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Abstract:  Although lipases have been known for some time as catalysts useful for regioselective
transesterification or hydrolysis, studies regarding their use as ester amidation catalysts are limited. We
have found that the lipase from Pseudomonas cepacia catalyzes amidation reactions with benzyl esters,
producing high yields of amides with a variety of different amines. Copyright © 1996 Elsevier Science Ltd

Regioselective transformation of polyfunctional compounds is a challenging problem in organic
synthesis, ] especially in the cases where a structure that is sensitive to acid, base, oxidation, or reduction
limits the choice of reagents needed to accomplish a particular transformation.2 In recent years, lipases have
become attractive as biocatalysts capable of achieving regioselective reactions under extremely mild (near
neutral pH) conditions; they can be used in a wide variety of organic solvents and do not require a coenzyme
for activity.3 Lipases combine a broad substrate recognition with high efficiency and selectivity for the type
of reaction they catalyze, and thus offer an excellent alternative to classical organic techniques in the selective
transformation of complex molecules.

Although lipases are now well established as catalysts capable of accomplishing transesterification3
and ester hydrolysis,6 their more atypical use in amidation reactions has been limited. While Klibanov and
co-workers have studied the utility of enzymes in organic solvents? and first noted the non-aqueous
aminolysis reaction of methyl butyrate with butylamine using porcine pancreatic lipase,8 several reports of
Candida antarctica lipase catalyzed amidation reactions using different types of methyl and ethyl esters have
been described by Gotor and co-workers.? Recently, Conde and co-workers have described additional
Candida antarctica lipase catalyzed amidations with a variety of glutamate diesters, including a benzyl ester. 10
Our recent studies of digoxin11 and d1'goxig<:nin12 ester hydrolyses demonstrated that benzy! esters can be
regioselectively cleaved in cases where the corresponding methyl esters are unreactive. We believed that the
lipase-mediated transformation of benzyl esters to amides would also have important practical implications in
the regioselective transformation of complex organic molecules containing different ester functionalities.

Initially, we studied a number of commercially available lipases for their ability to catalyze the

amidation reaction between benzyl acetate and phenethylamine. The lipases tested included Amano PS-30
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(originally Lipase P-30, from Pseudomonas cepacia), Amano LPL-80, from Pseudomonas sp., Amano AY-
30, from Candida cepacia, Amano MAP-10, from Mucor sp., Amano AK, from Pseudomonas sp., Alus
lipase CR, from Candida rugosa, and Aldrich lipase Type VIII, from Candida cylindracae. All reactions were
carried out as described below in isopropyl ether (including a control study). Amano lipase PS-30 was
selected for further study based on its ability to achieve benzyl ester amidation. Other enzymes failed to
catalyze the reaction under the conditions tested.

Recognizing that significant changes in enzymatic propcrties,13 including alterations in ester/acid
enantioselectivity, 14 regioselectivity,13 prochirality,16 and protease-catalyzed amidation,17 can be affected
simply by changing the solvent utilized in the reaction, we investigated the effect of other solvents on this
lipase-catalyzed amidation reaction. Hexane and tetrahydrofuran were studied in addition to isopropyl
ether.18 In hexane, the lipase rapidly aggregated, producing low yields of the desired products.19 On the
other hand, reactions performed in tetrahydrofuran resulted in a well-dispersed lipase, but also produced low
yields of the desired products. We believe that the tetrahydrofuran is stripping away the “essential water”
required for the active conformation of the lipase, resulting in adverse conformational changes in the lipase
structure. 38,20

We subsequently examined a variety of benzyl esters and different amines to study the utility of lipase
PS-30 in isopropyl ether. As Table 1 indicates, good to excellent conversions to amides were achieved in one
to seven days. While unsubstituted amines such as benzylamine or phenethylamine reacted smoothly, other
types of amines containing polar functional groups (entries 2 and 6) produced slightly lower yields of amides.
In the case of substrates containing two benzyl ester groups (entries 6-8), only one monoamide product was
obtained. This example illustrates the great potential of Amano PS-30 lipase for achieving regioselective
amidations. The fact that protective groups incorporated into either the benzyl ester substrate or amine (entries
4 or 5) were accomodated by the enzymatic reaction has important practical implications, particularly in the
multistep synthesis of complex organic molecules.

A typical experiment consisted of combining 10 mg lipase with a solution of 66 uM of the benzyl
ester and 200 uM (3 equivalents) of the amine in 1.0 mL isopropyl ether and stirring in a 2 mL screw-cap vial
at ambient temperature. Reactions were monitored by HPLC (8 x 100 mm radial compression
uBondapak column, 50% CH3CN: 50% 0.05% CF3COOH/H20, 2 ml/min, UV detection at 220 nm), and
conversions t¢ amides calculated from the integrations of the starting material and product. As in our previous
work,11 we ran appropriate controls (the above reaction mixture containing no lipase), which demonstrated
that no reaction occurred under these conditions without lipase. The products were identified by coelution
of their HPLC peaks with the peaks from authentic samples prepared by independent synthesis and
confirmed by mass spectral analysis (electrospray mass spectrometry). In all cases, benzyl alcohol was also
produced in the reaction, and conveniently served as an internal control, since its integrations were

proportional to that of the amide product.
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Table 1. Reactions of benzyl esters with amines catalyzed by Amano PS-30 lipase.

% Conversion to Amide

Entry  Ester Amine Product 24 hr 72 hr 168 hr
1 benzyl acetate phenethylamine J\ 51 75 88
N /\/Ph
H (0]
2 benzyl valerate 2-aminome'th.yl- \/\)LN N | 23 37 51
pyridine H ~
(o]
3 benzyl octanoate  benzylamine /\/\/\)‘\N “ph 68 79 91
H
Ph NHBO!
4 benzyl phenyl-  BOCethylene- o\)LN/\, c 75 91 >99
oxyacetate diamine H
PhCONH\)L NN

5 N-benzoylglycine butylamine 16 37 66

benzyl ester o

o
6 dibenzyl malonate tyramine /\/O/ 52 62 718
(o] N

7 benzyl 4-(carboxy- phenethylamine 19 33 51
benzyl)phenyl- I
propionate

8 benzyl 4-(carboxy- phenethylamine j, \l\ 17 29 59

benzyl) phenoxy- k

acetate Ph

Additionally, the amidation reaction described in entry 8 (Table 1 above) was scaled up, producing the
indicated product in good yield and purity comparable to the small scale reaction.21
In conclusion, we have found that Amano lipase PS-30, isolated from Pseudomonas cepacia, is a

synthetically useful enzyme for the transformation of benzyl esters to amides. This amidation method
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accomodates a variety of different amines, including those with protective groups and other functionalities,

and demonstrates regioselectivity with some dibenzyl esters.
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