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The immobilization of homogeneous chiral catalysts using
various solid insoluble supports, including inorganic materials,
organic polymers, and membranes as supports, could solve some
problems of homogeneous catalysts such as difficult recovery of
expensive chiral catalyst and metal contaminants leached from the
catalysts in the products, to some extetilowever, in the classical
approaches, the chiral ligands or the catalytically active units are
randomly anchored onto irregular polymers and other supports, and
the resulted immobilized catalysts often displayed reduced enan-
tioselectivity and less efficiency in the catalysis in comparison with (a) (b)
their homogeneous counterparts. The functional metal-organic rjg,re 1. (a) Self-supported chiral Rh cataly2a (yellow solids at the
assemblies might provide an alternative approach to heterogeneousgottom of the reactor) in toluene. (b) SEM image of the self-supported Rh
catalysis to overcome the problems mentioned above since thesecatalyst2a The scale bar indicates &n.
self-ass_embled materials he_tve shown permanent porosity andSCheme 1. Heterogenization of Ferringa’s Catalyst by
absorption capacity for organic guest molecildmyama and co- Self-Supported Strategy
workers have demonstrated the catalytic properties of nonchiral
metal-organic solids for DieilsAlder reactiort Accordingly, the
design and synthesis of chiral metal-organic frameworks or N,
polymers might provide a facile strategy for asymmetric hetero-
geneous catalysis, because the bridged chiral ligand can spontane-
ously form a chiral environment on the surface of the solids or
inside the cavities of the materials for enantioselective control of

the reaction, and the metal ion acts as the catalytically active center i
without using any supportsTherefore, the use of chiral metal- OO o o OO
organic assemblies can be considered as a “self-supported stbategy” Spo j:)’

for heterogenization of homogeneous catalyst in enantioselective OO O’/’n;[Rh]’ \o O‘
reactions’” In the present work, we report our results on the n

heterogenization of Ferringa’s MonoPhosfRlatalyst using self-

O [Rh(cod),]BF
P\~ CHoClyftoluene

1a-c

2a-c
supported strategy for enantioselective hydrogenationg-oé-
hydroamino acid and enamide derivatiVeaffording a variety of linker: a single bond b —@— c [Rh] = Rh(cod)BF
enantioenriched biologically important compounds with high yields
and enantioselectivities. tive substrates, including-aryl- or alkyl-substituted dehydra-

