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Process for the manufacture of N-acyl-(epl)K5-amine-O-sulfate-
derivatives and products thus obtalned.

SUBJECT MATTER OF THE INVENTION

The present invention concerns new derivatives of K5 polysaccharide
with a high degree of sulfation, a process for their preparation, new
highly O-sulfated intermediates useful in their synthesis and
pharmaceutical compositions  containing said derivatives of K5
polysaccharide as active ingredients basically free of activily on
coagulation.

In particular, the invention refers to derivatives of K5 polysaccharid
obtained stating with a K5 polysaccharide, previously N-
deacefylated, N-sulfated, optionally depolymerized or optionally at
least 20% CS5-epimerized and optionally depolymerzed, by O-
oversulfation in suitable conditions and subsequent N-acylation of th
free amine.

BACKGROUND OF THE INVENTION

The glycosaminoglycans such as heparin, heparan sulfate, demnatan
sulfate. chondroitin sulfate and hyaluronic acid are biopolymers
extracted irdustrially from various animal organs.

In particular, heparin, mainly obtained by exiraction from the intesfinal
mucous membrane of pigs or from bovine lung, is a polydispersed
copolymer with a molecular weight distribution from approximately
3,000 fo approximately 30,000 D consisfing ofa chain mixture basically
consisting of a uronic acid (glucuronic acid or iduronic acid) and of
an amino sugar {glucosamine) linked by bonds a-1- 4 or f-1-> 4. In
heparin, the uronic unit can be O-sulfated in position 2 and the
glucosamine unit is N-acetylated or N-sulfated, &-O-sulfated and 3-O-
sulfated in _approximoiely 0.5% of the glucosamine units present.

The properties and the natural biosynthesis of heparin in mammals

SUBSTITUTE SHEET (RULE 26)
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have been described by Lindahl et al., 1984 in Lane, D. and Lindahl, U,
(Editors) "Heparin. Chemical aond Biological Properties; Clinical
Applications”, Edward Amold, London, Pages 159-190, by Lindahi, U,
Feingold D. S. and Rodén L, 1986 TIBS, 11, 221-225 and by Conrad H. E.
"Heparin Binding Protfeins", Chapfer 2: Struciure of Heparinoids.
Academic Press, 1998. The biosynthesis of heparin occurs starting with
its N-acetyl-heparosan precursor consisting of a chain mixure
consisting ofthe repetitive glucuronyl-B-1—+4-N-acetylglucosamine

disaccharide unit. Said precursor undergoes enzymatic modifications
which partially hydrolyse the N-acetyl group, substituting it with an SOr
group, epimerize the carboxy in position 5 of @ part of the glucuronic
units transforming them into iduronic units and infroducing O-sulfat

groups to get a product which, once exiracted industially, has
approximately double the number of sulfate groups as regards
carboxy groups per disaccharide unit. These enzymatic modifications
lead, i.a. to the formation of the pentasaccharide region of a bond to
antithrombin il [ATHl), called active pentasaccharide, which is the
struciure necessary for the high cffinity bond of heparin fo AT and
fundamental for anticoagulant and antithrombotic activity of the

heparin itself. This pentasaccharide, present inside only some of th
chains which form heparin, contains a sulfated glucosamine unit in
position 3 and a glucuronic acid spaced out between disaccharid s
containing iduronic acids.

in nature, the formation of the active' pentasaccharide is made
possible by the epimerizafion reaction of the carboxy of a part of the
glucuronic unifs into iduronic units camied out by the glucuronyl-C5-
epimerase (C5-epimerization} and by svitable sulfation which aiso
leads fo the infroduction of a sulfate group on the hydroxy! in position
3 of the glucosamine. More particularly, in nature the formation of the

2
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aclive pentasaccharide is made possible by the fact that C&
epimerization occurs in clusters, i.e. on portions of chains, and
extensively which leads to a product which confains more iduronic
units than glucuronic ones. In fact, commercial heparin contains
approximately 70% of iduronic units and 30% of glucuronic units.
Alongside the main anticoagulant and antithrombotic acifivities,
heparin also exercises antilipaemic. anfiproliferative, antiviral,
antitumorous and antimetastatic activities, but its use as a drug is
hindered by the side effects due to the anticoagulant acfion which
can cause bleeding.

PRIOR ART

It is known that the capsular, K5 polysaccharide isolated from
Escherichia coli, described by Vann W. F. et al., in European Joumat of. ..
Biochemistry, 1981, 116, 359-364 {“Vann 1981"), is consisting of a chain
mixture consisting ofthe repetiiive disaccharide unit glucuronyl-f-1—+4-
N-acetyi glucosamine and therefore shows the same repetifive
sequence (A)

(A)

of N-acetyl-heparosan precursor of heparin. The capsular K5"
polysaccharide, referred to hereaﬁgr as "K5 polysaccharide” or more
simply "K5", was chemically modified by Lormeau et al. as described
in US 5.550,116 and by Casu et al. as described in Carbohydrate
Research. 1994, 263, 271-284. K5-O-sulfates having antitumorous,
antimetastatic, antiviral, in particular anti-HIV acfiviies are described
in EP 333243 and WO 98/34958. The K5 was also chemically and
enzymatically modified in order to obiain products having in vitro
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biological activity on coagulation of the same type as that of heparin
as extracted from animal organs (extractive heparin).

The attainment of the products having an activity on coagulation of
the same type as that of extractive heparin occurs by processes which
imitate that occuning in nature and envisage the entire key step of
CS5-epimerization with D-glucuronyl C5 epimerase.

The processes described in IT 1230785, WO 92/17507, WO 96/14425
and WO 97/43317 utilize K5 as the starting material. The K5 originating
from fermentation is subjected to N-deacetyiation followed by N-
sulfation and on the K5-N-sulfate thus obtained C5-epimerizafion with
C5-epimerase in solution s performed, obtained either by
chromatography” of a solution of microsomal enzymes from mouse
mastocytoma (IT 1230 785) or from bovine liver (WO 92/17507, WO
96/14425 and WO 97/43317).

The D-glucuronyl C5 epimerase from bovine liver was purified by
Campbell, P. et al. in J. Biol. Chem., 1994, 269/43, 26953-26958
("“Campbell 1994") who also provided its composition in amino acids
and described ifs use in solution for the transformation of a K5-N-sulfat
info the comesponding 30% epimerized product, demonsirating th
formation of iduronic acid by HPLC method foliowed by total nitrous
depolymerization to disaccharide.

The document WO 98/48004 describes the DNA sequence which
codes for the D-glucuronyl C5 epimerase and a recombinant D-
glucuronyl C5 epimerase, obtained from a recombinant expression
vector containing said DNA, afterwards purified by Campbell et al. as
shown by Jin-Ping L. et al. in J. Biol Chem., 2001, 276, 20069-20077 (“Jin-
Ping 2001").

The complete sequence of the CS5-epimerase was described by
Crawford B. E. et al. in J. Biol. Chem., 2001, 276(24), 2153821543

4
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(Crawford 2001)

The document WO 01/72848 describes d method for the preparation
of N-deacetylated N-sulfate derivatives of K5 polysaccharide, at least
40% epimerized of iduronic acid as regards the total of the uronic
acids, having a molecular weight from 2000 to 30,000, containing from
25 to 50% of high affinity chains for ATl and having an anficoagulant
and antithrombotic activity expressed as HCli/antiXa ratio from 1.5 to
4. Said document describes the oversulfafion of a 40-60% epimerized
K5-N-sulfate and shows that the product obtained, whose 13C-RMN is
illustrated, has a sulfate group content per disaccharide unit of 2-3.5.
Repecﬂing the aforesaid oversulfation in the conditions described and
examining the 3C-RMN it is asceriained that the product obtained is
actually a free amine whose content of &-O-sulfate is 80-95%, that.of.3-..
O-sulfate on the amino sugar is 30%, but whose sulfation degree is 3.2.
It is also ascertained that in the conditions of oversulfation described in
WO 01/72848 a sulfafion degree of more than 3.2 is not obtained.

The patent application MI2001A/00397 (WO 02/068477), describes KS-
N,O-oversulfated having a sulfafion degree of more than 3.2,
obtained starting with a K5 free of lipophilic substances or one of its
moieties of molecular weight of approximately 5,000 by (a} N-
deacetylation/N-sulfation, (b} O-oversulfation and, opfionally. () N-
resulfation,

None of the aforesaid documents describes LMW-K5-N-sulfates,
optionally 40-60% epimerized, in which NH2 or acelyl groups are
virtually absent.

In order to standardize the tegminology and render the text more
comprehen.r;ible, in the present description conventfional terms or
expressions will be used, in the singular or plural. In particular:

- by “K58" or “KS5 polysaccharide” is meant the capsular

5
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polysaccharide from Escherichia coli obtained by fermentation, i.e. a
chain mixture consisting of disaccharide units (A) optionally containing
a double bond at the norHeducing end as shown above, in any case
prepared and puriﬁqd according to the methods described in
literature, in particular according to Vann 1981, according to Manzoni
M. et al., Joumal of Bioaclive Compatible Polymers, 1996, 11, 301-311
(“Manzoni 1996") or according to the method described in WO
01/72848 and in WO 02/068447; it is obvious for a person skilled in the
art that what is shown hereafter can bs applied fo any N-
acetylheparosan;
- by "CS-epimerase” is meant the D-glucuronyl 'C-5 epimerase,
exiractive or recombinant, in any case prepared, isolated and
purified, in particular as described in Campbell 1994, in WO 98/48006,
* in Jin-Ping L. et al..in J. Biol Chem. 2001, 276, 20069-20077 {Jin-Ping
2001") or in Crawford 2001:
- by K5-amine is meant ot least 95% N-deacetylated K5, but generally
in which acetyl groups are undetectable by a current NMR apparatus;
- by "K5-N-sulfate” is meant at least 95% N-deacetylated and N-sultate
KS as desciibed hereafter, but In which acetyl groups are
undeteciable with a normal NMR apparatus;
- by "epiK5" s meant the K5 and ifs derivatives in which 20-60% of the
glucuronic units are C5-epimerized to iduronic units;
- by “epik5-N-sulfate” is meant the K5-N-sulfate in which 20-60% of th
glucuronic unifs is C5-epimerized to iduronic units of the typ
described in WO 92/17507 or WO 01/72848:
- by “epiKS-amine-O-oversulfate” is meant an O-sulfated epikS-amine
with a sulfation degree of at least 3.4:
- by "N-acyl-epik5-amine-O-oversulfate” is meant an N-acylated
epiK5-amine O-oversulfate, with a sulfation degree of at least 3.4:
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- by "K5-amine-O-oversulfate” is meant an O-sulfated KS5-amine with a

sulfation degree of at least 2.2;

- by "N-acyl-K5-amine-O-oversulfate” is meant an N-acylated N-acyl-

K5-amine-O-oversulfate with a sulfafion degree of ot least 2.2,

In addition:

_ the conventional terms and expressions herein defined above refer

to K5 as isolated after fermentation, generally with a molecular weight

distribution from approximately 1,500 to approximately 50,000 with a

mean molecular weight of 10,000- 25,000, advantageously of 15,000-

25,000;

- excepfing specific designation of the molecular weight, the

conventiohal terms and expressions herein defined above, when

preceded by the acronym “LMW" {low molecular weight), "for
xample LMW-K5-N-sulfate, LMW-epiK5-N-sulfate  indicate  low

molecular weight products, having a mean molecular weight of up to

12,000;

- the conventional terms and expressions as herein defined above,

when followed by “-derivative” indicate as a whole both the

derivatives from native K5 and those of a low molecular weight;

- the prefix “(epi]". which precedes “K3" in conventional terms and .

expressions as herein defined above, indicates as a whole both the
products from native K5 and those 20-60% epimerized as defined
above, i.e. chain mixtures all consisting ofglucuronic acid or
glucuronic acid and, 20-60%, of iduronic acid and is denoted in the

formulae by the symbol “ ¥ "

- by the term “approximately” refening to the molecular weight is
meant the molecular weight [+ the theorefical weight of a
disaccharide unit, including the weight of the sodium, calculated as
461 in the case of an (epi)K5-N-sulfate-derivative] measured by

7
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viscomeiry according to Johnson et al. Carb. Res. 1976, 51, 119-127
utilizing samples whose molecular weight was calculated by HPLC as
the standard;

- by the expression “preponderant species”, is meant the compound
which, in the mixiure constifufing a Imw-{epi)K5-N-sulfate, a Imw-
(epi)KS-amine-oversulfate or a  Imw-N-acyl-{epi)K5-<amine-O-
oversulfate, is the most represented type, determined by the peak of
the curve of the molecular weight measured by HPLC;

- unless otherwise specifically stated, by “degree of sulfation” is meant
the 5Ox/COQ- ratio, expressible also as the number of suliate groups
per disaccharide unit, measured with the conducfometic method
described by Casu B. et al. in Carbohydrate Research, 1975, 39, 148
176 (Casu 1975), the same utilized in WO 01/72848;

- by “condifions of O-oversulfation” is meant an exireme O-sulfation
performed for example according to the method C described by B.
Casu et al. in Carbohydrate Research, 1994, 263, 271-284 (Casu 1994);
- by the term “alkyl" is meant a linear or branched alkyl, whereas th
term "tetrabutylammonium" indicates the tetra-n-butylamrhonium.
SUMMARY OF THE INVENTION

it has now been found that, starling with an epiK5-N-sulfate, it is
possible fo obtain an epiK5-amine-O-sulfate with a degree of sulfation
greater than that of every other epik5-amine-O-sulfate described in
literature, for example in WO 01/72848, preparing the salt with a
tertiary or quatemary organic base of sdid epik5-N-sulfate-derivative
taking care to let the reaction mixture fo stand for a time period of 30-
60 minutes maintaining the pH at approximately 7 with the same
organic base and then treafing the salt obtained with an O-sulfation
reagent in the conditions of O-oversulfation. Also a Imw-epiK5-N-
suifate, when subjected to the same method of salification and of O-
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oversulfation, gives a Imw-epik5-amine-O-sulfate with an exiremely
high degree of sulfation. in the case of such epi-K5-amine-oversulfate-
derivatives the degree of sulfafion is more than 3.2.

Similarly, it was found that, applying the conditions of O-oversulfation
described above to a Imw-K5-N-sulfate @ Imw-K5-amine-O-sulfate is
obtained at a high degree of sulfation. Also a K5-N-sulfate, when
subjected to the same method of salification and of O-oversulfation,
gives a K5-omine-O-sulfate with a high degree of sulfation. In the case
of such K5-amine-oversulfate-derivatives the degree of suffation is
more than 2.2.

In foct. it was surprisingly found that, preparing the
tefrabutylammonium sait of an (epi)K5-N-sulfcie-deﬁva’rive in the
aforesaid conditions, the salification becomes complete and, duing,;.
the subsequent O-oversutfation, iavours the total displacement of the
sulfate group from the nifrogen atom in position 2 of the glucosamine
to the oxygen atoms of the glucosamine itself, in particular to the
oxygen atom in position 3, thus giving rise to (epi)KS—c:mine—O—sulfcie—
derivatives with a high degree of sulfation in which the NHz group is
stictly free. The quantitative difference in sulfation degree of the
derivatives epik5 and K5 depends on their configuration which favours
the sulfation of the epiméﬁzed derivatives.

it has also been found that, subjecting on (epi)K5-amine-O-
oversuliate-derivative thus obicined to N-acylation, new N-acyl-
(epi)K5-c1mine—O—sulfaie-derivaﬁves are obicined free of activity on
coagulation and useful for the preparation of pharmaceutical or
cosmetic compositions. By this new and versatile process it is thus
possible to prepare in a reproducible manner epiK5-O-sulfate-
derivatives, their N-acyl analogues, @ K5-O-sulfate having a precis
degree of suifation and. above all, its derivatives of low molecular
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weight and their N-acyl-analogues.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the NMR proton spectrum of K5-NH, O-sulfate with a
sulfate/carboxy ratio of 2.87 (obiained according to Example 1};
Figure 2 shows the NMR proton spectrum of eplK5-N-acetylate, O-
sulfate with a sulfate/carboxy ratio of 4.26 (obtained according to
Exampile 2};

Figure 3 shows the NMR proton specirum of K5-N-acetylate, O-sulfate
with a sulfate/carboxy ratio of 2.87 [obtained according to Example
3).

DETAILED DESCRIPTION

Thus, according fo one of its aspects, the present invention provides q
process for the preparation of N-acyl-{epi)K5-amine-O-oversuligte-
derivatives, characterized in that

{a) an (epi]K5-N-sulfate-derivative, in acidic form, is treated with a
tertiarty or quatemary organic base, lefing the reaction mixture to
stand for a time period of 30-60 minutes, maintaining the pH of th
solution at a value of approximately 7 and its salt is isolatéd with said

organic base;

(b} said salt of organic base of said (epi)K5-N-sulfate-derivative s
treated with an O-suifation reagent in the conditions of O-
oversulfation;

(c) the product thus obidined Is reated with a functional derivative of
a (CzC4) carboxylic acid, the N-acyi-lepilK5-amine-O-oversulfate-
derivative thus obtained is isolated.

Generqily the N-acyl-(epi)K5-amine-O-oversulfate-derivative is isolated
in sodium salt form and optionally said sodium salt is transformed into
another chemically or pharmaceutically acceptable salt.

In this context, the term “chemically acceptable” refers to q cation
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usable in chemical synthesis, such as the ions sodium, ammonium, (C;-
C.)tetraalkylammonium, or for the purification of the product, whereas
“pharmaceutically acceptable” is self-explanatory.

Advaniogeous cations are those derived from alkaline meialis,
alkaline-earth metals, ammonium, (C1-Cad)tetraalkylammonium,
aluminum and zinc. Prefered cations are the sodium, calcium and
fetrabutylammonium ions.

According fo an advantageous procedure, the step (o) is camied out
by passing a solufion of the sodium salt of the{epi]K5-N-sulfate-
derivative, i.e. of K5 polysaccharide, previously N-deacetylated, N-
sulfated preferably 100%. opfionally 20-60% C5-epimerized and
opfionally depolymerized with nitrous acid, having a mean molecular
weight from approximately 1,000 to approximately 25,000, .
advantageously from approximately 1,500 to approximately 25,000,
through an acid ionic exchange resin, for example of the type IR-120
H+, collecting the eluate including also the washing water of the resin
and neutralizing the eluate with tferliary or quaternary organic base,
preferably with an aqueous solution of tefrabutylammonium
hydroxide. The solution is let to stand for 1 hour, maintaining its pH at*
approximately 7 {i.e. frying to maintain neutrality) by addition of the
same teriary or qualemary organic base, preferably an aqueous
solution of tetrabutylammonium hydroxide, and the salt thus obtained
is recovered by lyophilization.

in step {b), the O-oversulfation occurs ulilizing an excess of O-sulfating
agent and working at a femperature from 20 to 70°C for a time period
of up to 24 hours in an aprofic polar solvent.

Advantageously, the salt with a tertiary or quaternary organic base of
the(epi)K5-N-sulfate-derivative, i.e. of KS polysaccharide, previously N-
deacetylated, N-sulfated preferably 100%, optionally 20-60% C5-
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epimerzed and optionally depolymerized with nitrous acid, having @
mean molecular weight from approximately 1,500 to approximately
25,000 as isolated in step {a), Is dissolved in dimethylformamide and
freated with 2 ~ 10 moles of an O-suifation reagent for every free
hydroxyl at a temperature of 40-60°C for 10-20 hours. As the O-sulfation
reagent is advantageously used the pyridine SO3 adduct in a quantily
of 2.5 -~ § moles, preferably 2.5 - 4 moles per free hydroxyl per
disaccharide and the reaction is advantageously camed out ot 50-
60°C, preferably at 55°C ovemight. The product obtdined upon
termination of the reaction is isolated by the addition of 0.1-1 volume
of water and neufralization, preferably with sodium hydroxide,
precipitation with a saturated sodium chioride solution in acetone,
fillration and possible ulirafiliration.

The product thus obtained is generally the sodium satlt of an (epi)K5-
amine-O-oversulfate-derivative having a glucuronic and iduronic
acids confent as shown above. When the oversulfation reaction is
performed on the salt of the tertiary or quaternary base, preferably on
the tetrabutylammonium sait of an epik5-N-sulfate-derivative having a
mean molecular weight from approximately 1,000 to approximately
25,000, advantageously from approximately 1,500 fo approximately
25,000 in which the iduronic acid is 20-60% of the total of the uronic
acids, an epiK5-amine-O-oversulfate-derivative is obtained having a
mean molecular weight from approximately 3,500 to approximately
40,000, advantageously from approximately 4,500 to approximately
40,000, and a sulfation degree of at least 3.4, advaniageously of at
least 3.5, more advantageously from 3.55 to 4, preferably from 3.55 to
3.8. _

When the oversulfatfion reaction is performed on the salt of the terfiary
or quatemary base, preferably on the tetrabutylammonium salt of a
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K5-N-sulfate-derivative having a mean molecular weight from
approximately 1,500 to approximately 25,000, a KS-amine-O-
oversulfate-derivative is obtained having a mean molecular weight
from approximately 3,500 o 40,000, advantageously from
approximately 4,500 to approximately 40,000 and a sulfation degree
of ot least 2.2, advantageously from 2.2 to 3 or from 2.3 fo 3, more
advantageously from 2.5 o 3, preferably from 2.7 to 2.9. Preferably,
the product thus obtained comes from a Imw-K5-N-sulfate and is
preferably the sodium salt of a Imw-X5-amine-O-oversulfated having a
degree of sulfation from 2.3 to 3. The mean molecular weight of such
product can be from approximately 3,500 to approximately 11,000. .
The sodiufn salt thus obtained can be converted into another salt. By
way of example, calcium ionic exchange can be performed working
with an ulirafiliration membrane.

In step (c). the (epi)Ks-amine—O—oversulfcte-derivaﬁve with a high
degree of sulfation is N-acylated ufiizing the known methods in
literature.’

The N-acylation is performed by making the [epi)K5-amine-O-
oversulfate-derivative originating from step (b} react with a functional
derivative of a mono or dicarboxylic ocid containing from 2 fo 4

carbon atoms in hydrbclcoholic solution at a temperature of -

approximately 4°C. As functional derivafives of said {C2-C4) carboxylic
acids, preferably of acetic, propionic, malonic, or succinic acid or of
mono esiers, in particular methylic or ethylic, of the latter. one can use
the anhydride, the chloride. a mixed anhydride or an active ester. The
product obtained. an N-{C2-Cad)acyl-{epi]KS-amine-O-oversulfate-
derivative, is neulralized with a base, preferably sodium hydroxide,
and then isolated by ulirafiliration and precipitation with a saturated
sodium chioride solution in acetone. Opfionally the step of N-acyiation
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is repeated until obtaining total substitution or however more than
95%. Are thus obtained the N-acyl-{epi)K5-amine-O-oversulfates, in
particular the N-acetyl-, N-{2-carboxy)acetyl-, N-(2-
methoxycarbonyljacetyl-, N-{2-ethoxycarbonyijacetyt-, N-propionyi-,
N-{3-carboxy)propionyl-, N-(}methoxyccrbonyl)propionyl—. N-(3-
ethoxycarbonyl)propionYI—(epi)K5-amine-0-oversulfqtes.

The new N-acyl-(epi)KS5-amine-O-oversulfate-derivatives thus obtained
are generally in their sodium salt forms. Said sodium salt can b
converted into another chemically or pharmaceutically acceptabl
salt. Particularly advantageous salts are those of alkaline metdqls,
alkaline-earth metals, of ammonium, (Ci-Cu}tetraalkylammonium,
aluminum and zinc. The salts of sodium, calcium and
tetrabutylammonium are preferred.

Uniike the process described in WO 98/34958, which consists in a
sulfation in heterogeneous phase of the K5 sodium salt to obtain K5-O-
sulfates (according fo the ferminology used herein "N-acetyl-K5-
amine-O-sulfates”) with a degree of sulfation from 0.5 to 4 and which
has to resort fo the use of chiorosulfonic acid fo obtain dérivatives of
low molecular weight in an uncontrolled manner, the process of the
present invention Is extremely versatile. In fact, it allows the
preparation of N-acyl-K5-amine-O-oversulfates of every type in very
high yields, with easily coniroliable reactions. in particuiar, the process
of the present invention allows the preparation of N-acyl-K5-amine-0O-
oversulfales otherwise unobtainable, like the epimerized C-5
derivatives, the N-acylated derivatives with a different acyl from the
acetyl present in the native K5 and the derivatives of low molecular
weight. Besides, unlike the method described in WO 98/34958, the
process of the present invention aliows the attainment of LMW-K5-O-
sulfates in confrolled manner in order to obtain the mean molecular
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weight desired and, above all, a well defined sulfation degree which
can range from 2.3 to 3 but which can regularly be 2.7-2.9. Finally, all
the products of the process of the present invention, in particular the
free intermediate amines and the N-acyK5-amine-O-oversulfates are

useful aclive ingredients for pharmaceutical or cosmefic -

compositions.

The staring materials of step (a) are [epi]K5-N-sulfate-derivatives
known in literature or their moiefies, or LMW-(epi)K5-N-suifates
prepared by nitrous depolymerization of the comesponding (epi}K5-
sulfates.

The starting (epi)K5-N-sulfate-derivatives have a mean molecular
weight from approximately 1,000 fo approximately 25,000,
advantageously from approximately 1,500 to approximately 25,000:
Preferably, as starting material is used an (epi)K5-N-sulfate having a
mean molecular weight between 10,000 and 25,000 or LMW-(epi)K5-N-
sulfate having a mean molecular weight from approximately 1,500 to
approximately 12,000, advantageously from approximately 1,500 to
approximately 8,000, preferably from approximately 1,500 and
approximately 7,500.

A ImwepiK5-N-sulfate having an iduronic units content of
approximately 20%, obtained by N-deacetyiation, N-sulfation and C5-
epimerization of a moiety of K5 having a mean molecular weight of
5.000 is described in WO 92/17507, but this product contains a high
percentage of acetyl groups.

An epiK5-N-sulfate particulady advantageous as starling material is
that obtained by epimerization of a K5-N-sulfate virtually free of acetyl
groups in turn prepared from parficulardy pure KS, in pariicular not
containing lipophilic substances, described in WO 02/068477.

The low molecular weight C5-epimerized K5-N-sulfates having a higher
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content of iduronic units, in particular 40-60%, preferably 50-55%, are
instead parlicularly advantageous new products as starting materials
in the preparation of the N-substituted epiK5-amine-O-oversulfat d-
derivatives of the present invention.

The LMW-epiK5-N-sulfates can also be obtained by C5-epimerization
of the comesponding LMW-K5-N-sulfates, preferably when their mean
molecular weight is more than 4,000. The LMW-K5-N-sulfates virtually
free of acetyl groups are all new products preparable by fractionation
or, preferably, by depolymerization of a K5-N-sulfate free of acetyl
groups. The K5-N-sulfate is well known in Iiterature and is described in
documents cited herein above to illustrate the staté of the art. The
aforesaid starting material is invariably obtained by N-deacelyiation of
KS and subsequent N-sulfation of the K5-amine thus obftained.
However, it was ascertained that the preparation of a K5-N-sulfate
virtually free of acetyl or NH2 groups is helped if the K5 from which it is
prepared is particulory pure, in particular if it does not contain
lipophilic substances. 1t is therefore preferred, according to the present
invention, fo use a starting K5-N-sulfate prepared from a purified K5 as
desciibed in WO 02/068477. Said KS-N-sulfate, whose I3C-RMN
spectrum does not show traces of N-acetyl or NH3 grbups is also
described in WO 02/068477.

The new LMW-epiK5-N-sulfates as shown above are prepared by a
process characterized in that a K5-N-sulfate is subjected, in any on
order, '

(i) to C5-epimerization with @ D-glucuronyl C5-epimerase that is isolatedq,
purified and in solution or immobilized on a solid support, at a pH of
approximately 7, at a temperature of approximately 30°C and for g
time period of 12-24 hours in the presence of at least one bivalent ion
selected among calcium, magnesium, barium and manganese; and
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(i) to nitrous depolymerization optionally followed by reduciion, normally
with sodium borohydride.
The expression “in any order" shows that the process can be
indifferently camied out both in the direction (i)-[W), i.e. in the sequence
above indicated, and in the reverse direction, i.e. also in the direction
{ii)-{i), subjecfing the K5-N-sulfate at first to the nitrous depolymerization
reaction; optiondlly followed by reduction with sodium borohydride,
and afterwards to the C5-epimerization in the aforesaid conditions.
The preferred order is in the direction (i)=(i). The sequence [ii)-{i) is
preferably utilized staring with LMW-K5-N-sulfates having a mean
molecular weight of more than 4000, preferably starting with
approximétely 6,000. For example, one can determine the amounis.of
sodium nitrite which, staring with 1 g of epik5-N-sulfate, allow the.
attainment of a Imw-epikK5-N-sulfate with a molecular weight of more
than 4,000, in particular of of least 6,000, so as to obtain useful
intermediates for the preparation of LMWepiK5-N,O-oversulfates. in
tact, in this case, in step (i} the percentage of opfimum epimerization
is obtained.
According to & preferential aspect of the invention, the C5-epimerase
is immobilized on an inert solid support.
The C5-epimerase, preferably recombinant, isolated and purified for
example according to Campbell 1994, WO 98/48006, Jin-Ping 2001 or
Crawford 2001, is immobilized on an inert support in the presence of
the subsirate, i.e. in the presence of starting K5-N-sulfate-derivative or
in the presence of LMW-K5-N-sulfate, advantageously having a mean
molecular weight of more than 4,000, preferably of at least 6,000. The
immobilization is performed according fo conventional methods, for
example as described in WO 01/72848.
The C-5epimerization reaction is canied out by recirculating 20-1,000
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ml of a solution of 25 mM HEPES at a pPH of approximately 7 containing
0.001-10 g of substrate (K5-N-sulfate or LMW-KS-N-sulfate, preferably
with a molecular weight of more than 4,000, in particular of at least
6.000) and.a cation selected among caicium, magnesium, barium
and manganese at a conceniration between 10 and 60 mMm through
a column containing from 1.2 x 107 to 3 x 10" cpm of the immobilized
enzyme, maintaining the pH at approximately 7 at approximately
30°C, at a flow of 30-220 mi/hour for a fime period of 12-24 hours,
advantageously of 15-24 hours.

Preferably the said solution is recircuiated at a flow of approximately
200 mi/hour ovemight (15-20 hours). The product obtained is purified
and separated according fo known methods, for example by
ulirafiliration and precipitation with ethanol. The product thus
obtained is comprised either of epiKS-N-sulfate (and in such case is
dissolved in water and subjected to depolymerization) or of LMW-
epiK5-N-sulfate (in such case it constitutes the end product). Th
percentage of epimerization, in practice the amount of iduronic units
as regards the glucuronic ones, is calculated with 'H-RMN'according
to the method described in WO 96/4425.

The nitrous depolymerization reaction is caried out according to
known methods by the depolymerization of heparin, for example
according to the method described in EP 37319, in WO 82/03627 or
according fo the method by depolymerization of a K5-N-sulfat
described in EP 544592, but starting with a K5-N-sulfate or an epikK5-N-
sulfate containing from 0 to no more than 10%, preferably no more
than 5%, of acetyl groups. Preferably, the depolymerization,
performed with sodium niirite and hydrochloric acid on an epik5-N-
sulfate virtually free of acetyl groups, is followed by in situ reduction
with sodium borohydride.
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In pracfice, a coid aqueous solution of epiK5-N-sulfate is brought to
acid pH (approximately 2) with hydrochloric acid and, sfill cold,
freated with sodium nitite maintaining the temperature
(approximately 4°C)} and the pH {aopproximately 2) constant and,
upon termination of depolymerization (approximately 15 - 30 minutes)
the solution is neutralized with sodium hydroxide and treated, sfill at
approximately 4°C, with an aqueous solution of sodium borohydride.
Upon termination of the reduction (approximately 4 hours) the excess
sodium borohydride is destroyed with hydrochloric acid, the solufion is
neutralized with sodium hydroxide and the depolymerized (and
reduced) product is isolated according to known methods, for
example by straightforward precipitation with ethanol or acetone.

