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(57) Abstract

(1)

A process for the linking of either aspartate or glutamate radicals to the N-terminal of an amino acid or derivative
thereof or to the N-terminal residue of a peptide. The process is applicable for all amino acids with the exception of pro-
line and hydroxy-proline and involves reacting an aspartate or glutamate radical of formula (I), in which nis 1 or 2, By is
any group capable of forming an ester linkage, B, is any group capable of forming an ester linkage and cleavable by a thiol
proteinase and X is an aliphatic or aromatic hydrophobic group, with an amino acid derivative or peptide in the presence

of a thiol proteinase.
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ENZYMATIC SYNTHESIS

The present invention relates to a method of linking
either an aspartate or glutamate radical to the N-terminal
of an amino acid or derivative thereof. This method is
applicable for amino acids, with the exception of proline
or hydroxy-proline, and is functional regardless of
whether the amino acid is in isolation or present as the
N-terminal residue of a peptide. The method is therefore
useful in peptide synthesis.

This method is particularly applicable to the
production of the artificial sweetening agent known under
the generic name of aspartame. Aspartame was first

discovered in 1966 and is a dipeptide of the following
structure:

cH & 0
NH2/ \c — NH/ \c/
I ~

0 0 — CH3

Agpartic acid Phenylalanine Methyl ester

and has a sweeteniné power of 100 to 200 times that of
sugar.
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It is well known in the art to link amino acids
enzymatically. This is witnessed by the number of patent
applications relating to such processes which include
Us 4,086,136, US 4,116,768, US 4,289,721 and US 4,521,514
and Australian Patent No. 558330. Each of these processes
involves the linking of an amino acid derivative with a
free hydroxyl group to an amino acid derivative or
peptide, the reaction being carried out in the presence of
an enzyme. All these prior art processes involve a
condensation reaction to bring about the joining of the
amino acids. A general example of this type of reaction
is shown below.

A,-OH + H-A, Enzyme, A - A, + HO
where Al and A2 are amino acids or peptides.

During the course of investigations into the usé of
the thiol proteinases in enzymic peptide synthesis the
present inventor discovered that thiol proteinases were
able to catalyse the reaction between Z-L-aspartic acid
dibenzyl ester and L-phenylalanine methyl ester to form a
derivate of aspartame, Z-L-aspartyl(f-benzyl
ester) -L-phenylalanine methyl ester (Z is an abbreviation
used in the art that refers to benzyoxycarbonyl). Further
work has shown that this method is applicable to linking
either aspartate -or glutamate to the N-terminal of an
amino acid derivative or peptide.

The reaction takes advantage of the esterase activity
of the thiol proteinase giving rise to a much faster and
more efficient reaction than results from the use of prior
art processes involving condensation reactions. The use
of an aspartate or glutamate derivative with a free
carboxyl group is a different and less efficient method
with a reaction time of days as compared to minutes.
Further it should be noted that in the present process the
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use of the esterase activity does not generate a free
carboxyl group, rather, in the enzyme-C-component complex
the ester of the C-component is cleaved by a nucleophilic
attack by the amino group of the incoming N-component
during formation of the peptide bond.

The present invention consists in a method for the
addition of an aspartate or glutamate radical to the
N-terminal of an amino acid, wherein said amino acid
exists either singly, as a derivative having a C-terminal

o protective group, or as the N-terminal residue of a
peptide, said method comprising the following steps:

reacting, in the presence of a thiol proteinase, a
compound of a general formula:

0—B;

O\C/

(CHg)

CH

X — NH C—O0—B

wherein: n is either 1 or 2,
1 is any group capable of forming an ester
linkage,
B, is any group capable of forming an ester
20 linkage and cleavable by the thiol
proteinase,
X is an aliphatic or aromatic hydrophobic
group,
with an amino acid or derivative thereof or a peptide, the
amino acid derivative having a C-terminal protective
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group, to obtain a compound of the following general

formula:

0 0—B;
N
|
(C?z)n
CH
N
X—NH C—A
Il
0

wherein A is a residue of said amino acid or derivative
thereof or said peptide, and optionally removing the X and
Bl groups from the molecule.

In a preferred embodiment of the invention the thiol
proteinase is either papain or chymopapain, n is 1, X is

benzyloxycarbonyl (known in the art as Z), B, and B

. 1
are both benzyl groups, A is a methyl ester of

2
phenylalanine and a hydrogenation process is used to
remove the Z and Bl benzyl group from the reaction
product to produce aspartame.

