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o (57) Abstract: Methods for preparing enantiomerically enriched aminopentanenitriles are provided. The methods involve selective
acylation of an enantiomeric mixture of 3-aminopentanenitrile or selective hydrolysis of an enantiomeric mixture of 3-aminopenta-
nenitrile amide in the presence of an enzyme selected from the group comprising lipase, esterase, and acylase. The methods yield
R-aminopentanenitrile, which can be used to produce pharmaceutical products.
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BIOCATALYTIC PREPARATION OF ENANTIOMERICALLY ENRICHED
AMINOPENTANENITRILE

FIELD OF INVENTION

[0001] The present invention relates to the biocatalytic resolution of chiral

aminopentanenitrile compounds.

BACKGROUND OF THE INVENTION

[0002] Chiral resolution of racemic amines is a very important process for the
pharmaceutical industry, as these amines are useful intermediates for the production of
various antibiotics or as inhibitory transmitters to control some neurological disorders. The
biological activities are strongly dependent on their absolute configuration and both S and R
isomers have potential therapeutic uses. Traditionally, chemical chiral resolution is achieved
by utilizing a chiral compound such as an acid to stereo-selectively react with one of the

isomers, and thereby facilitating the separation of the enantiomers.

[0003] 3-Aminopentanenitrile (APN) is a commercially available compound, which
may exist in two enantiomeric forms, R-APN and S-APN. Typically, chiral resolution of R-
APN is achieved by reacting a racemic mixture of APN with dibenzoyl-L- tartaric acid,
which preferentially binds to R-APN. The resulting R-APN-dibenzoyl-L-tartrate salt may be
isolated and subsequently reacted with methanesulfor}ic acid to produce R-APN-

methanesulfonate salt.

[0004] Efficient, economic and convenient alternative methods for the chiral
resolution of aminopentanenitriles are needed. Biocatalytic processes can furnish the
requisites, as enzymes often exhibit excellent enantioselectivities. Further, enzyme reactions
are well characterized for their specificities and mild reaction conditions. The application of

enzymes for the chiral resolution of APN has not been disclosed.
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SUMMARY OF THE INVENTION

[0005] Methods for preparing enantiomerically enriched aminopentanenitriles are
provided. The methods involve a selective acylation reaction, in which an enantiomeric
mixture of 3-aminopentanenitrile (APN) is reacted with an acyl donor in the presence of a
biocatalyst. The reaction results in a mixture of an acylated enantiomer and a non-acylated
enantiomer. The acylated enantiomer may be R-APN amide or S-APN amide, depending on
the selectivity of the biocatalyst. The acylated enantiomer may be separated from the non-
acylated enantiomer, and subsequently hydrolyzed to produce the other non-acylated

enantiomer.

[0006] Alternatively, the methods may involve selective hydrolysis of an
enantiomeric mixture of acylated APN, in the presence of a biocatalyst. The selective
hydrolysis yields a mixture of an acylated enantiomer and a non-acylated enantiomer. The
acylated enantiomer may be separated from the non-acylated enantiomer, and then

hydrolyzed to produce the other non-acylated enantiomer.

[0007] In addition, the methods may be based on a chemical or enzymatic acylation
of an enantiomeric mixture of APN to produce an enantiomeric mixture of acylated APN,

which is used as a substrate for selective hydrolysis as described above.

[0008] Specifically, in one embodiment of the present invention, a method for
preparing enantiomerically enriched APN comprises the steps of providing an enantiomeric
mixture containing R-APN and S-APN, and reacting the enantiomeric mixture with an acyl
donor in the presence of an enzyme to selectively acylate either one of the enantiomers to
produce either a mixture of S-APN and acylated R-APN, or a mixture of R-APN and acylated
S-APN. The method may further include the step of separating the acylated and non-acylated
enantiomers to produce enantiomerically enriched acylated R-APN or non-acylated R-APN.
A further step may involve hydrolyzing acylated R-APN to produce R-APN. Suitable
enzymes that show enantioselectivity for acylation of APN include lipases and esterases. A
further step may include reacting R-APN with dibenzoyl-L-tartaric acid to produce R-APN-
dibenzoyl-L-tartrate which may be further reacted with methanesulfonic acid to form

methanesulfonate salt.
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[0009] In another embodiment, the method for preparing enantiomerically enriched
APN includes the steps of providing an enantiomeric mixture containing acylated R-APN and
acylated S-APN, and selectively hydrolyzing either acylated R-APN or acylated S-APN in
the presence of a biocatalyst. Specifically, penicillin acylase is a suitable enzyme, which has
enantioselectivity for hydrolysis of acylated S-APN. In a specific reaction using penicillin

acylase, a mixture of R-APN-amide and S-APN is produced.

[0010] The method may further include the steps of séparating R-APN-amide from S-
APN, recovering R-APN-amide, and non-selectively hydrolyzing the recovered R-APN-
amide to produce R-APN. The non-selective hydrolysis step may involve a chemical or an
enzymatic reaction. In case of an enzymatic reaction, the enzymes that can be used to

catalyze the reaction may include a hydrolase (lipase/acylase/esterase).

[0011] In an alternative embodiment, the method for preparing enantiomerically
enriched APN begins with the steps of providing a first enantiomeric mixture containing R-
APN and S-APN, and non-selectively acylating R-APN and S-APN using a suitable acyl
donor to produce a second enantiomeric mixture containing acylated R-APN and acylated S-
APN. The second enantiomeric mixture is then used as a substrate in a selective hydrolysis

in the presence of a suitable enzyme, as described hereinabove.

[0012] The methods for preparing enantiomerically enriched APN may include the
steps of reacting the recovered R-APN with methanesulfonic acid to form R-APN-

methanesulfonate salt, and recovering the R-APN-methanesulfonate salt.

[0013] Other objects and further benefits of the present invention will become
apparent to persons having ordinary skill in the art from the following written description and

accompanying figures.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] For the purposes of promoting an understanding of the principles of the
invention, specific language will be used to describe exemplary embodiments of the present
invention. It will nevertheless be understood that no limitation of the scope of the invention
is thereby intended. The invention includes any alterations and further modifications in the
illustrated devices and described methods and further applications of the principles of the

invention which would normally occur to one skilled in the art to which the invention relates.

[0015] The present invention provides methods for producing enantiomerically

enriched APN, utilizing stereoselective enzymes for preferential acylation or preferential

hydrolysis of one of the enantiomers of APN, followed by the isolation of a specific
enantiomer.
[0016] The stereoselectivity of acylation or hydrolysis stems from the specific

character of location of functional groups within the active center of the enzyme molecule,
which favors binding of one stereo-form of the substrate over the other form and provides for

higher reactivity of this stereo-form in the acylation or hydrolysis reaction.

