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Experimental

1. General

All experiments, which are sensitive to moisture or air, were carried out under an Ar
atmosphere using the standard Schlenk techniques. (R,R)-1,2-diphenylenediamine,
[Cp*RhCI2]2, 1,2-bis(triethoxysilyl)ethylane and surfactant P123
(CH2-CH20)20(CH2(CH3)CH20)70(CH2CH20)20) were purchased from Sigma-Aldrich
Company Ltd. Compounds
(R,R)-4-(trimethoxysilyl)ethyl)phenylsulfonyl-1,2-diphenylethylenediamine and
1,3-bis(3-(triethoxysilyl)propyl)-1H-imidazol-3-ium iodide (2) were synthesized
according to the reported literatures [ J. Mater. Chem. 2010, 20, 1970 and Tetrahedron
2008, 64, 4637.]

2. Characterization

Rh loading amounts in catalysts were analyzed using an inductively coupled plasma
optical emission spectrometer (ICP, Varian VISTA-MPX). Fourier transform infrared
(FT-IR) spectra were collected on a Nicolet Magna 550 spectrometer using KBr
method. Transmission electron microscopy (TEM) images were performed on a JEOL
JEM2010 electron microscope at an acceleration voltage of 220 kV. X-ray
photoelectron spectroscopy (XPS) measurements were performed on a Perkin-Elmer
PHI 5000C ESCA system. A 200 um diameter spot size was scanned using a
monochromatized Aluminum Ko X-ray source (1486.6.6 eV) at 40 W and 15 kV with
58.7 eV pass energies. All the binding energies were calibrated by using the
contaminant carbon (Cis = 284.6 eV) as a reference. Nitrogen adsorption isotherms
were measured at 77 K with a Quantachrome Nova 4000 analyzer. The samples were
measured after being outgassed at 423 K overnight. Pore size distributions were
calculated by using the BJH model. The specific surface areas (SBET) of samples
were determined from the linear parts of BET plots (p/po = 0.05-1.00). Solid state
NMR experiments were explored on a Bruker AVANCE spectrometer at a magnetic
field strength of 9.4 T with H frequency of 400.1 MHz, 3C frequency of 100.5 MHz
and 2°Si frequency of 79.4 MHz with 4 mm rotor at two spinning frequency of 5.5
kHz and 8.0 kHz, TPPM decoupling is applied in the during acquisition period. H
cross polarization in all solid state NMR experiments was employed using a contact
time of 2 ms and the pulse lengths of 4ps.

3. General procedure for the recycle experiments. The catalyst 5 (215.0 mg, 20.0
umol of Rh based on the ICP analysis), 2-bromo-phenylethanone or benzil (2.0 mmol),
HCO2Na (0.68 g, 10.0 mmol), 10.0 mL of water were added sequentially to a 50.0 mL
round—bottom flask. The mixture was then stirred at room temperature (40 <C). After
completion of the reaction, the catalyst was separated by centrifugation (10,000 rpm).
The collected solids was transfered to a fresh 50.0 mL round—bottom flask and

2-bromo-phenylethanone or benzil (2.0 mmol), HCO2Na (0.68 g, 10.0 mmol), and
S2



10.0 mL of water were added again for next recycle. The aqueous solution was
extracted with ethyl ether (3 < 3.0 mL). The combined ethyl ether extracts were
washed with NaHCO3 and brine, and then dehydrated with Na,SO4. After evaporation
of ethyl ether, the residue was purified by silica gel flash column chromatography to
afford the desired products.

Figure S1. FT-IR spectra of 3 and catalyst 5.
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Figure S2. Asymmetric transfer hydrogenation of of aryl-substituted 2—haloketones.
[The products were analyzed by a HPLC with a UV-Vis detector using a Daicel OB-H
or OJ-H chiralcel column ( ©0.46x25 cm)].
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(S)-2-bromo-1-phenylethanol (6a): (HPLC: Chiracel OB-H, detected at 215 nm,
eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-fluorophenyl)ethanol (6b): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(3-fluorophenyl)ethanol (6¢): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-chlorophenyl)ethanol (6d): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-bromophenyl)ethanol (6e): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(3-bromophenyl)ethanol (6f): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-(trifluoromethyl)phenyl)ethanol (6q): (HPLC: Chiracel OB-H,
detected at 215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25
).
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(S)-2-bromo-1-(3,4-dichlorophenylethanol (6h): (HPLC: Chiracel OB-H, detected
at 254 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-nitrophenylethanol (6i): (HPLC: Chiracel OJ-H, detected at 215
nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(p-tolyNethanol (6]): (HPLC: Chiracel OB-H, detected at 215 nm,

eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(4-methoxyphenyl)ethanol (6k): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-bromo-1-(naphthalen-2-yl)ethanol (61): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-chloro-1-(4-fluorophenylethanol (6m): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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(S)-2-chloro-1-(4-chlorophenyl)ethanol (6n): (HPLC: Chiracel OB-H, detected at
215 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 1 mL/min, 25 <€).
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Figure S3. Reusability of the catalyst 5 using 2-bromo-1-phenylethanone as a
substrate.
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Recycle 4.

