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Description

[0001] The invention relates to new products hexakis-, heptakis- and octakis(6-deoxy-6-aminoalkylamino)- and -(6-
deoxy-6-guanidino)- and -(6-deoxy-6-guanidinoalkylamino)cyclodextrins and their use in DNA compaction and in cell
permeation. The invention also relates to methods for the synthesis of the above compounds.
[0002] Cyclodextrins (CDs) are cyclic oligosaccharides formed by α-D-glucose units (as in representation I) connected
via 1,4-bonds. The most common consist of 6, 7 and 8 glucose units, respectively and are named α-, β- and γ-cyclodextrins.
These oligomeric sugar molecules form a cavity as shown in the representation II and they are generally represented
as truncated cones (representation III).

[0003] Cyclodextrins are structurally characterized by hydrophilic surfaces in the exterior, i.e. the primary hydroxyl
groups (-CH2OH) in the narrower rim of the cone and the secondary (-CHOH) in the wider rim, as well as by a lipophilic
interior cavity at their center. Due to this last characteristic, they can enclose in their cavity organic molecules insoluble
in water and thus form inclusion complexes. In the following paragraphs some basic terms used throughout the text are
defined:

Synthetically modified cyclodextrins or cyclodextrin derivatives- refer to cyclodextrin compounds, in which
the hydroxyl groups in carbon atoms C6 (of the primary side) or/and C2 or/and C3 (of the secondary side) have
been substituted by one or more atoms or groups of atoms.

Per-substituted cyclodextrins- refer to synthetically modified cyclodextrins, in which all glucose units (six or seven
or eight for α-, β- or γ-cyclodextrin, respectively) bear the same substituent, that is in all carbon atoms C6 or/and all
C2 or/and all C3, as specified. In the case that the substituent is not bound to the CD carbons through an oxygen
atom the prefix "deoxy" is added.

Inclusion complexes of cyclodextrins- refer to the inclusion of one or more molecules or part of a molecule (guest
molecule) inside the cavity of a natural cyclodextrin or a cyclodextrin derivative (host). The host and guest molecules
interact through van der Waals forces, hydrogen bonds, hydrophobic interactions or polar interactions, which all
stabilize the complex.

[0004] Cyclodextrins are generally water-soluble molecules and so are most of their inclusion complexes. This is an
important property because molecules insoluble in water (pharmaceuticals, pheromones etc.) can form inclusion com-
plexes with cyclodextrins and thus be solubilised in water. Therefore, cyclodextrins can increase the solubility and
bioavailability of lipophilic drugs and some of them have been approved as molecular hosts of substances for pharma-
ceutical formulations. A number of such formulations are commercial [1].
[0005] β-Cyclodextrin is the commonest among the natural cyclodextrins and hundreds of its inclusion complexes
(due to the proper dimensions of its cavity) with bioactive compounds have been studied. However, the solubility of β-
cyclodextrin in water is limited (~16 mM in 25°). Therefore, the synthesis of derivatives with increased solubility in water
has been desirable and such derivatives already exist commercially (2-hydroxypropyl-CD and methyl-CD). Moreover,
additional derivatives are available commercially by specialized companies at very high prices.
[0006] During the last 15 years there is intensive research in the field of gene transfer into cells with the goal of defying
diseases of genetic origin through intervention in the DNA of humans and animals (gene therapy). One of the basic
limiting factors in the development of gene therapy is the absence of specificity and efficient targeting of the DNA transfer
in the cell nucleus. There are two categories of vectors which can carry the gene to be transferred. The first constitutes
various kinds of viral vectors and it is based in the known ability of viruses to invade host cells. However, there are
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problems in the use of viruses for gene transfer such as immunogenicity, the short duration of gene expression, the
limited ability of the viruses to transfer foreign genes etc. [2]. Therefore, intensive research activity has been focused
for some years now to a second group of non-viral vectors for transfer of DNA: organic compounds, mainly polyamine
(polycationic) polymers [3]. This group also includes dendrimers and high molecular weight assemblies such as lipo-
somes.
[0007] During the last five years the basic and necessary characteristics for the effective DNA transfer via non-viral
vectors have been defined: biocompatibility, specific targeting, low toxicity, ability for DNA compaction, endocytosis,
release from the endosome and DNA decompression to recover its functional structure. The cyclodextrin family of
compounds satisfies the basic requirements for biocompatibility and low toxicity.
[0008] The synthesis of modified cyclodextrins has been improved in various aspects during the last 15 years. The
mono-substitution at position 6 of the primary side is the most common process, being well characterized and reproducible.
On the other hand, the substitution of all hydroxy groups of the primary side, i.e. 6, 7 or 8 for α-, β- and γ-cyclodextrin,
respectively, is not an easy task for all types of substituents. Literature cites some examples of methods leading to well-
characterized persubstituted cyclodextrins in the primary side [4]. However, the majority of persubstituted cyclodextrins,
even these that are commercially available and they are used in pharmaceuticals, consists of mixtures of partially
substituted isomers. Moreover, it is very common that the derivatives are not adequately characterized, because of the
well-known property of cyclodextrins to form inclusion complexes with the reactants, a fact that makes the successful
purification and complete characterization of the corresponding derivatives very demanding. Therefore, it is desirable
to find simple methodologies expandable in the scale of many grams for the synthesis of pure, per-substituted cyclo-
dextrins.
[0009] The synthesis of per(6-deoxy-6-amino)-α-, -β- and -γ-cyclodextrins is known [4], as well as the synthesis of
mono- an bis-(6-deoxy-6-guanidino)-β-cyclodextrin, Both the above are purified after extensive use of chromatographic
columns [5]. Per-amino derivatives of higher homology or per-guanidino derivatives, whose use for the compaction of
DNA would be of interest, are not mentioned in the literature. Moreover, there is no report on per-6-substituted derivatives
with aminoalkylamino- or guanidine- groups, or on any general methodology for the synthesis of the above to a degree
of substitution greater than 95%.
[0010] During the last three years carbohydrate polymers consisting of cyclodextrins connected through chains of
alkylguanidines have been developed, which were proven to be of low toxicity and capable of very effective gene transfer
[6]. Moreover very recently, there appeared in the literature cyclodextrin derivatives bearing tertiary nitrogen atoms,
which were used for the transfer of DNA in vitro [7]. However, these latter compounds presented the disadvantage that
high excess of them was necessary for the compaction of DNA [7]. It should be noted that the amount of the organic
compound needed for effective compaction is defined as the ratio of the reduced charge of the organic molecule to that
of DNA. The reduced charge is defined as the ratio mass:charge for each molecule, which is 330 for the double stranded
DNA.
[0011] The invention relates to the new class of compounds per(6-deoxy-6-aminoalkylamino)- and per(6-deoxy-6-
guanidino)- and per(6-deoxy-6-guanidinoalkylamino)- derivatives of α-, β- and γ-cyclodextrins, where alkyl = - (CH2)n-,
n= 2-6. These are characterised by high solubility in water at neutral pH and display new bioactive properties. The new
derivatives have been characterized completely as to their molecular structure with NMR spectroscopy using one di-
mensional (proton, carbon-13 and nitrogen-15 spectra) and two-dimensional experiments. Their purity is also confirmed
by elemental analysis.
[0012] The invention also relates to the new molecules apen, bpen, gpen, in which six, seven or eight aminoethylamino-
groups (derivatives of ethylenediamine) have replaced the primary hydroxyls of α-, β- and γ-cyclodextrin, respectively,
and they are obtained starting from the natural cyclodextrins, converting them to per(6-deoxy-6-bromo)- derivatives,
according to a method known in the literature, and subsequently subjecting the latter to the method described below as
the "first method" using ethylenediamine.
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[0013] The invention also relates to the new molecules apren, bpren and gpren, in which six, seven or eight amino-
propylamino-groups (derivatives of propylenediamine) have replaced the primary hydroxyls of α-, β- and γ-cyclodextrin,
respectively, and they are obtained starting from the natural cyclodextrins by transforming them to per(6-deoxy-6-bromo)-
derivatives according to a method known in the literature and subsequently subjecting the latter to the method described
below as the "first method" using propylenediamine.

