PRODUCTION METHOD FOR AMINO-ACID POLYMER

Technical Field
[0001]

The present invention relates to a method for manufacturing
an amino acid polymer, in particular to a method for manufacturing
a polymer of amino acids linked by peptide bonds with thiocacid

amino acids.

Background Art
[0002]

Amino acid polymers are utilized for various purposes such
as many industrial products, additives to these products, as well
as synthetic intermediates of compounds contained in these products.
For example, polyaspartic acid which is a homopolymer of aspartic
acid is used as detergents, fertilizers, agrochemicals, cosmetics,
or additives to these products. Moreover, 1in recent years,
polyalanine contained in spider's thread has gathered attention in
regards to its strength. In this way, various use has been found
for amino acid polymers as functional high molecular materials that
render new characteristics which were not conventionally possessed,
and it 1is anticipated that there will be increasing needs for
industrially manufacturing amino acid polymers in years to come.
[0003]

Various methods such as biological and chemical approaches
have been developed as methods for manufacturing amino acid
polymers, although room for improvement is recognized in wvarious
points such as manufacturing efficiency and quality.

[0004]

For example, for biological approach, this includes e.g. the
restriction for introducing non-natural type amino acids, or the
ununiformity of sugar chain structure in glycoproteins.

[0005]



Moreover, for chemical approach, as opposed to biological
approach, freedom of design and structural control are allowed, but
steps of protection and deprotection during synthesis are required.
For this reason, side reactions that occur during those steps, as
well as restriction to productivity such as cost and time are
pointed out as problems. It is also pointed out as a problem that
the use of toxins with high toxicity is often times necessary in
the deprotection step.

[0006]

Accordingly, in order to 1improve the productivity of
chemical synthesis that allows freedom of design and structural
control, it is desired to improve the protection and deprotection
steps to simpler and more rapid as well as safer steps.

[0007]

Thicacid is a generic term for compounds having a thicacid
group (-COSH). Methods for forming amide bonds with thicacid thus
far known are coupling with an amino acid having an azide group
(Non-Patent Literature 1), a method of utilizing thiocacid 3-S dimer
as active ester (Non-Patent Literature 2), and a method of
activating by nitrosation of thiocacid (Non-Patent Literature 3).
Moreover, methods known for forming peptide bonds using thiocacid
amino acid are a method of using protected thicacid amino acid S-S
dimer as active ester (Non-Patent Literature 4), and a method of
utilizing thiocacid amino acid as HOBt ester precursor (Non-Patent

Literature 5).
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Summary of the Invention
Problems to be Solved by the Invention
[0009]

The object of the present invention is to provide a method
for manufacturing an amino acid polymer more simply and efficiently
compared to conventional methods for manufacturing amino acid

polymers.

Means for Solving the Problems
[0010}

Peptide bonds between amino acids are formed by using the a-
amino group of one amino acid as the nucleophilic group to allow
condensation with the carboxyl group of the other amino acid.
Since the carboxyl group activated during condensation will become
more likely to react with o-amino groups as well as various
functional groups having nucleophilicity present in the side chain,
it 1is necessary to protect the side chains and d-amino groups
(those other than the subject of reaction) of amino acids in order
to manufacture a polymer of structurally controlled amino acids.

As a result of repeated extensive investigation by the
present inventors in order to solve the problems of the present
invention, it was surprisingly found that an amino acid polymer
linked by peptide bonds can be efficiently manufactured without
protecting a-amino groups and side chains when thicacid amino acid
is employed for the manufacturing of an amino acid polymer and
subjecting them to an oxidation reaction with each other. The
present inventors further surprisingly found that an amino acid
polymer can be similarly manufactured even when using lysine which
possess a functional group having a long side chain and
nucleophilicity and thus thought that protection was requisite in
conventional amino acid condensation methods. This means that the
manufacturing method of the present invention can be used for
various purposes without being restricted by the type of amino acid

side chain.



[0011]
The present invention is based on the above knowledge, and
encompasses the following characteristics:
[1] A method for manufacturing a polymer of amino acids linked by
peptide bonds, characterized in that it comprises:
() a step of preparing first and second amino acid
derivatives each shown below:
H,N-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid); and
(B) a step of subjecting said first amino acid derivative
and second amino acid derivative to an oxidation reaction to obtain
the compound shown below:
H,N-CH (R) —-CO-HN-CH {R) —CO~SH (2)
(wherein each R, each independently, represents the side chain of
any amino acid);
where at least one of said first amino acid derivative and
second amino acid derivative does not possess a protecting group.
(00121
[2] The method according to manufacturing method [1], wherein said
first amino acid derivative and second amino acid derivative both
do not possess a protecting group.
[0013]
[3] The manufacturing method according to [1l] or [2], comprising:
(C) a step of subjecting Compound (2) obtained in step (B)
to an oxidation reaction with a third amino acid derivative shown
below:
H,N—-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid)
to obtain the compound shown below:
H,N-CH (R) -CO- (HN-CH (R} -CO) ,—SH . (3)
(wherein each R, each independently, represents the side chain of
any amino acid).

[0014]



[4] The manufacturing method according to [3], characterized in
carrying out step (C) multiple times to obtain the compound shown
below:

H,N-CH (R} -CO- (HN-CH (R) -CO) ,—SH (4)

(wherein each R, each independently, represents the side chain of
any amino acid, and n represents in integer that is 2 or more).
[0015]

[5] The manufacturing method according to [3] or [4], wherein said
one or more third amino acid derivative(s) does not possess a
protecting group.

[0016]

[6] The manufacturing method according to any of [1] to [5],
further comprising:

(D) a step of reacting Compound (2) ocbtained in step (B), or
Compound (3) or Compound (4) obtained 1in step (C), with a
nucleophilicity reagent shown below:

H-X (5)

(wherein X represents a substituent bound via an atom selected from
the group consisting of N, O, S, and Se)

to obtain the compound shown below:

HoN-CH (R) —CO~ (HN-CH (R) —CO) ,—X (o)

(wherein each R, each independently, represents the side chain of
any amino acid, m represents any integer, and X represents a
substituent bound via an atom selected from the group consisting of
N, O, S, and Se).

[0017]

[7] The manufacturing method according to [6], wherein X 1s a
substituent bound via an N atom or S atom.

[0018]

[8] The manufacturing method according to [4], which is a method
for manufacturing a polymer comprising 4 to 20 amino acids.

[0019]

[9] The manufacturing method according to any of [1] to [8],

wherein the first or second amino acid derivative, or at least one
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of salid more than one third amino acid derivatives has an
unprotected 4-aminobutyl group as a side chain.

[0020]

[10] The manufacturing method according to any of [1] to [8],
wherein the side chains of said first and second amino acid
derivatives, and of said one or more third amino acid derivative
are identical.

[0021]

[11] The manufacturing method according to [10], wherein said side
chains are all methyl groups.

[0022]

[12] A method for manufacturing a polymer of more than one amino
acids linked by peptide bonds, characterized in that it comprises:

(a) a step of preparing more than one amino acid derivatives
shown below:

H,N-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid);

(b) a step of subjecting said more than one amino acid
derivatives to an oxidation reaction to obtain more than one
compound shown below:

H,N-CH (R) -CO- (HN-CH(R) -CO) ,—SH (7)

(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer)

and/or the compound shown below:

H,N-CH (R) -CO- (HN-CH (R) —-CO) y—S-5S- (CO-CH (R) -NH) ,—CO-CH (R) -NH; (8)
(wherein each R, each independently, represents the side chain of
any amino acid, and y and z represent any integer),

where a portion or all of said more than one amino acid
derivatives do not possess a protecting group.

