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Experimental

1. General

All experiments, which were sensitive to moisture or air, were carried out under an Ar
atmosphere using standard Schlenk techniques.
2-(4-chlorosulfonylphenyl)ethyltrimethoxysilane,
4-(methylphenylsulfonyl)-1,2-diphenylethylenediamine [(S,S)-TsDPEN], the
surfactant cetyltrimethylammonium bromide (CTAB), tetraethoxysilane (TEOS) and
[Cp*RhCI;], were purchased from Sigma-Aldrich Company Ltd. and used as received.
Compound [(S,S)-DPEN-SO,Ph(CH,),Si(OMe)s] and the pure FMS material was
synthesized according to the reported literature [Chem. Commun. 2011, 47, 4087].
The products were analyzed by using a HPLC with a UV-Vis detector using a Daicel
AD-H or OD-H chiralcel columns([]® 0.46 x 25 cm).

2. Characterization

Rh loading amount in the catalyst was analyzed using an inductively coupled plasma
optical emission spectrometer (ICP, Varian VISTA-MPX). Fourier transform infrared
(FTIR) spectra were collected on a Nicolet Magna 550 spectrometer using KBr
method. X-ray powder diffraction (XRD) was carried out on a Rigaku D/Max-RB
diffractometer with CuKa radiation. Scanning electron microscopy (SEM) images
were obtained using a JEOL JSM-6380LV microscope operating at 20 kV.
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. All the binding energies were calibrated by using the
contaminant carbon (Cys = 284.6 eV) as a reference. Thermal gravimetric analysis
(TGA) was performed with a Perkin-Elmer Pyris Diamond TG analyzer under air
atmosphere with a heating ramp of 5 K/min. Solid-state *C (100.5 MHz) and %°Si
(79.4 MHz) CP MAS NMR were obtained on a Bruker DRX-400 spectrometer.
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Figure S1. The FT-IR spectra of the pure FMS material and 2-3.
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Figure S2. The TG/DTA curves of the pure FMS material and 2.

Weight Loss (%0)

95

90

85

80

|— Pure FMS (DTA)]

|— Pure FMS (TG)|

75
300

T T T T T T T T
400 500 600 700 800 900 1000 1100 1200

Temperture/K

--15



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

4
100+ —2(DTA) ] >
95 + 1 0
= ] 1 -2
S o
2 143
8 85 >
— | 1 -6 =
S 80 IS
S {-10
; 75 1
_ 12
70 —2(TG) ¥
300 400 500 600 700 800 900 1000 1100 1200
Temperture/K
60
——Catalyst 3 (DTA
o0 | yst 3 (DTA)| |
a |
>
S 90_
n
(7p]
o
-
80+
2
(«B)
S 2
[— Catalyst 3 (TG) 17
60 T T T T T T T T T T T T T T T T T
300 400 500 600 700 800 900 1000 1100 1200

Temperture/K

Explanation: The TG/DTA curve of the pure FMS and 2-3 were treated in the air. An
endothermic peak around 355K with weight loss of 12.9% could be attributed to the
release of physical adsorption water while the comprehensive endothermic peaks
around 450-1120K with weight loss of 8.4% could be assigned to the release of the
residual CTAB surfactant (cetyltrimethylammonium chloride) within FMS (V. Cauda,
A. Schlossbauer, J. Kecht, A. Zirner, T. Bein, Am. Chem. Soc., 2009, 131, 11361).

Thus, the totally weight loss of the residual CTAC surfactant was 8.4% in 87.1%

FMS materials when eliminated the contribution of water, meaning the 9.6% weight
4
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loss of the residual CTAC surfactant per 100% materials.

Similarly, for TsDPEN-functionalized-FFMS (2), a similar endothermic peak
around 355K around 355K with weight loss of 11.3% could be attributed to the
release of physical adsorption water while the comprehensive endothermic peaks
around  450-1120K  with  weight loss of 17.9% in 88.7%
TsDPEN-functionalized-FFMS (2) could be assigned to the oxidation of organic
molecules (including TsDPEN fragments and part of the residual CTAC surfactant),
meaning that the totally weight loss of organic moieties was 20.2% per 100%
materials.

