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Abstract: Aiming to improve the enantioselectivity of enzymatic 
resolution of esters, . catalyzed hydrolysis of 
(L)-2-chloropropanoates o:'?~~~ racemic alcohols and 

(D)- and 
transesterification 

of ethyl (DL);;;;hloropropanoate with optically 
investigated. (L)-2-c loropropanoate E 

ure alcohols was 

hydrolyzed by 1ip;lse 
(r;c)--;-,dt";I;nof;;;;y 

more 
yt; 

corresponding (D)-counterpart and optically pure 
selectively than 

obtained transesterification of 
(D)-2-chlor&opanoate usin 

its 
(lR,ZS,5R);y;;thol was 

racemate eth 1 

results obtained it seems g 
Candid;h;<li~~;~z-~~ (CC) lipase. From X t e 

o vious CC and P mainly can 
recognize the chirality of an alcohol moiety rather than that of an acid. 

INTRODUCTION 

A number of methods have recently be;n developed for improving the 

selectivity of enzymatic resolution : Optimisation of substrate 

structure, 2 variation of enzyme, 

application of novel acylating 

ag:nt;:z$cean;f organic 

addition of 

so;;;;;;;+,: 

and/or activatorslo' have contributed to an increased use of enzymes 

for the preparation of optically pure compounds.12-l4 In the course of 

our ongoing studies in this field2S3S15p16 we started an investigation on 

hydrolysis and transesterification of esters in which both the alcoholic 

and the acidic parts are chiral. Although diastereomers can be separated 

due to their different physical and chemical properties, the methods 

required are often quite laborious. Therefore, the implications intended 

to be covered by the present work are: 

i) Potential amelioration of enzymatic resolution of racemic alcohols 

and acids, 

ii) easy determination of the optical purity of products since 

diastereomers and not enantiomers have to be analyzed, and 

iii) trying to gain information about the type of chiral recognition 

operative. 

To the best of our knowledge, such an approach has not yet been developed 

besides early reports on the resolution of esters of amino acids with 

chiral alcoho1s18'1g and of amino acids bearing chiral N-acyl groups 17,31 

using renal carboxypeptidase or o-Gchymotrypsin. For the present work two 

types of substrates were chosen: 
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Type I: Optically pure acid moiety and racamic alcohol R. 

Type II: Optically pure alcohol R and racemic acid moiety. 
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RESULTS AND DISCUSSION 

1. Selectivity Enhancement of Alcohol Resolution (Type I substrates) 

As shown in scheme 1, diastereomeric esters of racemic alcohols (RS)-lb 
and (RS)-Jb and (D)- or (L)-2-chloropropionic acid were enzymatically 

hydrolyzed using 1 ipases from Candida cyl indracea (CC) and Pseudomonas 
fluorescent? (P) (see table 1). On the other hand the investigations were 
extended to transesterification reactions (see table 2), because by this 

technique different selectivities compared to hydrolytic conversions can 
be obtained.21’22 This approach proved to be particularly useful in case 
of the resolution of menthol since the corresponding 2-chloropropanoates 
could not be hydrolyzed enzymatically at all. 

As shown in table 1, both lipases CC and P showed a preference for the 
same alcohol enantiomer of 2a and 3a regardless of the chirality of the 
acid moiety present in the molecule. Almost identical values of R23,25 

for both diastereomeric octynyl esters la were obtained. However, in case 

of the more rigid norbornyl esters 3a, a marked influence of the 
chirality of the acid moiety on the enantioselection with respect to the 
alcoholic part was found, depending on the enzyme used: Using lipase CC 
(D,RS)-3a was resolved about twice as selectively as the corresponding 

(L,RS)-3a counterpart. With lipase P the same was true but for the 

opposite diastereomer: The enantiomeric ratio E for (L,RS)-3a was seven 
times higher than that for (D,RS)-3a. 
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8cheme 1: Resolution of type I esters 