[0023]
[13] The method according to [12], wherein all of said more than
one amino acid derivatives do not possess a protecting group.

[0024]



[14] The method according to [12] or [13], wherein the compound

obtained in step (b) comprises Compound (7).

[0025]
[15] The manufacturing method according to [141, further
comprising:

(cl) a step of reacting Compound (7) obtained in step (b)
with a nucleophilicity reagent shown below:
H-X (5)
(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)
to obtain the compound shown below:
H,N-CH (R) —CO~ (HN-CH (R} -CO) ,-X (9)
(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, O, S, and Se).
[0026]
[16] The manufacturing method according to [15], wherein X is a
substituent bound by an N atom or S atom.
[0027]
[17] The manufacturing method according teo [12] or [13], wherein

the compound obtained in step (b) comprises Compound (8).

[0028]
[18] The manufacturing method according to (171, further
comprising:

(c2) a step of reacting Compound (8) obtained in step (b)
with a nucleophilicity reagent shown below:
H-X (5)
(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)
to obtain the compound shown below:
H,N-CH (R) —-CO- (HN-CH (R) -CO) ,-X (10)
(wherein each R, each independently, represents the side chain of

any amino acid, y represents any integer, and X represents a
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substituent bound by an atom selected from the group consisting of
N, 0, S, and Se)
and below:
H,N-CH (R} ~CO- (HN-CH (R) -CO) .—-X (11)
(wherein each R, each independently, represents the side chain of
any amino acid, z represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, 0, S, and Se}.
[0029]
[19] The manufacturing method according to [18], wherein X is a
substituent bound by an N atom or S atom.
[0030]
[20] The manufacturing method according to any of [12] to [19],
which is a method for manufacturing a polymer comprising 4 to 20
amino acids.
[0031]
[21] The manufacturing methocd according to any of [12] to [20],
wherein at least one of said more than one amino acid derivatives
has an unprotected 4-aminobutyl group as a side chain.
[0032]
[22] The manufacturing method according to any of [12] to [21],
wherein the side chains of said more than one amino acid
derivatives are identical.
[0033]
[23] The manufacturing method according to [22], wherein said side
chains are all methyl groups.
[0034]
[24] The manufacturing method according to any of [12] to [23]
which is for producing a polypeptide library.
[0035]

Those skilled in the art shall recognize that an invention
of any combination of one or more characteristics of the present
invention described above is encompassed by the scope of the

present invention.



Effects of the Invention
[0036]

According to the manufacturing method of the present
invention, amino acid polymers can be manufactured extremely
efficiently compared to conventional methods of utilizing a
protecting group.

Moreover, since there 1s no need to utilize a protecting
group 1n the manufacturing method of the present invention,
problems involved with conventional methods that use highly toxic
toxins for deprotection can be easily avoided.

Since the manufacturing method of the present invention
allows synthesis of large amounts of more than one amino acid
polymers, it may be suitable for industrial production of polyamino

acids or production of a polypeptide library.

Brief Description of the Drawings
[0037]

Figure 1 shows the LC-MS results of the product at
immediately after and two hours after the oxidation reaction of H-
Phe-SH.

Figure 2 shows the mass spectrometry results of the
fractions corresponding to MS(A), MS(B), and MS(C) in Figure 1.

Figure 3 shows the UHPLC result at one minute after the
oligomerization reaction of H-Phe-SH and H-Ala-SH.

Figure 4 shows the mass spectrometry results measured for
fractions (A) to (I). Fractions (A) to (I) correspond to MS(A) to
MS(I) in Figure 3, respectively.

Figure 5 shows the mass spectrometry result measured for
fraction (J). Fraction (J) corresponds to MS(J) in Figure 3.

Figure 6 shows the TIC chromatogram of analytical LC-MS of
the oligomerization reaction of Phe-SH and Lys-SH.

Figure 7 shows the integrated MS spectrum obtained from the

TIC chromatogram in Figure 6 in the range of 2.2 - 14.0 min.
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Figure 8 shows the MS spectrum of 2F2K oligopeptide obtained
from the peak top at 7 min. in the TIC chromatogram of Figure 6.
HRMS (ESI): calcd for CsoH,N¢O,S [M+2H]?" 293.1645, found 293.1640.

Figure 9 shows the CID fragmentation pattern of 2F2K

oligopeptide.

Description of Embodiments
[0038]

An "amino acid" herein is employed in its broadest meaning,
and comprises natural amino acids, i.e., serine (Ser), asparagine
(Asn), valine (Val), leucine (Leu), isoleucine (Ile), alanine (Ala),
tyrosine (Tyr), glycine (Gly), lysine (Lys), arginine (Arg),
histidine (His), aspartic acid (Asp), glutamic acid (Glu),
glutamine (Gln), threonine (Thr), cysteine (Cys), methionine (Met),
phenylalanine (Phe), tryptophan (Trp), and proline (Pro), as well
as non-natural amino acids such as amino acid variants.
Accordingly, amino acids herein include, for example, L-amino
acids; D-amino acids; chemically modified amino acids; amino acids
which will not be materials for configuring proteins in vivo such
as norleucine, PB-alanine, and ornithine; variants where the amino
acid side chain substituent 1s substitute with vyet another
substituent, and the like.

[0039]

An "amino acid derivative" herein refers to an amino acid
having the carboxyl group of the aminc acid converted into a
thiocacid group (-COSH) (also referred to herein as a "thiocacid
amino acid"), typically those having an oa-amino group and the
structure below:

H,N-CH (R) -COSH (1)

R in Compound (1) represents the side chain of any amino
acid, and accordingly, R may be the side chain of a natural amino
acid or may be those having been substituted with a non-natural
side chain.

[0040]
10



Various methods are known for the method of introducing a
thicacid group into the carboxyl group. For example, such methods
include a method for manufacturing in the presence of an antimony
catalyst (such as Phs3Sb0O) by a reaction between a carboxylic acid
corresponding to the target thiocarboxylic acids and phosphorus
sulfide (Chem. Ber, 123, 2081-2082(19%0)), a method of employing
hydrogen sulfide as the sulfidizing agent (J. Org. Chem., 25, 180-
182(1960)), a method of converting a carboxylic acid into an acid
halide, and then reacting with a metal salt of hydrogen sulfide
(sodium or potassium salt) (Org. Synth., 4, 924(1963); Synthesis.,
998-1004(2005)), a method of employing N,N-dimethylformthicamide or
thicacetamide as the sulfidizing agent on an acid halide
(Phosphorus, Sulfur, and Silicon., 178, 1661-1665(2003) ),
converting - into a mixed acid anhydride by reaction between a
chlorocarbonic acid ester and a corresponding carboxylic acid, and
then reacting with hydrogen sulfide (Chem. Pharm. Bull., 34, 98985-
1014(1986)), and the 1like. In the present invention, amino acids
are converted into thicacid amino acids with these known methods
and employed for the present invention. Alternatively, amino acid
derivatives can be prepared for example by conversion of the
carboxyl group in the amino acid to a thiocester group and
deprotection of the protecting group of sulfur atom.

