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3. MRLBE
3. 1 Interlayer Modification of Smectites with both Structural Tuning Guests and Chiral
Rhodium Complexes

The catalysis of the smectite intercalated metal complexes is very sensitive to the environment
of the interlayer space as described in the previous chapter. The optimization of environment
reaction conducted is a key factor to achieve the high selectivity.””  Although the precise control of
the layer structure is required for enhancing the high selectivity, it is impossible to control the layer
space by the swelling with solvents. Therefore, to control of the layer structure precisely,
quaternary alkylammonium was used as a “‘structural tuning guest” because the alkylammonium was
easily intercalated into the host by cation exchange and interlayer spacing can be changed ca. 0.13
nm per one methylene unit by varying the size of the alkylammonium employed. Furthermore,
varying the length of the longitudinal chains exert the same effect as the charge density of the host.”
5
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So far, the alkylammonium modified clay has been used in the industry as rheological
controlling agents in paints, greases, and cosmetics.® Another application of the organo-clay to the
industry is the clay-polymer nanocomposites™ and the adsorbents for poorly water soluble organic
species.””"  On the other hand, the organo-clay is the subjects in view of the molecular assemblies
in the scientific field. For example, the extensive studies of the surfactant intercalated clay films
have classified the highly ordered structure of the guest after various photochemical reactions,
where the role of the guest surfactants is to produce the hydrophobic interlayer space, to control the
state of photosensitive probes, ' and to pillar organically by the accommodation of guest species."

The precise structural control of the clay-intercalated catalyst by using the structural tuning
guests was described in this chapter. New clay supported catalysts, in which both structural tuning
guests and chiral active species were modified in the gallery of smectites, were synthesized by
simple cation exchange method (Scheme 3-1). Preparation and characterization of this multiple-
modified smectite (MMS) were described in the following.

Results and Discussion
Intercalation amounts of MMS

Intercalation amounts of ¢-C /smectite and MMS’s are listed in Table 3-1. When q-C, (0.75
equivalent of C.E.C. of NaHT) was intercalated into NaHT, intercalation amount of q-C,;NaHT was
0/49.4/NaHT(18). Then, Rh-DIOP" was intercalated into 0/49.4/NaHT(18) to give
7.4/41.8/NaHT(18). These intercalation amounts were expressed as 0/51.7/NaHT(18) and
8.5/48.0/NaHT(18) in % of C.E.C., respectively, indicating a part of g-C, in g-C,/NaHT was
exchanged with Rh-DIOP* by the intercalation of Rh-DIOP* into q-C¢/NaHT. Similar tendency
was observed in all of the MMS’s as summarized in Table 3-1. These observations also suggest
that no segregation be found in all of the MMS.

IR spectra for alkylammonium modified smectite and MMS

Several IR spectra for the alkylammonium modified smectites and MMS are shown in Figure 3-
110 3-6. These assignments are summarized in Table 3-2 and 3-3. The bands at ca. 2920 cm”
due to v, C-H(sp’) and at ca. 1470 cm™ due to & C-H,(sp’) were assigned to the structural tuning
guest. The bands at 3055 cm” due tov C-H(sp”) and ca. at 1435 cm” due to v P-C(Arom) were
assigned to the chiral rhodium complexes.”” The bands at about 1010 and 997 cm™ due to v Si-O
were assigned to the framework of the silicate layer in NaHT and LiTN, respectively.®* Al of the
alkylammonium modified smectites showed the bands due to the host and the structural tuning guest.
Then, the bands due to Rh-DIOP" were observed in all of the MMS’s, and the band due to ClO, asa
counter anion of the rhodium complex was disappeared, clearly indicating the intercalation of the
rhodium complex into alkylammonium modified smectites proceeded by cation exchange.

