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Fig. 1. Structural features of clay montmorillonite.

Table 1. Specific surface areas and pore volumes of the
materials.
. Specific surface area  Pore volume
Material 2 3
(m*/g) (mm’/g)
Na-Mont 20 56
Al-Mont 40 74
Fe-Mont 40 75
Ti-Mont 126 130
Sn-Mont 380 270
Sn(OH)4 114 58
SnO, 12 46

av) 44+ v ZglEafi L7z €Y TS A4 b
(Sn-Mont) % #H7ZICHE L, fEROT VI =T 4
() =gk () K€ €Y+ 4+ (Al-Mont,
Fe-Mont) 7% YO % fli&BAc#HE £y ur4 1Y
D LEMICKE R ILEMA - LRz o2
== %R THY (Table 1), LA dFEIAREME
b, A DT AT SOB BN R
fEER 2R E 2L NI L TE 7,

A ZALE Y &R s F B b DR R 2
AR L 2E1, D X9 B THi 7z 4 [k
FREAFEHLT 2 22 BR 2 b HIFZE L T b L7z
FAZOWTLUTIZIR R 7z,

2. Sn-Mont #*7R§ ¥4
2.1 Sn-Mont D4R

& 4 1T KIRK D Na-Mont % SnCly K IEH IR L T
A% MU EE, MK, X T — VKB,
HRXH 7 —VONITEES PEi L7212, WHRT5
Z L TSn-MontZ# L7z, ZOBRELA 5T
HHERRTILBESNE>TT VI )Y r—1
BATICHEE L 22 WD T, T R PR AR

(2) Chain-like polynuclear metal hydroxides
in stacked aluminosilicate layers

(1) Isolated metal ions in stacked
aluminosilicate layers
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(3) Metal hydroxide nanoparticlesin  (4) Metal hydroxide nanoparticles with
stacked aluminosilicate layers delaminated aluminosilicate layers
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Fig. 2. Possible structure models for Sn-Mont.
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YU —MEBEA A EOMEEHN LY biRni S
X, SOICHAENB LT OK) BRILA XRT-IH
ETsE, 3) % 4) OREEZELLZTHSI,

@ F 9 Sn-Mont % ICPHHT L2HEH, &Ehb
ARXDERIL, A+ Y RBEERPOWFEINDED
4GB ZLHEEINTHDLZ bR, o2k
NHF )T AL G VAENS HEORXX (IV) A
F UNOYMR A F YRR TIE AL, (1) OWEEE
WETEE SN

@ "’Sn-MAS-NMR (Fig.3) &1, Sn-MontH®
ARA KX v OfbH Y7 MEl, SnCl &k 7V E=T
K2 S B L 72Sn(0OH) 412131 T—% L, SnCly & 1%
TR HEL 5Tz,

3 Sn-Mont ® ¥y K X#t 1l #F (Fig. 4) 2> 5 i
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Fig. 3. ""Sn-MAS-NMR of (a) crystalline SnO,, (b)
Sn(OH),4, (¢) Sn-Mont, and (d) SnCl, * 5H,0.

Asterisks show spinning side bands.

Intensity (a.u.)
—~
o
=

— (c)

x10

00} v
020 905
003110} 200
130 060 (a)

0 20 40 60 80
206 (degree)

Fig. 4. XRD patterns of (a) Na-Mont, (b) Sn-Mont, (c)
Sn(OH) 4, and (d) crystalline SnO,.
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N, Sn(OH)s DI T AT S TV D T & HTRE
Sz,

@ Sn-Mont DTEFBEMEIE H (Fig. 5) 11, K
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Fig. 5. TEM image of Sn-Mont. The dotted circles show
the lattice fringes of the Sn(OH) 4 particles.
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Fig. 6. Nitrogen sorption isotherms of (a) Sn-Mont, (b)
Sn(OH) 4, and (¢) Na-Mont.
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Sn-Mont Sn(OH),
nanoparticle
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Fig. 7. Combination of characteristic micropores and

mesopores of Sn-Mont.
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BLUOZDOEKRE =7, AL F L xihdkb
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Table 2. Specific surface areas and pore volumes of the

materials.
M-Mont Specific 5121rface area Complet.ion time
(m’/g) (min)
Sn-Mont 280 10
Fe-Mont 26 35
Al-Mont 26 50
H-Mont 27 70
Cu-Mont 39 100
Zn-Mont 41 360
Ni-Mont 19 380

