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Intercalation Catalysts

Creation of intercalation catalysts by use of the unique properties of layered
inorganic hydroxides
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We have developed the high-performance heterogeneous catalysts,

Intercalation Catalysts"”, by use of the unique characteristics of layered inorganic hydroxides such
as their acid-base and ion-exchange properties. In the case of layered rare-earth hydroxide
including Y(I11) cation (Y-LRH), Tine-tuning of interlayer distance of layered structure has been
achieved by the intercalation of alkylcarboxylate anions into its interlayer. Our developed
acetate-intercalated Y-LRH (C2/Y-LRH) catalyst acted as an effective heterogeneous catalyst for
Knoevenagel condensation reaction in water solvent. It might be said that rapid interlayer-expanding
behavior by water molecule lead to its high catalytic activity, confirmed by the time-resolved
synchrotron XRD analysis. The reaction rate was not determined by the Lewis acidity and Bronsted
basicity but the incorporation of carboanion species as an intermediate, compared with the other

Y-, Gd-, or Yb-LRH catalysts.
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NiZn [CuCl4]%/Nizn KOH
DMSO (@) 2
3 -3 (3) 91% (entry 1) Cu
CH3COO/NiZn 3
(entries 3 and 7) [CuCl4)?
KzCUC|4'2H20 CUC|2
3 70% Table 1. Results of catalytic reaction?
(entries 5 and 6) o
OH [CuCl>/Nizn, O, CN
. 2- + CHCN —MM8 = >
Nizn [Cu(OH)4] g ’ DMSO, KOH ©)v
. . 1 2 30°C,4h 3
[Cu(OH)4)?/Nizn OH/NizZn
Entry  Catalyst Atmosphere Conv. (%)° Yield (%)"
3 1 [CuCl,]*/NiZn 0, 99 91
. 2 [CuCl,]?/NiZn Air 99 27
(entries 2 and 4) Cu(ll) 3 [CuClJ*/NiZn N, 66 nd.
4 [Cu(OH),1*/NiZn 0, 77 nd.
5¢ CH;COO7/NiZn 0, 61 nd.
6 OH/NiZn 0, 46 nd.
7 K,CuCly 0, 91 70
8 CuCl, 0, 96 70
9 Cu(OH), 0, 58 nd.
10 - 0, 58 nd.
27% @ Catalyst (Cu: 4 mol%), 1 (0.5 mmol), 2 (5 mmol), DMSO (2.5 mL), KOH (1.8
mmol), 4 h. ? Determined by GC analysis using an internal standard technique.
€0.2 g of CH3;COO/NiZn or OH*/NiZn was used as a catalyst.
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Table 2. Results of catalytic reaction?

<C02Et+ ©AO Catalyst N CO,Et
CN H20 [ j CN
Entry  Catalyst door (nm)? Yield (%)°
1 CH;COO7/Y-LRH 1.00 90 (30)7
2 CH;CO07/Gd-LRH 1.00 90 (44)¢
3 CH;COO/Yb-LRH 1.00 89 (34)¢
4 CI/Y-LRH 0.84 61
5 NO;/Gd-LRH 0.88 28
6 NO;/Yb-LRH 0.90 26
7¢ YCl; » 6H,0 - 4
8¢ Gd(NO,); » 6H,0 - 5
9e Yb(NOs)3 » nH,0 - 4
10/ CH;COONa - 12
11 blank - n.d.
12 C3H,COO/NiZn 1.52 44

aCatalyst (0.05 g), 1 (1.5 mmol), 2 (1 mmoal), H,O (5 mL), 50
°C, 1 h. PCalculated by XRD patterns. ¢ Determined by GC
analysis using an internal standard technique. ¢ Catalyst (0.01
), 30 °C, 15 min. © 0.1 g was used as a catalyst. ' CH;COONa
(1.43 mmol).
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