Hydrolysis 

(D,RS)-2a (D) (S)-2b (D,R)-2s 
(D, RS)-3a (D) (lS)-3b (D, lR)-3a 

(L,RS)-2a (L) (S)-lb (L,R)-la 

(L,RS)-3a (L) (lS)-3b (L, lR)-3a 

Transesterification 

R-OH + OEt 

(RS)-lb CD)-5 (D, S)-la (RI-lb 

(RS) -4b (D)-5 (D, lR)-4a (IS)-4b 

(RS)-lb CL)-5 (L,R)-la (S)-lb 

(RS) -4b CL)-5 (L, lR)-4a (lS)-4b 

R 

+ R-OH + O-R 

iipose 
Cl 

-“I, 

0-R + R-OH + EtOH 
hexone 

cl 

Ester la 20 3o 4a 

Alcohol lb 2b Jb 4b 

Table 1: Hydrolysis of esters 2s and 3a (see scheme 1) 

Substrate Lipase 

(D,RS)-2a cc 
(L, RS)-2a CC 

(D,RS)-2a P 

(L,RS)-2a P 

(D.RS)-3a cc 
(L,RS)-3a cc 
(D,RS)-3a P 

(L,RS)-3s P 

Conversion 

[Xl 

33 

40 

42 

38 
---------___ 

44 

35 

47 

43 

c 
__._ 

Alcohol e.e. Ester d.e. 

WI [%I 

(.%-lb 24 

(S)-lb 20 

(S)-lb 26 

(S)-2b 30 
--____-_--___- 

(lS)-3b 60 

(lS)-3b 46 

(lS)-3b 48 

(lS)-3b 94 

(D,R)-la 16 

(L,R)-2a 4 

(D, RI-la 18 

(L,R)-2a 8 
_---m-w________ 

(D, lR)-3a 44 

(L, lR)-3a 17 

(D, lR)-3s 50 

(L, lR)-3a 58 

E23 

2 

1.5 

2 

2 

6 

3 

5 

35 
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In contrast to hydrolytic conversions, where the reverse reaction can be 

neglected, this is not the case in transeeterifications. Here one has to 

determine the equilibrium constant K24,25 to be able to calculate the 

enantiomeric ratio E. Whereas K is identical for enantiomers, the 

situation becomes more complex in the present case rhere two 

diastereomeric substrate molecules are involved. Thus, two different 

values for K should be determined. Furthermore, from preliminary 

experiments we have some evidence that ethyl (L)-2-chloropropanoate (L)-5 

may act as an inhibitor on CC lipase. This makes it difficult to obtain 

accurate values of E. Nevertheless, from the results listed in table 2 

one can easily conclude that in case of the more rigid substrate (RS) -4b 

a similar trend as in the hydrolytic reaction appears : Again with CC 

lipase the (D)-2-chloropropanoate (D)-5 gives better results than the 

corresponding (L)-derivative, leading to optically pure menthol.27 Lipase 

P, on the other hand, was unable to catalyse the transesterification of 

menthol with neither (D)- nor (L)-5. 

Table 2: Transesterification of alcohols lb and 4b by CC lipase.’ 

Substrates 
I 

Conversion 
I 

Formed Ester 

Aicohoi ’ Ester ,m> I 
d.e. 
r-1 

L&J L&J 

(RS)-lb (D)-5 46 (D,S)-la 10 

(RS)-lb (L)-5 37 (L,R)-la 24 
________-_._____-__-_._-___-__-_____.._______________--.______ 

( RS) -4b (D)-5 33 (D, lR)-4a 100 

(RS)-4b (l-)-S 21 (L, lR)-4a 90 

a Reactions were run at 40°C except for the first 
of ester/alcohol for (RS)-lb and (RS)-4b was o=l:l 
order to obtain a reasonable speed of reaction. 

The ratio 
resp. , in 

Interestingly, in contrast to (RS)-4b, where regardless of the chiral ity 

of 5 always the (lR)-alcohol was selected, a change of preference for the 

alcohol enantiomer was observed in case of (RS)-lb: (S)-lb was 

transesterified with (D)-5 and the (R)-enantiomer of lb was selected with 

the (L)-ester. The same behaviour was observed for the reverse situation, 

i.e. the transesterification of ethyl (DL)-2-chloropropanoate with either 

(R)- or (S)-alcohol lb (see below). 