Thiol proteinases have been well characterized in the
literature (e.g. Advances in Enzymology Vol. 53 pp
239-306) , and include the enzymes papain, chymopapain,
ficin, bromelain, cathepsins B and C and Streptococcal
proteinase. Apart from Z there are a number of other
aliphatic or aromatic hydrophobic groups which could be
used in this invention. These include t-BOC, B.poc, and
Fmoc. The use and characteristics of these compounds has
been described in the literature by Schechter I and Berger
A (Biochem. Biphys. Res. Comm. Vol. 27 pp 157-162) and by
Fruton J.S. (Advances in Enzymology Vol. 53 pp 239-306).
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Examples of groups which can be substituted for
benzyl at Bl and/or_B2 are ethyl or methyl groups.

However the rate of reaction in the case of production of
aspartame is greater when Bl and 32 are both benzyl.

When the method of the present invention is employed
to link an aspartate or glutamate radical to a single
amino acid derivative, as is the case of the production of
aspartame, it is preferable that C-terminal of the amino
acid be protected. The protective groups for the carboxyl
group of this amine component include alkoxy groups,
substituted or unsubstituted benzyloxy groups, or amino
groups. As will be appreciated by the person skilled in
the art when the method of the present invention is
employed to link an aspartate or glutamate radical to a
peptide it is not necessary to protect the C-terminal of
peptide, although this may optionally be done, as the
carboxyl group of the amino acid residue of the peptide to
which the aspartat; or glutamate radical is to be linked
is already indirectly protected by the other amino acid
residue(s) making up the peptide.

The invention will now be described by means of
example. |
Example 1
(i) Formation of Z-L-aspartyl (/2 -benzyl

ester) -L-phenylalanine methyl ester

a) 1.0 M Z-L-aspartic acid dibenzyl ester in dimethyl
formamide.

b) 278mM L-phenylalanine methyl ester in 55% ethanol
containing 1llmM EDTA and 28mM mercapto-ethanol plus
5.9uM activated papain, pHS8.5.

Reaction 1 part "a" was added to 9 parts "b" at room

temperature and the pH maintained at 8.5. Synthesis was

monitored by high pressure liquid chromatography (HPLC).

The reaction proceeded with approximately 70 to 80%

efficiency in terms of the amount of "a" used with a
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reaction time of approximately 2-3 hours.
The synthesis product 2-L-aspartyl (/2 -benzyl

ester)-L-phenylalanine methyl ester precipitated during

the reaction and was harvested by filtration.

All other reaction products are recoverable and the
hydrolysis product Z-L-aspartic acid/3 -benzyl ester can be
recycled to reform Z-L-aspartic acid dibenzyl ester.
Experiments indicate that the papain is stable under the
reaction conditions although it may need to be reactivated
pericdically.

(£i) Conversion to L-aspartyl-L-phenylalanine methyl ester

This conversion was carried out by a hydrogenation
reaction involving a palladium catalyst and hydrogen gas.

The entire reaction is summarized in Figure 1.

This method of production of aspartame has a number
of advantages over prior art process in that the use of
Z-L-aspartic acid dibenzyl ester has advantages over other
aspartic acid derivatives. It is a relatively cheap
reagent to prepare as both carboxyl groups have the same
substitution. The side chain remains protected after the
coupling of the L-phenylalanine methyl ester enabling the
product to precipitate. 1In this regard it should be noted
that some prior art processes require the use of addition
compounds to cause precipitation e.g. U.S. 4,521,024,
Finally both the Z and benzyl groups can be removed from
the synthesis product in a single catalytic hydrogenation
to yield aspartame
Example 2
Formation of Z-L-glutamyl (& -benzyl ester)-L-
phenylalanine methyl ester

a) 1.0 M 2-L glutamic acid dibenzyl ester in
dimethylformamide.

b) 222 mM L-phenylalanine methyl ester in 44%
dimethylformamide containing 11 mM EDTA and 28 mM
mercaptoethanol plus 2.4 uM activated papain, pH 8.5.

L 3]
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Reaction

One part of "a" was added to nine parts "b"™ at room
temperature and the pH maintained at 8.5. Synthesis was
monitored by HPLC. The reaction proceeded with
approximately 90% efficiency in terms of the amount of "a"
used. '

The synthesis product 2-L-glutamyl (¥ - benzyl
ester) -L-phenylalanine methyl ester precipitated during
the reaction and was harvested by filtration.