XRD measurements for smectites modified with structural tuning guests and MMS

XRD patterns for smectites modified with structural tuning guests and MMS are shown in from
Figure 3-7 t0 3-12. In all of the modified smectites, a sharp d,, peak of the original host shifted to
the smaller angle after the intercalation of the structural tuning guest, indicating the clearance space
(C.S.=d,, -thickness of silicate layer (0.96 nm)) was expanded to 1.85 — 2.88 nm as summarized in
Table 3-4.  With respect to 0/49.4/NaHT(18) and 0/36.4/NaHT(18), a shoulder peak was involved
in d,, peak, indicating these intercalation compounds have a few phases with different interlayer



spacings. In contrast the other structural tuning guest-modified smectites a showed single phase
with a sharp d,, peak. Then, Rh-DIOP" was intercalated into the structural tuning guest-modified
smectites to give MMS. Each MMS exhibited a sharp d,, peak with the second and the third
reflection, suggesting both Rh-DIOP" and ¢-C,, were accommodated in the same gallery without
segregation. In addition the unknown phases in 0/49.4/NaHT(18) and 0/36.4/NaHT(18) were
disappeared, that is, the reconstruction of the layer was occurred in the intercalation of the rhodium
complex. The expansion of C.S. was observed in 10.9/54.3/NaHT(18), 7.4/41.8/NaHT(18), and
10.5/46.5/LiTN(10) after the intercalation of Rh-DIOP* into their original g-C /smectite. With
respect to the other MMS’s, their C.S. were still retained despite of the intercalation of the thodium
complex into their original ¢g-C /smectite.

Kuroda et al. reported the orientation of ¢-C,, in various smectites, where the employed
smectites and their C.E.C. were saponite for 70 and TSM for 120 mmol-100g clay, respectively.
The intercalation amount and the basal spacing of g-C,/saponite were 67 mmol-100g and 2.2 nm,
respectively, and g-C,, formed pseido-trimolecular layers in the silicate sheet.  In contrast those of
¢-C,/TSM were 105 mmol-100g and 3.2 nm, respectively, and ¢-C,, formed monolayer and/or
bilayer in the silicate layer.***

The difference in the orientation of the structural tuning guest between NaHT and LiTN was
clearly observed. It seemed reasonable to assume that the orientation of g-C,; in NaHT was mono
and that in LiTN was quasi-bilayer arrangements by the comparison of this work with their results.
The tilting angle” of g-C, was calculated from the C.S. and the molecular size of g-C_, i.e. 2.76 for
q-Cy 224 for ¢-C,, and 1.74 nm for ¢-C,.** The tilting angles for 0/59.3/NaHT(18),
0/49.4/NaHT(18), and 0/36.4/NaHT(18) were 71, 45, and 60°, respectively, in monolayer
arrangements.  After the intercalation of Rh-DIOP® into ¢-C,/NaHT, the tilting angles for
10.9/54.3/NaHT(18), 7.4/41.8/NaHT(18), and 15.4/31.4/NaHT(18) became 90, 65, and 58° in
monolayer arrangements, respectively, indicating that the orientation of g-C,; was changed in the
NaHT host.

In contrast, the tilting angle for MMS with LiTN host remained to be 90° even after the
intercalation of Rh-DIOP" into g-C /LiTN because of its high layer charge density (about three times
to NaHT). In g-C/LiTN each structural tuning guest formed quasi-bilayer ordering perpendicular
to silicate layer, so that MMS showed little expansion of C.S. despite of the intercalation of the
rhodium complex. Some models for MMS’s with different structural tuning guests were depicted
in Figure 3-13 and 3-14.

Since the orientation of Rh-DIOP* can not be detected by the characterization employed in the
present work, the orientation might be regulated by the layer charge as the structural tuning guest is.

TEM photographs of the intercalation compounds

- To investigate the microstructure of the intercalation compounds, TEM measurements were
examined. Several photographs of smectites, g-C,i/smectite, and MMS are shown in Figure 3-15 to
3-20. In each photograph the fringes were regular stacking of the individual smectite layers.
Uniformly expanded layers were observed in g-C,/smectite and MMS, indicating the regular
orientation of the structural tuning guests and Rh-DIOP".  The expansion of the layer spacing in the
original hosts after the intercalation was also observed in TEM photographs. The layer spacing
was measured from the photographs, i.e. 0.9-1.0 for NaHT, 2.9-3.3 for 0/59.3/NaHT(18), 3.3-3.6 for
10.9/54.3/NaHT(18), 0.9-1.1 for LiTN, 2.9-3.3 for 0/46.5/LiTN(18), and 3.3-3.6 nm for



18.3/42.8/LiTN(18), respectively. These layer spacing of the intercalation compounds were a little
smaller than basal spacing estimated from XRD measurements because of the removal of additional
adsorbed water and/or error in measuring the layer spacing. In addition, EDS spectra of MMS
showed RhL,, peak. No peak due to chlorine was detected, suggesting the intercalation proceeded
by cation exchange.