maLl MTTSEEE 7150
: ) i
Con
20
15 -
nitiz ]
10+
" n
Mo ! ]
i f RN — N . 1
E e —— _FQ_L b 3 :
25 50 TS 104 125 80 mn
Al o =)
o[ e EEE
m | % | RREE [ | wmEs | & I BEs
1 ] B 650 10507 15767 Tia 4743
B H]| 1L BEZ14E | W9, 42F3 | EEEHE 97, 5EaT |
Recycle 5.
207 R E
] r"-,
150 |
- II
100 kﬁ-l ]
Wifiz ] L
] Y
E
] . 5\
] - b
o I FLIIH- . > & =
] E
oo 25 a0 Ta o 125 150 min
B s EiRE
e | We | GmEE e W Fd
L L 0.5 ZoEnng 2. e ke -] 10, 4056
E F3 10,207 BEOEESE o7 1184 | szl oo ca4al
Recycle 6.
M b e
200 n
] 4
1504 |
] !
-
Niiz 1 \
] Y
J b
5=
; \
+4 — - . I'r Ny ] \\. I
o . - '
: :
0 75 a0 s 0.0 125 15.0min
O thEtsk i
T | w# | RamEE | ] [ mmets | #EBE | FEEY |
i 1 8.557 FTERIS 2. 7008 | 04 | 10, 0148,
z z 10, 155 | 1001 2423 o, 2005 | 0312 | &0, 9554 |

S19



Recycle

7.

FEFTRN B L

Bz

o 15

TS 10.0 125 50 min

kil |4

[z T S

ey

TazaT 3. 6T — sliz & E=o0

SOES3IE BE. 45370 BASLT a3 1500

=

BT

" A, I

b

la

1]

o 25

T 100 125 150 175 min

o emEnE

1
Z

e | mEamE |
1 S, 640 |
Z 11,011 |

Recycle 9.

100-]

75

e

E5E0 | ] EET B 17ES
1BHB0GS | A6 G40 | GEOOT w0217

o

o 23

A0

75 a0 125 190 min

i

Lo =1

FoTp e S e

Ine

1] SEEm e

=

1 8,613 |
= in wne |

[ Tt EEr R
= 4. T4Z5 L4285 11. 4842
ra | s e | [ AR EMER |

S20



Figure S4. Asymmetric transfer hydrogenation of benzil catalyzed by catalyst 5,
PMO-supported analogue and SBA-supported analogue. Reactions were carried out at
40 °C, using 10.0 umol of the catalyst, 5 equiv HCOONa, and at an S/C ratio of 100
in 5.0 mL of water.
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Figure S5. Asymmetric transfer hydrogenation of symmetrical benzils [The pro
ducts were analyzed by a HPLC with a UV-Vis detector using a Daicel OD-H
or OJ-H chiralcel column ( ®0.46x25 cm)] (Literature: Chin. J. Chem. 2012,
30, 2657).

Translation of Chinese to English is as follows:
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(S,S)-1,2-diphenylethane-1,2-diol (6a): (HPLC: Chiracel OJ-H, detected at 220 nm,
eluent: n-hexane/2-propanol = 90/10, flow rate = 0.5 mL/min, 25 <€).
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Translation of Chinese to English is as follows:
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(S,5)-1,2-bis(4-fluorophenylethane-1,2-diol (7b): (HPLC: Chiracel OJ-H, detected

at 220 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 0.5 mL/min, 25 <€).
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(S,S)-1,2-bis(3-fluorophenyl)ethane-1,2-diol (7c): (HPLC: Chiracel OJ-H, detect
ed at 220 nm, eluent: n-hexane/2-propanol = 90/10, flow rate = 0.5 mL/min, 2
5 ).
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(S,S)-1,2-bis(4-bromophenyl)ethane-1,2-diol (7d): (HPLC: Chiracel AD-H, dete
cted at 220 nm, eluent: n-hexane/2-propanol = 92/8, flow rate = 0.5 mL/min,
25 €).
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(S,S)-1,2-di-p-tolylethane-1,2-diol (7e): (HPLC: Chiracel OJ-H, detected at 220 nm,
eluent: n-hexane/2-propanol = 96/4, flow rate = 0.5 mL/min, 25 <€).
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(S,S)-1,2-bis(4-methoxyphenyl)ethane-1,2-diol (7f): (HPLC: Chiracel OJ-H, dete

cted at 220 nm, eluent: n-hexane/2-propanol = 80/20, flow rate = 0.5 mL/min,
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(S,S)-1,2-bis(3-methoxyphenyl)ethane-1,2-diol (79): (HPLC: Chiracel AS-H, det

ected at 220 nm, eluent: n-hexane/2-propanol = 93/7, flow rate = 1 mL/min, 2
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Table S1. Reusability of catalyst 5 for transfer hydrogenation of benzil.[

Run time 1 2 3 4 5 6 7 8

% Yield ! 99 99 99 97 99 97 99 89

dl/meso 87/13 87/13 66/34 64/36 57/43 56/44 56/44 56/44

% ee [P 99 99 99 99 99 99 99 99

[a] Reaction conditions: catalyst 5 (215.0 mg, 20.0 umol of Rh based on the ICP
analysis), HCO2Na (10.0 mmol), 2-bromo-phenylethanone (2.0 mmol) and 10.0 mL
water, reaction temperature (40 °C), reaction time (2.0 h). [b] Yields were determined
by H-NMR and ee values were determined by chiral HPLC analysis.

Figure S6. Reusability of catalyst 5 for asymmetric transfer hydrogenation of b
enzil. [(HPLC: Chiracel OJ-H, detected at220 nm, eluent: n-hexane/2-propanol
= 90/10, flow rate = 0.5 mL/min, 25 °C].
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