[0041]

In one aspect, the present invention relates to a method for
manufacturing a polymer of amino acids linked by peptide bonds.

Without being constrained to a particular theory, in the
manufacturing method of the present invention, formation of peptide
bonds is thought to proceed by formation of disulfide (S5~S) bonds
between amino acid derivatives, followed by intramolecular transfer
reaction (see below).

[Chemical Formula 1]}
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Accordingly, in the manufacturing method of the present
invention, any method and condition where disulfide bonds are
formed between thicacid amino acids can be adopted in order to
proceed the reaction. Such methods and conditions are known to
those skilled in the art, and those skilled in the art can suitably
select appropriate methods and conditions by referring to e.g.
CHEMICAL APPROACHES to the SYNTHESIS of PEPTIDES and PROTEIN
Chapter 5 Formation of Disulfide Bridge pp. 209 - 236, 1997, CRC
PRESS.

[0042]

The manufacturing method of the present invention, in
particular the above reaction can be proceeded by an oxidation
reaction.

Accordingly, in one aspect, the manufacturing method of the
present invention is characterized in that it comprises:

(A) a step of preparing first and second amino acid
derivatives each shown below:

H,N-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid); and

(B) a step of subjecting said first amino acid derivative
and second amino acid derivative to an oxidation reaction to obtain
the compound shown below:

H,N-CH (R) =CO-HN-CH (R) ~CO-SH (2)

(wherein each R, each independently, represents the side chain of
any amino acid)

where at least one of said first amino acid derivative and second
amino acid derivative does not possess a protecting group.

[0043]
12



"At least one of first amino acid derivative and second
amino acid derivative does not possess a protecting group" herein
means that at least one of first amino acid derivative and second
amino acid derivative does not possess any protecting group on its
side chain or functional group.

A protecting group herein means a protecting group commonly
used for protecting side chains and amino groups in amino acid
polymer synthesis, and can include, but is not limited to, for
example, as the protecting group for a hydroxyl group, e.g. a
methyl group, a tert-butyl group, a benzyl group, a benzoyl group,
an acetyl (Ac) group, a trimethylsilyl (TMS) group, a triethylsilyl
(TES) group, a tert-butyldimethylsilyl (TBS or TBDMS) group, and
the like. The protecting group for an amino group can include, for
example, as lipophilic protecting groups, carbonate-based or amide-
based protecting groups such as 9-fluorenylmethoxycarbonyl (Fmoc)
group, t-butyloxycarbonyl {Boc) group, a benzyl group, a
allyloxycarbonyl (Alloc) group, 2,2,2-trichloroethoxycarbonyl
(troc) group, allyloxycarbonyl group, acetyl group, and the like.
[0044]

In the manufacturing method of the present invention, as
described above, although at least one of first amino acid
derivative or second amino acid derivative does not possess a
protecting group, it is not precluded that the other amino acid
derivative possesses a protecting group. Accordingly, both cases
of when using a first aminc acid derivative that possesses a
protecting group and a second amino acid derivative that does not
possess a protecting group, and when using a first amino acid
derivative that does not possess a protecting group and a second
amino acid derivative that possesses a protecting group are within
the scope of the present invention. Preferably, amino acid
derivatives that do not possess a protecting group are used as both
the first amino acid derivative and the second amino acid
derivative.

[0045]
13



In the manufacturing method of the present invention, the
oxidation reaction can be performed by, but is not limited to,
oxidation by use of an oxidant, and the like.

[0046]

An oxidant that can be used in the present invention is not
particularly limited, as long as it is an oxidant that can form
disulfide bonds by oxidative coupling of sulfanyl groups (SH) in
thicacid groups (-COSH). Examples of such an oxidant can include,
but is not limited to, iron chloride (III), iodine, and the like.
In one embodiment of the present invention, oxidation reaction is
carried out by use of an oxidant, e.g. iron chloride (III).

[0047]

In the present invention, the oxidation reaction can be
performed with water alone or with a mixed solvent of water and an
organic solvent. Organic solvents that can be employed are, but
not limited to, aliphatic hydrocarbon solvents such as hexane or
cyclohexane, aromatic hydrocarbon solvents such as Dbenzene or
toluene, halogen-containing solvents such as dichloromethane or
chloroform, aprotic polar solvents such as ethyl acetate or
acetonitrile, and protic polar solvents such as ethanol or methanol.
[0048]

In the present invention, the reaction temperature in the
oxidation reaction is not particularly limited, and the reaction
can be performed at e.g. room temperature. The pH condition for
the oxidation reaction is also not particularly limited, and can be
in the range of e.g. pH 1 - 4.

[0049]

In the manufacturing method of the present invention,
depending on the amino acid polymer to be the target for
manufacture, the side chains of the first and second amino acid
derivatives may be identical or different side chains.

[0050]
The manufacturing method of the present invention can

further comprise (C) a step of subjecting the above Compound (2)
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obtained in step (B) to an oxidation reaction with a third amino
acid derivative shown below:

H,N-CH (R) -COSH (1)

(wherein R represents the side chain of any amino acid)

to obtain the compound shown below:

H,N-CH (R) —=CO~ (HN-CH (R) -CO) ,—-SH (3)

(wherein each R, each independently, represents the side chain of
any amino acid).

By step (C), one additional molecule of amino acid is linked
by peptide bond to Compound (2).

The third amino acid derivative may or may not possess a
protecting group. In the preferred embodiment of the present
invention, the third amino acid derivative does not possess a
protecting group. Moreover, depending on the type of amino acid
polymer to be the target for manufacture, the side chain of the
third amino acid derivative may have a side chain identical to one
or both of the first and second amino acid derivatives, or may be
different from both.

[0051]

In the manufacturing method of the present invention, step
(C) can be repeated multiple times as necessary to obtain the
compound shown below having the desired length:

H,N-CH (R) —-CO~ (HN-CH (R) -CO) ,—SH (4)

(wherein each R, each independently, represents the side chain of
any amino acid, and n represents in integer that is 2 or more).

In this way, an amino acid polymer of desired length having
controlled sequence can be efficiently manufactured.

Accordingly, in the manufacturing method of the present
invention, potentially, more than one third amino acid derivatives
may be used. The more than one third amino acid derivatives used,
each independently, may or may not possess a protecting group. In
a preferred embodiment, all of the one or more third amino acid
derivative used do not possess a protecting group. Moreover,

depending on the type of amino acid peclymer to be the target for
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manufacture, the side chain of the more than one third amino acid
derivatives used, each independently, may have a side chain
identical to one or both of the first and second amino acid
derivatives, or may be different from both.

[0052]

In one embodiment, the manufacturing method of the present
invention can further comprise a step of derivatizing the amino
acid polymer obtained. Specifically, the manufacturing method of
the present invention can further comprise:

(D) a step of reacting Compound (2) obtained in step (B), or
Compound (3) or Compound (4) obtained in step (C), with a
nucleophilicity reagent shown below:

H-X (5)

(wherein X represents a substituent bound by an atom selected from
the group consisting of N, 0, §, and Se)

to obtain the compound shown below:

H,N-CH (R) -CO~- (HN—~CH (R) -C0O) ,—X (6)

(wherein each R, each independently, represents the side chain of
any amino acid, m represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, 0, 5, and Se).