Conclusion

A new type of host-guest catalyst was synthesized by a simple cation exchange in two steps
under ambient atmosphere. Characterization of the intercalation compounds by FT-IR and EDS
revealed that the intercalation proceeded by cation exchange. XRD and TEM measurements
suggested the highly ordered structure of the intercalation compounds. The orientation of the
structural tuning guests was controlled by the layer charge density of the hosts as well as the
loadings of the guests. Furthermore, the structural tuning guests play important roles in the
orientation control of rhodium complexes as well as the expansion of the interlayer space.
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3. 2 Catalysis of Multiple-Modified Smectite

The optimization of the reaction field in catalytic reactions is a serious subject to achieve high
activity and selectivity." When certain active species are placed in various pores in inorganic
crystallines, the active species will exhibit the characteristic behavior in comparison with the
original active species alone. There have been extensive studies on the inorganic host-guest system
in which unusual property was observed compared to the original guest.”  For instance,
characteristic recognitions by zeolites™* and clay*'® have been known as shape selectivity. These
characteristic recognitions are originated from constrained guest conformation, well ordered array
of the guest, and interaction between host and guest.

The multiple-modified smectites characterized in the previous chapter were applied to
asymmetric and stereo selective hydrogenation to give characteristic recognition. A drastic change
in catalysis was observed by varying the host, that is, the drastic enhancement in the activity and
selectivity was achieved by the orientation control of structural tuning guests. In this chapter the
effect of the guest orientation on catalysis was studied, and the importance of the optimization in the
reaction field, such as the suitable interlayer modification, was emphasized.

Results and Discussion
Catalysis of MMS with NaHT host

(1R)-(+)-a-pinene was hydrogenated to yield (1R)-(+)-endo and exo-pinane as shown in Scheme
4-1."" The catalytic performance for the homogeneous catalyst, Rh-DIOP* intercalated into
NaHT (27.6/0/NaHT) and LiTN(10.2/0/LiTN), and all of the MMS was summarized in Table 4-1
and 4-2, where the selectivity is defined as selectivity (exo) = 100 x (exo-endo)/(exo+endo).
Although Rh-DIOP" and 27.6/0/NaHT gave high selectivity, i.e. 89.6 and 84.5 %, respectively, the
latter catalyst showed lower conversion at 606 kPa (28.0 %). On the other hand,
7.4/41.8/NaHT(18) showed much lower conversion (1.6 %) and moderate selectivity (52.0 %) at
606 kPa. Although the activity and selectivity were expected to rise up as increasing PH,,” no
distinct enhancement in the activity and selectivity was observed. Similar behavior was observed
in 15.4/31.4/NaHT(18) and 10.9/54.3/NaHT(18) as shown in Figure 4-1. Their low activities may
arise from the guest orientation that provide insufficient space around Rh-DIOP* in the gallery.
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Catalysis of MMS depending on the orientation of structural tuning guest

To achieve excellent catalysis MMS with the highly ordered guests were required. Since LiTN
has a high charge density (about three times to NaHT) the guest orientation in the gallery will take
the highly ordered structure in comparison with that in NaHT host. When MMS with LiTN host
was utilized to the catalyti¢ reaction, drastic enhancement in the activity was observed. (see Table
4-2)) At 1010 kPa the conversion by 18.3/42.8/LiTN(18) was about 10-60 times higher than that
for MMS with NaHT host. In addition at 202 kPa the conversion by 18.3/42.8/LiTN(18) was
comparable to that by 27.6/0/NaHT at 606 kPa. The drastic enhancement originated from the
difference in the guest orientation between NaHT and LiTN host. While the tilting angles of the
structural tuning guests in NaHT hosts were 58 and 60° except for 10.9/54.3/NaHT(18), the angle
for 18.3/42.8/LiTN(18) was 90°. Since the alkyl tuning guests in LiTN were arrayed vertically
to the silicate layer due to higher layer charge density, the orientation of Rh-DIOP* in LiTN layer
was assumed to be more regulated than in NaHT layer, that is, LiTN may provide the substrate the
opportunity to access the active sites in the gallery, so that the high activity was observed.
Consequently, the selectivity was also enhanced in LiTN host as shown in Table 4-3 and Figure 4-2.
In contrast, without the structural tuning guests, such as 27.6/0/NaHT and 10.2/0/LiTN, no
noticeable enhancement both in the activity and selectivity was observed.

