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Abstract : New soluble and silica-supported rhodium complexes have been synthesized and
tested as catalyst precursors for the enantioselective hydrogenation of o-ketoesters and an a-
ketoamide. The homogeneous catalysts have been found to be efficient in terms of activity and
asymmetric induction (up to 94% enantiomeric excess). On the other hand, the heterogenized
systems exhibited lower performances and were gradually deactivated.

Catalytic asymmetric hydrogenation of a-ketoesters is a potentially important transformation for the
production of optically active a-hydroxyesters, which are usefull building blocks for the industrial production of
pharmaceuticals and agrochemicals. Numerous homogeneous rhodium and, to a lesser extent, ruthenium
complexes chelated by chiral diphosphines have been developed for this purpose, and high enantiomeric
excesses were generally achieved.! Nevertheless, although very high substrate/catalyst ratios could be used, the
cost of the metal, especially that of rhodium, and many times that of the ligand, are often major drawbacks for
final industrialization of the processes. This is the main reason why, in the last thirty years, increasing attention
has been paid to homogeneous catalysts coordinately or covalently bound to organic and mineral supports,2 but
to our knowledge there have been very few reports focussed toward asymmetric hydrogenation of o-
ketoesters.3 In this field, we wish to present here our first results on the synthesis of new homogeneous and
silica-supported di(u-carboxylato)bis(aminophosphinephosphinite)dirhodium(I) complexes and their application
in the enantioselective hydrogenation of activated keto compounds.
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The title rhodium complexes were prepared in four steps as depicted in Scheme 1.4 The ring-opening of
cyclic anhydrides 1a-c by 1-amino-3-(triethoxysilyl)propane gave the corresponding 3-(friethoxysilyl)amide
carboxylic acids 2a-c.5+¢ These afforded through reaction with [Rh(COD)(OMe)], (COD = 1,5-cyclooctadiene)
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the di(u-carboxylato)bis(cyclooctadiene)dirhodium(I) complexes 3a-c 7 which reacted by displacement of
cyclooctadiene with the aminophosphinephosphinite (S)-Cp,Cy-ProNOP,8 choosen as a model ligand for this
study, to give the expected complexes 4a-c. The immobilized complexes Sa-c were obtained by reaction, in

toluene, of the soluble complexes 4a-c with silica,2d9
First, the catalytic behavior of the complexes 4a-c was evaluated in the homogeneous asymmetric

hydrogenation of some activated keto compounds such as ketopantolactone A, N-benzylbenzoylformamide B,
ethyl pyruvate C and methyl benzoylformate D. Representative results are summarized in Table 1.
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Table 1. Asymmetric Hydrogenation of Keto Compounds Catalyzed by the Homogeneous Complexes 4a-¢ ¢

Run Complex Substrate Subst/Rh Reaction Conv.c eed
[R]= (molar ratio) time (h)? (%) (%, conf)

1 -(CHy)3- A 60 2 77 84 (R)
2 " B 170 8.75 92 74 (S)
3 " C 225 1.25 99 65 (R)
4 " D 364 0.75 99 10(S)
5 -CH=CH- A 43 3 100 85 (R)
6 " B 36 1 100 74 (S)
7 " C 98 3 100 70 (R)
8 " D 165 0.75 100 14 (S)
9 -(CFy)s3- A 99 1 100 91 (R)
10¢ " A 79 1 99 94 (R)
11 " B 95 0.5 100 89 (S)
12 " C 245 1 97 84 (R)
13 " D 162 0.75 100 7(S)

(@) Hydrogenations were carried out at room temperature (unless otherwise stated) in dry degassed toluene solutions (20 mL) in a 100
mL flask under 1 atm of H; for A (0.39 mmol) and B (1 mmol), and in a2 100 mL stainless steel autoclave under 50 atm of H; for C
(1.82 mmol) and D (1.41 mmol). (b) Not optimized. (c) Determined by GC analysis (FS-CYCLODEX 8-I/P, 50m x 0.32 mm
capillary column) for A, C, D and by H and 13C NMR for B. (&) Enantiomeric excesses were measured by GC analysis (FS-
CYCLODEX 8-I/P) for the hydrogenation products of A and C, by polarimetry based on the specific rotation value [a]p?® = + 82.2
(¢ 1.09, CHCl3) for (S)-(+)-N-benzylmandelamide, and by HPLC analysis (Chiralcel OD column, hexane:2-propanol = 90:10, 1
mL/min) for the hydrogenation product of D. (¢) Reaction temperature =- 13°C.