The product obtained upon termination of the depolymerization can.

be either a Imw-epik5-N-sulfate {in such case it constitutes the end
product] or a Imw-K5-N-sulfate {and in such case is directly subjected
o C5-epimerization as shown herein above, after isolation or also in
solution without being previously isolcﬂed)_, in particular when it has a
mean molecular weight of more than 4,000, preferably of at least
6,000, or is' utilized 1o prepare LMW-K5-N,O-oversulfated of
anfiangiogenefic and anfiviral activity. By appropriately coniroling
the depolymerization reaction, in particular utilizing different amounts
of sodium nitrite/hydrochloric acid, LMW-K5-N-sulfates or LMW-epiK3-N-
sulfates are obtained having a mean molecular weight in the enfire
interval - from approximately 1,500 to approximately 12,000,
advantageously from approximately 1,500 fo approximately 10,000,
preferably from approximately 1,500 to approximately 7,500,
calculated at the 13C-RMN specirum fhrough the integrafion of the
signal atiributed to the C2 of the 2,5-anhydromannitol with that of the
anomeric carbon of the glucosamine inside the polysaccharide chain.
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According to a general procedure starting for example with 1 g of K5-
N-sulfate or of epiK5-N-sulfate, the starting product is dissoived in 100-
200 m! of deionized water and thermostated at 4 °C., Then an amount
of sodium nitiite is added so as to obtain the mean molecular weight
desired, for examplie from approximately 2,000 to approximately 4,000.
Therefore, staring with an epik5-N-sulfate having a molecular weight
of 20,000 measured with HPLC method equipped with a BioRad BioSil
250 column and utilizing a heparin standard of known molecular
weight, will require the addifion of from 330 1o 480 mg of sodium nitrite
dissolved in a 0.2% aqueous solution. The solution containing the
apiKs-N-sulfate and the sodium nitrite, kept at 4°C, is'brought to pH 2
through addition of 0.1 N HC! cooled o 4°C. it is reacted under slow
agitation for 20-40 minutes, then is neutralized with 0.1 N NQOH. The
product obtained is brought to room temperature and freated with
reducing agent such as for example sodium borohydride (250-500 mg
dissolved in 50-100 m| of water} and reacted for 4-8 hours. The exc ss
sodium borohydride is eliminated bringing the pH fo 5-5.5 with 0.1 N
HC! and let fo stand for a further 2-4 hours. In the end it is’neutralized
with 0.1 N NaOH and the product is recovered by precipitation with
acetone or ethanol after having concentrated the praoduct through
evaporation at reduced pressure. .

Similarly, the amounts of sodium nifrite can be determined which,
starfing with 1 g of K5-N-sulfate or of epiK>-N-sulfate, allow the
altainment of a Imw-K5-N-sulfate or a Imw-epiK5-N-sulfate with a
mean molecular weight from approximately 4,000 to approximately
12,000, advontageously from approximately 4,000 o approximately
7,500, in particular of 6,000-7,500.

The LMW-epiK5-N-sultates thus obtained, with an Iduronic acid content
from 20 to &0%, advantageously from 40 1o 60%, preferably of 50-55%
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and virtually free of NH2 and N-acetyl groups, having a meon
molecular weight from approximately 1,500 fo approximately 12,000,
advantageously from approximately 1,500 to approximately 10,000,
preferably from approximately 1,500 o approximately 7,500 and their
chemically or pharmaceutically accepiable salts constitute new
products useful as starling materials in the preparation of pcrti&:ularly
interesting LMW- epiK5-N,O-oversulfates, but also themselves useful as
active ingredients of phamaceutical or cosmetic compositions and
constitute an additional aspect of the present invention.
Advantageously. the starting materials in the preparafion of the N-
acyl-{epi)K5-amine-O-oversulfate-derivatives of the present invention
are (epi)K5-N-sulfate-derivatives consisting of a chain mixture in which
at least 90% of said chains have the formula |

[ cHOH 00'—
0
—~ H ™\ m
0
NHSO,
| s o),

in which the glucuronic units/iduronic units ratio is from 160/0 to 40/60,
n is a integer from 2 o 100, advantageously from 3 to 100, and the
cormresponding cafion is chemically or phamaceutically acceptable.

in paricular, said starting (epi}K5-N-sulfate-derivatives are consisting of
a chain mixture in which at least $0% of said chains have the aforesaid
formula |, with a glucuronic units content from 100 fo 40%,
advantageously with a glucuronic acid content of 100% or 80-40% of
glucuronic acid and 20-60% of iduronic acid, n is a integer from 2 {o
100, advantageously from 3 to 100 and the comresponding cation is
chemically acceptable. Preferably, the glucuronic acid content is
100% or out of the total of uronic acids 40-60% is glucuronic ocid and
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60-40% is iduronic acid.

Preferred starting materials are LMW-{epi)K5-N-sulfates consisting of a
chain mixture in which at least 90% of said chains have the formula | in
which the uronic units are all consisting of glucuronic acid or are 40-
60% compirised, preferably 50-55%, of iduronic acid, n is a integer from
2 fo 20, advantageously from 3 1o 15 and the comesponding cafion is
chemically acceptable. The epik5-N-sulfates, prepared by C5
epimerization of K5-N-sulfates, are well known and widely described in
literature. Their preparation by C-5 epimerization of the glucuronic unit
of K5-N-sulfate with a D-glucuronyl C5 epimerase was described in
documents cited herein above to illustrate the staté of the art, for
example in WO 92/17507, WO 98/14425, WO 97/43317, WO 01/72848
and US 2002/0062019. However, according to a preferential manner of
procedure, by epimerizafion a K5-N-sulfate is used obtained from a K5
free of lipophilic substances as described in WO 02/048477 and the C5
epimerization is performed with a D-glucuronyl C5-epimerase isolated,
purified and immobilized on a solid support, at a pH of approximately
7, at a temperature of approximately 30°C and for a fime period of 12-
24 hours in the presence of at least one bivalent ion selected among
calcium, magnesium, barium and manganese as shown above. Also
the K5-N-sulfate was shown herein above.

The completely N-sulfated (epi}K5-N-sulfates of low molecular weight,
in particular those in which the uronic units are all in glucuronic acid
and those having an iduronic units content of 40-60%, preferably 50-
55%. are instead all particularly advantageous new products as
starting materials in the preparation of the N-acyl-(epi)K5-amine-O-
oversulfate-derivatives according to the present invention. Said
staring materials are LMW-{epi)K5-N-sulfates having an iduronic acid
content of 0% or 40-60% as regards the total of the uronic acids and a
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mean molecular weight from approximately 1.500 to approximately
12,000, advantageously from approximately 1.500 to approximately
8,000, preferably from approximately 1,500 to approximately 7,500:
and their chemically or pharmaceutically acceptable salts. The
distribution can range from approximately 1,000 to approximately
10,000.

Said LMW-({epi)K5-N-sulfates are advantageously consisting of a chain
mixture in which at least 90% of said chains have the formuia I'

®

in which the uronic units are 100% consisting of glucuronic acid or &0

40% of glucuronic acid and 40-60% of iduronic acid, q is a integer from
2 to 20 and the comesponding cation is chemically or
pharmaceutically acceptable.

in this context, the term “chemically” refers o a cafion usable in
chemical synthesis, such as the ions sodium, ammonium, (Ci-
C4)Tetroalkylar'n_monium, or for the purification of the product.
Advantageous - cafions are those derived from alkaline meials,
alkdline-earth metals, ammonium, (Cr-Ca)tetraalkylammonium,
aluminum and zinc. Preferred cations are the sodium, calcium and
tetrabutylammonium ions.

Prefered staring materials are the new LMW-(epﬂKS—N—squotes
consisting of @ chain mixture in which the preponderant species has
the formula I'a

23

/\(9



WO 2003/106505 PCT/IB2003/002339

(Ia)

in which the uronic units are 100% consisting of glucuronic acid or 40-
40% glucuronic and 40% to 60% of iduronic acid, p is a integer from 4
fo 8. The mean molecular weight of these products is from
approximately 2000 fo approximaiely 4000 and the comesponding
cation is chemically or pharmaceutically acceptable.,
In parlicular the new LMW-(epi)K5-N-sulfales are useful stariing
materials consisting of a chain mixture in which af Iéas'r 90% of said
chains have the formula I' herein above, obtained by nitrous
depolymerizafion of the comesponding (epi)K5-N-sulfates shown
above and subsequent possible reduction for example with sodium
borohydride.
The orgin of these ([epi)K5-N-sulfates from a step of nifrous
depolymerization involves, at the reducing end of the maijority of the
chains in said chain mixture, the presence of g 2,5-anhydr‘omannos
unit or, in case of reduction with for example sodiumborohydride, of
2,5-anhydromannitol of structure (a)

H,OH

(a)
X

in which X represents a formyl group 6r a hydroxymethyl group.
Therefore, the reducing end of the majority (60-70%) of the chains s
actually represented by the structure (b)
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HOH  coo’ H,OH
o}
™ H H ®)
NHSO, OH X

in which X is as defined above.

The presence of the structure (a) does not have any influence on the
chemical characteristics of the (epi)k5-N-sulfates and their derivafives
since any sulfations would involve a possible infroduction of one or two
sulfate groups which would not significantly change however the
sulfation degree of the O-sulfated derivatives. Besides, the presence of
the structure {a) does not influence biological activity of the products,
as demensirated by @stergaard P. B. et al. in Thrombosis Research,
1987, 45, 739-749 (@stergaard 1987) for heparins of low molecular
weight.

Particularly advantageous LMW-({epi)KS-N-sulfates according to the
present invention are consisting of chain mixtures in which the
preponderant species is a compound of formula I'b

OO = H.OH coo = :OH
, (]
R H H )
HO
on | NWeO;  on X
m

in which X is formyl or hydroxymethyl, m is 4, 5 or 6, the comesponding
cation is one chemically or pharmaceufically acceptable ion, the
uronic units are all of glucuronic acid or the glucuronic and iduronic
units are present allernately, starting with a glucuronic or iduronic unit.
In such case the Glucuronic/iduronic rafio is from 45/55 to 55/45, i.e.
approximately 50/50.

All the LMW-[epi)K5-N-sulfates herein shown above are new products
which constitute an additional object of the present invention.
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The LMW-{epi)K5-N-suifates, i.e. the LMW-K5-N-sulfates shown above
and, unlike other epik5-N-sulfates, for example os indicated in WO
92/17507, also the LMW-epik5-N-sulfates of the present invention,
being virtually free of N-acetyl groups, do not have anticoagulant
aclivity and have an intferesting aclivity against the free radicgis.
Thanks fo their low toxicilty, the new LMW-K5-N-sulfates and LMW-
epiK5-N-sulfates are active ingredients for the preparation of
pharmaceutical compositions utilizable as adjuvants in the freatment
of ischemic cardiopathy and for the freatment of radiation dermatitis
or of cosmetic compositions useful as anti-ageing of the skin. ]
When the LMW-({epi})K5-N-sulfates shown above are'used as starting
materials for the O-oversulfatfion reaction, it is in any case preferred
that, in their preparation by nitrous depolymerization as shown above,
said depolymerizafion is followed by the reduction for exampie with
sodium borohydride to give LMW-K5-N-sulfates characterized by
terminal units {q) in which X is hydroxymethyl, since according to th
process of the present invention said LMW-{epi}]K5-N-sulfates are
subjected to reactions of suifation and acylation whose iffluence, of
the 2,5-anhydromannose radical of structure (a} is unknown on the
formyl group, in which X represents formyi.

Said starting materials are preferably used in sodium sait form, unless a
salt is already available with g tertiary or quaternary organic base
prepared according to step (a) shown above, preferably the
tetrabutylammonium salt. '

According to the present invention, the starling (epi)-K5-N-sulfate-
derivatives, preferably 100% N-sulfated, are subjected to th
oforesaid steps (a) and (b}, upon femination of which are isolated th
comresponding, new (epi)K5—c:mine-o-oversulfcte-deﬁvaiives, in which
the amine is not substituted, nomally in sodium salt form, which can
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be transformed into another chemically or pharmaceutically
acceptable salt.

Thus, according to another of its aspects, the present invention refers
{o new (epi)K5—amine-O-oversquaie—derivcﬂves and their chemically
or phamaceutically acceptable salts, obtainable by a process
characterized in thot

{a) an (epi)K5-N-sulfate-derivative, in acidic form, is treated with a
terfiary or quatemary organic base, letling the reaction mixture to
stand for a time period of 30-60 minutes, maintaining the pH of the
solution at a value of approximately 7 by addition of said terfiary or
quatemary organic base and its salt is isolated with said organic base;
{b) said salt of organic base of said (epi)K5-N-sulfate-derivative is

treated with an O-sulfation reagent in the condifions of O-oversulfation:

ond the (epi)K5-omine-0-oversuIfote-derivaiive is isolated.

The derivative thus obtained is generally an (epi)KS-amine-O-
oversulfate-derivative having a mean molecular weight from
approximately 4,500 to approximately 40,000, isolated in sodium salt
form which can be transformed into another chemically or
pharmaceutically acceptable salt. Particularly advantageous salts are
those of alkaline metals, alkaline-earth metals, of ammonium, (Ci-

C.a)tetraalkylommonium, aluminum and zinc and, among these, the -

salts of sodium, calcium and tetrabutylammonium are prefemred.

As aiready herein shown above, the degree of sulfafion of the (epilK5-
amine-O-overnsuifate-derivatives as obtained above depends on the
configuration of the starfing [epi)K5-N-sulfate-derivative, since the
volume in the disaccharide chain of K5-N-sulfate-derivative, in which
the uronic units are comprised exclusively of glucuronic acid, allows a
oversulfation which is less than that occuning with the epiK5-N-sulfate-
derivative, especially if the epimerization degree of the latter is 40-60%
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of glucuronic acid and 60-40% of iduronic acid.

in fact it has been ascertained that, subjecting a K5-N-sulfate-
derivative to the aforesald steps (@) and (b} o K5-amine-O-oversulfat -
derivalive is obtained having a sulfation degree from 2.2 1o 3,
advantageously from 2.5 fo 3, preferably from 2.7 to 2.9.

Subjecting an epiK5-N-sulfate-derivative to the aforesaid steps {a) and
[b) in which the iduronic acid content is 20-60%, preferably 40-60% of
the total of the uronic acids, an epiK5-amine-O-oversulfate-derivative
is obtained having a sulfation degree of af least 3.4, advantageously
of at least 3.5, more advantageously from 3.55 to 4, preferably from
3.55 0 3.8. '

These (epi)K5-amine-O-oversulfated-derivatives are useful products as
intermediates in the preparation of their N-{C2-C4)acylated derivativ s
and as active ingredients basically free of activity on the coagulation
parameters but having other inferesting pharmacobiological
properlies, useful for the preparation of pharmaceutical compositions.

For use of the epiKS-amine-O-oversulfate-derivatives of the present
invention as active ingredients of pharmaceutical comp‘osih‘ons, it is
advantageous to prepare both derivatives of low molecular weight,
with a mean molecular weight from approximately 3,000 to
approximately 11,500, preferably from approximately 4,500 to
approximately 8,500, with a molecuiar weight distribufion of betwe n
approximately 1,000 and approximately 15,000, preferably between
approximately 2,000 and approximately 10,000 dnd derivatives of high
molecular weight, originating from the unfractionated K5, with a mean
molecular weight from approximately 15,000 to approximately 45,000,
preferably between approximately 20,000 and approximately 45,000,
with a moleculor weight distribution from approximately 2,000 to
approximatiely 70,000.
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Thus, according to another of its aspects the invention provides new
active ingredients of pharmaceutical compositions consisting of
(epi)K5-cmine—0-oversuIfd1e-derivatives consisting of chain mixtures in
which at least 90% of said chains have the formula Il

3 H,080," co0"
0 o]
-\h R' ™\ ()]
NH
_ : e &

in which n is a integer from 2 to 100, preferably from 3 fo 100, R, R’ and
R" are hydrogen or SOz, the uronic units are all of glucuronic acid, for
a sulfohon degree of at least 2.2, advantageously from 2.2 fo 3 or from
23 103, more advaniageously from 2.5 fo 3, preferably from 2.7 to 2.9;
or are 20-60% consisting of iduronic acid, for a sulfation degree of at
least 3.4, advantageously of at ieast 3.5, more advantageously from
3.55 to 4, preferably from 3.55 to 3.8 and the corresponding cation is
chemically or pharmaceutically acceptable.

Advaniageous epiKS—omine-O—oversquaied-deﬁva'rives of exiremely
high degree of sulfation are consisting ofa chain mixture in which at
least 90% of SGId chains have the formula 1l in which the uronic units
are 40-60% consisting of iduronic acid, n is a Integer from 2 to 100,
preferably from 3 to 100, with a mean molecular weight from
approximately 2,000 fo approximately 40,000, advantageously from
approximately 4,500 to approximately 40,000, R is at least 40%,
preferably 50-80% SOz, R' and R" are both SO3 or one is hydrogen and
ihe offier is 5-10% SO= in monosulfate glucuronic acid and 10-15% SOx
in monosulfate iduronic acid, the degree of sulfation is more than 3.4
and the comresponding cation is chemically or pharmaceutically
acceptable.

Prefered epiKs-cmine—O—oversulfaie—derivctives of very high degree
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of sulfation are the LMW-epiK5-amine-O-oversulfates consisfing ofa
chain mixture in which at least 90% of said chains have the formula i

[ oH.080, cop- ]
0
’ﬁr R R YT an
L o

in which g is a integer from 2 to 20, R, R’ and R" are hydrogen or 3Og,
the uronic units are 20-60% comprised, preferably 40-60%. of iduronic
acid, for a degree of sulfafion from 3.55 to 4, and the comresponding
cafion is one chemically or pharmaceutfically accepiable ion.

Are particularly interesting the chain mixtures of formula 11’ in which the
uronic unifs are 40-60% comprised, preferably 50-55%, of iduronic acid,
R is at least 40%, advantageously 50-80%, preferably approximately
65% SOx, R’ and R” are both SOy oroneis hydrogen and the other is 5-
10% SOy in glucuronic acid and 10-15% SOs in iduronic acid, n is a
infeger from 3 to 15 with g mean molecular weight from
approximately 4,000 to approximately 8,000 and the coiresponding
cation is chemically or Pharmaceutically acceptable.

Among fhese LMW—epiKS—omine-O-oversulfcfes are prefered those
consisting of a chain mixture in which the preponderant species has
the formula II'a

r H,080," -]
-\A\ RYTN  qre
L ™ e

in which p is a integer from 4 1o 8 R, R' and R" are qs defined above,
the degree of sulfation Is from 3.55 o 4 and the Comresponding cation
is chemicaily or phamaceutically acc plabi .
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The origin of the new L MW-epiK5-amine-O-oversulfated from LMW-

epik5-N-sulfates obtained by nitrous depolymerization and subsequent

reduction with, for example, sodium borohydride. involves, at the

reducing end of the maijority of the chains in said chain mixture, the

presence of a sulfated 2 5-anhydromannitol unit of structure (')
H,0S0;"

(e)
CH,080;”
in which R" represents hydrogen or 5Os.
Thus, the reducing end of the maijority of the chains in said chain
mixture is rgpresenied by the structure (b')

H,080," coo” CH,0S0;
0 0 ¢
™ R ®)
NHl orR CHzOSO;

in which the uronic unit can be glucuronic or iduronic.

Among the aforesaid new LMW-epiK5-amine-O-oversulfates, are
prefered those consisting of mixtures in which the preponderant
species is a compound of formula iI'b

00" H,050," -] cuoso;
0 o

R Q_LAJR R )| R {rb)
OR I_ NHI OR- Jm CH,OSO,'

in which R, R' and R" are hydrogen or SO, X" is OH or OSOz, mis 4, 5
or 6, the uronic units are 40-60% consisting of iduronic acid, for @
degree of suliation from 3.55 to 4, the iduronic units being present
alternately, starting with a glucuronic or iduronic unit, and the
corresponding cafion is one chemically or pharmaceutically
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acceptable ion.

According to another of its aspects the invention provides new K5-
omine-O-overnulfate-derivatives consisting of chain mixfures in which
at least 90% of said chains have the formuia ill

B 080, -7

ﬂT N

NH, OR"

b -—difl

in which n is a integer from 2 fo 100, preferably from 3 o 100, R, R' and
R" are hydrogen or SOx, the degree of sulfciion. is at least 2.2,
advantageously from 2.2 to 3 or from 2.3 to 3, more advantageously
from 2.5 to 3, preferably from 2.7 to 2.9 and the comresponding cation
is chemically or pharmaceutically acceptable.

Prefered K5-amine-O-oversulfates are  the LMW-KS-amine-O-
oversulfates consisting of chain mixtures in which at least 90% of said
chains have the formula i’

[~ 0so;,” -] ,
~ YT

LM

in which q is a integer from 2 to 20, R, R' and R" represent hydrogen or
an SOz group, for a suifation degree of at least 2.2, advantageously
from 2.2 to 3 or from 2.3 to 3, more advantageously from 2.5 to 3,
preferably from 2.7 to 2.9 and the comesponding cation is one
chemically or pharmaceutically acceptable ion.

Among these LMW-KS5-amine-O-oversulfates are preferred those
consisting of a chain mixture in which the preponderant species has
the formvula lil'a
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[ H 080, coo"
o
4‘ R (lire)
| NH, OR" i

in which p is a integer from 4 to 8, R, R’ and R" are as defined above,
the degree of sulfation is at least 2.2, advantageously from 2.2 o 3 or
from 2.3 to 3, more advantageously from 2.5 to 3, preferably from 2.7
to 2.9 and the corresponding cation is chemically or phamaceutically
acceptable.

The origin of the new LMW-K5-amine-O-oversulfated from LMW-K5-
sulfates obtained by nitrous depolymerization and subsequent
reductionl with, for example, sodium borohydride, involves, at the
reducing end of the maijority of the chains in said chain mixiure,- tt;;
presence of a sulfated 2,5-anhydromannitol unit of structure (a') as
shown above, in which R" represents hydrogen or SOz

Thus, the reducing end of the majority of the chains in said chain
mixture is represented by the struciure (b’) as shown above, in which
the uronic unit is still of glucuronic acid.

Among the ' aforesaid new LMW-K5-amine-O-oversulfates, are
prefered those consisting of mixtures in which the preponderant
species is a compound oi‘ formula lll'b

oo- [ eno0s0; coo" 080,
0 0
QUAIR ’ép (D)
OR' NH, OR' CH,0S0,"

in which R. R' and R" are hydrogen or SOx, X" is OH or OSOsy, for a
sulfation degree of at least 2.2, advantageously from 2.2 fo'3 or from

2.3 to 3, more advantageously from 2.5 fo 3, preferably from 2.7 10 29,
m is 4, 5 or 6 and the comesponding cafion is one chemically or
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pharmaceutically acceptable ion.

These LMW-K5-amine-O-oversulfated are new products useful as
intermediates in the preparation of their N-sulfated or N-acylat d
derivafives but themselves have interesfing pharmacological
properties, in parficular as anti-free radicals and microbicides and, as
such, constilute new acfive ingredients of phamaceutical
compositions which constitute therefore an additional aspect of the
present invention.

In particular, according fo another of its aspects, the invention
concems the use of the aforesaid {epi)K5-amine-O-oversulfate-
derivatives with a high degree of sulfation for the preparation of new
N-substituted epiKS5-amine-O-oversuliate-derivatives.

The N-acyl-{epi}K5-amine-O-ovensulfate-derivatives according to the
present invention are obtained by subjecting the (epi)K5-amine-O-
oversulfate-derivafives o the step (c) of the process of the present
invention,

Thus, according to one of its additional aspects, the present invention
provides new N-acyl(epi)KS-amine-O-oversulfate’derivatives
obtainable by a process characterized in that

(a) an (epi)KS-N-sulfate-derivative, in acidic form, is freated with a
terfiary or quatemary organic base, letting the reaction mibxure to
stand for a fime period of 30-60 minutes, maintaining the pH of the
solution at a value of 7 by addition of said tertiary or quatermnary
organic base and ifs salt is isolated with sald organic base;

(b) said salt of organic base of said {epi)K5-N-sulfate-derivative is
freated with an O-sulfation reagent in the conditions of O-
oversulfation;

(c) the product thus obtained is freated with a functional derivative of
a (C>C4 carboxylic acid, the N-acyl-{epi)K5-amine-O-oversulfale-
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derivative thus obtained is isolated. Generally the N-acyl-{epilK5-
amine-O-oversulfate-derivative is isolated in sodium salt form and
opfionally said sodium salt is iransformed into another chemically or
pharmaceutically accepiable salt.

As occurs for the (epi)K5-amine-O-oversulfcte—deﬁvaﬁves. also the
degree of sulfafion of .the N-acyl-(epi)K5-amine-O-oversulfate-
derivatives as obtained above depends on the configuration of the
starting {epi)K5-N-sulfate-derivative, since the volume in the
disaccharide chain of K5-N-sulfate-derivative, in which the uronic units
are comprised exclusively of glucuronic acid, allows a oversulfation
which is less than that occuning with the epiK5-N-sulfate-derivative,
especially if the epimerization degree of the lotter is 40-60%. of
glucuronic acid and 60-40% of iduronic acid.

In fact, it has been ascertained that, subjecting a K5-N-sulfate-
derivative to the aforesaid steps {a)-lc} an N-acyl-K5-amine-O-
oversulfate-derivative is obtained having d degree of sulfation from
2 2 to 3, advantageously from 2.5 to 3, preferably from 2.7 to 2.9.
Subjecting an epiK5-N-sulfate-derivative to the aforesaid steps {a), {b)
and {c) in which the iduronic acid content is 20-60% of the total of the
uronic  acids, N-acyl-epiK5—cmine-O-oversquaie—deﬁvc:ﬂves are
obtained having a sulfation degree of at least 3.4, advantageously of
at least 3.5, more advantageously from 3.55 to 4, preferably from 3.55
{o 3.8.

Thus, according to another of its aspects, the present invention
provides new N-ucyl—(epi)Ks-amine—O—oversulfcie—deﬁvaiives in which
the acyl is a [C2C4)} carboxylic acid. having a mean molecular weight
from opproximately 2,000 to opproximately 45,000, preferably
between approximately 4,500 and approximately 40,000, a degree of
sulfation as indicated above, said derivatives being basically inactive
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on the coagulafion parameters but useful active ingredients of
phamaceutical or cosmetic compositions.

For use of the N-acyl-epiK5-amine-O-oversulfate-derivatives of the
present invention as pharmaceutical or cosmetic products it is
advantageous to prepare both derivatives of low molecular weight,
with @ mean molecular weight from approximately 3,000 to
approximately 11,500, preferably from approximately 4,500 to
approximately 8,500, with a molecular weight distribution of between
approximately 1,000 and approximately 15,000, preferably betwe n
approximately 2,000 and approximately 10,000 and derivatives of high
molecular weight, originating from the unfractionated X5, with a mean
molecular weight from approximately 15,000 to approximately 45,000,
preferably between approximately 20,000 and approximately 45,000,
with a molecular weight distibution from approximately 2,000 o
approximately 70.000.

In the N-acyl-epiK5-amine-O-oversulfate-derivatives of the present
invention, the degree of sulfation is very high, since on the 4 free
hydroxyls available per disaccharide unit, at least 3.4, preférably from
3.5 to 3.8, are sulfated, whereas the nitrogen of the glucosamine is
virtually 100% acylated. Besides, the N-acyl-epiK5-amine-O-
oversulfate-derivatives are 100% 6-O-sulfated and 50-80% JF-O-sulfated
in their glucosamine units, 5-10% 3-O-monosulfated in glucuronic units,
10-15% O-monosulfated in iduronic units and 2.3-di-O-sulfated in the
remaining uronic units, considering that the degree of sulfation is at
least 3.4.

The N-acyl-K5-amine-O-oversulfate-derivatives which, as indicated
above, have a degree of sulfation from 2.2 to 3, are at least 90% 6-O-
sulfated.,

According to another of its aspects, the invention provides new N-
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acyl-epiKs-cmine-O-oversuIfate—derivoiives consisting of chain
mixtures in which at least 90% of said chains have the formula IV

B H,OSO; 00" ]
O
—~ R R YT (v
NH-Z "
B ' OR il

in which the uronic units are 20-60% consisting of iduronic acid, nis a
infeger from 2 to 100, preferably from 3 to 100. R, R' and R" are
hydrogen or SOs-, 1 is(C2-C4)acyl, the degree of sulfation is at least 3.4,
advantageously of at least 3.5, more advantageously from 3.55 to 4,
preferablg from 3.55 to 3.8 and the comesponding cation is chemically
or pharmaceutically acceptable.

Advaniageous N-acyl-epil(5-amine—O—oversulfaie-derivcﬁves of
extremely high degree of sulfation are consisting ofa chain mixture in
which at least 90% of said chains have the formula IV in which the
uronic units are 40-60% consisting of iduronic acid, nis @ integer from 2
io 100, preferably from 3 to 100, with a mean molecular weight from
cpproximciely' 2,000 to approximately 45,000, advantageously from
approximately 4,500 to approximately 45,000, R is at least 40%.
preferably 50-80% SOs, R" and R" are both SO3 or one is hydrogen and
ihe other is 5-10% SOg in monosulfate glucuronic acid and 10-15% SOz
in monosulfate iduronic acid, the degree of sulfation is more than 3.4
and the comresponding cation is chemically or pharmaceutically
acceptable.

The N-acyl-epiKS—amine-O—oversuIfc're-deriva’rives of exiremely high
degree of sulfation of particular interest are N-acyl-LMW-epiK5-amine-
O-oversulfates consisting ofa chain mixiure in which at least 90% of
said chains have the formula V'
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v

in which q is a integer from 2 to 20, R, R' and R" represent hydrogen or
an SOxgroup for a degree of sulfation from 3.55 1o 4, 7 is {C2~C4)acyl,
and the cormesponding cation is one chemically or pharmaceutically
acceptable ion.

Chain mixtures of formula IV’ in which the uronic units are 40-60%
comprised, preferably 50-55%, of iduronic acid, R is at least 40%,
advantageously 50-80%, preferably approximately 65% SOz, R' and R"
are both SOx or one is hydrogen and the other is 5-10% SOy in
glucuronic acid and 10-15% SOy in iduronic acid, q is a integer from 3
to 15, with @ mean molecular weight from approximaiely 4,500 io
approximately 9.000 and the comesponding cation is chemically or
pharmaceutically acceptable are preferred.

Other parficularly interesting N-acyl-LMW-epiKS—amine—O—czversquat 5
are those of very low molecular weight, consisting of a chain mixture in
which the preponderant species is a compound of formula IV'a

H,080; oo |
o

R RYTN  ve
NH-Z OR'J;.

in which p is a infeger from 4 o 8, R, R’ and R” are hydrogen or an SOy
group for a degree of sulfation from 3.55 10 4, Z is (C2Cilacyl, and the
coresponding cafion s one chemically or phamaceutically
acceptable ion.

The origin of the new N-acyl-LMW-epikS-amine-O-oversulfat s from
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LMW-epiK5-sulfates obtained by nitrous depolymerization and
subsequent reduction with, for example, sodium borohydride, involves,
at the reducing end of the majority of the chains in said chain mixture,
the presence of a sulfated 2,5-anhydromannitol unit of structure (a’)
defined above, in which R" represents hydrogen or SOs.