In this way, the amino acid polymer obtained in the form of
an SH body can be converted into a desired form.
[0053]

Step (D) may be performed in a like manner to amino acid or
peptide derivatizing methods well-known to those skilled in the art.
For example, amide-based solvents, aliphatic hydrocarbon solvents
such as hexane, or cyclohexane, aromatic hydrocarbon solvents such
as benzene or toluene, halogen-containing sclvents such as
dichloromethane or chloroform, aprotic polar solvents such as ethyl
acetate or acetonitrile, and protic polar solvents such as ethanol
or methanol or water can be employed for the reaction between
Compound (2) or (3) and nucleophilicity reagent (5). This reaction

is in particular performed in an acidic to neutral buffer solution.
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Examples of the buffer solution include phosphate buffer, Tris
buffer solution, HEPES buffer solution, citric acid buffer solution,
and the 1like. These Dbuffer solutions may be used alone or in a
mixture of two or more.

[0054]

The reaction temperature of step (D) is not particularly

limited, and can be <carried out at a range of 0°C - 30°,
preferably carried out at a range of 0°C - 20°C, and further
preferably carried out at a range of 0°C - 10°C. Further, the

reaction time is not particularly limited, and can be carried out
at a range of 1 minute - 5 hours, preferably carried out at a range
of 1 minute - 2 hours, and further preferably carried out at a
range of 1 minute - 30 minutes. Moreover, the pH condition of step
(D) is not particularly limited, and can be carried out at a range
of 1 - 8, preferably carried out at a range of 2 - 7, and further
preferably carried out at a range of 4 - 7.

[0055]

Specific examples of Compound (5) can include water, alkyl
alcohols such as methanol, aryl alcohols such as benzyl alcohol,
protected or unprotected hydrazine, alkylthiols such as ethanthiol,
aryl thiols such as benzylthiol, selenocompounds, and the like.
[0056]

In one embodiment, X in Compound (5) is a substituent bound
by an N atom or S atom, and accordingly the amino acid polymer is
obtained as a hydrazide body or 1in the form of a thioester,
respectively.

[0057]

In another aspect, the present invention relates to a method
for manufacturing a polymer of more than one amino acids linked by
peptide bonds, wherein the said method comprises (a) a step of
preparing more than one amino acid derivatives shown below:

H,N-CH (R) -COSH (1)

(wherein R represents the side chain of any amino acid); and
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(b) a step of subjecting said more than one amino acid
derivatives to an oxidation reaction to obtain more than one
compound shown below:

H;N-CH (R) -CO- (HN-CH (R) -CO) ,—SH (7)

(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer)

and/or the compound shown below:

H,N-CH (R) -CO- (HN-CH (R) -CQ) ,-S-S- (CO-CH (R) —-NH) ,-~CO-CH (R) -NH, (8)
(wherein each R, each independently, represents the side chain of
any amino acid, and y and z represent any integer). In this aspect,
the manufacturing method of the present invention can be
characterized in that it subjects more than one amino acid
derivatives simultaneously to an oxidation reaction. Further, in
this aspect, the manufacturing method of the present invention is
characterized in that at least a portion or all of said more than
one amino acid derivatives do not possess a protecting group.

[0058]

In the manufacturing method of the present invention, "a
portion of said more than one amino acid derivatives does not
possess a protecting group" means that the more than one amino acid
derivatives prepared in step (a) comprise an amino acid derivative
that does not possess a protecting group, and the proportion of the
amino acid derivatives that do not possess a protecting group is
not necessarily an issue, although it is preferred that preferably
at least 50%, more preferably at 1least 60%, more preferably at
least 70%, more preferably at least 80%, more preferably at least
90%, more preferably at least 913%, more preferably at least 92%,
more preferably at least 93%, more preferably at least 9$4%, more
preferably at least 85%, more preferably at least 96%, more
preferably at least 97%, more preferably at least 98%, and more
preferably at least 99% of the more than one amino acid derivatives
are amino acid derivatives that do not possess a protecting group.

In the present invention, preferably, all of the more than one
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amino acid derivatives prepared in step (a) do not possess a

protecting group.

[0059]

Step (k) is a step of subjecting the more than one amino
acid derivatives ©prepared in step (a) simultaneously to an
oxidation reaction. Without bkeing constrained to a particular

theory, it is thought that when subjecting more than one amino acid
derivatives simultaneously to an oxidation reaction, the monomer or
polymer of the amino acid derivative and the monomer of the amino
acid derivative produce sequential processes of the formation of
disulfide bond and intramolecular metastasis, namely a first
reaction of forming a peptide bond and a second reaction of forming
a disulfide bond between the amino acid derivative polymers.

[Chemical Formula 2]

First reaction
0
AATAA YOSMIREN 1 1)

Second reaction

Compound (7)

Compound (8)
Q

o
AA AA SH 2
AnTAn T N . WY

BA represents one molecule of amino acid

[0060]

Moreover, without being constrained to a particular theory,
it 1is thought that when (amino acid polymer)-S-S-(aminc acid
polymer) (Compound (8)) is produced by the second reaction,
intramolecular metastasis does not occur in this molecule, but when
the amino acid derivative monomer is present in the reaction system,
one of the amino acid polymers that is present via a disulfide bond
and the said amino acid derivative monomer have an exchange

reaction to form (amino acid polymer)-S-S-(amino acid monomer) (see
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below), and extension of amino acids occurs due to this molecule
producing intramolecular transfer reaction.

[Chemical Formula 3]

0
Compound (B) ’,ﬂ\
SH

o 0] ? o)
o0 00 - Q0O

227 represents one molecule of amino acid

Incidentally, it is thought that when such an exchange
reaction with the amino acid derivative monomer does not occur,
amino acid polymers form a disulfide bond with each other, after
which point further extension of amino acids no longer occurs, and
therefore long-chain amino acid polymers cannot be manufactured.
It can also be speculated and confirmed from the Examples herein
where a polymer having a length of a maximum of 19 amino acids
could be manufactured, that the probability of the exchange
reaction with the amino acid derivative monomer occurring is high.
[0061]

On the other hand, it 4is thought that when no available
amino acid derivative monomer is present at the time when (amino
acid polymer)-S-S-(amino acid polymer) is produced, the exchange
reaction with the amino acid derivative monomer will not occur, and
therefore further extension does not occur. Although the
manufacturing method of the present invention may optionally
further comprise a step of adding the amino acid derivative monomer
to the reaction system to proceed further reaction, in any case, it
shall be recognized by those skilled in the art that upon
performing step (b), Compound (8) may potentially be produced in
addition to Compound (7).

