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Description

Technical Field

[0001] The present invention relates to an amphiphilic compound having a dendritic branch structure.
[0002] The amphiphilic compound having a dendritic branch structure according to the present invention is useful for
stably fixing, e.g., a water-soluble polymer or oligomer, a polysaccharide or a water-soluble protein on phospholipid
vesicles, cell surfaces or hydrophobic surfaces with a minimum modification of these materials. Further, the amphiphilic
compound having a dendritic branch structure according to the present invention is also useful as a surface modifier for
various substances including, for example, a vesicle or microsphere exhibiting a specific recognizing ability to cells or
proteins, a gel for column separation, various sensors and a cell culture substrates, and is also useful as an emulsifier,
a stabilizer, a dispersant, a solubilizer, an admixture, a wetting agent, a penetrating agent, or a viscosity modifier for
medicines, foods, cosmetics and dyes.

Background Art

[0003] Surfaces modified with a water-soluble polymer chain such as polyoxyethylene are excellent in biocompatibility,
and can be utilized as a raw material for, e.g., an artificial organ (e.g., artificial vessel), an artificial cell, or an artificial
blood. Further, by introducing a functional molecule into the surface, the surface can be furnished with a specific function.
The introduction of such a water-soluble polymer chain to the surface is usually performed through a covalent bond. It
can be said that a methodology for stably fixing such a water-soluble polymer chain to the surface by utilizing intermolecular
interaction has not yet been established until now.
[0004] As is well known, a vesicle with phospholipid bilayer membrane is accompanied with various problems that it
often aggregates or fuses, and that the residence time thereof in blood is relatively short. These problems have been
solved by mixing charged lipid or cholesterol into the lipid component constituting the vesicle, and modifying the surface
of the vesicle with polyoxyethylene or saccharide. A lipid composed of diacylphosphatidylethanolamine or cholesterol
having polyoxyethylene bonded thereto is widely employed as a stabilizer for vesicles. It is reported however that the
diacyl lipid having such a water-soluble polymer bonded thereto is eliminated from the phospholipid vesicle (J. R. Silvius
and M. J. Zuckermann, Biochemistry, 32, 3153, 1993).
[0005] It is now extensively studied that a functional protein (or a portion thereof) that is capable of recognizing a
specific molecule or a specific cell surface is carried on a surface of a vesicle, which is utilized as a drug transporter or
as artificial cells. Further, since it is generally difficult to procure such a functional protein from cells, and hence only a
trace amount is obtainable from cells, it is now adopted a method (recombinant system) wherein only a water-soluble
recognizing function site of the protein is permitted to secrete into gene recombinant fungus to produce a large amount
of the functional protein. In order to carry this water-soluble protein on the surface of phospholipid vesicle bilayer mem-
brane, it is required to introduce a hydrophobic group into the membrane. For example, a method of coupling a lipid
(diacylphosphatidylethanolamine) to the amino group, carboxyl group or thiol group of protein by an appropriate means
has been frequently employed. However, since the phospholipid employed in this case is double-legged, it is required,
in order to stably introduce the hydrophobic group into the surface of bilayer membrane, that the lipid be coupled at a
plurality of sites so as to well-balance the hydrophobic site with the hydrophilic site. If this coupling is performed non-
selectively, the functions are often impaired by the steric hindrance of the active site due to the coupled alkyl chain or
by the coupling of the hydrophobic group to the active site. Further, the boundary between the hydrophobic site and the
hydrophilic site is not clear, and it would be very difficult to introduce the hydrophobic group in a uniformly aligned manner
into the surface of vesicle.
[0006] A dendritic sphere (dendrimer) has a large number of functional groups at its branched ends, and a plurality
of functional molecules can be coupled thereto in conformity with the number of generation (a general review is disclosed
by e.g., J.I.R. Moors and F.Vogtle, Angew. Chem. Int. Ed. Engl., 33, 2413, 1994). A dendrimer which is constituted from
amino acids can be easily obtained by means of ordinary peptide-synthesizing method, and is excellent in both biode-
gradability and biocompatibility. A dendrimer constituted by lysine is first reported by R.G. Denkenwalter, et al (US patent
4,289,872)(issued on September 15, 1981). Since then, a synthesizing method by way of solid-phase peptide synthesis
has been established (J.P. Tam et al., Proc. Natl. Acad. Sci., USA, 85, 5409, 1988), wherein a derivative thereof where
a bioactive peptide or a saccharide is coupled to the branched terminal amino group is reported. An amphiphilic compound
wherein polyoxyethylene is coupled to the core portion of hydrophobic dendron is already reported and is now studied
on the utilization thereof as a novel functional material (I.Gitsov et al., Angew. Chem. Int. Ed. Engle., 31, 1200, 1992,
T.M. Chapman et. al., J. Am. Chem. Soc., 116, 11195, 1994). Recently, an amphiphilic dendrimer wherein a plurality of
hydrophobic groups are coupled to the branched terminals (A. P. H. J. Schenning et al., J. Am. Chem. Soc., 120, 8199,
1998) or a dendrimer having protein coupled thereto (P. Singh, Bioconjugate Chem., 9, 54, 1998) are reported.
[0007] In US 5,229,490 a dendritic lysine-based polymer is described useful for providing vaccines and in diagnostic
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tests.
[0008] An object of the present invention is to provide a novel amphiphilic compound which is capable of stably fixing
a water-soluble polymer onto a surface structure by taking advantage of intermolecular interaction, thereby enabling the
water-soluble polymer to be carried thereon without giving any damage to the function thereof.

Disclosure of Invention

[0009] As a result of intensive studies made by the present inventors under the aforementioned circumstances and
by taking a hint from the recent reports related to the dendrimer, it has been succeeded to design and synthesize an
amphiphilic compound wherein a large number of hydrophobic group are introduced into the terminals of branches of
dendritic branch structure (dendron) constituting, as a constituent unit, a dendrimer, and at the same time, a hydrophilic
group is coupled to the sole substituent group existing at the core of dendrimer. In this case, the balance between the
hydrophobic site and the hydrophilic site can be optionally controlled by adjusting the generation number of branching
of dendron. Further, it has been also succeeded in introducing protein, through a single point bonding, into the terminal
of the hydrophilic group, thereby accomplishing the present invention.
[0010] Namely, according to the present invention, there is provided an amphiphilic compound having a dendritic
branch structure represented by the following general formula (II).

where R0 is a hydrophilic group as defined in the claims; X is -(CH2)4- or -(CH2)p-CO- (wherein p is 1 or 2); R1 and R2
are independently a hydrophobic group as defined in the claims; and n is an integer of 1 to 4. The amphiphilic compound
represented by the general formula (II) is selected from the group consisting of an amphiphilic compound having a
dendritic branch structure represented by the following formula (II-1), an amphiphilic compound having a dendritic branch
structure represented by the following formula (II-2), an amphiphilic compound having a dendritic branch structure
represented by the following formula (II-3) and an amphiphilic compound having a dendritic branch structure represented
by the following formula (II-4).
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[0011] According to a second embodiment of the present invention, there is also provided an amphiphilic compound
having a dendritic branch structure represented by the following general formula (III):
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where R0 is a hydrophilic group as defined in the claims; R1 and R2 are independently a hydrophobic group as defined
in the claims; n is an integer of 1 to 4 and q is 1 or 2. The amphiphilic compound represented by the general formula
(III) is selected from the group consisting of an amphiphilic compound having a dendritic branch structure represented
by the following formula (III-1), an amphiphilic compound having a dendritic branch structure represented by the following
formula (III-2), an amphiphilic compound having a dendritic branch structure represented by the following formula (III-
3) and an amphiphilic compound having a dendritic branch structure represented by the following formula (III-4).
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[0012] In the present invention, n should preferably be an integer of 2 or more.
[0013] In the present invention, each of R1 and R2 should be an alkyl group, in particular, an alkyl group having 1 to
30 carbon atoms.
[0014] Further, in the present invention, R0 should preferably be oligo-oxyethylene derivatives, poly- or oligo-saccharide
derivatives, or poly- or oligo-peptides.
[0015] Further, in the present invention, R0 may be represented by a formula: R-(OCH2CH2)mCH2NH- or
R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- (wherein R is H-, CH3-, CH3C(O)-, HOOCCH2-, H2NCH2CH2NHC(O)CH2-
or poly- or oligo-peptides; and m is an integer of 1 to 3000).

