield 76%. 20

D][α = -15 (c 0.412, in CHCl3). 1H NMR (400 MHz, CDCl3) δ 
7.49-7.20 (m, 24H, Ar-H), 6.87 (dd, J = 10.6, 8.9 Hz, 4H, Ar-H), 6.69 (dd, J = 10.4, 
2.2 Hz, 4H, Ar-H), 6.58 (dt, J = 7.7, 2.2 Hz, 2H, Ar-H), 5.01 (dd, J = 24.6, 7.3 Hz, 
12H, Ar-O-CH2), 4.16-3.97 (m, 9H, FcH), 3.71 (s, 1H, -OH), 3.49, 3.27 (d, J = 12.9 
Hz, 2H, FcCHH’N), 2.34 (dd, J = 6.2, 3.4 Hz, 1H, - N-CH), 1.91 (d, J = 3.3 Hz, 1H, -
N-CH’H), 1.49 (d, J = 6.3 Hz, 1H, -N-CH’H). 13C NMR (100MHz, CDCl3) δ 160.14 , 
157.56 , 139.57 , 137.77 , 136.75 , 128.60 , 128.03 , 127.58 , 114.26 , 106.34 , 101.45 , 
83.86 , 73.47 , 70.12 , 69.89 , 68.93 , 68.48 , 68.13 , 58.24 , 45.62 , 30.15 , 29.70. IR 
(KBr) 3420, 3033, 2921, 2860, 1598, 1504, 1452, 1376, 1299, 1234, 1154, 1019, 824, 
738, 691, 581, 485. HRMS (ESI): calcd for C68H61FeNO7 [M]+ 1059.3797 found 
1059.3811; [M+H]+ 1060.3831, found 1060.3877; [M+K]+ 1098.3434, found 
1098.3487.

Compound 8c A mixture 0.1g (0.22 mmol) 6, the corresponding 0.355 g (0.44 
mmol) 7c, 0.414 g (3 mmol) K2CO3 and 0.024g (0.09 mmol) 18-C-6 in THF was 
heated at reflux and stirred vigorously for four hours. The following procedure is the 
same as 8c. The resulting residue was purified by the preparative TLC with petroleum 
(60-90 °C) / CH2Cl2 / EtOAc (V/V/V, 6:4:1) as developing solvent to give a yellow 

glass: mp 49-51 °C yield 67 %. 20
D][α = -5.9 (c 0.994, in CHCl3). 1H NMR (400 MHz, 
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CDCl3) δ 7.48-7.27 (m, 40H, Ar-H), 7.22 (t, J = 4.4 Hz, 4H, Ar-H), 6.86 (t, J = 9.2 Hz, 
4H, Ar-H), 6.72-6.58 (m, 12H, Ar-H), 6.58-6.46 (m, 6H, Ar-H), 5.05-4.85 (m, 28H, 
Ar-O-CH2), 4.17-3.94 (m, 9H, FcH), 3.68 (s, 1H, -OH), 3.46 (d, J = 13.0 Hz, 1H, 
FcCHH’N), 3.23 (d, J = 12.9 Hz, 1H, FcCHH’N), 2.30 (dd, J = 6.0, 3.4 Hz, 1H, - N-
CH), 1.88 (d, J = 3.1 Hz, 1H, -N-CH’H), 1.45 (d, J = 6.3 Hz, 1H, -N-CH’H).13C 
NMR (100 MHz, CDCl3) δ 160.17, 160.08, 160.05, 157.68, 157.53, 140.54, 139.61, 
139.56, 139.23, 137.83, 136.78, 128.57, 127.99, 127.63, 127.54, 114.28, 106.43, 
106.41, 101.62, 101.54, 101.48, 83.89, 73.49, 70.11, 70.00, 69.92, 69.01, 68.83, 68.48, 
68.16, 68.07, 58.22, 45.65, 30.17. IR (KBr) 3433, 3021, 2869, 1598, 1504, 1452, 
1375, 1301, 1235, 1154, 1047, 830, 740, 693, 489.HRMS (ESI): calcd for 
C124H109FeNO15; [M]+ 1907.7147, found 1907.6949; [M+H]+ 1908.7180, found 
1908.7228.

Complete optimization data

Table S1. Yield of 8b in different solvents (a), (b), (c)

Entry Solvent Reaction time (h) Yield (%)(e)

1 THF 2 76
2 dry THF 2 73
3 MeCN 2 78
4 acetone 24(d) 54
5 dioxane 2 42
6 dioxane 24(d) 34
7 toluene 2 53
8 DMF 2 53

a All the solvents were used as received without further purification except entry 2 .
b All the reactions were carried out at reflux except entry 6 (75 °C).
c The volume of all the solvents was 15 mL.
d The reactant did not disappeared by TLC until after 24h.
e Isolated yield

Table S2. Yields of different chiral ligands in THF and MeCN

Entry Solvent (a) Product Yield (%) (b)

1 THF 8a 64
2 MeCN 8a 60
3 THF 8b 76
4 MeCN 8b 78
5 THF 8c 67
6 MeCN 8c 59

a All the solvents were used as received without further purification.
b Isolated yield.
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Table S3. Optimizing the conditions for asymmetric addition of Et2Zn to 
benzaldehyde a