2. Selectivity Enhancement of Acid Resolution (Type II substrates) 

In order to evaluate, if a racemic ethyl carboxylate can be better 

resolved by using a chiral alcohol as transesterification partner, ethyl 
,7Y, \ [lJL,-2-chloropropanoate was subjected to transesteriiication Fit!? the 

pure enantiomers of alcohols lb and 4b. 
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Bchrme 1: Transesterification of esters of type II by CC lipasea 

Cl Cl 

+ 

lipase 

R-OH + on 

-4 

O-R f 
hexane 

0 0 

(R)-lb (DL-5) (L,R)-la 
I"\ \S,_lb (D,,O)-la 

(lR)-4b (L, lR)-4a 
(lS)-4b (L,lS)-4a 

a For key to R see scheme 1. b Very slow reaction. 

Cl 

+ 

OEt + EtOH 

0 

CD)-5 
II \_I 
\-,-a 

(D)-5 
(D)-Sb 

423: 

Table 3: Transesterification of ethyl (DL)-2-chloropropanoate by CC 

lipasea. 

Starting Alcohol Conversion [%I Formed Ester d.e. [%I 

___-:il_::;;:"~~~_---i___-~____ 

a Temp. 20°C for lb, 40°C fv 4b, the ratio of ester/alcohol for lb and 
4b was ~=l:l and 2:1, resp. Very slow reaction (-5% during 10 d). 

As shown in table 3, no remarkable effect on the chiral recognition of 

the acid moiety was obtained with both enantiomers of (R)- and (S)-lb. 

The same results were obtained even with the more rigid alcohol (lR)-4b. 

As can be expected from the highly selective resolution of (+)-menthol 

(see table 2) the chirality of 4b had a strong impact on the reaction 

rate: Whereas the (lR)-4b enantiomer was converted at a reasonable rate, 

the (lS)-counterpart proved to be almost a non-substrate. 

3. Selectivity Enhancement by Changing the Reactant Ratio 

Due to the low selectivities obtained in the resolution of ethyl 

(DL)-2-chloropropanoate26 (see table 3), the influence of the molar ratio 

(0) of 5 to chiral alcohols lb and 4b on the sterical outcome of the 

reaction was investigated. An examination of the results listed in table 
1. chnlpc +ha+ +h.a celmotivitv of T I.1V”O . . . . ..C C1.V ---u---.--J the resc!??tic?n nf (D1;)-3 urit_h k!nt!I 

alcohols lb and 4b generally increased with higher concentrations of 

ethyl (D)- or (L)-2-chloropropanoate, in case of 4b even by a factor of 

about 4. 
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Table 4: Influence of reactant ratio on the stereoselectivity of the 

resolution of ethyl (DL)-2-chloropropanoate by CC lipssea 

Alcohol Reactant Ratiob (0) 

(R)-lb 

------_- 

(S)-lb 

0.1 

0.5 

10 

20 
._______-___-_-___-__ 

1 

10 

20 
-------- 

(lR)-4b 

0.1 41 

1 36 

10 33 

20 34 
___---__ 

(lS)-4b 2 

1 Conversion [X] 

1- 

52 

37 

30 
,-_-_____________ 

40 

29 

33 

5 

Formed Ester 
I d.e. [%I 

(DL, R)-la 0 

(DL, R)-la 0 

(L, RI-la 14 

(L, R)-la 14 
___-__-__-_--- _-_______ 

t 

I 10 
(D, S)-la 24 

I 26 
---__--B-v-__- _-___-__- 

t 

(L, lR)-4a 

12 

10 

36 

I 40 
_-__--____-_-_ _-_-___-_ 

(L, lS)-4a t 10 

t (lS)-4b was not further investigated due to a very slow reaction rate. 
c=(DL)-S/alcohol lb or 4b, resp. 

Going in line with the results depicted in table 2, reaction of the 

open-chain alcohols (R)-lb and (S)-lb with ethyl (DL)-2-chloropropanoate 

preferentially gave the enantiomeric esters (L,R)-la and (D,S)-la, reap., 

whereas in case of the more bulky cyclic alcohols (lR)-4b and (lS)-4b 

only the (lR)-enantiomer reacted at an appreciable rate. Here the 

diastereomeric esters (D,lR)-4a and (L,lR)-4a, reap., were formed. 