All the substrates could be hydrogenated quantitatively. However, ethyl pyruvate and methyl
benzoylformate required fairly high pressure (50 atm) for significant reaction rates at room temperature. Based
on the calculated turnover frequencies (TOF, not reported in the table), we observed for each substrate the
following activity order for the catalyst precursors 4a < 4b << 4¢; this effect is more pronounced for the
hydrogenation of A (TOF at 50% conversion : 20, 50 and 1180 h-1, respectively). The nature of the substituent
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also greatly affected the enantiomeric excesses : complexes 4a and 4b led to almost similar results (a slow
increase was observed for the hydrogenation of C and D with 4b), whereas the introduction of the
perfluorobutyro group (4 ¢) resulted in a significant increase of the ee's, except for D which led in every case to
poor optical yields. It is noteworthy that upon using such group (perfluorobutyro) instead of the classical
chloro,? the enantiomeric excesses obtained for the hydrogenation of A and B with a similar diphosphine (i.e.
(8)-Cp,Cy-ProNOP), could be increased significantly (91% vs. 81% and 89% vs. 77%, respectively).10

In a second time, the performances of the silica-immobilized complexes Sb-c¢ were evaluated in the
hydrogenation of A. As it can be seen from Table 2 in which some illustrative examples are shown, the
supported catalysts were less enantioselective and moreover less active than their soluble homologues 4b-c.
During the first batch, the optical yields were comparable to the homogeneous case, but upon recycling of the
solid catalyst, the activity dropped significantly. We attribute this to the dimeric nature of the supported catalyst
precursor for which only one unit might be immobilized on the silica, inducing leaching of both rhodium and
ligand moieties. Alteration of the phosphinite residue of the ligand through reaction with free surface hydroxy
groups of silica is also highly probable as evidenced by CP-MAS 31P NMR and XPS analyses.?

Table 2. Asymmetric Hydrogenation of Ketopantolactone Catalyzed by Silica-Supported Complexes Sh-c¢ ¢

Run Catalyst Temp. Cycle? Reaction Conv. ee Leaching®
[R]= 8Y) (n°) time (h) (%) (%, conf)

1 -(CH=CH)- 45 1 45 52 75 (R) weak

" " 2 95 7 58 (R) not observed
2 " 70 1 5 100 81 (R) medium

" " 2 18 22 57 (R) not observed
3 -(CF)3- 20 1 4 100 91 (R) high

" " 2 18 27 86 (R) weak

" " 3 47 4 79 (R) not observed .
4 " 40 1 1 100 90 (R) high

" " 2 2.6 27 85 (R) not observed

" " 3 18 5 65 (R) not observed

(a) General considerations similar to those indicated for A in Table 1. Substrate/Rhodium = 100. (&) 1st, 2nd and 3rd runs of a same
sample of catalyst. (c) Loss of phosphorus and thodium as indicated by 3 1P NMR analysis and colour of the final reaction solution.

In summary, this study shows that the asymmetric efficiency and the activity of homogeneous rhodium
catalyst precursors can be rather improved by changing the nature of non chiral ligands. In particular, (u-
perfluorocarboxylato)rhodium(I) complexes exhibit very interesting properties which will be further discussed in
future reports.!! So far, the supported catalysts showed only poor efficiencies. Work is currently under
progress to improve the definition of the linkage between support and complexes, by using new supporting
processes and/or by using more suitable chiral mononuclear complexes.
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