Thus, the reducing end of the madjority of the chains in said chain
mixture is represented by the structure (b")

"'=§5°=' 00" GH,080;
N A R ®
NHZ R CHO80;

in which ,Z represents (CxCd)acyl and the uronic unit can be-

glucuronic or iduronic. C -
Among the aforesaid new N-acyl—LMW-epiKS—amine-O-pversulfotes.
are preferred those consisting of mixtures in which the preponderant
species is a compound of formula IV'b

A

in which R, R' and R" are hydrogen or SOx-, Z is (C2Cdlacyl, X" isOH or

OSO5. mis 4, 5 or é, for a degree of sulfation from 3.55 to 4, the uronic
units are present alternately, starling with a glucuronic or iduronic unit,
and the comesponding cation is one chemically or pharmaceutically
acceptable ion.

Said calions are advantageously those of alkaline metals, alkaline-
earth metals, of ammonium, {Ci1-Cujtetraalkylammonium, aluminum
and zinc and, among these, preferably the salts of sodium, calcium
and tetrabutylammonium.

In all the N-acyl-epiks-amine-O-oversulfates shown above, in
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particular those of formula Iv, Iv', IV'a, IV'b, as dlso in the structure b",
the acyl group (Z) is preferably a (C-Cijacyl selected among the
group consisting of acetvi, (2-carboxy)acetyl, (2-
methoxycarbonyijacetyi, (2-eihoxycarbonyl)ucetyl. propionyl, (3-
carboxy)propionyl, N-(3—methoxycarbonyl)propionyl and {3
eihoxycarbonyi)propionyl.

According fo another of iis aspects, the invention provides new N-
acyl-K5-amine-O-oversulfate-derivatives consisting of chain mixtures in
which at least 90% of said chains have the formula v

,080," « ]
0
R U \ M

NH-Z OR* 2

in which n is a integer from 2 to 100, preferably from 3 to 100, Z is (Ca-
C4acyl.R, R' and R" are hydrogen or SOy, the degree of sulfation is at
least 22, advantageously from 2.2 1o 3 or from 2.3 to 3, more
advantageously from 2.5 to 3, preferably from 2.7 io 2% and the
comresponding cation is chemically or pharmaceutically acceptable.

Parficularly interesting are new N-acyl-LMW—KS—umine-o-oversulfaies
consisting of -chain mixtures in which at least 90% of said chains have

the formula V'
{ @Z

In which q s a integer from 2 to 20, 7 is {C>Cjacyl, R, R' and R"
represent hydrogen or an SOy group for a sulfation degree of at least
22, advantageously from 22 fo 3 or from 23 1o 3, more
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advantageously from 2.5 fo 3, preferably from 2.7 to 2.9 and the
comesponding cation is one chemically or phamaceutically
acceptable ion.

Among these N-acyl—LMW-KS-omine-O—oversquates are prefemred
those consisting of @ chain mixture in which the preponderant species
has the formula V'a

H 080, coo” T
Q 0
—\ R R ™ (Va)
NH-Z =
L ORJP

in which p,is a integer from 4 o 8, Zis (C2Cas)acyl, R, R* and R” are as
defined above. the degree of sulfation is at least 2.2, advantageously
from 2.2 to 3 or from 2.3 fo 3, more advantageously from 2.5 to 3.
preferably from 2.7 fo 2.9 and the comresponding cation is chemically
or pharmaceutically acceptable.

The origin of the new N-acyl-LMW-K5-amine-O-oversulfates from LMW-
K5-sulfates obtained by nitrous depolymerization and subsequent
reduction with, for example, sodium borohydride, involves, at the
reducing end of the majority of the chains in said chain mixiure, the
presence of a sulfated 2, 5-anhydromannitol unit of structure (a') as
shown above, in which R" represents hydrogen or SOs.

Thus, the reducing end of the maijority of the chains in said chain
mixture is represented by the structure {b'"")

H,080," ¢oo” H,080,
0 0
~ N R R g
NH-Z OR CH,0S0,

in which Z. R, R’ and R" are as defined above.
Among the aforesaid new N-acyl-LMW-KS-omine-O-oversquaies. are
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prefemed those consisting of mixtures in which the preponderant
species is a compound of formula V'b

) H,080, i H,0S0,"
E A
NH-Z oR ]Lécﬂ.m
in which Z Is {C2-C4)acyl, R, R' and R" are hydrogen or SOx, X" is OH or
OSOy, for a sulfation degree of ot least 2.2, advantageously from 2.2
to 3 or from 2.3 10 3, more advantageously from 2.5 to 3, preferably
from 2.7 to 2.9, m is 4, 5 or 6 and the comresponding cation is one
chemically or pharmaceutically accepiable jon.
In all the N-acyl-K5-amine-O-oversulfates shown above, in parlicular
those of formula V, V', V'a, V'b, as also in the structure b™, the acyt
group (Z) is preferably a {C>Cdacyl selected among the group
consisting of acetyl, (2-carboxy)acetyl, (2-methoxycarbonyl)acetyl, (2-
ethoxycarbonyljacetyl,  propionyl, (3~carboxy)propionyi, N-(3-
methoxycarbonyl)proponyl and (3-ethoxycarbonyl)proponyl.
Particularly interesting are the N-acyl-K5-amine-O-oversulfdtes shown
above in which Z is a (C2-C4)acyl different from acetyl. Also inferesting
and particularly aclive are the N-acyl-KS-amine-O-oversulfates shown
above, in which Z is acetyl, having o degree of sulfation of 2.7-2.9,
preferably of approximately 2.8.
The new N-acyl-{epi]K5-amine-O-oversulfate-derivatives, especially in
their salts fom, are highly anionic products able to capture the free
rad:cals These can be used in the cosmetics industry as coadjuvants
ogalnsi hair loss or to prepare “anfi-ageing” creams, but are above all
useful in the phamaceutical industry, as products for the treatment of
dermalifis and as microbicides.
Thus, according to one of its additional aspects, the present invention
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provides pharmaceutical compositions including, os one of their
active ingredients, a pharmacologically active amount of an N-acyl-
(epi)K5—omine—O-oversquate—derivciive as shown above or of one of its
phamaceutfically acceptable salis, in mixture with a pharmaceufical
excipient.

In the pharmaceutical compositions of the present invention for oral,
subcutaneous, infravenous, iransdemal or topical adminisiration, the
active ingredients are preferably administered in the form of dosage
units, in mixture with the classic pharmaceutical excipients or vehicles.

The dose regimen can vary widely depending on the age, the weight
and health condition of the patient. This dose regimen includes the
administration of a dose from 1 to 1000 mg, advantageously from 10
io 750 mg, preferably 250 to 500 mg from one to three times a day.by
intravenous, subcutaneous, oral, fransdermal or topical administration.

The present invention also provides a cosmetic composition including
an effective amount of an N-acyl-(epi}K5-amine-O-oversulfated-
derivafive or one of its pharmaceufically acceptable salls, in mixture
with a cosmetic excipient. .

Besides, the present invention provides a pharrhaceuﬁcal composition
including, as one of its acfive ingredients, an (epi)K5-amine-O-
oversulfate-derivative obtainable according to steps (a} and {b) of
the process described above, or one of its phamaceufically
acceptable salts, in mixiure with @ pharmaceutical excipient.
Advantageously,  said (epi]K5—amine—0-oversulfa're-deﬁvoﬁve is
consisting of a chain mixture in which at least 90% of said chains have
the formula #, I, NIl or liI" or in which the preponderant species is a
compound of formuia lig, II'a lI'a or I'b. Preferred active ingredient is
a Imw-K5-amine-O-oversulfate having a degree of sulfation from 2.2 to
3, advantageously having a mean molecular weight from
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approximately 3,500 to approximately 11,000, more advantageously
from approximately 3,500 to approximately 5,200 and basically free of
N-acetyl and N-sulfate groups.

In the phammaceutical compositions of the present invention for oral,
subcutaneous, infravenous, transdemal or fopical administration, the
active ingredients (epi)K5-amine-O-oversulfate-derivatives are
preferably administered in the form of dosage unifs, in mixture with the
classic pharmaceutical excipients or vehicies. The dose regimen can
vary widely depending on the age, the weight and health condition
of the patient. This dose regimen includes the administration of a dos
of an (epi)k5-amine-O-oversuifate-derivative from | fo 1000 mg,
advantageously from 10 to 750 mg, preferably 250 to 500 mg from one
to three times a day by intravenous, subcutaneous, oral, fransdermal
or topical adminisiration.

The phammaceutical compositions inciuding an {epi)K5-amine-O-
oversulfate-derivative such as those shown above are formuylated with
the classic excipients suitable for different ways of administration.
Parficularly advantageous are the formulations in the form bf creams,
ointmenis, liniments, gels, foams, balsams, vaginal pessaries,
suppositories, solutions or suspensions suitabie for local adminisiration.
Finally, the present invention provides a pharmaceutical composition
containing, as one of its active ingredients, a pharmacologically
acfive amount of o Imw-(epi) KS-N-suifate, i.e. of a Imw-K5-N-sulfate or
of a Imw-epik5-N-sulfate as shown above or of one of their
phamaceutically acceptable saifs, in mixture with a phamaceutical
excipient.

In the pharmaceutical compositions of the present invention for oral,
subcutaneous, intravenous, fransdermal or topical cdminisfratic'm. the
active ingredients are preferably administered in the form of dosage
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units, in mixture with the classic pharmaceutical excipients or vehicles.

The dose regimen can vary widely depending on the age., the weight
and health condition of the patient. This dose regimen includes the
administration of a dose from 1 o 1000 mg. advantageously from 10
to 750 mg, preferably 250 fo 500 mg from one to three times a day by
infravenous, subcutaneous, oral, iransdermal or topical administration.
According to another of its aspects, the present invention ailso
provides a cosmetic composition containing, as oneé of its acfive
ingredients, an effecfive amount of a Imw-K5-N-sulfate or LMW-epiK5-
N-sulfate or of one of ifs phamaceutically acceptable salls, in mixture
with a cosmetic excipient.

Advan'fd"g'eously, said LMW—(epi)KS—N-squate—derivoiive is consisfing of
a chain mixture in which at least 90% of said chains have the formula.l,
or I', or in which the preponderant species is a compound of formula
I'a, or I'b. Prefered active ingredient is a Imw-{epi)K5-N-sulfate-
derivative having a mean molecular weight from approximately 1,000
to approximately 12,000, advantageously from approximately 1,500 to
approximately 8,000, preferably from approximately 1,500 to
approximately 7,500 and basically free of N-acetyl groups.

A salt selected from the group consisting of salis of alkaline metals or
alkaline-earth metals, of ammonium, (Cn-C4lie’rraaIkylummomum

alumlnum or zinc, in particular the salt of sodium, potassium, calcium,
magfiesium, aluminum or snc constitutes an effecfive active
ingredient of the compositions of the present invention.

The following examples illustrate the invention without however limiting
it.

PREPARATION |

LMW-epiK5-N-sulfate

a) Epimerization of K5-N-sulfate
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2 g of K5 N-sulfate, obtained as described in Example 1, steps (i} and
(i), of WO 02/068477, are dissolved in 120 ml of 25 mM HEPES buffer, pH
7. containing 50 mM CaClI2. The solution obtained is made to
recirculate through a 50 mi column filled with the resin containing the
immobilized enzyme obtained as described in WO 96/14425. This
operation is camied out at 30°C with a flow of 200 mi/h for 24 hours.
The product obtained is purified through ulirafiltration over a 1000 D
membrane and passage over an ionic exchange column IR 120 H+,
neufralizing the eluate with IN NaOH. The sample is recovered by
precipitation with ethanol or acetone.

An epimerized product is obtained with an iduronic ‘acid/glucuronic
acid ratio of 55/45 against a ratio of 0 /100 of the starting product. Th
percentage of epimerization was calculated with '"H-RMN according
to the method described in WO 96/14425. The vield, calculated by
measuring the content of uronic acids against a standard with the
carbazole method (Bitter and Muir Anal. Biochem. 39, 88-92-1971) is
?20%.

b)  Depolymerization of epi-K5-N-sulfate
1 g of product obidined in step (a) is depolymerized by the

degradation method with nitrous acid and subsequent reduction of
the aldehyde which forms. In particular one continues by dissolving
the product in 25 ml of distilled water and adding it with 230 mg of
sodium nitrite dissolved in 115 ml of disillled water. The solution is then
brought to 4°C and the pH fo 2 with 0.1 N HCI and maintained for 30
minutes. At the end of the reaction the solution is brought to room
temperature and the pH to 7 with 0.1 M NaOH. The solution is then
added with 450 mg. of NaBH, and reacted for 4 hours. The product is
recovered by precipitation with 3 volumes of acetone at 4°C, fillration
with filtering funnel and dried at 40° C in g vacuum ov n. 900 mg of

46



WO 2003/106505 PCT/IB2003/0012339

LMW-epiK5-N-sulfate are obtained with a molecular weight distribution
measured with HPLC method which ranges from 1,000 to 4,000 and
with @ glucuronic unit content of 45% and iduronic unit content of 55%.
PREPARATION Il

LMW-K5-N-sulfate

The product obtained as described in Example 1, steps (i) and (i), of
WO 02/068477 is depolymerized by the degradation method with
nitrous acid and subsequent reduction of the aldehyde which forms.
One confinues by dissolving 1 g of K5-N-sulfate in 200 ml of distilled
water and adding it with 480 mg of sodium nitrite dissolved in 240 ml of
distiled water. The solution is then brought to 4°C and the pH to 2 with
0.1 N HC! ‘and maintained for 30 minutes. At the end of the reaction
the solution is brought to pH 7 with 0.1 M NaOH and then to room
temperature. The solution is then added with 450 mg. of NaBH4 and
reacted for 4 hours. The excess NaBHq is eliminated with HCI bringing
the pH to 5-6. The product, neulralized with 0.1 M NaOH, is recovered
by precipitation with 3 volumes of acetone at 4°C, filiration with
filtering funnel and dried at 40° C in a vacuum oven, 900 mg of LMW-
K5-N-sulfate dre obtained with a mean molecular weight of
approximately 2,000, conmshng of a chain mixture in which the
preponderant species is a compound of formula I'D in which m is 4
and the uronic units are those of glucuronic acid.

PREPARATION il

{a) Depolymerization of K5-N-sulfate

7 g of K5-N-sulfate obtained as described in Example 1, steps (i} and
(i), of WO 02/068477 is depolymerized as described in PREPARATION I,
ulilizing 100 mg of sodium nitite and 300 mg. of sodium borohydride.
18 g. of LMW-K5-N-sulfate are obtgined with a mean molecular
weight of 5,000
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(b}  Epimerization of LMW-K5-N-sulfate

1 g of LMW-K5 N-sulfate obtained in step (a) is freated as described in
step (a} of the Example 1. An epimerized product is obtained with an
iduronic acid/glucuronic acid ratfio of 44/56 against a ratio of 0/100 of
the starting product, with a molecular weight distibution from 2,000 o
10,000 and with @ mean molecular weight of 5000 D. The vyi id,
calcuviated by measuring the content of uronic acids against a
standard with the carbazole method (Bitter and Muir Anal. Bioch m.
39. 88-92-1971) is 90%.
PREPARATION IV

Preparation of an epiK5-N-sulfate
A solution of 10 g of K5-N-sulfate obiained as described in Exomple 1,
steps (il and (i).. of WO 02/068477 in 600 mi of 25 mM HEPES buffer af
PH 7. containing CaCla at a concentration of 30 mM is made 1o

recirculate through a 50 mi column filled with Sepharose 4B resin
containing 5 g of recombinant CS-epimerase (WO 96/ 14425}
immobilized as described in WO 01/72848. The reaction is camed out
at 30°C at pH 7 with a flow of 200 mish for 24 hours. The product
obtalned is purified by ulirafitration and precipitation with ethanol.
Thus an epiK5-N-sulfate is obiained whose iduronic acid content is
54%.

PREPARATION Vv

Preparation of a Imw-epiK5-N-sulfate

1 g of product obtained in PREPARATION IV is depolymerized by the
degradation method with nitrous acid and subsequent reduction of
the aldehyde which forms. in particular one continues by dissolving
the product in 25 ml of distilled water and adding it with 230 mg of
sodium nitrite dissolved in 115 mi of distiled water. The solution is then
brought fo 4°C and the pH to 2 with 0.1 N HCl and maintained for 30
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minuies. At the end of the reaction the solution is brought to room
temperature and the pH to 7 with 0.1 M NaOH. The solution is then
added with 450 mg. of NaBH4 and reacted for 4 hours. The product is
recovered by precipitation with 3 volumes of acetone at 4°C, filtration
with filtering funnel and dried at 40° C in a vacuum oven. 900 mg of
LMW—epiKS-N-sulfoie are obtained with a molecuiar weight distribution
measured with HPLC method which ranges from 1,000 to 4,000.
EXAMPLE 1

EpiK5-amine-C-oversulfate

(a} Tetrabutylammonium salt of epi K5-N-sulfate

A solution of 400 mg of epiK5-N-sulfate with an iduronic acid content
of 54% ds obtained in PREPARATION IV in 40 ml of water is
thermostated at 4°C, then passed over an jonic exchange resin IR 120
H* preconditioned with water at 4°C. The eluate obtained, consisting
of 100 ml of a solution at pH 1.94, is neutralized with a solution of 15%
tetrabitylammonium hydroxide and left at room temperature for one
hour, maintaining the pH at 7 by addition of 15% tetrabutylammonium
hydroxide and finally is lyophiized. Thus 805 mg of
tetrabutylammonium salt of epiK5-N-sulfate are obtained.

(b) Epi-K5-amine-O-oversulfate

To a solution containing the 805 mg of the salt thus obtained in 30 ml
of dimethylformamide is set at 55°C and treated with 30 ml of
dimethylformamide containing 226 g of pyrdine.SOs adduct. The
reaction at 55°C is continued overmnight then 40 ml of water are added
to the mixiure. After neutralization with 1N NaOH, the product is
precipitated with 3 volumes of acetone saturated with NaCl and set
at 4°C overnight. The precipitate is recovered by fillration on guch G4
and then ulirafittered with 1000 D Millipore TFF system and dried at
reduced pressure. 550 mg of epi-K5-amine-O-oversulfated  are

49



WO 2003/106505 PCTNB2003/002339

obtained having a confent of iduronic acid of 54%, of glucosamin -6
O-sulfate of 100%, of glucosamine 3-O-sulfate of 0%, of monosulfate
glucuronic acid of 10%, of monosulfate iduronic acid of 15%, the rest
of the uronic units being disulfated, with a sulfation degree of 3.55
measured with the conductometric method according to Casu et al.
1975.

EXAMPLE 2

N-Acetlyt-epiK5-amine-O-oversulfate

To a solution of 250 mg of epi-K5-amine-O-oversulfate obtained in
Example 1 in 75 ml of water and cooled to 4°C are added 7.5 ml of
methanol and 3.75 ml of acefic anhydride. The reaction is kept at 4°C
for 2 hours maintaining the pH at a value of 7 with 5M NaOH. After
ulirafiliration on 1,000 D membrane are added 3 volumes of acetone
saturated with sodium chioride and the precipitate is recovered by
centrifugation at 5,000 rpm for 5'. Thus 249 mg of N-acetyl-epiks-
amine-O-oversulfated are obtained with an iduronic acid content of
54%. glucosamine-4-O-sulfate of 100%, N-acetyl of 100%, glucosamine
3-O-sulfate of 60%, monosuifate glucuronic acid of 10%, rhonosulfate
iduronic acid of 15%, the rest of the uronic uniis being disulfated, and
whose sulfation degree is 3.5 measured with the conductometric
method according to Casu et al. 1975,

EXAMPLE 3

N-acetyl-K5-amine-O-oversulfate

1 gr of K5 N,O oversulfate obtained in Bample 2 of WO/02068477 is
dissolved in 200 mi of water and the solufion is brought fo pH 2 with 1 N
HCI and thermostated at 50°C. The reaction is kept at 50 °C for 3 hours
and then cooled to room temperature and neufralized with 1IN NgOH.
The sample is then cooled to 4°C and 20 ml of MeOH and 10 m! of
acefic anhydride are added 1o the reaction which is left at 4°C for 2

50



WO 2003/106505 PCT/IB2003/0233Y =

hours maintaining the pH constantly at 7. At the end of the reaction
the sample is purified from salfs by ultrafiltration on a membrane with a
1000 D cut off and then recovered by dried ot reduced pressure. A
100% N-ocetylated product is obtained, 100% 6-O sulfate, 30%
monosulfate and 70% disulfate on the glucuronic acid is obiained.
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CLAIMS

1. Process for the preparation of N-acyl-{epi)K5-amine-O-oversulfate-
derivatives and of its chemically or phamaceutically acceptabl
salts, characterized in that

{a} an (epi)K5-N-sulfate-derivative, in acidic form, is freated with a
tertiary or quatemary organic base, leting the reaction mixfure to
stand for a time period of 30-60 minutes, maintaining the pH of the
solution at a value of approximai.ely 7 and its salt is isolated with said
organic base;

(b) said salt of organic base of said (epi)K5-N-sulfate-derivative is
treated with an O-sulfation reagent in the conditions of O-
oversulfation;

{c) the (epi)K5-amine-O-oversulfate-derivative thus obtained is treated
with a functional derivative of a [C2-C4) carboxylic acid, the N-acyl-
(epi)KS-amine-O-oversulfate-derivative is isolated.

2. Process according to claim 1, characterized in that said N-acyl-
(epi}KS-N,O-oversulfate-derivative is isolated in sodium salt form and
opfionally transformed into another chemically or pharmaceutically
accepiable salt.

3. Process according to anyone of claims 1 and 2, characterized in
that, in step () tetrabutylammonium hydroxide is used as an organic
base.

4. Process according fo anyone of claims from 1 1o 3, characterized in
that, in step (b) the O-ovensuliafion is camied out in
dimethylformamide utiliing 2-4 moles of O-sulfation reagent per
available OH per disaccharide at a temperature of 40-40°C for 15-20
hours.

5. Process according to anyone of claims from 1 fo 4, characterized in
that as starting material an (epi)KS-N-sulfate-derivative is used having
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a mean molecular weight from approximately 1,000 to approximately
25,000.

4. Process according to anyone of claims from 1 to 5, characterized in
that said starling material is 40-60% C5-epimerized.

7. Process according to anyone of claims from 1 to 6, characterized in
that said starting matesial has a mean molecular weight from
approximately 1,500 to approximately 25,000.

8. Process according to claim 7, characterized in that said starting
material has a mean molecular weight between 10,000 and 25,000.

9. Process according to claim 7, characterized in that said starling
material has @ mean molecular weight from approximately 1,500 to
approximdtely 12,000.

10. Process according to claim 9, characterized in that said starting
material has a mean molecular weight from approximately 1,500 to
approximately 8,000.

11. Process according to claim 5, characterized in that as starfing
material an (epi}k5-N-sulfate-derivafive is used consisting of a chain
mixture in which at least 90% of said chains have the formula |

 CH,OH -]
0]
£=- - H H YT )

NHSO;  OH |

in which the glucuronic units/iduronic units ratio is from 100/0 to 40/60,
nis a integer from 2 to 100 and the comesponding cation is chemically
or phamaceutically acceptable.

12. Process according to claim 11, characterized in that said starting
material is consisting of a chain mixture in which at least 90% of said

chains have the formula |, in which the uronic units are 40-60%
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consisting of iduronic acid.

13. Process according fo claim 11, characterized in that said starting
material is a Imw-{epi)k5-N-sulfate consisting of a chain mixture in
which at least 90% of said chains have the formula | in which the
uronic units are all consisting of glucuronic acid or are 40-60%
consisting of iduronic acid, n is a integer from 3 fo 15 and the
comesponding cation is chemically dcceptable.

14. Process according to claim 11, characterzed in that said starting
material is a Imw-(epi}K5-N-sulfate consisting of a chain mixture in
which at least 90% of said chains have the formula '

)

in which the uronic units are 100% consisting of glucuronic acid or 40-
40% of glucuronic acid and 40-60% of iduronic acid, q is a integer from
2 fo 20 and the comesponding catfion s chemically or
pharmaceutically acceptable. ‘

15. Process according to claim 11, characterized in that said starting
material is a Imw-(epi)K5-N-sulfate consisting of a chain mixture in
which the preponderant species has the formula I'a

H,0H -

H (Ta)

NHSO;

in which the uronic units are 100% consisting of glucuronic acid or 40-
40% glucuronic and 40% fo 60% of iduronic acid, p is a integer from 4
to 8. '
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16. Process according to anyone of claims from 5 to 15, characterized
in that said starting material is a Imw-{epi}K5-N-sulfate obtained by
nitrous depolymerization of the comesponding (epi})K5-N-sulfate and
subsequent reduction.
17. Process according to claim 16, characterized in that said starting
LMW-(epi)K5-N-sulfate contains, at ihe reducing end of the majority of
the chains in said chain mixture, @ 2,5-anhydromanno unit of structure
{a)

H,OH

H (a)

X

in which X'represents a hydroxymethyl group.
18. Process according to anyone of claims 16 and 17, characterized-in
that as starting material a Imw-{epi)K5-N-suifate is used consisting of

chain mixtures in which the preponderant species is a compound of

formula!'b
oo- [ choH 00" H.OH
o o 2
H .
HO .
OH NHSO; OH X
L m

in which X is hydroxymethyl, m is 4, 5 or 6, the comesponding cation is
one chemically or pharmaceutically acceptable ion, the uronic units
are all of glucuronic acid or the glucuronic and iduronic units are
present alternately, starting with a glucuronic or iduronic unit.

19. Process according to anyone of claims from 1 to 18, characterized
in that said starting [epi)K5-N-sulfate-derivative is utilized in sodium salt
form.

20. An N—ccyl—(epi)K5-amine-O-oversulfaie-derivc:ﬁve obtainable
according to the process of claims from 1 to 19.
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2]. An N-acyl-{epi)K5-amine-O-oversulfate-derivative according fo
claim 20 in salt form of an alkaline metal or alkaline-earth metal, of
ammonium, (Ci-Cajtetraalkylammonium, aluminum or zinc,

22. An N-acyl-epiK5-amine-O-oversulfate-derivative, in which acyl is a
{C2C4)acyl, having an iduronic acid content of 20-60%, a mean
molecular weight from approximately 2,000 to approximately 45,000
and a sulfafion degree of at least 3.4, or one of iis chemically or
pharmaceutically acceptable salfs.

23. An N-acyl-epiK5-amine-O-oversulfate-derivative according fo
claim 22, whose mean molecular weight is between approximately
15,000 and approximately 45,000. '

24, An N-acyl-epiK5-amine-O-oversulfate-derivative according to
claim 22, whose mean molecular weight is between approximately
4,500 and approximately 8,500.

25. An N-acyl-epiK5-amine-O-oversulfate-derivative according to
anyone of claims from 22 to 24, characterized in that said degree of
sulfation is from 3.4 to 3.8.

26. An N-acyl-epiKS-amine-O-oversulfate-derivative consistirlg of chain
mixtures in which at least 90% of said chains have the formuia Iv

H,080; -
—_ R N v

NH-Z
_ R,

in which the uronic unlits are 20-40% consisting of iduronic acid, n is o
integer from 2 to 100, R, R' and R" are hydrogen or SOs, 2 is{Ca-
Cdacyl, the degree of sulfation is o least 3.4 and the comesponding
cation is chemically or phamaceufically acceptable.

27. An N-acyl-epiK5-amine-O-oversulfate-derivative daccording to
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claim 26, characterized in that it consists of a chain mixture in which at
least 90% of said chains have the formula 1V in which the uronic units
are 40-60% consisting of iduronic acid, n is a integer from 3 fo 100, with
a mean molecular weight from approximately 2,000 to approximately
45000, R is at least 40% SOz, R' and R" are both SO3 or one is
hydrogen and the other is 5-10% SOz in monosulfate glucuronic acid
and 10-15% $Os in monosulfate iduronic acid and the comesponding
cation is chemically or pharmaceufically acceptable.

28. An N-acyl-epik5-amine-O-oversulfate-derivative according to
anyone of claims 26 and 27, characterized in that it is a Imw-N-acyl-
epiK5-O-oversulfate consisting of a chain mixture in which at least 90%
of said chdins have the formula IV

(I)R'J||

in which q is a integer from 2 fo 20, R, R’ and R" represent hydrogen or

an SOy group for a degree of sulfafion from 3.55to0 4, Z is (C2Cdacyl,
and the correspondlng cation is chemically or pharmaceutically
acceptable.

29. A Imw-N—ccyI-eles -O-oversulfate —according to claim 28,
characterized in that in said chain mixiure of formula V' the uronic
units are 50-55% consisting ot iduronic acid, R is at least 40% SOs, R’
and R" are both SOx or one is hydrogen and the ofher is 5-10% SOy in
glucuronic acid and 10-15% SOy in iduronic acid, q is a integer from 3
o 15,-with a mean molecular weight from approximately 4,500 to
approximately 9,000 and the comesponding cation is chemically or
pharmaceutically acceptable.

30. A Imw-N-acyl-epiK5-O-oversulfate according to anyone of claims
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28 and 29, characterized in that it consists of a chain mixture in which
the preponderant speciesis a compound of formula IV'a

[ cH,080, -]
0
"*r R RYTN  (vay
NH-Z OR"
L -t

in which p is a integer from 4 to 8, R, R' and R” are hydrogen or an SOx
group for a degree of sulfation from 3.55 o 4, Z is (C=C4)acyl, and the
comesponding catfion is chemically or pharmaceutically acceptable.

31. A Imw-N-acyl-epiK5-O-oversulfate according 'to claim 30,
characterized in that said preponderant species is a compound of

formula IV'b
[ cros0, ) H,080,’
R®
z%'i e

NH-2 oR' J CH,080,"

in which R, R" and R" are hydrogen or SOy, Z is (C2-Cajacyl, X" is OH or
OSSOz, mis 4, 5 or &, for a degree of sulfation from 3.55 to 4, the uronic
units are present alternately, starting with a glucuronic or iduronic unit,

and the comesponding cation is chemically or pharmaceutically
accepiable.

32. A imw-N-acyl-epik5-O-oversuliate according to any of claims from
22 1o 31 in which the substituent (Cz-C4)acyi is selected from the group
consisting ofacety, (2-carboxy)acetyl, (2—methoxycarbonyl)aceiyl. (2-
ethoxycarbonyt)acetyi, propionyl, (3-carboxy)propionyi, N-{3-
methoxycarbonyl)propionyl.and (3-ethoxycarbonyl) propionyl.

33. ‘An N-acyl-epiKHminLO—ovemulfate—deﬁvcﬁva according to
anyone of claims from 22 to 32, characterized in that said salt or



WO 2003/1065058

comresponding cation is an alkaline metal or alkaline-earth metal, of
ammonium, (C|-C4)Ietroalkylammonium, aluminum or zinc.

34, An N-acyI-Ks-amine—O—oversqucte—derivcﬁve consisting of a chain
mixture in which at least 90% of said chains have the fomula V

[~ H,080, ¢c0O” ]
0 o)
—\h R R ™ ™)
o]

in which n is a integer from 2 to 100, Z is (C>C4)acyl, R, R' and R" are
hydrogen or SOz, the degree of suifation s at least 2.2, and the
corresponding cation is chemically or pharmaceutically acceptable.
35. An N-acyl—KS—omine-O—oversulfcte—derivative according to claim
34, characterized in that itisa Imw-N-acyI—KS-amine-O-oversulfaie
consisting of a chain mixture in which at least 90% of said chains have
the formula V'

g

in which q is a integer -from 2 1o 20, 1 is {C>-C4acyl. R, R and R"

represent hydrogen or an SOy group for a degree of sulfafion from 2.2
to 3, and the comesponding cation is chemically or pharmaceutically
acceplable.

