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A Stereoselective Synthesis of N- [(S)-l-Ethoxycarbonyl-3-

phenylpropyl] -L-alanine Derivatives by Means of Reductive Amination

Genji IWASAKI,*† Rieko KIMURA, Naganori NUMAO, and Kiyosi KoNDO

Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara, Kanagawa 229

A stereoselective synthesis of N- [(S)-l-ethoxycarbonyl-3-

phenylpropyl] -L-alanine, a portion of the molecule of angiotensin 

converting-enzyme (ACE) inhibitors, by reductive amination utilizing 

catecholborane and further applications of the reaction to 

the synthesis of ACE inhibitors are described.

In the field of hypertension drugs, much attention has been focused on the 

inhibitors of angiotensin converting enzyme (ACE), which converts the precursor

decapeptide angiotensin Ⅰ to the powerful vasoconstrictor substance angiotensin

Ⅱ. Based on rational drug design, captpril (SQ 14225) was developed by Ondetti

et al., as the first orally active inhibitor.1) More recently, Pacthett and his 

co-workers have demonstrated a new class of potent inhibitors, such as enalapril 

(MK 421), enalaprilat (MK 422) and its lysine analogue (lisinopril, MK 

521).2-4)

Scheme 1.

It has also been confirmed that in these novel ACE inhibitors which contain 

three asymmetric carbons, the (S, S, S) diastereoisomer is the most biologically 

active one. Hitherto, these novel inhibitors, enalapril, lisinopril, have been 

synthesized by the reductive amination of 2-oxo-4-phenylbutyric acid or its 

ester5) with dipeptide units using sodium cyanoborohydride or by catalytic
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hydrogenation. Under these conditions, however, excess α-keto acid is required

and, furthermore, these reactions usually result in the formation of a 

diastereomeric mixture (i.e. S, S, S and R, S, S) with a ratio of ca. 1:1. 

We now wish to describe a stereoselective synthesis of the generally usable 

component for the above representative ACE inhibitors, i.e. N- [(S)-1-

ethoxycarbonyl-3-phenylpropyl] -L-alanine (1),6) and further applications of the 

procedure to the synthesis of ACE inhibitors themselves. Reductive amination 

coupling of 2-oxo-4-phenylbutyric acid or its ester with L-alanine derivatieves 

was thoroughly investigated using various type of reducing reagents under 

several conditions. When an equimolar mixture of 2-oxo-4-phenylbutanoate and L-

alanine t-butylester was treated with BH3.THF complex (in CH2Cl2) or BH3.N-

diethylaniline complex (in EtOH), selective reduction of carbonyl function

proceeded and then the corresponding α-hydrQxy ester was obtained exclusively.

However, when catecholborane was used in CH2C12, the reaction proceeded smoothly 

to give the corresponding N-substituted amino acid derivative (2, R=t-Bu) in 

64%, as a diastereomeric mixture with a ratio of 1:1. Finally, the reductive 

condensation of 2-oxo-4-phenylbutyric acid instead of its ester with L-alanine 

t-butylester in the presence of catecholborane was examined. The reaction 

proceeded efficiently in CH2Cl2 and desired diastereoisomer was formed 

selectively.7) As further confirmations of this selectivity, 

various reaction conditions were investigated and results were 

summarized in Table 1.

Table 1. Reductive amination reaction of 2-oxo-4-phenylbutyric acid 

with L-alanine derivatives
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As shown in Table 1, excellent selectivity was achieved especially in the 

case of 3-methyl-catecholborane 8) -CH2Cl2 system. It seems likely that steric 

interaction between chiral imine, which was fixed by carboxy group, and bulky 

catecholborane raises the selectivity. A typical procedure is as follows. To a 

solution of 2-oxo-4-phenylbutyric acid (200mg, 1.1mmol) and L-alanine t-

butylester hydrochloride (245mg, 1.35mmol) in 10ml of CH2Cl2) were added 1g of

4Å molecular sieves and sodium acetate (184mg, 2.24mmol). After the mixture

was stirred for 1h, a solutuion of catecholborane (202mg, 1.69mmol) in 5ml

of CH2Cl2 was added slowly to the mixture for 1h at -15- -10℃, and then

additional stirring was continued for l h at -10-0℃. The reaction mixture

was filtered through celite and washed with CH2Cl2 and MeOH. To the 

filtrate was added 5ml of 30% of H202 and the mixture was stirred for 3-4h 

at room temperature. The mixture was extracted with CH2Cl2 several times and the 

extracts were esterified with diazoethane, washed with brine, dried over 

anhydrous sodium sulfate, and then concentrated in vacuo. Purification of the 

residue by silica gel chromatography (25% ethyl acetate/hexane) afforded 206.5 

mg of (S, S) -2 and 37.5mg of (R, S) -2 (R=t-Bu). 

As a further extension of this reaction, we examined the reaction of 2-oxo-

4-phenylbutyric acid with L-alanyl-L-proline t-butylester and N- (N6-t-

butoxycarbonyl-L-lysyl) -L-proline t-butylester under the same conditions 

using catecholborane. In the former case, corresponding adduct was obtained in 

53% yield with a ratio of 3:1 (S, S, S/R, S, S), and , in the latter case, in 52%

yield with a ratio of 4:1 (S, S, S/R, S, S). These (S, S, S) diastereoisomers were 

easily converted to enalapril and lisinopril, respectively by stepwise removal 

of the protecting groups.9) (Scheme 2.)

Scheme 2.
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