Best Mode for Carrying Out of the Invention

[0016] The amphiphilic compound having a dendritic branch structure according to the present invention can be
obtained by reacting a dendron having, at the branched terminals thereof, a reactive functional group such as amino
group, carboxyl group or hydroxyl group, and, at the core portion thereof, a reactive functional group such as amino
group, carboxyl group, hydroxyl group, with a source of the hydrophobic groups (R1 and R2) as well as with a source of
the hydrophilic group (R0). The generation number of branching in the dendron should preferably be in the range of 1
to 5. If the dendron is to be employed as a biocompatible material, the dendron moiety should preferably be constituted
by amino acids. However, the dendron moiety may not be confined to amino acids. Among amino acids, a more preferable
example is a trifunctional amino acid having one reactive functional group at the core site thereof and one reactive
functional group at each of a couple of branched terminals. Specific examples of such a trifunctional amino acid include
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lysine, asparagine, glutamine, aspartic acid, glutamic acid, serine, threonine, tyrosine, etc. Among these trifunctional
amino acids, a most preferable example is a trifunctional amino acid having a first reactive functional group at the core
site thereof and the same second reactive functional group at each of a couple of branched terminals (e.g. lysine having
one terminal carboxyl group and a couple of terminal amino groups; or aspartic acid and glutamic acid each having one
terminal amino group and a couple of terminal carboxyl group). Lysine is especially preferable among them.
[0017] The hydrophobic groups (R1 and R2) to be employed in the present invention may be of any kinds as long as
they are capable of being introduced into the branched terminals of dendron by way of covalent bond. These hydrophobic
groups may be the same with or different from each other and is an alkyl group. For the purpose of strictly adjusting the
balance between the hydrophobic site and the hydrophilic site, the employment of aliphatic hydrocarbon groups is
preferable. Especially, a linear or branched alkyl group having 1 to 30 carbon atoms, can be preferably employed. As
for the source of such hydrocarbon groups, it is possible to employ those having amino group, carboxyl group or hydroxyl
group.
[0018] As for the source of hydrophobic group having carboxyl group, it is possible to employ fatty acids such as acetic
acid, propionic acid, butyric acid, valerianic acid, iso-valerianic acid, caproic acid, enanthic acid, caprylic acid, undecanoic
acid, lauric acid, tridecanoic acid, myristic acid, pentadecanoic acid, palmitic acid, margaric acid, stearic acid, nonade-
canoic acid, arachic acid, behenic acid, palmitoleic acid, oleic acid, linoleic acid, linolenic acid and arachidonic acid. A
branched chain having any of these acids may be also useful. The acid anhydrides of these acids and the acid chlorides
thereof are also useful as well.
[0019] As for the source of the hydrophobic group having amino group, it is possible to employ a linear primary amine
such as dodecyl amine, tridecyl amine, tetradecyl amine, pentadecyl amine, hexadecyl amine, heptadecyl amine, octa-
decyl amine, dococyl amine and oleyl amine. A branched chain having any of these amines may be also useful. Further,
branched amines such as isoprenoid are also useful. As for the source having amino group, it is also possible to employ
secondary amines such as N-methyl-dodecyl amine, N-methyl-tetradecyl amine, N-methyl-hexadecyl amine, N-ethyl-
dodecyl amine, N-ethyl-tetradecyl amine, N-ethyl-hexadecyl amine, N-propyl-dodecyl amine, N-propyl-tetradecyl amine,
N-propyl-hexadecyl amine, dioleyl amine, etc.
[0020] As for the source of the hydrophobic group having hydroxyl group, it is possible to employ a linear primary
saturated alcohol such as lauryl alcohol, cetyl alcohol, stearyl alcohol, behenyl alcohol, etc. Additionally, it is also possible
to employ a linear primary unsaturated alcohol, a branched primary saturated alcohol, a branched primary unsaturated
alcohol, a secondary saturated alcohol or a secondary unsaturated alcohol such as 1,1-dodecenol, 1-oleyl alcohol,
linolenyl alcohol, etc. Additionally, it is also possible to employ di-alkyl glycerol wherein alcohols are bonded at the 1
and 3-position or 1 and 2-position of glycerin, or di-alkyl glycerol which is constituted by primary first saturated alcohol
and primary unsaturated alcohol.
[0021] The hydrophilic group (R0) to be employed in the present invention is defined in the claims, which are capable
of being introduced into the core site of dendron by way of covalent bond. If the dendron is to be employed as a
biocompatible material, it is preferable to employ, as unlimited examples of the hydrophilic group, polyoxyethylene
derivatives, saccharides (oligosaccharides, polysaccharides), oligo- or polypeptides, or covalent compounds of these
compounds.
[0022] As for the examples of polyoxyethylene derivatives, it is possible to employ a copolymer of ethylene glycol with
polyoxyethylene 400 to 500,000 in molecular weight (weight-average molecular weight, the same hereinafter) and having,
at one or both terminals thereof, a substituent group such as amino group, carboxyl group, hydroxyl group, etc. It is also
possible to employ the derivatives of the above copolymer wherein the terminal substituent group is activated.
[0023] As for the examples of saccharides, it is possible to employ branched or linear oligo or polysaccharides having
a polymerization degree of 2 to 400. The saccharides may be either natural or synthetic saccharides. Namely, it is
possible to employ any kinds of oligosaccharide or polysaccharide as long as they are capable of being introduced into
the core site of monodendron by way of covalent bond. For example, it is possible to employ oligosaccharides wherein
one or more kinds of saccharide selected from glucose, fructose, xylose, galactose, mannose, glucosamine, etc. are α-
bonded or β-bonded to each other, specific examples thereof being maltooligsaccharide, laminaryoligosaccharide, cel-
looligosaccharide, isomaltooligosaccharide, gentiooligosaccharide, nigerooligosaccharide, lactooligosaccharide, meli-
oligosaccharide, and inulooligosaccharide. As for the examples of polysaccharides, they include starch, prulan, cellulose,
mucopolysaccharides (hyaluronic acid, chondroitin, chondroitin sulfate, dermatan sulfate, ketalan sulfate, heparin, etc.),
chitin, chitosan, the complex polysaccharides to be derived from the decomposed materials of polysaccharides, cells
and bacteria, etc.
[0024] Specific examples of poly- or oligo-peptides include various kinds of cytokinin such as interleukin, cell transfer
factor, polypeptides to be used as an extracellular matrix agent such as fibrinogen, collagen, keratin, proteoglucan, etc.;
oligomers constituting part of the structure of such polypeptides; and functional polypeptides such as oxytocin, bradykinin,
thyrotropin-releasing factor, enkephalin, etc. Oligopeptide generally contains 2 to 10 peptide bonds. Polypeptide generally
contains at least 11 peptide bonds. By the way, poly- or oligo-peptides can be bonded to each other through a (poly)
oxyethylene derivative. In that case, the (poly)oxyethylene derivative to be functioned as a spacer should preferably be
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polyoxyethylene having a molecular weight of 100 to 100,000. The (poly)oxyethylene derivative to be employed in the
present invention is not confined to the above polyoxyethylene, but may be any kinds of (poly)oxyethylene derivative as
long as they have a functional group at both terminals thereof as in the case of the aforementioned polyoxyethylene
derivative.
[0025] Further, in the present invention, preferable examples of hydrophilic group (R0) include R-(OCH2CH2)mCH2NH-
or R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- (wherein R is H-, CH3-, CH3C(O)-, HOOCCH2-, H2NCH2CH22NHC(O)
CH2- or poly- or oligo-peptides; and m is an integer of 1 to 3000). Specific examples of poly- or oligo-peptides are the
same as exemplified above.
[0026] As for the functional molecules to be bonded via the aforementioned spacer to the dendron, they include, other
than poly- or oligo-peptide, the fragments thereof, antibody, antigen, peptide, stroma, enzime, saccharide, etc.
[0027] Next, a typical method for synthesizing an amphiphilic compound having a branch structure and represented
by any one of the general formulas (II) or (III) where n=1 according to the present invention will be explained with reference
to the following synthesis route 1.

