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Abstract: Petlxclilinacylase from 8.~011, rmmoblized on EuperyitC -_- 
bedds catalvzes the hvdrolvsis in water/CH,CN 1O:l. at DH 7.5 and _ _ 
23 "(2, of d set of 0-phenylacetate esters ofJprimary carbinols. The 

hiyhest enanttoseleutivity is observed in the case of the 2,2- 

dlmethyl-l,f-dluxolane-4-methanols structurally related to 

the penicillin (1) framework. Minor moditications of this basic 

structure dre not altering the acceptabrlity by the enzyme, but 
siyniflcdntly decrease the enantiuselectivity of the hydrolysis, 
as does the use of benzene as solvent and Sepharosr-bound enzyme. 

There is a current interest1 m preparative organic chemistry for new synthetic applications of 

enzymes, due to reaction specificity, enantioselectivity, and rate enhancement these unique cata- 

lysts can achieve in comparison with non-biologically based systems. Organic chemists are now 

being facilitated in this exploratory work from the circumstance that an increasing number of 

enzymes is becoming commercially available, some of which in stable, immobilized form, suitable 

for long term, continuous or batchwise operations. 

In this contest, for some time now we have been studying the behavior towards unnatural 2*3 

substrates of penicillinacylase (EC 3.5.1.11) from w, using a commercial preparation immobi- 

lized on Euperqit C beads. This enzyme selectively transfers the phenacetyl moiety of penicillin 

G (1) to water giving 6-aminopenicillanic acid (2) and phenylacetic acid4 and it is used in- 

dustrially ' in the production of (21, which is a key intermediate in the preparation of semisyn- 

thetic penicillins 6 . 

Recently we observed the aptitude of immobilzzed penicillinacylase to hydrolyze at pH 7.50- 
phenacetyl esters to the corresponding alcohols and phenylacetic acid and briefly' referred on the 

enantioselectivity of the hydrolysis of the phenacetyl esters of a series of 2,2-dimethyl-1,3- 

dioxolane-4-methanols. The relevant enantioselectivity observed in the hydrolysis of some members 

of the above set of materials induced us to further extend our studies on substrate specificity 

and enantioselectivity of this synthetically useful enzymic reaction and we now report on the 

results obtained. 
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(3) R= RI= R’= H 

(4) R= Me: RI= R2= H 

(5) R= R’=H; R2= Me (4,5anti) 

f6) R= RI= H; R2= 

(7) R= R1s Me; R2= 

Cf120H (4,5-anti) 

H (4,5-ayn) 

(9) R= H; R1= Rz= Me 

(9) R= R’=H; Rz= Me f4,5-syn) 

(lO)R=Rl= H; R2= Et (4,5-syn) 

fll)R= Me; RI= Ii; R2= Et (4,5-syn) 

RFSULTS #AND DIscussroa 

In the present study the ability of immobilized penicillinacylase to hydrolyze the CJ-phenylace- 

tate esters of a series of relatrvely small, highly functlonallzed, structuraLfy related primary 

and secondary carbinofs was considered, together with the enantioselectivity of the reactlon. The 

compounds examined are accessible in optically active farm either by modiflcatlon of chlral 

natural products or by asymmetric synthesis and are being currently used as starting material 1n 

the synthesis of optically active forms of natural products and drugs. It was thus of interest to 

verify in the context of the present work designed to estabilish the structural limits of aecep- 

tability as substrates by peniciilrnacylase of phenylacetate esters, if this hydrolytxc method 

could give! a direct access to a set of synthetically useful chiral synthons. 

In the f&r& instance we chose as substrates for the hydrolysis reaction the phenylacetate 

esters [31-(Ill, holding structural similarities with penicillin G fll. Thus, comparison of 

structural formulas 13)-(111 and (1) indicates that part of the framework of !i) is matchrng the 

1,3-dioxolane moiety of (3l-(fll {see heavy bonds), being the gem-dimethyl groups at homologous 

positions in (11 and (3)-(1X) separated from the bonds to be broken in the hydrolysis by the same 

number of atoms. 

