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SYNTHESIS OF OPTICALLY ACTIVE N-[(N-ACETYL)-ƒ¿-AMINOACYL]-ƒÀ-AMINO ALCOHOLS 

BY HOMOGENEOUS AND HETEROGENEOUS ASYMMETRIC HYDROGENATIONS 
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Asymmetric hydrogenations of N-(N-acetyldehydrophenylalanyl)-ƒÀ-

amino alcohol benzyl ethers were carried out by using either rhodium 

complexes with chiral and achiral phosphines or 10% palladium on 

carbon. The effects of the chiral center in the ƒÀ-amino alcohol moi-

ety on simple as well as double asymmetric induction are described.

Of late years, it has been disclosed that i) the asymmetric hydrogenations of 

dehydrodipeptides of the type 1 or 2 catalyzed by chiral rhodium complexes give the 

corresponding optically active dipeptides with desired configuration, 1,2 and 

ii) the type 1 dehydrodipeptides are very good substrates achieving quite high ste-

reoselectivities1 while the type 2 dehydrodipeptides realize only moderate to good 

stereoselectivities.2 In the present communication, we would like to report the 

asymmetric hydrogenations of dehydrodipeptide analog, N-(N-acetyldehydrophenyl-

alanyl)-ƒÀ-amino alcohol benzyl ethers (3) catalyzed by rhodium complexes or 10% pal-

ladium on carbon (10% Pd-C)(eq. 1), and describe a considerably large asymmetric 

induction due to the chiral center in the a-amino alcohol moiety.

The asymmetric hydrogenation of on 10% Pd-C proceeded at 25•Ž and 1 atm of 

hydrogen to give ti directly in quantitative yield3,10When the reaction was carried 
out at lower temperature, the HPLC analysis of the reaction mixture revealed that 
the reaction proceeded stepwise, i.e., 4 was the primary product, which was further 
converted to 5. 

Table 1 summarizes the results of simple asymmetric hydrogenation of 3 cata-
lyzed by dppb-Rh+ [dppb = 1,4-bis(diphenylphosphino)butane] and 10% Pd-C. As a 
matter of course, the stereoelectronic character of substituents in chiral a-amino 
alcohol moiety exerts a large influence on stereoselectivity, viz., the formation 
of (S,S)-isomer is preferred for-3a-3c while (R,S)-isomer is predominantly formed 
in the case of 3d. It is clearly indicated that palladium catalyst is more sensi-
tive to the stereoelectronic effect of the substituent than dppb-Rh+.
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(1)

a: R = CH2Ph (S); b: R = CH2CH(CH3)2 (S) 

c: R = CH(CH3)2 (S)

Table 1. Asymmetric Hydrogenation of N-(N-Acetyldehydrophenylalanyl)-ƒÀ-amino Alcohols (3) Catalyzed 

by 10% Pd-C or dppb-Rh+ƒ¿

α All reactions were run with 0.30 mmol of substrate and 100-120 mg (0.10-0.12 mmol) of 10% Pd-C

or 1.0 •~ 10-3 mmol of dppb-Rh+ in ethanol unless otherwise noted. Chemical yields were almost 

quantitative in all cases. b dppb-Rh+ was prepared in situ by mixing dppb (3.0 •~ 10-3 mmol) and 

[Rh(NBD)2]ClO4 (NBD = norbornadiene)(3.0 •~ 10-3 mmol) in degassed ethanol. c 300 mg (0.30 mmol) 

of 10% Pd-C was used. d HPLC analyses were carried out by using reversed phase column packed with 

TOYO SODA LS 410K (ODS SIL) and aqueous methanol as eluant. e The diastereomeric ratios were de-

termined for k unless otherwise noted. f The ratio was determined for 4d. g 6.0 •~ 10-3 mmol of 

the catalyst was used.
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Table. 2 Asymmetric Hydrogenation of N-(N-Acetyldehydrophenylalany] )-ƒÀ-amino Alcohols (3) Catalyzed 

by Chiral Rhodium Complexesƒ¿

α All reactions were run with 0.30 mmol of substrate and 3.0 •~ 10-1 mmol of chiral catalyst in

ethanol and chemical yields were almost quantitative. b Chiral catalysts were prepared in situ by 

reacting chiral ligands (3.0 •~ 10-3 mmol) with [Rh(NBD)2]ClO4 (3.0 •~ 10-3 mmol) in degassed ethanol 

unless otherwise noted. c See, Table 1 footnote. d 6.0 •~ 10-3 mmol of chiral catalyst was used. 

e [(PhCAPP)Rh(COD)]ClO4 (COD = 1,5-cyclooctadiene) was used.

As for the asymmetric hydrogenation of cyclic dehydrodipeptides on Pd-C, 

Izumiya et al. reported extremely high asymmetric inductions.4 However, only low 

stereoselectivities (0-20% asymmetric induction) have been realized in the open-

chain dehydrodipeptides as far as the reported data and our experiments are con-

cerned.5 Accordingly, the asymmetric inductions of 46.0%, 52.4%, and 61.2 achieved 

in the reactions of 3b,3c, and 3d, respectively, are remarkably good values for 

the simple open chain systems. 

On the other hand, the asymmetric hydrogenation of ti catalyzed by chiral 

rhodium complexes proceeded smoothly at 40•Ž and 5-10 atm of hydrogen to give the 

corresponding dipeptide analog (4) in quantitative yield,6 which was further trans-

formed to N-[(N-acetyl)phenylalanyl]-ƒÀ-amino alcohol (5) by the hydrogenolysis of 

benzyl protecting group on 10% Pd-C.10 

Table 2 summarizes the results on using Ph-CAPP,7 (+)BPPM,8 (+)DIOP,9 and (-)-

DIOP9 as chiral ligands. 

As Table 2 shows, a large double asymmetric induction was observed in the case 

of 3b, 3c, and 3d, the (S,S)-isomer being preferred, while the effect of chiral
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center in 3a turned out to be virtually negligible. The (R,S)-isomer with high 

optical purities were produced by the entry of Ph-CAPP. At any rate, it is demon-

strated that chiral dipeptide analogs, 4 and 5, with high optical purities can be 
obtained with the proper choice of chiral ligands. 

Further investigation on the asymmetric synthesis of oligopeptides bearing 

chiral a-amino alcohol residue at the C-terminus by using the present method is now 

actively underway. 
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