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Abstract

Chiral homophenylalanine derivatives were synthesized via enantioselective hydrogen&taamafbb cata-
lyzed by rhodium complexes bearing chiral phosphine and phosphinite legands. Enantiomeric excesses up to 96.2%
were achieved whe8-spiroOPG-1) was used as a chiral ligand under 500 psi efdressure in acetone. © 1999
Elsevier Science Ltd. All rights reserved.

The homogeneous asymmetric hydrogenation has attracted much attention ever since L-DOPA was
prepared in this way.In spite of numerous reports about the syntheses of non-racemic chiral amino
acids through homogeneous asymmetric hydrogenation of the corresponding dehydroamino acids, it is
quite rare to see the asymmetric synthesis of homophenylalanine, a highly interesting pharmaceutical
intermediate for the synthesis of ACE-inhibitors, such as benazepril, lisinopril and quhapdl,has
served as a constituent of many pharmaceuticals which function as protease inhibitors and neuronal
receptor ligands (Fig. B.In the literature, chiral homophenylalanine has often been prepared by
chemical or biological resolution, or by enzyme-catalyzed reacfiGtecently, RajanBabu et al. reported
carbohydrate phosphinites as chiral ligands in Rh-catalyzed asymmetric hydrogenafiearavhatic
substituted dehydroamino acids with excellent enantioselectivity, but low to moderate e.e. values were
obtained with the ester of 2-acetylamino-4-phenyl-2-butenoic acid whichfisalgphatic substituted
dehydroamino acid esterHerein we report a successful asymmetric synthesis of homophenylalanine
using homogeneous asymmetric hydrogenation.

The synthesis of the dehydroamino acidsegan with the mono-addition of 2-phenylethyl magnesium
chloride 3 to diethyl oxalate. The resulting estérwas then reacted with methyl carbamate to obtain
compounds in 60% overall yield (Scheme $)The results of asymmetric hydrogenation of compound
5 catalyzed by rhodium complexes bearing various chiral phosphine and phosphinite ligands (see Fig. 2)
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Figure 1.

are shown in Table 1Inspection of Table 1 leads to some important features: (a) of the various catalysts
used, [Rh&-1)(COD)I|BF, in acetone under 500 psi ofoHpressure affords the best enantioselectivity

with 96.2% e.e. in favor oSform (entries 1, 10, 11, 16, 18, 20, 22, 24, 28); (b) solvent effects on
enantioselectivity are important, and acetone is the best for the hydrogenation as compared with the
alcohols and other solvents used (entries 1-6); (c) the hydrogenation ddaapidvided better facial
selectivity than the corresponding ester, thus 95% e.e. was obtain&d &ord 92% e.e. fobb under

350 psi of B pressure (entries 8 and 24); (d) there is no significant effect of hydrogen pressure on the
enantioselectivity, and the e.e. values changed from 96.2% to 94% when the pressure increased from 500
psi to 700 psi. On the other hand, lower conversion (84%) with 93.8% e.e. was obtained when only 150
psi of hydrogen pressure was used (entry 1 vs 7 vs 9). These results indicated that the optimal hydrogen
pressure should be around 500 psi. Meanwhile, we also observed that the change of the configuration of
ligand would invert the configuration of product (entries 1 and 10).
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Scheme 1. The synthesis of homophenylalanine and its derivatives