The esters f3t-(111 are indeed hydroryzed to the correspandinq carbinols with t l/2 of 3-4 h for 

all the materials, However, the absolute configuration of the products obtained in the hydrolysis 

and the enantiomeric eccess (ee 1 (table l), strongly depends upon the nature of the S-substi- 

tuentlsf and the 4,s stereochemistry. The highest se values fca. 0.9) are ob:arned for the 4- 

methyl substituted dioxolane methanols derived from (41 and (111, respectively, bezng the abso- 

lute configuration inverted upon substituting an hydrogen at posItion 5 for an ethyl group in s 

relationship with the 4-CH20 group. 

The srgnlficance for the enantioselectlvity of the hydrolysis of the presence of the gem-dznethyl 

moiety at posztlon 2 of the 1,3- dzoxolane system IS supported from the fact that (12) and {13), 
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the gem-diethyl analogs of (3) and (10). afforded, at 50% hydrolysis, (4s) and (4R, 5s) carbinols, 

showing 0.3 and 0.4 ee, respectively, being these values remarkably lower than 0.6 and 0.8 obser- 

ved with 13) and (10). Moreover, when the sp3carbon bearing the two methyl groups in position 2 of 

the dioxolane framework is substituited for an sp2 carbonyl carbon, as in the cyclic carbonates 

(14) and (151, a rapid hydrolysis occurs [t l/2 ca, 1 h 1, but the carbinols obtained at 50% 

hydrofysio resulted devoid of optical activity in the case of (14) and (15). Subsequently, the 

framework of the dioxolane methanols (3), (5) and (9) was substituted in a-position with a vinyl 

group, thus mimicking in some way , in terms of number of atoms and electron density, the carbonyl 
group of the S-lactam ring of (1). However, the resulting secondary allylic esters (16)-(18) (as 

a mixture of diasteroisomers) were not hydrolyzed, even when CH3CN in the reaction medium was 

substituited for 10% glycerol or 10% dimethylformamide. On the other side, penicillinacylase does 

TABLBI : Absolute configuration and enantomeric excess values for the 
products obtained by 50% penicillinacylase hydrolysis of 
the corresponding phenylacetate esters. 

parent ester abs. configuration 
of the alcohol 

ee Methods used for 
determining ee. 

(3) (4s) 
(4) (4s) 
(5) (45,551 
(6) (4S,5S1 
(71 14S,5R) 
(8) (4R) 
(91 (4R,5S) 
(101 (411,5S) 
(11) (4R,'jS) 
(12) (45) 
(13) (4R,5S) 
(141 optically inactive 
(151 optically inactive 
(16) f4R,5St 
(20) 12s) 
(23) (2Sf 
(25) {4R,5Sl 
(26% (Sl 

0.6 a,c 
0.9 a,b,d 
0.5 a,c 
0.52 a,c 
0.65 d 
0.33 Q,C 
0.46 a,c 
0-S a,c 
0.9 a,c 
0.3 
0.4 

0.3 
0.85 a,c 
0.07 a,c 
0.7 a,c 
0.28 a,c 

a) Optical rotation measurements. b) NMR studies on [-) camphanyl esters. c) NMR 
studies on the acetyl derivative in the presence of tris- 3-(heptafluoropropylhy- 
droxymethylenelcamphoratoeuropium~III).d~NMRstudies onthe (-j-methoxyftri- 
fluoromethyl)phenylacetyi esters. 