Synthesis route 1 (where n=1)

[0028]

[0029] This synthesis route 1 is featured in that it starts from a trifunctional dendron having a reactive functional group
Fn1 (carboxyl group, etc.) at the core site thereof and reactive functional groups Fn2 and Fn3 (amino group, hydroxyl
group, etc.) at the branched terminals thereof, respectively.
[0030] First of all, the functional group Fn1 at the core site thereof is protected, if required, with a protecting group Pc
according to the conventional method to obtain a compound (A). This protecting process can be performed using benzyl
alcohol for instance if the functional group Fn1 employed is carboxyl group. Then, this compound (A) is allowed to react
with a source R1-Fn4 of hydrophobic group having a reactive functional group Fn4 at a terminal thereof (for example,
fatty acid) as well as with a source R2-Fn5 of hydrophobic group having a reactive functional group Fn5 at a terminal
thereof (for example, fatty acid). Of course, these functional groups are selected such that the functional groups Fn2
and Fn4 are capable of reacting with each other so as to form a covalent bond such as amid bond, ester bond, etc., and
likewise, the functional groups Fn3 and Fn5 are capable of reacting with each other so as to form a covalent bond such
as amid bond, ester bond, etc. As a result, a compound (B) is obtained. Thereafter, this compound (B) is deprotected
according to the conventional method to thereby convert it into a compound (C), which is then allowed to react with a
source R0-Fnx of hydrophilic group having a reactive functional group Fnx at a terminal thereof to obtain a compound
(D) where n=1. In the case where the source of hydrophilic group is provided at the opposite terminals thereof with a
reactive functional group, this compound (D) can be further reacted with a functional polymer such as protein.
[0031] Alternatively, the compound (D) can be synthesized also by a different process wherein the functional groups
at the opposite branched terminals of the starting dendron are protected in advance if required, and after finishing the
introduction of a hydrophilic group into the functional groups of core site, the opposite branched terminals of the compound
thus obtained are deprotected as required, which is followed by the reaction with a source of hydrophobic group in the
same manner as described above.
[0032] Next, a typical method for synthesizing an amphiphilic compound having a branch structure and represented
by any one of the general formulas (II) or (III) where n=2 according to the present invention will be explained with reference
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to the following synthesis route 2.

Synthesis route 2 (where n=2)

[0033]

[0034] In this route, one molar quantity of the compound (A) of the above synthesis route 1 is allowed to react with
two molar quantity of the compound (C) to synthesize a compound (E). Thereafter, this compound (E) is deprotected to
thereby convert it into a compound (F), which is then allowed to react with a source R0-Fnx of hydrophilic group to obtain
a compound (G) where n=2.
[0035] Alternatively, the compound (G) can be synthesized also by a different process wherein the functional groups
at the opposite branched terminals of the starting dendron are protected in advance if required, and after finishing the
introduction of a hydrophilic group R0 into the functional groups of core site, the opposite branched terminals of the
compound thus obtained are deprotected as required, which is followed by a process wherein one molar quantity of the
resultant compound is allowed to react with two molar quantity of the compound (C) in the same manner as described
above to thereby obtain the compound (G).
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[0036] An amphiphilic compound represented by any one of the general formulas (II) or (III) where n=3 can be syn-
thesized by a process wherein one molar quantity of the above compound (A) is allowed to react with two molar quantity
of the compound (F) to synthesize a compound (hereinafter referred to as a compound (pre-H)). Thereafter, this compound
(pre-H) is subjected to the deprotection and to the introduction of a hydrophilic group in the same manner as explained
above to thereby synthesize the amphiphilic compounds, which can be represented by the aforementioned formulas (II-
3) and (III-3).
[0037] An amphiphilic compound represented by any one of the general formulas (II) or (III) where n=4 can be syn-
thesized by a process wherein one molar quantity of the above compound (A) is allowed to react with two molar quantity
of the compound (pre-H) to synthesize a compound. Thereafter, the compound thus obtained is subjected to the depro-
tection and to the introduction of a hydrophilic group in the same manner as explained above to thereby synthesize the
amphiphilic compounds, which can be represented by the aforementioned formulars (II-4) and (III-4).
[0038] As explained above, when lysine, glutamine, aspartic acid, etc. are employed as a starting dendron, amphiphilic
compounds corresponding to the general formula (II) can be obtained, whereas when aspartic acid, glutamic acid, etc.
are employed as a starting dendron, amphiphilic compounds corresponding to the general formula (III) can be obtained.
[0039] The present invention will be further explained with reference to the following examples which are not intended
to limit the present invention whatsoever. By the way the structures of the compounds (derivatives) in the following
examples will be summarized at the end of description.

Example 1

[0040] In this example, a compound (n=1) having polyoxyethylene at the hydrophilic site thereof with lysine being
employed as a spacer, and a couple of alkyl groups at the hydrophobic site thereof was synthesized.
[0041] (A) First of all, a protecting group was introduced into the carboxyl group of lysine as follows. Namely, L-lysine
(5.1g, 35.2 mmol), p-toluenesulfonic acid (14.7g, 77.3 mmol) and benzyl alcohol (14.0g, 124.1 mmol) were dissolved in
benzene (30 mL) employed as a solvent. The resultant solution was refluxed for 6 hours at 100°C while removing water
produced. After the solvent was removed in vacuum, the residue was subjected to the reprecipitation thereof which was
repeated three times using diethyl ether to refine the product. This refined product was recrystallized from a mixed
solvent of methanol/diethyl ether at 4°C, and then, subjected to filtration and desiccation to obtain, as a white solid
matter, a lysine derivative 1 having carboxyl group protected with benzyl ester (18.0g, yield: 88%).

<Results of analysis of the lysine derivative 1>

[0042] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.2 (monospot))
[0043] Infrared spectrum (cm-1) : 3034; 2952 [νN-H (NH3

+)]; 1749 [νC=O (ester)]; 1600 [δN-H (NH3
+)].

[0044] 1H -NMR spectrum (DMSO-d6, 500 MHz, δ(ppm)): 1.28, 1.40 (m, 2H, Lys β-CH2); 1.51 (m, 2H, Lys ν-CH2);
1.80 (m, 2H, Lys δ-CH2); 2.29 (s, 6H, -CH3); 2.70 (m, 2H, Lys ε-CH2); 4.09 (s, 1H, Lys α-CH2); 5.25 (s, 2H, -CH2-); 7.12,
7.48 (8H, p-Tos-aroma.); 7.35-7.42 (5H, aroma.); 7.67, 8.38 (s, 6H, -NH3

+).
[0045] (B) An alkyl group was introduced as a hydrophobic group into the amino groups of the lysine derivative as
follows. Namely, palmitic acid (3.2g, 12.4 mmol) and N,N’-dicyclohexyl carbodiimide (2.6g, 12.4 mmol) were dissolved
in chloroform employed as a solvent. The resultant solution was stirred for 30 minutes at 25°C to obtain a mixed solution,
to which the lysine derivative 1 (3.0g, 5.12 mmol) and triethyl amine (1.2g, 11.4 mmol) were added. This reaction mixture
was stirred for 12 hours at 4°C and then, subjected to the filtration thereof using a glass filter (G4). Thereafter, the solvent
was removed in vacuum, and the residue was redissolved in chloroform (100 mL) and washed three times using a
saturated aqueous solution of sodium carbonate and further washed three times using water. After the chloroform phase
was dehydrated by making use of anhydrous sodium sulfate, the solvent was removed in vacuum. The resultant product
was recrystallized from methanol (200 mL) at 4°C, and then, subjected to filtration and desiccation to obtain, as a white
solid matter, a lysine derivative 2 having an alkyl group bonded via amid-bond to each of amino group (2.9g, yield: 79%).