[0017] Acylation of amino group attached to the stereo-center in the molecule of APN
can be achieved in a stereospecific way by reacting an enantiomeric mixture of APN, with an
acyl donor in the presence of a selected enzyme, and in specific reaction conditions. A

typical enantiomeric mixture of APN is a racemic mixture, having substantially equal

amounts of R-APN and S-APN. The acylation reaction may be represented as follows.
(s) ®
oN Y N
HN\”/R NH,
. (0]
/Y\ cN biocatalyst or
NH, RCOOR' © ®
R,S-APN NH, HN\[]/R
o}
[6018] ' The specific biocaialyst and aC)‘/lA donor (RCOOR’) dictate which reaction

pathway will occur, either S-APN will be acylated, leaving R-APN unreacted, or R-APN will
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be acylated, leaving S-APN unreacted. In either case, a separation of enantiomer can be
made. Further, an additional chemical step is required to deacylate the acylated R-APN or
acylated S-APN.

[0019] For the development of an enzymatic process it is crucial to know whether the
enzyme can act on the substrate and the acyl donor. Further, it is equally important to know
whether there is any preference for a particular enantiomer. Although compounds capable of
being acyl donors are generally known, not all known acyl donors can be used in enzymatic

selective acylation.

[0020] As descried in EXAMPLE 1 (below), several potential acyl donors have been
tested. Many acyl donors spontaneously react with APN and some are not compatible with
specific enzymes. The acyl donors that have been shown to acylate APN in the reaction
catalyzed by Lipase B include trifluoroethyl butyrate (butyrate TFE); di-trifluoroethyl 1,4-
cyclohexane dicarboxylic acid; benzoic acid vinyl ester; butyric acid vinyl ester, caproic acid
vinyl ester, lauric acid vinyl ester, butyl vinyl carbonate, 2,6-furan-dimethanol divinyl
carbonate, 1,6-hexanediol divinyl carbonate, ethyl acetate, and butyl acetate (See TABLE 1).
In addition, the enzymes capable of catalyzing the acylation of APN, other than Lipase B,
include Lipase AL, CHIRAZYME L-10, Lipase PL, Lipase QL, CHIRAZYME L-1, Lipase
L-10, Lipase AY-30, Lipase Type VII, Lipase “CV", Lipase “PN”, Lipase Type 250, Lipase
PS-30, Lipase TL, Lipase “RN”, Lipase A-10FG, CHIRAZYME L-8, Cholesterol esterase,
and CHIRAZYME E-1 (See EXAMPLE 2 and TABLE 2, CHIRAZYME is a registered

mark, Roche Corp., Basel, Switzerland).

[0021] It has been found that Lipase AL, Lipase PL, Lipase Type VII, Lipase “PN”,
Lipase TL, CHIRAZYME L-8, CHIRAZYME E-1 are selective towards acylation of S-APN,
leaving R-APN non-acylated (See EXAMPLE 3, TABLE 3A).

[0022] In contrast, it has been found that CHIRAZYME L-1, CHIRAZYME L-5,
Lipase Type 250, and Lipase PS-30 are selective toward acylation of R-APN, leaving S-APN
non-acylated (See EXAMPLE 3, TABLE 3B).

‘ [0b23] As generally ié-known‘, the conditions for enzymatic écylatioﬁ show strong

impact on the reaction rate and stereo-selectivity of the catalysts. Below are the results of the
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studies of the effect of a number of reaction parameters on the enantioselectivity of enzymatic
acylation of APN with butyrate TFE with special emphasis paid to the process catalyzed by
Lipase TL.

[0024] Temperature. The reaction temperature (in the range from 25 to 45°C) did not
show significant impact on stereoselectivity of APN acylation catalyzed by different enzymes
in methyl fert butyl ether (MTBE) as a solvent.

[0025] Solvent. Application of acetonitrile instead of MTBE afforded smaller
enantioselectivity in APN acylation and MTBE was selected as reaction solvent in stereo-
resolution of APN. In fact, such solvents as tetrahydrofuran (THF), toluene, pyridine, 1,4-
dioxane, and others are known as potential medium for the reaction catalyzed by lipases and

esterases.

[0026] Reagent concentration. Concentration of butyrate TFE was an important
parameter in determining the stereo-selectivity of enzymatic acylation in the reaction
catalyzed by Lipase TL from Pseudomonas stutzeri in MTBE. Increase in the molar excess
of the acyl donor over racemic mixture of APN (from 1 to 30 fold) resulted in 1.5-2 fold

higher reaction stereospecificity.

[0027] Enzyme amount. The reactions of APN acylation with butyrate TFE were
performed at constant concentration of the suspension of immobilized enzyme, 10 mg/mL of
organic solvents and the effect of the enzyme concentration on the reaction enantioselectivity
was not studied. However, as is known from literature, this parameter, as well as the ways of
preparing the biocatalyst (enzyme loading on the support, treatment of immobilized enzyme

with polar solvents, surfactants, etc.) can influence stereo-selectivity of enzymatic acylation.

{0028] Water content. A water content in the solvent from 0.4 to 4 volume % (vol.
%) of the solvent is useful (See EXAMPLE 4).

[0029] In addition to the acyl donors and the enzymes described above, other acyl
donors including methyl phenylacetate, methyl phenoxyacetate, phenylacetamide, and
phenylacetic acid may be used with particular enzymes, such as penicillin acylase (See
EXAMPLE 5).
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[0030] Penicillin acylase is also known as penicillin amidase, penicillin G amidase,
penicillin amido hydrolase, and penicillin V acylase. The enzyme is available from many
commercial sources, both in immobilized and free forms (See TABLE 2). Penicillin acylase
is highly active towards the amide bonds and is active over a broad range of pH (5.4-11.0)
and moderate temperature (10-45°C). Penicillin acylase catalyzed reactions are in general
done in aqueous phase, or mainly aqueous medium with the amount of water-miscible
organic solvent equal to 10-30 vol. %. The controlled addition of polar organic solvents
facilitates the miscibility/solubility of the substrate (APN) keeping penicillin acylase active.
The general use of aqueous medium is mainly because of the pre notion that aqueous system
is necessary for this enzyme to be active. However, the enzyme has been found to be active
in non-aqueous media too. The acylation reaction using penicillin acylase may be performed
in a solvent system that may include acetonitrile, methanol, or MTBE (See TABLES 5A-5D),
or in a predominantly non-polar organic system that may include MTBE, toluene, ethyl
acetate, n-butyl acetate, methylene chloride, and benzene. APN concentration can be in the
range of 0.02 — 0.5 M. A typical concentration of APN is 0.25 M. A concentration range
from about 0.04 to 0.5 M of an acyl donor can be used. A typical concentration of an acyl
donor is twice of APN concentration. Amount of the enzyme can be in a range of 10-100

mg/mL of reaction mixture.

[0031] A model acylation reaction catalyzed by penicillin acylase is demonstrated in

EXAMPLE 6. In this reaction, up to about 72% eeR.A PN could be achieved after 7 hours of
reaction (see TABLE 6).