The other parameters of this reaction, such as concentration, temperature and ratio of substrate to
catalyst, were also studied (Table 2). The results showed 0.3 M is the best concentration to obtain high
enantioselectivity (entries 1-4); however, the poor solubility of the substrate prevents this reaction being
run at even higher concentrations. Similar to the other related studies, we found the enantioselectivity
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Entry  Substrate Catalyst Solvent Pressure  Configuration e.e.%
1 Sa [Rh(S-1)(COD)]BF, acetone 500 S 96.2
2 Sa [Rh(S-1)(COD)]BF, THF 500 S 93.5
3 Sa [Rh(S-1)(COD)]BF, MeOH 500 S 924
4 Sa [Rh(S-1)(COD)]BF, 'PrOH 500 S 92.0
5 Sa [Rh(S-1)(COD)]BF, benzene 500 S 91.0
6 Sa [Rh(S-1)(COD)]BF, CH,CL, 500 N 88.6
7 Sa [Rh(S-1)(COD)]BF, acetone 700 S 94.0
8 Sa [Rh(S-1)(COD)]BF, acetone 350 S 95.0
9 Sa [Rh(S-1)(COD)]BF, acetone 150 S 93.8¢
10 Sa [Rh(R-1)(COD)]BF, acetone 500 R 96.0
11 Sa [Rh(DIMOP)(COD)]BF, acetone 500 R 88.9
12 Sa [Rh(DIMOP)(COD)]BF, MeOH 500 R 84.0
13 Sa [Rh(DIMOP)(COD)]BF, THF 500 R 82.0
14 Sa [Rh(DIMOP)(COD)]BF, acetone 700 R 88.5
15 Sa [Rh(DIMOP)(COD)]BF, acetone 350 R 90.0
16 Sa [Rh(S-BINAP)(COD)]BF; acetone 500 R 54.6
17 Sa [Rh(S-BINAP)(COD)]BF;, MeOH 500 R 52.1
18 Sa [Rh(DIPAMP)(COD)]BF;  acetone 500 S 84.3
19 5a [Rh(DIPAMP)(COD)]BF, MeOH 500 S 88.0
20 Sa [Rh(DIOP)(COD)]BF, acetone 500 S 53.5
21 Sa [Rh(DIOP)(COD)]BF, MeOH 500 S 30.2
22 Sa [Rh(BPE)(COD)]BF, acetone 500 S 91.6
23 Sa [Rh(BPE)(COD)]BF, MeOH 500 S 82.3
24 5b [Rh(R-1)(COD)]BF, acetone 350 R 92.0
25 5b [Rh(R-1)(COD)]BF, acetone 700 R 91.0
26 5b [Rh(R-1)(COD)]BF, MeOH 350 R 83.1
27 5b [Rh(R-1)(COD)]BF, THF 350 R 89.8
28 Sb [Rh(DIMOP)(COD)]BF, acetone 700 R 72.7

a. The reaction was carried out at ambient temperature for 7 hours; the substrate/catalyst was 100/1 in 0.3M of

substrate and 95~100% conversion was observed.

b. The e.e. values were determined by GLC using a Chirasil-L-Val column (the acid was converted to the

corresponding methyl ester before GLC analysis).
c. The conversion was 84% at this reaction condition.
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Table 2
The effect of concentration, temperature and ratio of substrate to catalyst
Entry Catalyst Concentration Temperature S/C e.e. %" Configuratio

of substrate (°C) n
1 [Rh(S-1)(COD)]BF, 0.30 25 100:1  96.2 S
2 [Rh(S-1)(COD)]BF, 0.20 25 100:1  95.6 S
3 [Rh(S-1)(COD)]BF, 0.10 25 100:1 938 S
4 [Rh(S-1)(COD)]BF, 0.05 25 100:1 895 S
5 [Rh(S-1)(COD)]BF, 0.30 25 200:1 937 S
6 [Rh(S-1)(COD)]BF, 0.30 25 400:1 915 S
7 [Rh(S-1)(COD)]BF, 0.30 25 800:1 87.1 S
8 [Rh(S-1)(COD)]BF, 0.30 0 100:1  96.0° S
9 [Rh(S-1)(COD)]BF, 0.30 50 100:1  86.0 S
10  [Rh(DIMOP)(COD)] BF; 0.30 0 100:1 917 R
11 [Rh(DIMOP)(COD)] BF; 0.30 25 100:1 889 R
12 [Rh(DIMOP)(COD)] BF, 0.30 50 100:1 844 R
13 [Rh(DIMOP)(COD)] BF, 0.30 25 200:1  88.3 R

a. 5a was the model substrate, and the reaction was carrying out at 500 psi of H, and acetone as a solvent.
b. The acid was converted to the corresponding methyl ester and the e.e. value was determined by GLC using a Chirasil-

L-Val column.
c. This reaction was carried for 24 hours and 100% conversion was obtained.

increased with higher quantities of catalyst (entries 1 and 5-7), and if a lower reaction temperature was
used (entries 1, 8, 9 and 10-12).

In spite of the higher enantioselectivity observed in the hydrogenatiofisatiphatic substitutedN-
carbamoyl dehydroamino acid derivatives compared to the correspoNdaugtyl dehydroamino acid
derivatives, we recognize that the rate of hydrogenation on the former substrates are relatively slower
than the latter compounds’

In summary, we have developed an efficient synthesis of chiral homophenylalanine via asymmetric
hydrogenation of the corresponding dehydroamino acid derivatives, which can be applied to the synthesis
of valuable chiral3-aliphatic substituted amino acids.
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