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Abstract: Recently, an interest in the development of new vancomycin derivatives has been demonstrated.
Here, the feasibility of using lipases, particularly those from Pseudomonas sp., for the hydrolysis of
vancomycin alkyl esters is demonstrated. Benzyl ester derivatives were more easily cleavable than methyl ester
derivatives, resulting in good yields of vancomycin acids without degradation. © 1998 Elsevier Science Ltd. All rights
reserved.

Our continuing interest in exploring chemoenzymatic reactions, especially in the transformation of
complex, polyfunctional molecules that display sensitivity to acid, base, oxidation, or reduction, lies rooted in
the ability of enzymes to achieve regioselective transformations under extremely mild conditions. Long known
for their utility for small scale ester hydrolyses,! lipases have become increasingly useful as catalysts for
industrial scale reactions. These inexpensive biocatalysts are active in the same organic solvents needed for
substrate solubility, produce few by-products, and are generally environmentally benigrn.2'3 Previously, we have
demonstrated the utility of lipase for the hydrolysis of multifunctional esters, including derivatives of
rapamycin,# digoxin,5 and digoxigenin,6 the synthesis of amides and a-hydroxy amides,’2 and the creation of
combinatorial libraries.10 This previous work has shown that lipase displays a variety of transformational
capabilities. The suitability of substrates cannot always be predicted, however, and more work is thus required
to define the scope and limitations of these versatile enzyme reagents.

For three decades vancomycin (1) has been the drug of choice for the treatment of Gram-positive
infections caused by Staphylococcus aureus!l and bacterial infections in patients allergic to B-lactam
antibiotics.12 Produced by Amycolatopsis orientalis (previously Nocardia orientalis) and Streptomyces
orientalis,’3 vancomycin acts by inhibiting the biosynthesis of peptidoglycan in bacterial cell walls.14 This
antibiotic displays no cross resistance with other antibiotics, is relatively free of side effects, and since it is not
absorbed from the gastrointestinal tract, can be used to treat Staphylococcal endocarditis, and enterocolitis caused
especially by Clostridium difficile.!3-16 Recently, the chemistry of vancomycin has become the focus of intense
activity due to the emergence of vancomycin-resistant strains of bacteria.17-19

The sensitive functionality present in vancomycin poses a challenge toward modification or manipulation
of derivatives of this natural product. Aglucovancomycin (2), which retains about 75% of the activity of the
parent drug,20 is formed by mild acid hydrolysis at low pH. The therapeutically inactive Crystalline Degradation
Product, or CDP, which consists of two closely related conformers (CDP-1, 3; and CDP-II, 4) that exist in a
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dynamic equilibrium,2! is produced under physiological conditions by a simple ring rearrangment. The molecule
contains several phenols that are susceptible to oxidative conditions, and eight racemizable asymmetric centers.
Such a complex, multiply functionalized molecule should be ideally served by the mildness and selectivity
commonly observed in lipase transformations. In this communication, we present the use of lipase for synthesis

of various vancomycin derivatives.

3: R1=HQR2=C|

4: Ry=C;Rz=H

The lipase utilized (Amano LPL-80, from Pseudomonas sp.) was selected for its purity, and was
confirmed to be >95% by SDS polyacrylamide gel electrophoresis. The purity of the lipase is critical, since many
commercially available enzyme preparations frequently contain other contaminating proteins that can complicate
reactions and their analyses.

A number of different ester derivatives, including methyl alkyl and alkoxy esters Sa~5e and benzyl alkyl
and alkoxy esters 6a—6e were prepared starting from vancomycin, while deglycosylated methyl alkyl esters 8a—
8c and benzyl alkyl esters 9a-9¢ were prepared using aglucovancomycin.22 Hydrolysis of vancomycin ester
derivatives was first investigated on a small scale (~2 mg at 2.5 mg/mlL., acetonitrile, pH 8 buffer).
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R= Me Bn H Me Bn H Me Bn H
Sa 6a 7a 8a 9a 10a
5b 6b 7b 5d 6d 7d 8b 9b 10b
Sc 6¢ Tc Se 6e Te 8c 9¢ 10c¢

*For a, linker = (CH2)5; for b, linker = (CH?2)7; for ¢, linker = (CH2)10; for d, linker
= CH2(OCH2CH2)2; for e, linker =CH2(OCH2CH?2)3.

When each of the methyl esters Sa—c was incubated in a lipase free control reaction for 72 h, no
hydrolysis took place. In the presence of lipase, limited hydrolysis (11%) of the terminal methyl ester was
observed only for the ester containing longest linking arm (Sc, Table 1, below). In contrast, the benzyl ester
with the longest linking arm (6¢) hydrolyzed without difficulty (>95%). No other products were observed,
attesting to the mildness of the conditions and the selectivity of the lipase. The increased lipophilic nature of the
longest chain benzyl ester was thus required for reactivity as a lipase substrate.