<Results of analysis of the lysine derivative 2>

[0046] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.53 (monospot))
[0047] Infrared spectrum (cm-1): 3311 (νN-H(amide)); 1748 (νC=O(ester)); 1640 (νC=O (amide)); 1553 (δN-H(amide)).
[0048] 1H -NMR spectrum (CDCl3, 500 MHz, δ(ppm)): 0.85 (t, 6H, -CH3); 1.23 (s, 50H, -CH2-CH2-, Lys ν-CH2); 1.46
(m, 2H, Lys δ-CH2); 1.58 (m, 4H, -N-CO-C-CH2-); 1.66, 1.82 (m, 2H, Lys β-CH2); 2.12, 2.20 (t, 4H, -N-CO-CH2-); 3.16
(m, 2H, Lys ε-CH2); 4.58 (m, 1H, Lys α-CH2); 5.13 (m, 2H, -CH2-); 5.65 (br, 1H, -NH-CO-); 6.16 (d, 1H, -NH-CO-); 6.16
(d, 1H, -NH-CO-); 7.29-7.37 (5H, aroma.).
[0049] (C) The lysine derivative 2 (1.52g, 2.13 mmol) was dissolved in a mixed solvent consisting of chloroform/
methanol (10/7) (vol./vol.). To this resultant solution was added a 1N aqueous solution of sodium hydroxide to obtain a
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reaction mixture. After this reaction mixture was stirred for 4 hours at 25°C, a 1N aqueous solution of hydrochloric acid
was added thereto (until pH became 3.0). Then, the solvent was removed in vacuum, and the residue was washed with
water and methanol. Thereafter, the product thus obtained was dried to obtain, as a white solid matter, a dipalmitoyl
lysine derivative 3 (1.3g, yield: 98%).

<Results of analysis of the dipalmitoyl lysine derivative 3>

[0050] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.45 (monospot))
[0051] Infrared spectrum (cm-1): 3305 (νN-H (amide)); 1721 (νC=O (carbonyl)); 1638 (νC=O (amide)); 1553 (δN-H (amide)).
[0052] 1H-NMR spectrum (DMSO-d6, 500 MHz, δ(ppm)): 0.84 (t, 6H, -CH3); 1.24 (s, 50H, -CH2-CH2-, Lys ν-CH2);
1.36 (m, 2H, Lys δ-CH2); 1.47 (m, 4H, -N-CO-C-CH2-); 1.55, 1.67 (m, 2H, Lys β-CH2); 2.02, 2.09 (t, 4H, -N-CO-CH2-);
2.99 (m, 2H, Lys ε-CH2); 4.14 (m, 1H, Lys α-CH2); 7.55 (br, 1H, -NH-CO-); 7.78(d, 1H, -NH-CO-); 12.23 (br, 1H, -COOH-).
[0053] MS (FAB): Calculated value for C38H74N2O4: 623.0; Found value therefor: 623.5 (M+H)+.
[0054] Elemental analysis for C38H74N2O4:
Calculated value: C, 73.26; H, 11.97; N, 4.50;
Found value: C, 72.39; H, 12.43; N, 4.74.
[0055] (D) The same procedures as those of above paragraphs (B) and (C) were repeated except that myristic acid
and stearic acid were used instead of the palmitic acid to thereby obtain dialkyl lysine derivatives (dimyristoyl lysine
derivative 4 and distearoyl lysine derivative 5), each as a white solid matter.

<Results of analysis of the dimyristoyl lysine derivative 4>

[0056] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.40 (monospot))
[0057] IR (cm-1): 3305 (νN-H (amide)); 1721 (νC=O (carbonyl)); 1638 (νC=O (amide)); 1553 (δN-H (amide)).
[0058] 1H-NMR spectrum (DMSO, 500MHz, δ(ppm)): 0.84 (t, 6H, -CH3); 1.24 (s, 42H, -CH2-CH2-, Lys ν-CH2); 1.36
(m, 2H, Lys δ-CH2); 1.47 (m, 4H, -N-CO-C-CH2-); 1.55, 1.67 (m, 2H, Lys β-CH2); 2.02, 2.09 (t, 4H, -N-CO-CH2-); 2.99
(m, 2H, Lys ε-CH2): 4.14 (m, 1H, Lys α-CH2); 7.55 (br, 1H, -NH-CO-); 7.78 (d, 1H, -NH-CO-); 12.23 (br, 1H, -COOH-).

<Results of analysis of the distearoyl lysine derivative 5>

[0059] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.53 (monospot))
[0060] IR (cm-1): 3305 (νN-H (amide)); 1721 (νC=O (carbonyl)); 1638 (νC=O (amide)); 1553 (δN-H (amide)).
[0061] 1H -NMR spectrum (CDCl3, 500 MHz, δ(ppm)): 0.87 (t, 6H, -CH3); 1.24 (s, 56H, -CH2-CH2-); 1.36 (m, 2H, Lys
δ- CH2); 1.48 (m, 2H, Lys δ-NCH2); 1.59 (m, 4H, -N-CO-C-CH2-); 1.74, 1.86 (m, 2H, Lys β-CH2); 2.15, 2.23 (t, 4H, -N-
CO-CH2-); 3.17, 3.29 (m, 2H, Lys ε-CH2-CH2); 4.40 (m, 1H, Lys α-CH2); 5.88 (br, 1H, -NH-CO-); 6.75(d, 1H, -NH-CO-);
12.23(br, 1H, -COOH-).
[0062] (E) The dipalmitoyl lysine derivative 3 was bonded to polyoxyethylene as follows. Namely, the dipalmitoyl lysine
derivative 3 (125 mg, 0.2 mmol) and DCC (41 mg, 0.2 mmol) were dissolved in chloroform to obtain a solution, which
was subsequently stirred for one hour at 4°C. Then, the resultant solution was dropped into a solution of monomethoxy
aminopolyoxyethylene (500 mg, 0.1 mmol) having a molecular weight of 5,000 and dimethylaminopyridine (24 mg, 0.2
mmol) in chloroform to obtain a reaction mixture. After being stirred for 6 hours at 25°C, this reaction mixture was filtered
by making use of a glass filter (G4) to obtain a filtrate, which was then dropped into diethyl ether. Then, the precipitate
was recovered by means of filtration and dried, and by making use of a silica gel column (solvent: chloroform/methanol=6/1
(vol./vol.)), an amphiphilic compound 6 of the present invention was isolated (500 mg, yield: 88%).

<Results of analysis of the derivative 6>

[0063] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.73 (monospot))
[0064] IR (cm-1): 3294 (νN-H (amide)); 1634 (νC=O (amide)); 1553 (δN-H (amide)).
[0065] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.88 (t, 6H, -CH3); 1.25 (s, 50H, -CH2-CH2-, Lys δ-CH2); 1.32
(m, 2H, Lys δ-CH2); 1.63-1.80 (8H, -CH2-C-N, -N-CO-C-CH2-, Lys β-CH2); 2.27, 2.38 (t, 4H, -N-CO-CH2-); 3.29 (m, 2H,
Lys ε-CH2); 3.38 (3H, -O-CH3); 3.43 (2H, -CH2-NH-); 3.66 (PEG); 4.39 (m, 1H, Lys α-CH2). 13C-NMR spectrum (CDCl3,
500MHz, δ(ppm)): 14.12; 22.68; 25.74; 28.75; 29.34; 29.53; 29.65; 31.92; 36.35; 38.13; 59.02; 70.44; 71.95.
[0066] Elemental analysis for C268H535N3O118:
Calculated value: C, 56.59; H, 9.48; N, 0.739; O, 33.19;
Found value: C, 56.88; H, 9.87; N, 1.07; O, 32.18.
[0067] (F) The procedures similar to those of above paragraph (E) were repeated except that a combination of the
molecular weight of polyoxyethylene and hydrophobic group was varied to thereby obtain the following compounds.
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Although the details of the analysis are omitted herein, the area ratio between the terminal methyl proton A of alkyl chain
(0.88 ppm, 3H x the number of alkyl chain) which is a criterion of the number of alkyl chain and the terminal methyl
proton B of polyoxyethylene (3.38 ppm, 3H), which was measured by means of 1H-NMR spectrum, is shown below.
[0068] The area ratio between polyoxyethylene (molecular weight: 5,000) and dimyristoyl lysine derivative 4 (A/B)
was 2.0; the area ratio between polyoxyethylene (molecular weight: 5,000) and distearoyl lysine derivative 5 (A/B) was
2.0; the area ratio between polyoxyethylene (molecular weight: 12,000) and distearoyl lysine derivative 5 (A/B) was 2.0;
and the area ratio between polyoxyethylene (molecular weight: 20,000) and distearoyl lysine derivative 5 (A/B) was 1.9.