[0062]

Moreover, in the manufacturing method of the present

invention, depending on the amino acid polymer to be the subject of

manufacture, the side chains of said "more than one amino acid
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derivatives" may be all identical or may be different. For example,
by having all identical side chains of said "more than one amino
acid derivatives", the manufacturing method of the present
invention may become one that is suitable for the objective of
obtaining a larger amount of a particular polyamino acid. Such a
polyamino acid can include, for example but is not limited to,
polyalanine. Polyalanine can be prepared by preparing a uniform
collection consisting of amino acid derivatives having a methyl
group as the side chain, as said "more than one amino acid
derivatives", and then subjecting this to an oxidation reaction.
Further, by preparing and employing said "more than one amino acid
derivatives" so that they comprise the side chains of the 20 types
of natural amino acids, the manufacturing method of the present
invention may become one that 1is suitable for the object of
obtaining a polypeptide library.
[0063]

In one embodiment, the manufacturing method of the present
invention can further comprise:
(cl) a step of reacting Compound (7) obtained in step (b) with a
nucleophilicity reagent shown below:
H-X (5)
(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)
to obtain the compound shown below:
H,N-CH (R) -CO- (HN-CH(R) -=CQ) ,—X (9)
(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, 0O, S, and Se).

In this way, the amino acid polymer obtained in the form of
an SH body can be converted into a desired form.
[0064]

step (cl) may be performed in a like manner to amino acid or

peptide derivatizing methods well-known to those skilled in the art.
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Amide-based solvents, aliphatic hydrocarbon solvents such as hexane,
or cyclohexane, aromatic hydrocarbon solvents such as benzene or
toluene, halogen-containing solvents such as dichloromethane or
chloroform, aprotic polar solvents such as ethyl acetate or
acetonitrile, and protic polar solvents such as ethanol or methanol
or water can be employed for the reaction between Compound (7) and
nucleophilicity reagent (5). This reaction 1is in particular
performed in an acidic to neutral buffer solution. Examples of the
buffer solution include phosphate buffer, Tris buffer solution,
HEPES buffer solution, citric acid buffer solution, and the like.

These buffer solutions may be used alone or in a mixture of two or

more.
[0065]

The reaction temperature of step (cl) is not particularly
limited, and can be carried out at a range of 0°C - 30°,
preferably carried out at a range of 0°C - 20°C, and further
preferably carried out at a range of 0°C - 10°C. Further, the

reaction time is not particularly limited, and can be carried out
at a range of 1 minute - 5 hours, preferably carried out at a range
of 1 minute - 2 hours, and further preferably carried out at a
range of 1 minute - 30 minutes. Moreover, the pH condition of step

(cl) is not particularly limited, and can be carried out at a range

of 1 - 8, preferably carried out at a range of 2 - 7, and further
preferably carried out at a range of 4 - 7.
[0066]

Specific examples of Compound (5) can include water, alkyl
alcohols such as methanol, aryl alcohels such as benzyl alcochol,
protected or unprotected hydrazine, alkylthiols such as ethanthiol,
aryl thiols such as benzylthiol, and selenoccompounds.

[0067]

In one embodiment, X in Compound (5) is a substituent bound
by an N atom or S atom, and accordingly the aminoc acid polymer is
obtained in as a hydrazide body or in the form of a thiocester,
respectively.
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[0068]

In another embodiment, the manufacturing method of the
present invention can further comprise:

(c2) a step of reacting Compound (8) obtained in step (b) with a
nucleophilicity reagent shown below:

H-X (5)

(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)

to obtain the compound shown below:

H,N-CH (R) —CO- (HN-CH (R) -CO) y-X (10)

{(wherein each R, each independently, represents the side chain of
any amino acid, y represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, O, S5, and Se)

and below:

H,N-CH (R} —=CO- (HN-CH (R) -CO) ,-X (11)

(wherein each R, each independently, represents the side chain of
any amino acid, =z represents any 1integer, and X represents a
substituent bound by an atom selected from the group consisting of
N, 0, S, and Se).

Step (c2) 1s a step of obtaining Compounds (10) and (11) in
derivatized forms from one molecule of Compound (8) by cleaving
disulfide bonds by using Compound (4) which is a nucleophilicity
reagent.

[0069]
Cleaving of a disulfide bond by a nucleophilicity reagent is

known to those skilled in the art, such as hydrolysis by water,

esterification by alcohol, amidation by amino compounds,
hydrazidation, thiocesterification by thiols, and
selenocesterification by selenocompounds. Amide-based solvents,

aliphatic hydrocarbon solvents such as hexane, or cyclohexane,
aromatic hydrocarbon solvents such as benzene or toluene, halogen-
containing solvents such as dichloromethane or chloroform, aprotic

polar solvents such as ethyl acetate or acetonitrile, and protic
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polar solvents such as ethanol or methanocl or water can be employed
for the reaction between Compound (8) and nucleophilicity reagent
(5). This reaction is 1in particular performed in an acidic to
neutral buffer solution. Examples of the buffer solution include
phosphate buffer, Tris buffer solution, HEPES buffer solution,
citric acid buffer solution, and the like. These buffer solutions

may be used alone or in a mixture of two or more.

[0070]

The reaction temperature of step (c¢2) is not particularly
limited, and can be carried out at a range of 0°C - 30°C,
preferably carried out at a range of 0°C - 20°C, and further
preferably carried out at a range of 0°C - 10°C. Further, the

reaction time is not particularly limited, and can be carried out
at a range of 1 minute - 5 hours, preferably carried out at a range
of 1 minute - 2 hours, and further preferably carried out at a
range of 1 minute - 30 minutes. Moreover, the pH condition of step

(c2) is not particularly limited, and can be carried out at a range

of 1 - 8, preferably carried out at a range of 2 - 7, and further
preferably carried out at a range of 4 - 7.
[0071]

Specific examples of Compound (5) can include water, alkyl
alcohols such as methanol, aryl alcchols such as benzyl alcohol,
protected or unprotected hydrazine, alkylthiols such as ethanthiol,
aryl thiols such as benzylthiol, and selenocompounds.

[0072]

According to the manufacturing method of the present
invention, for example a polymer or a collection of polymers
comprising 4 - 20, 5 - 20, 6 - 20, 7 - 20, 8 - 20, 9 - 20, or 10 -
20 amino acids can be efficiently manufactured.

[0073]

Moreover, since the manufacturing method of the present
invention allows manufacture of an amino acid polymer linked by
peptide bonds even when an amino acid derivative that possesses a

highly reactive side chain such as 1lysine, which possesses a 4-
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aminobutyl group as the side chain and has been said to require
protection in conventional amino acid condensation reactions, is
employed unprotected, it has the advantages of not being
constrained by the type of amino acid and having extremely high
versatility.

[0074]

Note that the terms used herein are to be employed to
describe particular embodiments, and do not intend to limit the
invention.

[0075]

Moreover, the term "comprising” as used herein, unless the
content clearly indicates to be understood otherwise, intends the
presence of the described items (such as components, steps,
elements, and numbers), and does not exclude the presence of other
items (such as components, steps, elements, and numbers).

[0076]

Unless otherwise defined, all terms used herein (including
technical and scientific terms) have the same meanings as those
broadly recognized by those skilled in the art of the technology to
which the present invention belongs. The terms used herein, unless
explicitly defined otherwise, are to be construed as having
meanings consistent with the meanings herein and 1in related
technical fields, and shall not be construed as having idealized or
excessively formal meanings.

[0077]

Terms such as first and second are sometimes employed to
express various elements, and it should be recognized that these
elements are not to be limited by these terms. These terms are
employed solely for the purpose of discriminating one element from
another, and it is for example possible to describe a first element
as a second element, and similarly, to describe a second element as
a first element without departing from the scope of the present
invention.

