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Abstract - D-N-Acetyl amino acid esters were obtained via 

enantioselective hydrolysis of their racemates by use of 

fermenting yeast. Evidence is given that proteinases are 

the enzymes involved. 

INTRIIDDCTION 

Enantioselective transformations of organic compounds using baker’s yeast (s~ZCChanol$/CeS C&W3&.& 

are well docuwnted’. The large majority of these conversions take advantage of the oxidoreduc- 

tases3 present in this microorganism. On the contrary much less is known about its hydrolytic pro- 

perties4’5 and it was shown by competition experiments among almost 250 species of microorganisms 

that the oxidoreductase activity of yeasts in general is greater than their hydrolytic action6. 

In the past decade asyrmretric hydrolyses using a variety of different microorganisms have become a 

frequently used method’ for the resolution of racemic esters bearing their chirality either in 

their acid component6 or (more frequently) in the alcohol moiety’ Only a few reports4 describe 

hydrolytic conversions by means of yti following either an enantioselective 
4a 

or achiral 

course4b’5. Most of the latter cases seem to have occurred as undesired side reactions. Among all 

microorganisms hitherto employed for asynxnetric hydrolysis yeast is preferable for a preparative 

organic chemist since it is easily available and its use obviates the need of sterile fermen- 

tation equipment5. The foregoing reasons in mind we started a study on the hydrolytic properties 

of yeast’ choosing N-acetyl amino acid esters as substrates for the following reasons: 

a) they are easily accessible and 

b) show a broad variety of structural features. 

c) Enantiomerically pure material is available for comparison from natural sources and 

d) both enanticmers play an important role in biological systems. 

RESU_TS ANI DISClJ%XDN 

A series of racemic N-&etyl amino acid esters 1, 3 and 5 was subjected to the action of fermentin< 

yeast (&~Xh&t~Ced c&zMui&re ffum&3r). Wu found that in all cases the carboxylic ester was 

hydrol’ysed and the amide group remained unchanged. Similar to the action of a--trypain on 

some of these mdsg only the “natural” C-derivatives were cleaved while the Yinnaturel” D- 

enantiomers (It)-1, ,(R)-3 and CR)-5 remai’ned unchmged and could be recovered with low to 

excellent enantiomeric excess. The correspcmding (S)-N-acetyl amino acids 2, 4 ti-6jwere not 

isolated. 
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1) Steric Influmce of Subatituents 

As shown in schema 7 the majority of substrates besring unbranched alkyl or aryleikyi aubati- 

tuents (la, lb, Id and le) is hydrolyzed with excellent enantiomeric excess. Side chains only in- 

hibit the reaction if branching is loceted close to the ssynaaettic center in O-position (sub- 

strates lc and Ik). In these casea the speed of conversion is reduced significantly as indicated 

by high recovery of starting ester and therefore only marginal enantiomeric excess is found. A 

y-substituent (substrate Id) shows no negative effect on the course of the enzymatic transfor- 

mation. 
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a Ester (I?)-1, isolated from reaction. 
b 

Determined by measurement of optical rotation, references 

for dsts of enantiomerically pure material. ’ an-anaerobic, aezaerobic fermentation conditions 

(see experimental). d In addition determined by ‘H-NMR spectroscopy using the chirel shift 

reagent Eu(hfcj3. e See experimental. f N-Acetyl-0-acetyl threonine ethyl ester. 

If the distance between the center of chirality and the carboxylic ester group is extended by a 

CH2-unit microbielly mediated hydrolysis fails completely showing compound 3 to be a nonsubstrate 

(see scheme 2). Obviously an N-acetylamino function in a-position to the ester moiety is necessary 

for an effective conversion. 

This fact is confirmed by an additional finding: If two chemically different ester groups are 

present in a substrate (compound If and lg) an enzymatic regioselection is observed: While the 

a-ester is preferentially cleaved the w-ester moiety remains unchanged yielding the w-half eaters 

of (S)-N-acetyl aspartic E(S).-Zf] and (S)-N-acetyl glutamic acid [(S)-lg] as determined by 

comparison of their “C-M spectra and their behaviour M TLC with independently synthesized 

material18. The rameining (R)-d&esters If and lg both showed almost 90% e.e. These facts are in 
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accordance with the hydrolytic beheviour of a-chymotrypsin 
9,15,16 . 

Scheme 2 
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Low enantioselection is observed in the hydrolysis of cyclic derivatives Se and 5b. Similarly, 

amino acid esters bearing an additional polar substituent (lh, li and lk) turn out to be unsuitable 

as substrates for .%CtiOlyCeS CU&Ai.UE: even after 48 hours of exposure to the culture medium 

low conversion - indicated by s general high recovery level - is found and the optical purity of 

isolated esters is either disappointing (li: e.e.=43%) or exceedingly low (lk: e.e.=3%). The most 

polsr derivative among this group turns out to be even a nonsubstrate. 
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references for data of enantiomericslly pure materiel. ’ an-anaerobic, aezaerobic fermentetion 

conditions, see experimentel. 
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Little influence on the microbial hydrolysis is effected by variation of the alcohol moiety of 

N-acetyl elenine esters (see scheme 4). While the methyl ester only was converted slightly 

slower, all other esters of primary and secondary alcohols were hydrolyzed at the same rate 

yielding products with an enantiomeric excess greeter than 96%. The t-butyl ester was not 

converted at all. 