The linker-bridged bis-MonoPhos ligands(-c) were prepared  amino acid and enamide derivativ@s—d (Table 1). The reactions
by the reaction of hexamethylphosphorus triamide (HMPT) with \yere carried out at room temperature under 40 atm pressure of H
corresponding bis-BINOL derivativésn good yields. The ligands  with a substrate concentration of 0.2 M. As shown in Table 1, for
la—c and the catalyst precursor [Rh(cglF, were dissolved in || three catalysts examined, the complete conversion of the
toluene and dichloromethane, respectively. The solution of [Rh- sybstrates could be achieved within 10 h and the enantioselectivities
(cod)]BF4in dichloromethane was added to the solution of ligands of hydrogenation were excellent (94.97.3% ee), which are
la—c, and the orange solids precipitated immediately. After removal comparable to the cases of homogeneous catalysis at the same level
of the solvents, the resulting powde2at-c) were washed with  of catalyst loading. Particularly, the self-supported catalysts
toluene to remove the trace amount of soluble low-molecular weight demonstrated improved enantioselectivity (entries 4, 8, and 12) in
materials. Elemental analysis showed that the composition of the the hydrogenation of3d in comparison with the cases using
resulting solids were consistent with the structures 2af-c MonoPhos/Rh homogeneous catalyst (8788.8% ee) under
expected. As shown in Figure 1a, these yellow polymeric solids otherwise identical condition's.
were completely insoluble in toluene and, accordingly, fulfill one In an effort to probe the heterogeneous or homogeneous nature
of the basic prerequisites of heterogeneous catalysis, and toluenef the above catalyst systems, the supernatantcof toluene
was selected as the reaction mediate for the heterogeneousvere employed for the catalysis of hydrogenatior8afunder the
hydrogenation of olefin derivatives. SEM images showed that these same experimental conditions; no product was observed at all. This
solids were composed of micrometer particles (Figure 1b), while experiment unambiguously demonstrated the heterogeneous nature
powder X-ray diffraction (PXD) indicated that they were non- of the present catalytic systems. The inductively coupled plasma
crystalline solids.The self-supported cataly2@—c were then (ICP) spectroscopy analyses of the reaction mixtures containing
submitted to the catalysis of the hydrogenation of some representa-substrate3a or product4a after filtration of the insoluble2c
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Table 1. Enantioselective Hydrogenation of Olefin Derivatives and high density of the catalytically active units, as well as
3a—d under the catalysis of 2a—c? comparable performance to that of the free catalysts in terms of
o both activity and enantioselectivity.
RN OCH;§ 2a-c, 1 mol% R/\i/COZCH3 _ In conclusiqn, we have demonstrated_a self-s_upported strategy
NHAG Ha, 40 atm, NHAG in the generation of heterogeneous enantioselective catalyst through
3a-c toluene dac assembly of bridged monophosphoramidite chiral ligand with Rh-
R =H (a), CHj (b), Ph (c), (1) ion for asymmetric hydrogenation of olefin derivatives, affording
2ac. 1 mol% a_varie_ty of enantioenriched a_m_ir_lo acid_and amine dc_arivatives_ with
PhJ\NHAC W Ph/LNHAC high yields and enantioselectivities. This strategy might provide a
tzélu one new direction in asymmetric catalysis, particularly for the develop-
3d 4d ment of practical heterogeneous asymmetric synthesis of optically
entry catalyst substrate ee (%) active compounds.
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a All of the reactions were carried out at 26 under 40 atm pressure of
H at a substrate concentration of 0.2 M for 10 h (substrate/catal}t0:
1). The conversion of the substrates determinedHb\NMR was >99%.

b Determined by HPLC on a Chiralcel AD column and GC on a Supelco References
BETA-DEX120 or GAMMA-DEX 225 column. (1) (@) Noyori, R. Asymmetric Catalysis in Organic Synthesiiley-
Interscience: New York, 1994. (b) Jacobsen, E.N, Pfaltz, A., Yamamoto,
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in Enantioselective Hydrogenation of 3a2 ols. I-1ll. (c) Yamamoto, H., Ed. IrLewis Acids in Organic Synthesis
i antioselective Hydrogenation of 3a: Wiley-VCFt: Weinheim, 2001.
run conversion (%) ee (%) (2) (a) de Vos, D. E., Vankelecom, I. F. J., Jacobs, P. A., EdHimal
Catalyst Immobilization and RecyclingViley-VCH: Weinheim, 2000.
1 >99 95.0 For recent reviews, see: (b) Song, C. E.; LeeChem. Re. 2002 102,
2 >09 93.5 3495-3524. (c) Fan, Q.; Li, Y.-M.; Chan, A. S. GChem. Re. 2002
3 >99 90.2 102, 3385-3466. (d) de Vos, D. E.; Dams, M.; Sels, B. F. Jacobs, P. A.
4 ~99 90.9 Chem. Re. 2002 102 36153640. (e) Leadbeater, N. E.; Marco, Ghem.
: Rev. 2002 102 3217-3274. (f) Bergbreiter, D. EChem. Re. 2002 102,
5 >99 90.5 3345-3384. (g) Pu, LChem. Re. 1998 98, 2405-2494.
6 >99 90.0 (3) (a) Yaghi, O. M.; O'Keeffe, M.; Ockwig, N. W.; Chae, H. K.; Eddaoudi,
7 >Q9 89.5 M.; Kim, J. Nature2003 423, 705-714. (b) Leininger, S.; Olenyuk, B.;
Stang, P. JChem Re. 200Q 100, 853-908.
a All of the reactions were carried out under the experimental conditions “) g%)sgelgvsa%,. Erb) gae\\,’vvgl‘(i:r-f.;A Xg??n%’whAA%.%hheen;i Sé%%_g%% ﬁ%
of entry 9 in Table 1. 4793-4798.
(5) For the concept of self-supported achiral heterogeneous catalysts, see:
o . . . (a) Bianchini, C.; Farnetti, E.; Graziani, M.; Kaspar, J.; VizzaJFAm.
indicated that no detectable rhodium leached into the organic Chem. Soc1993 115, 1753-1759. (b) Dorta, R.; Shimon, L.; Milstein,
: . : H D. J. Organomet. Chen2004 689, 751-758.
solution and the concentrations of phosphor in o_rgamc Phase were (6) Homochiral metal-organic porous material for enantioselective catalysis
less than 3 ppm for each round of hydrogenation, which further (<8% ee); see: (a) Seo, J. S.; Whang, D; Lee, H.; Jun, S. |; Oh; J;
confirmed the heterogeneous nature of the present systems. Jeon, Y. J.; Kim, K.Nature 200 404 982-986. For metal-bridged
. . . polymers in heterogeneous catalysis of enantioselective Michael addition
Recycling of the present self-supported catalyst was quite simple. and carbonyl-ene reactions, see: (b) Takizawa, S.; Somei, H.; Jayaprakash,
i i H ; i D.; Sasai, HAngew. Chem., Int. EQ003 42, 5711-5714. (c) Guo, H.;
After the completion of the hydrogenat_lon, simple f|_|trat|on under Wang. X.: Ding. K. Tetrahedron Lett2004 45, 20092012,
an Ar atmosphere afforded the separation of the solid-state catalyst (7) For heterogenization of Noyori's catalysts, see: (a) Hu, A.; Ngo, H. L.;
and products in solution. The separated solids were charged with Lin, W. J. Am. Chem. So2003 125 11490-11491. (b) Hu, A.; Ngo,

