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Abstract — Mesoporous SBA-15 silica-supported TSCHDA and TsDPEN ligands have been prepared by reaction of
SBA-15 silica with (1R,2R)- N-(trimethoxysilylpropyl-N-sulfonyl)-1,2-cyclohaxanediamine or (1R,2R)- N-(trimethox-
ysilylpropyl-N-sulfonyl)-1,2-diphenylethylenediamine-1,2- diphenylethylenediamine, respectively. The Ru complexes
exhibited excellent catalytic activity and satisfactory enantioselectivity in the asymmetric hydrogen transfer of ketones
under microwave conditions. The heterogeneous Ru catalyst was reusable as well as air-stable to allow easy use. Micro-
wave-assisted efficient procedure has been developed for asymmetric hydrogen transfer.
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2-1. TsCHDA ((1R,2R)-N-(trimethoxysilylpropyl-N-sulfonyl)-1,2-
cyclohaxanediamine 2a2| M|Z=

CH,Cl, (5mL)l =934 3l 2-(4-chlorosulfonylphenyl)-
ethyltrimethoxysilane (0.198 g, 0.61 mmol)S (1R,2R)-diaminocy-
clohexane (0.07 g, 0.61 mmol)2} triethylamine (0.067 g, 0.67 mmol)
o] oA )= CH,Cl, (10 mL) -&-¥ol| -10 °Coll W3] 47}t
AA HESAIZICE S Foll WH-2E 27 AAE] S7EAT]
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W 5, 5 MgSO, = 7oy 2 AR ZAet shelld &
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((1R,2R)-N-(trimethoxysilylpropyl-N-sulfonyl)-1,2-cyclohaxane-
diamine) 225 80%2] &= AU}
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SBA-15-TsCHDA 3a

ii)

SBA-15
SBA-15-TsCHDA 3b

i) 2-(4-chlorosulfonylphenyl)ethyltrimethoxysilane, Et;N, CH,Cl,, -10 °C, 2 h

ii) SBA-15, toluene, reflux, 10 h

Scheme 1. Preparation of SBA-15-supported TSCHDA 3a and TsDPEN 3b.
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supported TSCHDA 3aS AT} YawAS 53l o] dES
1.0 g] SBA-15-supported TsCHDA 3a°l| 0.15 mmol®] TsCHDA”}
a7gskESlEe] ERlu i

SBA-15-supported TSDPEN 3b 48H4 © 2 =5=3H(1R 2R)-1,2-
diphenylethylenediamine)® 5-E] (1R 2R)-N-(trimethoxysilylpropyl-N-
sulfonyl)-1,2-diphenylethylenediamine 2bS 1% SBA-15-supported
TSCHDA 3a®} -2 o= ggaiict.

Fig. 1> SBA-15 7242} o5 A|X|AZ & SBA-15-TsCHDA
328 XRD (X-ray Diffractometer)®] #|&-& LJERY F31 91O,
Fig. 2& TEM (Transmisson Electron Microscope) . ZFE Hoizl
oJm|A|E KojFaL Qlth. Fig. 13} 2% 4-E] 712 2]k TsCHDA
2a= SBA-15 A}zl 1dstoh= dgellA 73] SBA-15 Ak
el Wt glo] L a2t JdlE BAEY Qles FRIE
T ASITH

SBA-155 AAAZ k= F 7FA Ru(ll) complexi= SBA-15-
supported TSCHDA H-i= SBA-15-supported TsDPENE [Ru(p-
cymene)ClL,],2F E&5]014 Sl 789Nl 60 WS microwaves 3
i st FoHA wHIAIA AZE k. o] 25FEH Aol rutenium
complexE in-situ ZUIE S} &5 S0 E SH= microwaves ©]§
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Fig. 1. XRD pattern of supported 3a.
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Fig. 2. TEM image of supported 3a.
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Table 1. Microwave-mediated asymmetric hydrogen transfer by SBA-
15-supported chiral ligand 3-Ru catalyst*

0 oH

_ . 3 + [Ru(p-cymene)Cl, ], R,_O/;\R
R | HCO,Na-H,0, MW x
Ketone”  Ligand MW-power (watt) Time (Min) Yield (%)° ee (%)°
Acp 3a 100 25 100 75
Acp 3a 60 30 100 80
Acp 3a 50 30 95 79
Acp 3a 40 40 93 80
Acp 3a 0° 600 72 73
Acp 3b 60 40 60 51
Pp 3a 60 40 90 61
o-tetralone  3a 60 40 90 92
3-Cl-Acp 3a 40 20 100 85
3-Cl-Acp 3a 40 30 95 83
3-Cl-Acp 3b 40 40 57 55

#Molar ratio; HCO,Na : ketone : Ru : ligand 3=1500: 100:1:3

bAcp=acetophenone, Pp=propiophenone, 3-Cl-Acp=3-chloroacetophenone

“Determined by GC analysis

4Determined by HPLC analysis using Chiralcel OD-H column (3% 2-
propanol in hexane, 1 ml/min)

‘Conventional thermal condition

microwavestell A1 €] BT =4 gk 9k3-e] A3E WolFal 9l
t}. o]fdt wkg-Z7ellA 3a-Ru complexi= acetophenoneo]] thgk 4=
A Agbgoll =2 & v WSk JAYEE YERS
t}. Microwave®] E8S 60 W= 31 303 RESAIAS W 3a=
100% =& 80% A& AT E(ee)E + WHHel 3b: 60%
&7 51% eeE YERNSITE. SBA-15-supported TsDPEN 3b7} &
HEAQl Hk-g-3271o4 SBA-15-supported TsDPEN 3b RH.T} =2 4]
A eAd Hol=dl, microwavedtol A 2] HE-g-2 o] o= Hi|=
SBA-15-supported TSCHDA 3a”} SBA-15-supported TSDPEN 3b k.
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Leeb=dl 10A13F o] 2ke] whg-AJZto] 3 @ 8F3ith. SBA-15-
supported TSCHDA 3a-Ru complex+= propiophenone, o-tetralone,
T12]3L 3-chloroacetophenone®l] T3t FAAGRIS oM E £ 5
3 ALY YATEES Fck B3 71 glojxe] RY A
717y ARGTE AL AU T Haeke A Eo] STt SBA-15-
supported TSCHDA 3a-Ru complex® L3+ W&ol &3t A
AREEE 7-9-ol, WS/ A A EA WA & Afol7t ¢l
STt B E5E A ot ¥FEL] IS flgk AEL v
7 FadEdhgolA microwavel] AREo] RESAJ T A7t A
B Holli gapAoleh= S 1 AP Fato] gobd = ATk
42 E

2 Ao A= SBA-15-supported chiral diamine 3-Ru complex
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(1) SBA-15-supported TsCHDA 3a$} TsDPEN 3bi= (1R,2R)-
diaminocyclohexane®} (1R,2R)-1,2-diphenylethylene diamineS &3
AR o] 7 WAlE AA 31ds] whso] A = QIgick

(2) 71 BZ= TsCHDAS} TsDPENE SBA-15 Ag]7lel 117
slsh= #gellA] SBA-15 AE)gte] 37t R BAEo] §l5o]
1=t

(3) O] ZHE] dojA T 714 SBA-15-supported Ru complex 33
2 okl 55 SR Sk microwavedstoll A 9] AEL] vIth3
T AEikgo] = E T SBA-15-supported 2]7F= 3a = SBA-
15-supported 3b XU} & #3737 ABAS H310H, 100%2]
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