3b6. A Imw-N-c:cyl—KS—omine—O-oversquote according to claim 35,
characterized in that it consists of a chain mixiure in which th

preponderant speciesis @ compound of formula V'a
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in which p is a infeger from 4 to 8, Z is {C>C4)acyl, R, R’ and R"
represent hydrogen or an SO3 group for a degree of sulfation from 2.2
to 3, and the comesponding cation is chemically or pharmaceutfically
accepiable.

37. A Imw-N-acyl-K5-omine-O-oversulfate according to claim 34,
characterized in that said preponderant species is @ compound of
formula V'b

in which Z is (C2-C4)acyl, R, R' and R" are hydrogen or SOz, X" is OH or
OSOx, for a degree of sulfafion from 2.2 to 3, mis 4, 5 or.6 and the
comesponding cation is one chemically or phamnaceutically
accepiable ion.

38. An N-acyl-KS-aomine-O-oversulfate-derivative according fo anyone
of claims from 34 fo 37, characterized in that said degree of sutfation is
from 2.3 to 3.

39. An N-acyl-KS-amine-O-oversulfate-derivative according fo claim
38, characterized in that said degree of sulfation is from 2.5 fo 3.

40. An N-acyl-K5-amine-O-oversulfate-derivative according to claim
39, characterized in that said degree of sulfation is from 2.7 to 2.9.

41. An N-acyl-K5-amine-O-oversulfate-derivative according to anyon
of claims from 34 to 40, in which the substituent (C-C4)acyl is different
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from acetyl.

42. An N-c:cyl—KS—cmine-O-oversulfate—derivaiive according fo anyone
of claims from 34 to 40, in which the substituent (C2-Ca)acyl is acetyl,
having a degree of sulfation of 2.7-29.

43. An N-ocyl—KS—amine—O-oversqucie-derivaiive according to claim
42, having a degree of sulfation of approximately 2.8.

44, An N-ocyI-Ks-omine-o-oversulfaie-derivoﬁve according to anyone
of claims from 34 to 43, characterized in that said salt or comresponding
cation is an alkaline metal or alkaline-earth metal, of ammonium, (Ci-
Ca)tetraalkylammonium, aluminum or zinc.

45. Phammaceutical composifion including. as one of its active
ingredients, an (epi)K5-amine-O-oversquc’re—derivcﬁve or one of is
pharmaceutically acceptable salts, obtainable by the process
according to steps (a) and (b) of the claim 1, isolated in sodium sait
form and optionally iransformed into another pharmaceutically
acceptable salt, in mixture with a pharmaceutical excipient.

46. Composition according to claim 45, characterized in that said
active ingredient is an (epi)Ks-omine-O-oversquate—derivcﬂve having
a mean molecular weight from approximately 4,500 to approximately
40,000.

47. Pharmaceutical composition according to anyone of claims 45
and 46, in which said active ingredient is an (epi)K5-amine-O-
oversulfote-derivatfive consisting of a chain mixture in which ot least
90% of said chains have the formula i

080, ¢oo”
0
~N A R m
N
L H, oRrR" B

in which n is a integer from 2 fo 100, R, R' and R" are hydrogen or SOz,
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the uronic units are all of glucuronic acid, for a degree of sulfation
from 2.2 to 3, or are 20-60% consisting of iduronic acid, for a sulfafion
degree of ait least 3.4, and the comresponding cation s
phamaceutically acceptable.

48. Phamaceutical composition according to ciaim 47, characterized
in that said actlive ingredient is a Imw-epiKS-amine-O-oversulfate
consisting ofa chain mixture in which at least 90% of said chains have
the formula II*

R ™ W

inwhichqis a inf.eger from 2 to 20, R, R’ and R" are hydrogen or SOy,
the uronic units are 20-60% comprised, preferably 40-60%, of iduronic
acid, for a degree of sulfafion from 3.55 1o 4.

49. Phamaceutical composition according to claim 48, characterized
in that, in said chain mixture of formuia II', the uronic units gre 40-60%
consisting of iduronic acid, R is at least 40% SOz, R' and R" are both
SOs or one is hydrogen and the other is 5-10% SOy in glucuronic acid
and 10-15% SOs in iduronic acid, n is a infeger from 3 to 15, with a
mean molecular weight from approximately 4,000 to approximately
8.000.

50. Pharmaceutical composition according to anyone of claims 48
and 49, characterzed in that said LMW-epiK5-amine-O-oversulfate is
consisting of a chain mixiure in which the preponderant species has
the formula II'a
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T CH0S0; coo- |
Q 0
~ AR RYT e
P

in which p is a integer from 4 to 8, R, R’ ond R" are as defined above,

the degree of sulfafion is from 3.55 to 4 and the corresponding cation
is phamaceutically acceptable.

51. Phamaceutical composition according to claim 50, characterized
in that said preponderant species is a compound of formula II'b

- [ - - =
o)
” (R Q| ] 1 R (')
OR' - N . CH,080,”
B H, OR _L 3

in which R, R' and R" are hydrogen or SOs, X" is OH or OSOx, mis 4, 5
or &, fhe uronic units are 40-60% consisting of iduronic acid, for a
degree of sulfation from 3.55 o 4, the iduronic units being present
altemately, staring with @ glucuronic or iduronic unit, and the
comesponding cation is one pharmaceutically acceptable ion.

52. Pharmaceutical composition according o claim 45 including, as

one of its aclive ingredients, a K5-amine-O-oversulfate-derivative -

consisting ofa chain mixture in which at least 90% of said chains have

the formula il
B H,080," 00" -]
0 o)
-\\ R' ™\ am
| on'__]n

in which n is a integer from 2 to 100, R, R' and R" are hydrogen or SOsx.,
the degree of sulfation is ot least 22. and the comresponding cation is
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phamaceutically acceptable.

53. Pharmaceutical composition according to claim 52, characterized
in that said actlive ingredient is o Imw-K5-amine-O-oversulfate
consisting ofa chain mixture in which at least 90% of said chains have

the formula IiI*
F 080," o |
o]
—~ R R YT\ am
NH, oR |

in which q is a integer from 2 to 20, R, R' and R" represgn’r hydrogen or
an SOs group for a sulfation degree of at least 2.2.

54. Phomaceutical composition according to claim 53, characterized
in that said LMW-K5-amine-O-oversulfate is consisling of a chain
mixture in which the preponderant species has the formula Ili'a

{lire)

in which p is a integer from 4 1o 8, R, R' and R" are as defined above,
the degree of sulfation is from 2.2 to 3.

33. Phamaceutical composition according to claim 50, characterized
in that said preponderant species is a compound of formula II'b

00~ - 00" oso;
L R )
OR' NH, OR' CH, 050,

in which R, R and R" are hydrogen or SOz, X" is OH or 0OSOs, for a
degree of sulfation from 2.2t0 3, mis 4, 5 or é and the comresponding
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cation is one pharmaceutically acceptable ion.

56. Pharmaceutical composition according to anyone of claims from
45 fo 55, characterized in that said pharmaceutically acceptable salt
or cation is sodium, potassium, calcium, magnesium or zinc.

57. Pharmaceufical composition according to anyone of claims from
45 to 56, characterized in that it is in the form of cream, ointment,
liniment, gel, foam, balsam, vaginal pessary. suppository, solufion or
suspension for local administrafion.

58. A pharmaceufical composifion containing, as one of its active
ingredients, a pharmacologically active amount of a Imw-{epi)K5-N-
sulfate basically free of acefyl groups, oOf of one of iis
phcrmocéuﬂcally acceptable salts, in mixture with a phamacsutical
excipient. |
59. A cosmefic composition containing an effective amount of a Imw-
(epi)K5-N-sulfate according to anyone of claims from 1 to 10 and from
25 to 37, in which said salt or cation is pharmaceufically accepiable,
in mixture with a cosmetic excipient.
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in thase Notea, "Artidle”, "Puls”, ard "Saction" refar to the provisions of the PCT, tha PCT Reguisiions and the PCT
Adminisirative Instructions respectively.
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What paria of the intsmationsal applicstion may bs amended?
Linder Article 19, cnly the claima may be amended.

During the mmamu.hdmmquhmu(umm-mqmmum
the intemnalional Preminary Examining Authorily. The deseriplion and drawings may only be amanded under
Articie 34 before the Intemational Examining Authorily.

Upnn-nwmﬂnndhnllﬂl-.dlplhdmlhlmdimd mplhlbnmnyhmclunhmﬂuh
or, whare spplioshie, Aricle 41.

When? Ml:lin2mmﬂnhmhddldhmmldofhihmdﬁmdu.ﬁumﬂnriﬂmﬂlhmhm
dm.umMEmoHuﬂ-Im.nlmdhmm.mnhmmmﬁlhuﬁm
uhmlmbnnmnhdmi'lmifhlymuududbrﬂnlrhmdhnllhnmdhrhnp‘rﬂmdhl
whﬂ:;imﬂﬂumhmhhdmmuwhmwm
(Rule 46.1).

Whare not o file the smendmenta?
ﬂnmrhm_quwuﬂndullhhlmﬁndMmdndwlhhnuiuhgom-lwh

inemational-Searching Authority. (Fule 46.2)

Whare a demand for intemational preminary sxamination has beenAs filed, sse below.
L]

How? Eﬂllbyumdhgmumn-ﬁndmbyuﬂnumwmmddmub;muﬂnﬂhhﬂd
one or more of the olairs as fled.

Auﬂummdmdhmhﬂhdmummuhﬁmﬂ.m-ﬂmummﬂ
amandmerta, ciffers from the shest oniginally fecd.

All the olaims q:p-ingmquamlldndmdhmmbndh Arshio rumerals. Where a olaim is
nnnuihd.nonmmhrhgolhuﬂwdlimhuqlud.lndm-m slaims are renumbered, they must
be rerumbered comeecutively (Administrative instructions, Bsation 205(0)).

The amendmenta musi be made in the languags in which the intsmational application is to be publishad,

What documents must/mey secompany the amendmants?
Latter (Section 205(b)):
The amendmants must be submitied with a latier.

Tha letter wil not be publishad with the intemalional apphoation and the amended daims. it should nct be
confused with the “Statement under Articls 18(1)" (sse below, under "Statement under Article 18(1)").

ﬂnlﬂ_hrnmdb-lnEnglllhnrl'mdl.lﬂlldwhdml qpn—th.ll'lhlllmuq-nih
mnuﬂnnlllppluﬂmllinglhh.hlﬂlrmullhhEnglllh:llhhngupniﬂ-lm-nlluﬂqﬂdbn
is French, the jatter must be In Franch.

Notes {0 Form PCTASA/220 (first shest) (January 1864)




NOTES TO FORM PCT/ISA/220 {continued)

Tha letisr must indionis the differences betwaen the claims as flled and the olaims as amandad. it must, In
lar, Indicais, in connection with eash olalm appaaring in the intemational application {it being understood
thal idenfieal Indloations conosming sevaral claims may be groupsd) ,whather

() the clalmis unchanged;

() the claim® canoelled;

(i) the olaim is new; .

{v) the ciaim replaces one or more olaims as fled;

v the claim i the reauit of the division of a claim as fiied.

The following exsmples Ilustrats tha manner in which amandmanis mustbe axpisined In the
accompanying letier:

1. [Whers originally thers were 48 claims and sftar amendmsnt of some alaima thers are 51]:
“Claims 1 b29.31.32,34,35.STbHMﬂdenuﬂMhﬁmﬂnmmmbn:
claima 30, 33 end 36 unchanged; new claims 48 o 51 adcied.”

[Whare originally there were 15 clzims and aftar amendmant of all olaims there ars 11]:

*Claims 1 to 15 repinoed by amended daims 1to 11.

3, Mhl:qiTmnylimm 14 cima ndhmﬂmﬂanihmﬂumm and in xiding
new clains]:

"G-'n-lInEul:lMumhnnpd;dnim?hﬂunﬂlld;mdlinﬂs. 16 and 17 sdided.” or
'Glu‘m'!hﬂnunllld;mdl'lm‘ls.1B-|d17|dbd;du|h|rdlinlu o

4, [Whnwinmhirﬂulm-nmm]:
“Cisims 1-10 unchenged; claims 11 o 13, 18 and 18 oanoslied; olaims 14, 15 and 16 repiaced by amendad
dlim14;dlhn17|uﬁvulliinmrddddm 15,16.11!17:n.ﬂddn.20n:|21 added.”

"Stetement under articis 19(1)" (Rule 48.4)

ﬂnmmdnnmmqhmpnbdhyuw-qﬁﬁmhm-ﬂnmhudwmmhpd
mﬂWmWMthﬂhMmWMhmm
mdd-mriullhplhl'lhodwilhholnhmdimdlniudim and the smended olaima.
lmdhhh“qoh'hmtbhmdﬂ“mhhhpulillhd.
nq@;h_;h:d_._mlumﬁnEMMi!hEngﬁhnrﬂthEmlﬁ.

It should not ba confmed with and doss nat replace \he elier inchodting the titiiTsncss between the clakms

-ﬂdudn-mmdd.Hmdhﬂdm-uwﬂ-hﬂﬂmﬂhiﬁﬂﬁ-ﬂumw-bﬂm
MMWMNM'MMMHNH&'

IIquuﬁanthmhMﬂmhMuhmdm
mﬁndhlmmmmm.nmﬂblﬁwndﬁn.mumdhhhhmdmdm
raport may be mate only in connediion with an amendment of that olaim.

conuqmuﬂldnnﬂhmupmmqmlnﬁnh-mm“

I, at the time of fiing any amendments under Artinla 19, a damand for intsmational preliminary axemination
has aiesady bsen subsmitted, tha spplicant must mhrﬂy.dﬂnmﬁmollliuhmdnmhulhh
iniernational Bursau, also fils & copy of auch amendmanis with the Intemnational Preliminary Examining
Authority {ses Fuls 62.2(a}, first santence).

Consecuishes with rq.dhumnhﬂnndhm'nllﬂ-l lwlhﬂmhrmhhhmm

The applcants Mmild'mnhhldﬂ.muuponmlnhh national phass, a translation ol the
clsims us amended under Article 19 may hava to be fumished to the designated/elected Offioss, insiead of, or
in addiion io, the iransiation of the olsims as filed.

Fqlmuﬂhonhnmmmdoﬂ!d-igmw Offics, sae Volumae Il of the PCT Applicant's

Notes to Form PCTASA/220 (second shest) (January 1964)




PATENT COOPERATION TREATY .
L
PCT S0

INTERNATIONAL SEARCH REPORT

{(PCT Articie 18 and Rules 43 and A4)

Applicant's or agent's fie reference FOR FURTHER (s::muon of Tﬂn.mnrgzlmrgmﬁ- Feporl |
03422E45 ACTION

Inemational application No. Imamational {Ning date (day/month/yaar) (Earilasd) Pricrity Date (day/month/year)
PCT/IB 03/02339 17/06/2003 18/06/2002

Appiicant

ORESTE, Pasqua, Anna

This Intemational Saarch Report has been prepared by this \nternationa: Searching Authority and Is ransmitted to the applicant
according to Article 18. A copy 1S being wanemitted {0 the Intemational Bureall.

This Intemationel Saarch Repor consista of a iotal of 06 shests.
It Is alse accampanied by & copy of each prior art document cited !n thie reporl

1. Basls of the report
a. With regerd o the language, the Intemational uarnhwmemﬂadoutonﬂwhaﬂolhehbmnﬂonal appilcation in the
ianguage In which i was flied, unlees otharwise Indicated under this ltem.
D the Intemational saarch was carried out on the basls ol a wensiation of tha Inemational application fumnished this
Authority {Rute 23.1{b))-

b. With regard to any nucleotide and/or amino acid sequance daciosed In the Intemational apphcation, the Internetional search
was camiad out on the basis of the sequsnce lsting :

[] contained in the imematonal appilcation In written form.

[[] fied ingether with the Intemational application In computer readable form.
D fumished subseguently to this Authority In written form.

fumished subsagquantly to this Authority In computar raadble form.

[] the swmtsment hat the eubsaguently lumished writian saquence listing Goas bt go beyond the disciosure-in-the

inamational application as filed has baen fumished.

D the swt that the information recorded In compurter readable form Is \dentical io the writisn sequance listing has baen
fumi

2. [] Cortain ciaims wers found unsearchable (See Bax I).
3. [ unity of invention s incking (sse Box .

4. With regard io the titie,
[X] the taxtis approved ae submitied by the applicant
[]  the taxt has been esablished by this Authortty 1o read as followe:

5. With regard io the abstract,

the taxt Is approved as submitied by the applicant.

D the tBxt has baen astsblished, according 1o Pule 38.2(b), by this Authority as it appearns in Box Wii. The appiicant may,
within one month from the daie of maliing of this Internetionat search repoit, submit comments io this Authodty.

8. The figure of th drawings 10 be published with tha abstract la Figurs No. o
D as suggested by the epplicant D None of the figurees.
D because the applicant falled i suggest a figure.
[[] becauss this figure batter characisrtzes the Invertton.

Form PCT/ISA210 (firet sheet) (July 1688}




INTERNATIONAL SEARCH REPORT pr——
PCT/IB 03/02339

A. CLASSIFICATION OF SUBJECT MATTER

TPe 7 COBB37700  C08B37/08  C08B37/10  A61K31/726 A61K31/727

A61K31/737

Aﬂ;nrltg 10 Inismational Patand Clasaiication (IPC) or 1o both natlonal classification and IPC

Minimun documentslion saarched (clasaification sysiem followed by classlfication aymbois)

IPC 7 CO8B

Documentailon saarched othaer than minimum documaniation io the exiani thal such decumsnis are Inciuded In the fekis seanched

Elocironic dala baso consulted during tha Iniornational search (name of dale base end, where practical, search jorms usad)

WPI Data, PAJ, CHEM ABS Data, EPO-Internal

€. DOCUMENTS CONSIDERED TO BE RELEVANT

ORESTE (IT); INALCO SPA (IT); ZOPPETTI)
4 October 2001 (2001-10-04)
| _cited in the application

page 9, 1irie 30 =page 107 Time 4

Catagory * | Chation of document, wih indication, whara appropriate, of tha miavar! passagas Ralevard to claim No.
A EP 0 544 592 A (SANOFI ELF) 1,11,
2 June 1993 (1993-06-02) 14-16,
cited in the application 20,26,
’ 28,34,
45-58
abstract; claims
page 10, line 42 -page 12, line 21
page 21, 1ine 42 -page 22, line 60
examples 4,5
A WO 01 72848 A (CIPOLLETTI GIOVANNI ;PASQUA 1,45,58

claims; exapp1es

Ry S

m Further documadts are listed in the continuation of box C.

E Patont famlly mambors ara bistad In annex

*E' parfior dosumani but publishod on or sftes the Inlameilanal
{iing date

*L* documant which throw doubts claim{a]
mﬂ:’hmmmmw iea dllaohnu’ll‘:r
chation or cther spacial reason (as apackind)

) : " e Th"’mu’f-mmnmhu\n e ]
o
*A" documant deflning the e} siata of the arl which 1s not
et 10 boof e tar ol 8 ched to undersiand ihe principla or theory undartying the

¥ documant of pariicular reievance; tha clabmed venticn
cannat ba conaiciamed novel or cannot be conakiered to
fwolve an venive siap whan the document is taken aine

*(y documani relaming Io an omi disciosure, use, exhibition or

olher means ments, such combination baing obvious 10 & person sidiad
*P* documant published prior 1o the intsmational fiing dais but inthe art
\mtar than tha printty deia clalmed *a* gocumeni membar of the sama patent famlly
Data of the aciual cormpietion of tha Intatmational aearch mmnﬂmmmmnmm
21 October 2003 05/11/2003
Nameé and malling address of the IBA Authorizad officer
Europaan Puiam Offica, P.B. 5818 Palsniiean 2
v B4 2040, Te. 31 851 8po i
To 7o) S40-am6 oo Mazet, J-F

Farm PCTABA/Z10 (seoond shest) (July 1082)

page 1 of 2



INTERNATIONAL SEARCH REPORT

intemnstlonal Appilcation No

PCT/IB 03/02339

C.{Continuation) DOCUNENTS CONSIDERED TO BE AELEVANT

Calegory *

Citation of document, with indication,where appropriate, of the relevant passages

Rsievant io claim No.

A

WO 97 43317 A (CIPOLLETTI GIOVANNI ;PASQUA
ORESTE (IT); INALCO SPA (IT); ZOPPETTI)

20 November 1997 (1997-11-20)
cited 1in the application
page 6, line 27 -page 7, line 2

claims
WO 98 09636 A (TORRI GIANGIACOMO ;NAGGI
ANNAMARIA (IT); ISTITUTO SCIENT DI CHIMIC)
12 March 1998 (1998-03-12)

page 3, 1ine 27 -page 5, 1ine 20; example
1

claims

WO 98 34958 A (CIPOLLETTI GIOVANNI ;PASQUA
ORESTE (IT); INALCO SPA (IT); ZOPPETTI)

13 August 1998 (1998-08-13)

cited in the application
page 1, line 25 -page 2, 1ine 22

US 5 550 116 A (LORMEAU JEAN CLAUDE ET
AL) 27 Kugust 1996 (1996-08-27)
cited in the application

examples 6,7
column 34, 1ine 27 -column 35, 1ine 65
EP 0 489 647 A {SANOFI ELF)

10 June 1992 (1992-06-10)

NAGGI A ET AL: "TOWARD A BIOTECHNOLOGICAL
HEPARIN THROUGH COMBINED CHEMICAL AND

ENZYMATIC MODIFICATION OF THE ESCHERICHIA
COLI K& POLYSACCHARIDE™

1,45,58

45-57

SEMINARS IN THROMBOSIS AND HEMOSTASIS,
STUTTBART, DE,

vol. 27, no. 5, 2001, pages 437-443,
XP008004483

ISSN: 0094-6176

the whole document

Fom PCT/18A/210 (continusiion of wecond sheet) (July 1992)

page 2 of 2
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information on patent family members

Intemnational Appiication No

PCT/IB 03/02339

Patsnt document Publication Patant famlly Publication
clted in search repart dats member(s) date
EP 0544592 A 02-06-1993 FR 2684385 Al 04-06-1993
AT 176484 T 15-02-1999
CA 2083576 Al 29-05-1993
DE 69228362 D1 18-03-1999
DE 69228362 T2 09-09-1999
DK 544592 T3 20-09-1999
EP 0544592 A2 02-06-1993
ES 2129037 T3 01-06-1999
HU 64087 A2 29-11-1993
JP 5271305 A 19-10-1993
MX 9206783 Al 31-05-1994
us 5384398 A 24-01-1995
us B314876 A 24-05-1994
WO 0172848 A 04-10-2001 IT MI20000665 Al 01-10-2001
AU 4651001 A 08-10-2001
CA 2404478 Al 04-10-2001
CN 1422283 T 04-06-2003
WO 0172848 Al 04-10-2001
EP 1268559 Al 02-01-2003
US 2003023079 Al 30-01-2003
, US 2002062019 Al 23-05-2002
W0 9743317 A 20-11-1997 IT MI960956 Al 10-11-1997
AT 210154 T 15-12-2001
AU 3026597 A 05-12-1997
DE 69708862 D1 17-01-2002
DE 69708862 T2 14-08-2002
)] 4 897393 T3 02-04-2002
WO 9743317 Al 20-11-1997
EP 0897393 Al 24-02-1999
ES 2167748 T3 16-05-2002
L Us 6162797 A 19-12-2000
WO 9809636 A 12-03-1998 IT MI961840 Al 06-03-1998
' AT 241367 T 15-06-2003
AU 715868 B2 10-02-2000
AU 4456197 A 26-03-1998
DE 69722450 D1 03-07-2003
Wo 9809636 Al 12-03-1998
EP 0956027 Al 17-11-1999
JP 2000517328 T 26-12-2000
NZ 334566 A 28-01-2000
PL 331798 Al 02-08-1999
RU 2176915 C2 20-12-2001
WO 9834958 A 13-08-1998 IT MI970252 Al 07-08-1998
AT 211488 T 15-01-2002
AU 723168 B2 17-08-2000
AU 6394398 A 26-08-1998
DE 69803362 D1 28-02-2002
DE 69803362 T2 14-08-2002
DK 958307 T3 22-04-2002
WO 9834958 Al 13-08-1998
EP 0958307 Al 24-11-1999
ES 2169503 T3 01-07-2002
JP 2001510502 T 31-07-2001
NZ 337399 A 28-01-2000

Form PCTASA/Z10 (peteni tamily snnex) (huly 1062)

.__.".‘.
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Information on patent family members

international Application No
PCT/IB 03/02339

Pateni documamt Publication Patent tamlly Publication
cited In gearch repon date member(s) date
WO 9834958 A PT 958307 T 28-06—-2002
us 6288044 Bl 11-09-2001
US 5550116 A 27-08-1996 FR 2669932 Al 05-06-1992
AT 150033 T 15-03-1997
AU 646112 B2 10-02-1994
AU 8836191 A 04-06-1992
BG 60479 B1 31-05-1995
B& 95567 A 31-03-1994
BR 9105239 A 18-08-1992
CA 2056878 Al 04-06-1992
: CS 9103668 A3 16-09-1992
DE 69125109 D1 17-04-1997
DE 69125109 T2 28-08-1997
DK 489647 T3 08-09-1997
EP 0489647 A2 10-06-1992
ES 2099145 T3 16-05-1997
FI 915697 A 04-06-1992
GR 3023541 T3 29-08-1997
HU 60784 A2 28-10-1992
IE 914197 Al 03-06-1992
IL 100229 A 04-01-1998
’ JP 5001101 A 08-01-1993
KR 214752 Bl 02-08-1999
MX 9102353 Al 01-06-1992
NO 914751 A 04-06-1992
NZ 240838 A 25-11-1993
PL 292624 Al 08-03-1993
PT 99671 A ,B 30-10-1992
SI 9111886 A ,B 28-02-1998
SK 280642 B6 16-05-2000
RU 2099353 C1 20-12-1997
e ZA 9109518 A 26-08-1992
EP 0489647 A 10-06-1992 FR 2669932 Al 05-06—-1992
' AT 150033 T 15-03-1997
AU 646112 B2 10-02-1994
AU 8836191 A 04-06-1992
BG 60479 Bl 31-05-1995
BG 95567 A 31-03-1994
BR 9105239 A 18-08-1992
CA 2056878 Al 04-06-1992
Cs 9103668 A3 16-09-1992
DE 69125109 D1 " 17-04-1997
DE 69125109 T2 28-08-1997
DK 489647 T3 08-09-1997
EP 0489647 A2 10-06-1992
ES 2099145 T3 16-05-1997
FI 915697 A 04-06-1992
&R 3023541 T3 29-08-1997
HU 60784 A2 28-10-1992
IE -914197 Al 03-06-1992
IL 100229 A 04-01-1998
JP 5001101 A 08-01-1993
KR 214752 Bl 02-08-1999
MX 9102353 Al 01-06-1992
NO 914751 A 04-06-1992
NZ 240838 A 25~-11-1993

Forn PCTABA/210 (patert {emilly snnes) Lluly 19T}
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Patant document Publication Pawmnt tamily Publication
dited In search report date membar(a) date
EP 0489647 A PL 292624 Al 08-03-1993
PT 99671 A ,B 30-10-1992
SI 9111886 A B 28-02-1998
sK 280642 B6 16~05-2000
RU 2099353 C1 20-12-1997
us 5550116 A 27-08-1996
ZA 9109518 A 26-08-1992

Form PCTABA/Z10 (palant tomily arnex) Gluly 1602)
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT

PATENT COOPERATION TREATY - 2 red 2004

HIUET o 1w

s

MAREETT!, GISLOY « THRM®*D S

To:

Santoro, Tiziana
MARIETTI, GISLON E TRUPIANO S.R.L.

NOTIFICATION OF TRANSMITTAL OF

Via Larga, 16 INTERNATIONAL PRELIMINARY
1-20122 Milan EXAMINATION REPORT
TTALIE
(PCT Rule 71.1)
] Date d'mlili:'

(dayjmonth/year) 30/01/2004

Applicant’z or agent's file reference

03422E45 IMPORTANT NOTIFICATION
International epplication No. International filing dute (day/month/year) Priority dete (day/month/year)
PCT/IB03/02339 17/06/2003 18/06/2002
Applicant

ORESTE, Pasqua, Anna

The applicant must enter the national phase befare each elected Office by performing certain scts

The spplicant is hereby notified that this International Pmllmlnﬂ Exemining Authority transmits herewith the international

proliminary examination report and its annexes, if any, on the international appliestion.

Amuflhnnpmmdlums.ifmy.i:h:inguumﬂndmmelm:rnnimll Buresu for communication to all the
clecied Offices.

Where required by any of the elected Offices, the International Buresu will prepare an English translation of the report (but
not of any annexes) and will tranemit such transiation to thos Offices.

REMINDER !

filing transiaticns and
paying nationl fees) within 30 manths fram the priarity date (or Iater In same Offices){Article 39{1))(:: also the reminder
gent by the Internations] Bureau with Porm PCT/IBAD1).

Where & translation of the international spplication mmust be furnished to an elected Office, that transistion must contain a
translarion of any annexcs to the intornationsl preliminary sxamination report. It is the applicant’s responaibility Lo prepare
and furnish such trenslation directly to each elecied Office concerned.

gﬁmmudmﬂ:munlppﬁuhhﬁmlhﬁumdmuhuufﬂnehundO!ﬁzs.mVulmlld‘thPcrAppﬁm':

The applicant’s sitention in drawn to Article 33(5), which provides that the criteria of novelty, inventive step ard industrial
applicability described in Article 33(2) 10 (41"nr==r=ly serve the purposes of international preliminary examination and that “my
Contracting State may spply additional or rent criterin for the purposes of deciding whether, in that State, the claimed
inventions is patentsble or not” (se alao Articie 27(5)). Such additional criteria may relats, for example, to exemptions from
patentability, requirements for enabling disclogure, clarity and support for the daims.

Form PCT/IPEA/A16 (August 2002) P20473

Name and muiling address of the IPEA/ Authorized officer
E:rupeo;nh:nnmnltl Office
@ Tel, (+49-89) 2199.0, Tx: 523656 epmu d G
_ S/ Fax: (+49-89) 2399-4465 Tel. (+49-89) 2399 2828
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PATENT COOPERATION TREATY
PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)
(Rationalised Report accanding 1o the Notice of the President of the EPO published in the 0J11/2001)

Applicant’s or agent’s file reference . . -
See Notification of Transmiual of International
03422E45 FOR FURTHER ACTION  preliminary Examinstion Report (Form PCT/IPEA/416)
Tntcrnationsl apphicalion No. International filing dzte (day]month]ysar) Priority date (day/month/year)
PCT/1B03/02339 17/06/2003 18/06,/2002
International Patent Classificstion (1PC) or national Glassification and 1PC
C08837/00
Applicant

ORESTE, Pasqua, Anna

1. ‘This international preliminary examination report has been lrd by this Internationsl Preliminery Examining
Authority and ls tranmmitted to the lpplmnrtepuu'llh; i

. 2. This REPORT consistaaf atotal of ___ 2
,
EI 'l‘hurepurl.lllllummadbyANNE}C' ie., Mudlhndenipﬂm.dmmdlcduwﬁnwﬂdah:u
been amended

and are the basis for this report Iw shects containing rectifications made befare Autharity
(:en.ule‘m 16 and Secticn 607 of the Administrative Instructions under the PCT).

sheets, inchading this cover sheet.