. L H. L.; Lin, W. Angew. Chem., Int. E®003 42, 6000-6003.
solvent and substrates again for the next run. The reusability of (g) For leading references, see: (a) Van den Berg, M.; Minnaard, A. J.;

the present self-supported catalyst system was examined in the Schudde, E. P.; Van Esch, J.; de Vries, A. H. M.; de Vries, J. G.; Feringa,
B. L. J. Am. Chem. So200Q 122 11539-11540. (b) Pena, D.; Minnaard,

=

hydrogenation oBawith catalyst2c. As shown in Table 2, in the A.J; de Vries, J. G.; Feringa, B. . Am. Chem. S0€002, 124, 14552
second and third runs, the enantioselectivities of the reaction © '1:4553- revi @8l MU Malan. C.: Pugin. B Spind
. . or recent reviews, see: (a) Blaser, H.-U.; Malan, C.; Pugin, B.; Spindler,
dropped slightly (from 95 to 93.5 and 90.2%, resp_ectlvely). On F.; Steiner, H.; Studer, MAGy. Synth. Catal2003 354, 103-151. (b).
the other hand, the ee of the product from the third run to the 8!§umai TiE;(;Qtia/\rlnlura,vlg.liI Nt\)/el/o_rl,hR._ IEgt&l))éSls gTom?t?cT Syntr\1/<\a/5|s
. . jima, 1., Ed.; Wiley- : Weinheim, i p . (c) Tang, W.;
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observed significant deterioration of activity in the recovered (10) (a) Jia, X.; Guo, R; Li, X.; Yao, X.; Chan, A. S. Cetrahedron Lett.

; R _ 2002 43, 5541-5544. (b) Reactions using MonoPhos/Rh homogeneous
catalyst even after seven times of use. Therefore, such chiral metal catalyst under the experimental conditions shown in Table 1 affotded

organic polymeric assemblies have the advantages not only of in >99% conversion with 87.8 and 88.8% ees for two parallel experiments,
heterogeneous catalysts such as easy recovery and convenient  respectively.
recycle but also of facile preparation, robust chiral frameworks, JA0473721
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