[0032] Penicillin acylase shows enantioselectivity towards acylation of S-APN,
leaving R-APN non-acylated, as shown in EXAMPLES 5 and 6. The unreacted R-APN can
be separated from acylated S-APN by stripping into an aqueous solution or can be easily
collected as a methanesulfonate salt (to be described below). As the relative rates of acylation
of R and S enantiomers are considerably different, ee’s >99% can be achieved with proper
variations of the reaction parameters. The reaction can be performed either in a batch process

or in a continuous column reactor.
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[0033] S-APN-phenylacetamide formed during the course of the enzymatic reaction
can be isolated and hydrolyzed by the same enzyme in a water rich environment. The MTBE

solution of methyl phenylacetate can be re-circulated.

[0034] In another approach, the method for preparing enantiomerically enriched APN
involves selective hydrolysis of an enantiomeric mixture containing acylated R-APN and
acylated S-APN, in the presence of an enzyme. As demonstrated in the following reaction

scheme, penicillin acylase is a suitable enzyme for the selective hydrolysis.

(S (s)

/Y\CN L oN  Penicillin en T en
R H acylase /\r\ + H

HN HN R ——> NH HN R
\[r \ﬂ/ Selective 2 \ﬂ/
o) o) Hydrolysis 0
Separation
(R
H_N\H/R
0O
Hydrolysis l
(R)
NH,
[0035] The enantiomeric mixture may contain R-APN-phenylacetamide and S-APN-

phenylacetamide. As penicillin acylase is more active towards S-APN, the enzyme catalyzed
hydrolysis of the enantiomeric mixture will result in formation of S-APN and R-APN-
phenylacetamide (see reaction scheme above). Using any suitable conventional chemical
techniques, the products can be separated to S-APN and R-APN-phenylacetamide, which can
be further hydrolyzed by the same enzyme or other chemical methods under suitable

conditions to produce R-APN.

[0036] The selective hydrolysis reactions can be carried out in aqueous, water-water-
miscible solvent (5-30 vol. %) such as acetonitrile, methanol, etc., or in a two-phase water —

water immiscible non-polar organic solvents over a range of pH’s (see EXAMPLE 7).
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[0037] In an alternative approach, the method for preparing enantiomerically enriched
3-APN begins with acylation of a racemic mixture of APN to produce a racemic mixture of
acylated APN. This acylation step is not a selective acylation reaction, therefore both R-APN
and S-APN are acylated. The non-selective acylation may involve a chemical reaction (See
EXAMPLE 8). Suitable acyl donors for this reaction include phenylacetyl chloride. With
phenylacetyl chloride as the donor, the resulting enantiomeric mixture contains substantially
equal amounts of S-APN-phenylacetamide and R-APN-phenylacetamide. The resulting
enantiomeric mixture of APN-phenylacetamide may be enzymatically selectively hydrolyzed,

as described above.

[0038] As mentioned earlier, the methods of the present invention may include the
step of separating the acylated enantiomer from non-acylated enantiomer of APN. This
separating step may be performed using any suitable separation procedure. One example is
to react the mixture of acylated S-APN and non-acylated R-APN with dibenzoyl-L tartaric
acid, which is selective towards binding to R-APN, to produce R-APN-dibenzoyl-L tartrate
salt. The salt may be precipitated and isolated from the mixture, yielding enantiomerically
enriched R-APN-dibenzoyl-L tartrate (See EXAMPLE 9). R-APN-dibenzoyl-L tartrate salt
may be further reacted with methanesulfonic acid to form R-APN-methanesulfonate salt,

which is a useful compound for the production of pharmaceutical molecules.

[0039] It is possible that the mixture of acylated enantiomer and non-acylated
enantiomer of APN may be reacted directly with methanesulfonic acid, without going
through the step of reacting with dibenzoyl-L tartaric acid. In this reaction, R-APN reacts
with methanesulfonic acid to form R-APN-methanesulfonate salt (See EXAMPLE 10).

[0040] In order to determine the relative amounts of the R~ and S-enantiomers of the
APN or APN amides, the product of the acylation reaction is analyzed using standard chiral
and achiral liquid chromatography techniques. A high performance liquid chromatography

(HPLC) may be used to determine the relative proportions of each enantiomer.

[0041] An example of analytical protocols for the determination of R- and S- APN is
as follows. APN was derivatized initially with o-phthalaldehyde and Boc-L-cysteine and
analyzed by HPLC. The derivatization reagent was prepared by adding 128 mg of N-tert-
butoxycarbonyl L-cysteine to 50 mg of o-phthalaldehyde, dissolved in 1.0 mL methanol and
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diluted to 5 mL with a 0.4 N potassium borate buffer of pH 10.4. A 20 uL of the reagent thus
prepared was added to 30 uL of APN solution (approximately 2 pmoles), and was diluted
further with 40 uL of pH 10.4 borate buffer. The derivatized sample was injected on to a
ZORBAX C-18 column (150 x 4.6 mm) (ZORBAX is a registered trademarks of the Du Pont
company, Wilmington, DE) maintained at 40°C and eluted isocratically with 75:25 phosphate
buffer of pH 6.2 (0.015 M) containing 10 % (v/v) acetonitrile. The elution profile was

followed at a wavelength of 338 nm using a UV detector.

[0042] The result of the HPLC analysis may be used to determine the optical purity in

terms of enantiomer excess (% ee), using the following calculation:

[0043] % eeR-APN = 100([R-APN]-[S-APN])/([R-APN]+[S-APNY)
[0044] % eeg.ApN = 100([S-APN]-[R-APN])/([S-APN]J+[R-APN])
[0045] A further identification of the enantiomers may be performed using a nuclear

magnetic resonance (NMR) technique.

EXAMPLE 1

Acyl donor screening

[0046] In order to select the acyl donors that do not react spontaneously with APN but
could only participate in the reaction catalyzed by enzymes, 67 various acyl donors were
tested for the possibility of spontaneous reaction with APN. The acyl donors were selected
from the groups of alkyl acetates (OAc), vinyl esters (VE), vinyl carbonates (ViCarb), and
trifluoroethyl esters (TFE) of different carboxylic acids. Control reactions of APN (99.5%
pure as shown on certificate of analysis as received from DuPont Nylon Specialties) with acyl
donors were set up as follows: 0.5 mL APN was dissolved in 20 mL methyl ferz-butyl ether
(MTBE) (0.25 M). To 0.25 mL of this solution, 20 pL or 20 mg of acyl donors were added
and the solutions or suspensions were left at 40°C overnight. Samples were taken after 14
hours of the reaction time and analyzed by Gas Chromatography (GC). Out of 67 acyl
donors, 23 donors showed some spontaneous reaction with APN and were excluded from
further studies. The reagents for enzymatic acylation of APN were then selected from the

remaining 44 acyl donors.
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[0047] Selected acyl donors were then tested in the enzymatic acylation of APN
catalyzed by Candida antarctica lipase B (CHIRAZYME L-2). Lipase B was chosen for
screening because this enzyme is known for its High activity and broad substrate specificity in
the acylation reactions for different acyl acceptors. The enzyme was added to the reaction
mixture in the amount of 10 mg/mL. The GC method used here determined the reaction
conversion, but did not allow separate resolution of the acylation products formed by S-APN
and R-APN. Thus, the single peak in GC traces corresponded to the enantiomeric mixture of
the acylated forms of both S- and R-APN. Thirteen compounds listed in TABLE 1 were
tested as acyl donors in the reaction of APN acylation catalyzed by lipase B under the same
reaction conditions as those described above.