With respect to 10.9/54.3/NaHT(18) the activity was much lower than 18.3/42.8/LiTN(18)
despite of its vertical tilting angle of ¢g-C,. But 10.9/54.3/NaHT (18) is the most active among
MMS with NaHT host because of its higher orientation of g-C,, than that of the other MMS with
NaHT host. The difference in the activity between 18.3/42.8/LiTN(18) and 10.9/54.3/NaHT(18)
could be hardly explained by the tilting angle. The difference was supposed to be the space around
Rh-DIOP"* for the reaction and/or changes in the electron density of the rhodium complexes by the
layer charge.

PH, dependence on catalysis of MMS with LiTN host »

The PH, dependence in catalysis was also observed in both 18.3/42.8/LiTN (18) and Rh-DIOP".
(see Figure 4-3.) The PH, change may cause the change of the reaction pathway and also the
stability of the Rh-DIOP-substrate adducts. The mechanistic scheme for Rh-DIOP* and MMS-
catalyzed hydrogenation of a-pinene depending on PH, is shown in Figure 4-4. It is assumed that
the hydrogenation via f-pinene (terminal olefin), which is isomerized from a-pinene, proceeded to
yield the lower selectivity under lower PH, owing to less stable Rh-DIOP"-A-pinene adduct. In
contrast, the direct hydrogenation from a-pinene proceeded more to give the higher selectivity
under higher PH,, since the corresponding adduct of a-pinene (internal olefin) was sterically more
favorable. A

In Rh-DIOP" the selectivity and the conversion increased with increasing PH, until 1010 kPa,
indicating the direct hydrogenation pathway from a-pinene increased. Above 1010 kPa of PH, the
strong coordination of the hydride might elongate the Rh-P bond, so that the C, symmetry of the
rhodium-chelated phosphine and the ligand-substrate interaction decreased. The subsequent
lowering of the C, symmetry of the chiral phosphine ligand made the selectivity and conversion
decreased, although the rhodium complexes catalyzed the direct hydrogenation of the substrate. In
addition the stretch of the Rh-P bond caused the elimination of the ligand from the metal center and
the subsequent aggregation of the metal species, so that the selectivity and activity decreased.
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In contrast the selectivity and the conversion for 18.3/42.8/LiTN(18) kept rising even when PH,
exceeded 1010 kPa. This catalysis in the MMS was ascribed to the retention of the well-defined
chiral structure of the rhodium complexes as well as the increase of the pathway of the direct
hydrogenation with increasing PH,. The rhodium complexes in the gallery interacted with both the
structural tuning guests and the silicate sheet of the host, so that the well-defined chiral structure of
the original rhodium complexes was prevented from the stretch of the Rh-P bond by the strong
coordination of the hydride. (see Figure 4-5.) The well-defined chiral structure of the rhodium
complexes in the gallery gave the high selectivity and activity. These observation indicate the
stabilization of the metal complex by intercalating the complex into the layer lattice silicate.

The PH, dependence was also observed in 10.7/46.9/LiTN(14) and 10.5/46.5/LiTN(10) as
shown in Table 4-3, but the dependence became obscure and activity was enhanced as decreasing the
size of the structural tuning guest. So far, the cause of these behavior is unknown, but probably
due to the difference in electron density of the rhodium complexes in the host layer and/or the
conformation of longitudinal alkyl chain of the structural tuning guest.

