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Figure 1. Method R;: affinity capillary electrophoresis (ACE)
of vancomycin in 10 mM sodium phosphate buffer (pH 7.1)
containing various concentrations of N-acetyl-D-Ala-D-Ala (1a)
(©). The neutral marker mesityl oxide (MO) and the tripeptide
L-Ala-L-Ala-L-Ala were used as internal standards. Method Lg:
ACE of N-Fmoc-Gly-D-Ala-D-Ala (4a) (@), N-Fmoc-Gly-D-Ala-
D-Ala-D-Ala (5a) (W), N-Fmoc-Gly-L-Ala-L-Ala (4b) (0), and
N-Fmoc-Gly-L-Ala-L-Ala-L-Ala (5b) (O) in 20 mM sodium
phosphate buffer (pH 7.5) containing various concentrations of
vancomycin. The asterisk (*) indicates the position of the peak
for unidentified neutral species carried through the capillary by
electroosmotic flow. The total analysis time in each experiment
was ~2.5 min (method R;) and ~4.0 (method L) at 30 kV using
a 45-cm (inlet to detector), 50-um uncoated fused silica capillary.
The graph is a Scatchard plot of the data according to eq 1.

set of measurements determined values of K, for 4a, 4b,
Ba, and 5b.’

By measuring the appearance time (t) of the peak due
to vancomycin (method R;) or to peptides (method Lg)

(7) Vancomycin absorbs strongly at 200 nm. High concentrations (=50
M) decreased the S/N in the Ly method. We used Fmoc-derivatized
peptides to increase sensitivity.

as a function of the concentration of additive (L or R)
present in the CE buffer, it was possible to determine
binding constants (K;). Equation 1 gives a convenient

(5At/8At,)(1/[B]) = K, - Ky(3At/3At,,) (1)

form for Scatchard analysis: here At(g, is the difference
between appearance time of the species of interest and the
internal standard at concentration [B] of the additive in
buffel', oAt = At[B] - At[Blgo, and 6Atm is the value of 6At
at saturating concentrations of B. Table I summarizes
results.

Figure 1 shows Scatchard plots (eq 1) derived from both
R and Ly experiments. The values of K, for 1a and 4a
obtained using method R;, compare well with those ob-
tained by method Ly. The values of binding constants
measured by ACE also fall in the range of those values
obtained from other assays.®1

Affinity capillary electrophoresis has several advantages
as a method of measuring binding constants. First, it
requires only small quantities of receptor and ligand.
Second, when using method R;, neither high purity for the
receptor nor an accurate value of its concentration is re-
quired. Third, when using method Lg, it may be possible
to measure binding constants of several ligands to a single
receptor in the same set of experiments. When used with
relatively low molecular weight species, the adsorption of
the capillary wall that complicates experiments with pro-
teins is unlikely to occur.!!
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Summary: A method for resolving a variety of tertiary
a-substituted carboxylic acid esters employing a previously
undescribed enzyme is reported.

Scalemic tertiary a-substituted carboxylic acids and

their derivatives such as those described here are of con-
siderable scientific and medical significance. Pharma-
ceuticals comprising optically active a-methyl a-amino and
a-methyl a-hydrazino acids function as inhibitors of amino
acid decarboxylase enzymes,! and other a-alkyl a-hetero-
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atom substituted acids display desirable biological activity,?
utility as synthetic intermediates,® or utility as research
tools.* Traditional chemical methods for preparing these
compounds include asymmetric synthesis® and diastereo-
meric resolution.3»® The use of biocatalysts to resolve
certain compounds in this class has recently met with some
success. Specific enzymes to resolve a-methyl a-hydroxy
and a-methyl a-(benzyloxy) esters,” a-methyl a-amino
esters and amides,® and a-methyl a-(acylamino) acids® have
been reported, although enzyme activity, selectivity, or
specificity are often limited.

