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Creation of new heterogeneous catalysts based on the unique property of layered
rare-earth hydroxides
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(Layered Rare-earth Hydroxide; LRH)
Y-LRH

CH3CO00-/Y-LRH

We have developed the new heterogeneous base catalysts using their unique
properties, such as anion-exchange ability, of layered rare-earth hydroxide. Especially, interlayer
space-controlled Y-LRH with alkyl carboxylate anions intercalated into the interlayer has been found to
be an effective heterogeneous Bronsted base catalyst for Knoevenagel condensation in water. It can be
concluded that the interlayer space of CH3C00-/Y-LRH catalyst expands by the insertion of water
molecules, the steric crowding in interlayer decreases, the catalytic reaction proceeds efficiently.
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[X] 2. The relation between interlayer distance and carbon
number of alkyl groups in the carboxylate anion of
C,.1H,,.1COO/Y-LRH catalysts.
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Table 1. Effect of catalyst and solvent on Knoevenagel
reaction”

<CN N Cﬁ o catalyst mCOgEt +H,0
COLEt = H,0,50°C, 1 h = CN

1 2 3
entry catalyst (2'ms)'b solvent  Yield (%)¢ TON (-)¢
1 NOz/Y-LRH 0.92 H,0 33 1.2
2 HCOO-/Y-LRH 0.82 H,0 41 1.3
3 CH3COO/Y-LRH 1.00 H,0 90 3.1
4 CH3COO/Y-LRH 1.00 H,0 89 3.1
5  C,HgCOO/Y-LRH 142  H,0 75 2.7
6 CsH;COO/Y-LRH 159  H,0 74 2.7
7 CgHyCOO/Y-LRH 1.99  H,0 73 2.9
8  C;H;sCOO/Y-LRH 242  H,0 76 32
9  CgHgCOO/Y-LRH 3.03  H,0 71 3.2
107 Y(NOg)znH,0 - H,0 1 0.4
11 blank - H,O n.d. -
12 CH3COO-/Y-LRH 1.00 DMF 44 1.5
13 CH3COO/Y-LRH 1.00 n-hexane 43 1.5
14 CH3;COO/Y-LRH 1.00 toluene 35 1.2
15  CH3COO-/Y-LRH 1.00 CH3CN 16 0.6
16 CH3COO/Y-LRH 1.00 DMSO trace

2 Catalyst (0.05 g), 1 (1.5 mmol), 2 (1 mmol), solvent (5 mL), 50 °C, 1 h.
b Basal spacing, caluculated from XRD data. ¢ Determined by GC using
an internal standard technique. 9 Based on the amount of Y3+ cation. €
Reuse experiment. f Y(NO3z)3nH,0 (0.1 g) was used as a catalyst.
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X 3. XRD profiles of CH;COO/Y-LRH catalyst humidified
with various solvents: (a) dry, (b) DMF, (¢) DMSO, (d)
MeCN, (e) toluene, (f) water, and (g) n-hexane. Values in
parentheses is (peak position / degree, basal spacing / nm)
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Scheme 1. Gram-scale reaction
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