H

O

ZnEt2, Ligand

Toluene

OH

Entry Ligand Mol (%) Temperature (°C) Yield (%)b Ee (%)c Confign.d

1 8b 1 0, 10 h then 20,  
38h 95 41 S

2 8b 2 0, 10 h then 20, 
38 h 97 80 S

3 8b 3 0, 10 h then 20, 
38h 96 81 S

4 8b 5 0, 10 h then 20, 
38h 97 89 S

5 8b 7 0, 10 h then 20, 
38h 94 82 S

6 8b 10 0, 10 h then 20, 
38h 96 89 S

7 8b 5 -20, 48 h 79 88 S
8 8b 5 0, 48 h 56 81 S
9 8b 5 20, 48 h 93 92 S
10 8b 5 40, 48 h 90 81 S
11 6 5 20, 48 h 49 21 S
12 8a 5 20, 48 h 95 92 S
13 8c 5 20, 48 h 56 63 S
a The reaction was carried out using 0.5 mmol of benzaldehyde in 2 mL of toluene; 
PhCHO/Et2Zn =1:4; Et2Zn (1 M solution in hexane)
b Isolated yield
c Determined by HPLC analysis using DAICEL CHIRALCEL OD-H.
d Absolute configuration was assigned by comparing the retention time on HPLC with the 
literature value.4,5

S7



References

1. Wang, M.-C.; Wang, D.-K .; Zhu, Y.; Liu, L.-T.; Guo, Y.-F. Tetrahedron: 
Asymmetry 2004, 15, 1289-1294.

2. (a) Hawker, C. J.; Fréchet, J. M. J. J. Am. Chem. Soc. 1990, 112, 7638-7647; (b) 
Xiang, Z.-H.; Cao, D.-R. Synth. Commun. 2008, 38, 1318-1324; (c) Xie, D.; Jiang, 
M.; Zhang, G.-Z.; Chen, D.-Y. Chem. Eur. J. 2007, 13, 3346-3353.

3. (a) Cao, X.-P.; Wang, F.; Guo, S. Synth. Commun. 2002, 32, 3149-3158; (b) Pan, 
Y. J.; Ford, W. T. J. Org. Chem. 1999, 64, 8588-8593.

4. Wu, Y.-J.; Yun, H.-Y.; Wu, Y.-S.; Ding, K.-L.; Zhou,Y. Tetrahedron: Asymmetry 
2000, 11,3543-3552.

5. (a) Chaloner, P. A.; Renuka Perera, S. A. Tetrahedron Lett. 1987, 28, 3031-3034; 
(b) Hayashi, M.; Kaneko, T.; Ogani, N. J. Chem. Soc., Perkin Trans. 1 1991, 25; 
(c) Noyori, R.; Suga, S.; Kawai, K.; Okada, S.; Kitamura, M.; Ogani, N.; Hayashi, 
M.; Matsuda, Y. J. Organomen. Chem. 1990, 382, 19-37; (d) Yang, W. K.; Cho, 
B. T. Tetrahedron: Asymmetry 1998, 9, 2879-2888.

S8



Copies of NMR Spectra and HPLC Chromatographs

NMR Spectra of compound 5
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NMR Spectra of compound 6
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NMR Spectra of compound 8a
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NMR Spectra of compound 8b
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NMR Spectra of compound 8c
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HPLC Chromatographs of (S)-1-phenylpropan-1-ol in the presence of chiral 
ligands 8a and 8b
Racemic sample

in the presence of chiral ligand 8a

in the presence of chiral ligand 8b

S14



HPLC Chromatographs of (S)-1- ferrocenylpropan-1-ol
Racemic sample

in the presence of chiral ligand 8a

in the presence of chiral ligand 8b
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HPLC Chromatographs of (S)-1-(benzo[d][1,3]dioxol-5-yl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a

in the presence of chiral ligand 8b
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HPLC Chromatographs of (S)-1-(2-methoxyphenyl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a

in the presence of chiral ligand 8b
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HPLC Chromatographs of (S)-1-(3-methoxyphenyl)propan-1-ol 
Racemic sample

in the presence of chiral ligand 8a

in the presence of chiral ligand 8b
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HPLC Chromatographs of (S)-1-(4-methoxyphenyl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a

HPLC Chromatographs of (S)-1-(4-methoxyphenyl)propan-1-ol
Racemic sample
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in the presence of chiral ligand 8b

HPLC Chromatographs of (S)-1-(p-tolyl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a 
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in the presence of chiral ligand 8b 

HPLC Chromatographs of (S)-1-(naphthalen-1-yl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a 
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in the presence of chiral ligand 8b 

HPLC Chromatographs of (S)-1-(naphthalen-2-yl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a 
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in the presence of chiral ligand 8b 

HPLC Chromatographs of (S)-1-(2-chlorophenyl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a 
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in the presence of chiral ligand 8b 

HPLC Chromatographs of (S)-1-(4-chlorophenyl)propan-1-ol
Racemic sample

in the presence of chiral ligand 8a 
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in the presence of chiral ligand 8b 

HPLC Chromatographs of (S)-1-phenylpropan-1-ol in the presence of chiral 
ligand 8b
Racemic sample

run 1 
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run 2

run 3
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