[0078]
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The present invention will now be more specifically
described by Examples. However, the present invention can be
embodied by various embodiments, and shall not be construed as

being limited to the Examples described herein.

Examples
[0079]

Raw materials

In the Examples below, the following substances were used:
N, N-diisopropylethylamine (DIPEA), Trifluoroacetic acid (TFRA),
triisopropylsilane (TIPS), N, N-dimethyl-4-aminopyridine (DMAP) ,
Dichloromethane (DCM) , formic acid (FA), Acetonitrile (MeCN),
(benzotriazol-l-yloxy)tripyrrolidinophosphonium hexafluorophosphate
(PyBOP), and Triphenylmethanethiol.
[0080]

1. Synthesis of thiocacid amino acid

Boc-Phe-STrt (1)

In an eggplant flask were placed Boc-Phe-OH (165.4 mg, 0.62
mmol), PyBOP (1622.1 mg, 3.12 mmol), and Trt-SH (861.6 mg, 3.12
mmol), and this was dried under reduced pressure. After drying,
DCM (3.1 ml) was added, and this was cooled to -20°C. At -20°C,
DIPEA (543.0 pl) was added, and this was stirred under argon

atmosphere for 2 hours. Acetic acid (543.0 pl) was then added for

neutralization, and then the reaction solution was concentrated.
The concentrated residue was purified on a silica gel column
(elution solvent: ethyl acetate:hexane = 1:10) to obtain Boc-Phe-
STrt 1 (268.4 mg, 0.51 mmol, 82.2%).

'H NMR (400 MHz, CDCls) & 4.82 (d, 1H), 4.62 (g, 1H), 2.99 (g, 1H),
2.91 (m, 1H), 1.43 (s, 9H)

°Cc NMR (100 MHz, CDCls) & 197.7

HRMS (ESI): calcd for C;3H33NOsS [M+Na]t 546.2073, found 546.2076
[0081]

H-Phe-SH (2)
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To Boc-Phe-STrt 1 (268.4 mg, 0.51 mmol) was added 5% TIPS/TFA
(5.1 ml), and this was stirred at room temperature. After 10
minutes, the reaction solution was concentrated, and to the
concentrated residue was added diethyl ether (40ml.) to precipitate
the target substance. The precipitated target substance was
collected by centrifugation process. To the collected precipitate

was added diethyl ether, and the centrifugation process was

performed again to wash the precipitate. This wash was repeated
twice. The precipitate was dried at ordinary temperature and
pressure, and then dissolved in 0.1% TFA/H;O0:MeCN = 1:1 and

lyophilized to obtain Boc-Phe-SH 2 (91.2 mg, 0.50 mmol, 98%).

H NMR (400 MHz, DMSO) & 7.73 (s, 2.5H), 7.26 (m, 5H), 3.68 (g, 1H),
3.35 (g, 1H), 2.92 (g, 1H)

3¢ NMR (100 MHz, DMSO): & 208.4, 137.4, 129.9, 128.8, 127.0, 63.9,
38.6

HRMS (ESI): calcd for CgH;oNOS [M-H]™ 180.0489, found 180.0489

[0082]

Boc-Gly-STrt (3)

In an eggplant flask were placed Boc-Gly-OH (208.2 mg, 1.19
mmol), WSCI'HC1l (273.4 mg, 1.43 mmel), Trt-SH (361.3 mg, 1.31 mmol),
and DMAP (14.5 mg, 0.12 mmol), and this was dried under reduced
pressure. After drying, THF (5.9 ml) was added, and this was
stirred under argon atmosphere for 16 hours at room temperature.
Ethyl acetate (20mL) was then added, the reaction solution was
diluted, the organic phase was washed twice with each of water,
saturated aqueous ammonium chloride solution, saturated aqueous
sodium hydrogen carbonate solution, and saturated saline, and
finally the organic phase was dried on magnesium sulfate.
Magnesium sulfate was removed by filtration, and then the organic
phase was concentrated. The residue was purified on a silica gel
column (elution solvent: ethyl acetate:hexane = 1:10) to obtain
Boc—-Gly-STrt 3 (304.6 mg, 0.70 mmol, 59.1%).
3¢ NMR (100 MHz, CDCls) & 194.8

HRMS (ESI): calcd for CyeH,sNOsS [M+Na]l® 456.1604, found 456.1601
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[0083]

H-Gly-SH (4)

With a procedure similar to the synthesis of H-Phe-SH 2,
from raw material Boc-Gly-STrt 3 (304.6 mg, 0.70 mmol) was obtained
H-Gly-SH 4 (63.1 mg, 0.69 mmol, guant).

HRMS (ESI): calcd for C,H,NOS [M-H]  90.0019, found 90.0019
[0084]

Boc-Ala-STrt (5)

With a procedure similar to the synthesis of Boc-Phe-STrt 1,
from raw material Boc-Ala-OH (633.4 mg, 3.35 mmol) was obtained
Boc-Ala-STrt 5 (1243.1 mg, 2.78 mmol, 83.0%).

C NMR (100 MHz, CDCl;) & 198.6
HRMS (ESI): calcd for C,7H,NO3S [M+Na]® 470.1760, found 470.1766
[0085]

H-Ala-SH (6)

With a procedure similar to the synthesis of H-Phe-SH 2,
from raw material Boc-Ala-STrt 5 (1243.1 mg, 2.78 mmol) was
obtained H-Ala-SH 6(277.7 mg, 2.64 mmol, 95%).

'H NMR (400 MHz, DMSO) & 7.69 (s, 3H), 3.49 (g, 1H), 1.32 (d, 3H)
»c NMR (100 MHz, DMSO) & 210.0, 58.4, 19.0

HRMS (ESI): calcd for CyHgNOS [M-H]  104.0176, found 104.0176
[0086]

Boc—-Ser (tBu)-STrt (7)

With a procedure similar to the synthesis of Boc-Phe-STrt 1,
from raw material Boc-Ser (tBu)-OH'DCHA (717.6 mg, 1.62 mmol) was
obtained Boc-Ser (tBu)-STrt 7 (685.2 mg, 1.48 mmol, 91.1%).

'H NMR (400 MHz, CDCls) & 5.44 (d, 1H), 4.33 (d, 1H), 3.76 (dd, 1H),
3.43 (dd, 1H), 1.45 (s, 9H)

C NMR (100 MHz, CDCls) & 197.9

[0087]

H-Ser-SH (8)

With a procedure similar to the synthesis of H-Phe-SH 2,
from raw material Boc-Ser (tBu)-STrt 7 (685.2 mg, 1.48 mmol) was

obtained H-Ser-SH 8 (173.3 mg, 1.43 mmol, 97%).
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'H NMR (400 MHz, DMSO) & 7.69 (s, 3H), 5.11 (s, 1H), 3.96 (g, 1H),
3.52 (m, 2H)

3¢ NMR (100 MHz, DMSO) & 206.5, 65.0, 62.5

HRMS (ESI): calcd for C3HgNO,S [M-H]~ 120.0125, found 120.0125

[0088]

2. Homoolygomerization reaction of thiocacid amino acid

Polymerization of H-Phe-SH

To H-Phe-SH 2 (0.40 mg, 2.2 pmol) dissolved in water (221
ul) was added iron <chloride (III) FeCls; (2.98 mg, 11.0 pmol)
dissolved in water (5 pL), and this was left still at room
temperature (pH = 1.26). At 0 hour and 2 hours after the start of
reaction, 2 uL of each solution was measured out with a  Pipetman,
the reaction was stopped with phosphate buffer at pH 7 (20 uL), and
analysis was performed by LC-MS. Figure 1 shows the result of
after 2 hours (wavelength 220nm) (LC-MS analysis method: C18 5 um,
4.6 x 100 mm, 0.1% FA:0.1% FA in 90% MeCN = 95:5 to 45:55, 20
minutes, flow rate at 0.2 ml/minutes).

