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W R OB (J€30) : Aluminum has attracted considerable attention because of their extreme
versatility and unique range of properties, including acidity, hardness, and electroconductivity. In this
study, various aluminum compounds possessing mono- and multi-aluminum sites were synthesized by
using Keggin and Dawson-type lacunary polyoxometalates as inorganic ligands. For the oxidation of
alcohols in water catalyzed by aluminum-coordinated polyoxotungstates with molecular oxygen, the
activities were significantly affected by the structures around aluminum sites. Furthermore, a cationic
organozirocnium fragment was successfully supported onto the aluminum site constructed in
polyoxometalate; this is the first example of the polyoxoanion-supported organometallic compound by

utilizing the aluminum site as an atomic-level support.
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L7, ZHUX2 O WAE LT M=k
VLIS T 5, 2D ik, Bt
Rl —E L7z, KBr {ETHIE L7 FTIR A
A7 hUiE, 1800 — 400 cm™ O#EIPHIC N K
(1078s, 964s, 887s, 818s, 749m, 702w, 518w
em V&R LTz, BT & b=k U L CllE
L7z 3P NMR A7 h/LiE, -12.5 ppm (2 1
AKDOT T FINEBR LTz, [FERES CHIE
L7z Al NMR A2 kL ClE, 16.1 ppm (2
| ROV 7 FNVEBR LT, -, REES
THIE L7= "W NMR 2227 kLTI, -56.2,
-93.1, -108.6, -115.8, -118.5, -153.9 ppm (25 )%
b62:2:2:2:1:2 D 6 Rfp A MV EBIIL T,

QX AT NI =g A—EHRY) L%V
A X L — kb O v ¥ U A
Csa[a-PW; {Al(OH,)} O5,]-8H,0 (Cs-1)

AINO3);9H,0 K & R 2 B &£ o
K;[0-PW,030]-20H,0 %% 72, 90 °C T 30
Sy UMBME RS . [ERD CsCl 2z 7=, H
ML E T T AT 4 v Z—IZEI L, =4



)=V F N =T L TWE LT, BD
AU 2 BOKICEE R L, (EEN T — B
WIRHES 5 L AtmERn G oz, 10°-10*
Torr C— B H.ZE L 181% D ILE AT F 1.
H, 0.22; Al 0.83; W, 61.8; P, 0.92; Cs, 16.6% T
oo, ZThix, MR %E Csfo-PW-
{Al(OH,)}03]-3H,0 & L7z & & DFHAE H,
0.24; Al, 0.82; W, 61.13; P, 0.94; Cs, 16.07% &
—H LT, KY o7 ESHTEIC 10°-10"
Torr C—EBREZERETHZ LIZXD 2.52%
OEERABME L-, 21X, 5 HoKSF
xS L7z, KBr 5 CHIZE L7z FTIR A7
R /L1Z, 1800 — 400 cm™ DO#IPHIZ /X2 (1081,
980s, 884s, 801m, 745m, and 694m cm™") % ffE 72
L7z, EAKPTHIE L' PNMR 22 kL
1Z,-13.02 ppm (2 1 KD > 7V EEH LT,

@ XU ZRER)V A F I AL L — %
MHREEAR & Lo - 7 L X = 0 ABEK
KNa[(A-PWo03,), {W(OH)(OH,)} {Al(OH)-
(OH,)} {Al(u-OH)(OH,),},]-19H,0 (KNa-2)

AI(NO3);9H,0 7K & R 12 &= o
Nag[A-PW9034]18H20 izi’jJ[]?\_ 90 °C T 30 éj\FEﬁ
MBGHFE LT, RO KCl 200z 1 R
. BEmESERT L2 ETRME L. A
A 2 ARIZEfE L. 80-90 °C T 15 4rfH]
HERtE, U280 A% (Whatman #5)C Al
L7z, A% 25°C TAR—T KRl — g
VB LT, EOEDOT Y X LERIE BN
7o 107°-10™ Torr T—BK E.28 {54 D L35
MRS RIE. H, 0.50; K, 4.69; P, 1.25; Al 1.58;
W, 67.2; Na, 0.39; N, <0.1%TH o7z, i,
#1 Ak X %2 KeNa[(A-PW4034), {W(OH)(OH,)} -
{Al(OH)(OH,)} {Al(u-OH)(OH,),},]-3H,0 & L
7= & & OFEA H, 0.43; K, 4.50; P, 1.19; Al
1.55; W, 67.02; Na, 0.44; N, 0% & — L7-, &
o T ESHTRNC 10°-10" Torr T—BKE
ZEHET D Z LTk 422% OEERAEE
L7z, Zaud, 16 DK FITxHE LT,
ZOZ &R, Bt R &b —E L7, KBr
ETHIE L2 FTIR A7 kUL, 1800 — 400
cm™ OHFIPHIZ /N F(1085s, 1024m, 957s, 934s,
865sh, 823s, 752s cm &R L7, EAKHT
HE L7z P NMR A2 kL%, -12.0 ppm
W AROY 7T NEBR LTz, [RvEEEHcHl
& L7= YAl NMR A7 RV ClE, 7.78 ppm
& 12.58 ppm [ZHREELL 2:1 D> 7 v E B
L7z, [RAREH CHIE Lz "™W NMR A~
FV T, -107.96 ppm, -116.39 ppm, -159.27
ppm, -162.57 ppm, -207.45 ppm, -208.02 ppm,
-210.46 ppm, -214.98 ppm, -306.85 ppm, -313.08
ppm (2 10 KD > 7 F N8R LTz,