TABLE 1. Conversion of APN in the reaction with selected acyl donors catalyzed by
Candida antarctica lipase B, after 18 hours.

Acyl donor Conversion

(%)
Butyrate TFE 100
1,4-Cyclohexane dicarboxylic acid diTFE 64
Benzoic acid VE* 91
Butyric acid VE* 100
Caproic acid VE* 100

Lauric acid VE* 72

Butyl ViCarb* 18
2,6-Furan-dimethanol diViCarb* 100
1,6-Hexanediol diViCarb* 12
EtOAc 68

BuOAc 91

*Several reaction products are formed in the reactions with these acyl donors.

[0048] Among different groups of acyl donors, best results were obtained with
trifluoroethylacetate (TFE), which showed single products in the reaction with APN (TABLE
1). Butyrate TFE was chosen as the best possible reagent as the reaction with APN resulted
in good product yields in a rather short reaction time, which could be practically convenient
for developing the process of stereo-resolution of APN. Although the reaction with other
TFE compounds proceeds slower, they can also be used as acyl donors for stereo-separation
of APN. Other acyl donors in TABLE 1 are less convenient for developing the process of
APN stereo-resolution as they may form multiple reaction products. In the reaction with
vinyl esters, a small amount of acetaldehyde is formed as a result of the accompanying
hydrolysis of vinyl esters and this aldehyde can form the Schiff base in the non-enzymatic

reaction with APN as a by-product along with the enzymatically produced amide. Due to
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bifunctional character of carbonate group, vinyl carbonates can react with two acceptor

molecules, which gives rise to several reaction products as well.

EXAMPLE 2

Enzyme (lipase/esterase) screening

[0049] Full lipase/esterase screen was set up using butyrate TFE as acyl donor and
APN as acceptor of butyrate group. A total of 70 lipase/esterase catalysts was screened. The
screen was set up as follows: 2.5 mL of butyrate TFE and 0.9 mL of APN (prepared as
previously described) were added to 36 mL of MTBE and the solution was vortexed. Then
0.4 mL of the solution was added to test tubes containing the lipase/protease powders
organized in a 9x8 plate and the reactions were shaken at 45°C. GC analysis of the reaction
mixtures showed that several enzymes catalyzed the acylation of racemic APN in very high
conversions (>80%) (TABLE 2). This fact means that both enantiomers of APN: R-APN and
S-APN, were reactive in acylation. These enzymes did not show any pronounced
enantioselectivity in the reaction. For this reason, these enzymes were not studied in further
experiments. A number of lipases and proteases were not active enough as they showed low
conversions (<25%). Therefore, the enzymes showing low conversion were not included in

further screening experiments.

[0050] Most promising for further catalyst development were the enzymes, which
showed conversions for the reaction at around 50+10 %. Possible explanation for this
number is that in these reactions, only one of the enantiomers (either R-APN or S-APN)
reacts with the acyl donor while the other enantiomer remains unreacted. As a result, thirteen
enzymes were identified which were further studied as the catalysts for optical resolution of
APN (TABLE 2).

[0051] Thirteen lipase/esterase catalysts selected from the list in TABLE 2 were
further tested in the reaction of APN acylation with butyrate TFE. The reaction conversion
was estimated using GC method, and Chiral HPLC allowed the determination of the amount
of non-reacted R-APN and S-APN in the reaction mixture. By analyzing the results of these
methods used in combination, it is possible to calculate the amounts of both non-reacted and
acylated forms for R-APN and S-APN.
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TABLE 2. Enzymes used in screening the catalyst for the reaction of APN acylation with
TFE butyrate, which showed the reaction conversions at around 50+10 %, after 18 hours.

Enzyme Source Support Producer Conversion
(%)
Lipase AL Alcaligenes sp. Accurel® | Meito Sangyo' 54.0
CHIRAZYME L-10|  Alcaligenes sp. Accurel® Roche? 47.1
Lipase PL Alcaligenes sp. Accurel® | Meito Sangyo’ 56.5
Lipase QL - Alcaligenes sp. Accurel® | Meito Sangyo’ 50.1
CHIRAZYME L-1 | Burkholderia cepacia | Accurel® Roche” 56.4
Lipase L-10 Candida lipolytica Accurel® Amano® 47.9
Lipase AY-30 Candida rugosa Accurel® Amano’ 409
Lipase Type VII Candida rugosa Accurel® Sigma* 442
Lipase “CV Chromobacterium Accurel* | Finn Sugar’ 48.6

viscosum

Lipase “PN” Phycomyces nitens Accurel® Wako® 49.5
Lipase Type 250 Porcine pancreas Accurel® Solvay’ 55.9
Lipase PS-30 | Pseudomonas cepacia | Accurel” Amano’ 50.2
Lipase TL Pseudomonas stutzeri | Accurel* | Meito Sangyo' 56.0
Lipase “RN” Rhizopus niveus Accurel® Fluka® 48.9
Lipase A-10FG Rhizopus oryzae Accurel® Naga569 58.9
CHIRAZYME L-8 |  Thermomyces sp. Accurel® Roche? 50.5
Cholesterol esterase|  Porcine pancreas Powder Sigma® 55.1
CHIRAZYME E-1 Pig liver Celite” Roche’ 44.4

1. Meito Sangyo Co., Nishi-Ku Nagoya, Japan; 2. Roche Corp., Basel, Switzerland; 3. Amano Enzyme Inc.,
Nagoya, Japan; 4. Sigma Aldrich Corp., St Louis, MO, USA,; 5. Finnsugar Bioproducts, Helsinki, Finland, 6.
Wako Chemicals GmbH, Neuss, Germany; 7. Solvay S.A., Brussels, Belgium; 8. Fluka, Buchs SG, Switzerland;
9. Nagase, Tokyo, Japan; a. Accurel Type EP100 (MP 1004), particle size 200-400 micron, is a product of Akzo
Nobel Faser AG, Obernburg, Germany; b. Celite Corporation. 2500 Miguelito. Lompoc, CA, USA.

