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Dendritically Cross-Linking Chiral Ligands:
High Stability of a Polystyrene-Bound
Ti-TADDOLate Catalyst with Diffusion
Control**

Holger Sellner and Dieter Seebach*

Polymer-bound reagents and catalystsl!l have received
renewed attention in connection with combinatorial synthetic
methods.l Besides the classical approach of grafting a
functional group or ligand to a given polymer (e.g. the
Merrifield resin), there have recently also been examples of
incorporation of the groups of interest through copolymer-
ization.®] Both methods have already been applied to
TADDOL, a versatile ligand or ligand precursor for EPC
synthesis (see 1 in Scheme 1). Two years ago we incorpo-
rated for the first time a dendritically modified TADDOL (2)
with copolymerizable groups at the periphery as cross-linker
in polystyrene, and obtained an enantioselective catalytic
efficiency with the resulting Ti complex which was similar to
that of the homogeneous analogues.l! Before starting to test
this surprising effect with other ligands, we had to investigate
its origin, and the stability of this new type of catalyst in
multiple applications had to be analyzed.

By cross-linking suspension copolymerization with styrene
of dendrimer 2 and—for comparison—of TADDOLs 3-5,
bearing shorter and longer, more or less flexible spacers, we
have generated beads of p-2, p-3, p-4, and p-5 (Scheme 1),
having a diameter of about 400 um in the non-solvent-swollen
state. Upon treatment with Ti(OCHMe,),, polymer-bound
diisopropoxy-Ti-TADDOLates were obtained, as illustrated
in Scheme 2. Elementary analysis of the p-2 derivative with a
loading of 0.1 mmolg~! showed that 85% of the chiral diol
moieties within the polymer had been complexed with Ti ions.
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Scheme 2. Enantioselective addition of diethylzinc to benzaldehyde using
polymer-bound Ti-TADDOLates from p-2—p-5 (Scheme 1) under stan-
dard conditions. With 0.20, 0.05, and 0.02 equiv of p-2- Ti-TADDOLate the
S/R selectivity in the formation of 1-phenylpropanol is 98/2, 96/4, and 90/10,
respectively (GC analysis®!). For results of 20 cycles, see Figure 1.

The polymer-bound Ti-TADDOLates were employed 20
times in the catalysis of the nucleophilic addition of dieth-
ylzinc to benzaldehyde™ under the conditions specified in
Scheme 2. The results are presented in Figure 1.
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Scheme 1. Polymer-bound

Ti-TADDOLAate 1 and styr-
A~ yl-substituted =~ TADDOL
derivatives 2—5, which as
cross-linkers were radically
suspension-copolymerized
with styrene to give p-2, p-3,
p-4, and p-5. Loading: 0.1-
0.6 mmol g~L.l")

L

The following features are remarkable:

1) While the enantioselectivity is above 9:1 with all polymers
of low loading (0.1 mmol TADDOL per g polymer), only
the dendritic polymer gives rise to a constant selectivity of
98:2 in 20 sequential applications (Figure 1a, b).

2) The catalytic performance drops from p-3 to p-4 to p-5,
that is, with increasing chain length of the spacers between
the TADDOL core and polymer backbone. Besides the
decline in enantioselectivity there are erratic results with
respect to both kinetics and conversion with the simply
elongated derivatives (Figure 1a).5

3) The same is true for polymers of higher degree of loading
(Figure 1b).

4) The low-loaded dendritic p-2 beads keep their high
swelling properties (ca. 2.5-fold) even after 20 runs, while
all others do not swell as well after multiple reuse.

5) The rate of reaction is the same with and without stirring
when p-2 beads are employed (which fill the whole
reaction volume under standard conditions). Thus, free
diffusion of reactants and products to and from the active
center is obtained.

6) The monomeric, soluble dendritic diisopropoxy-2-
Ti-TADDOLate and the derived polymeric p-2 - Ti-TAD-
DOLate show virtually identical kinetics; it even looks
like the polymer is slightly faster (Figure 1c¢).)

Conclusion: It is worthwhile to dendritically modify other
preferred ligands with peripheral styryl groups, to incorporate
them in a cross-linking manner into polymers, and to
investigate the performance of the resulting immobilized

catalysts.
Received: February 1, 1999 [Z129801E]
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Figure 1. Enantioselectivities in the formation of (S)-1-phenylpropanol in
n catalytic cycles a) with p-3-Ti-TADDOLate, p-4- Ti-TADDOLate, and
p-5-Ti-TADDOLate under standard conditions (Scheme 2) and b) with
p-2-Ti-TADDOLate using loadings of 0.1, 0.14, and 0.25 mmol g7';
c) comparison of reaction kinetics with polymer-bound (red) and with
homogeneous (blue) dendritic Ti-TADDOLate (y = conversion).]
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Chelated Bisphosphites with a Calix[4]arene
Backbone: New Ligands for Rhodium-
Catalyzed Low-Pressure Hydroformylation
with Controlled Regioselectivity

Rocco Paciello,* Lorenz Siggel, and Michael Roper*

Dedicated to Professor Dr. Hans-Jiirgen Quadbeck-Seeger
on the occasion of his 60th birthday

The rhodium-catalyzed low-pressure hydroformylation of
olefins is, in terms of production volume, one of the most
important technical applications of homogeneous catalysis.[!]
Rhodium complexes with ligands such as triphenylphosphane
lead to aldehydes and especially to their linear isomers in very
high yields. Furthermore, they allow the synthesis to be
performed under low-pressure conditions, which is advanta-
geous during processing.[ Industrial laboratories in particular
are constantly searching for catalysts with improved proper-
ties. At the center of attention are chelating ligands such as
bisphosphanest®! and sterically hindered bisphosphites,
which provide active rhodium complexes of a defined
structure in a predictable and controlled fashion.

We have been looking for polyols that can be readily
prepared and that contain backbones with a defined con-
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