DK=Y RT NI =g A —EHRY) 4%
VA A L — 0O H YU U LK
K7[0-P,W 7 {Al(OH,)} Og; ]- 12H,0 (K-3)

{LE&# K-3 1%, TR (F. Zonnevijlle, C. M.
Tourne, G. F. Tourne, Inorg. Chem. 1982, 21,
2472) & — W &KX B L TAT » 7=,
Kio[02-P,W 706 ]20H,0 & 7k & I
AI(NO3)3-9H,0 KIAEHK 2 Mz 72, 25°C T3 ¥
MR, 40 °C THEILEN DT T
T 5 F CRME LT-, WA T—BRERRER.
BELE 2 EI Uiz, = OB A2 Bukics
fit L, —BEMEENICKET ST, A
BRI SN TZ, 10°-10" Torr T—EBHE
2SR DL TR RIL. H, 0.16; Al 0.59;
W, 68.6; P, 1.35; K, 5.98% Cdh -7z, ZIT#l
% Ki[o,-P,W 7 {AI(OH,)}0¢]-3H,0 & L
7= & & OFEMEH, 0.18; Al 0.59; W, 68.9; P,
1.37;:K, 6.03% & —E L7z, RV TNz 058
ATC 10°-10 Torr T B E 22845 2 &
WZXV 419% OEEREZBN L7, ZiE,
9 HDKYFITHIE LTz, ZDZ &ix, By
Mt R & & —E L7, KBriETCHllE L7z FTIR
A2~ R UE, 1800 — 400 cm™ O#EPHIZ N
F(1090s, 1018s, 952s, 916s, 796s, and 526w) %
B Uiz, BT CTHIE L7z 'PNMR A~
MUiE, -10.2 ppm &-13.5 ppm (22 KD T
T BRI LT,

OR=Y M7 LI =g A =ZEHRRY %
VA A L — 0O KU U LK
K¢H;[P,W 5050 { Al(OH,)};]- 14H,0 (K-4)

AI(NO3);9H,0 7K & R 1T | x o
Nalz[B-a-P2W15056]'33H20 izi’le]?\_f:o %?ﬁlw@ 3
R ERL . BUkdhC 1 BRI INEE#R L7,
& {A > KCI (1.491 g, 20 mmol) & il 2. 25 °C T
— BRI LT, AL A FIE, KIS
AR L. 90 °C T30 i tg, +<Iicore
B A% (Whatman #5) T A L7z, A&
EENIC B RE T 5 & AAE G
iz, 10°-10™ Torr T—BK ELZZRAMEFE O TT
FOMHRERIL, H, 0.32; K, 5.58; P, 1.47; Al,
1.94; W, 66.3; Na, <0.02; N, <0.1% C& > 7=,
Zoix . Mok I A& KHi[PaW50s0-
{AI(OH,)};]3H,0 & L7-& & 0FHM H,
0.36; K, 5.60; P, 1.48; Al, 1.93; W, 65.8; Na, 0; N,
0% & —FH Lic, R¥ 7Nz 5Hranic
10°-10* Torr T—RBEEZSEEGET 5 Z LIT X
D 4.62% OBEEJRKEZBI L7, ik, 11
DK FAZKIE Lz, T &1k, Brhr
L —F L7z, KBr {ETHIZE L7 FTIR
AT R VL, 1800 — 400 cm™ O#EiPHIZ N
F(1100s, 1015m, 948s, 906s, 820s, 739s, 605m,
526m em™) & fERR L=, B CHIE L7 P
NMR A7 hLiL, -8.35 ppm &-14.04 ppm
W2 Koy s ara Lz, 0.11M
AI(NO;);-9H,0-D,0 ¥ CTHlE L 7= YAl
NMR A7 FLCiE, 0.826 ppm I 1 KD
7 VEBRIL -, RS CllE L PwW
NMR A~7 kLTI, -156.6 ppm, -228.0 ppm,



