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Abstract' Compa.rative studics of enantiosclectivities and diastcreoselectivities in

lﬂC Ily(.ll'()ly&lb reactions Ul d(,yldlb dI]U DU DU U]l'c() CTlelIU mixiures Ol lﬂC €S1Ers Ol
related qponndm-v alcohols with Candida rugosa linase gave significant information
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about the reactmty order in the enzymatic hydrolysu, of acylals
© 1998 Elsevier Science Ltd. All rights reserved.
Biotransformations of organic substrates are one of the most powerful and popular methods for the
1

esis of ontically nure chemicals 1 Enzymes, due to their g
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stereoselecuvxtles have been used in many reactions with excellent s ereochcmlcal results. Hydrolytic
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jally play an important role in the optical resoluti /arious subs ugh
hydrolysis, esterification and transesterification reactions.

In order to explain the enantiopreference of lipases toward secondary alcohols, Kazlauskas and
coworkers proposedZ an empirical rule that is based on the relative sizes of the substituents at the
stereocenter. This rule, which is shown below, is in good agreement with the observed enantioselectivities
of most lipases. In the case of Candida rugosa lipasc (CRL) it has been strongly supported by

crystallographic results of menthol transition state analogs.3
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enzymatic deprotection of the corresponding acylal 1, with Candida rugosa lipase, in aqueous medium, at
pH 7. After 25% conversion, the enantioselectivity (%ece) was 72% and 25% after 50% conversion. As we
noted there“, the acetoxy groups of substrate 1 are prochiral, and the enzyme is expected to distinguish
them by showing a-selectivityd, if we are to use Kazlauskas' convention for secondary alcohols.62 Due to
the difficulty in observing the proR-, and proS- sclectivity of this particular reaction- loss of
stereochemistry from the product hemiacylal to the aldehyde-, we determined the enantiomeric
composition of the product among the four possible transition states, which represent the f-selectivity.d
As we observed? the R enantiopreference of the enzyme remained constant up to 50% conversion, with a

gradual decrease of enantioselectivity from 25% to 50% conversion,
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Wa rannrt hara the reculte af a coamnarative ctndv hetween enantincelectivity and
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alanhnle with Mandida rmronce linace Far thic ctudy wa cxrnthpci"lnr‘? arviale ? and 2 whirh hear an aryl
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synthesized® the 50:50 threo-erythro mixtures of the acetate of 3-phenylbutanol-2, 4, and 3-m-tolyl
butanol-2, 5, and studied their enzymatic hydrolyses. The results of all the enzymatic hydrolyses are
summarized in Table 1.

w N
>i
"‘55
:-t.
=3
=
-
>
-
5 |
g
=

Table 1. Asymmetric Enzymatic Hydrolysis of Substrates 2, 3, 4 and § with CRL.

entry Substrate Time/h  Conversion de %3P ee % Configuration
%ﬂ.
1 2 0.5 25 - >05¢ Rd
2 2 1.5 50 - 85¢ Rd
3 3 0.5 25 - 90¢ RY
4 3 2.0 50 - 60¢ RY
5 4 8 22 66 62¢ RRf
6 4 8 50 RSf
7 5 10 23 65 358 RR10
8 5 10 438 Rs10

2By 1H NMR (SOOMHZ2z). bBy GC analysis. “By 1H{ NMR in the presence of Eu(hfc)3. The error was £5%. dFrom the

correlation of the pattern of the qlrlphvrlm nroton si nnalc relative to that of 2- nhpnvl_nrnnannl and 2- f1_nnnh1hu
correiation of the patt C pro opar -napniny D

propanal of known configuration, in the presence of Eughfc)3. €By GC analysm of MTPA denvauves. fo optical
rotation of tosylate derivative. 11 8By IH NMR of MTPA esters in DMSO-d6. The error was +5%.

Acylals 2 and 3, (entries 1 and 3, Table 1), proved to be excellent substrates for Candida rugosa
Lipase, as shown by their high enantioselectivities . CRL hydrolyzed them faster than it did the acetates of

the corresnonding secondarv alcohols s can been seen from Table 1. the substituted nhenvl ring
inc corresponding sccondary aiConois. As €an ocCin sCin Irom 1aoi€ 1, the SUDSUTULCA phcnyl TIng
imnraved the an'c nf the nradhicote fram 770, in arvlal 14 tn QK. in arvlal 2 and ONG. in arylal T It ic
ullplU'\;u iV LUwv D Ul Liv lJlUuu\al-\) 1LV rlY T 4L /U KL u\;]lul x iuv 70 /U L1l u\a_yl(_l.l &~ (L1l 7V /U 111 (.l\.-.ylul 7. 1l D
Ittt b vt fhat tha 1 mnalitbharl Anrlaatitiatad aaelal s hinhoaw as ¢lao terntn B buaad Domaerinan oy
HILCICHLHLE LU THOLC Uidl LHC 1-THapiLlRyI=dUuidLILULCU dlyldl J, ZS1VED THEHCL CU Lidll SUDMLIALC |, DUL 10WCTL CC

