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Abstract: An efficient synthesis of enantiomerically enriched aryllactic esters or acids has been established. Darzen's
condensation of arylaldehydes with ethyl chloroacetate followed by catalytic hydrogenation gave racemic aryllactic
esters. Enzyme catalyzed (lipase PS-30, Amano) hydrolysis or acetylation provided enantiomerically enriched products.
EE’s of 65-99% were obtained without optimization of resolution conditions. This route is compatible with a variety
of heterocycles and multigram quantities of enantiomerically enriched materials have been prepared. These chiral
synthons are useful for the preparation of renin inhibitors as well as other therapeutic agents.

L-Phenyllactic acid has been widely used as a chiral synthon for incorporation into enzyme inhibitors as
well as other molecules of biological interest.l In our efforts to enhance the potency and pharmacokinetic
profile of a series of inhibitors of human renin, we replaced the P3 phenylalanine residue with various aryllactic
acids. Incorporation of L-phenyllactic acid provided inhibitors with improved metabolic stability and promising
in vivo properties.2 We therefore began to examine aryllactic derivatives with aromatic groups other than
phenyl. Initial targets were the L-2-thienyl- and L-1-naphthyllactic acids which could be prepared by treamment
of the commercially available L-amino acids with aqueous nitrous acid.3 This process was not very efficient
(vields of 15-35%) and required large quantities of expensive ($120-$160/g) unnatural amino acids. To gain
access to larger quantities and a wider range of aryllactic acids in optically active form we examined alternative
strategies. A survey of the literature suggested a number of potential racemic and asymmetric routes, 164
However, none seemed attractive from the standpoint that cither expensive chiral reagents would be required, or
the synthesis of the starting materials would require multiple steps.

“We soon recognized that Darzens condensation of an arylaldehyde with ethyl chloroacetate® would give the
glycidic ester which could be hydrogenated to give the racemic aryllactic ester. Enzymatic resolution could then
provide the aryllactic acid or ester in enantiomerically enriched form.5 This route was particularly attractive since
the starting materials are cheap and readily available.

SCHEME 1. Preparation of Racemic Aryllactic Esters
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According to Scheme 1, a variety of arylaldehydes were condensed with ethyl chloroacetate to give the
glycidic ester (0.95 eq. NaN(SiMe3),, THF, -78° to 0°C). The crude epoxide was submitted without
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purification to catalytic hydrogenation’ (Ha, 45 psi, Pd(OH)>, EtOAc), and purified by column chromatography
to give racemic aryllactic esters 1a-1i (Table 1) in modest to excellent yields (28-99%).8

To resolve the aryllactic esters, we initially examined the enzyme catalyzed hydrolysis of 1a-f with Amano
Lipase PS-30 (Method A). Lipase PS-30 is relatively inexpensive and has been shown 1o efficiently resolve a
wide variety of substrates. An aqueous solution of the racemic ester was stirred at room temperature with 1.5
wt.% of Lipase PS-30 while maintaining the pH between 7.0-7.4 by the controlled addition of 0.25 or 0.5 N
NaOH with a ChemcadetR pHstat controller. Reactions wete carried to ~35% conversion by stopping the
reaction after ~0.35 equivalents of base had been consumed.10 While this procedure was efficient for the
resolution of 1a and 1b, compounds 1c and 1d were hydrolyzed with variable selectivity. Since the
enantiomerically enriched acids were easily separated from the unreacted ester by acid-base extraction, and could
then be crystallized to higher enantiomeric purity, this was the preferred resolution method for preparation of
compounds 1a and 1b.