catalyze the hydrolysis of the a-phenyl substituted secondary allylic phenylacetate 1201. yiel- 

ding with t l/2 of 2 h a (2R) carbinol of 0.8-0.85 ee.8 

Furthermore, product (201, the phanylacetate of glycidol (2,3-epoxypropan-l-01 1, in which the 

three adjacent oxygen functions present in (3) are mantained,but the penteatomic dioxolane system 

is substituted by the oxyrane system,is rapidly hydrolyzed, whereas the ester which survived to 50% 

hydrolysis resulted optically inactive. Similarly,the glycerol derivative (21) behaves towards 

penicillinacylase as (20). The hydrolysis proceeds with t l/2 of 1 h. but the survived ester is 

devoid of optical activity. The same is true for the 2-phenylacetate of l-phenyl-1,2-ethanediol 

(22) which yields with t l/2 of lh a (2S)-dial with [a12'D +2.4O (c 3,acetone) (lit.9 +3Q" ). 

Nhen the secondary alcohol of (22) was esterified with phenylpropionic acid, the resulting diester 

(23) was not hydrolyzed. 

However,the phenylacetate ester (24), in which the 1,3-dioxolane system bears at position 5 a 

bulky substituent, is hydrolyzed (t l/2 ". Zh), affording, at 50% conversion, a (4R.5S) carbinol 

with 0.7 se, readly converted upon controlled acidic hydrolysis, into 2-deoxy-D-ribose 10 _ 

Furthermore, when penicillinacyiase is acting onto (25), the phenylacetate ester of 3,4-isopropy- 

lidenedioxy butan-l-01, an (S) carbinol wss obtained with 0.28 ee. Comparison of this result 
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with that obtained with the lower homologue (3) indicates a decrease of optical purity on Intro- 

duction of an additional CH2 g roup between the bond to be broken and the asymmetric carbon atom. 

Finally an hydrolysis experiment was carried on using Sepharose bound peniclLLinacylase in benzene 

saturated with water. In this circumstance, the extent of the hydrolysis was followed by HPLC 

analysis. However, the carbinol obtained at ca. 509 hydrolysis from the phenylacetate (9) was 

devoid of optical activity. 

In the present work an attempt has been made to estabilish some structurA rules for acceptabi- 

(12) R= H (14) R= H 

(13) R= Et (4,5-syn) (15) R= Me (4,Ganti) 

k 
(16) R= H 

(17) R= Me (4,5-anti) 

(18) R= Me (4,5-syn) 

lity by penicillinacylase, a synthetically important, readly accessible enzyme, of non conventio- 

nal substrates. 

The results otained with the above sets of 0-phenacetyl esters of structurally related alcohols, 

bearing, in most instances, two oxygen functions inaand B positions, indicate the facile hydroly- 

sis of the derivatives of primary carbinols, being, however, the enantioselectivlty strongly 

depending upon some structural features. In particular, amongst the compounds matching in part 

the molecule of penicillin G fl), the natural substrate of the enzyme, those hydrolyzed with 

higher enantioselectivity are the 2,2-dimethyl-1,3-dioxolane derivatives (3)-(11). Minor modifi- 

cations of this framework, such as the substitution of the 2,2 dimethyl moiety for the 2,2-diethyl 

or the 2-carbonyl as III (12)-(15). determines a siqniflcant decrease of the ee values. 

Furthermore, the allylic, secondary derivatives (16)-(18) are not hydrolyzed, altough the less 

hindered allylic ester (19) affords a carbinol of high ee value. The primary carbinols bearing 

oxygen functions in a and 6 position(s) are obtained from the corresponding esters but without 

noticeable enantioselectivity. The relevance of the solvent in determining the steric course of 

the enzymic reactions" 1s demonstrated by the experiment with sepharose bounded penicillrnacylase 
actlng in berizene upon the ester (91, which afforded a carbinol devoid of optical activity, 

whereas in water, with the Eupergit C bounded enzyme a material with 0.46 se. was obtained. The 

above experiments, seen together, illustrate the synthetic utility of pen~c~llinacylase In the 

preparation of chiral carbinols by means of the hydrolysis of the corresponding phenylacetate 
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esters and the empiricism still informing the predictability of the substrate specificity and ste- 

reospecificity of enzymatic transformations of non conventional substrates. 