Figure 2 is the result of mass spectrometry of each of the
ranges MS(A), MS(B), and MS(C) in Figure 1. m/z and composition of
MS(A), MS(B), and MS(C) were each as shown below: (A) m/z =
460.4:H-FFF-CH, (B) m/z = 476.4:H-FFF-SH, (C) m/z = 1211.8:H-

FFFFFFFF-SH.

[0089]

3. Heteroolygomerization reaction of thiocacid amino acid

Oligomerization of H-Phe-SH and H-Ala-SH

To a mixture of H-Phe-SH 2 (0.7 mg, 3.9 umol) and H-Ala-SH &
(1.0 mg, 9.5 pmol) dissolved in water (520 pl) was added iron
chloride (III) FeCl; (5.2 mg, 19.2 pmol) dissolved in water (5 pL),
and this was left still at room temperature (pH = 1.40). At 5
minutes after the start of reaction, 2 pL of solution was measured
out with a Pipetman, the reaction was stopped with phosphate buffer
at pH 7 (20 plL), and analysis was performed with UHPLC. Figure 3

shows the result of after 1 minute (wavelength 218nm) (UHPLC
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analysis method: €18 5 pm, 4.6 x 50 mm, 0.1% FA:0.09% FA in 90%
MeCN = 95:5 to 5:95, 5 minutes, flow rate at 0.2 ml/minutes).
[0080]

Figure 4 and Figure 5 show the compositions of principal
products observed by the single-letter expressions of F = Phe and A
= Ala. (A) to (J) in Figures 4 and 5 each correspond to the mass
spectrometry results measured for the fractions shown with MS(A) to
MS(J) in Figure 3. Figure 5(J) 1is a partial magnification of
Figure 4(I). m/z and composition of MS(A) to MS(J) were each as
shown below: (A) m/z = 322.20:H-F1A2-OH, (B) m/z = 535.35:H-F1A5-SH,
(C) m/z = 327.19:H-F2-SH, m/z = 677.25:H-F1A7-SH, (D) m/z =
398.37:H-F2A1-SH, m/z = 611.24:H-F2A4-SH, (E) m/z = 687.38:H-F3A3-
SH, (F) m/z = 763.57:H-F4A2-8H, (G) m/z = 83%9.54:H-F5A1-SH, (H) m/z
= 986.51:H-F6A1-SH, (I) m/z = 1133.53:H-F7A1-SH, m/z = 1280.57:H-
F8A1-SH, (J) m/z = 2067.82:H-F9A10-SH.

[0091]

The maximum peptide observed by mass spectrometry analyzed
at 5 minutes after the start of reaction was composed of 18
residues of amino acids, and the composition thereof was a thicacid
peptide comprising 9 residues of phenylalanine and 10 residues of
alanine (Figure 5J).

[0092]

4. Oligomerization of Phe-SH and Lys-SH

Boc-Lys (Boc)—-STrt (13)

With a method substantially identical to the above synthesis
of Boc-Phe-STrt 1, from Boc-Lys(Boc)-OH (1.05g, 1.98 mmol) was
obtained Boc-Lys(Boc)-STrt 13 (1.10g, 1.82 mmol, 82%) as an
amorphous product.

[a]p°-26.78(c = 0.95, CHCl;).'H NMR (400 MHz, CDCl;) &: 7.26 (m),
4.99 (d, 1H), 4.49(1H), 4.28 (g, 1H), 3.05 (g, 2H), 1.67 (m, 1H),
1.45 (s, 9H), 1.44 (s, 9H), 1.40 (m, 1H), 1.18 (m, 2H).'C NMR (100
MHz, CDCls;) &: 198.2, 156.1, 155.3, 143.6, 129.9, 127.7, 127.1,
80.1, 79.2, 70.3, 0.3, 40.0, 32.2, 29.6, 28.5, 28.3, 22.2. HRMS

(ESI): calcd for CssHyyN,NaOsS [M+Na]® 627.2863, found 627.2861
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[0093]

H-Lys-SH (14)

With a method substantially identical to the synthesis of H-
Phe-SH 2, from Boc-Lys(Boc)-STrt 13 (840 mg, 1.33 mmol) was
obtained H-Lys-SH 14 (165 mg, 1.02 mmol, 73%) as white powder.
[@]p*°4.73(c = 0.74, H,0:MeCN = 1:1).'H NMR (400 MHz, D,0) &: 3.86(t,
1H), 2.87(t, 2H), 1.85 (m, 2H), 1.57 (m, 2H), 1.33 (m, 2H)."C NMR
(100 MHz, D,0) &: 214.4, 62.4, 39.0, 31.4, 26.3, 21.1. HRMS (ESI):
calcd for C¢H;3N,0S[M-H]™ 161.0754, found 180.0755
[0094]

Oligomerization of Phe-SH and Lys-SH

H-Phe-SH 2 (0.1 mg, 0.55 Mmol) and H-Lys-SH 14 (0.45 mg,
2.76 pmcl) were dissclved in degassed water (47.5 uL). To this
solution was added FeCliz 6H,0 solution (0.1 mg/pL, 7.5 pL)
comprising 5-folds excess of FeCly 6H,O (2.76 pmol). At each
timepoint of reaction, the reaction of a portion of the reaction
mixture was stopped with phosphate buffer (pH 7), LCMS analysis was
performed, and the progress of the reaction was monitored (Table 1,
Figures 6 - 8). -~All LC-MS analysis were performed at 5 minutes

after the reaction was stopped.
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[Table 1]
Table. HRMS of cligopeptides cbserved in