These snnewes conaists of a total of sheets

3.  This report conteing indications relating to the {ollowing items

1X]
n[]
m[]

v []
vX]

DBasis of the repott
Priority
Non-cstsblishmment of opinicn with regard to novelty, inventive step mnd industrisl applicability

Lack of unity of invention
Reasonod stazement under Article 35(2) with regard to novelty, inventive step or industrial applicahility;
citations and explanations supporting such stxement
VI[ ]| Certzin documents cited
Vi1 ] Cortsin defects in the international application
VII [ ]| Certain chservations an the iternaticnsl application

~ w& Europcan Paient Office
D-80298 Munich

= PFxx: (+49-s ) 2399-4465

Fum PCT/IPEAJ409 (cover sheet) F20476 (October 2002)

iy ey

Tel. (+49-89) 2399-0, Tx: 523656 epmu d

Date of submission of the demand Date of campletion of this repart
29/12/2003 27/01/2004
Name and mailing sddress of the IPBA/ Autherized officer

VAN GOETHEM G A J

Tel. (+49-89) 2399 2828




INTERNATIONAL PRELIMINARY International application No. PCT/IB03/02339
EXAMINATION REPORT

L Basls of the report

The basis of this international preliminary examination is the application as originally filed.

V. Reasoned statement under Rule 66.2(a)(li) with regard to novelty, inventive step or
Industrial applicability

In light of the documents cited in the intemational search report, it is considered
that the invention as defined in the claims meets the criteria mentioned in Article
33 (1) PCT, i.e. it appears to be noval, to involve an inventive step and to be
industrially applicable. i

Form PCT/409PE1 (EPO-03-2002) P20755
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TRATAD DE COOPERACION DE PATENTES

PCT

INFORME DE EXAMEN PRELIMINAR INTERNACIONAL
(Articulo 36 y Regla 70 del PCT)

Relforoncta del expecianta del sgen®® | PARA ACTUACIONES Ver nofiicacin de Tranamisién del Reports de Examen
OM2EAS ADICIONALES Prefminar (Formain PCTAPEA416)
Saliditud Intemacional No. Fecha de presentadion Inemacional (dia/mes/afio) Fecha de prioridad (dia/mes/afio)
PCT/IB03/02330 17 de junio de 2003 18 de junio de 2002

Clasfiicacian Intamacional de Patentss (IPC) o dasificacion nacional e IPC

08B 37/00

Solidtante
ORESTE, Pasqua Anna

1. Este informe de examen preliminar internacional ha sido preparado por esta Administracion encargada del
Examen Preliminar Internacional y se envia al solicitante en concordancia con el articulo 36.

2. Este INFORME constadeunatotalde__ 2 incluyendo la portada

O Este informe tamblén se acompafia de ANEXOS, esto es documentos de la descripcion, reivindicaciones
yio dibujos que han sldo cormegidos y que son la base de este Informe y/o documentos que contienen
rectificaciones realizadas ante esta Administracion (Ver Regla 70.16 y Secclon 607 de las Instrucclones
Administrativas segin el PCT)

Estos anaxos constan de un total de hojas.

3. Este informe contiene Indicaclones reletivas a los sigulentss aspectns:

| B4 Fundamentos del Informe
I 0 Prioridad
]| [0 No se establece concepto relativo a la novedad, nivel inventivo y aplicacién industrial
v O Carencia de unidad de la invencién
Vv ] Declaracitn razonada segun el articulo 35(2), en relacion con la novedad, nivel inventivo o
aplicacion industrial; citaclones y explicaciones que soportan dicha declaracion
Vi O Clertos documentos cltados
Vil O Ciertos defectos de la sollcitud internacional
Vil [0 Clertas observaciones respecto a la solicitud intemacional
Fecha de presentacion de la dermmanda Facha de terminacién de eate reporte
29 de diciembre de 2003 27 de enero de 2004
Nombre y direccion de comeo da |a autoridad
mmngn del examen plﬂrlnur' Funclonario Autorizado
Oficina de Patantas Eu 3
D-B0208 Munlch T VAN GOETHEM G A J
Tel.; (+49-80) 2399-0, Tx: 523850 epmu d
Fax (+48-69) 23604485 Teléfono No. (+45-80) 2309

Formato PCT/IPEA/4QS (portada) P20478 (OCTUBRE 2002)
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INFORME DE EXAMEN Solicitud intemecional No. PCT/IB03/02339

PRELIMINAR INTERNACIONAL

l. Base del informe

La base para el informe de examen preliminar interacional es la solicitud como se
presentd originaimente.

V. Declaraclén motivada segin la Regla 66.2(a)(ll) en cuanto a la novedad, el
nivel inventivo y la aplicaclén Industrial

A la luz de los documentos citados en el informe de basqueda internacional, se
considera que la invencién como se define en las Reivindicaciones, cumple con los
criterios mencionados en el articulo 33(1) del PCT, es decir, parece ser novedosa,
comprender un nivel inventivo y tener aplicabilidad industrial.

Formato PCT/ 409PE2 (EPO-Marzo 2002) P2075861
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mMMhﬁummmmmmMMAMmy'muw-mAwha-iﬁsmmymf.
with the ane chassn by the applicent ﬂ!ﬁdlmunm—lﬂ!‘adedrhrduhlpwhiﬂmdbyﬁeqphﬂmhhbdaw:

IPEA/

PCT CHAPTER II

DEMAND

under Article 31 of the Patemt Cooperation Treaty:
The undersigned requests that the internationa!l application specified below be the subject of
international preliminary examination according to the Patent Cooperation Treaty and
hereby elects all cligible States (except where otherwise indicated).

For Intemational Preliminary Examining Autherity use only
Identification of IPEA i Date of reccipt of DEMAND
BoxNo.1 IDENTIFICATION OF THE INTERNATIONAL APFLICATION %"g:“;é;’s"“’ file reference
Jotcmational epplication No. Trieroations] filing date (daymonth/year) | (Eartiest) Priority dete (dawmonth/year)
PCT/1B03/02339 17 June 2003 {17.06.03) 18 June 2002 (18.06.02)
Title of invention

"Process for the manufacture of N-acyl-(epi)Ks-amIn-O-squata-deﬂvatlves and products thus
ohtsined”
Box No.I APPLICANT(S)

and address: lwad dmiguton. | Telepbane Tle.

Name (Gl e el Jy s e fr o ] il et +38-02-33101774

ORESTE, Pasqua Anna i?g?lolezlf&smgs

Via Mac Mahon, 107 Teleprinter No.

1-20155 Milan

ltaly Applicent sregistration No. withthe Office |
Stute (that s, country) of nationality: State {that is, couniry) of residence:

Italian ltaly

Neame and address: Mnﬁﬁﬂby“nﬂ;hﬂbﬂmﬂﬂﬁm The addrexy msst inchade postal code and noma of country)

ZOPPETT]I, Giorgio
Via Mac Mahon, 107

I-20155 Milan

Kaly

State (thet is, country) of nationality: State {that is, cowntry) of residence:
italian ftaly

Neme and address: (Findly name followe by gihvon namss; for o lagal ey, full offcial desgnarion. The addrars st tnchale paxtal code end neme of cousary)

Btate (that is, country) of nationality: State (that ir, country) of residence:

D Mﬂmﬁmnhﬁﬂnﬂmumﬁmﬁmm

Form FCT/IPEA/40] (first sheet) (March 2001; reprint July 2003) Sea Notes to the demand form



2 Intemational application No.
Sheet No. . £ PCT/IB03/02339

Box No. IT1  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is ~ [3¢] agent [] commmon representative
and [)¢] hes been appointed carlier end represents the applicant(s) also for internarional preliminary exmmination.
[T ia herctry appoined and any exrlier appointraent of (ax) sgeni(sYcommon represantative is hercby revoked.
D is hereby :;poimad. specifically for the procedure before the International Preliminary Examining Authority, in addition to

the agent(s)/common represeniative appointed earier.

Name and addreas: (Femtly name followad by given nama; for & legal snilty, il afficlel designation. | Telcphone No.

SANTORO, Tizi ' i

, Tiziana -

MARIETT], GISLON e TRUPIANO S.r.. +39.02.86463303

Via Larga, 16

1-20122 Milan [ AgentsregistrationNo. with the Office
Rtaly :

Address for correspondence: Mark this check-box where no t or commen representative is/has been inted and the
D w.mhmmﬂmmw.mnmm»wﬂmmmum. S

Box No.IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Sintement concerning amendments:*
1. The applicant wishes the internaticnal preliminary examination te start on the baxis of:
[3] the imermational application as originlly filed
the description  [X] a2 originally filed
as amended under Article 34

the claims X asoriginally filed
] as smended under Article 19 (ipgether with sny sccompanying statement)
[] s smended under Asticle 34

the dmwings [ X] s origimally filed
D a3 amended under Article 34

2. [ The spplicant widhes any amendment to the clsims mder Article 19 to be considzred as reversod.

3. D The applicant wishes the start of the international preliminary exemination to be postponed unti] the expiration of 20 moniths
ﬁmﬁemioﬁtydﬂemlﬂﬂ:lmﬁmul P:ﬂiminuyhminingAuﬂmritynuivulmpyofmylmmdmmumm
under Article 19 or a notice ﬁmthelppliunuhthcdmnntwidmmlhnrhmmdnmu (Rule 69.1(dD). (This check-
box may be marked only where the time limit under Article I9 has not yet expired. )

*  Where no check-box is marked, international preliminary examination will start on the baais of the internationsl application
ns originally filed or, where a copy of amendments to the claims umder Article 19 and/or smendments of the international application
mder Article 34 are received by the International Preliminary Examining Autharity before it hes begun to draw up a written opinion
or the international preliminery exwmination report, 83 50

Language for the purposes of internationsl preliminary examtaation: English
D which is the language in which the international application was filed.
] which is the mguage of » tenalation fumished for the purposes of international search.
which is the langusge of publication of the international spplication.
D which is the language of the translation (to be) furnished for the purposes of internetional preliminary examination

Box No.V ELECTION OF STATES

The applicant hereby elects all eligible States (that i, all States which have been designated and which are bound by Chapter IT of
the PCT)
exchuding the following States which the applicant wishes not to elect:

Form PCT/IPEA/401 (second sheet) (March 2001; reprint July 2003) See Notes io the demand form
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International application No,
Sheet No. .3, PCT/IB03/02339
Box No. VI CHECK LIST
The dernand is accompanied by the following clements, in the Ianguage referred to in For International Preliminary
Box No. 1V, for the purposes of international preliminsry examination: Examining Authority use only
received nol received

]. trarwlation of international application : gheets D D
2. amendments under Article 34 sheets O O
3. copy (or, where required, translation) of

amendments under Article 19 sheets O [
4, copy (or, where required, transistion) of

statement imder Article 19 sheets d O
5. letter sheets 4 ]
6. other frpecify) theets O O

The demand is also accampanied by the itemn(s) marked below:
1.[f] feecalculation sheet 5.[] satement expinining Lack of signaure
2.[] original scparate power of attorney 6. sequence listings in computer readable form
3.[] original general power of attomey 7.[[] tables in computer readeble form related to
sequence listings

4, of general power of attorney;
O gﬁmﬂmbﬁ.ifmy: 8.1 other (zpecif):

Box Ne. VII SIGNATURE OF AFPLICANT, AGENT OR COMMON REPRESENTATIVE
m»dmmmmmwmdﬂwhdﬂmnmﬂ'ndapﬁuﬁm:bwujurmdmmm

SANTORO, Tiziana ‘
(Agent)

For Intzmational Preliminary Examining Authority use only

1. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3 D The date of receipt of the demand is AFTER the expiration of 19 months D The applicant has been
: from the priority date and item 4 or 5, below, does not apply. informed accordingly.

s D 'lluhneed'ls:sofmiptofﬂndﬂmdhmmﬁodofﬂmmﬂuﬁmIheprioﬁl‘ydlml:mndedbyvirmeof

5 [:] Almoughm:dmofneeiplofﬂmdﬂnmdiuﬂ:ruupinﬁunofwmunﬁnfmmhemimitydm.ﬂledelsyinuﬁvnl
) is EXCUSED pursuant to Rule 82,

For Intcrnational Burexu use only

Demsnd received from [PEA on:

Form PCT/IPEA/401 (laxt sheet) (Jannary 2003; reprint July 2003) See Notes to the demand form
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EE—————— For I'BCGi.Vin! Office use Olly ———————————

Internations! Application No.

REQUEST

Internarional Filing Date

The undersigned requests that the present
intcrnational application be processed
according to the Patent Cooperation Treaty.

Name of receiving Office and “PCT Interoational Application™

Applicant's or m reference

ZOPPETT], Giorgio
via Mac Mahon, 43
20155 MILANO
Italy

destred) (12 marzimam) 03422E45
BoxNe.l  TITLE OF INVENTION
Process for the manufacture of N-acyl-(apl)KS-amine-o-sulfate-darlvativas and products thus
|_obteined
BaxNo.11  APPLICANT This person ia also inventor
Name ond address: (Family acme falloywed by ghwen narmi; -mmﬂwmh} Telephone No.
Lt:““mw;mfﬂ:ﬁ:'.m‘;ﬁimmmm‘””.f_ﬂ.,“‘*“m"‘“"‘w“""' +39-02-33101771
Facaimile No.
ORESTE, Pasqua, Anna +39-02-34534495
Via Mac Mahon, 43 e —m—r
20155 Milano pri
ltaly Applicant's rogistration No. with the Office
St (ot b, country) of nationakity: State (that Is, country) of residence:
IT IT
e e [temneres. [rawsy S
BoxNo.[lI FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
N o T L e T
luhﬂnq#hﬂh&hﬂﬂhlhmﬂuﬂfuﬁkﬂ' 'no State afrex i indiceted below.) D spplicant only

applicant and invantor
D invmoroglz(lfﬂlhahub-bu
is marked, do not fill in below.)

Applicant'sregistration No. withthe Office

Stnte (7hat s, corury) of natlonality:

State (that ls, country) of residence:

Thiy person is applicant
for the: purpo::lpgf:

EEH:‘M Dﬂms States axcept Dmumsum

the States indieatad in
tatas of Amenca of America only the Supplemenial Box

D Further applicants and/or (further) lventors arc indicated

on a continuation sheet.

BoxNe.IV  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

— : ol ehalf
e - R
Nome end addreas: towesd by ghven s for o lagal entity, full aficial designadi Telephone N
ame @ e ﬁ-ﬂmﬂr nﬂnzinmlﬁfrdnmqum‘) o :'39-02-;.6464337
SANTORO, Tiziana Facaimile No.
MARIETTI, GISLON e TRUPIANO S.r.l. +39-02-86463303
Via Larga, 16 Teleprinter No.
1-20122 Milan
Kaly AgentsregistmtionNo. with the Office
" A ive ia/has been sppointed end the
R T ot T B S g e B
Form PCT/RO/101 (firat sheet) (March 2001; reprint January 2003) See Notes fo the request form
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SheetNo. ...2...
Bos No.V DESIGNATION OF STATES Mark the applicable check-baxes balow: af leas! one must ba marked.

The folluwing designutions ure herchy made under Rule 4.9(a):
Regiunal Patent

B AP ARIPO P'utent: GH Ghana, GM Gambia, KE Kenyn, LS Lesotho, MW Malawi, MZ Mozambique, 8D Sudean,
SL Sicrru Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Zambia, ZW Zimbobwe, and eny other
Sute which is & Contructing State of the Harere Protocol and of the PCT (if other kind of protection or treatman! desirad,
specifpondotied Ig) . ..o oot e e e

B EA Eurasizn Patent: AM Armenia, AZ Azerbeijan, BY Belarus, KG Kyrgyzatan, KZ Kezakhstan, MD Republic of Moldova,
RU Rugsian Federation, TJ Tajikisan, TM Tuckmenistan, and any other State which is n Contraciing State of the Eurasian
P'aient Conveution und of the PCT

EP European Patent: AT Austria, BE Belgium, BG Bulgaris, CH & LI Switzerland and Liechtenstein, CY Cyprus, CZ Czech
Republic, DE Germeny, DK Denmark, EE Estonia, ES Spain, FI Finland, FR Frunce, GB United Kingdom, GR Grecce,
IE Irelond, IT ltely, LU Luxembourg, MC Mapaco, NL Netherlands, PT Portugal, SE Sweden, 81 Slovenin, SK Slovekis,
TR Turkey, sod any other State which is a Contracting Smte of the European Patant Convention and of the PCT

K OA OAPI Patent: BF Burking Faso, BJ Benin, CF Centra! African Republic, CG Congo, C1 Cite d'Ivaire, CM Cameroon,
GA Gabon, GN Guinen, GQ Bquatorial Guinea, GW (uinca-Bisseu, ML Mali, MR Mauritanis, NE Niger, SN Senegal,
TD Chad, TG Togo, and any other Stte which ia s member State of OAPI and a Contracting State of the PCY (if other kind

of protection or treatment desired, specify on dotted Hng) - . . . vuiee i e
National Patent (If other kind of protection ar treaiment dasired, specify on dotied ing):
B AE United Arub Emimtes. .......... B GM Gambis K NZ NewZeatand ................
B AG Antigun and Barbuda B HR Croatis .....covcuneeenrsnses [ OM Oman
B AL Albantis . ...oovereeenennnnnnns B HU Huogary ..ocvveveennnnnnenns [ PH Philippines........ccc.uuunnne
B0 AMAmmERif ... .ovrrenneeaeans i ID Indonesia I PL Poland.......ccvvvmevvnnnnn. '
AT Austria........ prnrrnrreeann [ JR T 7T . O PT Portugal.....ovvennnnennnn.
B AU Austroliz. ...ooevnvennvreennas BIN India...c.coovernrcnrannnnns W RO Romania
B AZ Azerbaiien........cconnenenns 018 Iceland & RU Russian Fedemtion...........
i BA Bomnin and Herzegovine . ......... JP JAPAN . .ooveeeeennrannnaness  aasaaeeeseeeoaeaeianaes
X BY Barbados B KE Kenym...ocvoveneraannnnnns [® sC Scychelles
Bl BG Bulgaria........oovvnveeneenns B KG KYmyzomm ..o veeveneeeenes M sD Sodan
M BR Bazil . .cveeevenennererneens B KP Democrutic Peaple's Republic [l SE Sweden
Kl BY Belarum.........ccnnnvvennnns Of KOTER . .o viivnennnnnnns [# 5G Singapore
K BZ Belize.....ccovveneennennnann. I KR Republicof Kores ............. W 5K Slovakis.......cceveneene..
B cA Camoda OF KZ Kazskhatan . .......oveeenne-- D2 SL SiemaLeont.......cveeeeenns
@ CII & LI Switzzrland and Liechtenstein D LC Saint Lucia B TI Tajikistmn.......c.ovveeennns
B ONChing......ooovnvvernennnens (@ LK Sri Lanka (8 T™ Turkmenistan................
X CO Colombia ¥ LR Liberia ¥ TN Tunisia
W CR CostaRic. ..ccverenrreennns BE LS Lesotho....cuvvveeneanncnns DU TR Twrkey...coveererererennnns
CUCH...coverrennnnnn L. (@ LT Lithuania B TT Trinided and Tobago ..........
W ¢z Czech Republic..............- I LU Limembourg =~ eeeessrssesesesssessiesenas
B DE Germamy........onvnnnnnnees M LV Latvia & TZ United Republic of Tanzania
DK DEDMAIK . .« - vevevncnaennnns B MAMOMEEO . ..vvvvnennanennens B UA Ukrtioe ...ovvvvveennnnnnn.
(X! DM Dominica MD Republic of Moldova . . .- .. ... UG UgsndE ..ovvevcvrrennnnnens
DZ AIBEI . cennenverireeneaneane  eneesieeaines . B US United States of Americe . . .. ..
B EC Boudor. . ..cvvvveeenrannnen- Bl MGMAaguaCAT ..o v vinneanenanas | eresenmieresseseareaesienns
B EE EStonin.......ooovvnniernrens O MK The former Yugoslav Ropublic of (&l UZ Uzbekismn.................
BIES SPAR oovvvrievvennnnneenss MBCCADNIR .« veveeernnnnaneses B! VC Saint Vincent and the Grenadines
B FT Finlond . ....ocvvveeenerannnns & MN Mongolis B VYN Vit Nam...overrereennnnn.
i GB United Kingdom B MWMalawi . .. oeeneneaneen s B YU Yugoslavia .........o.ueee..
o GD Grennda B MX Mo .. .oeeeevevrnnennnans B ZA South Africa.......cenuunnns
WGEGeomgle....ooccevvevniecnnas [ MZ Mozambique......... eniaans I ZM Zambia
B GHGhEM . ...oovenenrnrcnenss & NO Norway W ZW Zimbabwe ... ...cvvennnnn .
Check-boxes below reserved for designating States which have become party to the PCT after imuance of thin sheet:
W N Ncamgua ... ... | [P o [N
K . PG.PapvaNaw Guinea . .......... I et ieianraararrannn I

Precautlonary Designation Statement: In addition to the designations raade above, the applicent also makes under Rules 4.9(b) all
other deaignations which would be permitted under the PCT except any designation(s) indicated in the Suppiementai Box as being
excluded from the scope of this statement. The epplicant declareg that thoae additional designations are subject 1o confirmation and that
soy designation which is not confirmed before the expiratian of 15 mantha from the priority date is to be regarded ns withdrawn by the

applicant at the expiration of that time limit. (Canfirmation (inchuding fees) must reach the recaiving Office within the 13-month time limit,)

Form PFCT/RO/101 (second sheet) (January 2003) S=a Notes io the request form
! ] : 't .
P
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SheetNo. .. 3...

oo

Box No. V1 PRIORITY CLAIM

The priority of the following corlier opplication(s) is hereby claimed:

Filing date
of earlier application

{deawWimonth/year)

Number
of earlier application

Where earlier epplication is:

national applicatian:
country or Member
of WTO

regioasl Office

regional application:* | intemationsl application:

receiving Office

ilcm (Ia
18 June 2002

MI2002A001345

IT

{18-06-2002)

ftem (2)
18 Junhe 2002
(18-06-2002)
ilem (3)
27 August 2002
(27-08-2002)

item (4.)

MI2002A001346 T

MI2002A001854 | IT

item (5)

D Funler priority claims are indicated in the Supplementat Box.

The receiving Office is requested to prepare and transmit to the Internatianal Burem » cestified copy of the earlier epplication(s) {ony
;q:u eartisr application was Aled with the Office which for the purpases of this taternational application ix the recetving Office) identified
sbove ax:

O ditems [Jiemq)y [ iem@ [ @ [ item@ [ iemes Sl ool Ba

* Where the eariler application is an ARIPO appiication, indicare at least one cauntry party 1o the Parls Comvention for the Protsction of
Ickistrial Property or ons Member of the World Trade Orgemization for which that eariier application war filed (Rals 4.10@)(1): . . . .

Hox No. YII INTERNATLIONAL SEARCHING AUTHORITY

Cholce of Internationul S hing Authorlty (ISA) (¥ n International Searching Authoritias are competent to t th
e acons che Aot ehbeas thy mog-loier cocks mity e eved): camy out e

Request to use results of eardler search; reference to that search (If an eavlier search has been carrisd out by or requested from the
Inmternational Searching Authority):

Duie (depvmanth/year) Number Country (or regional Office)

Box No. YIil DECLARATIONS

The following declaratlons are contained in Boxos Noa. VIII (1) to (v) (mark the applicnble Number of
chieck-boxes balow and indicats in the right column the mumber of each type of declaration): declarations

D Box No. VIII (i) Declamiion as to the identity of the inventor

D Dox No. V111 (i) Deelarntion as to the epplicant's entitlemenr, as at the intemational filing

daie, to apply for and be granted s paicunt

Declurtion as to the applicant's entitiement, sa st the internatianal filing
date, to claim the priority of the earlier application

[] Box Ne. VIl (iii)

D Box No. VIl (iv) Deciaration of inveatorship (only for the purposes of the designation of the

United States of Amezica)

D Box Nao. VI (v) Declaration s to non-prejudicial disclonures or exceptions to Iack of novelty

Form PCT/RO/10! (third sheet) (July 2002; reprint January 2003) Sae Noter io the request form
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Box No. IX CHECK LIST; LANGUAGE

OF FILING

This intemational application contalns:

(a) in puper furm, the following number of
FLCs ving o

request (includin

duchmsnn sheets

description (excludi

ubﬁ r:llltl:tti":ﬁr:ln) o 42

claims : 13
shatrct : 1
dmwings : 3
Sub-totsl number of sheets : 63
sequence listings

tables related thereto

gy
in 1
whether or not alve in

m"::lmy

Total namber of sheets
(5) O only in computer readable form
{Section BOL{a)(i})
(i) O nequence listings
(ii) CJ tables related thereto
(¢} O also in computer readable form
(Section BOI(a)G)”
() £ sequonce listings
(i) [] mbles related thereto
pe and number of carriers (diskeite,

ROM, CD-R or other) on which are
contained the

4

63

Number

This internetional application is accompanled by the following
of items

ilﬂn(ln)o{mmi the applicable check-boxex balow and indicote in
right column tha mumber of sach liem):
1. [§] fee calculation sheet

2. [O. original scparate power of asttomey  wILL FOLLOW :
3. ] originsl generel pawer of attomney :
4. c_.-.ll_:py of general power of attorney; refurence oumber,

T T T P R
5. [0 smiement explrining lack of signature

6. [J priority document(s) identified in Bon No. V] aa
ftem(s)i ....... 11l . FolloW: -rcer-saransnnvavaan
7. [0 transiation of intemational application into
[flonguage): .. .. English -will- -follow
B. te indications concerni sited microorgani
= m Ilsiullo;ielllumlmi:ln Ing depo ™ o
9. listings i readable fo
D s e cod mambls of carriors)
ubmitted for the purposes of intermational scareh under
® O m :J!!:lonly (:rnd n:tu Bs part :f tlhu in;m"::ilonll lpp;!:lc‘ll.ion) :
i where check-bax is morked in b
@ O f:l,:?;innnl copics inelﬂu?g.n:vm“ licable th’? c:'i:y'i":'r)lhe
purposes of international ssarch Rule 3rer :
(i) [ oether with relevant statement as to the idemtity of thu copy or
copies with the sequence listiags mentioned in left eolumn :

10. [1 tables in computes roadable form related to sequence listix
(Indicate type and mmber of carriers) B
() [ copy submitted for the purposes of intemational scarch under
Section 802(b-quaier) only (and not as part of the international

application)
(i) [ (only whers check-bax (1) o (G)(il) &s marked in lgft colamn)
i ies i icable, the th
e e s e

Next b eech signature, mhmdhpmmdmwlnm#mg

[ sequence listings:.....c.coouvurne il [J together with relovant statement as to the identity of the or

O ::]u l'EIltﬂdnl::Itm: ____________ e cop!ﬂlel: with the tables mentioned in left column i :
(addhilonal caplas io be indicatee wxler 11. [ other(specifii .-voveeernnmtisarimmenennnrnreneanian,
lteons 9(1)) andor 10(i1), in right cohumn)

Flpure of the drawings which Langunage of filing of the itall

should sccompeny the abstract: international epplication: an

Dox No.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

SANTQRO, Tizians

For receiving Offics use only

1. Datc of octusl receipt of the purported
intemational application:

timely reccived papers
the purported international application:

3. Comeeted date of nerual receipt due to later but
aor drawings completing

4. Daw of timely recel

f the required
corrections under "m:f:ﬁ(z):

5. International Searching Authority
(if two or more ere competent):  JSA !

Transmittel of search delayed
until search fee is pli:cw

G.D

For luternstional Buresu nse only

Date of receipt of the record
by the lnumftinnnl Buresu: i

Form PCT/RQ/10! (lost shect) (January 2003)

See Notes to the request form
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- PATENT COOPERATION TREATY A
From the INTERNATIONAL BUREAU
PCT To
NOTIFICATION OF RECEIPT OF .
SANTORO, Tiziena
RECORD COFY Marietti, Gislon e Trupiano S.r.l.
Via Larga, 16
(PCT Rule 24.2(a)) 1-20122 Milan
Italy
Dato of mailing (day/month/year)
25 July 2003 {25.07.03} IMPORTANT NOTIFICATION
Applicant's or agaent’s file reference Intamational application No.
03422E45 PCT/IB03/02339

The applloant Is hereby notified that the Intarnational Bureau has recalved the record copy of the intarnational application as
detailed below.

Name(s) of the applicant(s) and State(s) for which they are applloants:
ORESTE, Pasqua, Anna et al(all designated States)

International flling date : 17 June 2003 (17.06.03)
Priority date(s) clalmed : 18 June 2002 (18.06.02)
18 June 2002 {18.06.02)
27 August 2002 (27.08.02)
by the Insmations, Bureau 0 . 17 July 2003 (17.07.03)
List of designated Offices :

AP :GH,GM,KE LS, MW ,MZ,SD,SL,SZ,TZ,UGZM,ZW

EA :AM,AZ BY,KG,KZ,MD,RU,TJ,TM

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,FI,FR,GB,GR,HU,IE,IT,LU,MC,NL,PT,RO,SE,S|,SK, TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

National :AE,AG,AL,AM,AT,AU,AZ,BA BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,
EC,EE,ES,Fl,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP KE KG,KP,KR KZ,LC, LK,LR,LS,LT,LU,
LV,MA,MD,MG,MK,MN,MW,MX,MZ,NI,NO,NZ,0M,PG,PH,PL,PT,RO,RU,SC,SD,SE,SG,SK,SL,TJ,T™,
TN,TR,TT,TZ,UA,UG,US,UZ,VC,VN,YU,ZA,ZM ZW

The Intemational Bureau of WIPO ortzed officer:
34, chemin des Colombeites Aysha FLEYFEL
1211 Geneva 20, Switzerland
Facsimile No. (41-22) 338-7080 Telephone Nao. (41-22) 338 8301

Form PCTAB/301 {April 2002) 006772370
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Continuation of Form PCT/1B/301 M
NOTIFICATION OF RECEIPT OF RECORD COPY

Date of mailing {day/monthiysar) )

25 July 2003 {25.07.03) IMPORTANT NOTIFICATION
Applicant’s or agont's file referencs Internationsl application Na.

03422E45 PCT/IB03/02339
ATTENTION '

The applicant should carefully chack the data appearing in this Notification. In case of any discrepanoy between thess data
and the indicatlons in the intemational application, the applicant should immediately Inform the International Bureau.

In addition, the applicant's sttention is drawn to the information contained in the Annex, relating to:
Izl tims limits for entry into the national phasse - see updatad important Information (as of Apsil 2002)
I:l confirmation of precautionary designations (If applicable}
(E requirements regarding priority doouments (if applicable)
A copy of this Notifioation is belng sent to the recslving Office and to the InternationalSearching Authority.

Form PCTABA01 {continuation shest) (April 2002) ) 006772370



international application No.

ANNEX TO FORM PCT/B/301 PCT/IB03/02339

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant is raminded that the "national phase™ must be entsred before each of the designatad Offices Indloated on
the cover sheet of this Notification by paying national fees and furnishing transiations, as presoribed by Articles 22 and 38 and
the applicable natlonal laws. In addition, the applicant may also have to comply with other specisl requirements applicabls
in certain Cffices. K Is the epplicant's respanaibility to ensure the necesseary atsps to enter the nationsl phase are taken in a
timely fashion. Most Offices do not issue reminders to applicants in connection with the antry into the national phase.

The applicable time fimit for entering the national phase will, subjectto what Is said in the following paragraph, be
30 MONTHS from the priority date, not only in respect of any elected Office where ademnand for international prellminary
examination Is filed before the expiration of 18 months from the priority date {ses Articls 38(1)), but also in respect of any
deslgnated Office, in the absence of filing of such demand, where Artiale22(1) as modified with sffect from 1 April 2002
applies In respect of that designated Office. For further detalls, ses PCT Gazetts No. 4472001 of 1 November 2001, pages 18928,
18932 ll_ld 18634, as well as the PCT Newsletter, October and Novemnber 2001 and February 2002 iasues.