Example 2

[0069] In this example, a compound (n=2) having four chains of alkyl groups was synthesized as follows.
[0070] (A) First of all, dipalmitoyl lysine derivative 3 (600 mg, 0.96 mmol) and DCC (200 mg, 0.96 mmol) were dissolved
in chloroform to obtain a solution, which was stirred for one hour at 4°C. Then, the resultant solution was dropped into
a solution of the lysine derivative 1 (278 mg, 0.48 mmol) and dimethylaminopyridine (120 mg, 0.96 mmol) in chloroform
to obtain a reaction mixture. After being stirred for 6 hours at 25°C, this reaction mixture was filtered by making use of
a glass filter (G4) to obtain a filtrate, which was then dropped into diethyl ether. Then, the precipitate was recovered by
means of filtration and dried, and by making use of a silica gel column (solvent: chloroform/methanol=6/1 (vol./vol.)),
the product compound was refined. This compound was then dissolved in chloroform and allowed to contact with hydrogen
gas under the presence of palladium carbon to thereby remove the protecting group thereof through the reduction of
the compound. This reaction mixture was then filtered and recrystallized from chloroform at 4°C to thereby isolate
tetrapalmitoyl lysine 7 (358 mg, yield: 55%).

<Results of analysis of the tetrapalmitoyl lysine 7>

[0071] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.45 (monospot))
[0072] IR (cm-1): 3305 (νN-H (amide)); 1636 (νC=O (amide)); 1555 (δN-H (amide)).
[0073] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.86 (t, 12H, -CH3); 1.24 (s, 102H, -CH2-CH2-, Lys δ-CH2); 1.51
(br, 6H, Lys δ-CH2); 1.60 (8H, -N-CO-C-CH2-); 1.82 (br, 6H, Lys β-CH2); 2.15 (br, 8H, -N-CO-C-CH2-); 3.22 (br, 6H, Lys
ε-CH2); 4.43 (br, 3H, Lys α-CH2); 5.70-6.75 (br, 6H, -NH-CO-, Lys α-CH2).
[0074] (B) The same procedures as those of above paragraphs (A) were repeated except that dimyristoyl lysine
derivative 4 and distearoyl lysine derivative 5 were substituted for the dipalmitoyl lysine derivative 3 to thereby obtain
tetraalkyl lysine derivatives (tetramyristoyl lysine derivative 8 and tetrastearoyl lysine derivative 9), each as a white solid
matter.

<Results of analysis of the tetramyristoyl lysine derivative 8>

[0075] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.42 (monospot))
[0076] IR (cm-1): 3305 (νN-H (amide)); 1636 (νC=O (amide)); 1555 (δN-H (amide)).
[0077] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.86 (t, 12H, -CH3); 1.24 (s, 86H, - CH2- CH2-, Lys ν-CH2); 1.51
(br, 6H, Lys δ-CH2); 1.60 (8H, -N-CO-C-CH2-); 1.82 (br, 6H, Lys β-CH2); 2.15 (br, 8H, -N-CO-CH2-); 3.22 (br, 6H, Lys
ε-CH2); 4.43 (br, 3H, Lys α-CH2); 5.70-6.75 (br, 6H, -NH-CO-, Lys α-CH2).

<Results of analysis of the tetrastearoyl lysine derivative 9>

[0078] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.48 (monospot))
[0079] IR (cm-1): 3305 (νN-H (amide)); 1636 (νC=O (amide)); 1555 (δN-H (amide)).
[0080] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.86 (t, 12H, -CH3); 1.24 (s, 118H, -CH2-CH2-, Lys ν-CH2); 1.51
(br, 6H, Lys δ-CH2); 1.60 (8H, -N-CO-C-CH2-); 1.82 (br, 6H, Lys β-CH2); 2.15 (br, 8H, -N-CO-CH2-); 3.22 (br, 6H, Lys
ε-CH2); 4.43 (br, 3H, Lys α-CH2); 5.70-6.75 (br, 6H, -NH-CO-, Lys α-CH2).
[0081] (C) The tetraalkyl lysine derivative 7 was bonded to polyoxyethylene as follows. Namely, the tetraalkyl lysine
derivative 7 (280 mg, 0.2 mmol) and DCC (41 mg, 0.2 mmol) were dissolved in chloroform to obtain a solution, which
was subsequently stirred for one hour at 4°C. Then, the resultant solution was dropped into a solution of monomethoxy
aminopolyoxyethylene (500 mg, 0.1 mmol) having a molecular weight of 5,000 and dimethylaminopyridine (24 mg, 0.2
mmol) in chloroform to obtain a reaction mixture. After being stirred for 24 hours at 25°C, this reaction mixture was
filtered by making use of a glass filter (G4) to obtain a filtrate, which was then dropped into diethyl ether. Then, the
precipitate was recovered by means of filtration and dried, and by making use of a silica gel column (solvent: chloroform/
methanol=6/1 (vol./vol.)), an amphiphilic compound 10 of the present invention was isolated (448 mg, yield: 70%).
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<Results of analysis of the compound 10>

[0082] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.78 (monospot))
[0083] IR (cm-1): 3305 (νN-H (amide)); 1638 (νC=O (amide)); 1556 (δN-H (amide)).
[0084] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.88 (t, 12H, -CH3); 1.25 (s, 110H, -CH2-CH2-, Lys δ-CH2);
1.35-1.90 (br, 22H, Lys δ-CH2, -CH2-C-N-, -N-CO-C-CH2-, Lys β-CH2); 2.00-2.45 (br, 8H, -N-CO-C-CH2-); 3.30 (br, 6H,
Lys ε-CH2); 3.38 (s, 3H, -O-CH3); 3.43 (br, 2H, -CH2-NH-); 3.66 (PEG); 4.48 (br, 3H, Lys α-CH2).
[0085] 13C-NMR spectrum (CDCl3, 500 MHz, δ(ppm)): 14.12; 22.68; 25.79; 26.79; 29.36; 29.42; 29.59; 29.72; 31.93;
59.03; 70.58; 71.95.
[0086] (D) The procedures similar to those of above paragraph (C) were repeated except that a combination of the
molecular weight of polyoxyethylene and hydrophobic group was varied to thereby obtain the following compounds.
Although the details of the analysis are omitted herein, the area ratio between the terminal methyl proton A of alkyl chain
(0.88 ppm, 3H x the number of alkyl chain) which is a criterion of the number of alkyl chain and the terminal methyl
proton B of polyoxyethylene (3.38 ppm, 3H), which was measured by means of 1H-NMR spectrum, is shown below.
[0087] The area ratio between polyoxyethylene (molecular weight: 12,000) and tetrapalmitoyl lysine derivative 7 (A/B)
was 3.9; the area ratio between polyoxyethylene (molecular weight: 12,000) and tetrastearoyl lysine derivative 9 (A/B)
was 4.0; and the area ratio between polyoxyethylene (molecular weight: 20,000) and tetrastearoyl lysine derivative 9
(A/B) was 4.0.

Example 3

[0088] In this example, a compound having four chains of alkyl groups was synthesized as follows.
[0089] (A) First of all, L-lysine (1.5g, 10.3 mmol) and t-butoxycarbonyl anhydride (6.3g, 29.0 mmol) were dissolved in
a mixed solvent consisting of dioxane (20 mL), water (10 mL) and 1N NaOH (10 mL) to obtain a solution, which was
stirred for 6 hours at 25°C. Then, the resultant reaction mixture was concentrated to a volume of 10 mL under a reduced
pressure, and reprecipitated in hexane to refine the product. Then, this precipitated product was dissolved in water (10
mL) and filtered. Then, the filtrate was lyophilized to obtain, as a white matter, a lysine derivative 11 whose amino group
was protected with t-butoxycarbonyl group (Boc) (2.64g, yield: 74%).