[0014] The invention also relates to the new molecules aguan, bguan and gguan, which bear six or seven or eight
guanidino-groups in their primary side and they are prepared from the natural α-, β- and γ-cyclodeactrins, respectively,
converting them according to published methods sequentially to per(6-deoxy-6-bromo)-, per(6-deoxy-6-azido)-, and per
(6-deoxy-6-amino)-cyclodextrins [6] and finally subjecting the latter to the method described below as the "second
method":

[0015] The invention also relates to the new molecules aguanea, bguanea and gguanea bearing six, seven or eight
guanidinoethylamino groups on their primary side, which are prepared from the new molecules apen, bpen and gpen,
respectively, according to the method described below as the "second method":

[0016] The invention also relates to the new molecules aguanpa, bguanpa and gguanpa bearing six or seven or
eight guanidinopropylamino- groups on their primary side, which are prepared from the new molecules apren, bpren
and gpren, respectively, according to the method described below as the "second method".
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[0017] The invention also relates to a method (described above as the "first method") according to which using pressure
of 709 kPa (7 Atm) of nitrogen gas at 80°C in a autoclave for 3 to 4 days, the known compounds hexakis-, heptakis- or
octakis(6-deoxy-6-bromo)-α-, -β-, or -γ-cyclodextrin, respectively, react with primary alkylenediamines of the type H2N
(CH2)nNH2 where n = 2-6, to give the compounds hexakis-, heptakis- or octakis(6-deoxy-6-aminoalkylamino)-α-, -β-,
or γ-cyclodextrin, respectively. Then the excess alkylenediamine is removed under reduced pressure and the oily residue
is dissolved in methanol. The latter solution is added into cold acetone or acetone/diethyl ether 5:1 (v/v). The white
precipitate is filtered under N2 and washed with acetone. The resulting solid is dissolved in doubly distilled water, then
brought to pH 7-8, and stirred with anion exchange resin (Cl-). The resin is filtered and then the solution is dialysed to
remove low molecular weight substances. For the γ-cyclodextrin derivatives, which are highly water soluble, the mixture
is placed directly into a dialysis membrane for purification after removal of excess alkylenediamine under reduced
pressure. Subsequently, the resulting aqueous solution is lyophilized to afford the solid product in pure form. The present
method is superior to the literature method [4, 7] used for other per-substituted amino derivatives, which involves simple
heating and when applied to the preparation of the present compounds resulted in incomplete substitution. With the
present method the new per- aminoalkykamino derivatives of cyclodextrins are produced with a degree of substitution
>95%, which after treatment with a dialysis membrane are obtained completely pure. The new method does not produce
oligomers or polymers, although the starting materials used could result in such products of high molecular weight.
[0018] The invention also relates to the method described above as the "second method", according to which addition
of several small portions of 1H-pyrazolocarboxamidine hydrochloride (pyrguan) to the known compounds per(6-deoxy-
6-amino)-α-, -β- and -γ-cyclodextrins or the new compounds per[6-deoxy-6-NH-(CH2)n-NH2]-α-, -β- and -γ-cyclodextrins,
where n = 2-6, prepared via the above "first method", in the form of the hydrochloride salt dispersed in dry dimethylfor-
mamide (DMF), affords per(6-deoxy-6-guanidino)- or per(6-deoxy-6-guanidinoalkylamino)-α-, -β- and -γ-cyclodextrin,
respectively, having a degree of substitution >95%, which after treatment with a dialysis membrane are obtained com-
pletely pure. To this mixture 1H-pyrazolecarboxamidine hydrochloride (28-32 equivalents) and N,N’-diisopropylethyl-
amine (25-40 equivalents) are added in four equal portions during 1-3 days and the whole is stirred under nitrogen at
70°C. Then diethyl ether is added and the suspension formed is stirred further, subsequently the ether is decanted and
the solid residue is dissolved in a small amount of water. Addition of ethanol or ethanol/diethyl ether 5:1 (v/v), affords
the product as a white solid, which is filtered, then dissolved in doubly distilled water and brought to pH 7-8. The aqueous
solution is stirred with an anion (Cl-) exchange resin. The resin is filtered off, then the solution is dialysed to remove
small molecular weight impurities and then lyophilized to afford the product as a white solid of purity >95%. The method
differs from the one referring to the preparation of mono(6-deoxy-6-guanidinoalkylamino)-β-cyclodextrin [5] in that the
starting cyclodextrin derivative is different, the addition of pyrguan must be done in small portions and the reaction time
be at least 24 h. With the present method the produced per-substituted cyclodextrins are of high purity after dialysis,
therefore laborious chromatographic purifications are not required.
[0019] The invention also relates to the use of the new compounds described above for the compaction of DNA.
Specifically, the new cyclodextrin derivatives described above interact with DNA and bring about neutralization of its
negative charge, therefore inducing compression of its double stranded structure. As a result, during electrophoresis in
agarose gel with ethidium bromide as stain, DNA does not advance, in contrast to natural DNA, which advances along
the electrophoresis path to produce a "smear". This last experiment is considered fundamental for certification of DNA
compaction. The same conclusions were drawn from Atomic Force Microscopy (AFM) experiments and UV spectra.
The features of the present new cyclodextrin derivatives for DNA compaction are superior to those of the recently
published aminocyclodextrins [7] in that only very small conentrations of the derivatives induce effective DNA compaction.
Specifically, the derivatives of the present invention described above inhibit completely the development of DNA during
electrophoresis at a mass/charge cyclodextrin derivative/DNA ratio which is smaller than 0.5, whereas for the literature
compounds [7] the corresponding mass/charge ratio ranges between 2000 to 250, in the best cases.
[0020] The invention also relates to the use of the new compounds per(6-deoxy-6-aminoalkylamino)- and per(6-deoxy-
6-guanidino)- and per(6-deoxy-6-guanidino-alkylamino)- derivatives of α-, β- and γ-cyclodextrins, where alkyl = -(CH2)n-,
n= 2-6, for transportation of molecules inside cells. The new compounds effectively pass through the membrane of cells
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and disperse inside the cytoplasm. This was documented by incubating the compounds suitably labeled with fluorescent
tags in cell cultures. The permeation of the cell membrane was visualized by fluorescence microscopy. The quantity of
the guanidine-substituted derivatives inside the cytoplasm is higher than the amino substituted ones, for the same
concentration and the same incubation time; therefore we conclude that they are more effective in permeating the cell
membranes. Further, the compounds are able to target DNA as shown by the observation of fluorescence localized in
nucleoli (green fluorescent circles inside the cell nucleus). The above property makes, the new cpmpounds possible
candidates for cellular delivery of problematic therapeutic cargos inside mammalian cells. In this respect they can act
as the CCP (Cell Penetrating Peptides) analogues.
[0021] The invention also relates to pharmaceutical products that contain the above described new cyclodextrin de-
rivatives.
[0022] The following examples are given in order to further explain the present invention and they are indicative of
the methods used and the new compounds prepared.