Similarly, for catalyst 3, a similar endothermic peak around 355K with weight loss
of 10.2% in the heterogeneous catalyst 3 were due to the release of physical
adsorption water. It was worth mentioning that two new typical exothermic peaks
were combined into one complicated exothermic peak between 450-1120K with
weight loss of 23.3% in 89.8% catalyst 3 could be assigned to the oxidation of organic
molecules (including Cp*RhTsSDPEN complexes and part of the residual CTAC
surfactant), meaning that the totally weight loss of organic moieties was 25.9% per
100% materials.

When compared the pure FMS with 2, the true weight loss of TSDPEN organic
molecules was 10.6% (20.2-9.6) per 100% materials, meaning that mole amounts is
0.28 (10.4%/380) mmol per gram material 2. Similarly, when compared the pure FMS
material and 2 to the catalyst 3, the true weight loss of [Cp*Cl,] organic moiety was
5.7% (25.9-20.2) per 100% materials, meaning that mole amounts is 0.28 (5.7%/205)
mmol per gram catalyst 3. This datum is nearly consistent with 27.18 mg (0.26

mmol) of Rh loadings per gram catalyst detected by ICP analysis.
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Figure 3. Low-angle and wide-angle powder XRD patterns of the catalysts 3.
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Table 1. Asymmetric transfer hydrogenation of aromatic ketones.*

o Heterogeneous Catalyst gH
Ar)]\CH3 HCooNa . Ar Ncn,

Entry R Time (h) Conv.[%]" ee [%]°
1 Ph 05 >99(88) 97 (96)°
2 Ph 4.0 86 97°

3 Ph 0.5 97 95°¢

4 Ph 0.5 >99 96"

5 4-FPh 0.5 >99 92

6 4-CIPh 0.5 >99 94

7 4-BrPh 0.5 >99 94

8 3-BrPh 0.5 >99 97

9 4-MePh 2.0 >99 94

10 4-OMePh 4.0 97 94

11 3-OMePh 0.5 >99 95

12 4-CNPh 0.5 >99 89

13 4-CF3Ph 0.5 >99 94

14 4-NO,Ph 0.5 >99 86

15 1-pyrenyl 24.0 46 (799) 55(81°)

% Reaction conditions: catalysts (7.58 mg, 2.00 umol of Rh based on ICP analysis),
HCO,Na (0.68 g, 10.0 mmol), ketone (2.0 mmol) and 2.0 mL water, reaction
temperature (40 °C), reaction time (0.5-5.0 h). ® Determined by chiral GC or HPLC
analysis (see Sl in Figure S5). © Data were obtained using the homogeneous
Cp*RhTsDPEN catalyst without additive of BusNBr in aqueous medium. ¢ Data was
obtained with 0.2% mol of catalyst © Data were obtained using
TsDPEN-functionalized-FFMS (2) plus (Cp*RhCl,), as a catalyst. ? Data were
obtained using the pure FMS material plus Cp*RhTSDPEN as a catalyst. 9 Data were
obtained using the flowerlike silica prepared by via tetramethylammonium bromide
(TAB) as a structure-directed template reagent.

Translation of Chinese to English is as follows:

Component Nane Theoretical Phite

Peak RetTime . _ Resoluti
e [min] Height .4 Concentration esoluton Tailing factor

1 T T T 1;31:.;1.3:11 T T

Dg #8953 RS SRS IR = HEWME) SEE NGEE =RETF
1 10360 £ 100.0 20723 145 000 | SES0IZEF 105
2 18.720 535 31549 96,9277 590 272 | 20085156 202
E F=5E4 E=32549 F=1040.0000
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Figure S4. Asymmetric transfer hydrogenation of the catalyst 3 [The catalytic activity
and enantiomeric excess were determined by chiral GC using a Supelco B-Dex 120

chiral column (30 mx0.25 mm (i.d.), 0.25 pm film)].