<Results of analysis of the lysine derivative 11>

[0090] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.50 (monospot))
[0091] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 1.27-1.58 (22H, -CH3, Lys ν-CH2, Lys δ-CH2); 1.74, 1.87 (br,
2H, Lys β-CH2); 3.12 (br, 2H, Lys ε-CH2); 4.29 (br, 1H, Lys α-CH2); 4.63, 5.21 (br, 2H, -NH-COO-).
[0092] (B) The lysine derivative 11 (83 mg, 0.24 mmol) and DCC (50 mg, 0.24 mmol) were dissolved in chloroform to
obtain a solution, which was subsequently stirred for one hour at 4°C. Then, the resultant solution was dropped into a
solution of monomethoxy aminopolyoxyethylene (1.0 g, 0.2 mmol) and dimethylaminopyridine (24 mg, 0.2 mmol) in
chloroform to obtain a reaction mixture. After being stirred for 6 hours at 25°C, this reaction mixture was filtered by
making use of a glass filter (G4) to obtain a filtrate, which was then dropped into diethyl ether. Then, the precipitate was
recovered by means of filtration and dried to obtain a compound 12 comprising polyoxyethylene, one terminal of which
is bonded with lysine (0.97g, yield: 90%).

<Results of analysis of the compound 12>

[0093] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.62 (monospot))
[0094] 1H-NMR spectrum (DMSO-d6, 500 MHz, δ(ppm)): 1.36 (m, 2H, Lys ν-CH2); 1.44 (s, 18H, -CH3); 1.49 (m, 2H,
Lys δ-CH2); 1.60, 1.83 (m, 2H, Lys β-CH2); 1.78 (t, 2H, -CH2-C-N-); 3.08 (t, 2H, -CH2-N-); 3.3-3.4 (m, 2H, Lys ε-CH2);
3.36 (s, 3H, -O-CH3); 3.64 (PEG); 4.03 (m, 1H, Lys α-CH2); 4.70, 5.30 (2H, -NH-COO-); 6.79(1H, -NH-CO-).
[0095] (C) The compound 12 (0.5g, 0.09 mmol) was dissolved in TFA (5 mL) to obtain a solution, which was subse-
quently stirred for one hour at 4°C. Then, the resultant solution was dropped into diethyl ether. Then, the precipitate was
recovered by means of filtration and dried to obtain a compound 13 (0.44g, yield: 91%).

<Results of analysis of the compound 13>

[0096] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.32 (monospot)).
[0097] 1H-NMR spectrum (DMSO-d6, 500MHz, δ(ppm)): 1.60 (m, 2H, Lys ν-CH2); 1.8-1.9 (m, 4H, -CH2-C-N-, Lys δ-
CH2); 2.05 (m, 2H, Lys β-CH2); 3.06 (t, 2H, -CH2-N-CO-); 3.25-3.40 (m, 2H, Lys ε-CH2); 3.38 (s, 3H, -O-CH3); 3.65
(PEG); 4.15 (m, 1H, Lys α-CH2); 7.64, 7.83, 8.41 (br, 7H, -NH-CO-, -NH3

+).
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[0098] (D) The dipalmitoyl lysine derivative 3 (100 mg, 0.15 mmol) and DCC (30 mg, 0.15 mmol) were dissolved in
chloroform to obtain a solution, which was subsequently stirred for one hour at 25°C. Then, the resultant solution was
dropped into a solution of the compound 13 obtained as mentioned above (200 mg, 0.038 mmol) and dimethylaminopy-
ridine (4.5 mg, 0.037 mmol) in chloroform to obtain a reaction mixture. After being stirred for 6 hours at 25°C, this reaction
mixture was dropped into diethyl ether. Then, the precipitate was recovered by means of filtration. Thereafter, by making
use of a silica gel column (solvent: chloroform/methanol=6/1 (vol./vol.)), an amphiphilic compound 14 of the present
invention was isolated (180 mg, yield: 78%).

<Results of analysis of the compound 14>

[0099] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.78 (monospot))
[0100] IR (cm-1) : 3305 (νN-H (amide)); 1638 (νC=O (amide)); 1556 (δN-H (amide)).
[0101] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.88 (t, 12H, -CH3); 1.25 (s, 110H, -CH2-CH2-, Lys ν-CH2);
1.35-1.90 (br, 22H, Lys δ-CH2, -CH2-C-N-, -N-CO-C-CH2-, Lys β-CH2); 2.00-2.45 (br, 8H, -N-CO-CH2-); 3.30 (br, 6H,
Lys ε-CH2): 3.38 (s, 3H, -O-CH3); 3.43 (br, 2H, -CH2-NH-); 3.66 (PEG); 4.48 (br, 3H, Lys α-CH2).
[0102] 13C-NMR spectrum (CDCl3, 500 MHz, δ(ppm)): 14.12; 22.68; 25.79; 26.15; 29.36; 29.42; 29.59; 29.72; 31.93;
59.03; 70.58; 71.95.
[0103] Elemental analysis for C312H619N7O121:
Calculated value: C, 58.51; H, 9.74; N, 1.53; O, 30.22
Found value: C, 58.20; H, 10.04; N, 1.71; O, 30.05.

Example 4

[0104] In this example, a compound (n=3) having eight chains of alkyl groups was synthesized as follows.
[0105] The stearoyl derivative 9 (50 mg, 0.043 mmol) obtained in Example 2 and DCC (8.2 mg, 0.04 mmol) were
dissolved in a mixed solvent consisting of chloroform and DMF to obtain a solution, which was subsequently stirred for
one hour at 25°C. Then, the resultant solution was dropped into a solution of the compound 13 (77 mg, 0.015 mmol)
and dimethylaminopyridine (2 mg, 0.017 mmol) in chloroform to obtain a reaction mixture. After being stirred for 48 hours
at 25°C, this reaction mixture was dropped into diethyl ether. Then, the precipitate was recovered by means of filtration.
Thereafter, by making use of a silica gel column (solvent: chloroform/methanol=6/1 (vol./vol.)), an amphiphilic compound
15 of the present invention was isolated (83mg, yield: 78%).

<Results of analysis of the compound 15>

[0106] Thin-layer chromatography (silica gel plate, chloroform/methanol (4/1) (vol./vol.): Rf: 0.78 (monospot))
[0107] IR (cm-1): 3305 (νN-H (amide)); 1638 (νC=O (amide)); 1556 (δN-H (amide)).
[0108] 1H-NMR spectrum (CDCl3, 500MHz, δ(ppm)): 0.88 (t, 24H, -CH3); 1.25 (s, 254H, -CH2-CH2-, Lys ν-CH2);
1.35-1.90 (br, 46H, Lys δ-CH2, -CH2-C-N-, -N-CO-C-CH2-, Lys β-CH2); 2.00-2.45 (br, 16H, -N-CO-CH2-); 3.30 (br, 14H,
Lys ε-CH2): 3.38 (s, 3H, -O-CH3); 3.66 (PEG); 4.48 (br, 7H, Lys α-CH2).

Example 5

[0109] In this example, an amphiphilic compound having an oligosaccharide as a hydrophilic moiety was synthesized
as follows.
[0110] (A) L-gultamic acid (3.0g, 20.4 mmol), p-toluenesulfonic acid (3.9g, 20.4 mmol) and stearyl alcohol (11.0g, 40.8
mmol) were dissolved in benzene (60 mL). The resultant solution was refluxed for 14 hours at 100°C while removing
water produced. Then, the benzene phase was washed three times using a saturated aqueous solution of sodium
carbonate and three times using water. Then, the solvent was removed under a reduced pressure. The resultant residue
was recrystallized from methanol at 4°C, and then, subjected to filtration and desiccation to obtain, as a white solid
matter, dialkyl glutamate derivative 16 (11.7g, yield: 88%).
[0111] From the appearance of a peak (1736 cm-1) in IR spectrum, which is peculiar to ester linkage, the formation
of the aimed compound was confirmed.
[0112] (B) Maltoheptaose (0.5g, 0.43 mmol) and glutamic acid (0.096g, 0.65 mmol) were dissolved in DMF. The
resultant solution was stirred for 2.5 hours at 60°C to thereby bonding the glutamic acid to the reduced terminal of the
maltoheptaose. Further, by making use of DCC, the dialkyl glutamate derivative 16 was introduced via amide bond into
the maltoheptaose. The resultant product was reprecipitated using acetone and washed with water to refine the product,
thus obtaining a maltoheptaose derivative 17 having four chains of alkyl groups (an amphiphilic compound of the present
invention) (0.4g, yield: 60%). From the integration ratio between the terminal methyl proton of alkyl chain (0.88 ppm)
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and the proton of maltoheptaose moiety (2.7-6.0) as measured by means of 1H-NMR (DMSO-d6), it was possible to
confirm the linkage of four acyl chains. Further, in the same manner as described above, a dextran derivative 18 (average
molecular weight: 200,000) was obtained (yield: 50%).