Scheme 4 

cnNn&c - w-c-tdn& + ncHN-c---H 
I I I 
CH3 CM3 CH3 

IRS1 (RI &I 

R = methyl, ethyl, n-propyi, i-propyl, n-butyl, n-octyl, benryl, ryclohexyl, .C=butyl. 

21 Influerm of fenrentaiion Conditions 

In general ~Qtobic conditions 21 
were used for the fermentation (see schemes l-31 providing a 

sufficient rate of hydrolysis to accomplish a conversion greater than 50% within 48 hours 

necessary for an optimum of enantiomeric excess. Beyond this time gradual cell decomposition 

begins making workup more troublesome. 

As can be seen in figure 1 vsrious substrates are hydrolysed et different rates, 1% reaching 

maximum optical purity already within 12 hours and la within 36 hours. On the contrary compound 

lc shows a low speed of conversion. Aiming to increase the rate of hydrolysis by accelerating the 

metabolism of the microorganism we performsd the hydrolysis of three selected substretes [lc, li 

and 3 (see scheme 1 and z)] - which did not give satisfying results using Un&Z.%ob& conditions - 

with aeration of the culture medium (see experimental). 

figure 1 

Fermentation Time [h] 

A N-Acetyl phenylalanine ethyl ester (le), metobic conditions. 

0 N-Acetyl elanine ethyl ester (la), ~5.~06.k conditions. 

0 N-Acetyl veline ethyl ester (lc), mm&c conditions. 

A Ic, amob& conditions. 



In case of lc where probably steric r%asons caus%d a low speed of conversion under -0biC 

conditions this methad improved the result drssticelly: aeration raised the enentiomeric excess 

of recovered est%r I% from 33% (#riS&?bic) to 8&X$ (u%.Mbie conditions). tkrfortunetely, this 

behaviour msy not be taken %%.a rule: elthough rapid hydrolysis was fuund with substrate 3 

enantioselection was entirely last. No influence of fermenting conditions.on the hydrolysis was 

escertainable with substrate li (see scheme 1)” 

Various types of hydrolytic enzymes are active in fermenting yeast 
22 . To elucidate the nature of 

those involved in th% hydrolysis of M-ecetyl amino acid esters experiments were p%rforrU with 

compound la es a model subetrete. 

To cfsrify whether the enzrntiosefection of the hydrolysis wss caused either by the hydrolytic 

enzyme itself or (fess probably) is accomplished vie the amxx..actd transport system of SUW&%W- 

mycen ce~ev&&P we bydrolyred compound Is using the eytosc&and the membrane frectlon of 

mechanically disrupted cells 24 as source of enzyme: The hydrolytic activity was found in equal 

amounts both in the cytosol and in the membrane fraction yielding ester (RI-la with almost 

identical optical purity ffi8S end 44X, respectively, after 24 hours>. We regard this as evidence 

that the enantiosefection obserwd is caused ~red~~nant~y by the hydrolytic enzyme system 

itself. 

from the close analogy of hydrolytic beheviour of ~cha&muj~eb tX&&&& Hatkl@n with ct-chymo- 

trypsin9 we suspected that the enxyme responsible for hydrolysis might be a proteinese*5 rather 

than 8 lipess, ester&se or phospholipsse. To answer this question we performed the hydrolysis of 

model substrate 5e with yeast mutant A8YSl - deficient in unspecific proteinases fyscA, ysc8) and 

unspecific carboxypeptidases fyscY, ys~S)2~ -together with the corresponding wild type X 2180-1R 

8s control experiment. 

Scheme 5 
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a 8a&1~&o%yceb c@4N&.&e ffun.M?t. b Wild type X 2180-?A. ’ Strsin ABYSI, deficient in unspecific 

proteineses lyscA, ysc8) and unspecific carboxypeptidases jyscY, y&S). d E.e. of (R)-le. 

While sact!lUXOsNjCti Certev&r.Z f!~.Mn and the wild type both snowed almost identical results 

indicating their close relationship the proteinsse and carboxypeptidase deficient mutent 

rompletely failed to hydrolyze substrate la giving 8 recovery of >88#. from these results we 

assume the e&iv% enzyme system to be B proteinsee. 
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4) Final Rararks 

On the basis of these findings we think that the hydrolytic properties of yeast have been under- 

estimated so far. Preliminary results show that yeast medisted hydrolysis is not limited to 

N-acetyl amino acid esters but csn be extended to various types of substrates, being subject of 

current investigations in this laboratory. 