Table 5: Influence of reactant ratio on the stereoselectivity of the 

resolution of (RS)-lb with ethyl (D)- or (L)-2-chloropropanoate 

Alcohol Starting Reactant Ratioa 

Ester 0 

1 

(D)-5 10 

(RS)-lb 20 
_______-__..____-___~~~~~~~~ 

(L)-5 1 

10 

a o=(DL)-S/alcohol lb or 4b, resp. 

Conversion Formed Ester d.e. 

[%I [XI 

46 10 
44 (D, S)-la 14 

28 22 
_-___---__-_ ~_____---__---.._-__-~ 

37 (L, RI-la 24 

22 36 
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The same trends were noticed in the corresponding vice versa experiments 

(resolution of alcohol .(Rg)-lb, see table 5): Increasing the reactant 

ratio had a positive effect on the enantioselectivity and again, 

preferably the (D,S)- and the (L,R)-diastereomers of ester la were 

formed. 

The mechanistic interpretation of these concentration-dependent phenomena 

is at present unclear. A change in enantioselectivity of CCliipase caused 

by addition of small lipyphilic molecules such as alkaloids or highly 

chlorinated hydrocarbons , acting as inhibitor or activator on the 
enzyme, has recently been reported from reactions run in aqueous systems. 

In both of these cases an allosteric binding of the inhibitor/activator 

followed by a configurational change of the enzyme molecule, thus 

changing its stereochemical behaviour, has been proposed as a rational 

model. 

From our results it seems possible that analogous effect6 can be 
encountered also in reactions performed in organic solvents at an 

extremely low water content. A detailed investigation on this matter is 

in progress. 

CONCLUSIONS 

In hydrolytic reactions, proper choice of an additional center of 

chirality present in the acid part of an ester could improve the 

selectivity of enzymatic resolution of a racemic alcohol. On the other 

hand, the resolution of a racemic acid by selecting the chirality of the 

alcoholic part did not improve the selectivity significantly. This 

phenomenon is not only found in hydrolysis but also in 

transesterification: By the techniques described optically pure menthol 

was obtained from the racemate. In case of 2-octanol (lb) a reversal of 

stereochemical preference for one enantiomer was observed depending on 

the chirality of the acid part used. This was true for both types of 

resolution, i.e. reaction of racemic lb with ethyl (D)- or 

(L)-2-chloropropanoate or reaction of ethyl (DL)-2-chloropropanoate with 

optically pure alcohol lb. 

In all of these reactions the e.e. (or the d.e., resp. ) can be 

conveniently be measured due to the occurrence of diastereomeric 

substrates and/or products. From the results obtained, it seems obvious 

that lipases from Candida cylindracea (CC) and Pseudomonas fluorescens 

(P) both were able to “recognize” a chirality of an alcohol moiety rather 

than that of an acid. 
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EXPERIMENTAL 

General 
Pre arative column chromatograph 
me6 K , Merck). For TLC Merck 6 lica 

treatment. 

I pel 
*a6 performed on silica gel 60 (2z;;dOO 

60 Fzsr plates 
Compound6 were visualized by spraying w th vanilline/conc. H$&r"and hea: 

ca 
K 
illary col,ymn DB 1701, 

GLC analyses were performed on a Dani 8500 ;comatograph 
30m x O.ZJmm, 0.25/.~1 film, equip ed 

(J&W 

H- and 
%MHz 

C-NMB 8 
resp.) in CD Is. e 

ectra were recotzf$tzn a Bruker MSL 300 v 
with 

300 and 

internai standard in p m 
Chemical are reported from TMS as 

s=Singlet, drdoublet, P 
(5-scale) and 

=triplet, 
coupling 

q-quartet and 
constants (J) in Hz. 
m-multi let. Elemental 

values. 
analyses (C, H, Cl) of all novel compounds were wiithi; 0. 