In practice, time limits othar than the 30-month time limit will continue to apply, for varigus periads of time, In respect of
certain designated or elected Offices. For regular updains on the applicable time limhs {20, 21, 30 or 31 montha, or ather
timne limit), Offica by Office, refer to the PCT Gazetts{"Saction V" part published on a weeldy basis), 1o the PCT Newsletter
{on a momthly basiz) end to the relevant National Chapters In Volume Il of the PCT Applicant's Quide {the paper version of
which Is updated usually twice a year and the Internet verslon of which Is updated usualiy on a weekly basls). Finally, a
cumulative table of all applicable tims limits for entering the netional phase Is avallable from WIPO's Intarnet shte, via links
from varlous pages the site including those of the Gazette, Newsletter and Guide, at http:iiwww.wipo.int/pet/envindex.html.

Information about the requirements for filing a demand for international preliminary oxamination is set outinthe PCT
Applicant's Gulde, Volume VA, Chapter IX. Note that only an applleant who Is a national orrealdent of 8 PCT Contracting
State which Is bound by Chapter Il has the right to file 2 demand for International preliminary sxamination {at present, all
PCT Contracting States ars bound by Chaptar II).

’

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

This notification lists only specific designations made under Rule 4.B(a) in the request. It is Important to check that theae
designations are correct. Errors in designations can be correctsd whers precautionary designations have besn made under
Rule 4.8(b). The applicant is hereby reminded that any precautionsry designations may be confirmed according to Rule 4.9{c)
before the expiration of 15 months from the priority date (this time limit may not be extanded). If it is not conflrmned, it will
automatically be ragarded as withdrawn by the applicant. There will be no reminder and no Invitation. Confirmation of n
designation consists of the flling of a notice speciying the designated Stats concemned (with Indication of the kind of protaction
or trestmant desired) and tha payment of the designation snd sonfirmation fees. The Notlece of confirmation and payment
must reach tha recelving Office within the 16-month time limit.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicams who have riot yet complied with the requirements regarding priority documents, the following is recalled.

Where the priority of an eerlier nattona), reglonal or international application is claimed, the appticant must submit a copy
of the sald earlier application, cartifiad by the authorlty with which it was filed (“the priority document™) to the receiving Offlee
{which will transmit it to the International Bureau} or directly to the International Bursau, before the expiration of 18 months from
the priority date, provided that any such priority document may stfll be submitted to the Internstional Bureau before that date of
international publication of tha Intsrnational application, in which case that document will be cansiderad to have besn received
by tha International Bureau on the Iast day of the 18-month time limit (Rule 17.1{a)).

Where the priority dooument s issued by the receiving Office, ths applicant may, instead of submitting the priority
documaent, request the recelving Office to prepare and transmit the priority document to the Intemational Bureau. Suah request
must be made befora the expiration of the 18-month time limit and may be subjectad by the receiving Offloe to the paymant
of a fes (Rule 17.1(b}).

it the priority document concerned is not submittad to the International Bureau or i the request to the receiving Offica
to prepare and transmit the priority dooument has not been made (and the corresponding fee, If any, pald) within the applicable
time lmit Indicated under the precading paragraphs, any designated State may disregard the priority clalm, provided that no
designated Office may disregard the priority alaim concernad befare piving the applicant an opportunity, upon entry Inta the
national phase, to furnish the priority documant within the time limit which is reasonsble under the circumstances.

Whare severai priorities are olaimed, the priority date to ba consldersd for the purposas of computing the 18-month time
Jimft Is the filing date of the eariiest spplication whose priority Is claimed.

-
7

Form PCT/IB/301 {Annex) (April 2002) 006772370
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PCT/1B03/02339

;. RICEVUTO PATENT COOPERATION TREATY x\
i 21 AGD 7003 From the INTERNATIONAL BUREAU
! PCT T
i MARIETT, GISLON & TRUPUNO S.ri.
NOTIFICATION CONCERNING .
SUBMISSION OR TRANSMITTAL Mariet, Gislon s Truplano S.r
OF PRIORITY DOCUMENT Via Larga, 16
{PCT Administrative Instructions, Section 411) I-20122 Milan
Italy
Date of malling (dey/month/year}
13 August 2003 (13.08.03)
Applicant's or agent’s file reference
03422E45 IMPORTANT NOTIFICATION
Intarnational application Ne. International flling date {dey/month/year)
PCT/iB03/02339 17 June 2003 (17.06.03)
International publloation date (day/month/year) Priority date (day/month/ysar)
Not yet published 18 June 2002 (18.06.02)
Applicam

ORESTE, Pasqu'a. Anna et al

1. The appllcant Is hereby notified of the date of recelpt (except where the lstters "NR" appear In the right-hand column) by the
intenationa} Buieuu of the priority dooument(s) relatlig to Lhe earlier applization{s) indicated beiow. Unless otherwiss
Indlcated by an asterisk appaaring next to a date of recsipt, or by the lettars “NR", In the right-hand column, the priority
document concerned was submitted or tranamitted to the International Bureau in compitance with Rule 17.1(n) or (b).

2. This updates and replaces any previously issued notiflcation conoserning submisalon or tranamittal of priority documents.

3. An asterisk{*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Buresu but not in compliance with Rule 17.1({a} ar (b). In such a case, the attention
of the applicant is directed to Ruls 17.1(c) which provides that no designated Office may disregard the priority clalm
concamned before giving the applicant an opportunity, upan entry into the national phase, to fumish the priority document
within a time limit which is ressonable under the clroumstances.

4. The letters "NR"™ appearing In the right-hend ¢olumn dencte a priority document which was not received by the International
Bureau or which the applicant did not request the recaiving Office to prepare and transmit to the International Bureau,
as provided by Rule 17.1(s) or (b), respectively. In such a case, the sttantion of the applloant is directad to Rule 17.1(¢) which
provides that no designated Office may disregard the priority claim concernad before giving the applioant an opportunity,
upon entry imta the national phaae, to fumish the priority dogumnent within a time fimit which is reasonable under the

circumstancas.
Priority date Priority soolication No. Country of regianal Offica Date of recaiot
or PCT racelving Offica of oriority document
18 June 2002 (18.06.02) MI2002A001345 IT 07 Augu 2003 (07.08.03)
18 June 2002 (18.06.02) MI2002A001346 T 07 Augu 2003 (07.08.03)
27 Augu 2002 (27.08.02) MI2002A001854 IT 07 Augu 2003 {07.08.03)
Tho Intamational Bureau of WIPD Authorized offioar
34, chemin des Colombattes Aysha FLEYFEL
1211 Genove 20, Switzeriand
Facalmile No. {41-22) 338-7080 Telephone No. (41-22) 338 8301

Form PCTAB/304 (July 1888) 005788888



PCT/1B2003/002339

RIGEYUTO | PATENT COOPERATION TREATY AV

- - AR" 'i-l
11 kAR 2664 From the INTERNATIONAL BUREAU

To:
MARIETTI, GISLON © TRUPIAKD Sl PCT

INFORMATION CONCERNING ELECTED

OFFICES NOTIFIED OF THEIR ELECTION SANTORO, Tiziana

Marietti, Gislon e Trupiano S.r.l.

{PCT Rule 61.3) Via Larga, 16

1-20122 Milan
Italy
Date of mailing {day/month/year)
19 March 2004 (19.03.2004)
Applicant’s or agent’s file referance
03422E45 IMPORTANT INFORMATION
international application No. Intamatonal filing date (day/month/year) |Priority date (dey/month/yesar)
PCT/AB2003/002339 17 June 2003 (17.06.2003) 18 June 2002 (18.06.2002)
Applicant

ORESTE, Pasqua, Anna et a!

1. The applicant is hereby informed that the International Bureau has, aceording to Article 31(7), notlfisd each of the following
Offloes of its elactlon? .

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,FI,FR,GB,GR,HULIE,IT,LU,MC,NL,PT,RO,SE,
SL,SK, TR
Nationai :BG,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,PL,RO,RU,SK,US

2. The following Offices have walved the reguirement for the notification of their slection; the notificatlon wllt be sent to them
by the International Bureau only upan thelr request:

AP :GH,GM KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZMZW

EA :AM,AZ,BY KG,KZ,MD,RU,TJ, TM

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

National :AE,AG,AL,AM,AT,AU,AZ,BA, BB, BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZEC,
EE,ES,FI,GD,GE,GH,GM,HR,HU,ID,IN,IS XE KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,
MG,MK,MW,MX,MZ,NI,NZ,0M,PG,PH,PT,SC,SD,SE,SG,SL,TJ,TM,TN,TR,TT,TZ,UA UG,
UZ,VC,VN,YU,ZA ZM,ZW

3. The applicant Is raminded that he must enter the "national phase" befare the axpiretion of 30 months from the prinrity dets
before each of tha Offtoas listed above, This must be done by paying the national fes(s) and furnlshing, i presoribed, 8
transiation of the international applicstion {Article 38(1){a)), as well a8, where applicable, by furnishing a translation of any
annexes of the intemational prellminary examination report {Article 38(3}{b} and Rule 74.1).

Some offices have fixed time fimits expiring later than the above-mentioned time limit. For detailed information about the
applicable time limits and the acts to be performed upon entry Into the national phase before a particular Office, see Volume 1l
of the PCT Applicant’s Guide.

The entry imo the European regional phase is postponed until 31 months from the priority date for all States designated for
the purposes of obtaining a Europsan patent.

The Intemnational Bureau of WIPO Authorized offloar:
34, chamin des Colombaetins Ollvier LAPIERRE
1211 Geneava 20, Switzerland .
Facsimile No. (41-22) 338-7000 Telephone No. (41-22) 338 8304

Forrn PCTN8/332 (September 1887) 8162630
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Proceso para la preparacién de derivados de

N-acil-({epi)KS—amina-O-sulfato-

Y productos asi obtenidos

Materia Objeto de la Invencién

La presente invencién se relaciona con nuevos derivados
del polisacérido K5 con un alto grado de sulfatacién, un
proceso ‘para su preparacién, nuevos intermedios altamente
o-sulfatados ftutiles en su sintesis y composiciones
farmacéuticas que contienen dichos derivados de
polisacdridos K5 como ingredientes activos basicamente
libres de actividad sobre la coagulacién.

En particul;r, la invencién se refiere a derivados de
polisacarido K5 obtenidos partiendo con un polisacarido
K5, previamente los N-desacetilados, N-sulfatados,

opcionalmente despolimerizados u opcionalmente al menos
20 % C5-epimerizados y opcionalmente despolimerizados,

mediante la O-sobresulfuracién en condiciones adecuadas Yy

la subsecuente N-acilacién de la amina libre.

%



Antaecedentes de la Invencién

Los glicosaminonglicanos tales como 1la heparina, el
sulfato de heparan, el sulfato de dermatan, el sulfato de
condrotina y el 4cido hialuronico son biopolimeros

extraidos industrialmente de varios 6rganos animales,

En particular, 1la heparina, principalmente obtenida
mediantd la extraccidén de membranas de mucosa intestinal
de cerdos o de el pulmén de bovinos, es un copolimero de
- polidispersade con una distribucién de peso molecular de
aproximadamente de 3000 a aproximadamente 30000 D que
consiste de una mezcla de cadena que consiste bAsicamente
de un acido uronico (4cido glucurénico o &cido idurénico)

Y de un aziGcar amino (glucosamina) ligado mediante
enlaces a-1-4 o B-1-4. En la heparina, la unidad urénica
puede ser O-sulfatada en la posicién 2 y la unidad de
glucosamina es N-acetilada o N-sulfatada, 6-O-sulfatada y
3-0O-sulfatada en aproximadamente 0,5% de la unidades de

glucosamina presentes.

Las propiedades y la biosintesis natural de heparina en

mamiferos ha sido descrita por Lindahl et al., 1986 en

r



lene, D. Y Lindahl, U. (editores) “heparin. Chemical and
biological properties; clinical aplications”, Edward
Arnold, London, pages 159-190, by Lindanhl, U, Feingold
D.S. and Rodén L, 1986 TIBS, 11, 221-225 Y por Conrad H.E
“Heparin Bindig proteins”, Chapter 2: Structure of
Heparinoids. Academic Pres, 1998. La biosintesis de
heparina ocurre partiendo con su precursor N-acetil-

hepaprosan que consistes en una mezcla de cadena que
consisten de unidades de disacarido glucuronil-p-1-»4-N-
acetilglucosamina repetitivas. Dicho precursor sufre
modificaciones enzimaticas que ionizan parcialmente el
grupo N-acetilo, sustituyéndolo con un grupo SO,
epimeriza el carboxilo en la posicién 5 de una parte de
las unidades glucurénicas transformiandolas en unidades
idurénicas e introduciendo grupos O-sulfato para
conseguir un producto del cual una vez extraido
industrialmente tiene aproximadamente el doble del numero
de sulfato con relacién a los grupos carboxy por unidad
de disacirido. Estas modificaciones-enziméticas conducen,
por ejemplo, a la formacién de la regién pentasacarido de
un enlace de antitrombina TIII (ATIII), denominada

pentasacarido activo, que es la estructura necesaria

parta la alta unién de afinidad de heparina al ATIII Y

D4



fundamental para la actividad anticoagulante Y
antitrombética de la heparina misma. Este pentasacérido,
presente solamente dentro de alguna de las cadenas las
cuales forman heparina, contienen una unidad de
glucosalina sulfatada en la posicién 3 y un A4cido
glucurénico espaciado entre disacaridos que contienen

dcidos idurénicos.

En la haturaleza, la formacién de los pentasacaridos
activos se hace posible por medio de 1la reaccién de
epimerizacién del carboxilo de una parte de las unidades
glucurénicas en unidades idurénicas llevadas a cabo por
glucuronil-C5-efimeraza (epimerizacién-C5) y mediante la
sulfatacién adecuada que también conduce a la
introducciéﬂ de un grupo sulfato sobre el hidroxilo de la
posicién 3 de la glucosamina. mas particularmente, en la
naturaleza la formacién del pentasacdrido activo se hace
posible por en echo de que la epimerizacién C5 ocurre en
grupos, es decir, sobre porciones de cadenas, y
extensivamente la cual conduce a un producto que contiene

mds unidades idurénicas que aquellas glucurénicas. De
echo, la heparina comercial contiene 70% de unidades

idurénicas y 30 %.



A lo largo de las actividades anticoagulantes vy
antitrombéticas principales, 1la heparina también ejerce
actividades antilipaémico, antiproliferativas,
antivirales, antitumorosas, y antimestastdticas, pero su
uso como una droga impedido por los efectos colaterales
debidos a la accién anticoagulante que pueden originar
sangrado.

’

TECNICA ANTERIOR

Es conocido que el polisacarido K5 capsular aislado de
Escherichia coli, descrito por Vann W. F. Et al., en la
revista Europea de bioquimica 1981, 116, 359-364 (“Vann
1981”), es 'consistente de una mezcla de cadena que
consiste de la unidad de disacarido repetitiva

glucuronil-f-1—4-N-acetil glucosamina Y por lo tanto

muestra la misma secuencia repetitiva (A)

NHCOCH,



Del precursor N-acetil-heparosan de la heparina. E1l
polisacdrido K5 capsular , denominado en lo sucesivo como
“polisacarido K5” 0O més simplemente “KS5”, que
quimicamente modificado por Lormeau et al. Como se
describié en la US 5,550, 116 y por Casu et al. Como se
describié en Carbohydrate Research, 1994, 263, 271-284.
Los K5-O-sulfatos que tienen actividades antitumorosas,
antimetastaticas, antivirales, en particular anti-HIV son
descrit6s en la EP 333243 y WO 98/34958. E1 K5 fue
también quimica y enzimiticamente modificado con el fin
de obtener productos que tienen actividad biolégica in
Vitro sobre la coagulacién del mismo tipo que aquella de
la heparina como se extrae de los érganos animales
(heparina extractiva).

La obtencién de los productos que tienen una actividad
sobre la coagulacién del mismo tipo como 'aquella de la
heparina extractiva ocurre mediante procesos que imitan
aquellos que ocurren en la naturaleza Y prevé una etapa
clave completa de la epimerizacién C5 con D-glucuronil C5

epimiraza.

Los procesos descritos en la IT 1230785, WO 92717507, WO

96/14425 y WO 97/43317 utiliza K5 como el material de



partida. El K5 que se origina de 1la fermentacién esta
sometido a N-desacetilacién seguida por N-sulfatacién y
sobre el K5-sulfato asi obtenido epimerizacién C5 con
epimerasa C5 en solucién se desarrolla, obtenida mediante
cromatografia de una solucién de enzimas microsomales de
mastositoma de ratén (IT 12030 785) o de higado de bovino

(WO 92/1750, WO 96/14425, y WO 97/43317).

La D-glucuronil C5 hepimerasa proveniente de higado de
bovino que se purifico por Campbell, P. et al. En J.
Biol. Chem., 1994, 269/43, 26953-26958 (“Campbell 1994”")
quien también suministro su composicién en amino Acidos y
describié su uso y solucién para la transformacién de un
K5-N-sulfato en el producto 30% epimerizado
correspondiente, demostrando una formacién de &cido

idurdénico mediante el método HPLC seguido por

despolimerizacién nitrosa total a disac&ridos.

El documento WO 98/48006 describe la secuencia de ADN que
codifica para el D-glucuronil C5 epimerasa y un D-
glucuronil C5 epimerasa recombinante, obtenido de un
vector de expresién recombinante que contiene dicho AND,

posteriormente purificado por Campbell et al. Como lo



mostréd Shown by Jin-Ping L. Et al. In J. Biol. Chem.

2001, 276, 20069-20077 (“Jin-Ping 2001”)

La secuencia completa‘'de la epimerasa C5 se describié por
Crawford B. E. Et al. In J. Biol.. Chem., 2001, 276(24),

21538-21546 (Crawford 2001)

El documento WO 01/72848 describe un método para la
preparacién de derivados de polisacAridos K5 N-
desacetilados N-sulfatados al menos epimerizados el 40%
de acido idurénico con relacién al total de 10s A&cidos
urénicos, que tienen un peso molecular desde 2.000 a
30,000, que contienen desde 25 hasta 50% de cadenas de
alta afinide para ATIII y que tienen un 4indice de
actividad anticoagulante y antitrombética expresada como
HCII/antiXa de 1,5 a 4. Dicho documento describe la sobre
sulfatacién de K5-sulfato epimerizado 40-60% Yy muestra
que el producto obtenido, cuyo '3C-RMN es ilustrado, tiene
un contenido de grupo sulfato por unidad de disacarido 2-
3.5. Repitiendo 1la sobre sulfatacién anteriormente
mencionada en las condiciones descritas y examinando el
Bc-RMN se asegura que el producto obtenido es de echo una

amina libre cuyo contenido de 6-0-sulfato es de 80-95%,



de el 3-O-sulfato sobre el azlcar a 30%, pero cuyo grado
se sulfatacién es 3.2. También se estable que en las
condiciones de sobre sulfatacién descritas en la WO
01/72848 no se obtiene un grado de sulfatacién de mas de

3.2,

La solicitud de patente MI2001A/00397 (WO 02/068477),
describe K5-n, O-sobresulfatado que tienen un grado se
sobre sﬁlfatacién de mas de 3.2, obtenido partiendo con
un K5 libre de sustancias lipofilicas o una de sus
porciones de peso molecular de aproximadamente de 5.000
mediante (a) N-desacetilacion/N-sulfatacién, (b)y oO-
sobresulfatacién y, opcionalmente, (c) N-resulfatacién.

Ninguno de 1los documentos mencionados anteriormente
mencionados describe el LMW-K5-N-sulfatos, opcionalmente
40~-60% epimerizados en 1los cua%e; NH; o los grupos

acetilo estin virtualmente ausentes.

»
Con el fin de estandarizar la tecnologia y hacer el texto
mas comprensible, en la presente descripcién los términos
convencionales y expresiones son utilizados en singular o

en plural. En particular:

6\
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por “KS5” o “polisacarido K5” significa el
polisacédrido capsular de Escherichia coli obtenido
por fermentaciéh, es decir, una mezcla de cadenas
que consiste de wunidades de disacAridos (A)
contienen opcionalmente un doble enlace en el
extremo no reducido como si se mostraba
anteriormente, en cualquier caso preparado y
pﬁrificado de acuerdo con los métodos descritos en
la literatura, en particular de acuerdo a Vann
1981, de acuerdo con Manzoni M. Et al., Journal of
Biocactive Compatible Polymers, 1996, 11, 301-311
("Manzoni 1996”) de acuerdo con el método descrito
en WO 01/72848 y en WO 02/068447; es obvio para una
persona experta en la técnica que lo que se muestra
en lo sucesivo se puede aplicar a cualquier N-

acetilheparosan;

~- por “epimerasa C5” significa la D-glucoronil C-5
epimerasa, extraida o recombinante, en cualquier
caso preparada, aislada Yy purificada, en
particular, como se describié en Campbell 1994, en

la WO 98/48006, en la Jin-Ping L. Et al. En J. Bio
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Chem. 2001, 276, 20069-20077 (Jin-ping 2001) en

Crawford 2001;

-por amina K5 se significa al menos K5 N-
desacetilada 95% pero generalmente en la cual los

grupos acetilos son indetectables por un aparato

RMN habitual;

’
por “K5-N-sulfato” que significa al menos KS N-
desacetilada y N-sulfatada 95% como se describe en

los sucesivo, pero en la cual los grupos acetilos

son indetectables con un aparata de PMN normal;

= por, “epik5” significa que el K5 y sus derivados
en los cuales 20-60% de las unidades glucurénicas

son C5-epimerizadas a unidades idurémicas;

= por “epik5-N-sulfato” que significa el K5-N-
sulfato en el cual 20-60% de las unidades
glucurénicas C5-epimerizadas a unidades idurénicas
del tipo descrito en la WO 92/17507 o la WO

01/72848;
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= Por ‘“epik5-amina-O-sobresulfato” que significa
una epikbd-amina O-sulfatada con un grado de

sulfatacidén de almenos3.4;

- por “N-acetil-epikS5-amina-O-sobresulfato” que
significa una épicaS5-amina O-sobresulfato, N-
acilada, con un grado de sulfatacién de al menos
3.4;

por "“K5-amina-O-sobresaturado” que significa una
K5-amina O-sulfatada con un grado de sulfatacidn de

al menos 2.2;

por “N-acil-k5-amina-O-scbresulfato” que significa
un KbS5-amina-O-sobresulfato N-acilada con un grado

de sulfatacién de al menos 2.2;

ademés:

~los términos convencionales Y expresiones
definidos aqui anteriormente se refieren al K5 como
aislado después de fermentacién, generalmente con

una distribucién de peso molecular desde 1500 hasta
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aproximadamente 50000 con un peso molecular medio

de 10000-250000, ventajosamente de 15000-25000;

— exceptuando la designacién especifica del peso
molecular, los términos Y expresiones
convencionales de fluidos aqui anteriormente,
cuando estdn presididos por el acrénimo “LMwW” (bajo
peso molecular), por ejemplo LMW-K5-N-sulfato, LMW~
eﬁikS-N—sulfato indican productos de bajo peso
molecular, que tienen un peso molecular medio de

hasta 12000;

- los términos convencionales y expresién como se
desig?o de la aqui anteriormente cuando son
segquidos por el indicativo “bien derivado” como un
como un todo tanto los derivados del K5 nativo como

aquellos de el bajo peso molecular;

el prefijo “(epi)”, que precede a “K5” en términos
convencionales y de expresiones como se disefiaron
aqui anteriormente, indica como un todo tanto a los
productos del K5 nativo como aquellos 20-60%

epimerizados como se definié anteriormente, es
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decir las mezclas de cadena todas consisten de

dcido glucurénico, y 20-60% de &cido idurénico y

se notan en las férmulas por medioc del simbolo “ *

por el término “aproximadamente” en referencia al
peso molecular que significa el peso molecular [+
el peso tebrico de una unidad de disacarido,
ipcluyende el peso del sodio, calculado como 461 en
el caso de un (epi) K5-N-sulfato~derivadoc] medido
mediante disco simetria de acuerdo a Johnson et al.
Carb. Res. 1979, 51, 119-127 utilizando muestras

cuyo peso molecular fue calculado mediante HPLC
como el estandar;

y ante la expresién “especies preponderantes”, que
significa el compuesto el cual, en la mezcla que
constituye un Imw-(epi)K5-N-sulfato, o un Imw-
(epi) K5-amina-0O-sobresulfato, es el tipo mas
representado, determinado, por el pico de la curva

del peso molecular medido mediante HPLC;

a4 menos que se establezca especificamente otra

cosa, el “grado de sulfatacién” significa 1la
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S03/C00, expresable también como el numero de

grupos sulfato por unidad de disacirido, medida con’

el método conducto métrico descrito por Casu B. Et
al. En Carbohydrate Research, 1975, 39,, 168-176

(Casu 1975), el mismo utilizado en la WO 01/72848;

- por “condiciones de O-sobresulfatacién” se
significa una O0-sulfatacién extrema desarrollada
pér ejemplo de acuerdo con el método C descrito por
B. Casu et al. En corbohydrare Research, 1994, 263,

271-284 (Casu 1994);

- por el termino “alquilo” que significa un alquilo
lineal o ramificado, mientras que el termino

“tetrabutilamino” indica el tetra-n-butylamonio.

RESUMEN DE LA INVENCION

Se ha encontrado ahora que, partiendo de un epik5-N-
sulfato, es posible obtener un epik5-amina-0O-sulfato con
un grado de sulfatacién mayor que aquel de epik5-amina-0-
sulfato descritos en la literatura, por ejemplo en la WO

01/72848, preparando la sal con una base organica
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terciaria o cuaternaria de dicho derivado epik5-N-sulfato
teniendo cuidado de permitirle a,.la mezcla de reaccién
permanecer durante un periodo de tiempo de 30-60 minutos
manteniendo el pH a dproximadamente 7 con la misma base
organica y luego tratando la sal obtenida con un reactivo
de O-sulfatacién en las condiciones de O~
sobresulfatacién. También un IMW-epik5-N~-sulfato, cuando
es sometido al mismo método de salificacién y de O-sobre
sulfataéién, da un Imw-epik5-amina-O-sulfato con un
extremadamente alto grado de sulfatacién. En el caso de
tales derivados epi-K5-amina-sobresulfato el grado de

sulfatacién es mas de 3,2.

Similarmente, se encontré que aplicando las condiciones
de O-sobre sulfatacién descritas anteriormente a un Imw-
K5-sulfato un Imw-K5-amina-O-sulfato se obtiene a un alto
grado de sulfatacién. También a KS'—N-sulfato cuando es
sometido al mismo método de salificacién o de O-sobre
sulfatacién, da un K5—amiha-o—sulfato con un alto grado
de sulfatacién. En el caso de tales derivados de K5-N-

amina-O-sobre sulfato el grado de sulfatacién es m&s de

22.
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De echo, se encontr6 de manera sorprendente que,
preparan@o la sal de tetrabutilamonio de un derivado
(epi) K5-N-sulfato-derivado en las condiciones
anteriormente dichas,' la salificacién se completaba Y,
durante la O-sobre sulfatacién subsiguiente, se favorece
en desplaz;miento total del grupo sulfato desde el Atomo
de nitrdégeno 2 en la glucosalina a los Atomos de oxigeno
de la glucosalina misma, en particular a el &atomo de
oxigeno'en la posicién 3, dando origen asi a derivados de
(epi)K5-amina~O-sulfato con un alto grado de sulfataciédn
en el cual el grupo NH, es estrictamente libre. ILa
diferencia cuantitativa en el grado de sulfatacién del
derivado de epik5 y K5 depende de su configuracién que
favorece la sulfataciédn de los derivados epimeriéados.

También se a encontrado que sometiendo un derivado de
(epi)KS5-amina -O-sobre sulfato obtenido asi a N-
acilacién, son obtenidos nuevos derivados de N-asil-
(epi)KS-amina~O-sulfatoc 1libres de actividad sobre la
coagulacién y Gtiles para la preparacién de composiciones
farmacéuticas o cosméticas. Por este nuevo proceso
versdtil es posible asi preparar de una manera
reproducible derivados de epik5-O-sulfato, sus andlogos

N-acilo un KS5-sulfato que tiene un grado de preciso de
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sulfatacién y, por encima de todo, sus derivados de bajo

peso molecular y sus N-acilos andlogos.

BREVE DESCRIPCION DE LAS FIGURAS

Figura 1 muestra el espedtro del protén NMR de K5-NH; O-
sulfato con un proporcién sulfato/carboxi de 2.87
{obtenida de acuerdo al ejemplo 1);

La figura 2 muestra el espectro de protén RMN de epik5-N-
cetilato, O-sulfato con una proporcién sulfato/carboxi de

4.26 (obtenida de acuerdo con el ejemplo 2):;

La figura 3 muestra el espectro de protén RMN de K5-N-

acetilato, O-sulfato con la proporcidén de sulfato/carboxi

de 2.87 obtenida de acuerdo al ejemplo 3.
DESCRIPCION DETALLADA
Asi, de acuerdo a uno de sus aspectos, la presente

invencién suministra un proceso para preparacién de N-

acil- (epi)K5-amina-O-sobre sulfato, caracterizados por
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{a) un derivado de (epi)K5-N-sulfato, y en forma
acida, es tratado con un base terciara u orgéanica
cuaternaria, permitiéndole a la mezcla de
reaccién permdﬁecer durante un periodo de tiempo
de 30-60 minutes, manteniendo el pH de 1la
solucién a un valor de aproximadamente 7 y su sal
es aislada con dicha base orgénica;

(b) dicha sal de base organica de dicho derivado
?epi)KS—N-sulfato se trata con un reactivo de O-
sulfatacién en las condiciones de O-sobre
sulfatacidn

(c) el producto asi obtenido es tratado con un
derivado funcional de un &cido carboxilico (Ca-
C4}, el derivado de N-acil-({epi)K5-amina-0O-sobre

sulfato asi obtenido es aislado.

De manera general el derivado de N-acilo- (epi)K5-amina-O-
sobre sulfato es aislado en forma de sal sodio y
opcionalmente dicha sal de sodio es transformada en otra

sal quimica o farmacéuticamente aceptable.

En este contexto, el termino “quimicamente aceptable” se
refiere a un catién utilizable en sintesis quimica, tal

como los iones sodio, amonio, (C1-C4y) o0 para la
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purificacién del producto, mientras “farmacéuticamente

aceptable” es auto explicativo.

Los cationes ventajosds sin aquellos derivados de metales
alcalinos, metales alcalinos tales como, amonio,
tetraalquilamonio (C;-C4), aluminio y zinc. Los cationes
preferidos son los iones de calcio, sodio Y
tetrabutilamonio.

De acuerdo con un procedimiento ventajoso, la etapa (a)
es llevada a cabo al pasar una solucién de la sal de
sodio del derivade (epi)K5-N-sulfato, es decir, que el
polisacdrido K5, previamente viene bien N-desacetilado,
N—sulfatado|preferiblemente el 100% opcionalmente 20-60%
C5-epimerizado y opcionalmente despolimerizado con &cido
nitroso, teniendo un peso molecular medio aproximadamente
1.000 a aproximadamente 25.000 ventajosamente \'4
aproximadamente 1500 a aproximadamente 25.000, a través
de una resina de intercambio iénico 4cido, por ejemplo
del tipo IR-120H*, que recolecta el elevado que incluye
también el agua de desperdicio de la resina y neutralizar
el elevado con base organica terciaria o cuaternaria,

preferiblemente con una solucién acuosa de hidréxido de
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tetrabutilamonic. La solucién se le permite permanecer
durante 1 hora, manteniendo su pH en aproximadamente 7 es
decir (tratando de mantener la neutralidad) mediante la
adicién de la midma base orgdnica terciaria o
cuaternaria, preferiblemente wuna solucidén acuosa de
hidréxido de tetrabutilamonio, y la sal asi obtenida se

recupera mediante liofilizacién.