EXAMPLE 3

Enantioselectivity of selected enzymes

[0052] A primary goal is to find enzymes that can specifically acylate S-APN leaving
as much non-reacted R-APN as possible and then separate non-acylated R-APN from S-APN

and acylated forms of R- and S-APN. These enzymes should provide for high eeR-APN

values. It was found (TABLE 3A) that a number of tested enzymes show this type of
enantioselectivity and thus, can be applied for increasing the relative amount of R-APN over

S-APN in the acylation reaction mixture. According to their high eer.ApN values, lipases

AL and TL are among the best catalysts belonging to this group of enzymes.
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TABLE 3A. Enzymes showing high enantioselection towards S-APN in the acylation
reaction, yielding high enantiomeric excess of R-APN (eeR-APN)

Lipase/Esterase Source | Conversion (%) | eeR-APN (%)
in24 h

AL, Alcaligenes sp. Meito 85 70
Sangyo

PL, Alcaligenes sp. Meito 78 15
Sangyo

Type VII, Candida rugosa Sigma 45 6

PN, Phycomyces nitens Wako 68 9

TL, Pseudomonas stutzeri Meito 98 91
Sangyo

CHIRAZYME L-8, Thermomyces sp.|  Roche 86 26

CHIRAZYME E-1, pig liver esterase| Roche 68 6

[0053] A secondary goal is to find enzymes that can specifically acylate R-APN,

leaving as much non-acylated S-APN as possible. The acylated R-APN and non-acylated S-
APN may then be separated. The separated acylated R-APN may then be hydrolyzed to R-
APN by using chemical or enzymatic methods. For successful application here, the enzymes
should have high eeg.ApN values. Among all tested lipases and esterases, CHIRAZYME L-
5 and lipase PS-30 appeared to be the most efficient enzymes from that catalyst group (see

TABLE 3B).

TABLE 3B. Enzymes showing high enantioselection towards R-APN in the acylation
reaction, yielding high enantiomeric excess of S-APN ( eeg.APN)-

Lipase/Esterase Source  |Conversion (%) in|  eeg-APN (%)
24 h
CHIRAZYME L-1, Burkholderia Roche 99 28
cepacia
CHIRAZYME L-3, Candida Roche 99 95
antarctica
Type 250, porcine pancreas Solvay 61 5
PS-30, Pseudomonas cepacia Amano 92 56
EXAMPLE 4

Effect of water content on enzymatic acylation of racemic APN

[0054] Stereo-selectivity of APN acylation with butyrate TFE catalyzed by different
enzymes depended on the content of water in organic solvent, which was determined by
using Karl Fisher titration. This conclusion may have significant impact on the practical
aspects of stereo-resolution of APN. In order to verify this conclusion, reactions were set up

in the presence of different amounts of water added to MTBE. All other conditions include:
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1 mL of MTBE, 25 pL racemic APN (prepared as previously described, 75 uL. TFE butyrate,
5 mg immobilized lipase, incubated at 45°C. Water saturated solvent was prepared by
mixing 2 mL dry MTBE with 2 mL water. The results in TABLE 4 indicates that increasing
the water content decreases the enantioselectivity of the enzyme.

TABLE 4. Reaction conversion and product stereo-selectivity achieved in the reaction of

APN acylation with butyrate TFE catalyzed by lipase TL Pseudomonas stutzeri as a function
of different amount of water added to MTBE

Water content | Conversion (%) | eeR-APN (%) | Conversion (%) | eeR-APN (%)
pL/mL MTBE| 6 hour reaction | 6 hour reaction | 24 hour reaction | 24 hour reaction

4 79.5 44 95.2 85

7 74.6 38 92.6 78

10 75.4 37 933 78

15 75.0 36 93.0 73

20 74.4 32 93.2 69

30 75.5 31 93.7 66

40 72.5 27 92.6 62
water-saturated 46.3 9

EXAMPLE 5

Selective acylation of APN catalyzed by penicillin acylase in different buffer

[0055] Several sets of acylation reactions were prepared using different solvents and
reaction conditions. In one set of the reactions, added to each reaction vial were 30 mg/mL of
penicillin acylase (PGA-450), 0.1 M phosphate (pH=6.0) or borate (pH=10.4), 0.04 M of
racemic mixture of APN, 0.07 M of an acyl donor, and an amount of solvent to make 1.0 mL
reaction. The temperature was kept at either 45°C or at room temperature. The reaction was
run for 22 hours, after which the reaction samples were analyzed. The results reported in
TABLE 5 indicate that penicillin acylase has a catalytic effect in acylating APN when methyl
phenylacetate, or phenylacetamide, was used as the acyl donor. Also indicated is that the

enzyme is selective towards acylation of S-APN, leaving R-APN non-acylated.
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TABLE 5A. Selective acylation of APN in buffer-polar solvents

pH Acyl donor Temperature solvent solvent €eR-APN
(°C) (%) (%)

10.4 | Methyl phenylacetate 45 - - 6
10.4 | Methyl phenylacetate 45 acetonitrile 10 4
104 | Methyl phenylacetate 45 methanol 10 8
10.4 Phenylacetamide 45 - - 0
10.4 Phenylacetamide 45 acetonitrile 10 2
104 Phenylacetamide 45 methanol 10 4
6.0 Methyl phenylacetate rt - - 2
6.0 Phenylacetamide rt - - 8
6.0 Methyl phenylacetate rt acetonitrile 10 2
6.0 Phenylacetamide 1t acetonitrile 10 8
6.0 Methy! phenylacetate rt methanol 10 4
6.0 Phenylacetamide rt methanol 10 12
[0056] In another set of reactions, the reaction vials were prepared with

phenylacetamide and methyl phenylacetate as the acyl donors in 1.0 mL reaction. PGA-450
=30 mg, 0.2 mL buffer (pH=6.0, 0.5 M) were added to each vial, containing 2 pLL. APN. The.
reaction samples were analyzed after 24 hours. The results (TABLE 5B) indicate that, at pH
6.0, penicillin acylase is effective in catalyzing acylation of APN. Methanol appears to be a

suitable co-solvent. The reaction product shows % eer.ApN of between 1.2 and 26.7.