Example 1.

[0023] Heptakis(6-deoxy-6-aminoethylamino)-β-cyclodextrin (bpen): Heptalas(6-deoxy-6-bromo)-βCD (320 mgr, 0.4
mmol) was added to ethylenediamine (3.75 ml, 56 mmol) and the mixture was agitated inside an autoclave at 80°C
under a nitrogen (N2) atmosphere at pressure 709 kPa (7 Atm) for 3-4 days. Then, the excess ethylenediamine was
removed under reduced pressure and the oily residue was dissolved in methanol (5 ml). This solution was added dropwise
to cold acetone (200 ml). The white precipitate formed was collected by filtration under a nitrogen atmosphere and
washed with acetone (50 ml). After drying over P2O5, the solid was dissolved in doubly distilled water (3 ml), the pH of
the solution was brought to 7 by addition of HCl 1N, and the solution was dialysed (Sigma dialysis cellulose tubing,
benzoylated) for 3 days to remove low molecular weight substances. At the end of this period the sample was lyophilized
and a pale yellow solid was collected (125 mg, yield 18%). 1H NMR (500 MHz, D2O, 25°C): δ (ppm) 5.06 (br, 7H, H1),
3.90 (br, 14H, H3, H5), 3.57 (br, 14H, H2, H4), 3.03 (br, 14H, H6,6’), 2.89-2.83 (br, 28H, -CH2CH2NH2) ppm. 13C NMR
(125 MHz, D2O, 25°C): δ (ppm) 104.2 (C1), 84.8 (C4), 75.6 (C5), 74.7 (C2), 73.3 (C3), 51.3 (C6,6’), 50.3 (-NHCH2-),
41.6 (-CH2NH2). Elemental Analysis for C56H112N14O288HCl.5H2O: Calcd. C 37.13; H 7.23; N 10.83. Found: C 37.14;
H 7.34; N 9.98.
[0024] In order to calculate with accuracy the mass/charge ratio for DNA interactions (see example 7 below), the
solution (before dialysis) was allowed to stir in the presence of an anion exchange resin (Cl- anions, Dowex Type I
1x2-400) for 1h and then the resin was filtered off. Spectrophotometric analysis showed that the compound contains 8
equivalents of Cl-, therefore is octakis protonated.

Example 2

[0025] Heptakis(6-4eoxy-6-aminopropylamino)-p-cycloclextrin (bpren): The synthesis of bpren was carried out start-
ing from heptakis(6-deoxy-6-bromo)-βCD following the procedure described previously for bpen. The product was
collected as a yellow solid (207 mg, yield 38%). 1H NMR (500 MHz, D2O, 25°C): δ (ppm) 5.07 (br, 7H, H1), 3.89 (br,
14H, H3, H5), 3.58 (br, 7H, H2), 3.51 (br, 7H, H4), 3.00 (br, 14H, - NHCH2-), 2.92 (br, 14H, H6,6’), 2.72 (br, 14H,
-CH2NH2), 1.84 (br, 14H, -CH2-) ppm. 13C NMR (125 MHz, D2O, 25°C): δ (ppm) 104.5-103.7 (Cl, br), 86.9-84.4 (C4,
br), 75.4 (C3), 74.7 (C2), 72.8 (C5), 51.7 (-NHCH2-), 49.5 (C6), 40.7 (-CH2NH2), 29.2 (-CH2-). Elemental Analysis for
C63H126N14O28.10HCl.3H2O: Calcd. C 38.88; H 7.35; N 10.07. Found: C 38.90; H 7.70; N 8.85.

Example 3

[0026] Octakis(6-deoxy-6-arminoethylamino)-γ-cyclodextrin (gpen): The synthesis of gpen was carried out starting
from octakis(6-deoxy-6-bromo)-γCD according to the procedure described previously for bpen. The product was collected
as a pale yellow solid (71 mg, yield 18% calculated for 10HCl salt). 1H NMR (500 MHz, D2O, 25°C): δ (ppm) 5.12 (br,
8H, H1), 3.88 (br, 16H, H3, H5), 3.58 (br, 16H, H2, H4), 3.02 (br, 16H, -CH2NH2), 2.88 (br, 32H, -NHCH2-, H6,6’). 13C
NMR (125 MHz, D2O, 25°C): δ (ppm) 103.9-103.3 (Cl, br), 83.8-83.2 (C4, br), 75.3 (C3), 74.9 (C2), 73.2 (C5), 51.3 (C6),
49.2 (-NHCH2-), 41.4 (-CH2NH2). Elemental Analysis for C64H128N16O32.7HCl.4H2O: Calcd. C 39.20; H 7.35; N 11.43.
Found: C 39.17; H 7.38; N 10.03.