Stereo selective hydrogenation of 4-tert-butylcyclohexanone

Characteristic recognition of MMS above mentioned was extended to the other unsaturated
substrates, that is, the recognition is well reproducible. MMS catalyzed the hydrogenation of 4-
tert-butylcyclohexanone to yield cis-4-tert-butylcyclohexanol predominantly as shown in Scheme 4-
2. The conversion and selectivity (cis) are summarized in Table 4-4, where the selectivity is
defined as selectivity (cis) = 100 x (cis-trans)/(cis+trans). 18.3/42.8/LiTN(18) gave comparable
selectivity and higher conversion compared to MMS with NaHT host, Rh-DIOP, and the smectite
intercalated Rh-DIOP" as shown in Figure 4-6, suggesting the recognition by MMS was applicable
not only for prochiral olefin but also for the other unsaturated substrate. :

Furthermore, the size selectivity was found in MMS with LiTN host. MMS became more
active in the order of 18.3/42.8/LiTN(18) > 10.7/46.9/LiTN(14) > 10.5/46.5/LiTN(10), that is, the
conversion increased as the expansion of the clearance space.(see Figure 4-7.)

Structure of MMS after catalytic reaction

18.3/42.8/LiTN(18) was characterized by XRD and FT-IR measurements after the
hydrogenation of pinene. ~After the reaction an original sharp d,, peak of MMS was shifted to the
larger angle and became a little broadened, indicating that the layered structure was still retained in
spite of a little shrinkage of the interlayer spacing as shown in Figure 4-8. The shrinkage was
estimated to be 0.12 nm, which is nearly the same with the size of a methylene unit, and after the
reaction C.S. of MMS was changed to 2.76 nm and agree well with the molecular size of q-C,,. (see
Table 4-5.) This observation suggested that the orientation of the structural tuning guest was
changed from guasi-bilayer to monolayer without changing the vertical tilting angle. In IR-spectra
the peak 1P-C(Arom) due to the rhodium complexes was still retained despite of a little decrease of
peak absorbance after the reaction. (see Figure 4-9 and Table 4-6.) These characterization revealed
that the layered structure was still retained under the high pressure and the rhodium complexes were
present in the gallery after the reactions.

Conclusion
MMS exhibited the characteristic recognition depending on the orientation of the structural
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tuning guests. The size selectivity was also observed by the layer structure of MMS. The
structural tuning guests play important roles in the orientation control of the rhodium complexes as
well as the expansion of interlayer space. The enhancement in the catalytic activity and selectivity
was accomplished by the suitable structural modification of the host-guest catalysts. MMS
stabilized the metal complexes under the high pressure, and the layered structure was still retained
after the reactions.
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Table 3-1. Intercalation amounts of ¢-C_/smectite and MMS a

Structural g-C,/smectite Chiral metal MMS

tuning guest / mmol-100g b complex / mmol-100g ®
NaHT q-Cig 0/59.3/NaHT(18) Rh-DIOP+ 10.9/54.3/NaHT(18)
[0/99.6/NaHT(18)] [12.6/62.7/NaHT(18)]
0/49.4/NaHT(18) 7.4/41.8/NaHT(18)
[0/51.7/NaHT(18)] [8.5/48.0/NaHT(18)]
0/36.4/NaHT(18) 15.4/31.4/NaHT(18)
[0/42.0/NaHT(18)] [17.8/36.3/NaHT(18)]
LiTN q-Cis 0/46.6/LiTN(18) Rh-DIOP* 18.3/42.8/LiTN(18)
[0/17.4/LiTN(18)] [6.8/16.8/LiTN(18)]
q-C4 0/49.2/LiTN(14) 10.7/46.9/LiTN(14)
- [0/24.6/LiTN(14)] [4.0/17.5/LiTN(14)]
4-Cy 0/543/LITN(10) 10.5/46.5/LiTN(10)
[0/24.8/LiTN(10)] [3.9/17.3/LiTN(10)]

# The first and the second values indicate intercalation amounts (mmol-100g) of
Rh-DIOP+ and g-C, (n=18, 14, and 10), respectively, obtained from CHN
analyses and UV-Vis measurements, and 1 is a number of longitudinal chain.