TABLE 5B. Selective acylation of APN at pH 6.0

Acyl donor Acyl donor solvent solvent [Temperature} eeR.APN
M) (%) °C) (%)
phenylacetamide 0.1 0 - 25 6.4
phenylacetamide 0.1 0 - 45 10.8
phenylacetamide 0.1 10 Methanol 25 11.8
phenylacetamide 0.1 10 Methanol 45 12.4
phenylacetamide 0.1 20 Methanol 25 26.7
phenylacetamide 0.1 20 Methanol 45 14.3
phenylacetamide 0.1 30 Methanol 25 12.4
phenylacetamide 0.1 30 Methanol 45 4.7
phenylacetamide 0.35 0 - 25 52
phenylacetamide 0.35 0 - 45 19.3
phenylacetamide 0.35 10 Methanol 25 10.3
phenylacetamide 0.35 10 Methanol 45 18.1
phenylacetamide 0.35 20 Methanol 25 21.4
phenylacetamide 0.35 20 Methanol 45 8.5

phenylacetamide | 0.35 - - 30 ‘| Methanol 25 - 11.0 -
phenylacetamide 0.35 30 Methanol 45 1.2
methyl phenylacetate 0.35 80 MTBE 25 11.2
methyl phenylacetate 0.35 80 MTBE 45 22.8
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[0057] In another set of reactions, the solvent system was prepared by presaturating
MTBE with water. In all reaction vials, 0.6 mL MTBE was added with 20 mg of acyl donor,
10 mg enzyme PGA-450 P and 20 pmoles of APN. Phosphate buffer (pH=6.0; 0.5M) was
added to adjust the phase volume ratio. After 18 hours, water was added to each vial to make
the total water content equal in all the vials to compensate for evaporation loss. After mixing
the aqueous phase was analyzed for % eep.ApN after derivatizing the APN. The data in
TABLE 5C indicate that in addition to methyl phenylacetate, methy] phenoxyacetate, and
phenylacetic acid could be used as the acyl donors. In the two phase system, penicillin
acylase was effective in acylation of APN. The reaction performed at the temperature of

45°C usually yielded higher % eer.ApN, Which could reach 33.6%.

TABLE 5C. Selective acylation of APN in a two-phase system

Acyl donor Temperature [Solvent:aqueous| eeR-APN
(°C) ratio (%)
Methyl phenylacetate 1t 0.86 17.0
Methyl phenylacetate rt 0.80 14
Methyl phenylacetate rt 0.35 2.5
Methyl phenylacetate 45 0.86 33.6
Methyl phenylacetate 45 0,50 3.8
Methyl phenylacetate 45 0.35 23
Methyl phenoxyacetate rt 0.50 1.9
Methyl phenoxyacetate 45 0.50 2.5
Phenylacetic acid rt 0.50 0.7
Phenylacetic acid 45 0.50 1.7

rt = room temperature

[0058] In another set of experiments, the reaction mixtures were prepared with water
saturated MTBE (0.6 mL), with methyl phenylacetate as the acyl donor and 10 mg of PGA-
450. A 0.5M phosphate buffer (pH=6.0) was used to adjust the buffer ratio. The enzyme in
each vial was pre-equilibrated with the buffer for few minutes, followed by the addition of
APN and acyl donor to make a 1.0 mL reaction. The reaction mixture was analyzed at 18

hours and % eeg.ApN Was determined. The results (TABLE 5D) indicate that in a non-

aqueous medium, penicillin acylase catalyzed reactions could result enantiomeric excesses in

> 99 % eeR-APN-
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TABLE 5D: Selective acylation of APN in predominantly non-aqueous medium: (pH=6.0)

Temp. Methyl Buffer APN €ER-APN
cO) phenylacetate (%) M) (%)
M)
40 0.2 0 0.033 >85
40 0.2 04 0.033 >99
40 0.2 1.7 0.033 >99
40 0.2 8.3 0.033 64.0
40 0.04 1.7 0.033 62.0
40 0.04 1.7 0.085 30.0
40 0.04 1.7 0.170 14.0
10 0.04 4.0 0.033 40.0
EXAMPLE 6
5 Model reaction of penicillin acylase catalyzed acylation of APN in a non-polar organic
solvent
[0059] 3.0 g penicillin acylase enzyme (PGA-450), and 0.15 mL water were added to

a vial. The vial was then shaken for fifteen minutes and kept at 4°C overnight for

10

15

equilibration. To a three-necked 500 mL flask, 100 mL water saturated MTBE, 2.5 mL APN

and 7.5 mL methyl phenylacetate were added. The reaction mixture was stirred with an

overhead stirrer at room temperature. To this mixture, the equilibrated enzyme was added

with continued stirring. The progress of the reaction was followed by analyzing samples

taken from the reaction solution using the chiral resolution method described earlier. The

enantiomeric excess of R-APN at different time intervals is presented in TABLE 6.

TABLE 6: Increased production of R-APN with increased reaction time

Time (min.) eeR-APN (%)

0 04

30 7.6

60 13.0

120 25.5

210 41.5

300 56.4

420 72.0
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EXAMPLE 7

Selective hydrolysis catalyzed by penicillin acylase in different buffers

[0060] Three sets of reactions were prepared generally as follows. For reactions in
buffered media, APN-phenylacetamide was transferred to a 2.5 mL glass vial and to this vial,
penicillin acylase (PGA-450) was added followed by the addition of buffer. For reactions in
buffer-solvent mixtures, APN-phenylacetamide was dissolved in a solvent/water mixture and
a calculated amount of this solution was transferred to the vial following the addition of the
enzyme, penicillin acylase (PGA-450) to make up the volume to 1.0 mL, and the contents

were stirred continuously with a magnetic stirrer.

[0061] The progress of the hydrolysis reaction was followed by determining the
concentrations of 3-aminopentanenitrile phenylacetamide and phenylacetic acid formed at
different time intervals with an HPLC. The reaction mixture after diluting with acetonitrile
was injected on to a PHENOMENEX C18 column (PHENOMENEX is a trademark of
Phenomenex, Torrence, CA) and eluting with acetonitrile: water mixture (40:60) both

containing (0.1% perchloric acid) following the elution profile with a UV detector at 254 nm.

[0062] A study (TABLE 7A) indicates that APN-phenylacetamide can be hydrolyzed
by penicillin acylase in the presence of a polar solvent, such as acetonitrile. The results show
that penicillin acylase is more active towards hydrolysis of S~APN-phenylacetamide,
producing enantiomeric excess of S-APN, leaving R-APN-phenylacetamide unreacted. In
this particular study, 0.1 M APN-phenylacetamide was used. The pH was adjusted with 0.5

M of phosphate or bicarbonate buffer. The analysis was carried out after 18 hours.

TABLE 7A. Hydrolysis of APN-phenylacetamide in the presence of a polar solvent

PGA-450 pH solvent €eS-APN
(mg) (%)
100 6.0 - 30
100 7.0 - 10
100 8.0 - 4
100 9.0 - 2
60 6.0 5% acetonitrile 18
60 7.0 5% acetonitrile 8
60 8.0 5% acetonitrile 10
60 9.0 5% acetonitrile 10
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[0063] The study (TABLE 7B) indicates that the selective hydrolysis of APN-
phenylacetamide may also be performed using a solvent including MTBE. The pH of the
reaction may also varied from about 6 to about 9. In this particular experiment, 65 pmoles
APN-phenylacetamide was used with 10 mg of the enzyme, PGA-450. The reactions were
buffered with 0.025 mL of 0.5 M solution of phosphate and bicarbonate. For %ee
determination, the solvent of the reaction mixture was dried under a stream of nitrogen, water

was added to make up the volume to 1.0 mL, and analyzed by HPLC.