(2W (21) R= S02C6H4CH3(p) 

(23) R= COCH2CH2Ph 

BXP-AL 

Materials and Methods -- 

The enzyme penicillinacylasc from E.coli,strain ATCC 9637, was a commercial preparation devoid 
of 8-lactamase, provided by SCLAVO , Divisione Biochimica, DeBi.. The anryme had been covalently 
coupled on Eupergit C (activated oxirane acrilic beads) obtained from ROHW Pharma Weiterstadt 
ERG., following the instruction of the manufacturer. 
The supported enzyme was stored in aqueous solutions containing 80% glycerol at the temperature 

of 4' C. In these conditions it mantained constant activity for almost one year. 
In one of tha experiments the penicillfnacylase used was a preparation coupled to Sepharose CL 

4B Pharmacia, following the procedure of Aksenll. 
Before use, the beads were filtered and washed several times with distilled water in order to 

remove glycerol traces. The beads were air dried on the water pumpi in this way about a 60% 
content of water was retained. The activity of enzyme preparations was determined with penicillin 
Gas substrate (4% w/V solution, in 0.002 W phosphate buffer, pli 7.8 at 28 Cl. 50s hydrolysis of 
penicillin G required 20 min.. 
The activity of Eupergit C supported penicillinacylase was 190 ICI/g wet weight; the activity Of 
the sepharose bound one was 153 Ill/g wet weight. 
Kinetics of eneymatic hydrolysis were followed by alkaline titration (1M NaOHl using a Methrom 

pri-stat equipped with pIi-meter E362, Impulsomat E-473, Dosimat E-415. 

Preparation of Substrates - 

The alcohols used in the present experiments were either commercial samples or prepared by 
synthesis according to literature procedures. The O_phenacetyl asters were obtained according to 
the following general procedure:. the alcohol (0.1 mole) in 100 ml of dry CH2Cl2, in the presence 
of 0.2 moles of pyridine, was treated dropwise within 15 min. at 0 o C with phenacetyl chloride 
10.12 mole). After standing overnight at room temperature, the reaction mixture was sequentially 
washed with water, 1N HCL, 5% NaHCD3 solution, to give. after evaporation of the dried (Na2SG41 
solution, the phenacetyl ester in 70-90\ yield. The material was purified either by distillation 
or by Si02 column cromathography using hexane-ethyl acetate as eluents. 
is based on elemental analysis, 'H NMRand IR spectra performed, 

The structural assignement 
when possible, on samples ob- 

tained by bulb to bulb vacuum distillation. 



The following analytical data were obtained: 

Product (3 b Anal. Calcd. for CL4H1S04 : C, 71.77; H, 7.74. Found: C, 71.63; H, 7.61; 

for CI,H,,CA : C, 68.16; H, 7.63. Found: C, 68.22; H. 7.66; (4) 
(5) 
(6) 
(71 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
(14) 
(151 
(16) 
(17) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 

A> I” . 

