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Recently, several chelating chiral ligands have been developed for use in the preparation 

of transition metal complexes which are catalysts for asymmetric reactions. 
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There is con- 

siderable interest in utilizing naturally occurring chiral compounds for this purpose and to 

date, phosphines from tartaric acid,' menthol, 
3 
camphor3 and 4-hydroxypro1in4 have been devel- 

oped for use in asymmetric catalysis. We now wish to describe the first example of a diphos- 

phinite synthesized from a sugar, D-glucose, and its application in the rhodium(I) catalyzed 

asymmetric hydrogenation of prochiral a-acetamidoacrylic acids and their esters. 

Methyl 4,6-O-benzylidene-a-D-glucopyranoside (i) was converted into methyl 2,3-bis-O- 

diphenylphosphino-4,6-O-benzylidene-a-D-glucopyranoside (5) by chlorodiphenylphosphine in the 

presence of pyridine. 5 was purified by reprecipitation from chloroform - petroleum ether 

(b.p. 30-600), mp. 130-131°, [o]:' - 9.0' (c 8.8, chloroform)." 2 is stable in absolute 

ethanol and in air. A cationic complex, 2, [(PO-OP)Rh(NBD)]PF6 was prepared by the reaction 

of &[(NBD)RhC!Z]2 and AgPF6 in acetone for 24 h by known procedures (NBD=norbornadiene). 
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Hydrogenation of the o-acetamidoacrylic acids and their esters, $, was carried out in the 

presence of ,$inabsolute ethanol at -20 to 30°C and 1 atm of hydrogen. Table 1 shows typical 

results. The reaction is quantitative and rapid at low temperatures. High enantiomeric 
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R,CH=CINHAc H2 - R'CH2-CH;NHi 
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$a_, ,!& R'=H R"=H; $,Q, & R'=Ph, R"=H; G, & R'=H R"=Me; a, W R'=Ph, R"=Me. 

excess, up to 80%, can be achieved, probably because of the conformational rigidity of the 

ligand.' The product amino acid derivatives have the natural, S, configu<ation. Lowering the 

temperature results in improved enantiomeric excess, but the substrate-to-rhodium ratio has 

little effect on selectivity. On the other hand, a substrate which has no acetamido group 

e.g. styrene, atropic acid, and a- and @-methylcinnamic acids, is not hydrogenated in this 

system. This suggests that the acetamido-group is essential for hydrogenation and that the 

high optical yields are due to a strong coordination of both the olefin bond and acetamido 

group to the rhodium. 9c,13,14 
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Table 1. Asymmetric Hydrogenation of a-Acetamidoacrylic Acids and their Estersa 

Substrate Temperature Time Enantiomeric excess 
Substrate Rh Ratio ("C) (min) Conversionb (%) (configuration) 

40 30 20 100 67 (S) 
100 * 30 20 100 68 (S) 

&a 100 0 30 100 74 (S) 
&a 100 -20 60 100 80 (S) 

100 30 60 100 61 (S) 
100 0 90 100 75 (S) 
100 30 10 100 53 (S) 
100 0 30 100 78 (S) 
100 30 30 100 60 (S) 

4d 100 0 180 100 65 (S) 
aAll hydrogenations were carried out with substrate (2 mmole) and 2 (0.4 Q 5)x10-2 mmole in 
b15 ml of absolute ethanol under 1 atm of hydrogen. 
cEstimated by proton NMR spectra. 
Calculated on the basis of reported value for the optically pure compounds (R)-za [a];' + 66.5' 
(c 2, water) (S.M. 
1022 (1952)); 

Birbayf, L. Levitow, R.B. Kingley, and J.P. Greenstein, J. Biol. Chem., 194, 

(1963);(S)-SC 
(S)- b [a]D 
[a]6 5 

-91.7O (c 2, water) (D.P. Wolf and C. Niemann, Biochemistry, 2, 493 
+ 46.0" (c 1, ethanol) (Ref. lb); S-zd [o]65 + 101.5 (c 1, chloroform) 

(R. Glaser and B. Vainas, J. Organomet. Chem., 121, 249 (1976)). 

A neutral rhodium catalyst formed in situ from 2 and [RhCR(C8H14)2]2 is less active than 

the cationic one described above. It required a low substrate-to-rhodium ratio (~40), high 

pressure (a50 atm) and long reaction times (l-2 days). The enantiomeric excess results were 

also low; 30% ($a), 14% ($b), and 19% ($,d). In contrast the related ligand (+)-trans-1,2- 

bis(diphenylphosphinoxy)cyclohexane does form a neutral rhodium(I) derivative which catalyzes 

the hydrogenation of a-acylaminoacrylic acids in high optical yields. 
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