TABLE 7B. Hydrolysis of APN-phenylacetamide by PGA-450 in the presence of MTBE

pH | Temperature Total Solvent-aqueous | eeg.APN
(°C) volume ratio (%)
(mL)
6.0 25 0.6 0.83 24.0
6.0 25 1.0 0.50 312
6.0 45 0.6 0.83 21.7
6.0 45 1.0 0.50 22.2
7.0 25 0.6 0.83 24.0
7.0 25 1.0 0.50 26.3
7.0 45 0.6 0.83 244
7.0 45 1.0 0.50 18.9
8.0 25 0.6 0.83 16.4
8.0 25 1.0 0.50 21.1
8.0 45 0.6 0.83 20.1
9.0 25 0.6 0.83 28.3
9.0 25 1.0 0.50 28.1
A 25 0.6 0.83 21.3
A 25 1.0 0.50 19.7

A- represents unbuffered solution

[0064] The study in TABLE 7C indicates that selective hydrolysis of APN-
phenylacetamide may be performed in a two-phase solvent system at relatively low pH (4.7-
6.0). In this study, the reactions were buffered by phosphate (pH=6.0), acetate (pH=4.7),
citrate (pH=5.5) and formate (pH=5.5). 10 mg PGA-450, 0.02 mL buffer solution (0.5 M),
and 65 pmoles of APN-phenylacetamide were present in each vial. A two phase solvent
system containing 1:1 ratio of MTBE to aqueous phase was used. The product from aqueous

phase was analyzed (% eeg-A PN Was determined).
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TABLE 7C. Selective hydrolysis of APN-phenylacetamide in two phase system

pH Temperature €eS-APN
C) (%)
6.0 40 25.2
6.0 Rt 28.8
6.0 10 33.4
4.7 40 25.0
4.7 Rt 31.5
4.7 10 34.5
5.5 40 22.7
5.5 Rt 29.7
5.5 10 34.6
5.5% 40 18.8
5.5% Rt 27.2
5.5 10 335
EXAMPLE 8

Production of 3-APN-phenylacetamide by a chemical reaction

[0065] The acylation (amidation) reaction was carried out under Schotten-Baumann
conditions, as follows. Dissolve 5g of NaOH in 50 mL water and add 5 mL of a racemic
mixture of APN (4.665 g; d =0.933; 0.0475 moles; M.W. = 98.15) and add 8 mL
phenylacetyl chloride (9.3g; 0.06 moles) and stir for 2 hrs at room temperature. Extract the
amide with ethyl acetate (30 mL) and wash the ethyl acetate layer with water. Remove the
solvent by rotary evaporation with acetone/dry-ice trap. The compound was further dried
after adding few mL of methanol and removing the solvent. The precipitate formed was
collected and dried in a desiccator under vacuum. Yield = 8.7 grams (85%) and the product
was confirmed by NMR.

EXAMPLE 9

Production of R-aminopentanenitrile dibenzoyl-L-tartaric acid salt

[0066] Racemic APN (5 mL) and butyrate TFE (15 mL) were added to 0.2 L of
MTBE. Then 1.0 g of lipase TL (Pseudomonas stutzeri) produced by Meito Sangyo and
immobilized on Accurel was added and the suspension was incubated at 45°C in a
thermostated shaker (250 rpm) for 8 hours. The reaction was stopped by cooling the
éuspénéion down to 20°C aﬂd ﬁlfering off the immdbilized c'atély‘sf on é gl:;ss ﬁiﬁnel’with

paper filter. After concentrating the reaction mixture to an oil, the oil was diluted with ethyl
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acetate. Next 0.7 meq of dibenzoyl-L-tartaric acid in ethyl acetate/water (8:1) was added and
the solids collected. Chiral HPLC analysis of the solid revealed a 26% S-APN and 74% R-
APN (ee. 48%)).

EXAMPLE 10

Production of R-aminopentanenitrile methanesulfonic acid salt

[0067] Racemic APN (0.25M), methyl phenylacetate (0.5M) and 3 g of penicillin
acylase (penicillin G amidase) in 100 mL of water saturated MTBE were mixed at room
temperature. At various times, samples were removed and analyzed by HPLC. The reaction
was terminated by filtering off the enzyme after 7 hours when the ee of the product (R-APN)
was >72%. The enzyme was washed with additional MTBE, which was then added to the

reaction solution.

[0068] A sample of 110 mL of reaction solution was concentrated under reduced
pressure to give an oil. This oil was diluted with 7 mL EtOAc and 1.1 mL methanesulfonic
acid (MsOH) was added and stirred at room temperature for 16 hours. The slurry was cooled
to 0-5°C and the solids collected by filtration. The cake was washed with EtOAc (2 x 25 mL)
and dried (45°C, house vacuum) to give a white solid containing R-APN-methanesulfonic

acid salt (R-APN-MsOH) (0.67 g, 87% ee, 59% yield).

[0069] While the invention has been illustrated and described in detail in the
foregoing description, the same is to be considered as illustrative and not restrictive in
character. It should be understood that only the exemplary embodiments have been shown
and described and that all changes and modifications that come within the spirit of the

invention are desired to be protected.
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What is claimed is:

1. A method for preparing enantiomerically enriched 3-aminopentanenitriles
comprising the steps of:

providing an enantiomeric mixture containing R-3-aminopentanenitrile (R-APN) and
S-3-aminopentanenitrile (S-APN); and

reacting the enantiomeric mixture with an acyl donor in the presence of an enzyme to
selectively acylate one of R-APN and S-APN.

2. The method of claim 1, wherein the enantiomeric mixture is a racemic mixture
containing substantially equal amounts of R-APN and S-APN.

3. The method of claim 1, wherein the enzyme is selected from the group
comprising: CHIRAZYME L-1, CHIRAZYME L-5, Type 250 porcine pancreas and PS-30.

4, The method of claim 3, wherein said reacting step produces a mixture of S-
APN and acylated R-APN.

5. The method of claim 4 further comprising the step of separating S-APN and
acylated R-APN.

6. The method of claim 5 further comprising the step of:

hydrolyzing the separated acylated R-APN to produce R-APN.

7. The method of claim 6, wherein said hydrolyzing step is performed in the
presence of a hydrolase.

8. The method of claim 7, wherein the hydrolase includes lipase and esterase.

9. The method of claim 1, wherein the enzyme is selected from the group
comprising: Lipase AL, Lipase PL, Lipase Type VII, Lipase PN, Lipase TL, CHIRAZYME
L-8, and CHIRAZYME E-1.

10.  The method of claim 9, wherein said reacting step produces a mixture of R-
APN and acylated S-APN .

11.  The method of claim 10 further comprising the step of separating R-APN and
acylated S-APN.

12.  The method of claim 11, wherein said separating step includes reacting the
mixture of R-APN and acylated S-APN with dibenzoyl-L-tartaric acid to produce R-APN-
dibenzoyl-L-tartrate salt.