Example 6

[0113] In this example, an amphiphilic compound having oligopeptide as a hydrophilic moiety was synthesized as
follows.
[0114] (A) The tetrastearoyl lysine derivative 9 (100 mg, 0.068 mmol) which was obtained in Example 2 and DCC (14
mg, 0.068 mmol) were dissolved in chloroform, and the resultant solution was then stirred for one hour at 25°C to obtain
a reaction mixture, to which N-hydroxysuccinimide (0.8 mg, 0.070 mmol) employed as an activated esterification reagent
was added, and the resultant mixture was stirred for 6 hours at 25°C.
[0115] From the appearance of a peak (1730 cm-1) in infrared absorption spectrum, which is peculiar to ester linkage,
it was possible to confirm the formation of the derivative 19 wherein the carboxyl group of tetrastearoyl lysine derivative
9 was acted as an active ester.
[0116] (B) A linear oligomer (15-20-mer) of glutamic acid (100 mg) and the derivative 19 were dissolved in DMF, and
the resultant solution was then stirred for 12 hours at 4°C. The resultant reaction mixture was filtered to obtain a filtrate,
which was then dried under a reduced pressure. The residue was dissolved in chloroform and insoluble components
were removed. Thereafter, the solution was washed three times with water. The chloroform phase was then allowed to
dry, and the resultant product was recrystallized using methanol at 4°C to thereby obtain tetraalkyl oligopeptide derivative
20 (an amphiphilic compound of the present invention) (110 mg).

Example 7

[0117] In this example, as one example of the amphiphilic compound having protein bonded thereto, a compound
having myoglobin bonded thereto was synthesized by making use of a polyoxyethylene (as a spacer) whose terminal
carboxyl group was activated with succinimide.
[0118] (A) First of all, a polyoxyethylene derivative having a hydrophobic group and an activated ester group at the
terminals thereof was synthesized as follows. The compound to be obtained in this case is capable of bonding with all
kinds of protein having a free amino group.
[0119] Polyoxyethylene having a molecular weight of 3,000 and terminal carboxyl groups at both ends thereof (3g, 1
mmol) and DCC (206 mg, 1 mmol) were dissolved in distilled chloroform (10 mL) and stirred for 30 minutes at 5°C.
Dicyclohexyl urea which was precipitated was filtered using a glass filter (G4), after which distilled chloroform (90 mL)
was added to the dicyclohexyl urea. The resultant solution was dropped into a solution of ethylene diamine anhydride
(610 mg, 10.1 mmol) in chloroform and stirred for 24 hours at 0°C. The resultant reaction mixture was concentrated to
dry by making use of a rotary evaporator. Unreacted ethylene diamine was removed through distillation under a reduced
pressure. Then, by making use of an alumina column (solvent: chloroform/methanol/water=8/3/1), polyoxyethylene
having carboxyl group at one terminal thereof and amino group at the other terminal thereof was isolated (978mg, yield:
33%).
[0120] On the other hand, the tetrastearoyl lysine derivative 9 (100 mg, 0.068 mmol) which was obtained in Example
2 and DCC (14 mg, 0.068 mmol) were dissolved in chloroform and stirred for one hour at 25°C to obtain a reaction
mixture, to which N-hydroxysuccinimide (0.8 mg, 0.070 mmol) employed as an activated esterification reagent was
added, and the resultant mixture was stirred for 6 hours at 25°C.
[0121] From the appearance of a peak (1730 cm-1) in infrared absorption spectrum, which is peculiar to ester linkage,
it was possible to confirm the formation of aimed product. This product was dropped into a solution of the aforementioned
polyoxyethylene derivative (185 mg, 0.061 mmol) in chloroform and stirred for 24 hours at 25°C. The resultant reaction
mixture was dropped into ether and the precipitate was recovered through the filtration thereof. The crude product was
refined by making use of a silica gel column (solvent: chloroform/methanol=6/1 (vol./vol.)) to isolate an amphiphilic
compound 21 having terminal carboxyl group (221mg, yield: 81%).

Example 8

[0122] In this example, the compound 21 obtained in Example 7 was allowed to bond with protein.
[0123] Namely, the compound 21 (100 mg, 0.022 mmol) was dissolved in 1mL of chloroform to obtain a solution, to
which DCC (4.7 mg, 0.023 mmol) and N-hydroxysuccinimide (2.6 mg, 0.023 mmol) were added. Then, the mixture was
stirred for 4 hours at 5°C. The product thus formed was reprecipitated and dried in vacuum. Then, phosphate buffer
solution (6.69 mL, 0.019 mmol) containing 5% by weight of myoglobin which was stabilized through the coordination of
carbon monoxide was added to the aforementioned product and stirred for 24 hours under the conditions of: pH=7.4,
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5°C and light-shielding. After the filtration of resultant reaction mixture, a myoglobin derivative 22 was refined and isolated
by taking it up by making use of a steric exclusion chromatography (column: Asahipak GS-520). This myoglobin derivative
22 was then lyophilized and allowed to suspend in methanol. From the disappearance of the peak (2.83 ppm) of suc-
cinimide group as well as from the appearance of peaks which are peculiar to PEG chain (3.36 ppm) and to alkyl chain
(0.88, 1.24 ppm), which were detected by means of 1H-NMR, the linkage of the compound 21 to myoglobin was confirmed.
The bonding ratio of the compound 21 to myoglobin (compound 21/myoglobin) was found 1.1 as measured by the dry
weight method.

<The structures of the compounds 1 to 22 in the Examples>

[0124]

Compound 2: n=1,

R1=R2=(CH2)14CH3
Compound 3: n=1,R0=HO,R1=R2=(CH2)14HCH3
Compound 4: n=1,R0=HO,R1=R2=(CH2)12CH3
Compound 5: n=1,R0=HO,R1=R2=(CH2)16CH3

Comopound 6: n=1,R0=CH3,R1=R2=(CH2)14CH3
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Compound 7: n=2,R0=HO,R1=R2=(CH2)14CH3
Compound 8: n=2,R0=HO,R1=R2=(CH2)12CH3
Compound 9: n=2,R0=HO,R1=R2=(CH2)16CH3

Compound 10=14: n=2,R0=CH3,R1=R2=(CH2)14CH3
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Compound 15: n=3, R0=CH3,R1=R2=(CH2)16CH3

Compound 16: n=1,R0=H,R1=R2=-(CH2)16CH3
Compound 17: n=2,R0=maltoheptaose,R1=R2=-(CH2)16CH3
Compound 18: n=2,R0=dextran,R1=R2=-(CH2)16CH3

Compound 19: n=2,

R1=R2=(CH2)16CH3
Compound 20: n=2,R0=oligopeptide,R1=R2=(CH2)16CH3

Compound 21: n=2,R0=COOH,R1=R2=(CH2)16CH3
Compound 22: n=2,R0=myoglabin,R1=R2=(CH2)16CH3
[0125] As explained above, it is possible according to the present invention to provide an amphiphilic compound which
is capable of stably fixing a water-soluble polymer onto a surface structure by taking advantage of intermolecular inter-
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action, thereby enabling the water-soluble polymer to be carried thereon without giving any damage to the function
thereof. Further, the amphiphilic compound having a dendritic branch structure according to the present invention makes
it possible to optionally balance the hydrophobic site with the hydrophilic site, and to introduce a functional polymer such
as protein, through a single point bonding, into the terminal of the hydrophilic group thereof.