We report in this paper initial studies with a novel en-
zyme which we term Candida lipolytica esterase (CLE).
This previously undescribed enzyme is a minor component
in commercial preparations of C. lipolytica lipase (CLL)!°
and is highly effective in resolving a range of tertiary a-
substituted esters (eq 1). CLE accepts substrates con-

CO,R? CLE
X" “CHy

R1

50 mM NaPi, pH 7.5

2
R1/yC02H . R1/Ycozﬂ -

x’ "CH, HeC' X

taining a-alkyl and a-benzyl moieties and tolerates a va-
riety of heteroatom a-substituents including hydrazino,
hydrazido, amino, amido, and hydroxyl groups. In most
cases the enantiomeric excess of resolved products exceeds
98-99% at 50% substrate conversion,!®® rendering CLE
a biocatalyst of significant practical utility by providing
a general method to resolve a structurally diverse range
of tertiary a-substituted esters (eq 1).1

Preliminary screening studies!? directed toward resolu-
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3,405,159, 1968. (c) Karady, S.; Ly, M. G.; Pines, S. H.; Sletzinger, M.
U.S. Patent 3,830,827, 1974.

(2) (a) Tucker, H.; Chesterson, G. J. J. Med. Chem. 1988, 31, 885-887.
(b) Kirihata, M.; Sakamoto, A.; Ichimoto, L; Ueda, H.; Honma, M. Agric.
Biol. Chem. 1990, 54, 1845-1846. (c) Toke, S. M.; Kulkarni, G. H. Ind.
J. Chem. 1991, 30B, 82-84.

(3) (a) Mori, K. Tetrahedron 1975, 31, 1381-1384. (b) Partridge, J.
J.; Shiuey, S.-J.; Chadha, N. K.; Baggiolini, E. G.; Blount, J. F.; Uskokovic,
M. R. J. Am. Chem. Soc. 1981, 103, 1253-1255. (c) Sugai, T.; Kakeya,
H.; Ohta, H. Tetrahedron 1990, 46, 3463-3468.

(4) Paul, P. K. C.; Sukumar, M.; Bardi, R.; Piazzesi, A. M.; Valle, G.;
Toniolo, C.; Balaram, P. J. Am. Chem. Soc. 1986, 108, 6363-6370 and
references cited therein.

(5) (a) Seebach, D.; Boes, M.; Naef, R.; Schweizer, W. B. J. Am. Chem.
Soc. 1983, 105, 5390-5398. (b) Shatzmiller, S.; Dolithzky, B.-Z.; Bahar,
E. Liebigs Ann. Chem. 1991, 375-379. (c) Georg, G. L.; Guan, X.; Kant,
J. Tetrahedron Lett. 1988, 29, 403-406.

(6) Bajgrowicz, J. A.; Cossec, B.; Pigiere, C.; Jacquier, R.; Viallefont,
P. Tetrahedron Lett. 1984, 25, 1789-1792,

(7) (a) Moorlag, H.; Kellogg, R. M. Tetrahedron: Assymetry 1991, 2,
705-720. (b) Sugai, T.; Kayeka, H.; Ohta, H. J. Org. Chem. 1990, 55,
4643-4647.

(8) (a) Anantharamaiah, G. M.; Roeske, R. W. Tetrahedron Lett. 1982,
23, 3335-3336. (b) Kruizinga, W. H.; Bolster, J.; Kellogg, R. M.; Kam-
phuis, J.; Boesten, W. H. J.; Meijer, E. M.; Schoemaker, H. E. J. Org.
Chem. 1988, 53, 1826-1827.

(9) (a) Chenault, H. K.; Dahmer, J.; Whitesides, G. M. J. Am. Chem.
Soc. 1989, 111, 6354-6364. (b) Keller, J. W.; Hamilton, B. J. Tetrahedron
Lett. 1986, 27, 1249-1250.

(10) Preparations of Candida lipolytica lipase are available from Am-
ano, Fluka Chemie AG, and Biocatalysts Ltd.

(11) Yee, C.; Blythe, T. A.; Walts, A. E. U.S. Patent Application, Serial
No. 697,152, 1991.