Example 4

[0027] Heptakis(6-deoxy-6-guanidino)-β-cyclodertrin (bguan): Heptakis(6-deoxy-6-amino)-β-cyclodextrin (667 mg,
0.59 mmol) was dispersed in dry dimethylformamide (DMF, 6.5 ml) and in the mixture 1H-pyrazole-1-carboxamidine
hydrochloride (28 eq, 16.55 mmol, 2.4 g) and N, N’-diisopropylethylamine (28 eq, 16.35 mmol, 2.29 ml) were added.
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The whole was allowed to stir at 70 °C for 21 h under a nitrogen atmosphere and a sticky solid was formed. Then, diethyl
ether was added dropwise (200 ml) and the suspension formed was stirred for 2 h. The ether was decanted and the
collected sticky solid was dissolved in a very small amount of water (6 ml). Addition of ethanol resulted in the precipitation
of a white substance, which was filtered and air-dried. A white solid was recovered which after purification in a dialysis
membrane (Sigma benzoylated tubing) for 48 h and lyophilization was pure (213 mg, yield 32 %), and its solubility in
water was 59 mM. Spectrohotometric analysis showed that the compound is holding 8 equivalents of Cl- anions, so it
is octakis protonated: 1H NMR (500 MHz, DMSO, 300 K): δ (ppm) 7.87 (br, s, 7H, -C=NH), 7.24 (br, s, 14H, -NH2), 5.97
(br, s, 7H, -OH2), 5.85 (br, s, 7H, OH3), 4.96 (7H, H1), 3.83 (br, m, 7H, H5), 3.64 (br, m, 7H, H3), 3.53 (m, 7H, H6), 3.40
(br, m, 21H, H6’, H2, H4). 1H NMR (500 MHz, D2O, 300 K): δ (ppm) 5.20 (d, J =3.3 Hz, 7H, H1), 4.00 (t, J = 9.7 Hz, 7H,
H5), 3.92 (t, J = 9.5 Hz, 7H, H3), 3.65 (dd, J = 3.5 Hz, J = 9.5 Hz, 7H, H2), 3.61 (d, J = 14.9 Hz, 7H, H6), 3.43 (m, 14H,
H4, H6’). 13C NMR (125 MHz, D2O, 300 K): δ (ppm) 158.2 (-C=), 102.2 (Cl), 82.9 (C4), 72.8 (C5), 72.1 (C2), 71.2 (C3),
42.6 (C6). 15N NMR (50.66 MHz, D2O, 300 K, conc. 1.5 M, D1 = 60 s): δ (ppm) 78,5 (=NH), 72,3 (-NH2). MS (ESI,
positive ion mode), calculated: M+ = 1422.4, found: m/q: 204.3 (M+/7q, 100%), 1423 (MH+, 5%). Exact mass for
[C49H91O28N21.HCl.Na]+: Calcd: 1480.6006. Found: 1480.7453. Elemental analysis for [C49H91O28N2i.13HCl.H2O]: cal-
cd: C 30.74; H 5.58; N 15.36. Found: C 31.00; H 5.80; N 15.40.

Example 5

[0028] Octakis(6-deoxy-6 guanidino)-γ-cyclodextrin (gguan): Octakis(6-deoxy-6-amino)-γ-cyclodextrin (560.9 mg,
0.435 mmol) was dispersed in dry dimethylformamide (DMF, 5.6 ml) and in the mixture 1H-pyrazole-1-carboxamidine
hydrochloride (37 eq, 16 mmol, 2.35 g) and N, N’-diisopropylamine (25 eq, 5 mmol, 1.9 ml) were added in three equal
portions during 3 days. The mixture was allowed to stir for 72 h at 70°C under a nitrogen atmosphere. Then diethyl ether
(180 ml) was added dropwise and the resulting suspension was stirred for 2 h. The ether was removed under reduced
pressure and the relatively sticky solid was dissolved in a very small amount of water. Addition of ethanol afforded a
white solid (454 mg after drying) which was dialysed (Sigma benzoylated tubing) for 48 h and lyophilized. A pure white
substance was collected (197.4 mg, 24 %). Spectrophotometric analysis showed that 10 equivalents of Cl- anions are
held in the molecule, it is, therefore, decakis protonated. 1H NMR (500 MHz, D2O, 300 K): δ (ppm) 5.14 (slightly br, 8H,
H1), 4.05 (m, 8H, H5), 3.90 (t, J = 9.3 Hz, 8H, H3), 3.63 (dd, J = 3.6 Hz, J = 9.8 Hz, 8H, H2), 3.58 (d, J = 14.5 Hz, 8H,
H6), 3.54-3.45 (m, 16H, H4, H6’). 13C NMR (125 MHz, D2O, 300 K): δ (ppm) 158.0 (-C=NH), 101.0 (C1), 81.0 (C4), 73.0
(C5), 72.9 (C2), 72.8 (C3), 41.0 (C6). Exact mass calculated for [C56H104O32N24.4HCl.Na]+ = 1791.6213. Found:
1791.6920. MS (ESI, positive ion mode) m/q: 162 (methyl guanidine hydrate fragment, 100%).

Example 6

[0029] Heptakis(6-deoxy-6-guanidinoethylamino)-β-cyclodexrtin (bguanea): Heptakis(6-deoxy-6-aminoethylamino)-
βCD (bpen) (208 mg, 0.12 mmol) was dissolved in dry DMF (10 ml) and then a mixture of 1H-pyrazole-1-carboxamidine
hydrochloride (1.23 gr, 8.4 mmol) and N.N-diisopropylamine (1.65 ml, 9.7 mmol) was added in three equal portions
during 3 days. The reaction mixture was stirred at 70°C under a N2 atmosphere. The solution was then cooled to room
temperature and diethyl ether was added dropwise (150 ml), resulting in the formation of a sticky solid. After agitation
for 2h the solvent was decanted and the solid was dissolved in H2O (2 ml). To this solution ethanol was added (200 ml)
and the precipitate that resulted was washed with ethanol (50 ml). After air-drying the solid underwent anion exchange,
dialysis and lyophilization, following the method described above for bpen. Finally, the product (70 mg, 29%) was
collected as a pale yellow solid. Spectrophotometric analysis revealed 8 equivalents of Cl- anions associated with the
molecule, that is, the product is octakis protonated. 1H NMR (500 MHz, D2O, 25°C): δ (ppm) 5.04 (br, 7H, H1), 3.89 (br,
14H, H3, H5), 3.57 (br, 14H, H2, H4), 3.25 (br, 14H, -CH2NH2), 2.79 (br, 28H, -NHCH2

-, H6,6’). 13C NMR (125 MHz,
D2O, 25°C): δ (ppm) 159.9 (-C=), 104.3 (C1), 85.0 (C4), 75.5 (C5), 74.7 (C2), 73.3 (C3), 51.5 (C6), 50.7 (-NHCH2-),
43.6 (-CH2NH2). Elemental Analysis for C63H126N28O28.8HCl.5H2O: calcd. C 35.94; H 6.89; N 18,63. Found. C 36.06;
H 6.68; N 17.48.
[0030] All new substances included in the invention were used for DNA compaction. One such use is described in
example 7 below.

Example 7

DNA compaction:

[0031] Double stranded DNA is negatively charged, therefore if placed inside an agarose gel and is subjected to a
voltage differential during an electrophoresis experiment it moves towards the positive pole. Ethidium bromide is a
substance that intercalates into the nucleic bases of DNA and fluoresces under UV light. When a DNA solution is placed
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together with ethidium bromide into a small cut (well) of the gel and is subjected to electrophoresis, its motion can be
visualized under UV light since the ethidium bromide moves with it and lightens up its path. DNA is characterized by a
wide distribution of molecular weights, therefore it displays a continuous fluorescent band along the entire path (smear).
The overall structure of double stranded DNA changes when an adequate portion of its negative charge is neutralized,
thus inducing coiling of the strands and compaction of the macromolecule. In this case, under electrophoresis conditions
compact DNA does not advance at all, but stays in the well unaffected by the voltage differential. The interaction of one
of the new compounds, bguan, with ultrapure calf thymus DNA 13kb (7.6 X 10-4 M) was studied using electrophoresis
in agarose gel, with ethidium bromide as the stain as shown in Table 1 (A to H and a to f are different wells of the gel).
As control substances (blind experiments) guanidine hydrochloride solution (1.1.6 X 10-4 M) and β-cyclodextrin solution
(0.882 X 10-4 M) were used. The concentrations of bguan used (1.01 X 10-4 M) were calculated so that the ratio mass/
charge is equal to the ratio mass/charge of DNA. The volumes shown in Table 1 were used (1λ= 1Pl) In wells B, F and
c, which contain 10λ of a given substance, the ratio mass/charge of the compound used to that of the DNA is ~1:1.
[0032] The experiment was carried out as follows: The same amount of DNA solution (1λ) is placed inside each well
with the amounts of the substances shown in Table 1 and electrophoresed. Wells A and a are loaded with the DNA
marker λHinIII of known molecular weight distribution. Wells B-C-D-E-F-G-H-b are blind experiments and contain control
substances, i.e. guanidine hydrochloride (B, C, D, E) and natural cyclodextrins (F, G, H, b). Wells c-d-e-f contain the
new substance bguan in varying amounts. Ethidium bromide was added in every well.