EXPERIIENIK SECTIDN 

Optical rotations [a]D2o were measured on a Perkin Elmer 141 polarimster. 1 H-NWL spectra were 

recorded in CDC13 on a Bruker WH 90 spectrometer. Chemical shifts are reported in 6 fran TMS as 

interns1 standard. TLC was performed on silica gel (Merck 60 Fzs41 using cyclohexane/ethyl 

acetate 1:l (v/v) as eluent. Esters uere visualized by exposure to Cl2, subsequent drying at 

150” for 1 nin and sprsying with modified Ehrlich reagent *‘. Elements1 analysis data (C,H,N) 

of novel corapounds were within iO.3X of calculated values. 

N-acetyl amino acid esters. 

OL- and L-substrates were prepared from amino acids using one of the following esterificstion 

methods and subsequent acetylation with acetic anhydride in pyridine: 

1) Esterification according to Brenner *B: 1t1'~, lb", lc'*, ld13, le14, lf15, l& lh", 5s~'~ 

and L-N-acetyl alanine methyl ester 29. L-N-Acetyl alanine propyl ester: yield 87%; bp 96-W’/O.O6 

mbsr (Kugelrohr) ; [cx]~~ -56.9O (c 3.0, EtOH). L-N-Acetyl alanine i-propyl ester:‘yield 80%; 

bp 98-102°/0.05 mbsr (Kugelrohr); mp 49-50”; [coldly -54.2O (c 4.8, EtOH). L-N-Acetyl alanine 

butyl ester: yield 86%; bp 100-5°/0.08 mbar (Kugelrohr); [al, *’ -53.6” (c 5.0, EtOH). DL-3- 

Acetylamino butsnoic scid ethyl ester (3): yield 81%; bp 101-30/0.2 mbar (Kugelrohr); lit.: 33 bp 

109-12°/0.02 mbar. 0-2-Acetylamino butanoic acid ethyl ester (lb)" obtained by yeast hydrolysis: 

[alo20 +46.0” (c 3.7, EtOH); ’ H-NMR spectroscopy using Eu(hfc)) revealed an optical purity of 

>96%. I. 
2) Azeotropic esterification using p-toluenesulfonic acid in benzene 30 . L-N-Acetyl-0-acetyl 

serine ethyl ester (li):_.yield 45%; mp 63-5”; [a] *’ +3.85O (c 6.0, EtOH). L-N-Acetyl-0-acetyl 

threonine ethyl ester (lk): yield 48%; oil; [a], 28 +38.4” (c 3.7, EtOH). L-N-Acetyl alanine 

octyl ester: yield 84%; bp 110-5°/0.13 mbar (Kugelrohr); mp 28-9O; [al, *’ -42.9O (c 6.4, EtOH). 

L-N-Acetyl alanine benzyl ester: yield 81%; bp 125-30°/0.05 mbar (Kugelrohr); mp 48-9O; [aID*’ 

-50.7O (c 3.9, EtOH). L-N-Acetyl alanine cyclohexyl eater: yield 73%; bp 90-5O/O.13 mbar (Kugel- 

rohr ) ; [al:’ -49.0” (c 2.1, EtOH). 

3) Transesterification using Lbutyl scetate/HC10431. Cl_-N-Acetyl alsnine t-butyi ester: yield 

38%; bp 101-60/0.1 mbsr (Kugelrohr). 

4) 5b*’ was synthesized by esterification using OCC 
32 . 

13C-NMR data of half esters of N-acetyl glutamic acid. CL-N-Acetyl gluts&c acid y-ethyl 

esterlab : C-l 173.3, C-2 52.0, C-3 26.9, C-4 30.4, C-5 171.7, y-ester-CH3 14.0, y-ester-CH2 

60.6, amide-CH3 22.5, amide-CO 174.3 ppm. DL-N-Acetyl glutamic acid a-ethyl ester lea: C-l 171.9, 

C-2 52.0, C-3 27.0, C-4 30.3, C-5 172.3, a-ester-CH3 14.0, a-ester-CH2 61.8, amide-CH3 22.6, 

amide-CO 176.0 ppm. 
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General procedure for the asynmbtric.hydrolysis by yeast: 

A suspension of fresh yeast (25Om1, about 409 of dry weight, &CCbolrycU CfMWiAiAU &nAOl, 

Reininghaua Co. Ltd./Grar) is diluted with 750 ml of distilled water and the fermsntstion is 

stsrted by addition of saccharoaa (?DDg). Few drops of polypropylene glycol P 2CDO serve as 

antifoaming agent. A solution of substrate [3g in l&11 of ethanol/weter 1:l (v/v)] is added 

dropwise and the mixture is thoroughly stirred at 35” for 48h. Aeration was accomplished by 

passing compressed eir,(about lL/min ) through a frit into the culture medium. Then the cells 

are removed by centrifugotion (30 min, 5”, 2000 rpm), again suspended in ethanol/water [3Oml, 

1:2 (v/v)] and recentrifuged. The c&ined liquid phase is extracted 4-5 times with CH2C12 or 

CHC13. After drying with Na2S04 the organic layer is evaporated. The residue is subjected to 

Kugelrohr distillation and subsequent column chromatography on silica gel using hexane/ethyl 

acetate as eluent. For measurement of optical rotation the material is redistilled. 
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