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Abstract: The resolution of racemic B-aminoesters has been achieved through selective acylation
catalyzed by Penicillin G Acylase (ChiroCLEC™-EC). The method has been optimized using three
different phenylacetyl donors, and the effect of solvents on the rate of reaction is described. The
efficiency of our method is illustrated by the synthesis of five different B-aminoesters with high
enantiomeric purities. © 1999 Elsevier Science Ltd. All rights reserved.

B-Aminoacids are of immense interest as intermediates in organic and medicinal chemistry. Their
enantioselective preparation emerged as a challenging task and has been the subject of several reviews.'**
Although elegant catalytic asymmetric methods have been described recently in the literature,”™® most of them
are tedious and not amenable for large scale purposes. As racemic B-aminoacids are accessible in one step
from the reaction of readily available aldehydes with malonic acid and ammonium acetate, resolution still
appears more practical on a preparative scale. The recently reported Penicillin G Acylase (PGA) catalyzed
hydrolysis of phenylacetamido derivatives of racemic B-aminoesters leading to pure (R)-B-aminoesters (path

1 )3 is an example in this context.
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However, the application of this methodology to synthesize the (S)-enantiomers requires one additional
step and is less attractive. We therefore explored the resolution of B-aminoesters through enantioselective
acylation (path 2) with the possibility of isolating the pure (S)-enantiomers in fewer steps. Our studies were

focussed on using cross-linked ChiroCLEC™-EC*, and the results are summarized in Table .
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Table 1: Kinetic resolution of racemic methyl 3-amino-3-(3,4-dimethoxyphenyl)propionate.

or [ | f
NH, O m X NH, O
OMe OMe
MeO ChiroCLEC-EC !
(racj1 Solvent (SH1
OMe OMe OMe
entry R (eq.) solvent conditions 2(%conv.)? 1, yield (% ee)

1 H({1) H,O (pH 6) n,70h 29

2 H(2) H,0 (pH 5.7) ,>120 h 40 55 (65)

3 H{1) EtOAC/H,0 (1/1) n,29h 48

4 CH,CF, (1) EtOAC/H,0O (1/1) n,29h 36

5 Me (0.9) Dioxane 1t, 6 days 0

6 Me (1.5) CH,CN 1t, 6 days 0

7 Me (1) EtOAc t, 6 days 0

8 neat PhCH,CO,Me t, 6 days o]

9 H(1) EtOAc/H,0 (98/2) i, 48 h 36

10 CH,CF, (1) EtOACc/H,0 (98/2) t,29h 55

1 Me (1) EtOAc/H,O (98/2) i, 18 h 52 46 (>95)

a) determined by HPLC based on the disappearance of starting material; b) determined by 'H NMR using
(R)-(+)-BPTPA® as a chiral shift reagent.

The reaction conditions were optimized using racemic methyl  3-amino-3-(3,4-
dimethoxyphenyl)propionate 1° as a substrate and three different phenylacetyl donors. The rate of acylation
was slow using PhCH,CO,H (1 eq) in water at pH 6. A conversion of 29% was observed after 70 h (entry 1)
and the enantiomer (S)-1 was obtained with only 65% ee after 120 h (entry 2). Using a biphasic mixture of
ethyl acetate/water (1/1), the acylation rate was considerably increased (entry 3), and a 48% conversion was
obtained after 29 h. Comparable results were obtained using PhCH,CO,CH,CF; as the acylating agent under
the same conditions (entry 4). Whereas all our attempts to run the reaction in dry organic solvents or neat
PhCH,CO,Me failed (entries 5-8), a dramatic change was observed when a 1-2% of water in EtOAc was used.
Although the rate of reaction was still slow using PhCH,CO,H (enrry 9), acylation with PhCH,CO,Me and
PhCH,CO,CH,CF; appeared significantly faster. HPLC monitoring showed in both cases a 50% of conversion
after only 7 h. At 52% conversion, the desired (S)-1 was recovered in 46% yield and >95% ee (entry 11). lItis
worth noting that although ChiroCLEC™-EC is known to be stable in organic solvents such as EtOAc or
toluene, there is no precedent to our knowledge for using this catalyst in organic solvents for amidations. As
in the case of lipase or protease catalyzed reactions,’ a trace of water appears to be enough for triggering the

catalytic activity of cross-linked PGA.
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The above conditions were applied for the resolution of various racemic f3-aminoesters (Table 2). This
method is suitable for the synthesis of ethyl 3-aminobutyrate, (R)-3, and methyl-3-amino-3-p-

methoxyphenylpropionate, (5)-4, in good enantiomeric purities (94% and 82% respectively; entries 3 and 4).