® Intercalation amounts in blackets are expressed in % of C.E.C.
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Table 3-4. Structural data for structural tuning guests modified smectites

and MMS
Sample 26/ doo; / CS.*/ Tilting angle of
degree nm nm q-C.°/ degree

NaHT 7.12 1.24 0.28 -°
27.6/0/NaHT 3.86 2.29 1.33 - €
0/59.3/NaHT(18) 2.45 3.60 2.64 71
10.9/54.3/NaHT(18) 2.36 3.74 2.78 950
0/49.4/NaHT(18) 2.82 3.13 2.17 45
7.4/41.8/NaHT(18) 2.50 3.53 2.57 65
| 0/36.4/NaHT(18) 2.56 3.45 2.49 60
15.4/31.4/NaHT(18) 2.58 3.42 2.46 58
LiTN 7.26 1.22 0.26 - ¢
10.2/0/LiTN 4.43 1.99 1.03 -°
O/46.6/LiTN(18) 2.30 3.84 2.88 90
18.3/42.8/LiTN(18) 2.30 3.84 2.88 90
0/49.2/LiTN(14) 2.58 3.42 2.46 90
10.7/46.9/LiTN(14) 2.60 3.40 2.44 90
0/54.3/LiTN(10) 3.14 2.81 1.85 90
10.5/46.5/LiTN(10) 3.06 2.89 1.93 90

* Clearance space = dy,-the thickness of silicate layer (0.96 nm).

® Elevation angle of g-C, longitudinal straight chain to the layer plane,

based on C.S. (n=10, 14, and 18)

¢ Structural tuning guest is not present.



Table 4-1.  Asymmetric hydrogenation * of (1R)-(+)-c-pinene by Rh-DIOP*,
Rh-DIOP*/NaHT, and MMS with NaHT host

Catalyst ® Selectivity (exo) © Conversion / % PH, / kPa
Rh-DIOP* 89.6 96.7 606
87.5 22.2 3030
27.6/0/NaHT 84.5 28.0 606
10.9/54.3/NaHT(18) 71.0 6.0 202
72.0 9.3 606
74.6 9.7 1010
82.2 18.4 3030
7.4/41.8/NaHT(18) 52.0 1.6 606
50.5 1.7 1010
56.4 29 2323
15.4/31.4/NaHT(18) 56.1 3.2 1010
69.5 7.3 3030

* Reaction conditions: reaction time, 24 h; solvent, 3 ml of MeOH; T = 303 K;
substrate, 6.25x10™ mol: substrate/catalyst = 100.

The first and the second values indicate intercalated amounts of Rh-DIOP*
and g-C; (mmol-100g), respectively.

Selectivity (exo) is defined as 100x(exo~endo)/(exo+end0).



Table4-2. Structural data and catalytic activity for MMS 2

MMS .
T —— Clearance  Tilting angle of  Conversion
/ mmgol—IOOg space®/nm  ¢-C,g/ degree | %
Rh-DIOP/ ¢-C,/Host ®
27.6/0/NaHT(18) 1.33 -d 28.0¢
10.9/54.3/NaHT(18) 2.78 90 97
7.4/41.8/NaHT(18) 2.57 65 1.7
15.4/31.4/NaHT(18) 2.46 58 3.2
10.2/0/LiTN(18) 1.03 d 48.5
18.3/42.8/LiTN(18) 2.88 90 97.4

@ Reaction conditions: reaction time, 24 h; 7= 303 K; PH,=1010 kPa;
solvent, 3 ml of MeOH,; catalyst, 6.25x10-6 mol-Rh; substrate/catalyst=100.
® NaHT: [Na, 3,]**33[Mg, ¢,Li, 55(Si,0, ) F,1032.
LiTN . [Li]*![Mg,Li(Si, 0, )F, I
¢ Clearance space=d,-thickness of silicate layer (0.96 nm).
¢ g-C,4is not present.
PH,=606 kPa. The other conditions are identical with footnote a.