Asymmetric transfer hydrogenation of acetophenone.
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Asymmetric transfer hydrogenation of acetophenone using
TsDPEN-functionalized-FFMS (2) plus (Cp*RhCl,), as a catalyst
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Asymmetric transfer hydrogenation of acetophenone using the pure FMS material
plus RhTSDPEN as a catalyst.
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Asymmetric transfer hydrogenation of 4-fluoroacetophenone.
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Asymmetric transfer hydrogenation of 4-chloroacetophenone.
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Asymmetric transfer hydrogenation of 4-bromoacetophenone.
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Asymmetric transfer hydrogenation of 3-bromoacetophenone.

l3[ Oiﬁ- . g
™ Catalyst 3 oH - oH
9.871 4 . Cad =
] CH, CH,
8.253 4
(R) \ (s)
2.3 3 Br \ g
-nsaz’g v \
B e S M G B S Sl o S S o S S S o e A e S i M e e
6. 75 16 70 .65 22 €0 Z4.55 26 50 Z8.45 30 4L 2B 34.3L iGZ?
nin
shex = HHR | suge | A6
DS A9 E SEDAGE eEak BER@EGY R % e 9% EeE  RRET
1 ILEx0 582 25492 16164 438 000 1038685 75 109
2 are7 9953 155163.8 982836 15.59 0.52 82755.16 499
e $-10535 5=157713.0 5=100.0000
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Asymmetric transfer hydrogenation of 3-methoxylacetophenone.
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Asymmetric transfer hydrogenation of 4-cyanoacetophenone.
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Asymmetric transfer hydrogenation of 4-trifluoromethylacetophenone.
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Asymmetric transfer hydrogenation of 1-acetylpyrene, in which the catalyst prepared
using the tetramethylammonium bromide (TAB) instead of cetyltrimethylammonium

bromide (CTAB) as a structure-directed template reagent.
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Table 2. Reusability of the catalyst 3 for asymmetric transfer hydrogenation of

acetophenone.?

Runtime 1 2 3 4 5 6 7 8 9 10
Conv.[%] 99.9 99.9 99.9 99.9 99.9 99.9 99.7 99.6 99.1 98.3
ee [%] 97.5 97.5 97.5 97.4 97.4 97.0 97.4 97.2 97.0 96.0

T Reaction conditions: catalyst (7.58 mg, 2.00 umol of Rh based on ICP analysis),
HCO,;Na (0.68 g, 10.0 mmol), ketone (2.0 mmol) and 2.0 mL water, reaction
temperature (40 °C), reaction time (0.5-4.0 h).

Figure S5. Reusability of the catalyst 3 for asymmetric transfer hydrogenation of

acetophenone.

Recycle 1 of the catalyst 3 using acetophenone as a substrate.
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Recycle 2 of the catalyst 3 using acetophenone as a substrate.
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Recycle 3 of the catalyst 3 using acetophenone as a substrate.
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SHEE SUER | AR | ARER
{a}=3 b= =EGE) WEEs) SEE:RE) = = EJRTMP) SRR TrtEE  BEEF

1 17 092 hah 24182 L2 EE 0o A26200 A6 1m0
2 18.067 10976 127446.3 93.7263 17.08 ose 2230554 496
2 2= Z=1E65 0 2= 100 0000

Recycle 5 of the catalyst 3 using acetophenone as a substrate.

19 748~ .t ; ; : : ; ; : : £ T
vl 5

15.1%6 J -

10. 649 J \

6. 0994 \

1.550 3

E\,

-3.00 ~>~—~r—~v—+—T1—"rrr"rTrrrrr T T T T T T T T T T T T T T T T T T T T T T T

T.7E 9 48 1109 12,74 19 39 1608 17.70 19,35 21 o 22,85 ’LEQ 3?
SRR

saum | AFRm Sa%e | gems |

s Ho3 FEIATEGH  EEER) SRR ® E FEREF) SEE WMOER #RET

1 17.813 952 EL 12911 3.37 0.00 421775.54 181
2 1797 23 260818 059 1963 046 49272 5%
S5t 3=-15275 J-2842882 ¥=100.0000
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Recycle 6 of the catalyst 3 using acetophenone as a substrate.