En la etapa (b) la O-sobre sulfuracidén ocurre utilizando
un exceso de agente O-sulfatante y trabajande a una
temperatura de 20 a 70°C durante un periodo de tiempo de

hasta 24 horas en un solvente polar aprético.

Ventajosamente, la sal con una base orgdnica terciaria o
]

cuaternaria del derivado (epi)K5-N-sulfato, es decir, del
polisacarido k5, previamente N-desacetilado, N-sulfatado
preferiblemente 100%, u opcionalmente 20-60% C5-
epimerizado y opcionalmente despolimerizado en acido
nitrosc, tiene un peso molecular aproximadamente de 1500
a aproximadamente 25000 como se dio en la etapa (a), es
disuelto en dimetilformamida y tratado con 2-10 moles de

un reactivo de O-sulfataciédn para cada hidroxilo libre a

una temperatura de 40-60% durante 10-20 horas. Como el
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reactivo de O-sulfatacién es ventajosamente utilizada la
piridina. SO; en una cantidad de 2.5-5 moles
preferiblemente 2.5-4 moles por hidroxilo 1libre por
sacArido y la reaccién es ventajosamente llevada a cabo
50-60°C, preferiblemente a 55°C durante toda la noche. El
producto obtenido luego de la terminacién de la reaccién
es aislado mediante la adicién de 0.1~1 un volumen de
agqua y neutralizacidén, preferiblemente con el hidréxido
de sodié, precipitaciédn con solucidén de cloruro de sodio

saturado en  acetona, filtracién y ©posible auto

filtracién.

El producto asi obtenido es generalmente la sal de sodio
de un deriv?do de (epi)K5-amina-O-sobre sulfato que tiene
un contenido de Acidos glucurénico y idurdnico como se
mostré anteriormente. Cuando la reaccién de sobre
sulfataciéon es desarrollada sobre la sal de 1la base
terciaria o cuaternaria, preferiblemente sobre la sal de
tetrabutilamonio de un derivado de epik5-N-sulfato que
tiene un peso molecular medio de aproximadamente 1.000 a
aproximadamente 25.000, ventajosamente desde

aproximadamente 1.500 a aproximadamente 25.000 en el cual

el Acido idurébénico es 20-60% del total de los Acidos
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urénicos, un derivado de epik5-amina-O-sobre sulfato se
obtiene teniendo un peso molecular medio de
aproximadamente 3.500 a aproximadamente 40.000,
ventajosamente y aprokimadamente 4.500 a aproximadamente
40000 y un grado de sulfatacién de al menos 3,4,
ventajosamente de al menos 3,5, mas ventajosamente de mas

de 3,55 a 4, preferiblemente de 3,55 a 3,8.

Cuando 1a reaccién de sobre sulfatacién es desarrollada
sobre la sal de la base terciaria o cuaternaria,
preferiblemente sobre la sal de tetralbutilamonio de un
derivado de K5-N-sulfato- que tiene un peso molecular
medio de aproximadamente 1500 a aproximadamente 25000, se
obtiene un derivado de KS5-amina-O-sobre sulfato que tiene

un peso molecular medio de aproximadamente 3500 a 40000.
Ventajosamente Y aproximadame;te de 4500 a
aproximadamente 40.000 y un grado de sulfataciédn de al
menos 2,2, ventajosamenté de 2,2 a 3 o de 2,3 a 3 mas
ventajosamente de 2,5 a 3, preferiblemente de 2,7 a 2,89.
Preferiblemente, el producto asi obtenido viene de un
Imw-KS5-amina-0O-sulfato y es preferiblemente la sal de

sodio de un Imw-K5-amina-O-sobre sulfato que tiene un

grado de sulfatacién de 2,3 a 3. El peso molecular medio
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de tal producto puede ser aproximadamente 3.500 a

aproximadamente 11.000.

La sal de sodio asi dbtenida se puede convertir en otra
sal. Poxr via de ejemplo, el intercambio idnico de calcio
se puede desarrollar trabajando con una membrana de ultra

filtracién.

En la etapa (C}) el derivado de (epi)K5-amina-O-sobre
sulfato con un alto grado de sulfatacién N-acilado

utilizando los métodos conocidos en la literatura.

La N-acilacién es desarrollada al elaborar el derivado
(epi)KS—amirlla—O—sobre sulfato originado de la etapa (b)
reacciona con un derivado funcional de un &cido mono o
dicarboxilico que contiene de dos a cuatrc Aatomos de
carbono en solucién hidroalcohdlica a una temperatura de
aproximadamente 4°C. Como derivados funcionales de dichos
dcidos carboxilicos (C;-C4), previamente de acido acético,
propiénico, malénico, o succinico o de mono ésteres, en
particular metilico o etilico, del dltimo, uno puede
utilizar el anhidrido, el cloruro, o wuna mezcla de
anhidrido y wun extractivo. El1 producto obtenido, un

derivado de N-{C;-C4)acil-{(epi)KS5-amina-O-sobre sulfafo,
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es neutralizado con una dosis, preferiblemente hidréxido

de sodioc y luego aislado mediante ultra filtracién y

precipitacién con una solucién de cloruro de sodio
saturado en acetona. Opcionalmente la etapa de N-
acilacién es repetida hasta que obtiene la sustitucién
total o sin embargo mas del 95%. Son asi obtenido en N-

acil-{epil)K5-amina-O-sobre sulfatos, en particular el N-

acetil, N- (2-carboxilo}acetil, N-(2-
metoxicarbonil)acetil, N- (2-etoxicarbonil)acetil, N-
propianil, N-(3~carboxi) propianil, N-(3-

metoxicarbonil)propianil, N-(3_etoxicarbonil)propionil, -

(epi) K5-amina-0O-sobre sulfatos.

Los nuevos derivados de N-acil-(epi)KS-amina-O-sobre
sulfato asi estdn generalmente en sus formas de sal de
sodio. Dicha sal de sodio se puede convertir en otra sal
quimica o farmacéuticamente aceptable. Las sales
particularmente ventajosas son agquellas de metales
alcalinos, de metales alcalinotérreos, de amonio, el
tetraaquilamonio (C;-C4), aluminio y zinc. Las sales de

sodio, calcio y tetrabutilamonio son las preferidas.
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A diferencia en los procesos descritos en la WO 98/34958,
que consiste de una sulfatacién de fase heterogénea de la
sal de sodio K5 para obtener sulfatos K5-0- (de acuerdo
con la tecnologia utilizada aquf "“N-acetil-K5-amina-0-
sulfatos”) formulados sulfatacién de 0,5 a 4 y que tienen
que concurrir al uso de &cido clorosulfénico para obtener
derivados debajo pesc molecular de una manera no
controlada, el proceso de 1la presente invencién es
extremaéamente versdtil. De hecho, este permite la
preparacién de N-amina-K5-O-sobre sulfatados de cada tipo
en cada alto rendimiento con reacciones f&cilmente
controlables. En particular, el proceso de la presente
invencién permite la preparacién de N-acil-K5-amina-O-
sobre sulfitos de otra manera no obtenibles, como los
derivados C-5 epimerizados, los derivados N-acilados con
un acilo diferente del acilo presente en el K5 nativo y
los derivados de bajo pesc molecular. Ademas, en el
método descrito en la WO 98/34958, el proceso de la
presente invencidén permite lograr los LMW-K5-O-sulfatos
de manera controlada con el fin de obtener el peso
molecular medio deseado y por encima de todo un grado de
sulfatacién bien definido que puede variar desde los 2,3
a 3 pero que puede regularmente ser 2,7-2,9. Finalmente

todos los productos del proceso de la presente invencién,
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en particular las aminas intermedios libres y los N-acil-
K5-amina-O-sobre sulfatos son ingredientes activos 1utiles
para composiciones farmacéuticas o cosméticas.

Los materiales de partida (epi)K5-N-sulfato conocidos en
la literatura o sus porciones, © LMN-(epi)K5-N-sulfatos
preparados mediante despolimerizacidén nitrosa de los
sulfatos (epi)K5-sulfatos correspondientes.

Los derivados de partida (epi)K5-N-sulfato- tienen un
pesc molecular medio de aproximadamente 1.000 a
aproximadamente 25.000, ventajosamente desde
aproximadamente 1.500 a aproximadamente 25.000.
Preferiblemﬁnte, como material de partida se utiliza un
(epi)K5-sulfato que tiene un pesc molecular medio entre
10.000 o 25.000 o LMW-({epi)K5-N-sulfato que tiene un peso
molecular medio de aproximadamente 1.500 a
aproximadamente 12.000, ventajosamente aproximadamente
1.500 a aproximadamente 8.000, preferiblemente

aproximadamente 1.500 a 7.500.

Un IMWCepik5-N-sulfato que tiene un contenido de unidades

idurénicas de aproximadamente 20% obtenidas mediante N-



28

desacetilacién, N-sulfatacién, y CS5-epimerizacién de una
porcién de K5 que tiene un peso molecular de 5000 de
describe en la WO 92/17507, en este producte contiene un

alto porcentaje de grupos acetilo.

Un epik5-N-fulfato particularmente ventajoso como
material de partida es aquel obtenide mediante 1la
epimerizacién de un KS5-N-sulfato virtualmente libre de
grupos acetilo a su vez preparados de K5 particularmente
puro, en particular que no contienen sustancias

lipofilicas, descritas en la WO 02/068477.

K5-N-sulfatos C5-epimerizados de bajo peso molecular que
tienen un mayor contenido de unidades idurénicas, en
particulas 40-60%, preferiblemente 50-55% son al
contrario nuevos productos particularmente ventajosos
como materiales de partid; en la preparacién de derivados

epik5-amina-O-sobre sulfatados N-sustituidos de la

presente invencién.

Los LMW-epiK5-N-sulfatos, también se pueden obtener
mediante la epimerizacién C5 del 1los correspondientes

LMW-K5-sulfatos, preferiblemente cuando su peso molecular
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medio es mAs de 4000. Los LMW-K5-N-sulfatos virtualmente
libres de grupos acetilos son todos nuevos productos
preparables por fraccionamiento o, preferiblemente, por
despolimerizacién de' un KS5-N-sulfato libre de grupos
acetilo. El1 X5-N-sulfato es bien conocido en 1la
literatura y es descrito en el documento citado aqui
anteriormente para ilustrar el estado de la técnica. El
material de partida anteriormente mencionado es
invariéblemente obtenido mediante N-desacetilacion de K5
Yy 1la subsiquiente N-sulfatacién de 1la K5-amina si
obtenida. Sin embargo, se hallo que la preparacién de un
K5-N-sulfatdé virtualmente libre de acetilo en los grupos
NH se ayuda si el K5 del cual este es preparado es
particularmente purc, en particular si este no contiene
sustancias lipofilicas. Se prefiere por 1lo tanto de
acuerdo a la presente invencidén, utilizar un K5-N-sulfato
de partida preparado de un K5 purificado como se
describié en la WO 02/068477. Dicho K5-N-sulfato, cuyo
espectro '3C-RMN no muestra tasas de N-acetilo o NH,

también se describen en la WO 02/068477.

Los nuevo IMW-epiK5-N-sulfatos como se mostréd
anteriormente son preparados por un proceso caracterizado

por que un K5-N-sulfato es sometido, en cualquier orden,
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(i) a epimerizacién C5 con una D-glucuronil C5-
epimerasa que es aislada, purificada y en
solucién o inmovilizada sobre un soporte
sblido, ha un PH de aproximadamente 7, a una
temperatura de aproximadamente 30% y por un
periodo de 12-24 en la presencia de al menos un
ién Dbivalente seleccionado entre calcio,
magnesio, bario, y manganeso; y

(ii) a despolimerizacidén nitrosa opcionalmente
seguida por reduccién, donde normalmente con

boro hidruro de sodio.

La expresiQp {(en cualquier orden) muestra que el proceso
puede indiferentemente llevar a cabo tanto en la
direcciébn (i)-(ii), es decir en la secuencia
anteriormente indicada, como en la direccién inversa, es
decir también en la direccién (ii)-(1), sometiendo a K5-
N-sulfato a primero la reaccién despolimerizacién
nitrosa, opcionalmente seguida por la reduccién con
borohidruro de sodio y posteriormente a la epimérizacibn

C5S en la condiciones anteriormente mencionadas. El orden

preferido es en la direccién (i)—>(ii). La secuencia
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(ii)-(i) es preferiblemente utilizada partiendo con LMW-
K5-N-sulfatos que tienen un peso molecular medio de mas
4.000, preferiblemente partiendo con aproximadamente
6.000. Por ejemplo, uUno puede determinar las cantidades
de nitrito de sodio el cual, partiepdo con un grama de
epiK5-N-sulfato, permite lograr un Lmw-epiK5-N-sulfato
con un peso molecular de mas de 4.000, en particula de al
menos 6.000, con el fin de obtener intermedios dutiles
para lJ preparacién de LMWepiK5-N, O-sobre sulfatos. De
hecho, en este cado en la etapa (ii) se obtiene el

porcentaje de epimerizaciédn éptima.

De acuerdo con un aspecto preferido de la invencién, la
epimerasa C5 se inmoviliza sobre un soporte so0lidé

inerte.

La epimerasa C5, preferiblemente recombinante, aislada, y
purificada por ejemplo de acuerdo a Campbell 1994, Wo
98/48006, Jin-Ping 2001 o Crawford 2001, de inmoviliza
sobre un soporte inerte en la presencia del sustrato, es
decir, en la presencia del derivado de partida K5-N-
sulfato o en la ©presencia IMW-K5-N-sulfato, que
ventajosamente tiene un peso molecular medio de mas de

4.000, preferiblemente de al menos 6.000. La
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inmovilizacién de desarrolla de acuerdo a métodos
convencionales, por ejemplc, como se describidé en la WO

01/72848.

La reaccidén de epimerizacién C5 es llevada a cabo al
circular 20-1000 ml de una solucién de 25 mM de HEPES a
un PH de aproximadamente de 7 que contiene 0.001-10 g de
sustrato (K5-N-sulfate o LMW~K5~N-sulfato,
preferil:;lemente con un peso molecular de mas de 4000, en
particula de al menos de 6000) y un catién seleccionado
entre calcio, magnesio, bario y manganeso a una
concentracién entre 10 y 60 mM a través de una Columna
que contiene de 1.2X107 a 3X10 cpm de la enzima
desmovilizada, manteniendo el pH aproximadamente 7 a

aproximadamente 30°C, en un flujo 30-220ml/hora durante

un periodo de 12-24 horas, ventajosamente de 15-24 horas.

Preferiblemente la dicha solucién es recirculada en un
flujo de aproximadamente 200 ml/hora durante la noche
(15-20 horas). El1 productoc obtenido se purifica y se
separa de acuerdo a métodos conocidos, por ejemplo,
mediante micro filtracién y precipitacién con el calor.
El producto asi obtenido estd comprendido o de epiK5-N-

sulfato (y en tal caso es disuelto en agua y sometido a

s
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despolimerizacién) o de LMW-epik5-~N-sulfato (en tal caso
este constituye el producto final). El porcentaje de
epimerizacién, en la préActica en la cantidad de unidades
idurénicas con reladién a aquellas glucurbnicas, se
calculan con 'H-RMN de acuerdo al método descrito en WO

96/4425,

La reaccidén de despolimerizacidén nitrosa se lleva acabo
de acherdo a métodos conocidos mediante la
despolimerizacién de heparina, por ejemplc de acuerdo al
método descrito en la EP 373119, en la WO 82/03627 o de
acuerdo al método mediante la despolimerizacién de un KS5-

N-sulfato descrito en la EP544592, pero partiendo con un
K5—N-sulfat9 0 un epiK5-N-sulfato que contiene de 0 a no
mas de un 10% preferiblemente a no ma&s del 5% de grupos
acetilo. Preferiblemente, la despolimerizacién,
desarrollada con nitrilo de sodio y acido clorhidrico
sobre un epiK5-N-sulfato virtualmente libre de grupos
acetilo, es seguida por reduccién in situ con boro

hidruroc de sodio.

En la practica, una solucién acuosa fria de epik5-N-

sulfato es llamada a un PH acido (aproximadamente 2) con

\
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acido clorhidrico y, atn fria tratada con nitrilo de
sodio manteniendo la temperatura (aproximadamente 4°C) y
el PH (aproximadamente 2) constante y, luego de la
terminacién de la despolimerizacién (aproximadamente 15-
30 minutos) la solucién se neutraliza con hidréxido de
sodio y se trata a uno aproximadamente 4°C, con una
solucién acuosa de boro hidruro de sodio. Luego de la
terminacién de la reduccién (aproximadamente 4 horas) el
exceso c'ie borohidruro de sodio se destruye con acido
clorhidrico, la solucién se neutraliza con hidréxido de
sodio y se despolimeriza (y se reduce) el producto es
aislado de acuerdoc con métodos conocidos por ejemplo
mediante precipitacién directa con etanol o acetona. El
producto obtenido 1luego de la terminacién de la
'
despolimerizacién puede ser un Lmw-K5-N-sulfato (en tal
caso este constituye el producto final) o un Lmw-K5-N-
sulfato (en tal <caso es directamente sometido a
epimerizacién C5 como se mostrdé aqui anteriormente,
después del aislamiento o también en solucién sin ser
previamente aislado), en particular cuando este tiene un
peso molecular medio de las de 4000, preferiblemente de
algunos 6000, o se utiliza para preparar LIMN-K5-N, O-
sobresulfatade de actividad antiangiogénica y anti wviral.

Mediante la reaccién de despolimerizacién apropiadamente
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controlante, en particular utilizando diferentes
cantidades de nitrilo de sodio/acido clorhidrico, LMW-K5~
N-sulfatos o 1los LMW-epiK5-N-sulfatos son obtenidos

teniéndo un peso molecular medio en intervalo completo de

aproximadamente 1.500 a aproximadamente 12.000,
ventajosamente desde aproximadamente 1.500 a
aproximadamente 10.000, preferiblemente desde

aproximadamente 1.500 a aproximadamente a 7.500,
calculado en el espectro 3C-RMN ha trabes de 1la
integracién de 1la seflal atribuida a C2 del 2,5-
anhidromanitol con aquel del carbono anomérico de la
glucosamina dentro de la cadena de polisacaridos.

De acuerdoI con un procedimiento general partiendo por
ejemplo con un gramo de K5-N-sulfato a de epiK5-N-
sulfato, el producto de partida es disuelto en 100-200 ml
de agua desionizada y termo establecida a 4°C. Luego una
cantidad de nitrilo de sodico se agrega con el fin de
obtener el peso molecular medio deseado, por ejemplo de
aproximadamente 2.000 a aproximadamente 4.000. Por 1lo
tanto, partiendo de un epik5-N-sulfato que tiene un peso
molecular de 20.000 medido con el método HPLC equipada

con una columna BioRad BioSil 250 y wutilizando wun

estidndar de heparina de peso molecular conocido, se
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requerird la adicién de 330 a 480 mg de nitrilo de sodio
disuelto en una solucién acuosa al 0,2%. La soluciédn que
contiene el epik5-N-sulfaté y el nitrilo de sodio,
mantenida a 4°C, es llevada a uvn PH 2 a través de la
adicién de HCL 0,1 N enfriada a 4°C. Esta reacciona bajo
agitacién lenta durante 20-40 minutos, entonces es
neutralizada con NaOH 0,1 N. el producto obtenido es
llevado a temperaturas ambiente de cuarto y tratado con
agente ;eductor tal como por ejemplo borohidruro de sodio
(250-500 mg disueltos en 50-100 ml de agua) y echa a
reaccionar durante 4-8 horas, el exceso de borohidruro de
sodio se elimina elevando el PH a 5-5,5 con HCL 0,1 N y
se le permite permanecer durante 2-4 horas adicionales.
Al final gste es neutralizado con NaOH 0,1 N y el
producto es recuperado mediante precipitacién con acetona
o0 etanol después de haber concentrado el producto a

través de evaporacién a presién reducida.

Generalmente, las cantidades de nitrito de sodio se
pueden determinar las cuales, partiendo con 1 g de K5-N-
sulfato o de epiK5-N-sulfato, permiten el logro de un
Lmw-K5~N-sulfato o un Lmw- epiK5-N-sulfato con un peso

molecular medio de aproximadamente 4.000 a



37

aproximadamente 12.000, ventajosamente desde
aproximadamente 4.000 a aproximadamente 7.500, en

particular de 6.000-7.500"

Los LMW-epiK5.N-sulfatos asi obtenidos, con un contenido
de acido idurénico desde 20 a 60% ventajosamente desde 40

a 60% preferiblemente de 50-55% y virtualmente libre de
grupos NH; y N-acetilo, que tiene un peso molecular medio
de aproximadamente 1500 a aproximadamente 12.000,
ventajosamente desde aproximadamente 1.500 a
aproximadamente 10.000, preferiblemente desde
aproximadamente 1.500 a aproximadamente 7.500 y sus sales
quimicamente o farmacéuticamente aceptables constituyen
nuevos productos utiles como materiales de partida en la
preparacién de LMW-epiK5-N, O-sobre sulfatos
particularmente interesantes, pero también ellos mismos
itiles como ingredientes activos de composiciones
farmacéuticas o cosméticas y constituye un aspecto

adicional de la presente invencidn.

Ventajosamente los materiales de ©partida en la
preparacién de derivados de N-aceti- (epi)KS-amina-O-sobre

sulfato de la presente invencién son derivados de
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(epi) K5~-N-sulfatc que consisten de una mezcla de cadena

en la cual al menos el 90% de dichas cadenas tienen la

férmula 1.
H,OH -
-~ R m
NHSO; lﬁ
En 1la cual la proporcién de unidades

glucurénicas/unidades idurénicas es de 100/0 a 40/60, n
es un entero de 2 a 100, ventajosamente de 3 a 100, y el

catidn correspondiente es quimica o farmacéuticamente

aceptable.

En particular dichos derivados de (epi)K5-N-sulfato de
partida son consistentes de una mezcla de cadena en la
cual al menos el 90% de dichas cadenas tienen la férmula
1l anteriormente mencionada, con un contenido de unidades
glucurbénicas de 100 a 40%, ventajosamente con un
contenido de &cido glucurbénico de 100% u 80 - 40% de
dcido glucurénico y 20 - 60% de Acido idurénico, n es un
entero 2 a 100, ventajosamente de 3 a 100, y el catién

correspondiente es quimicamente aceptable.
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Preferiblemente, el contenido de @&cido glucurbénico es
100% del total de 4&cidos wurénicos 40-60% es Acido
glucurdnico y §0-40% es acido idurénico.

Los materiales de partida preferidos son LMW-(epi)K5-N-
sulfatos que consisten de una mezcla de cadena en la cual
al menos el 90% de dichas cadenas tiene la férmula I en
la cual las unidades urénicas son todas consistentes de
acido ’ glucurdénico o] son 40-60% comprendidas,
preferiblemente 50-55%, de Acido idurénico, n es un
entero de 2 a 20, ventajosamente de 3 a 15 y el catién
correspondiente es quimicamente aceptable. Los epiK5-N-
sulfatos preparados mediante epimerizacién C5 de epiK5-N-
sulfatos son bien conocidos y ampliamente descritos en la
literatura. Su preparacién mediante epimerizacién C5 de
la unidad glucurénica de K5-N-sulfato con un C5 D
glucuronil epimerasa se describié en los documentos
citados aqui anteriormente para ilustrar el estado de la
técnica, por ejemplo, en la WO 92/17507, WO 98/14425, WO

97/43317, WO 01/72848 y US 2002/0062019. sin embargo de

acuerdo a una manera preferencial del procedimiento, '

mediante la epimerizacién se utiliza un K5-N-sulfato
obtenido de un K5 libre de sustancias lipofilicas como se

describié en la WO 02/068477 y la epimerizacidén C5 es
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desarrollada con un D-glucuronil C5 epimerasa aislado,
purificado e inmovilizado sobre un soporte sélido, a un
pH de aproximadamente 7, a una temperatura de
aproximadamente 30° C'y durante un periodo de tiempo de
12 - 24 horas en la presencia de al menos un ién
bivalente seleccionado entre calcio, magnesio, bario y
manganeso, como se mostrd anteriormente. También el K5-N-
sulfato fue mostradoe aqui anteriormente.

Los (epi)K5~-N-sulfatos N-sulfatados de bajo peso
molecular, en particular aquellos en los cuales las
unidades urdnicas estdn todas en el Acido glucurénico y
aquellas que tienen un contenido de unidades idurénicas
de 40-60%, preferiblemente 50-55% son al contrario todos
nuevos productos particularmente ventajosos como
materiales de partida en la preparacién de derivados de
N-acil- (epi)K5-amino-O-sobresulfato de acuerde con la
presente invencién. Dichos materiales de partida son LMW-
(epi) K5-N-sulfatos que tienen un contenido de &cido
idurénico de 0% a 40-60% con relacién al total de los
acidos urbnicos Yy un peso molecular medioc de
aproximadamente 1.500 a aproximadamente 12.000,
ventajosamente de aproximadamente 1.500 a aproximadamente

8.000, preferiblemente de aproximadamente 1.500 a
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aproximadamente 7.500; Y sus sales quimica o
farmacéuticamente aceptables. La distribucién puede
variar desde aproximadamente 1.000 a aproximadamente

10.000. '

Dicho LMW- (epi) K5-N-sulfatos son ventajosamente
consistentes de una mezcla de cadena en la cual al menos

el 90% de dichas cadenas tienen la férmula I’

En la cual ,las unidades urénicas son 100% consistentes
de acido glucurénico o de 60-40% de Acido glucurénico y
40-60% de Acido idurénico, q es un entero de 2 a 20 y el
catién correspondiente es quimica o farmacéuticamente

aceptable.

En este contexto, el término “quimicamente” se refiere a
un catién utilizable en sintesis quimica, tal como iones
de sodio, amonio, tetralquilamonio (C;-C4), o para la

purificacién del producto.
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Los cationes ventajosos son aquellos derivados de los
metales alcalinos, metales alcalinotérreos, amonio,
tetralquilamonio (C;-C4), aluminio y zinc. Los cationes
preferidos son los iones de sodio, calcio Y

tetrabutilamonio.

Los materiales de partida preferidos son los nuevos LMW-
(epi)KSJﬁ—sulfatos consistentes de una mezcla de cadena

en la cual las especies preponderantes tienen la férmula

I’'a

~— |-|'0|-| -
TN A H N\ ('a)
NHSO;
e -

En la cual las unidades urénicas son 100% consistentes de
acido glucurénico o 60-40% glucurdnico y 40 a 60% de
acido idurénico, p es un entero de 4 a 8, el peso
molecular medio de estos productos va de aproximadamente
2,000 a aproximadamente 4.000 y el catién correspondiente

es quimica o farmacéuticamente aceptable.

P
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En particular los nuevos LMW (epi)K5-N-sulfatos son
materiales de partida Gtiles que consisten de una mezcla
de cadena en la cual al menos el 95% de dichas cadenas
tienen la férmula I’ mostrada aqui anteriormente obtenida
por despolimerizacién nitrosa del correspondientes
(epi)K5-N-sulfatos mostrados anteriormente Yy la
subsecuente posible reduccién por ejemplo con borohidruro
de sodio.

El origen de estos (epi)K5-N-sulfatos provenientes }de
una etapa de despolimerizacidén nitrosa involucra, en el
extremo reductor de la mayoria de las cadenas en dicha
mezcla de cadena, la presencia de una unidad de 2,5-
anhidromanosa o, en el caso de reduccidén con por ejemplo

sodio boro hidrurc, de 2,5-anhidromanitol de estructura

(a)

(a)

En la cual X representa un grupo formilo o un grupo

hidroximetilo. Por lo tanto, el extremo reductor de la



mayoria (60 - 70%) de las cadenas estd actualmente

representada por la estructura (b)

|
En la cual X es como se definié anteriormente.

La presencia de la estructura (a) no tiene ninguna
influencia sobre las caracteristicas quimicas de los
(epi)K5-N-sulfatos y sus derivados en razén a que
cualquiera situaciones involucrarian una posible
introduccién de 1 o 2 grupos sulfato lo cual sin embargo
no cambiari; significativamente el grado de sulfatacién
de los derivados O-sulfatados. Adicionalmente, la

presencia de la estructura (a) no influencia la actividad

biolégica de 1los productos, como se demostré por
(dstergaard 1987) P.B. et al. en Trombosis Research,

1987, 45, 739-749 (@stergaard 1987) para heparinas de

bajo peso molecular.
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Los LMW (epi)K5-N-sulfatos particularmente ventajosos de
acuerdo con la presente invencién son consistentes de
mezclas de cadena en los cuales las especies

preponderantes son un ‘compuesto de fé4rmula I’'b

* [ emon - H,OH
q*léi;xkgjggéz’ﬁb ()
"0 on NHBO; ™

En la cual X es formilo o hidroximetilo, m es 4, 5, o 6,

el <catién correspondiente es un ién quimica o
farmacéuticamente aceptable. Las unidades urénicas son
todas de &cido glucurénico o las unidades glucurénicas e
idurénicas ,estédn presentes alternativamente, partiendo
con una unidad glucurb6nica o idurénica, en tal caso la
proporcién glucurénica/idurénica va de 45/55 a 55/45 es

decir aproximadamente 50/50.

Todos los LMW (epi) KS5~-N-sulfatos aqui mostrados
anteriormente son nuevos productos que constituyen un

objeto adicional de la presente invencién.



Los LMW-(epi)K5-N-sulfatos, es decir los LMW-K5-N-
sulfatos, mostrados anteriormente y, a diferencia de
otros epoK5-N-sulfatos, por ejemplo como se indicé en la
WO 92/17507, también' los LMW-(epi)K5-N-sulfatos de la
presente invencién, estando virtualmente libres de grupos
N-acetileo, no tienen actividad anticoagulante y tienen
una interesante actividad contra los radicales 1libres.
Gracias a su baja toxicidad, 1los nuevos LMW-K5-N-
sulfatoé, y los IMW-(epi)K5-N-sulfatos son ingredientes
activos para la preparacién de composiciones
farmacéuticas utilizables como adyuvantes en el
tratamiento de cardiopatia isquémica y @para el
tratamiento de dermatitis por radiacién o de
composiciones Gtiles como antienvejecimiento de la piel.
'

Cuando los LMW-(epi)K5-N-sulfatos mostrados anteriormente
son utilizados como materiales de partida para la
reaccién de O-sobresulfatacién, se prefiere en cualquier
caso'que, en su preparacién por despolimerizacién nitrosa
como se mostré anteriormente, dicha despolimerizacién sea
seguida por la reduccién por ejemplo con borohidrurc de
sodio para dar el LIMW-KS5-N-sulfatos caracterizados por
unidades terminales (a) en las cuales X es hidroximetilo,

en razén a que de acuerdo con el proceso de la presente
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invencién dichos LMW-(epi)K5-N-sulfatos son sometidos a
reacciones de sulfatacién y acilacién cuya influencia,
del radical 2,5-anhidromanosa de la estructura (a) es
desconocida sobre el grupo formilo, en el cual X

representa formilo.

Dichos materiales de partida son preferiblemente
utilizados en forma de sal de sodio, a menos que una sal
ya esté disponible con una base terciaria u organica
cuaternaria preparada de acuerdo con la etapa (a)
mostrada anteriormente, preferiblemente la sal de

tetrabutilamonio.

De acuerdo con la presente invencién, los derivados de
(epi)K5-N-sulfato de partida, preferiblemente 100% N-
sulfatados, son sometidos a las etapas anteriormente
mencionadas (a) y (b), luego de la terminacién de la cual
son aislados los correspondientes nuevos derivados de
(epi)K5~amino-O-sobresulfato, en los cuales la amina no
es sustituida, normalmente en la forma de sal de sodio,

la cual se puede transformar en otra sal quimica o

farmacéuticamente aceptable.