(12) Screening experiments were conducted with commercially avail-
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and Rhizopus delemar, pig liver and horse liver esterase, a-chymotrypsin,
subtilisin Carlsberg, penicillin-G acylase, and hog kidney acylase, using
compounds 1 and 2 as substrates. These enzymes were not pursued
because of poor hydrolytic activity or enantioselectivity. We note that
a-chymotrypsin and subtilisin showed activity toward 1 and 2. The
remaining starting material at >50% conversion was generally of 50-60%
ee, with enzyme specificity for hydrolysis of the (R)-isomer.

Communications

tion of a-methyl a-hydrazino and o-hydrazido esters
suggested a crude preparation of C. lipolytica lipase'® for
further investigation. Results for the use of this biocatalyst
on the milligram scale'® are shown in Table I. C. lipolytica
esterase enzyme tolerates a range of heteroatom a-sub-
stituents, including hydrazino, hydrazido, amino, amido
and hydroxyl groups, as well as a range of substituents at
R!. The results for compounds 1 and 2 are particularly
noteworthy since a method for biocatalytic resolution of
hydrazino compounds of this general structure has not
been previously available. The enantiomeric excess of the
recovered esters generally exceeds 98-99% at 50% con-
version,!® indicating E values!® in the range of 450-1050.
In practice the enzymatic hydrolysis proceeds to 50%
conversion and stops, '8 allowing isolation of the remaining
ester with excellent enantiomeric excess. In the resolution
of substrates 1 and 2 the product carboxylic acid obtained
at 50% conversion was also analyzed and found to be of
high enantiomeric excess (>99%).

A representative experimental procedure on a multigram
scale is presented for the resolution of racemic 4. Ethyl
a-methylphenylalanate (48 g, 0.23 mmol) is suspended in
2.5 L of 50 mM sodium phosphate buffer (pH 7.4). A
solution (530 mL) of C. lipolytica esterase!®' is added to
the substrate suspension and stirred at ambient temper-
ature. The reaction progress is monitored by HPLC,4# and

(13) Chen, C. S.; Fujimoto, Y.; Girdaukas, G.; Sih, C. J. J. Am. Chem.
Soc. 1982, 104, 7294-7299.

(14) (a) The course of the enzymatic hydrolyses was followed by per-
iodic withdrawal of aliquots for analysis by HPLC on a C-18 column.
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compounds 3-8 at 254 nm, and compound 9 at 210 nm. (b) The enan-
tiomeric excesses of compounds in Table I were determined by HPLC
analysis of camphanic hydrazide derivatives® or 2,3,4,6-tetra-O-acetyl-
glucopyranosyl-3-D-glucopyranosyl thiourea derivatives?! of amino esters,
or by analysis on a chiral HPLC column (compounds § and 7). Details
of these analyses and assignment of absolute configuration are given in
the supplementary material. (c) The enantiomeric excesses for the
product acids 3-9 were not determined. (d) Satisfactory spectral and
analytical data were obtained for all compounds listed in Table I (see
supplementary material).

(15) In preliminary experiments we have succeeded in purifying to
homogeneity the active enzyme species present in crude C. lipolytica
lipase. The enzyme is present as a minor component (300-700 ug/g crude
lipase) and does not show lipase activity toward triolein or olive oil. We
propose that this active species be named C. lipolytica esterase (CLE).
A detailed account of enzyme purification and characterization studies
is in preparation.

(16) In a typical experiment the substrate (50-250 mg) was suspended
in 5-25 mL of 50 mM sodium phosphate buffer at room temperature and
treated with 0.5-2.5 g of crude C. lipolytica lipase. The reaction progress
was monitored by HPLC!** and typically ceased following ca. 50% sub-
strate conversion. The remaining ester was isolated by extracting the
reaction mixture with methylene chloride or chloroform, and the ee
analysis by HPLC was carried out.* We have also used purified C.
lipolytica esterase (CLE)!5!7 to resolve substrates 1 and 4 with ee’s ex-
ceeding 98-99%.