the cligomerization teaction of Phe~8H and Lys-SH

FKpeptide ionCherze | Calculated MS | Observed MS Error(ppm) |
1F « 1K [M+H] 3101584 310.1581 1.0
IF & 21 (M2 2126303 2196302 4.5
F+3K [M2HEe 283.6778 283.6774 -5
IF 48 L 347.7253 3377241 35
R [ MteH] 457.2268 4572259 3.8
2F + X [M=2HE* 2934645 293.1684 £.2
2F+ 3K [MEEZHE 357.2320 3572122 0.6
2F + 4K [A+2H]+ 421.2535 4312595 0.1
2F+SK [N 3811 323.8737 323.8737 0.1
26+ K [htezup- 365.5721 WE SN 04
3F + 3K [MsH] 5042352 504 2358 09
W [Me2HE" 366.6987 366.6979 2.3
3 + 3 (W28 430.745% 430.7462 0
3F+ 4K [+ 3HP- 330.1982 3301983 0.3z
IF+SK [M53HE 372.8965 372 8965 1]
3F ~ 6 [Mie g 415.5949 415.5953 11
I+ K JLELT 3438717 343 9718 0.4
3F + 8% L 275.9954 375.9950 %\
4F + 3K [MH]" 374.1854 3741852 0.7
F+: (Mo} 440.2329 440.233%0 0.1
4F & 3K [Mae3pijie 136.5227 1385226 9.2
4F + &K [Me3HE" 379.2210 379.2209 0.8
4F + 5K [MEIHFY 42193193 £21.519¢ 9.1
&F + 8K [Btedn]* 348.7151 257323 2.8
4F « T [Wh= g0~ 380.7388 380.7390 08
4E 28K L 412.7625 412 %10 3.7
SF % 1K [MEE" 449.7197 &45.7198 0.3
5F « 2% [Me]~ 53137671 533 7668 0.6
SF« 3% [Madni] ¢ 385.5435 385.5458 0.8
SEdX [ 3gfie £2%.2438 428 1440 0.3
SE+ 4K ) 353.4584 353 4582 05
SF + 5K [M+aH* 385.4822 __385.4823 a5
S « B [MeaH]™ 73,5068 4735065 15
SE+7% T 358 252 369 5348 1.0
6F & 1K [W=2HF" 523.2539 RIBB a
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CLAIMS

1. A method for manufacturing a polymer of amino acids linked
by peptide bonds, characterized in that it comprises:

(A) a step of preparing first and second amino acid
derivatives each shown below:
H,N-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid); and

(B) a step of subjecting said first amino acid derivative
and second amino acid derivative to an oxidation reaction to obtain
the compound shown below:
H,N-CH (R)-CO-HN-CH (R) -CO-SH (2)
{(wherein each R, each independently, represents the side chain of
any amino acid);

where at least one of said first amino acid derivative and

second amino acid derivative does not possess a protecting group.

2. The manufacturing method according to claim 1, wherein said
first amino acid derivative and second amino acid derivative both

do not possess a protecting group.

3. The manufacturing method according to <c¢laim 1 or 2,
comprising:

(C) a step of subjecting Compound (2) obtained in step (B)
to an oxidation reaction with a third amino acid derivative shown
below:

H,N-CH (R) -COSH (1)

(wherein R represents the side chain of any amino acid)

to obtain the compound shown below:

H,N-CH(R) -CO- (HN-CH (R) -CO) ,—SH (3)

{(wherein each R, each independently, represents the side chain of

any amino acid).
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4, The manufacturing method according to claim 3, characterized
in carrying out step (C) multiple times to obtain the compound
shown below:

H,N-CH (R) ~CO- (HN-CH (R) -CO) ,—SH (4)

(wherein each R, each independently, represents the side chain of

any amino acid, and n represents in integer that is 2 or more).

5. The manufacturing method according to claim 3 or 4, wherein
said one or more third amino acid derivative(s) does not possess a

protecting group.

6. The manufacturing method according to any one of claims 1 to
5, further comprising:

(D) a step of reacting Compound (2) obtained in step (B), or
Compound (3) or Compound (4) obtained in step (C), with a
nucleophilicity reagent shown below:

H-X (5)

(wherein X represents a substituent bound by an atom selected from
the group consisting of N, 0, S, and Se)

to obtain the compound shown below:

H,N-CH (R) —-CO- (HN-CH (R) -CO) ,—X (6)

(wherein each R, each independently, represents the side chain of
any amino acid, m represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of

N, O, S, and Se).

7. The manufacturing method according to claim 6, wherein X is

a substituent bound by an N atom or S atom.

8. The manufacturing method according to claim 4, which is a

method for manufacturing a polymer comprising 4 to 20 amino acids.

9. The manufacturing method according to any one of claims 1 to

8, wherein the first or second amino acid derivative, or at least
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one of said more than one third amino acid derivatives has an

unprotected 4-aminobutyl group as a side chain.

10. The manufacturing method according to any one of claims 1 to
8, wherein the side chains of said first and second amino acid
derivatives, and of said one or more third amino acid derivatives

are identical.

11. The manufacturing method according to claim 10, wherein said

side chains are all methyl groups.

12. A method for manufacturing a polymer of more than one amino
acids linked by peptide bonds, characterized in that it comprises:
(a) a step of preparing more than one amino acid derivatives
shown below:
H,N-CH (R) -COSH (1)
(wherein R represents the side chain of any amino acid); and
{(b) a step of subjecting said more than one amino acid
derivatives to an oxidation reaction to obtain more than one
compound shown below:
H,N-CH (R) -CO~ (HN-CH (R) -CO) ,—SH (7)
(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer)
and/or the compound shown below:
H;N-CH (R) -CO- (HN-CH(R) -CO) ,—S-S- (CO-CH (R) —NH) ,—-CO-CH (R) —-NH; (8)
(wherein each R, each independently, represents the side chain of
any amino acid, and y and z represent any integer),
where a portion or all o¢f said more than one amino acid

derivatives do not possess a protecting group.

13. The method according to claim 12, wherein all of said more

than one amino acid derivatives do not possess a protecting group.

35



14, The method according to claim 12 or 13, wherein the compound

obtained in step (b) comprises Compound (7).

15. The manufacturing method according to c¢laim 14, further
comprising:

(cl) a step of reacting Compound (7) obtained in step (b)
with a nucleophilicity reagent shown below:
H-X (3)
(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)
to obtain the compound shown below:
H,N-CH (R) -CO- (HN-CH (R) —CO) +~X (9)
(wherein each R, each independently, represents the side chain of
any amino acid, x represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of

N, O, S, and Se).

l6. The manufacturing method according to claim 15, wherein X is

a substituent bound by an N atom or S atom.

17. The manufacturing method according to c¢laim 12 or 13,

wherein the compound obtained in step (b) comprises Compound (8).

18. The manufacturing method according to claim 17, further
comprising:

(c2) a step of reacting Compound (8) obtained in step (b)
with a nucleophilicity reagent shown below:
H-X (5)
(wherein X represents a substituent bound by an atom selected from
the group consisting of N, O, S, and Se)
to obtain the compound shown below:
H,N-CH (R) -CO- (HN-CH (R) —CO) ,—X (10)
(wherein each R, each independently, represents the side chain of

any amino acid, y represents any integer, and X represents a
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substituent bound by an atom selected from the group consisting of
N, O, S, and Se)

and below:

H,N-CH (R) —CO~- (HN-CH (R) -CO) .-X (11)

(wherein each R, each independently, represents the side chain of
any amino acid, z represents any integer, and X represents a
substituent bound by an atom selected from the group consisting of

N, O, S, and Se).

19. The manufacturing method according to claim 18, wherein X is

a substituent bound by an N atom or S atom.

20. The manufacturing method according to any one of claims 12
to 19, which is a method for manufacturing a polymer comprising 4

to 20 amino acids.

21. The manufacturing method according to any one of claims 12
to 20, wherein at least one of said more than one amino acid

derivatives has an unprotected 4-aminocbutyl group as a side chain.
22. The manufacturing method according to any one of claims 12
to 21, wherein the side chains of said more than one amino acid

derivatives are identical.

23. The manufacturing method according to claim 22, wherein said

side chains are all methyl groups.

24, The manufacturing method according to any one of claims 12

to 23 which is for producing a polypeptide library.
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