than the m-tolyl-substituted acylal 2. These results are in agreement and confirm further those we reported
reccnlly“'. For example, the enzyme shows R enantiopreference in 25% and 50% conversion of acylals ,
but different enantioselectivity.
Comparing the present results, relative reactivity and enantioselectivity, with those reported
previously12 for the enzymatic resolution of diastereomeric mixtures of open chain secondary alcohols,
and drawing meaningful conclusions, is somewhat difficult because of the significant differences in
substitution at the carbinol stereocenter. However replacement of one acetoxy group by a methyl group

in substrates 1 and 2. nroduces the corresnonding substrates 4 and 5§ which are structurally similar to ea
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mthar € nnrmnasicnm of tha anoumatic hudralueacd of &SN thran-aruthern mivinree nf the arafatas nf 2
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phenyibutanol-2 (4) and 3-m-tolyibutanoi-2 (5)8, with the corresponding hydroiyses of acylals 1 an
may clarify the reactivity order and the high enantioselectivities observed for acylals.

As shown in Table 1, the acetates of alcohols,
4and 5 (entries S and 7), hydrolyzed substantially
slower than acylal 14, (8 hours for 22% conversion
and 26 hours for 45% conversion). From the
diastereoselectivities and the enantioselectivities

Qs.
30

B obtained in the hydrolyses of the acetates, of .hc

‘ four stereoisomers the RR hydrolyzes first, followed

A \ After enzymatic hydrolysis o 1he 5 and RS -which show small differences in

H \ ) i reactivity- and finaily by the SR isomer. Substrate 5

} \ \ l M‘: OMTPA shows the same reactivity pattern with no change in

J%j \J \‘_\ ({“Me diastereoselectivity but a small decrease in
Ervthro Threo ” enantioselectivity.

— \&,—g‘ ® The observed R stereoselectivity for each indivi-
i A Ty L“: -dual diastereoisomer in the carbinol stereocenter
l\ “ ﬂ ﬂ is in accordance with the proposed2 model for CRL.
Racemic mixture of a 48:32  However, unlike the PFLO2, in which the small

H H H ‘l A diastereoselectivity for the same substrate showed

ha e

U U that the factor govemning ihe order of reactivity is
J U N\ the R stereochemistry in the stereocenter bearing
»S

the acetoxy group, CRL reacts with the SS stereo-

23 om 22 isomer faster than with the RS. This shows a clear
difference in enzyme reactivity between CRL and

Figure 1. Spectrum A shows the |H NMR (S00MH?z) PFL.
signals of the four diastereotopic aryl-methyl groups of the To facilitate the discussion, we wish to point out
MTPA esters 10, in DMSO-dg. Spectrum B determines the that due to the change in the priority order of me-

diastereaselectivity and enantioselectivity of the enzymatic . thyl versus acetoxy, according to the Cahn-Ingold-

reaction by integration of the proper aryi-methyi groups of Prelog rules, the RR and SS configurations of the
the corresponding MTPA esters. aicohol mixture represent the proS-R and proR-35



trangition states of the acvlal esnectivelv. Inlike the finding with acvlals. the R stereacenter dnec nnt
transition states of the acylals, respechively, Unlike the nnding with acvlals, the p stereocenter does not
Aintata tha nhearuad anantincalantivity in th vdrnlucic nf coannndaru alanhnale Tn tha naca Af anvlale a
WLIGLL LIV UDWL YU VIIGRAILIUSWIVME YILY 1L L I.JQIQ Vi q\.r\.uuu(u] QIVUIIVLD,. L UG VAN U “\/]lmb, a

the SR stereoisomer which represents the proR-R
transition state of the corresponding acyial, is the ieast reactive among the four stereoisomers.
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Although this reversal of reactivity may be attributed to differences in the stereoelectronic nature of
the methyl versus the acetoxy group, we would like to propose the following explanation: Both
enantiomers of the acylals can bind at the active site of CRL, which, as a non specific enzyme, can

hvdrolvze readily the pro§ and proR acetoxy group of each individual enantiomer, as show

Yyl Lo S a2 Wl 1vigual enantiomer i vy il

following scheme. Hense, only the first two conflguranons of the secondary alcohols RR and SS, represent
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