(]



Table 4-3.  Asymmetric hydrogenation * of (IR)-(+)-a-pinene by Rh-DIOP",
Rh-DIOP*/LiTN, and MMS with LiTN host

Catalyst® Selectivity (exo) © Conversion / % PH, / kPa
Rh-DIOP* 89.6 96.7 606
87.5 22.2 3030
10.2/0/LiTN 86.2 48.5 1010
18.3/42.8/LiTN(18) 80.2 25.7 202
88.4 80.1 606
89.6 97.4 1010
92.0 99.8 3030
10.7/46.9/LiTN(14) 84.5 64.5 202
89.1 99.6 606
92.7 100.0 3030
10.5/46.5/LiTN(10) 87.8 90.6 202
91.7 99.6 3030

Reaction cOnditions are identical with footnote a in Table 4-1,
The first and the second values indicate intercalated amounts of Rh-DIOP*
and ¢g-C, (mmol-100g), respectively. (n=18, 14, and 10)

Selectivity (exo) is defined as 100x(exo~end0)/(exo+endo).



Table 4-4.  Hydrogenation of 4-tert-butylcyclohexanone by Rh-DIOP”,

Rh-DIOP*/smectites and MMS?

Catalyst ° Selectivity (cis) ¢/ % Conversion / %

Rh-DIOP* 98.9 94.2
27.6/0/NaHT 99.7 94.6
10.9/54.3/NaHT(18) 95.9 11.8
7.4/41.8/NaHT(18) 82.7 9.4
15.4/31.4/NaHT(18) 99.0 67.0
10.2/0/LiTN 95.9 43.0
18.3/42.8/LiTN(18) 99.6 95.1
10.7/46.9/LiTN(14) 97.9 73.7
10.5/46.5/LiTN(10) 97.4 63.0

* Reaction conditions: reaction time, 24 h; solvent, 3 ml of MeOH; T =303 K;

PH,=101 k Pa; substrate, 6.25x10™* mol; substrate/catalyst = 100.

and g-C, (mmol-100g), respectively.

(n=18, 14, and 10)

'Selectivity is defined as 100x(cis-trans)/(cis+trans).

The first and the second values indicate intercalated amounts of Rh-DIOP*
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q- Cn (C1)2(1 Cn)2N+

9-Cy 1 (Ca(1-Crg)N* ' (n=10, 14, and 18%)
Feeding amount : Feeding amount :
0.25,0.5,0.75, and 1.0 0.25 equivalent of C.E.C.
ivalent of C.E.C.
Z(.lmva 32 i H,O/CH,0H(1:1) . H70, 343K, ultrasonic
tspersed in i1y 3 ’ cation exchange .
stirred for 72 h g stirred for 1 h at 300 rpm
*dispersed in H,O/CH3;0H(1:1)
* stirred for 72 h

cation exchange

[Rh((S,S)-DIOP)(COD)]CIO,

stirred for 72 h under N, atmosphere
in HyO/MeOH at ambient temperature

l '

VMMS ('multiple modified smectite)
[Rh(S,S)- DIOP)(COD)]+/q C /smectlte

PUirRimut ez e et iy

T Y T S R S

/ (n) g— number of longitudinal straight chain
(n=18, 14, and 10)
* \Host

loading amount of ¢-C,/ mmol-100g

loading amount of Rh-DIOP+ / mmol-100g

Scheme 3-1. Preparation of chiral rhodium complexes supported on structural
tuning guests modified smectites (MMS).
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Figure 3-1. IR spectra for (a) NaHT, (b) Rh-DIOP*, () g-C,s,

(d) 0/59.3/NaHT(18), and (e) 10.9/54.3/NaHT(18).
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Figure 3-2. IR spectra for (a) NaHT, (b) Rh-DIOP", (c) g-C,s,

(d) 0/49.4/NaHT(18), and (e) 7.4/41.8/NaHT(18).
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Figure 3-3. IR spectra for (a) NaHT, (b) Rh-DIOP*, (c) q-Cis,