Example 3 _

Formation of Z-L-aspartyl (/2 -benzyl)-L-alanine ethyl

ester.

a) 800 mM Z-L-aspartic acid dibenzyl ester in
dimethylformamide.
b) 222 mM L-alanine ethyl ester in 55% dimethylformamide
containing 11 mM EDTA and 28 mM mercaptoethanol plus 2.4
uM activated papain, pH 8.5.
Reéction

One part "a" was added to nine parts "b" at room
temperature and the pH maintained at 8.5. Synthesis was
monitored by HPLC. The reaction proceed with
approximately 40% efficiency in terms of the amount of "a"
incorporated into Z-L-aspartyl (/3 -benzyl)-L-alanine ethyl
ester.

The synthesis product precipitated during the
reaction and was harvested by filtration.
Example 4
Formation of Z-L-aspartyl (/3 -benzyl ester)-L- serine amide

a) 1.0 M Z-L-aspartic acid dibenzyl ester in
dimethylformamide. :

b) 667 mM L-serine amide in 55% dimethylformamide
containing 1lmM EDTA and 28 mM mercaptoethanol plus
5.9 uM activated papain, pH 8.5.

Reaction

One part "a" was added to nine parts "b" at room
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temperature and the pH maintained at 8.5. The reaction

was monitored by HPLC. The reaction proceeded with

approximately 40-50% efficiency in terms of the amount of

"a" incorporated into Z-L-aspartyl (/3 -benzyl)-L- serine

amide.

Example 5

Formation of t-BOC-L-aspartyl (#-benzyl

ester)-L-alanyl-L-isoleucyl-L-phenylalanine methyl ester

a) 1.0 M t-butyloxycarboxyl-L-aspartic acid dibenzyl
ester in dimethyl formamide.

b) 111mM L-alanyl-L-isoleucyl-L-phenylalanine methyl
ester in 55% dimethylformamide containing 28 mM EDTA
plus 4.3 uM activated papain, pH 8.5.

Reaction

One part "a" was added to nine parts "b" at room
temperature and the pH maintained at 8.5. The reaction
was monitored by HPLC. The reaction proceeded with
approximately 30-40% efficiency in terms of the amount of
"a" used.

The synthesis product t-BOC-L-aspartyl (/3 -benzyl)
-L-alanyl-L-isoleucyl-L-phenylalanine methyl ester
precipitated during the reaction and was harvested by
filtration. '
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CLAIMS

1. A method for the addition of an aspartate or
glutamate radical to the N-terminal of an amino acid,
wherein said amino acid exists either singly, as a
derivative having a C-terminal protective group, or as the

N-terminal residue of a peptide, said method comprising
the following steps:

reacting, in the presence of a thiol proteinase, a
compound of a general formula:

o\ C ’/o—Bl
I

CH
( ‘Z)n
CH
X— NH C-—-O-——-Bz
I
0
wherein: n is either 1 or 2,
Bl is any group capable of forming an ester
linkage,
B, is any group capable of forming an ester
" linkage and cleavable by the thiol
proteinase,
X is an aliphatic or aromatic hydrophobic

group,
with an amino acid or derivative thereof or a peptide, the
amino acid derivative having a C-terminal protective

PCT/AUS7/00092
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group, to obtain a compound of the following general
formula:

0 Q—2B
1
N/
(CHZ)n
CH
/
X = NH C—A
|
0

wherein A is, a residue of said amino acid or derivative
thereof or said peptide, and optionally removing the X and
Bl groups from the molecule.

2. A method as claimed in claim 1 in which Bl and B2

are the same or different and are selected from the group
comprising methyl, ethyl and benzyl, and wherein the amino
acid derivative has a C-terminal protective group.

3. A method as claimed in claim 1 or 2 in which the
thiol proteinase is either papain or chymopapain, and in
which X is either benzyloxycarboxyl (Z) or tertiary
butyloxy carboxyl (t-BOC).

4, A method as claimed in claim 3 in which Bl and B,

are both benzyl; the thiol protease is papain; and X is
Z and in which the X and B1 groups are subsequently
removed by hydrogenation.

5. A method of producing L-aspartyl-L- phenylalanine
methyl ester (aspartame) comprising the steps of:

a) reacting Z-L-aspartic acid dibenzyl ester with
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L-phenylalanine methyl ester in the presence of

papain; .

b) recovering formed Z-L-aspartyl (/3 -benzyl
ester) -L-phenylalanine methyl ester; and

c) subjecting the recovered product of (b) to a

hydrogenation reaction to remove the benzyl and %
groups.
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