[0033] It is observed that the control substance, β-cyclodextrin, as well as positively charged guanidine hydrochloride,
under the electrophoresis conditions do not display any kind of interaction with DNA, which is normally electrophoresed.
[0034] On the contrary, the mobility of DNA is completely stalled in the wells c and d and partial inhibition is observed
in the wells with smaller amounts of bguan, e and f (see Table 1), therefore it is concluded that bguan compacts DNA
at a mass/charge ratio of ~0.45 or less.
[0035] The DNA-bguan interaction was confirmed with UV absorption spectra. The absorption maximum and the
shape of the absorbance curve of DNA changed appreciably in the presence of 1 equivalent bguan, indicating a distinct
change of its structure in buffer solution. In addition, when a 5 kbp DNA was examined under the atomic force microscope
(AFM) in the tapping mode, nematoid (long warm-like) formations of up to 1 Pm were observed. When this DNA was
incubated with bpen complete absence of the elongated forms was observed and round nanoparticles of diameter of
about ~40 nm were observed. This actually proves that DNA compacts not in big aggregates but in nanoparticles of size
suitable to cross a cell membrane.

Example 8

Cell penetration:

[0036] The ability of the new compounds, bpen, bguanea and gpen, to enter HeLa cells (human malignant cell line
derived from cervical carcinoma) was studied in vitro by fluorescence microscopy. For this purpose, the above compounds
were labeled with fluorescein isothiocyanate (FITC) at an approximate degree of 5% resulting in bpenFITC, bgua-
neaFITC and gpenFITC, respectively. As control substances (blind experiments) for the fluorescence microscopy ex-
periments a βCD/fluorescein (200 PM/10 PM) solution and a FITC solution (20 PM) were used. In the case of the second
control, the FITC used had been previously subjected to the same procedure as the one used for the labeling of bpen,
bguanea and gpen, without the presence of the latter compounds. Cells were cultured in DMEM (low glucose, 1g/L)
supplemented according to ATCC protocols with 10% FBS and antibiotics, plated in six-well plates and incubated at
37°C and 5% humidified CO2 for 24 h. Immediately before incubation with the new compounds, the growth medium was
replaced with fresh one and incubation at 37°C and 5% humidified CO2 continued for 10 more min. Subsequently, various
volumes of 1 mM bpenFITC, bguaneaFITC or gpenFITC solutions were added to each well, so as to reach 100 or 200

Table 1: Volumes of substances during DNA electrophoresis

A: marker DNA λHinIII a: marker DNA λHinIII
B: guanidine.HCL 10 λ b: β-cyclodextrin 1 λ (diluted 1:10)
C: guanidine.HCL 5 λ c: bguan 10 λ
D: guanidine.HCL 1 λ d: bguan 5 λ
E: guanidine.HCL 1λ (diluted 1:10) e: bguan 1λ
F: β-cyclodextrin 10 λ f: bguan 1 λ (stock solution diluted 1:10)
G: β-cyclodextrin 5 λ
H: β-cyclodextrin 1 λ
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PM concentrations of each compound inside the wells. After incubation at 37°C and 5% humidified CO2 for 1 h, the
medium was removed and the cells were washed with fresh medium (3x1m1), fixed with cold ethanol and left for 10 min
at -15°C before microscopic examination. Fluorescence microscopy revealed that cells incubated with the control sub-
stances, βCD/fluorescein and treated FITC, did not show any fluorescence inside their cytoplasm. In contrast, cells that
were treated with bpenFITC, bguaneaFITC and gpenFITC showed intense fluorescence inside the cytoplasm in the
form of localized spots. The fluorescence of cells treated with bguaneaFITC was much more intense than the corre-
sponding treated with bpenFITC and gpenFITC. An intriguing observation was the appearance of the nucleoli as green-
fluorescent circular formations.
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Claims

1. Compounds of type per(6-deoxy-6-substituted)-cyclodextrins, namely: hexakis(6-deoxy-6-NH(CH2)n-R1)-α-cyclo-
dextrin and heptakis(6-deoxy-6-NH(CH2)n-R’)-β-cyclodextin and octakis(6-deoxy-6-NH(CH2)n-R1)-γ-cyclodextrin,
where (a) R1 equals NH2 (amino group) and n = 2-6, (b) R1 equals C(=NH)NH2 and n equals zero, (c) R1 equals
NHC(=NH)NH2 (guanidino group) and n = 2-6.

2. Compounds according to claim 1, where n equals zero and R1 equals C(=NH)NH2, which are hexakis(6-deoxy-6-
guanidino)-α-cyclodextrin (aguan) and heptakis(6-deoxy-6-guanidino)-β-cyclodextrin (bguan) and octakis(6-de-
oxy-6-guanidino)-γ-cyclodextrin (gguan).

3. Compounds according to claim 1, where R1 equals NH2 (amino group) and n equals 2, which are hexakis(6-deoxy-
6-aminoethylamino)-α-cyclodextrin (apen) and heptakis(6-deoxy-6-aminoethylamino)-β-cyclodextrin (bpen) and
octakis(6-deoxy-6-aminoethylamino)-γ-cyclodextrin (gpen) and the compounds according to claim 1, where R1

equals NH2 (amino group) and n equals 3, which are hexakis(6-deoxy-6-aminopropylamino)-α-cyclodextrin (apren)
and heptakis-(6-deoxy-6-aminopropylamino)-β-cyclodextrin (bpren) and octakis(6-deoxy-6-aminopropylamino)-γ-
cyclodextrin (gpren).

4. Compounds according to claim 1, where R1 equals NH-C(=NH)NH2 (guanidino group) and n equals 2, which are
hexakis(6-deoxy-6-guanidinoethylamino)-α-cyclodextrin (aguanea), heptakis(6-deoxy-6-guanidinoethylamino)-β-
cyclodextrin (bguanea) and octakis(6-deoxy-6-guanidinoethylamino)-γ-cyclodextrin (gguanea) and the compounds
according to claim 1, where R1 equals NH-C(=NH)NH2 (guanidino group) and n equals 3, which are hexakis(6-
deoxy-6-guanidinopropylamino)-α-cyclodextrin (aguanpa), heptakis(6-deoxy-6-guanidinopropylamino)-β-cyclo-
dextrin (bguanpa) and octakis(6-deoxy-6-guanidinopropylamino)-γ-cyclodextrin (gguanpa).
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5. Pharmaceutical product that contains compounds according to claims 1 to 4.