22423 ppm (ZHREEL 122 D3RO TV E
BLAIL 7=,

() AN =T MFERNLR Y 4% Y A X
L—hDT FT7n-TFAT =T L
[(n-C4H9)4N]6[(X-PW11A1(OH)O3QZI'(775-C5H5)2]2
(TBA-5) DAL

TNHIFERKEFT, T M=RFY L
Cp,Zr(OTf), THF & TBA-1 Z S ¥z, 7
t b= MU ADLGREEMEEIT O & AR
NEHZ, 10710 Torr T /B E 22 M7
B OITHESHREFRIL, C, 19.02, H, 3.24; Al
0.73; N, 1.23; P, 0.86; W, 55.2; Zr, 2.46% T >
f: ° Z j’b X N %ﬂﬁiiﬁ %f [(n-C4H9)4N]6[(I-PW11-
Al(OH)O3ZrCps], & L 72 & & O FHEME C,
18.98, H, 3.27; Al 0.74; N, 1.14; P, 0.84; W,
55.1; 71, 2.49% & —E L=, KV 7 )% 550t
ATC 10°-10 Torr T B E 22845 = &
12XV 030% OEERFAEZBN L7, ZiE,
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em )& fER LT, E7E h= kU A THIE
L72 '"PNMR A7 hViE, -12.25 ppm |2
T NEBIL -, REEClE L 'H
B LU BCNMR A7 kLTI, (6.67 ppm &
6.56 ppm). (117.49 ppm & 116.65 ppm)iZ 2 fH
D Cp HIZEDV T NERBR LTz, [RVEE
i CHlE L= YAl NMR A7 RV T,
17.5 ppm (2 1 ROV 7 F L8R LT,

3) KITNa—=)V TR TOR DT L=
— /L DR

AWARBG IR, SRS TAfE U 7= kA &~
AT N —VOFEENLR D R T
1To70, BALRISIX, 1 KUEEEAEA L,
FRIREEZ 95 £ 2°C IT{RHD Z & TiTo 120 A
BOSIZ X, il 8 3.02 — 207 pmol, 7K 4 mL,
NPT a—) b 385 mmol AV,
I T A7~ N 777 4 —BLOE
WkiK s o~ 7T 7 4 —T{To 7,

4. WFIERCR

(1) BEBLOSZET LI =0 ARARY F
FYALL—FDARBIOXYy T 2
Y-z

OrX M7 NVI=y hA—EBERARY FF%
AZVL—=F DT FTN-TFNLT BT L
Hi[(n-C4Ho)4N]4[a-PW; {Al(OH,)} O3] (TBA-1)

L4 TBA-L D5y T, o7 F LB
VAFY AL L — LR CHEEEREE TH

Sfc, TNI=UA—ERY A MIT 1 A4
— B —DI=DRETE o7, I T, BE
MBIEUEIC X a2 A7 (K1 &
), TORER, T =0 A —EH#RY A ME
LD URFMNICRE S &EFHEL T
BO, BAT XS G ERT 2 L 2
LI L7z, TBA-LIE, 7B =R UV
AF VALK XV REOFH RIS /¥ T,
BEAIRRE? 1T T, 2D OFEREEH C
b Doy G A RREMREE L Qe F72.
SURNLVMEETIE, TAI=T AP A M
BONL L72K 1D 2 EDKFEA A LT
FRTEx5Z & bR LT,

B2, # O OB ki Xk 5
[a-PW, {AI(OH,)} O30]* D% F-H38 D i AL

@OFX LTI A—BREY %
A X L — k0O k& ¥ v oA &
Css[a-PWy; {Al(OH,)} Os0] (Cs-1)

{bA%) Cs-1 D5y 151& 1L TBA-1 &[] La-
FEXURIRY A%V AL L— N OHEERE
BTHHILEZEADODXF YT/ XY B—
a > LR Uiz, (LA Cs-1 13, KIZ A
ThHN., BEIEEIIIRNETH- -, [FEIiR
RAER L OVKIEIEH Ca WA 22 B &2 R
L7 BRlo, BEOT7 VI = LfETHIUT
Kb e LT LCLE 5 X 57 pH Hk
THIBALETICE DS FREEZ R LT
Wz,

@ XU ZRER)VAF I AL L — %
HEESEIR & LT HE- T L I =7 ASHIK
KNa[(A-PWo03,), {W(OH)(OH,)} {Al(OH)-
(OH,)} {Al(u-OH)(OH,),},]-19H,0 (KNa-2)

{E&# KNa-2 D4y 1A% X, 7 Vv =
TAYA b, BETAI =AY A b, B
BT AT A N2 E DA =R AR
=y MY RY 4 v F Sz Cs ;O
CTREHSETHDH RS- 12(M3 B,
{t&¥ KNa-2 137K, P AF LA )LEREF T RiZ
IXRETED, 7T = MU LVITIIARETH -
7o KK TOLEMIT Cs-1 1T R D & 00,
STWER, BEOT IV =y LB THINIR
Kb e LCIRBER L CLE D X 572 pH 1§
THILBLETIC o TG ZREEL T,



@DR—V LTI = A—iEEY) 4%
VA A L — 0O H YU U LK
K7[0-P,W7{Al(OH,)} Og; - 12H,0 (K-3)

e K-3 Dy FHEE D ZIEKE 7L 2 X
3SR LT, AbEM K-3 BRI - IR T
L& Cs-1 LRIFEDO VB ENZ R L

—o

¥ 3. KNa-2 (£)., K-3 (), K-4 (5)D%
wEeT L

FH ks L OA G RIELE 2 1L {AIOg}
BELIWO A FERL TS, SREIHE
RIZ{POLH A FNERLTWD,

OR—Y L RMTFTAI =T A=A 4%
YV A A L — 0O H YU U LK
KeH3[P,W,5050 {AI(OH,)}5]- 14H,0 (K-4)

LB K-4 D5y 1H5E % X 3 DL IHIEET
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