17765 - )
[sv] 4
13583 4.. B
g4z \
3
5254 \\
1059 4 A b
4 &Y S L
AT T T T T T T T T T T T T T T T T,
1134 12.37 13 40 1¢.43 15 47 16,50 17 53 18.56 19.59 .53 l'ﬁ?
"n
. BARE @ AFAR | pumR | BRGR R
DT B H & SEOESGE BNMK BIFERE) = demy) SEe EER  BRET
1 18.200 755 29245 15451 387 0.00 44001995 168
2 1839 12214 1863458 984599 1526 o7 20968 24 485
i F-12963 F-189270.3 3=100.0000
Recycle 7 of the catalyst 3 using acetophenone as a substrate.
24 197 v gy
[ne] n
18. 517 3 ;
12 637 4 N
71574 \
£ g K
1.47743.... o ra o B
SR B it e e R e T T ]
11.52 12.49 13.47 4.4 15.42 16,38 1.3 18H 19.32 20.23 %'l“ﬂ
| sERE | AWER Heum | AReS
DS Ex8 FREEGN @R SRR & = FETRF) SRR BoRE SREF
1 14027 271 13209 0.3395 an7 0.00 16792016 ool
2 17.713 1429 55232 14188 387 2897 418605.04 145
a 17.853 16759 W2177.6 98.2907 2% 0.ar 1221600 637
E 2 >-18459 z-;uﬂu | ;-mooou
Recycle 8 of the catalyst 3 using acetophenone as a substrate.
16 BE2 o « »
[l &
13 035 3 =
\
4183 2
5. €01 4. 3 iz,
)
21843 - \ :
=
1 Tt
9.48 9}33 11.33 12,83 4.28 15.72 1717 18.¢e2 20,07 21.52 ﬂ.gi
[n:n
L BERE | SNER smam | H&ER
D= E T H GRNEHM @R SRR ® = FETM) »RE B0RE EREAF
1 1415 230 1062.0 Va0 462 0.0 18726161 L0
2 17.820 956 368974 14089 327 30.50 42311941 159
3 17923 13182 2576762 981855 1955 046 16849 84 58
Fa F-14368 F-2624356 5~-100.0000

17



Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2013

Recycle 9 of the catalyst 3 using acetophenone as a substrate.

15 556

Tav] &
13043 3
39 090 3

5134

P

11834

-2.770 T

106 1208 1895 4.8  15.88  1T.14 184t 19.€7 20,94 =220 'ffs.'ﬂ
n:

| sBERE | AWER jeum | HEER

DS E o & GEEEEt SRR SERERR) ® = AT SRR BEuhE =REF

1 14.140 517 29134 09131 564 000 12548861 132

2 17.780 1218 47622 14926 i 2692 41215825 172

a 17933 14840 an1wa s 97,5943 097 0.4 14574.04 610
Sit F-16533 $-319060.0 5-100.0000

Recycle 10 of the catalyst 3 using acetophenone as a substrate.

i
25,771
1
18.020

1.9

8,277 4

STRL

-3.470 ]
1

4

-2 44— T
11.87 12.80 1373 14,65 15.58 18,51 17T. 44 18 36 19.29 20,22 2115

[nin]
BHRE | AUSR | HERR | BRRA
s #a98 GFEMI(GOHE) ER@K) 2 EERERE) w = 1EREY) HEE BioSs =EAT

1 14.167 1205 5038.7 L6750 418 000 22877228 148

2 17.2833 1435 5956.0 19799 a1s 3106 36794495 178

3 17.993 14285 2898216 96.3451 20.29 0.46 15676.42 629
e 3-16925 3=300816.3 3=100.0000
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