6. Use of product that contains compounds according to claims 1 to 4 for DNA compaction.

7. Use of product that contains compounds according to claims 1 to 4 for cell permeation and intracellular delivery.

8. Method for synthesis of compounds of type per(6-deoxy-6-aminoalkylamino)-cyclodextrins, namely hexakis(6-de-
oxy-6-NH(CH2)n-R1)-α-cyclodextrin or heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrin or octakis(6-deoxy-6-NH
(CH2)n-R1)-y-cyclodextrin, where n = 2-6 and R1 equals NH2 (amino group), according to which each one of the
known compounds hexakis-, heptakis-, octakis-(6-deoxy-6-bromo)-α- or -β- or -γ-cyclodextrin, respectively, is added
into alkylenediamine of type H2N(CH2)nNH2, where n = 2-6 and the mixture is stirred in an autoclave at 80° and
nitrogen pressure 709 kPa (7 Atm) for 3 to 4 days. Then the excess alkylenediamine is removed under reduced
pressure and the oily residue is dissolved in methanol. The latter solution is added into cold acetone or acetone/
diethyl ether 5:1 (v/v). The white precipitate is filtered under N2 and washed with acetone. The resulting solid is
dissolved in doubly distilled water, then brought to pH 7-8, and stirred with anion exchange resin (Cl-). The resin is
filtered and then the solution is dialysed to remove low molecular weight substances. For the γ-cyclodextrin deriv-
atives, which are highly water soluble, the mixture is placed directly into a dialysis membrane for purification after
removal of excess alkylenediamine under reduced pressure. Subsequently, the resulting aqueous solution is lyophi-
lized to afford the solid product in pure form.

9. Method for synthesis of compounds of types (a) hexakis(6-deoxy-6-NH(CH2)n-R1)-α-cyclodextrin, or heptakis(6-
deoxy-6- NH(CH2)n-R1)-β-cyclodextrin or octakis(6-deoxy-6-NH(CH2)n-R1)-γ-cyclodextrin, where n = 2-6 and R1

equals NH-C(=NH)NH2 (guanidino group) using as starting materials each one of the compounds of type per(6-
deoxy-6-aminoalkylamino)-cyclodextrins, in the form of the hydrochloride salt prepared by the method of claim 8,
dispersed in dry dimethylformamide (b) hexakis(6-deoxy-6-guanidino)-α-cyclodextrin (aguan) or heptakis(6-deoxy-
6-guanidino)-β-cyclodextrin (bguan) or octakis(6-deoxy-6-guanidino)-γ-cyclodextrin (gguan) using as starting ma-
terials the known compounds per(6-deoxy-6-amino)-α-cyclodextrin or per(6-deoxy-6-amino)-β-cyclodextrin or per
(6-deoxy-6-amino)-γ-cyclodextrin, respectively, in the form of the hydrochloride salt dispersed in dry dimethylforma-
mide. To this mixture 1H-pyrazolecarboxamidine hydrochloride (28-32 equivalents) and N,N’-diisopropylethylamine
(25-40 equivalents) are added in four equal portions during 1-3 days and the whole is stirred under nitrogen at 70°C.
Then diethyl ether is added and the suspension formed is stirred further, subsequently the ether is decanted and
the solid residue is dissolved in a small amount of water. Addition of ethanol or ethanol/diethyl ether 5:1 (v/v), affords
the product as a white solid, which is filtered, then dissolved in doubly distilled water and brought to pH 7-8. The
aqueous solution is stirred with an anion (Cl-) exchange resin. The resin is filtered off, then the solution is dialysed
to remove small molecular weight impurities and then lyophilized to afford the product as a white solid of purity >95%.

Patentansprüche

1. Chemische Verbindungen des Typs per(6-Deoxy-6-substituierte)-Cyclodextrine, nämlich Hexakis(6-deoxy-6-NW
(CH2)n-R1)-α-cyclodextrin und Heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrin und Octakis(6-deoxy-6-NH
(CH2)n-R1)-γ-cyclodextrin, wobei (a) R1 NH2 (Aminogruppe) entspricht und n=2-6, (b) R1 C(=NH)NH2 und n null
entspricht, (c) R1 NHC(=NH)NH2 (Guanidinogruppe) entspricht und n=2-6.

2. Chemische Verbindungen entsprechend patentanspruch 1, wobei n null und R1 C(=NH)NH2 entspricht, das sind
Hexakis(6-deoxy-6-guanidino)-α-cyclodextrin (aguan) und Heptakis(6-deoxy-6-guanidino)-β-cyclodextrin (bguan)
und Octakis(6-deoxy-6-guanidino)-γ-cyclodextrin (gguan).

3. Chemissche Verbindungen entsprechend patentanspruch 1, wobei R1 NH2 (Aminogruppe) und n 2 entspricht, das
sind Hexakis(6-deoxy-6-aminoethylamino)-α-cyclodextrin (apen) und Heptakis(6-deoxy-6-aminoethylamino)-β-cy-
clodextrin (bpen) und Octakis(6- deoxy-6-aminoethylamino)-y-cyclodextrin (gpen) und die Verbindungen entspre-
chend patentanspruch 1, wobei R1 NH2 (Aminogruppe) und n 3 entspricht, das sind Hexakis(6-deoxy-6-aminopro-
pylamino)-α-cyclodextrin (apren) und Heptakis-(6-deoxy-6-aminopropylamino)-β-cyclodextrin (bpren) und Octakis
(6-deoxy-6-aminopropylamino)-γ-cyclodextrin (gpren).

4. Verbindungen entsprechend patentanspruch 1, wobei R1 NH-C(=NH)NH2 (Guanidinogruppe) und n 2 entspricht,
das sind Hexakis(6-deoxy-6-guanidinoethylamino)-α-cyclodextrin (aguanea), Heptakis(6-deoxy-6-guanidinoethyl-
amino)-β-cyclodextrin (bguanea) und Octakis(6-deoxy-e-guanidinoethylamino)-y-cyclodextrin (gguanea) und die
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Verbindungen entsprechend patentanspruch 1, wobei R1 NH-C(=NH)NH2 (Guanidinogruppe) und n 3 entspricht,
das sind Hexakis(6-deoxy-6-guanidinopropylamino)-α-cyclodextrin (aguanpa), Heptakis(E-deoxy-β-guanidinopro-
pylamino)-β-cyclodextrin (bguanpa) und Octakis(6-deoxy-6-guanidinopropylamino-γ-cyclodextrin (gguanpa).

5. Pharmazeutische Produkte, welche chemische Verbindungen entsprechend der patentansprüche 1 bis 4 enthalten.

6. Die Verwendung von Produkten, die chemische Verbindungen entsprechend der patentansprüche 1 bis 4 enthalten,
zur DNA-Verdichtung.

