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Abstract : Phosphine ligand-grafted mesoporous silica materials with large pores were prepared for the ligand-modified hete-
rogeneous Pd nanocatalysts. New heterogeneous catalytic system was developed using palladium nanoparticles encapsulated in
phosphine ligand-grafted mesoporous silica. The catalyst showed good catalytic activities for Suzuki cross-coupling using bro-
mobenzene derivatives due to excellent phosphine ligand effects. Catalytic results showed nanoparticle catalysts can be recycled
twice with decreased yields.
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Figure 1. The synthetic route for palladium nanoparticles encapsulated in phosphine ligand-grafted mesoporous silica. Reagents and con-
ditions: a: Diphenylphosphinotrimethoxysilane, toluene, reflux, 12 h; b: HMDS, TMSCI, reflux, 12 h; c: Pd(acac),, TOP; d: 298 C,
0.5 h; e: HMDS, TMSCI, reflux, 12 h, followed by the treatment with Pd(acac), and TOP at 298 C.
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Figure 2. TEM images of Pd nanoparticles on MSU-F: (a) PPh,
grafted MSU-F (b) No PPh,, TMS-protected MSU-F.
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Table 1. Suzuki cross-coupling reactions using Pd nanoparticles encapsulated in MSU-F*

(O

B(OH),

Entry Catalyst Reactant Product Yield(%)b
1 5 3-Bromo-nitrobenzene Nitro-biphenyl 97
2 5 4-Bromo-acetophenone Phenyl acetophenone 97
3 5 Dibromobenzene Terphenyl 97
4 5 4-Chloro-nitrobenzene Nitro-biphenyl 80
5 Recovered from #4 4-Chloro-nitrobenzene Nitro-biphenyl 53
6 Recovered from #5 4-Chloro-nitrobenzene Nitro-biphenyl 20
7 5 4-Chloroanisole Methoxybiphenyl 35
8 5 4-Chloro-acetophenone Phenyl-acetophenone 20
9 5 4-Chlorotoluene Methoxybiphenyl 21
10 6 3-Chloro-nitrobenzene Nitro-biphenyl 34
11 6 4-Chloro-nitrobenzene Nitro-biphenyl 20

* All reactions were carried out for 12 h.
® Isolated yields.



16 3714, ANTHE ANE, 20119 3Y

/715 =Yste JAolA 7ol s AetE o] mx Al
29 =7 9AG A BUANS FAA7]7] G Fo|cH22).
Suzuki coupling® 2 4 A Q= T2 A3} o}H(aryl halide)
7} o B 23} AHKarylboromic acid)®] cross-coupling HH-3-2
HITh A biaryl f-=4] ol Wol AHgHe oz FEd
L A E(neucleoside) 3}3HE 52 Ao} AeFi oA Hol
o] & x| o] ¢kr}23,24]. 2 ©]2]3t Suzuki coupling HF--& X
o BEHOR 0|85k 95 e 10 nm Hwe] Bebs v}
=4 S ol ol ol e o ST o
of 22 wejo] Ao B ATNE EAT A=A B
wol 323pel v xmel s U7 olgatel Webh Lhedld)
£ autdo g Algyle] EHo| BAMAZ S 24 Suzuki cou-
pling BF5-= XPA17l= HHS 343kt Cross-coupling
Hh2-o g g 3z S ofulo] =(dimethylformamide, DMF) 3of
A 2 mol%e] TebE-S ol-g5to] 150 T2 LwolA AWat
ATk Table 104 HojF= vie} Zho] Ay 2RtES §35})
of Mlzaxels Aej7te] 7|g FHof 2t Tebe Uiedd
A BEA A S0l tisto] 97%9] £ ¢ES B
ATl & B ofyZhentry 1-3) HSFYER HIA(chlo-
ronitrobenzene, entry 4)o] A= 80%9] H| A =& 48
S yEhfa gt Su9] Q8 7HsAd(recyclability)S &+
F71 913l Suzuki cross-couplingS =335t |5 Fo] &
WS ERERLE Bl ¥ oME 5o $718ue
11]— | cross-coupling HF$-& 35t ch AHAFEE Z0f
<= Table 1 (entry 59} 6)°| 4] HojF= Hje} o] ¢35}
WAl thalo] Zhz) 53%9) 20% 2 S80] FAdts
% 9ltk. olsk o] Huje| ShAol ghadhs olfi
AHE0] cross-coupling BF-5- & B A= &AM (aggrega-
ol WSt B3t akel el 2AIsH: Tehe 4R}
| g0 o= WoiA rl] tjRolch. ols} Belsto] Pd
ozl mRol A At HolA o g A
o] gHo] 20% olal 2 A FHashe WAkl wuw
9ltH26]. Ellis et al.[27]<
@} X-ray photoelectron spectroscopy (XPS)E ©]-85}4] Suzuki
cross-coupling HF-g-0] == 52k Pd Yo R}o] 2o
Al Pd 9A7F DolA] vl EatdA S vES-2 Pd YA
of Elo] ERjekE T EHATUAN Lolde w7
st
fHE Fiel A
29 82 UER Y tHentry 7-9). w2322
Holl Huld 22 (PPhy) =T} Q& A
YA S o] FAS S5 Sl 229 =
P AE7E o 715 WitollA et dekE v A K(Figure
o] 6)5 o] 83}o] T2 A A Suzuki cross-coupling HH3-
£=3)3l Z 3} 3-Chloro-nitrobenzene} 4-Chloro-nitrobenzene
s ZFZF 34%%}F 20%9] nitrobiphenyl2 €2 4 Q1T
(entry 103} 11). A3 A} Aejzt 209 229 ggt=o
MIE e oAt EAT e glo] BaE wel
F-A27} Zojc B Fold Zuje S ey ®

gy = M OI'
o_>L

RS o (S N =
}EHU
;

H oo |m

X-ray absorption spectroscopy (XAS)

FEAE o)Ll 20~40% &

~

1400

?
=

¢

1200

hal
.

1000

dV/dlogD (cc/g)
I

800 ® ] [

3

) 100
Pore Diameter (nm)

600

{1 —@— Adsorption
—=— Desorption

Volume Adsorbed (cc/g)
—

0+ g T T T d T T T v
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/Pg)

Figure 3. Nitrogen adsorption-desorption isotherm of MSU-F silica.
(inset) Pore size distribution calculated by BJH (Barett-
Joyner-Halenda) method from adsorption branch.
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