(17) For large-scale work the crude C. lipolytica lipase is dissolved
prior to use in 50 mM HEPES buffer (ca. 440 mg of crude powder-mL!)
at pH 7.4 and dialysed (12000-14 000 MW cutoff) against 50 mM sodium
phosphate containing 1 mM EDTA (pH 7.4). Ultrafiltration (10000 MW
cutoff) of the dialysate yields 580 mL of crude enzyme concentrate
(protein concentration ca. 8 mg-mL-1). We estimate the concentration
of the active enzyme!s to be 130-300 ug-mL™.

(18) (a) We have observed that the resolution rate with CLE slows
dramatically after ca. 45% substrate conversion is reached. Care must
therefore be taken to ensure that the 50% conversion required for max-
imum ee of recovered ester is reached. In resolutions of compounds 1 and
2 the substrate conversion was difficult to quantify precisely and was 50
= 1%. The >98% ee reported for recovered esters 1 and 2 is likely less
than >99%, as seen for 3-7, due to difficulty in achieving true 50%
substrate conversion. Similar difficulties in achieving 50% conversion
have been noted in the use of acylase I to resolve N-acetyl amino acids.®®
(b) In control experiments we have observed that a-amino and a-hy-
drazino esters are susceptible to chemical hydrolysis in aqueous solution
at pH 4-8. This chemical hydrolysis is not significant for reaction times
of up to 8 h and can be controlled by using sufficient quantities of enzyme
to achieve this reaction time. Alternatively, the N-acetyl derivatives have
been found to be completely stable under the reaction conditions and may
be preferred in cases where the reaction rate is unacceptably slow.
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Table I. Results for Resolutions with C. lipolytica Esterase!t

i C‘onz
X 'CHy
% eelé
recovered
compd R! X R? % convn'® % ee recovered ester acid
CHs0
1 HOJ@A -NHNH, n-Bu 50 >9818a >99
CH30
2 HODA -NHNHCOCH,Ph  Et 50 >9g!8a >99
CHa0O.
3 cHe OJ@A -NH, Et 50 >99 .
4 ©/\ -NH, Et 50 >99 .
5 (™ -Nucocw, Bt 50 599 .
6 ©/\ -NH, n-Bu 50 99 .
CH30
7 ]@A i i
Ho OH Et 50 >99
8 ©f§ -NH, n-Bu 60 95 .
H
9 \r\ -NHCOCH, Et 50 92 ;

when enzymatic hydrolysis stops after 50% substrate
conversion (6 h) the reaction mixture is washed twice with
1000 mL of CHCI, to extract the remaining ester. The
combined organic extracts are dried and concentrated
un?&r vacuum to yield (R)-4 (18 g, 37.4% yield) with >99%
ee.

The stereochemistry of (R)-4 was confirmed by acety-
lation to give the acetamide with [«]*D = -52.2° (¢ = 1,
CHCI;) which compares favorably with that reported for
>95% ee (R)-5 ([a]D = -47.8° (¢ = 1, CHCLy)).* The
enantiospecificity of resolutions of compounds 1 and 2 was
confirmed by HPLC comparison of carbidopa derived from

(19) Kamphuis, J.; Boesten, W. H. J.; Broxterman, Q. B.; Hermes, H.
F. M,; van Balken, J. A. M.; Meijer, E. M.; Shoemaker, H. E. Adv. Bio-
chem. Eng./Biotechnol. 1990, 42, 133-186.

(20) Trimble, L. A.; Vederas, J. C. J. Am. Chem. Soc. 1986, 108,
6397-6399.

(21) Nimura, N.; Ogura, H.; Kinoshita, T. J. Chromatogr. 1980, 202,
375~379.

resolved 1 and 2 with authentic USP samples.!¥® By
analogy to the results with compounds 1-2 and 4-5 we
suggest that CLE hydrolyzes the (S)-isomer of the addi-
tional compounds delineated in Table I.

The high level of enantioselectivity observed for hy-
drolyses by C. lipolytica esterase of a range of tertiary
a-substituted esters is rare for enzyme reactions of pre-
sumably unnatural substrates. The enzyme tolerates a
number of heteroatom a-substituents and shows an ap-
parent preference for an a-methyl group as well as an
aromatic ring. Efforts to define further the substrate
specificity and to characterize this unique enzyme are
underway and will be reported in due course.
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