Claims

1. An amphiphilic compound having a dendritic branch structure having the general formula (II):

which is selected from the group consisting of an amphiphilic compound having a dendritic branch structure repre-
sented by the following formula (II-1), an amphiphilic compound having a dendritic branch structure represented by
the following formula (II-2), an amphiphilic compound having a dendritic branch structure represented by the following
formula (II-3), and an amphiphilic compound having a dendritic branch structure represented by the following formula
(II-4):
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where R0 is poly- or oligo-oxyethylene derivative, poly- or oligo-saccharide derivative, poly- or oligo-peptide.
R-(OCH2CH2)mCH2NH- or R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- where R is H-,CH3-,CH3C(O)-, HOOCCH2-,
H2NCH2CH2NHC(O)CH2- or poly- or oligo-peptides; and m is an integer of 1 to 3000; X is -(CH2)4- or -(CH2)p-CO-
(wherein p is 1 or 2); each of R1 and R2 is independently an alkyl group; and n is an integer of 1 to 4.

2. The amphiphilic compound according to claim 1, wherein said compound is represented by said formula (II-2), said
formula (II-3) or said formula (II-4).

3. The amphiphilic compound according to claim 1 or 2, wherein said alkyl group contains 1 to 30 carbon atoms.

4. An amphiphilic compound having a dendritic branch structure having the
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following general formula (III):

which is selected from the group consisting of an amphiphilic compound having a dendritic branch structure repre-
sented by the following formula (III-1), an amphiphilic compound having a dendritic branch structure represented
by the following formula (III-2), an amphiphilic compound having a dendritic branch structure represented by the
following formula (III-3), and an amphiphilic compound having a dendritic branch structure represented by the
following formula (III-4):
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where R0 is poly- or oligo-oxyethylene derivative, poly- or oligo-saccaride derivative, poly- or oligo-peptide,
R-(OCH2CH2)mCH2NH- or R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- where R is H-, CH3-, CH3C(O)-, HOOCCH2-,
H2NCH2CH2NHC(O)CH2-, or poly- or oligo-peptides; and m is an integer of 1 to 3000; each of R1 and R2 is inde-
pendently an alkyl group; n is an integer of 1 to 4; and q is 1 or 2.

5. The amphiphilic compound according to claim 4, wherein said compound is represented by said formula (III-2), said
formula (III-3) or said formula (III-4).

6. The amphiphilic compound according to claim 4 or 5, wherein said alkyl group contains 1 to 30 carbon atoms.

Patentansprüche

1. Amphiphile Verbindung mit einer dendritisch verzweigten Struktur mit der allgemeinen Formel (II):
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, diese ist ausgewählt aus der Gruppe bestehend aus einer amphiphilen Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (II-1), eine amphiphile Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (II-2), eine amphiphile Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (II-3) und einer amphiphilen Verbindung mit einer dendritisch ver-
zweigten Struktur dargestellt durch die folgende Formel (II-4):
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, wobei R0 ein Poly- oder Oligo-Oxyethylenderivat, ein Poly- oder Oligo-Saccharidderivat, ein Poly- oder Oligo-
Peptid, R-(OCH2CH2)mCH2NH- oder R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- ist, wobei R H-,CH3-,CH3C(O)-,
HOOCCH2-, H2NCH2CH2NHC(O)CH2- oder Poly- oder Oligo-Peptide ist; und m ist eine ganze Zahl von 1 bis 3000;
X ist -(CH2)4 - oder -(CH2)p-CO- (wobei p 1 oder 2 ist); jedes von R1 and R2 ist unabhängig voneinander eine
Alkylgruppe; und n ist eine ganze Zahl von 1 bis 4.

2. Amphiphile Verbindung nach Anspruch 1, wobei diese Verbindung dargestellt wird durch die Formel (II-2), die Formel
(II-3) oder die Formel (II-4).
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3. Amphiphile Verbindung nach Anspruch 1 oder 2, wobei die Alkylgruppe 1 bis 30 Kohlenstoffatome enthält.

4. Amphiphile Verbindung mit einer dendritisch verzweigten Struktur der allgemeinen Formel (III):

, die ausgewählt ist aus der Gruppe bestehend aus einer amphiphilen Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (III-1), einer amphiphilen Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (III-2), einer amphiphilen Verbindung mit einer dendritisch verzweigten
Struktur dargestellt durch die folgende Formel (III-3) und einer amphiphilen Verbindung mit einer dendritisch ver-
zweigten Struktur dargestellt durch die folgende Formel (III-4):
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, wobei R0 ein Poly- oder Oligo-Oxyethylenderivat, Poly- oder Oligo-Saccharidderivat, Poly- oder Oligo-Peptid,
R-(OCH2CH2)mCH2NH oder R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- ist, wobei R H-, CH3-, CH3C(O)-,
HOOCCH2-, H2NCH2CH2NHC(O)CH2- oder ein Poly- oder Oligo-Peptid ist; m ist eine ganze Zahl von 1 bis 3000,
R1 und R2 sind jeweils unabhängig voneinander eine Alkylgruppe; n ist eine ganze Zahl von 1 bis 4; und q ist 1 oder 2.

5. Amphiphile Verbindung nach Anspruch 4, wobei diese Verbindung dargestellt wird durch die Formel (III-2), die
Formel (III-3) oder die Formel (III-4).

6. Amphiphile Verbindung nach Anspruch 4 oder 5, wobei die Alkylgruppe 1 bis 30 Kohlenstoffatome enthält.

Revendications

1. Composé amphiphile possédant une structure ramifiée dendritique ayant la formule générale (II) :
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qui est choisi dans le groupe constitué par un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (II-1) suivante, un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (II-2) suivante, un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (II-3) suivante, et un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (II-4) suivante :
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où R0 est un dérivé poly- ou oligo-oxyéthylène, un dérivé poly- ou oligo-saccharide, un poly ou oligo-peptide,
R-(OCH2CH2)mCH2NH- ou R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- où R est H-, CH3-, CH3C(O)-, HOOCCH2-,
H2NCH2CH2NHC(O)CH2- ou des poly- ou oligo-peptides ; et m est un entier de 1 à 3 000 ; X est - (CH2)4- ou
-(CH2)p-CO- (dans lequel p vaut 1 ou 2) ; chacun de R1 et R2 est, de manière indépendante, un groupe alkyle ; et
n est un entier de 1 à 4.

2. Composé amphiphile selon la revendication 1, dans lequel ledit composé est représenté par ladite formule (II-2),
ladite formule (II-3) ou ladite formule (II-4).

3. Composé amphiphile selon la revendication 1 ou 2, dans lequel ledit groupe alkyle contient 1 à 30 atome(s) de
carbone.
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4. Composé amphiphile possédant une structure ramifiée dendritique ayant la formule générale (III) suivante :

qui est choisi dans le groupe constitué par un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (III-1) suivante, un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (III-2) suivante, un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (III-3) suivante, et un composé amphiphile possédant une structure ramifiée dendritique
représentée par la formule (III-4) suivante :
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où R0 est un dérivé poly- ou oligo-oyxéthylène, un dérivé poly- ou oligo-saccaride, un poly ou oligo-peptide,
R-(OCH2CH2)mCH2NH- ou R-(OCH2CH2)mOCH2C(O)NHCH2CH2NH- où R est H-, CH3-, CH3C(O)-, HOOCCH2- ,
H2NCH2CH2NHC(O)CH2- ou des poly- ou oligo-peptides ; et m es tun entier de 1 à 3 000 ; chacun de R1 et R2 est,
de manière indèpendante, un croupe alkyle ; n est un entier de 1 à 4 ; et q vaut 1 ou 2.

5. Composé amphiphile selon la revendication 4, dans lequel ledit composé est représenté par ladite formule
(III-2), ladite formule (III-3) ou ladite formule (III-4)

6. Composé amphiphile selon la revendication 4 ou 5, dans lequel ledit groupe alkyle contient 1 à 30 atome(s) de
carbone.
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