Table 2: Kinetic resolution of racemic B-aminoesters.

entry (3-aminoester conditions'®  conv.(%) product substrate E
% yield® % gg (R/S) % yield % ee (R/S)
NH, O

1 : EtOAc/H,0 (98/2) 52 41 88< (R) 46 >g51(S) >58

OMe 18h
MeO 18

2 Otte Tol/H,0 (98/2) 60 43 85¢ (R) 40 >95f(5) >45

20h
NH, O
3 EtOAc/H,0 (98/2) 60 56 504 (S 38 94¢ (R, 10
MQ)\);;OB o (98/2) ©) (R)

4 NH, O EtOAc/H,0 (98/2) 45 30 97¢ (R) 37 821 (S) 168

72h
OMe
5 45 TolH,0 (98/2) 51 38 97¢ (R) 30 >951(S) >240
MeO

64 h

6 NH, O EtOAc/H,0 (98/2) 41 30 98¢ (R) 40 701 (S) 208
ome 50 h

7 59 Tol/H,0 (98/2) 51 42 94¢ (R) 32 >95f(5) >120
87h

8 NH, O EtOAc/H,0 (98/2) 35 28 84¢ (R) 63 401 (S) 16
PR oty 2Zh

g 69 Tol/H,0 (98/2) 40 34 76¢ (R} 52 521 (S) 12
45 h

a) determined by HPLC based on disappearance of starting material; b) isolated products after flash column chromatography;
c) determined by chiral HPLC using Chiralce! OD-R column and 54% CH,CN/Q.5 M NaClO,in H,O as mobile phase; d}
determined by chiral HPLC using Chiralcel OG column and 7% iPrOH/hexane as mobile phase; ) determined by chiral HPLC
using Chiralce! OG column and 5% iPrOH/hexane as mobile phase; f) determined by'H NMR using (R)-(+)-BPTPA5 as chiral
shift reagent; g) determined by 'HNMR using (R)-(+)-1,17-bi-2-naphthol as chira! shift reagent; h) determined according to the
sign of the optical rotation and comparison with the known pure enantiomer.

However, as the enzymatic catalysis takes place in the trace water layer, the rate of reaction appeared to
be strongly dependent on the hydrophobicity of the substrate. For instance, (S)-S and (S)-6 could not be
obtained with enantiomeric excess higher than 70% and 40% respectively (entries 6 and 8) because of the
difficulty to drive the acylation to completion. We observed in both cases that the competing PGA-catalyzed
hydrolysis of methyl phenylacetate to phenylacetic acid was faster than the catalyzed acylation. This problem
was overcome by replacing EtOAc with toluene. The rate of saponification of methyl phenylacetate being
considerably slower in this solvent, the acylation could be driven to >50% completion, providing (S)-1, (S)-4
and (S)-§ in fair yields and high enantiomeric excess (> 95%) (entries 2, 5 and 7). Among the five B-

aminoesters studied, only 6 could not be obtained in high enantiomeric purity.

In conclusion, we have developed a practical and efficient enantioselective resolution method for

racemic B-aminoesters using cross-linked ChiroCLEC™-EC (PGA) in 2% aqueous toluene. As both acylated

and nonacylated enantiomers can be obtained in high enantiomeric purities and in a few steps, this method
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could become a method of choice and in turn amenable for large scale preparation. We are currently

investigating further applications of this methodology.
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catalyst and gave comparable results when used at the same concentration.
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Purchased from Aldrich.

The racemic compound was prepared by mixing the pure (R) and (S)-enantiomers purchased from Oxford Asymmetry.

A typical procedure is as follows. ChiroCLEC™-EC (111 mg of filtered water-wet material) and methyl phenylacetate (217
mg, 1.45 mmol) were added to a solution of methyl 3-amino-3-(3,4-dimethoxyphenyl)propionate (347 mg, 1.45 mmol) in
EtOAc/H,0 (98/2) (15 mL). The reaction was vigorously stirred for 18 h (52% conversion based on HPLC, A 250 nm). After
filtration and recovery of the ChiroCLEC™-EC catalyst (50 mg of dry material, 286 U/mmol of substrate), the EtOAc
solution was washed with I N HCI (1.5 mL, 1.5 mmol) diluted in water (30 mL). The EtOAc layer was washed with a
saturated Na,CO; solution, dried (MgSO,), concentrated and purified on a short bed of silica gel (EtOAc/hexane (50/50)
followed by EtOAc) to give (R)-methyl 3-phenylacetylamido-3-(3.4-dimethoxyphenyl)propionate 2 as a white powder (212
mg, 41%); [a]p +53 (MeOH, ¢ = 1.0); Anal. Calcd for C,,H,;NOs: C 67.21, H 6.49, N 3.92; found: C 66.94, H 6.41, N 3.92.
The HCI layer was basified with a saturated Na,CO; solution, saturated with NaCl and extracted with EtOAc (3 x). The
combined organic layers were dried (MgSO,) and concentrated to give (S)-methyl 3-amino-3-(3,4-
dimethoxyphenyl)propionate 1 as a colorless oil which crystallized on standing (160 mg, 46%); [a]p +3 (MeOH, ¢ = 1.2),
Anal. Calced for C;H;NO,: C 60.24, H 7.16, N 5.85; found: C 59.88, H 7.38, N 5.68.



