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Creation of Nano-Structured Compounds from
Clay Minerals with Metal Complex Pillar and
Application toward Molecular Recognizing Catalysts

)

Introduction

Property of Smectites Tt loyer
‘i[“ Cctahedral layer
.o __}r_ (Negative charge)
) Swellablllty 1: Tetrahedral layer
-Ion exchangability 1
-Intercalation property Clearance space
" Highly ordered porous o
0.96 hm
compounds
¥

Advantages of intercalated Rh-complexes into
interlaver structure

-Interaction between substrate and active species
in a limited space
- Control of the conformation of guest layer

Enhancement of size and shape selectivity

In this study

OPillar metal complex modification in clay interlayer

OControl of interlayer space by structural tuning
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Intercalation of pillar complexes |

Free swelling /-l >
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Smectite : Cation exchange capacity (C.E.C.)
Sodium hectorite (NaHT) ; 86.6 meq/100g-NaHT
Lithium taeniorite (LiTN) ; 268.2 meq/100g-LiTN
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Intercalation

O Pillar complexes (guest)
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cation exchange
in MeOH/H,0 (1:1)
at R.T. for 48h

Rh-Cn / NaHT
Rh-Cn / LiTN

——> IR, XRD, E.A., TG-MASS and UV
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Figure. XRD patterns for smectites modified
with various pillar complexes.
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Figure. STL — CLS correlation.

Proposed model of pillared clay
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Pillar complex

- Control of interlayer space
by STL and Host (Charge density) }
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Catalytic reaction

Hydrogenation of 1-alkyne |

Various size of substrate (C6, C10)
= Catalysts with various interlayer size

— Reaction conditions

Catalyst

Substrate
S/C

Solvent

H, Pressure
Temperature
Analysis

Rh-Cn

Rh-Cn*t/smectite (n=1, 5, 9)
6.25 X 10¢ mol-Rh

1-hexyne, 1-decyne

200

MeOH (3 ml)
1.01X10° Pa
303K
GC(PEG20M)
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Hydrogenation of 1-alkyne

1-hexyne 1-decyne

=2 100 [ ;.2 100 [

S 80 [ : |

g | E o1

P 60 - 60

S 40 [ = i

g _ = 40

< 2 | | B o0 ‘ ‘

0 . <0 ' '
Homo  NaHT  LiTN Homo NaHT  LiTN

[0 Rh-C7 B Rh-C5 WM Rh-C9I

Table. Relative catalytic activities for the hydrogenation of 1-alkyne.

Substrate STL Host CLS /nm Ryer/Ruom

1-hexyne C! NaHT 0.94 0.239
C! LiIN  1.01 0.360
C9 NaHT 1.40 0.698

1-decyne Cl NaHT 094 0.098
Cl LiITN 1.01 0.254

Activity depends on the layer space size
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Asymmetric Hydrogenation |

acetophenone (S) (R)

— Reaction conditions

Catalyst Rh-Cn
Rh-Cr'*/smectite (n=1, 5, 9)
6.25 X 10 mol-Rh

Substrate Acetophenone
S/C 100
Solvent MeOH (3 ml)
H, Pressure 1.01X10° Pa
Reaction time 48 h
Temperature 303 K

Additive KOH/Rh=2.0 (R.R)-DPEN |
| (R,R)-DPEN/Rh=1.1
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Comparison of homogeneous and |
heterogeneous catalysts

Conversion B Rh-C9
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Homo NaHT LiTN

Selectivity
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Figure. Asymmetric hydrogenation of acetophenone

Selectivity depends on the layer space size
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Proposed model of intermediate

More stable Steric hindrance

L Il

(S)-product (R)-product

Stable intermediate

High activity and selectivity |

Suitable size of interlayer |
space is required
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O Preparation of Nano-structured compounds
from clay minerals with metal complex pillar -

CLS/nm
Pillar complex NaHT LiTN

Cl-py 0.94 1.01
C5-py 1.13 1.24
C9-py 1.40 1.67

l

Control of interlayer space
by structural tuning function of pillar |

- Catalytic reaction

Relative activity

* Chain length recognition
Host effect

Enantioselectivity

- Suitable interlayer space
- Stabilization of Rh-DPEN intermediate
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PREPARATION OF MICRO- AND MESOPOROUS REACTION SITES BY THE
INTERCALATION OF METAL COMPLEXES WITH VARIOUS STRUCTURAL

