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Abstract: The application of the planar chiral [2.2]PHANEPHOS ligand in the Ru(II)-catalyzed 
asymmetric hydrogenation of ~ketoesters gave up to 96% ee involving a practical and reproducible procedure 
using the defined and readily prepared [2.2]PHANEPHOS-Ru(lI)bis(trifluoroacetate) salt in the presence of a 
halide source. © 1998 Elsevier Science Ltd. All rights reserved. 

Almost 30 years have past since Knowles and Kagan first utilized chiral bisphosphines in asymmetric 

Rh-catalyzed hydrogenations. 1 Chiral bisphosphines have since proved to be among the most useful and 

versatile ligands in the area of organotransition metal-catalyzed reactions and the design of such bisphosphines 

remains as active an area of research as ever. 2 We have recendy introduced [2.2]PHANEPHOS 1:3 a new C2 

symmetric bisphosphine ligand with a rigid [2.2]paracyclophane backbone. Application of [2.2]PHANEPHOS 

in both Rh-catalyzed asymmetric hydrogenations 4 and Pd-catalyzed aminations 5 have resulted in species of 

exceptional activity. It was therefore of great interest to apply our ligand to the Ru(ID-catalyzed hydrogenation 

of I~-ketoesters (Scheme 1). 
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The fn'st highly successful reduction of these 13-ketoesters used a BINAP-Ru(II) complex, 6 but it 

appeared that forcing conditions were required (100 ~ or 4 amYl00°C) at the low catalyst loadings that 

were used. The use of added acid cocatalysts enabled the hydrogenations to be conducted at lower temperatures 

and pressures. 7 A number of later reports accounted the use of highly active bisphosphine-Ru(II) catalysts 

although, aside from the highly active and selective iPr-BPE-Ru(II) complex, 8 high catalyst loadings and 

increased temperatures (50 to 80°C) were used to achieve adequate reaction rates. 9 
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The bisphosphine-Ru(II) pre-catalysts have been prepared in a number of ways, but definite 

characterization of the active species in the catalytic cycle is missing. 1° Analysis of an empirically active catalyst 

by 31p NMR indicates the presence of a large number of bisphosphine-Ru(II) complexes, making it difficult to 

identify the active species. Importantly, it appears that the active catalysts result from the coordinatively highly 

unsaturated complexes of the formula (bisphosphine)Ru(II)(halide)2. 

Bis(2-methylallyl)bisphosphineRu(ID complexes have been synthesized by the COD displacement of 

commercial bis(2-methylallyl)(COD)Ru(H) with the corresponding bisphosphine. 11 These complexes are 

subsequently treated with hydrogen bromide to afford active catalysts. Although in our hands the synthesis of 

the bis(2-methylallyl)BINAP-Ru(II) complex proceeded as reported, we were unable to isolate the analogous 

bis(2-methylaUyl)[2.2]PHANEPHOS-Ru(ll) complex 5 (Scheme 2). Following the in situ procedure for the 

(S)-[2.2]PHANEPHOS ligand, a complex mixture of species 6 was generated that was successful in catalyzing 

the hydrogenation of [$-ketoesters with good to high enantioselectivity (70-94% ee). Unfortunately, the catalyst 

system generated by this procedure did not give consistent results and lost activity over several hours leading to 

a substantially less selective reducing system. 12 
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In order to isolate and characterize a [2.2]PHANEPHOS-Ru(II) complex, a solution of (S)- 

[2.2]PHANEPHOS and bis(2-methylallyl)(COD)Ru(II) in acetone was treated with trifluoroacetic acid. 13 A 

single compound 714 was isolated that showed moderate selectivity and activity in the asymmetric 

hydrogenation of ethyl isobutyrylacetate (75% ee). 15 As expected, treatment of 7 with two equivalents of HBr 

gave a catalyst system that was equivalent to the in situ procedure reported above and this also lost activity over 

time. 
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In an alternative attempt to approach the necessary [2.2]PHANEPHOS-Ru(II)(halide)2 stoichiometry, 

the reaction was conducted with (S)-[2.2]PHANEPHOS-Ru(IDbis(trifluoroacetate) 7 in the presence of Bu4NI 

as a halide source. Both the selectivity and activity of  this system was superior to all others attempted and high 

conversions to >95%ee were achieved under neutral reaction conditions at temperatures as low as -IO°C at 

50psi H 2. 

A series of reactions was performed to probe the effect of the reaction parameters and the selectivity was 

found to be independent on the concentration of Bu4NI (1 to 100 equivalents with respect to mtheuium) or 

substrate concentration (0.1 to 2 M). Only a slight pressure (20 to 1600 psi) and temperature (-10°C to 50°C) 

dependence was noted (selectivity increasing with decreasing temperature and pressure), is 

A standard set of conditions was determined using ethyl isobutyrylaeetate as a model substrate (50psi/ - 

5°C/0.4 to 0.8mo1% eat./5 mol%BuN4I/18h) ~7 and a number of other commercially available substrates were 

screened. The system gave a consistently high enantioselectivity for a number of diffe~nt alkyl substituted J]- 

ketoesters under mild conditions (Table 1). Use of the (S)-[2.2]PHANEPHOS ~s ligand afforded a ~- 

hydroxyester product of absolute configuration equivalent to that produced by (R)-BINAP, corresponding well 

with the Rh-catalyzed hydrogenation results. This would be expected as the relative positioning of the 

phosphorus atoms in these ligands is the same. 19 

Table 1: (S)-[2.2]PHANEPHOS-Ru(II)bis(tfifluoroacetate) 
hydrogenation of ~-ketoesters 2. 
enlry R R' 

/ tetrabutylanm~niurn iodide catalyzed 

ee(%)  o f  2 ° c o n f i g  ° 

a Me Me 96 R 

b Me tBu 95 R 

c Me Et 96 R 

d Et Me 96 R 

e iPr Et 95 S 

All reactions went to completion in 18 hours at -5°C and 50 psi H 2. (S)-[2.2]PHANEPHOS- 
Ru0I)bis(~fluoroacetate) catalyst loading was 0.4 to 0.8 mol%, concentration of  2 was 1.5 to 2 M. The 
solutions contained 5 tool% tetrabutylammonium iodide. "Determination of  ee with a Hewlett Packard 5890 GC 
using a FS-Lipodex-A 25 m x 0.25 mm column, bAbsolute configuration determined by a comparison with the 
sign of optical rotation of literature compounds. 

It is of interest to note the absence of any strong acids used in the ~ catalyst preparation. It 

seems that highly active and selective Ru(II)-specles are generated simply by the presence of the iodide 

counterion. From a practical standpoint, the (S)-[2.2]PHANEPHOS-Ru(II)his(trifluoroacetate) 7 could be 

stored up to several weeks in an argon atmosphere without noticable deterioration. The ease of generation of 

this catalytic system and the neutral reaction conditions make this a very attractive alternative to other reported 

methods. 

In summary we have achieved high enantioselectivities for the Ru-catalyzed asymmetric hydrogenation 

of ~ketoesters utilizing the [2.2]PHANEPHOS ligand. A new catalyst system has been developed using 

[2.2]PHANEPHOS-Ru(II)bis(trifluoroacetate) 7 in the presence of tetrabutylammonium iodide. The high 

activity of this system allowed the reductions to be performed under neutral conditions at low pressures and at 

temperaanes as low as -IO°C. 
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