All commercially obtained compounds were 
s P of calculai;: 

received 
arations were employed without further iirification The 

0 for enzymes were used: Pseudomonas ep. lipase, 
cylfndracea lipase, Sigma type VII (CC). 

QLC Maarurement8: 
The e.e. of alcohols 2b and 3b was determined 
",:"-A ,.-rl.‘...-+.?.s -e+a.. As..,..-+'a-*(#... ri+%. 

,_,_Ijfcht$eir correspondQg 
-Llr-^F....--C.. U**TU COLY"&.UCTD OLL.Z& UTLI.~&1==~~"U "IL&. ~,II"I"1"1I~oLw . 

(Rg)-2b-derivatives: o~1.009, (RS)-3b_deriv~~~~~~~~~~~~~O4. Diastereo- 
merit esters 2a and 3a could directly be separated : 011.013, 3a: 
0=1.004). 
E ;e~rursmsnt8: 

splitied signals . 
of esteJbg la and 4a was determined by 'zC-NME using well 

C ntnm _-- __- 

s-c” 
C-8 

c-2 

c-4 
* 

0-C 

c-3 
The mea 

Shift rnnmi I ninaterenmer L_____ .rr--2 I ---- --- ----- 

21.30 (DB.9) (L-R) 
21.40 (D,R) (LpS) 

52.78 
79.90 

value of the 
1 .no sepn. 
area from the i . __ 

' Signals used for quantitative 
measurements. 

.ndicated signals was taken a! the 
most accurate measurement of a.e. Asslgnement of eacn elgnal was q aae Dy 
comparison with authentic samples. The standard condltlgns used were: 
Offset 1600 Hz, decou ler offsei 5000 Hz, delay 5 set, 10 -10' scans. Tt; 

of 4b was determ ned P 
%fs[3-(heptafluoropro yl-hydroxymethylene)-(+)-camph%%%] 

by H-NME spectroscopy 
%u%IITq' The 

proton resonance at C- s 
with a 

was measured while decoupling both protons at C-2 

-P 
ower of 4L. AbsoQte sonfigurations 

;ith_ li.era$ufe_data: 2b , 3b.. 
were determined by comparison 

tne8z8 ox r-cnloropropanoater 
Egyl (R)-2-chloro ropanoate 

e 
(e.e. 98%) and isobutyl (S)-2-chloro- 

propanoate (e.e. 99 ) 
Na salts @ich 

were hydrolyzed (1N NaOH) to 
in turn were converted to their acid 

give the corresponS~~l~ 

treatment 
chlorides by 

Esters la-4a were prepared by ac lation of alcohols lb-4b in 
anhydrous pyridine with yields rangin 
of racemisation was observed during 

f from {5-90%. No det;;;;tAe ,;rno;;& 
his 

8 ectroscopy. 
procedure as 

&,Slj-l-Me J th lheptyl (D,L)-2-chloropropanoate (la): Bp. 74°c/o.01 mbar. 
For C NME ata see above. 

~~~~~-~~~y~~ro~~~y13H~~~~o~2~~~~;-'p~~~n~a~~ (m, ,jH H on C-2' 
C-4'), 1.70 (d,'J=7.\, 3i(, E-CHJ), l.)92'(mr 2H. 

(la): Bp. 79°C/0.01 ;b;T. 

J=1.5 (IRS dH;~~,5i~~~~;Z:o:bl,r;i: J17~5 lH, o-_CH) : ,oa;m?l',','H %-?i 

7O'C;O.Oi mbar. - 
ept 2 yi (D'L) 2-ghldropropanoate (3a): 

on C-3), l-05-1.65 (rn: 6H, H on' C-5, 
lH, enCd;H 0;_7c;3) ,1 pi583 ((2. 

J%5 
exc+H 

&CH3): 1.80 (m, IH: H on C-4): 2.01 (m,-lb? H on'C-1): 3.50' (qt j=73?: 
lH, c+CH), 3.99 (m, lH, H on C-2). 
(lRS.2SRr5ES)-menthyl @,L)-2-chlosqproganoate (4a): Bp. 64OC/O.O1 mbar; 
lit. 32: bp. ill-113"C/4 Torr. For C-N R data see above. 
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