7. Die Verwendung von Produkten, die chemische Verbindungen entsprechend der patentansprüche 1 bis 4 enthalten,
zur Zellpermeation und für den intrazellulären Transfer.

8. Methode zur Synthese von chemischen Verbindungen des Typs per(6-Deoxy-6-aminoalkylamino)-cyclodextrine,
nämlich Hexakis(6-deoxy-6-NH(CH2)n-R1)-α-cyclodextrin oder Heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrin
oder Octakis(6-deoxy-6-NH(CH2)n-R1)-γ-cyclodextrin, dabei n=2-6 und entspricht R1 NH2 (Aminogruppe), entspre-
chend dazu wird jede der bekannten chemischen Verbindungen Hexakis-, Heptakis-, Octakis-(6-deoxy-6-brom)-α-
oder -β- oder - γ- cyclodextrin zu Alkylendiamin des Typs H2N(CH2)nNH2 gegeben, wo n=2-6 und die Mischung in
einem Autoklaven unter Stickstoffatmosphäre bei einer Temperatur von 80 °C und nitrogen Druck 709 kPa (7atm)
für 3 bis 4 Tage gerührt. Anschließend wird überschüssiges Alkylendiamin unter reduziertem Druck entfernt und
der ölige Rückstand in Methanol gelöst. Diese Lösung wird in kaltes Aceton oder Aceton/Diethylether 5:1 (v/v)
gegeben. Der weisse Niederschlag wird unter N2-Atmosphäre abfiltriert und mit Aceton gewaschen. Der entstandene
Feststoff wird in bidestilliertem Wasser gelöst, dann auf einen pH-Wert 7 bis 8 gebracht und mit Anionenaustauscher
Resin (Cl-) gerührt. Resin wird abfiltriert und die Lösung wird dialysiert, um niedermolekulare Verbindungen abzu-
filtrieren. Im Falle der γ-Cyclodextrinderivate, welche stark wasserlöslich sind, wird die Mischung nach dem Entfernen
des überschüssigen Alkylendiamins unter reduziertem Druck direkt in die Dialysemembran eingebracht. Anschlies-
send wird die entstehende wässrige Lösung lyophylisiert um den Feststoff in reiner Form zu erhalten.

9. Methode zur Synthese von chemischen Verbindungen des Typs (a) Hexakis(6-deoxy-6-NH(CH2)n-R1)-α-cyclodex-
trin oder Heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrin oder Octakis(6-dooxy-6-NH(CH2)n-R1)-γ-Cyclodextrin,
dabei n=2-6 und entspricht R1 NH-C(=NH)NH2 (Guanidinogruppe), als Startmaterial genutzt werden verschiedene
Verbindungen des Typs per(6-Deoxy-6-aminoalkylamino)-cyclodextrin in Form des Hydrochloridsalzes, hergestellt
unter Verwendung der unter patentansprüche 8 beschriebenen Methode, suspendiert in trockenem Dimethylforma-
mid (b) Hexakis(6-deoxy-6-guanidino)-α-cyclodextrin (aguan) oder Heptakis(6-deoxy-6-guanidino)-β-cyclodextrin
(bguan) oder Octakis(6-dooxy-6-guanidino)-y-cyclodextrin (gguan), als Startmaterial genutzt werden die bekannten
chemischen Verbindungen per(6-Deoxy-6-amino)-α-cyclodextrin oder per(6-Deoxy-6-amino)-β-cyclodextrin oder
per(6-Deoxy-6-amino)-y-cyclodextrin in der Form des entsprechenden Hydrochloridsalzes suspendiert in trockenem
Dimethylformamid. Zu dieser Mischung werden in vier gleichen Portionen über 1 bis 3 Tage 1H-Pyrazolcarboxamidin
Hydrochlorid (28 bis 32 Äquivalente) und N, N’-Diisopropylethylamin (25 bis 40 Äquivalente) gegeben und das
Ganze unter Stickstoffatmosphäre bei 70 °C gerührt. Dann wird Diethylether zugegeben und die entstehende Sus-
pension weiter gerührt, anschliessend wird der Ether abdekantiert und der Feststoffrest in einer kleinen Wasser-
menge gelöst. Zugabe von Ethanol oder Ethanol/Diethylether 5:1 (v/v) liefert das Produkt als einen weissen Feststoff,
welcher abfiltriert und anschliessend in bidestilliertem Wasser gelöst und auf einen pH-Wert 7-8 gebracht wird. Die
wässrige Lösung wird mit Anionenaustauscher (Cl-) Resin gerührt. Resin wird abfiltriert, dann wird die Lösung
dialysiert, um niedermolekulare Verunreinigungen abzutrennen und dann lyophylisiert, um das Produkt als weissen
Feststoff mit einer Reinheit >95% zu erhalten.

Revendications

1. Composés de type per(6-deoxy-6-substituées)-cyclodextrines, c’est à dire: hexakis(6-deoxy-6-NH(CH2)n-R1)-α-
cyclodextrine et heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrine et octakis(6-deoxy-6-NH(CH2)n-R1)-γ-cyclodex-
trine, où (a) R1 égale NH2 (groupe aminé) et n=2-6, (b) R1 égale C(=NH)NH2 et n égale zero, (c) R1 égale NHC
(=NH)NH2 (groupe guanidino) et n=2-6.

2. Composés selon la revendication 1, où n égale zero et R1 égale C(=NH)NH2, qui sont les hexakis(6-deoxy-6-
guanidino)-α-cyclodextrine (aguan) et heptakis(6-deoxy-6-guanidino)-β-cyclodextrine (bguan) et octakis(6-deoxy-
6-guanidino)-γ-cyclodextrine (gguan).
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3. Composés selon la revendication 1, où R1 égale NH2 (groupe aminé) et n=2, qui sont les hexakis(6-deoxy-6-
aminoethylamino)-α-cyclodextrine (apen) et heptakis(6-deoxy-6-aminoethylamino)-β-cyclodextrine (bpen) et octa-
kis(6-deoxy-6-aminoethylamino)-y-cyclodextrine (gpen) ainsi que les composés selon la revendication 1, où R1

égale NH2 (groupe aminé) et n=3, qui sont les hexakis(6-deoxy-6-aminopropylamino)-α-cyclodextrine (apren) et
heptakis(6-deoxy-6-aminopropylamino)-β-cyclodextrine (bpren) et octakis(6-deoxy-6-aminopropylamino)-y-cyclo-
dextrine (gpren).

4. Composés selon la revendication 1, où R1 égale NHC(=NH)NH2 (groupe guanidino) et n=2, qui sont les hexakis(6-
deoxy-6-guanidinoethylamino)-α-cyclodextrine (aguanea) et heptakis(6-deoxy-6-guanidinoethylamino)-β-cyclo-
dextrine (bguanea) et octakis(6-deoxy-6-guanidinoethylamino)-y-cyclodextrine (gguanea) ainsi que les composés
selon la revendication 1, où R1 égale NHC(=NH)NH2 (groupe guanidino) et n=3, qui sont les hexakis(6-deoxy-6-
guanidinoproplylamino)-α-cyclodextrine (aguanpa) et heptakis(6-deoxy-6-guanidinopropylamino)-β-cydodextrine
(bguanpa) et octakis(6-deoxy-6-guanidinaprapyiamina)-y-cyooduxtrine (gguanpa).