FH O, HRSULEE DK/ TH TS 2R $
WAl RE & SR L 720 BRI B A RIS & L
T, BUSPNCIARTHERY OMmEELME <, filtfE~
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bbb OISO E & b IR T T
HY, EEWIC LB SHEEZD 2o ThlEE-
FHIiCE L CwWb EEZBNS (Eq. 1)o Eq. 1 TO
Bl v %, DO T IS B L 72 R ) CR1AI L 72,
EORER, Sn-Mont lZ BRI b L, 414+~
REEY)OFA POPTHRETEEEZRT I LA
bhro7z (Table2)o
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OSiMe; o Acid MesSiO O j\ Sn-Mont NC OSiMe;
RS CH4Cl MesSICN - + CH,Cly, 1.
\%\W * R5J\R4 Ooc?1_23 h R;MW (2) R OR2 0.5—2902min R R2 (5)
R? R® R?
Table 3. Mukaiyama-aldol reactions of silicon enolates Table 4. Cyanosilylation of the following ketones with
with ketones. TMSCN.
Silicon Acid  Yield i i i i i
lat Ketone 1 (% )a) \/\)\/\/ Ph)LMe Ph)L’Pr Ph)J\Ph Ph)LNaph
enolate catalyst ° Yield: > 98% > 98% > 98% > 98% > 98%
OSiMes o] ° o ° ° °
Ph Ph)J\Me Sn-Mont 88 (2) tBU)L(BU /©)LMe /©)‘\Et Q.O Ph\; Z/Ph
1 1 Ti-Mont 26 (0) > 96%  ON OMe P Ph
9% 98% >98% 93%
7 T Al-Mont 2 (0)
1 1 H-Mont 64 (9) B LK = EAD ST A > 5
1 1 BE;-OEt, 0 (0) Sn-Mont DA T, Me;SiCN (TMSCN) & 7V 57
o} v RFEZEZET N ERES L, Sn-Montll & - T
1 \/\)]\/\/ Sn-Mont 97 .
PALE N2 AV ERZVFEAD T T AW A+ > Dft
OsiM 0 RPN s o1 - s
e )I\ Sn-Mont 96 MR EEI, 7 /e ) DO M) XF VY
OPh Ph” “Ph

a) Figures in parenthesis show yields of the aldol products
(B-keto alcohols) .
b) Trimethylsilyl triflate
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B S LSRN b i m LIz < w
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BSOS 23 25 o
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L RIZD ) TRl lL DT b y~OT7 IV K=
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o AG  AG*d
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)LH MesSIO O keal/mol
(3 -11.4 +159
OSiMe;
o

@) -49 +174

a) Reactions with protonated
carbonyl compounds
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Fig. 8. Cyanosilylation rates of benzophenone with

MesSiCN
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oz,
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Solid acid catalyst: Sn-Mont, Al-Mont, H-Mont, Ti-Mont, Fe-Mont, AI-MCM-41
Yield: 84% 62% 50%  39% 26% 0%
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Table 5. Direct cyanation from the following alcohols.

OH OH OH
Ph/l\Ph O,N o MeO'
Yield: 92% 98% 93% 85%
OH
o Ph;COH
Me 13
Ph/\)\Ph
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n-Mon /Sn-Mont
_on-omt - Shont.
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2
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Fig. 9. Direct cyanation of isomeric alcohols with TMSCN.
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Fig. 10. Bronsted and Lewis acidity of Sn-Mont.
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Unique Structural Properties of
Tin Hydroxide Nanoparticles-embedded Montmorillonite
(Sn-Mont) Demonstrating Its Efficient Acid Catalysis
for Various Organic Reactions

Yoichi Masui*, Satoshi Takehira™* and Makoto Onaka™

*Graduate School of Arts and Sciences, The University of Tokyo
**Graduate School of Science, The University of Tokyo

Tin hydroxide nanoparticles-embedded montmorillonite (Sn-Mont) was originally prepared by the simple
treatment of sodium ion-exchanged montmorillonite (Na-Mont) with aqueous SnCl, the physical and chemical
"”Sn-MAS-NMR, and XAFS analyses.
It was revealed that Sn-Mont was composed of Sn(OH) 4-based nanoparticles of less than 3 nm in diameter sur-

properties of which were investigated by N, adsorption, XRD, TG, TEM,

rounded by delaminated montmorillonite aluminosilicate unit layers. The arrangement of each aluminosilicate
unit layer in the Sn-Mont is not laminated like that of the parent Na-Mont, but almost completely disordered to
make a porous structure with a high surface area and a large pore volume that embraces the tin hydroxide-based
nanoparticles. The intrinsic solid acid catalysis of Sn-Mont was successfully applied for the various organic reac-
tions involving bulky reactants and products, which was ascribed to the smooth reactant/product transfers in the
micro/meso pores as well as the acidic property of the nano-Sn (OH) 4 enwrapped by the delaminated aluminosili-

cate unit layers.
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