(d) 0/36.4/NaHT(18), and (e) 15.4/31.4/NaHT(18).
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Figure 3-4. IR spectra for (a) LiTN, (b) Rh-DIOPY, (c) q-Cigs
(d) 0/46.6/LiTN(18), and (e) 18.3/42.8/LiTN(18).
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Figure 3-5. IR spectra for (a) LiTN, (b) Rh-DIOP", (c) q-Ci4
(d) 0/49.2/LiTN(14), and (e) 10.7/46.9/LiTN(14).
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Figure 3-6. IR spectra for (a) LiTN, (b) Rh-DIOP™, (©) g-Cyp»
(d) 0/54.3/LiTN(10), and (e) 10.5/46.5/LiTN(10).
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Figure 3-7. XRD patterns for (a) NaHT, (b) 0/59.3/NaHT(18), and (c) 10.9/54.3/NaHT(18).
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Figure 3-8. XRD patterns for (a) NaHT, (b) 0/49.4/NaHT(18), and (c) 7.4/41.8/NaHT(18).
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Figure 3-9. XRD patterns for (a) NaHT, (b) 0/36.4/NaHT(18), and (c) 15.4/31.4/NaHT(18;
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Figure 3-10. XRD patterns for (a) LiTN, (b) 0/46.6/LiTN(18), and (c) 18.3/ 42.8/LiTN(18).
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Figure 3-11. XRD patterns for (a) LiTN, (b) 0/49.2/LiTN(14), and (c) 10.7/ 46.9/LiTN(14).

=
Cd' /}
B @1
5
=
(b)

o l .
2 4 6 8 10 12 14
26/ degree

Figure 3-12. XRD patterns for (a)LiTN, (b) 0/54.3/LiTN(10), and (c) 10.5/ 46.5/LiTN(10).
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Figure 3-13. Plausible structures of 0/49.4/NaHT(18)
and 7.4/41.8/NaHT(18).
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Figure 3-14. Plausible structures of 0/46.6/LiTN(18)
and 18.3/42.8/LiTN(18).
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Figure 3-15. TEM photograph of NaHT.

(x400 k x3.4)
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Figure 3-16. TEM photograph of LiTN.
(x400k x3.4)

Note: Hexagonal holes on the surface of silicate
layer are found in background.
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Figure 3-17. TEM photograph of 0/59.3/NaHT(18)
(x200k x3.4)

Figure 3-18. TEM photograph of 0/46.6/LiTN(18).
(x400k x1.4)



Figure 3-19. TEM photograph of 10.9/54.3/NaHT(18).
(x200k x3.4)

B
s

Figure 3-20. TEM photograph of 18.3/42.8/LiTN(18).
(x200k x3.4)
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(1R)-(+)-o-pinene (LR)~(+)-exo-pinane (1R)-(+)-endo-pinane

Scheme 4-1. Asymmetric hydrogenation of ( 1R)~(+)-o-pinene

-Bu t-Bu
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4-tert-butylcyclohexanone
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HO
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Scheme 4-2. Stereo selective hydrogenation of 4-tert-butylcyclohexanone
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Figure 4-1. PH, dependence on activity and selectivity in asymmetric
hydrogenation of (1R)-(+)-ca-pinene.
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Figure 4-2. Activity and selectivity for various MMS in asymmetric
hydrogenation of (1R)-(+)-a-pinene at 1010 kPa of H,.
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Figure 4-3. PH, dependence on activity and selectivity in asymmetric
hydrogenation of (1R)-(+)-ca-pinene by 18.3/42.8/LiTN(18).
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Figure 4-4. Activity and selectivity for various MMS in stereo selective
hydrogenation of 4-tert-butylcyclohexanone.



100 | I I I o
|18.3/42.8/LITN(18)
90 - ~
N
=
O
'z 80f ~
T
> .
5 |10.7/46. 9/LITN(14)
O
70 - -
10.5/46.5/LiTN(10)
60 ] ] 1

3.0 2.8 2.6 24 2.2 2.0 1.8
C.S./nom

Figure 4-5. Conversion by MMS with LiTN host as a function of C.S. in
stereo selective hydrogenation of 4-tert-butylcyclohexanone.
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Figure 4-6. XRD patterns for (a) 18.3/42.8/LiTN(18) (as prepared)
and (b) 18.3/42.8/LiTN(18) (after reaction).
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Figure 4-7. IR spectra for (a) 18.3/42.8/LiTN(18) (as prepared)
and (b) 18.3/42.8/LiTN(18) (after reaction).



