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AbsbntC An q&ienl synthtsi.t of uantlomrically enriched aryllactit esters or acids has been established. Damen’s 
condtnsation ~aryhldehydes with ethyl chlomacetate followed by catalytic hydrogen&ion gm racemic aryllactic 
esms. Enzyme caulysed (lipase PS-30. AWWW) hydrolysis or acetylalfon prodded enan&me?itally enriched produtu. 
EE’s of 6549% were obtained witho~ opbmisation of resolution conditions. This route is cowzpabble with a variety 
qf htrtmycles and multigram qua&rim of c muiommically enriched mamials have been prepared. These chirai 
SynrhoAs arc m@idfir the prepamdon ofrudn inhibitors as well as other iherapmuic agenrs. 

L-Phenyllaetic acid has been widely used as a &ii synthon for incorporation into enzyme inhibitors as 
well as other molecules of biological in&rest. 1 In our efforts to enhance the potency and pharmacokinetic 
profile of a series of inhibitors of hu& r&in. we replaced the P3 phenylalanine residue with various aryllactic 
acids. Incorporation of Lphenyllactic acid pmvided inhibii with impmved metabolic stability and promikg 
in viva propetti~s.~ We therefore began to examine aryllactic derivatives with aromatic groups other than 
phenyl. Initial targets were the L24hiiyl- and L 1-naphthyllactic acids which could be prepared by ueatment 
of the commerc ially available L-amino acids with aqueous nitrous acid.3 This process was not very efficient 
(yields of 15-358) and requkd largr~ quantities of expensive ($120-$160/g) unnatural amino acids. To gain 
access to larger quantities sod a wider range ofaryllactic acids in optically active form we examked alternative 
strategies. A survey of the literature suggested a number of potential racemic and asymmetric rot~tes.lC.~ 
However, none seemed ata-active firnn the standpoint that either expensive chti reagents would he rtquind, or 
thesynthesisofthestartingmateli&wouklta@remultipIesteps. 

‘WesoonnxognkdthatDarxenscondeasationofanarylaldehy&wilhethylchlaroaceEatcs wouldgivethe 
glycidicesterwhichcouldbeh~togivetheracemic @lactic ester. Eazymatic msolutioa could then 
providethearyllacticacidoresterinenantianezicallyenrichedknm.6 Thisroutewas~ardcuMya6ractivesincc 
the sEamng d am cheap and headily available. 

R,+) + c 
-78°C to 0°C 

la-i 

Acconling to Scheme 1, a variety of arylaldchydes we~c condensed with ethyl chloroacetate to give the 
glycidic ester (0.95 eq. NaN(SiMe3)2, THF, -78’ to 0“C). The crude epoxide was submitted without 
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purification to catalytic hydrogenation7 (Hz. 45 psi, Pd(OHh, EtOAc), and purified by column chromatography 
to give tacemic aryllactic esters la-li (Table 1) in modest to excellent yields (28-99%).8 

To resolve the myllactic esters, we initially examined the enzyme catalyzed hydtolysis of la-f with Amano 
Lipase PS-30 (Method A). Lipase PS-30 is relatively inexpensive and has been shown to efficiently resolve a 
wide variety of substrates.9 An aqueous solution of the racemic ester was stirred at room tempemture 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 were carried to -35% conversion by stopping the 
reaction after -0.35 equivalents of base had been consumed. lo While this procedure was efficient for the 
resolution of la and lb, compounds lc and Id were hydrolyzed with variable selectivity. Since the 
enantiomerically enriched acids were easily separated from the tuneacted ester by acid-base extraction, and could 
then be crystallized to higher enantiomeric purity, this was the preferred resolution method for preparation of 
compounds la and lb. 

SCHF!ME 2. Enzyme Catalyzed Hydrolysis of Aryllactic Esters by Method A 
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a) yields are uuoptimised, isolated y&Us. 6) unoptimised yield, qt?er crystallisatio~. reported as a percentage d theoretical max. 

yield (50%). c) ee de~nnined&r conversion qfacids (2) to methyl esters, 4. 4, mwpthnised y&id, titer chmnatogmphy, reported 

as a percentage of theoretical max. yield (SG+%). e) ee determined qfter conversion of acetates (3) to methyl esters. 4. f) ee 

determined by comparison @optical rotation to material detiwdfhm L-amino acid and by lH-NMR integration of the Masher ester 

~#4a. g) cc 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 raccmic aryllactic esters. Typical reactions wem carried out in methyl-t- 
butylether (MTBE), with 0.4-1.0 weight equivalents of enzyme (Lipase PS-30, Amano) and l-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 IH-NMR integration of 
the a-proton resonance. At approximately 30% conversion, the heterogeneous reaction mixture was 

SCHBMB 3: Bnzyme Catalyzed Acetylation of Aryllactic Esters, Method B 
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filtered through a plug of Celitett and concentrated. The desired acetates @e-i) were then separated from the 
unconverted ester by column chromatography. With the exception of entries 3d and 3e (Table I), all of the 
substrates we examined gave good ee’s without optimization of reaction conditions or solvents. This kinetic 
acetylation of 1 provided mom reliable access to enantiotnerically enriched esters 3 (Scheme 3, Method B). 

Estetificatlon of aryllactic acids 2a-c was accomplished by treatment with methanol/HCl or potassium 
carbonate/methyl iodide to give the methyl esters @a-c) in >904b yield (Scheme 4). The chromatographed 
acetates 30i were converted to the aryllactlc esters by treatment with anhydrous potassium carbonate in 
methanol, or mcthanol/HCl. When converting 3 to 4 with K2CO3 in methanol, it was necessary to ensure that 
the methanol and all glassware were rigomusly dried to avoid concomitant hydrolysis of 3 to 2. 

SCHBMB 4. -Conversion of Resolution Products to L-Aryllactic Esters 
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Esters 4a and 4c were independently prepamd by sodium nitrite treatment ofthe commercially available L- 
amino acids. Comparison of opticsl rotations of mauxial 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- 
enantlomers13 It is intetesting tc note that ln both the hydrolysis and the acetylatlon 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,9 where the aryl group is considered to be RI_ and the ester is RM. Ahhough the enzyme was quite 
tolerant of aryl groups of varying size and polarity, we were not able to mtionalize the variations in resolution 
efficiency for the various substrates. Enantiorneric excesses of the aryllactic esters were routinely determined by 
chiral HPLC using a Chiracel-OJ columu in hexane/isopropan 01 (typically 8~715) or by IH-NMR analysis of the 
masher esters of 4. 

In summary, this method provides rapid access to a wide range of enantiomerically enriched aryllactic 
acids aud esters on multigram scale from commcmially available or easily pmparul arylaldehydes. 
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