Our results with the vancomycin esters differed considerably from other enzyme catalyzed ester
hydrolyses described in the literature, in which hydrolysis could be achieved for esters with much shorter chain
length linkers (n </= 5).4-6.23.24 I these shorter chain length cases, an environment exists that is well-suited to
the hydrophobic binding pockets of lipase.23 In the present case, however, several phenolic hydroxyl groups
and polar amide bonds are located closely to the ester group, presenting a considerably less lipophilic interface,

which renders shorter chain length vancomycin esters unreactive to lipase catalyzed hydrolysis.
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Table 1. Hydrolysis of methyl esters Sa—e, 8a—c and benzyl esters 6a—e, 9a—~c after 72 hrs.

HPLC Retention Time*

Ester Ester Acid % Conversion
Sa 2.5 min -—- NR
5b 4.7 min -— NR
5c 8.6 min 2.1 min 11%
6a 8.8 min _—- NR
6b 11.2 min -—- NR
6¢ 19.3 min 2.1 min >95%
5d 3.3 min - NR
Se 4.8 min - 1.7 min 21%
6d 6.1 min 1.6 min 26%
6e 7.9 min 1.7 min 57%
8a 2.6 min - NR
8b 3.2 min - NR
8c 6.3 min 1.7 min 84%
9a 5.0 min —-- NR
9b 7.5 min 1.6 min 6%
9¢ 17.8 min 1.7 min >95%

*Conditions: C18 pBondapak, 254 nm: for Sd-e, and 6d—e, 30% CH3CN/70% 25 mm NH4OOCH,
for Sa—c and 6a—6¢, 35% CH3CN/65% 25 mm NH4OOCH; for esters 8a— and 9a—c, 45%
CH3CN/55% 25 mm NH4OOCH.

Partial hydrolysis was observed for vancomycin alkoxy benzyl ester 6d, while alkoxy methyl ester 5d
showed no reaction. Esters Se and 6e showed even greater conversions to the corresponding acid 7e.
Particularly interesting was the fact that the shorter alkoxy benzyl ester 6d hydrolyzed, while the all-carbon
analog with the same number of backbone atoms (6b) did not hydrolyze. The presence of an electronegative
oxygen atom thus inductively renders this alkoxy carbonyl more electrophilic and more reactive to lipase
hydrolysis than in the carbon analog. Such an enhancement in the reactivity of alkoxy ester substrates has been
observed,25:26 and is paralleled by the results we observed in amidation reactions catalyzed by lipase.72

On the other hand, while alkoxy methyl ester Se showed slightly greater hydrolysis than its
corresponding alkyl methyl ester (5¢), alkoxy benzyl ester 6e showed lower conversion than its all-carbon
analog (6c). These results have profound implications on the now popular utility of polyoxyethylene chains for
enhancing substrate hydrophilicity.27 Despite the inductive effect of oxygen, the results indicate that increasingly
greater numbers of oxygens apparently result in a polarity or conformational change that renders this vancomycin

substrate less susceptible to binding and hydrolysis by lipase.
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The reactivity of the deglycosylated molecules paralleled that of the glycosylated species. In the cases of
deglycosylated esters 8a and 9a, no enzyme catalyzed hydrolysis was observed. Limited hydrolysis was
observed for ester 9b. In contrast to vancomycin methyl ester 5¢, however, deglycoslylated methyl ester 8¢
showed considerably improved reactivity. These results demonstrate that the polar, hydrophilic groups present in
a nonproximal environment of the molecule, especially those capable of hydrogen bonding, can play a pivotal
role in determining whether a particular substrate will be susceptible to binding and hydrolysis by lipase. As we
noted previously, they further underscore the importance of running control reactions.

Additionally, in order to demonstrate the preparative utility of the method, we performed a hydrolysis on
100 mg of the longest chain vancomycin benzyl ester derivative 6¢, and obtained the desired acid in 94% yield
and excellent purity.28

In conclusion, we have found that Amano LPL-80 lipase tolerates a variety of different long-chain
vancomycin substrates, but shows a clear preference for more lipophilic benzyl esters over methyl esters. While
hydrolysis by lipase is strongly dependent on the local topography, enhanced reactivity can be globally affected
by the absence of polar, hydrophilic groups, even those situated remotely from the reactive site, as demonstrated
by the greater susceptibility of aglucovancomycin esters to hydrolysis by lipase. Additionally, oxygen atoms
contained in the linking arm can provide an inductive effect which enhances reactivity. This chemo-enzymatic
strategy was used to cleanly hydrolyze a vancomycin substrate on a scale useful for demonstrating synthetic
utility, resulting in >90% yield without glycoside cleavage or rearrangement. The yields obtained and the
mildness and selectivity observed in lipase catalyzed transformations demonstrate that such a strategy will prove

useful for other complex, glycosylated molecules.
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