TUNING LIGANDS INTO CLAYS

Shogo SHIMAZU, Tetsuro AMAN, Yosuke SATO, Nobuyuki ICHIKUNI and Takayoshi UEMATSU
Department of Engineering, Chiba University
1-33 Yayoi, Inage, Chiba Japan 263-8522

Introduction

Mesoporous inorganic compounds have gained much attention as catalyst supports offering
variety of molecular recognition sites in the synthetic fine chemistry. Different preparation
methods for the mesoporous materials have been published such as MCM-41, FSM-16, HMS, SBA,
etc V. Many researches have been focused on how to incorporate the active species effectively in
the preparation processes, where most of the precursors are simple metal ions. To introduce the
precise molecular recognition, further modification of the active sites on the supports with various
organic groups such as chiral selectors, hydrophobic/hydrophilic groups is necessary. However,
the tethering of the large metal complexes on the inner surface of these mesoporous materials often
causes the inhomogeneous distribution of the modifiers due to the steric hindrance in the limited
space. The ion exchange by means of smectites is a very convenient and effective method to
incorporate the metal complexes with various functional ligands for the preparation of mesoporous
catalysts, where metal complexes play as pillars 2,

In the present paper, we describe a new method for the preparation of new mesoporous
compounds by the intercalation of pillaring metal complexes with structural tuning ligands (STL)
into smectites. These mesoporous compounds containing rhodium-STL complexes as pillars

showed strikingly selective catalytic behavior depending on the basal spacing of host smectites.

Results and Discussion

STL ligands were synthsized by the introduction of n-alkyl (Cn) groups to pyridine (C,py) and
2,2’-bipyridine (Cnbpy) and characterized by 'H and P®C-NMR. Rh-STL complexes were
prepared by the reaction of STL to [RhCI(COD)]; in acetone and characterized by the chemical
analyses, 11 and C-NMR . The intercalation of Rh-STL complexes into smectites was carried

out by the cation exchange method in MeOH/H,O (1:1) mixture solvent. The intercalation
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compounds were characteriied by FT-IR, XRD, and chemical analyses. Catalytic reactions were
carried out in sovents under hydrogen atmosphere (1.01X10° Pa).

XRD studies showed only single phase for all intercalation compounds. Their clearance
spaces of these intercalation compounds (denoted as Rh-Cnpy/HT and Rh-Crpy/IN) are
summarized in Table.  The clearance spaces of the smectites (denoted as HT and TN) expanded
depending on the chain length of alkyl group on pyridine ring and were almost consistent with the
molecular sizes of the corresponding Rh-STL complexes. These results indicate that monolayer
of Rh-STL complexes was formed and the unified orientation of the complexes was obtained for all
of the intercalation complexes, where each STL ligand played as a pillar.

Hydrogenation of lomonene was carried out by means of these intercalation compounds and the
corresponding Rh-STL complexes and the results are summarized in Figure. The Rh-STL
supported on smectites indicated drastically different activity depending on the STL, while the
reaction rates for the homogeneous Rh-STL catalysts were almost independent on the molecular
size of STL. The rates for Rh-C1py/HT and Rh-C5py/HT were 0.1 and 59 mol (mol-Rh h)”,
respectively. The difference in clearance space between Rh-CIpy/HT and Rh-C5py/HT was
only 0.19 nm and caused the change in reaction rate by 600 times. For Rh-Cnpy/TH catalysts,
the difference of clearance by 0.23 nm caused the change in reaction rate by 100 times. These
results clearly indicate that the interlayer space was precisely controlled by the Rh-STL complexes.

Similar results were observed for the hydrogenations of other substrates such as linalool and

acetophenone.
Rh-Clpy
200 B Rh-Cspy
Table XRD parameters for Rh-Cnpy/HT Rh-Clpy
and Rh-Cnpy/TN 150 B Rh-Cspy

STL clay C.S. “/nm
CI HT 0.94
Cs5 HT 1.13
C9 HT 1.45
CI TN 1.01
G5 TN 1.24

c9 IN 1.67 Figure. Conversion rates for the hydrogenation of
® C.8.= clearance space. limonene by Rh-C,py supported on HT and TN.

—
foul
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r /mol h’! mol-Rh™!

W
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