5. Produit pharmaceutique qui contient les composés selon les revendications 1 à 4.

6. Usage de produit qui contient les composés selon les revendications 1 à 4 pour le compactage d’ADN.

7. Usage de produit qui contient les composés selon les revendications 1 à 4 pour la perméation cellulaire et la livraison
intracellulaire.

8. Méthode pour la synthèse de composés de type per(6-deoxy-6-aminoethylamino)- cyclodextrine, c’est à dire hexakis
(6-deoxy-6-NH(CH2)n-R1)-α-cyclodextrine ou heptakis(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrine ou octakis(6-
deoxy-6-NH(CH2)n-R1)-γ-cyclodextrine, où n=2-6 et R’ égale NH2 (groupe aminé), selon laquelle chacun des com-
posés connus hexakis-, heptakis-, octakis-(6-deoxy-6-bromo)-α- ou -β- ou -γ-cyclodextrine, respectivement, est
ajouté dans de l’alkylènediamine de type H2N(CH2)nNH2, où n=2-6, et le mélange est remué en autoclave à 80°C
sous azote à pression 709 kPa (7 atm) pour 3 à 4 jours. L’ excès d’ alkylènediamine est ôté sous pression réduite
et le résidu huileux est dissout dans du méthanol. Cette dernière solution est ajoutée dans de l’acétone froide ou
de l’acétone/diethyl ether 5:1 (v/v). Le précipité blanc est filtré sous N2 et lavé avec de l’acétone. Le solide résultant
est dissout dans de l’eau double-distillée, porté ensuite à pH 7-8 et remué avec une résine d’échange anionique
(Cl-). La résine est filtrée et la solution est ensuite dialysée pour ôter des substances à poids moléculaire faible.
Pour les derivatifs de la γ-cyclodextrine, qui sont hautement solubles dans l’eau, le mélange est placé directement
en membrane de dialyse pour purification, après eloignement de l’excès d’ alkylènediamine sous pression réduite.
Par la suite, la solution aqueuse résultante est lyophilisée pour obtenir le produit solide à l’état pur.

9. Méthode pour la synthèse de composés de types (a) hexakis(6-deoxy-6-NH(CH2)n-R1)-α-cyclodextrine ou heptakis
(6-deoxy-6-NH(CH2)n-R1)-β-cyclodextrine ou octakis(6-deoxy-6-NH(CH2)n-R1)-γ-cyclodextrine, où n=2-6 et R1 éga-
le NH-C(=NH)NH2 (groupe guanidino) utilisant comme matériaux premiers chacun des composés de type per(6-
deoxy-6-aminoalkylamino)-cyclodextrine, sous forme de sel hydrochloride préparé selon la méthode de la revendi-
cation 8, dispersé dans du dimethylformamide sec; (b) hexakis(6-deoxy-6-guanidino)-α-cyclodextrine (aguan) et
heptakis(6-deoxy-6-guanidino)-β-cyclodextrine (bguan) et octakis(6-deoxy-6-guanidino)-γ-cyclodextrine (gguan)
utilisant comme matériaux premiers les composés connus per(6-deoxy-6-amino)-α-cyclodextrine ou per(6-deoxy-
6-amino)-β-cyclodextrine ou per(6-deoxy-6-amino)-γ-cyclodextrine, respectivement, sous forme du sel hydrochlo-
rique dispersé dans du dimethylformamide sec. A ce mélange sont ajoutés du 1H-pyrazolecarboxamidine hydro-
chlorique (28-32 equivalents) et du N,N’-diisopropylethylamine (25-40 equivalents) en quatre portions égales pen-
dant 1-3 jours et le tout est remué sous azote à 70°C. Ensuite est ajouté du diethyl ether et la suspension formée
est remuée de nouveau; par la suite l’ether est decanté et le résidu solide est dissout dans une petite quantité d’eau.
L’addition d’éthanol ou éthanol/diethyl ether 5:1 (v/v), donne le produit sous forme de solide blanc qui est filtré et
ensuite dissout dans de l’eau double-distillée et porté à pH 7-8. La solution aqueuse est remuée avec une résine
d’échange anionique (CI-). La résine est ensuite filtrée et la solution est dialysée pour ôter les impuretés à poids
moléculaire faible et ensuite lyophilisée pour obtenir le produit sous forme de solide blanc a pureté >95%.



EP 1 817 348 B1

14

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

• Szejtli, J. Cyclodextrin Technology. Kluwer Academ-
ic Publishers, 1988 [0037]

• Szejtli, J. Chem. Rev., 1998, vol. 98, 1743 [0037]
• Hedges, A. R. Chem. Rev., vol. 98, 2035 [0037]
• French Anderson, W. Nature, 1998, vol. 392, 25

[0037]
• Friedman. Scientific American, 1997, vol. 276, 80

[0037]
• Gershon, H. ; Ghirlando, R. ; Guttman, S. B. ; Min-

sky, A. Biochem., 1993, vol. 32, 7143 [0037]
• Huang, L. ; Lee, R.J. J. Biol. Chem., 1996, vol. 271,

8481 [0037]
• Garrett, S. W. ; Davies, O. R. ; Milroy, D. A. ; Wood,

P.J. ; Pouton, C. W. ; Threadgill, M. D. Bioorg. Med
Chem., 2000, vol. , 8, 1779 [0037]

• Dubruel, P. ; Christiaens, B. ; Vanloo, B. ; Bracke,
K. ; Rosseneau, M. ; Vandekerckhove, J. ; Sch-
acht, E. Eur. J. Pharm. Sci., 2003, vol. 18, 211 [0037]

• D. Vizitiu ; C. S. Walkinshaw ; B. I. Gorin ; G. R.
J. Thatcher. J. Org. Chem., 1997, vol. 62, 8766
[0037]

• Smith, P. J. ; Cotner, E.S. J. Org. Chem., 1998, vol.
63, 1737 [0037]

• Hwang, S. J. ; Bellocq, N. ; Davis, M. E. Bioconju-
gate Chem., vol. 12, 280 [0037]

• Pun, S. H. ; Davies, M. E. Bioconjugate Chem.,
2002, vol. 13, 630 [0037]

• Davies, M. E. ; Bellocq, N. J. Incl. Phenom. Macro-
cyclic. Chem., 2002, vol. 44, 17 [0037]

• Popielarski, S. R. ; Mishra, S. ; Davis, M. E. Bio-
conjugate Chem., 2003, vol. 14, 672 [0037]

• Cryan, S.-A. ; Holohan, A. ; Donohue, R ; Darcy,
R ; O’Driscoll, C. M. Eur. J. Pharm. Sci., 2004, vol.
625 [0037]


	bibliography
	description
	claims