13 Thé“method of clairh 11 further coﬁapfisirig the étep of hydrolyzing the '
separated acylated S-APN to produce S-APN. '
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14, The method of claim 11, wherein said hydrolyzing step is performed in the
presence of a hydrolase.

15.  The method of claim 14, wherein the hydrolase is selected from the group
comprising lipases and esterases.

16.  The method of claim 1, wherein the acyl donor is selected from the group
comprising trifluoroethyl butyrate; di-trifluoroethyl 1,4-cyclohexane dicarboxylic acid;
benzoic acid vinyl ester; butyric acid vinyl ester; caproic acid vinyl ester; lauric acid vinyl
ester; butyl vinyl carbonate; 2,6-furan-dimethanol divinyl carbonate; 1,6-hexanediol divinyl
carbonate; ethyl acetate; butyl acetate; phenylacetic acid, methyl phenylacetate, methyl
phenoxyacetate; and phenylacetamide.

17.  The method of claim 16, wherein the enzyme is selected from the group
comprising lipases and esterases.

18.  The method of claim 17, wherein the enzyme is selected from the group
comprising Lipase AL, CHIRAZYME L-10, Lipase PL, Lipase QL, CHIRAZYME L-1,
Lipase L-10, Lipase AY-30, Lipase Type VII, Lipase “CV", Lipase “PN”, Lipase Type 250,
Lipase PS-30, Lipase TL, Lipase “RN”, Lipase A-10FG, CHIRAZYME L-8, Cholesterol
esterase, and CHIRAZYME E-1.

19.  The method of claim 18, wherein the acyl donor is trifluoroethyl butyrate , and
the enzyme is Lipase TL.

20.  The method of claim 18, wherein the reacting step is performed in the
presence of an organic solvent.

21.  The method of claim 20, wherein the organic solvent is selected from the
group comprising methyl zers-butyl ether, tetrahydrofuran, toluene, pyridine, and 1,4-dioxane,
ethyl acetate, n-butyl acetate, methylene chloride, benzene.

22.  The method of claim 1, wherein the molar excess of the acyl donor over the
enantiomeric mixture ranges from 1 to 30 fold.

23.  The method of claim 20, wherein the water content in the organic solvent
ranges from 0.4 to 4 volume % of methyl zers-butyl ether.

24.  The method of claim 1, wherein the reacting step is performed at a
temperature of between 25°C and 45°C.

’ 25.  The method of claim 1, wherein the enantiomeric mixture is present at a

concentration range of about 0.02 M to 0.5 M.
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26.  The method of claim 25, wherein the enantiomeric mixture is present at a
concentration of about 0.25 M.

27. The method of claim 1, wherein the acyl donor is present at a concentration
range of about 0.04 M to 0.5 M. .

28.  The method of claim 27, wherein the acyl donor is present at a concentration
of 0.25 M.

29.  The method of claim 1, wherein the acyl donor is present at a twice amount of
the enantiomeric mixture.

30.  The method of claim 1, wherein said reacting step is performed in a reaction
mixture, and wherein the enzyme is present at a range of about 10 mg to 100 mg per mL of
the reaction mixture.

31.  The method of claim 1, wherein the enzyme includes penicillin acylase.

32.  The method of claim 31, wherein the acyl donor is selected from the group
comprising phenylacetic acid, methyl phenylacetate, methyl phenoxyacetate, and
phenylacetamide.

33.  The method of claim 32, wherein the reacting step is performed in the
presence of an organic solvent.

34.  The method of claim 33, wherein the organic solvent is methyl zert butyl ether.

35.  The method of claim 1, wherein the enzyme is an immobilized enzyme.

36.  The method of claim 5 further comprising the steps of reacting the separated
R-APN with methanesulfonic acid to form R-APN-methanesulfonate salt; and recovering R-
APN- methanesulfonate salt.

37.  The method of claim 10 further comprises the steps of reacting the separated
R-APN with methanesulfonic acid to form R-APN-methanesulfonate salt; and recovering the
R-APN-methanesulfonate salt.

38. A method for preparing enantiomerically enriched 3-aminopentanenitriles
comprising the steps of:

providing an enantiomeric mixture containing acylated R-APN and acylated S-APN;
and

selective hydrolyzing one of acylated R-APN and acylated S-APN in the presence of

an enzyme.
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39. The method of claim 38, wherein the enantiomeric mixture contains R-APN-
phenylacetamide and S-APN-phenylacetamide.

40.  The method of claim 39, wherein the enzyme includes penicillin acylase.

41.  The method of claim 40, wherein said selective hydrolyzing step produces a
mixture of R-APN-phenylacetamide and S-APN.

42.  The method of claim 41 further comprises the steps of separating R-APN-
phenylacetamide and S-APN.

43.  The method of claim 42 further comprises the steps of hydrolyzing the
separated R-APN-phenylacetamide to produce R-APN.

44.  The method of claim 43 further comprises the steps of reacting the separated
R-APN with methanesulfonic acid to form R-APN-methanesulfonate salt; and recovering the
R-APN-methanesulfonate salt.

45.  The method of claim 42, wherein said hydrolyzing step is performed in the
presence of a hydrolase.

46.  The method of claim 45, wherein the hydrolase is selected from the group
comprising lipases and esterases.

47. A method for preparing enantiomerically enriched 3-aminopentanenitriles
comprising the steps of:

providing a first enantiomeric mixture containing R-APN and S-APN;

acylating R-APN and S-APN in an acylation reaction using an acyl donor to produce
a second enantiomeric mixture containing acylated R-APN and acylated S-APN; and

selective hydrolyzing either one of acylated R-APN and acylated S-APN in the
presence of an enzyme.

48.  The method of claim 47, wherein the acyl donor is phenylacetyl chloride, and
the second enantiomeric mixture contains R-APN-phenylacetamide and S-APN-
phenylacetamide.

49.  The method of claim 48, wherein the enzyme includes penicillin acylase.

50.  The method of claim 49, wherein said selective hydrolyzing step produces a
mixture of R-APN-phenylacetamide and S-APN.

51.  The method of claim 50 further comprising the step of separating R-APN-
phenylacetamide and S-APN. 7 |



WO 2004/058701 PCT/US2003/040508
27

52.  The method of claim 51 further comprising the step of hydrolyzing the
separated R-APN-phenylacetamide to produce R-APN.

53.  The method of claim 52 further comprising the steps of reacting the separated
R-APN with methanesulfonic acid to form R-APN-methanesulfonate salt; and recovering the

5  R-APN-methanesulfonate salt.

54.  The method of claim 52, wherein said hydrolyzing step is performed in an
enzymatic reaction.

55.  The method of claim 54, wherein the enzymatic reaction is performed in the
presence of hydrolase.

10 56.  The method of claim 55, wherein the hydrolase is selected from the group

comprising lipases and esterases.
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