SCHEME 2. Enzyme Catalyzed Hydrolysis of Aryllactic Esters by Method A
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TABLE 1.
Resolution by Method A Resolution by Method B
Entry Ri Yield of § Yield of Yield of
12 2b | mxniime | ee(%)X 3 | mxntime | ee(%)°
1a 1-naphthyl 34% 51% 18 h 81%! '
1b 3-fluorophenyl 77% 64% 5h 89%8
1¢ 2-thienyl 64% 66% 18h 68%e  172% 2h 95%%8
1d 2,3-methylene- 53% 65% 55h 14%8 46% 21h 66%8
dioxyphenyl
le 2-furyl 49% 41% 25h 66%8
1f 2-(4-Cl-thienyl)!1 40% 71% 3h >98%8
1g 3,4-methylene- 9% 60% 6h >96%8
dioxyphenyl
1h 2-pyridyl 28% 56% 24 h 72%8
1i 3-pyridyl 66% 45% 28 h 92%8

a) yields are unoptimized, isolated yields. b) unoptimized yield, after crystallization, reported as a percentage of theoretical max.
yield (50%). c) ee determined after conversion of acids (2) to methyl esters, 4. d) unoptimized yield, after chromatography, reporied
as a percentage of theoretical max. yield (50%). e) ee determined after conversion of acetates (3) to methyl esters, 4. f) ee
determined by comparison of optical rotation to material derived from L-amino acid and by  H-NMR integration of the Mosher ester
of da. g) ee determined by HPLC using Chiracel OJ column.

Upon realization that this resolution would not be general for disparate aryl groups, we began to examine
the lipase catalyzed acetylation of the racemic aryllactic esters. Typical reactions were carried out in methyl-t-
butylether (MTBE), with 0.4-1.0 weight equivalents of enzyme (Lipase PS-30, Amano) and 1-2 equivalents of
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vinyl acetate.12 Reaction times varied considerably, with the fused aromatic systems typically taking >18h for
30% conversion to the acetate. The progress of the resolution was easily followed by 1H-NMR integration of
the a—proton resonance. At approximately 30% conversion, the heterogeneous reaction mixture was

SCHEME 3: Enzyme Catalyzed Acetylation of Aryllactic Esters, Method B
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filtered through a plug of CeliteR and concentrated. The desired acetates (3¢-i) were then separated from the
unconverted ester by column chromatography. With the exception of entries 3d and 3e (Table 1), all of the
substrates we examined gave good ec's without optimization of reaction conditions or solvents. This kinetic
acetylation of 1 provided more reliable access to enantiomerically enriched esters 3 (Scheme 3, Method B).

Esterification of aryllactic acids 2a-¢ was accomplished by treatment with methanol/HCI or potassium
carbonate/methy! iodide to give the methyl esters (4a-c) in >90% yield (Scheme 4). The chromatographed
acetates Jc-i were converted to the aryllactic esters by wreatment with anhydrous potassium carbonate in
methanol, or methanol/HCl. When converting 3 to 4 with K2CO73 in methanol, it was necessary to ensure that
the methanol and all glassware were rigorously dried to avoid concomitant hydrolysis of 3 to 2.

SCHEME 4. -Conversion of Resolution Products to L-Aryllactic Esters

R1 R‘l
HO o e HO AcO OFt
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Esters 4a and 4¢ were independently prepared by sodium nitrite treatment of the commercially available L-
amino acids. Comparison of optical rotations of material derived from the L-amino acids with products derived
from either enzymatic resolution method established the absolute configuration of 4a and 4c as the S-
enantiomers.!3 It is interesting to note that in both the hydrolysis and the acetylation reactions (Schemes 2 and
3), the S-enantiomer was preferentially recognized and converted by the enzyme. The observed
enantioselectivity for each resolution method is in accordance with the Lipase P model developed by
Kazlauskas,? where the aryl group is considered to be Ry, and the ester is RM. Although the enzyme was quite
tolerant of aryl groups of varying size and polarity, we were not able to rationalize the variations in resolution
efficiency for the various substrates. Enantiomeric excesses of the aryllactic esters were routinely determined by
chiral HPLC using a Chiracel-OJ column in hexane/isopropanol (typically 85/15) or by 'H-NMR analysis of the
mosher esters of 4.

In summary, this method provides rapid access to a wide range of enantiomerically enriched aryllactic
acids and esters on multigram scale from commercially available or easily prepared arylaldehydes.
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To a solution containing 12.6g of compound 1f and 10 g of vinyl acctate in 100 mL of MTBE, 4.6g of lipase PS-30 was
added. The heterogeneous mixture was stirred at room temperature for 3h, filtered through celite, and chromatographed (silica
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