for C15H2004 : C, 68.16; H, 

for C15H2005 : C, 64.27; H, 

for C15H2004 : c, 68.16; H, 

for C16H2204 : C. 69.04r H, 

for C15H2004 : c, 68.16; ii, 

for '16H22'4 : C, 69.04; H, 

for C17H2404 : C, 69.83: H, 

for C16H2204 : C, 69.04; Ii, 

for '1BH26'4 : C, 70.56; H, 

for Cl2"12% : C, 61.01; H, 

for C13H14Cs : C, 62.39; H, 

for C16H2004 : C, 69.54; H, 

for '17'22'4 : c, 70.32; H, 

for C17H2204 : C, 70.32; H, 

for ClSHlSC2 : C, 81.17; H, 

f*r CllH1203 : C, 65.73; H, 
for C1SH1S06S : C, 59.66; H, 

for '16%6'3 : C. 74.98; H, 

for '2SH24'4 : C, 77.30; H, 

for C1SH2406 : C, 64.27; H, 
for CL5H2004 : C, 68.16; H, 

7.63. Found: C, 68.19: H, 7.63; 
7.19. Found: C, 64.16; H, 7.21; 
7.63. Found: C, 65.23: H, 7.56: 
7.97. Found: C, 69.08; H, 7.81; 
7.63. Found: C, 68.11; H, 7.58; 
7.97. Found: C, 69.11; H, 7.91; 
8.27. Found: C, 69.76: H, 8.22; 
7.97. Found: C, 69.01; H, 7.H9; 
8.55. Found: C, 70.59; H, 6.47; 
5.12. Found: C, 61.03: H, 5.14; 
5.64. Found: C, 62.32; H, 5.68; 
7.30. Found: C, 69.58; H, 7.32: 
7.64. Found: C, 70.28; H, 7.60; 
7.64. Found: C, 70.29; H, 7.62; 
6.81. Found: C, 81.09; H, 6.83; 
6.29. Found: C, 68.77; H, 6.22; 
5.01. Found: C, 59.71; H, 5.06; 
6.29. Found: C, 74.93: H, 6.22; 
6.23. Found: C, 77.26; H, 6.21: 
7.19. Found: C, 64.21; H, 7.21; 
7.63. Found: C, 68.11; H, 7.61. 

Hydrolysis Experiments 

The following general procedure was applied to all ester hydrolysis. The substrates used in a 
concentration range of O.l-lmtiofar were suspended in 10% CH3CN aqueous solutions 0.002 M phos- 
phate buffer, pH 7.5. The reaction vessel was maintained at room temperature and was mechanically 
stirred. The pa-stat was set to keep the pH at 7.5. 

Penicillinacylase beads were added in the amount of about 50 TU/mmole of ester. The 501 of 
hydrolysis was extrapolated by the equivalents of NaOH added. 

No aspecific hydrolysis was detected in the absence of the enzyme. The presence of 5-109 of 
CH3CN. THF or CH30H was accepted by the enzyme beads without siqnificatrve modifications on the 
activity and substrate tolerance. 

The enzyme activity after a long permanence in the reactron vessel in the presence of substrate 
and 101 CH3CN, was tested and presented no siqnificative reductron. Even if the reaction mix- 
tures were often non-omogeneous and hence far from the Michaelis-Menten conditrons, a good repro- 
ducibility of the results (1.e. ee and hydrolysis rates) was observed. 

Isolation of the Reaction Products and Determination of their Optical Purity v-F-- -- 

The mixture resultrnq from the enzymic hydrolysis, once separated from the beads by filtration, 
was extracted 3-5 times with CH2C12. 
solution, 

The residue obtained upon concentration of the dried (Na2S04) 
was chromatoqraphed on SiO2 column with hexane-ethyl acetate, obtarning the survived 

ester in the first eluate, and subsequently, upon increasing the amount of ethyl acetate, the 
carbinol produced in the hydrolysis. The materials, when possrble, were subsequently drstrlled 
under vacuum in a bulb-to-bulb apparate. The absolute conflquration of the isolated carbinols was 
assigned on the basis of the optical rotation and comparison with authentic samples. When required 
(see below) a chemical correlation wrth known materials was made, 

Thus, the chiral forms of the carbinols obtained from the esters (3),(6t and (221 are known and 
commercially available, whereas those from (5),(9),(11) and (241, already prepared by us,13r14f15 
were directly used for comparison. Finally, the optically active forms of the carbinols arising 
from the esters (41, (El), (14) and (25) are reported in the literature.16' 17* '* '** 

The absolute configuratron of the carbinol (26), obtained in 
was determined by conversion, I" two steps, into know"" 

the hydrolysis of the ester (7), 
a,@-unsaturated ester (27). 

COOEt 
(26) (27) 