‘ﬂ
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Asi, de acuerdo con otros de sus aspectos, la presente
invencién se refiere a nuevos derivados de (epi)K5-amino-
O-sobresulfato y sus sales quimica o farmacéuticamente
aceptables obtenibles' mediante un proceso caracterizado
porque (a) un derivado de ({epi)K5-N-sulfato, en forma
acida, es tratada con una base terciaria u organica
cuaternaria que permite que la mezcla de reaccién
permanezca durante un periodo de 30-60 minutos,
manteniendo el PH de 1la solucién en un valor de
aproximadamente 7 mediante la adicién de dicha base
terciaria u orgdnica cuaternaria y su sal se aisle con
dicha base orgénica; (b) dicha sal de base organica de
dicho derivado (epi)K5-N-sulfato es tratado con un
reactivo de O-sulfatacién en las condiciones de O-
sobresulfatacién y el derivado de (epi)KS-amino-O-

sobresulfato es aislado.

El derivado asi obtenido es generalmente un derivado de
(epi)KS-amino-O-sobresulfato que tiene un peso molecular
medio de aproximadamente 4.500 a aproximadamente 40.000,
aislado en forma de sal de sodio que se puede transformar
en otra sal quimica o farmacéuticamente aceptable. Las
sales particularmente ventajosas son aquellas de metales

alcalinos, metales alcalinotérreos, de amonio,
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tetraalquilamonio (C;-C4) aluminio y zinc, y entre estos,
las sales de sodio, calcio y tetrabutilamonio son las

preferidas.

Como ya se mostrdé aqui anteriormente, el grado de
sulfatacidén de los derivados de (epi) KS-amino-0-
sobresulfato como se obtuvieron anteriormente dependen de
la configuracién del derivado de (epi)K5-N-sulfato de
partida: en razédn a que el volumen de la cadena de
disacarido del derivado K5-N-sulfato en la cual las
unidades urénicas estdn comprendidas exclusivamente de
dcido glicurénico, permiten una sobresulfatacién que es
menor de aquella que ocurre con el derivado de (epi)KS5-N-
sulfato, especialmente si el grado de epimerizacién del

Gltimo es 40-60% de Aacido glucurénico y 60-40% de Acido

idurénico.

De hecho se ha hallado que, sometiendo un derivado de K5-
N-sulfato a las etapas anteriormente mencionadas (a) y
(b) un derivado de K5-amina-O-sobresulfato se obtiene
teniendo un grado de sulfatacién de 2,2 a 3,

ventajosamente de 2,5 a 3, preferiblemente de 2,7 a 2,9.
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Sometiendo a un derivado de epiK5-N-sulfato a las etapa;
anteriormente mencionada {(a) y (b) en las cuales el
contenido de acido idurbénico es 20 - 60% preferiblemente
40 - 60% del total de' los &cidos urénicos, se obtiene un
derivado de epiK5-amina-O-sobresulfato que tiene un gado
de sulfatacién de al mencs 3,4, ventajosamente de al
menos 3,5, mas ventajosamente de 3,55 a 4,
preferiblemente de 3,55 a 3,8.
’

Estos derivados de (epi)K5-amina-O-sobresulfatado son
productos utiles como intermedios en la preparaciédn de
sus derivados N-(C;-Cq)acilados y como ingredientes
activos basicamente libres de actividad sobre los
parametros de coagulacién pero que tienen otras
propiedades farmacolégicas interesantes, uUtiles para 1la
preparacién de composiciones farmacéuticas. Para el uso

de los derivados de (epl)K5-amina-O-sobresulfato de la

presente invencién como ingredientes activos de

composiciones farmacéuticas, es ventajoso preparar tanto’

los derivados de bajo peso molecular, con un peso
molecular medio de aproximadamente 3.000 a
aproximadamente 11.500, preferiblemente desde
aproximadamente 4.500 a aproximadamente 8.500, con una

distribucién de peso molecular de entre aproximadamente
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1.000 y aproximadamente 15.000, preferiblemente entre
aproximadamente 2.000 y aproximadamente 10.000 Y
derivados de altoc peso molecular, que se originan de un
K5 no fraccionado, ‘'con un peso molecular medio de
aproximadamente 15.000 a aproximadamente 45.000,
preferiblemente entre aproximadamente 20.000 Yy
aproximadamente 45.000, con una distribucién de peso
molecular desde aproximadamente 2.000 a aproximadamente

70.000.

Asi, de acuerdo con otros de sus aspectos la invencién
suministra nuevos ingredientes activos de composiciones
farmacéuticas que consisten de derivados de (epi)K5-
amina-O-sobresulfato que consisten de mezcla de cadena en

las cuales al menos el 90% de dichas cadenas tienen la

férmula II

~ m

En la cual n es un entero de 2 a 100, preferiblemente de

3 a 100, R, R’ y R” son hidrdgeno o S03-, las unidades



52

urénicas son todas de &Acido glucurénico para un grado de
sulfatacién de al menos 2,2, ventajosamente de 2,2 a 3 o
de 2,3 a 3, mas ventajosamente de 2,5 a 3,
preferiblemente de 2,7 a 2,9, o son 20-60% consistentes
de &cido idurénico, para un grado de sulfatacién de al
menos 3,4, ventajosamente de al menos 3,5, mas
ventajosamente de 3,55 a 4, preferiblemente de 3,55 a 3,8
Y el catién correspondiente es quimica o

farmacéﬁticamente aceptable.

Los derivados de (epi) KS-amina-O-sobresulfatados
ventajosos de grado extremadamente alto de sulfatacién
son consistentes de una mezcla de cadena en la cual al
menos el 90% de dichas cadenas tienen la férmula IT en la

cual las unidades urénicas son 40-60% consistentes de

4dcido idurénico, n es un entero de 2 a 100, .

preferiblemente de 3 a 100, con un peso molecular medio
de aproximadamente 2.000 a aproximadamente 40.000
ventajosamente de aproximadamente 4.500 a aproximadamente
40.000, R es al menos 40% preferiblemente 50-80% S0,-, R’
y R” son ambos SO>- o uno es hidrégenc y el otro es 5-10%
50;-, en acido monosulfato glucurénico y 10-15% S50;3;- en

dacido monosulfatoc idurénico, el grado de sulfatacién es

A
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mias de 3,4 y el catiédn correspondiente es quimica o

farmacéuticamente aceptable.

Los derivados preferidos de epiK5-amina-O-sobresulfatados
de muy alto grado de sulfatacién son los lmw-epiKS5-amina-
O-sobresulfatos que consisten de una mezcla de cadena en
la cual al menos el 90% de dichas cadenas tienen la

férmula II'

N n

En la cual'q es un entero de 2 a 20, R, R’ y R” son
hidrbégeno o S03-, las unidades urdnicas estan 20 - 60%
comprendidas, preferiblemente 40-60%, de Acido idurénico
para un grado de sulfatacién de 3,55 a 4, y el catidén

correspondiente es un ién quimica o farmacéuticamente

aceptable.

Son particularmente interesantes las mezclas de cadena de
la férmula II’ en las cuales las unidades urdnicas estén

40-60% comprendidas, preferiblemente 50-55% de acido
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idurénico, Res al menos 40%, ventajosamente 50 - 80%,
preferiblemente aproximadamente 65% SO;-, R’ y R” son
ambos 503~ o uno es hidrégeno y el otro 5 — 10% de SO3— en
dcido glucurdnico y 10 - 15% de SO;- en A&cido idurénico,
N es un entero de 3 a 15, con un peso molecular medio de
aproximadamente 4.000 a aproximadamente 8.000 y el catién

correspondiente es quimica o farmacéuticamente aceptable.

Entre  estos Lmw (epi) K5-amina-O-sobresulfatos, son
preferidos aquellos que consisten de una mezcla de cadena

en la cual las especies preponderantes tienen la férmula

IT’a

- _ -
. s COO0°
N N (ra
L “# p "

En la cual p es un entero de 4 a 8, R, R’, y R” son como
se definidé anteriormente, el grado de sulfatacién va de
3,55 a 4 y el catién correspondiente es quimica o

farmacéuticamente aceptable.
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El origen del nuevo LIMW-epikS5-amina-O-sobresulfatado
proveniente del LMW-epik5-N-sulfatos provenientes de los
mediante despolimeracién nitrosa y subsecuente reduccién
con, por ejemplo, borbhidruro de sodio, involucra, en el
extremo reductor de las mayorias de las cadenas en dicha
mezcla de cadena, 1la presencia de wuna unidad 2,5-

anhidromanitol sulfatada de la estructura (a’).

En la cual R” representa hidrégeno SO,.

El extremo reductor de la mayoria de las cadenas el dicha
mezcla de cadenas estd representado por la estructura

(b”).

NH, CH,0S0,"

En la cual la unidad urénica puede ser glucurdnica o

hidrénica.



56

Entre los nuevos LMW-epik5-amina—-0-sobresulfatados
anteriormente mencionados, se prefieren aqui 1los que
consisten de mezclas en los cuales las especies

preponderantes son un compuesto de férmula II’'b.

o-

OR'

En el cual R, R’ y R” son hidrdégeno o SO;-, X'’ es OH o
0S03-, m es 4,5 o 6, las unidades urdnicas son 40-60%
consistentes de 4&cido idurénico, para un grado de
sulfatacién.de 3,5 a 4, las unidades idurénicas estando
presente alternativamente, partiendo c¢on wuna unidad
glucorénica o idurénica, y el catién correspondiente es

uno quimica o farmacéuticamente aceptable.

De acuerdo con otro de sus aspectos 1la invencién
suministra nuevos derivados de Kb5-amina-O-sobresulfato
que consisten de mezclas de cadena de los cuales al menos

el 920% de dichas cadenas tiene la fé6rmula III
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En las cuales n es un entero de 2 a 100, preferiblemente
de 3 a 100, R, R’ y R” son hidrégeno o S03-, el grado de
sulfatacién es al menos 2,2, ventajosamente de 2,2 a 3 o
desde 2,3 a 3, més ventajosamente de 2,5 a 3,

preferiblemente 2,7 a 2,9 y el catién correspondiente es

quimica o farmacéuticamente aceptable.

Los K5-amina-O-sobresulfatos preferidos son los LMW-KS-
amina-0-sobresulfatas que consisten de mezcla de cadenas
de los cuales al menos el 90% de dichas cadenas tiene la

fé6rmula III’

— R YT (i

En la cual q es un entero de 2 a 20, R, R° y R”

representan hidrégeno o un grupo SO03;~, para un grado de
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sulfatacién de al menos 2,2, ventajosamente de 2,2 a 3 o
2,3 a 3, mas ventajosamente de 2,5 a 3, preferiblemente
de 2,7 a 2,9 y el catién correspondiente es un ién

quimicamente o farmacéuticamente aceptable.

Entre estos LMW-K5-amina-o-sobresulfatos son preferidos
aquellos que consisten de una mezcla de cadena en los
cuales las especies preponderantes tienen 1la férmula

IIT’a

[ GH080, oo™ |
—* ™ (ire)

En la cual p es un entero de 4 a 8, R, R’ y R” son como
se definidé anteriormente, el grado de sulfatacién es al
menos 2,2, ventajosamente de 2,2 a 3 o 2,3 a 3, mas
ventajosamente de 2,5 a 3, preferiblemente de 2,7 a 2,9 y
el catién correspondiente es quimicamente o

farmacéuticamente aceptable.

El origen del nuevo LMW-K5-amina-O-sobresulfatado

proveniente del IMW-kS5-sulfatos obtenidos mediante

137
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despolimerizacién nitrosa y la subsecuente reduccién como
ejemplo, borohidruro de sodio, involucra en el extremo
reductor de la mayoria de las cadenas en dicha mezcla de
cadena, la presencia de una unidad de 2,5 -anhidromanitol
sulfatada de estructura (a’) como se mostréd

anteriormente, en la cual R” representa hidrégeno p SO;-

Asi, el extremo reductor de la mayoria de las cadenas en
dicha mezcla de cadena que representa mediante la
estructura (b’) como se mostré6 anteriormente, en la cual

la unidad urénica es todavia de &cido glucurénico.

Entre los nuevos LMW-K-amina-0O-sobresulfatos
anteriormente mencionados, son preferidos aqui los que

consisten de mezclas en la cuales las especies

preponderantes son un compuesto de férmula III’b

00" . - 080,
Q] {urp)
oR' NH, CH,080,"

En la cual R, R’ y R” son hidrégeno o SO3-, X” es OH o

0503, para un grado de sulfatacién es al menos 2,2,
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ventajosamente de 2,2 a 3 o 2,3 a 3, maAs ventajosamente
de 2,5 a 3, preferiblemente de 2,7 2 2,9, mes 4, 50 6 y
el catién correspondiente es un ién quimicamente o

farmacéuticamente aceptable.

El LMW-K5-amina-O-sobresulfados son nuevos productos
utiles como intermedios en la preparacién de sus
derivados N-sulfatados o N-acilados pero ellos mismos
tienen propiedades farmacolégicas  interesantes, en
particular como radicales antilibre microbiocidas y, como
tales, constituyen nuevos ingredientes actives o
composiciones farmacéuticas que constituyen por lo tanto
un aspecto adicional de la presente invencién.

En particular, de acuerdo con otro de sus aspecto, la
invencién se relaciona con el uso de los derivados de
(epi) KS-amina-O-sobresulfato anteriormente mencionados
con un alta grado de sulfatacién para la preparacién de
nuevos derivados de epiK5-amina-O-sobresulfatos N-

sustituidos.

Los derivados de N-acil-(epe)K5-amina-O-sobresulfato de

acuerdo con 1la presente invencién son obtenidos al
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someter los derivados de (epi)K5-amina-O-sobresulfato a

la etapa ® del proceso de la presente invencién.

Asi, de acuerdo con uno de sus aspectos adicionales, la
presente invencién suministra nuevos N-acil (epi) k5~amina-
O-sobresulfato obtenibles mediante un proceso

caracterizado por que

(a) un derivado de (epi)K5-N-sulfato, en forma &cida
como es tratado con una base organica terciaria o
cuaternaria, permitiendo que la mezcla de reaccién
permanezca durante un periodo de tiempo de 30-60 minutos,
manteniendo el pH de la solucién en un valor de 7
mediante la adicién de dicha base orgédnica terciaria o

cuaternaria y su sal es aislada con dicha base organica;

(b) dicha sal de la base organica de dicho derivado de
(epi) KS-N-sulfato es tratado con un reactivo de O-
sulfatacién en las condiciones de O-sobresulfatacién

(c) el producto asi obtenido es Er;tado con un derivado
funcional de un &cido carboxilico (C;-C;), el derivado de
N-acilo- (epi)K5-amina-0O-sdbresulfato asi obtenido es

aislado. Generalmente el derivado de N-acil-(epi)K5-

amina-0-sobresulfato es aislado en forma de sal de sodio
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y opcionalmente dicha sal de sodio es transformada en

otra sal quimica o farmacéuticamente aceptable.

Como ocurre para 1l¢s derivados de (epi)-K5-amina-0-
sobresulfato, también el grado de sulfatacién de 1los
derivados N-acil-(epi)k5-amina-O-sobresulfato como se
obtuvieron anteriormente depende de la configuraciédn del
derivado de (epi)K5-N-sulfato de partida, en razén a que
el voluﬁen en la cadena de disacdrido del derivado de K5-
N-sulfato, en 1la cual 1las wunidades urénicas estan
comprendidas exclusivamente de acido glucurénico,
permiten una sobresulfatacién que es menor que la que
ocurre con el derivado de epiK5-n-sulfato, especialmente
si el grado de epimerizacién del Wdltimo es 40-60% de

acido glucurbnico y 60 y un 40% de Acido idurénico.

De hecho, se ha hallado que, sometiendo el derivado de
K5-N-sulfato a las etapas anteriormente dichas (a)-{(c) se
obtiene un N-acil-kS5-amina-O-sobresulfato se obtiene un
derivado de N-acil-K5-amina-O-sobresulfato teniendo un
grado de sulfatacién de 2,2 a 3, ventajosamente de 2,5 a
3, preferiblemente de 2,7 a 2,9. m es 4, 5 o 6 y el
catién correspondiente es un i6n quimicamente o

farmacéuticamente aceptable.
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Sometiendo a un derivado de epiK5-N-sulfato a las etapas
ant;riormente dichas (a), (b) y (c) en la cual el
contenido de &cido idurénico es 20-60% del total de los
dcidos wurbnicos, los derivados de N-acil-epiKS5-amina-
sobresulfato son obtenidos teniendo un grado de
sulfatacién de al menos 3,4, ventajosamente de al menos
3,5, mé&s ventajosamente de 3,55 a 4, preferiblemente de

3,55 a 3,8.

Asi, de acuerdo con otros de sus aspectos, la presente
invencién suministra nuevos derivados de N-acil- (epi)KS5-
amina-O-sobresulfato en el cual el acilo es una A&cido
carboxilico (C2-C4), que tiene un pesoc molecular medio de
'
aproximadamente 2.000 a aproximadamente 45.000,
preferiblemente entre aproximadamente 4,500 Y
aproximadamente 40.000, un grado'aé sulfatacién como se
indicé anteriormente, dichos derivados estando
basicamente inactivos sobre los parémetros de coagulacién

pero los ingredientes activos utiles de las composiciones

farmacéuticas o cosméticas.

Para uso de 1los derivados de N-acil-epiK5-amina-0-

sobresulfato de 1la presente invencién como productos



farmacéuticos o cosméticos es ventajoso preparar tanto
derivados de bajo peso molecular con un peso molecular
medio de aproximadamente 3.000 a aproximadamente 11.500,
preferiblemente de aproximadamente 4.500 a
aproximadamente 8.500, con una distribucién de peso
molécula de entre aproximadamente 1.000 y aproximadamente
15.000, preferiblemente entre aproximadamente 2.000 vy
aproximadamente 10.000 y <derivados de alto peso
moleculér, que se originan de un K5 no fraccionado, con
un peso molecular medio de aproximadamente 15.000 a
aproximadamente 45.000, preferiblemente entre
aproximadamente 20.000 y aproximadamente 45.000, con una
distribucién de peso molecular de aproximadamente 2.000 a
aproximadamente 70.000.

En los derivados de N-acil-epiKS5-amina-O-sobresulfato de
la presente invencién, grado de sulfatacién es muy alto,
en razdbn a que sobre los 4 hidroxilos libres disponibles
por unidad de disacarido, al menos 3,4, preferiblemente
de 3,5 a 3,8, son sulfatados mientras el nitrégeno de la
glicosamina es virtualmente 100% acilado. Ademas, los
derivados de N-acil-epiK5-amina-O-sobresulfato son 100%
6-0O-sulfatados se encuentra en un 80% 3-O-sulfatados en

sus unidades glucosalina, 5-10% 3-O-monosulfatados en

3
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unidades glucurénicas, 10-15% O-monosulfatados en
unidades idurénicas y 2,3-di-0-sulfatados en las unidades
de urénicas restantes, que consideran que el grado de

sulfatacién es al menos 3,4.

Los derivados de N-acil-K5-amina-O-sobresulfato que, como
se indicé anteriormente, tienen un grado de sulfatacién
de 2,2 a 3, son al menos 90% 6-0O-sulfatados.
’

De acuerdo con otro de sus aspectos, la invencién
suministra nuevos derivados de N-acil-epiK5-amina-0-
sobresulfato que consisten de mezclas de cadena en las
cuales al menos el 90% de dichas cadenas tienen 1la

férmula IV -

En la cual las unidades urénicas son 20-60% consistentes
del A&cido idurbénico, n es un entero de 20 a 10,
preferiblemente 3 a 100, R, R’ y R” son hidrégeno o S0;-,

Z es acilo (Cz;—-C4), el grado de sulfatacién es al menos



3,4, ventajosamente de al menos 3,5, mas ventajosamente
de 3,55 a 4, preferiblemente de 3,55 a 3,8 y el catién
correspondiente quimicamente farmacéuticamente aceptable.
Los derivados N-acil-apiK5-amina-O-sobresulfato
ventajosos degrado extremadamente alto de sulfatacién son
consistentes de una mezcla de cadena en la cual al menos
el 90% de dichas cadena tiene la férmula IV en la cual
las unidades urénicas son 40-60% consistentes de A&cido
idurénico, n es un entero de 2 a 100, preferiblemente de
3 a 100, con un peso molecular medio de aproximadamente
2.000 a 45.000, ventajosamente desde aproximadamente
4.500 a aproximadamente 45.000, R es al menos 40%
preferiblemente 50-80% SO3;~, R’ y R” son ambos S0Os3 o uno
es hidrégeno y el otro es 5-10% SO3- en &cido monosulfato
glucurénico y 10-15% SO;- en &cido monosulfato idurénico,

el grado de sulfatacién es mis de 3,4 y el catién

correspondiente es quimica o farmacéuticamente aceptable.

Los derivados de N-acil-epiK5-amina-O-sobresulfato de
extremadamente alto grado de sulfatacién de particular
interés son N-acil-LMW-epiK5-amina-O-sobresufatos que
consisten de una cadena en la cual al menos el 90% de

dichas cadena tienen la férmula IV’
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En la cual g es un entero de 2 a 20, R, R’ y R”
representan hidrégeno o un grupo SO3—- para un grado de
sulfatacidén de 3,55 a 4, Z es acllo (Cz-C4) y el catidn
correspondiente es un ién quimica o farmacéuticamente

aceptable.

Las mezclas de cadena de la férmula IV en la cual las
unidades urénicas *son 40-60% comprendidas,
preferibleménte 50-55%,de Acido idurénico, es al menos
40%, ventajosamente se encuentre en un 80%,
preferiblemente aproximadamente 65% SO3—-R’ y R” son ambas
S03- o uno es hidrégeno y el otro 5-10% de SO3- en acido
glucurénico y 10-15% SO3—- en acido idurébnico, g es un
entero de 3 a 15, con un peso molecular medio de
aproximadamente 4.500 a aproximadamente 9.000 y el catién
correspondiente es quimica o farmacéuticamente aceptable

son los preferidos.

L0
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N-acil-IMW-epiK5-amina-O-sobresulfatos particularmente
interesantes son aquellos de muy bajo peso molecular que
consisten de una mezcla de cadena en la cual las especies

de ponderantes son un 'compuesto de fébrmua IV’a

080y Cc0O”

— R ™\ (V'a)

. NH-Z2 oRr*

En la cual p es un entero de 4 a 8 R, R y R”
representan hidrégeno o un grupo SO;— para un grado de
sulfatacién de 3,55 a 4, Z es acilo (Cz-C4), y el catién

correspondiente es un 1i6n quimica o farmacéuticamente

aceptable.

El origen de los nuevos N-acil-LMW-epiK5-amina-0-
sobresulfatos proveniente de ILMW-epiK5-sulfatos obtenidos
mediante despolimerizacién nitrosa y la subsecuente
reduccién con, por ejemplo, borochidruro de sodio,
involucran, en el extremo reductor de la mayorias de las
cadenas en dicha mezcla de cadena, la presencia de una

unidad de 2,5-anhidromanitol sulfatada de estructura (a’)

X
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definida anteriormente, en Jla cual R” representa

hidrégeno o SO;-.

Asi, el extremo reductor de la mayoria de las cadenas en
dichas mezclas de cadenas es representado por 1la

estructura (b”)

HOSOT ©00°  _ CH.080;
~_ANF ®7
NH-Z CH,030y"

En la cual Z representa acilo (C;-C4) y la unidad urdnica

puede ser glucurénica o idurénica.

Entre los nuevos N-acil-ILMWepiK5-amina-O-sobresulfatos
anteriormente dichos son preferidos aquellos que
consisten de métodos en los cuales la especies

preponderantes es un compuesto de férmula IV’Db
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En la cual R, R" y R” son hidrégeno o SO3~ Z es acilo (C;-
C4)y, %'’ es OH 0 SO-, m es 4, 5 o 6, para un grado de
sulfatacién de 3,55 a 4, las unidades urdénicas esté&n
presentes alternativamente, partiendo con una wunidad
glucuréﬁica 0 idurénica y el catién correspondiente es

quimica o farmacéuticamente aceptable.

Dichos cationes son ventajosamente aquellos de metales
alcalinos, metales alcalinotérreos, de amonio,
tetralquilamonio (C;-C4), aluminio y zinc y, entre estos,

preferiblemente las sales de sodio, calcio y

tetrabutilamonio.

En todos los N-acil-epiK5-amina-O-sobresulfatos mostrados
anteriormente, en particular aquellos de la férmula IV,
Iv’, IV’a, IV'b como también en la estructura b”, el
grupc acilo (2) es preferiblemente una acilo (C2-Cy)
seleccionado del anterior grupo que consiste de acetilo,

(2-carboxy) acetilo, (2-metoxicabonil)acetilo, (2-
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etoxicarbonil) acetilo, propenilo, (3-carboxi)propionilo,
N-(3-metoxicarbonil)propionilo y (3-

etoxicarbonil)propionilo.

De acuerdo con otro de sus aspectos, la invencién

suministra nuevos derivado de N-acil-KS5-amina-0O-
sobresulfato que consiste de una mezcla de cadena en la

cual al menos el 90% de diffchas cadena tiene la férmula V

’

En la cual n es un entero de 2 a 100, preferiblemente de
3 a 100, 2 es acilo (C:-Cq), R, R’ y R” son hidrégenoc o
503-, el grado de sulfatacién es al menos 2,2,
ventajosamente de 2,2 a 3 o de 2,3 a 3, mas
ventajosamente de 2,5 a 3, preferiblemente de 2,7 a 2,9 y

el catidén correspondiente es quimica y farmacéuticamente

aceptable.

Particularmente interesantes son los nuevos N-acil-ILMW-

K5-amina-O-sobresulfatos que consisten de una mezcla de
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cadena en las cuales al menos el 90% de dichas cadenas

tienen la férmula VvV’

i M

NH-Z OR*
En la cual q es un entero de 2 a 20, Z es acilo (Cy-Ci),

’

R, R’ y R” representan hidrégeno o un grupo SO3- para un
grado de sulfatacién de al menos 2,2. Ventajosamente de
2,2 a 3 o de 2,3 a 3, mAs ventajosamente de 2,5 a 3,
preferiblemente de 2,7 a 2,9 y el catién correspondiente
es ion quimica y farmacéuticamente aceptable.
Entre estos N-acil-IMW-K5-amina—-O-sobresulfatos son

preferidos aquellos que consisten de una mezcla de cadena

en la cual las especies preponderantes tienen la férmula

V'a

0‘- -

NH-Z .

\
AT

A

et
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En la cual p es un entero de 4 a 8, Z es acilo (C2-Cs), R,
R’ y R” son como se definié anteriormente, el grado de
sulfatacidén es de al renos 2,2, ventajosamente de 2,2 a 3
0 de 2,3 a 3, mas «ventajosamente de 2,5 a 3,
preferiblemente de 2,7 a 2,9 y el catién correspondiente
es quimica o farmacéuticamente aceptable.

El orfben de 1los nuevos N-acil-LMW-epiK5-amina-0-
sobresulfatos proveniente de LMW-epiK5-sulfatos obtenidos
mediante despolimeracién nitrosa y la subsecuente
reduccién con, por ejemplo, borohidruro de sodio,
involucran, en el extremo reductor de la mayorias de las
cadenas en dicha mezcla de cadena, la presencia de una
unidad de 2,5-anhidromanitol sulfatada de estructura (a‘’)
como se mostrdé anteriormente, en la cual R” representa

hidrégeno o SOi-.

Asi, el extremo reductor de la mayoria de las cadenas en

dichas mezclas de cadenas es representado por la

estructura (b"’)
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H,080," - H,080;
™ ®™
NH-Z OR' CH,080,

En la cual Z, R, R’ y R” s8son como se definié

anteriormente.

Entre los nuevos N-acil-LMW-K5-amina-0O-sobresulfaltos,
’

anteriormente mencionados, son preferidos aquellos que

consisten de mezclas en las <cuales las especies

preponderantes son un compuesto de férmula V’'b

H,080;

En la cual 2 es acilo (C3-Cs4), R, R’ y R” son hidrégeno o
503-, X" es OH o 0S0Oz3-para un grado de sulfatacién de al
menos 2,2, ventajosamente de 2,2 a 3 o de 2,3 a 3, mas
ventajosamente de 2,5 a 3, preferiblemente de 2,7 a 2,9,
m es 4, 5 o 6 y el catiétn correspondiente es un ion

quimica o farmacéuticamente aceptable.

\4
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En todos los N-acil-KS5—-amina-O-sobresulfatos mostrados
anteriormente, en particx:lar aquellos de la férmula V,
v/, V'a, V'b, como también en la estructura de b’’’, el
grupo acilo (2) es' preferiblemente un acilo (Cz2-C4)
seleccionado de entre el grupo que consiste de acetilo,
(2-carboxi)acetilo, (2-metoxicarbonil}acetilo, (2-
etoxicarbonil)acetilo, propionilo, (3-carboxi)propionilo,
N-3-metoxicarbonil)propionilo Yy (3-

etoxicafbonil)propionilo.

Particularmente interesantes son los N-acil-K5-amina-0-

sobresulfatos mostrados anteriormente en los cuales Z es

un acilo (C2-C4) diferente acetilo. También interesante y

particularmente activos son los N-acil-K5-amina-0-
'

sobresulfatos mostrados anteriormente, en los cuales Z es

acetilo, que tiene un grado de sulfatacién de 2,7-2,9

preferiblemente de aproximadamente 2,8.

Los nuevos derivados de N-acil-(epi)K5-amina-0-
sobresulfato, especialmente en su forma de sales, son
productos altamente aniénicos capaces de capturar los
radicales libres. Estos pueden ser utilizados en 1la
industria de cosméticos como coadyuvantes contra la

perdida de pelo o ©para preparar cremas ‘“anti-
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envejecimiento”, pero son todos los anteriores dtiles en
la industria farmacéutica, como productos para el
tratamiento de dermatitis y como microbiocidas.

Asi, de acuerdo con uno de sus aspectos adicionales, la
presente invenciédn suministra composiciones farmacéuticas
que incluyen como uno de sus ingrediente activos, una
cantidad farmacolégicamente activa de un derivado de N-
acil—(eﬁi)K5—amina—0-sobresu1fato como se mostrd
anteriormente o una de sus sales farmacéuticamente

aceptables, en mezcla con excipiente farmacéutico.

En las composiciones farmacéuticas de la presente
invencién para administracién oral, subcuténea,
intravenosa, intradérmica o tépica, los ingredientes
activos son preferiblemente administrados en la forma de
unidades de dosis, en mezcla con excipientes o vehiculos
farmacéuticos clasicos. El régimen de dosis puede variar
ampliamente dependiendo de la edad, el peso y 1la
condicién de salud del paciente. Este régimen de dosis
incluye la administracién de una dosis de 1 a 1000 mg,
ventajosamente de 10 a 750 mg, preferiblemente 250 a 500

mg de una a tres veces por dia mediante administracién

intravenosa, subcuténea, oral, transdérmica, o tépica



77 - .

La presente invencidén también suministra una composicién
cosmética que incluye una cantidad efectiva de un
derivado N-acil-(epi)KS-amina-0O-sobresulfatado o una de
sus sales farmacéuticamente aceptables, en mezcla con un

excipiente cosmético.

Ademéds, la presente invencién suministra una composicién
farmacéﬁtica que incluye, como uno de sus ingredientes
activos un derivado (epi)KS5-amina-Q-sobresulfato obtenido
de acuerdo con las etapas (a) y (b) del procesc descrito
anteriormente, o0 una de sus sales farmacéuticamente
aceptables, y mezcla con un excipiente farmacéutico.
Ventajosamente, dicho derivado de (epi) KS-amina-0O-
sobresulfato es consistente de una mezcla de cadena en la
cual al menos el 90% de dichas cadena tiene la férmula
I, II’, II1 o III’ o en las cuales las especies
preponderantes tienen un compuesto de férmula IIa, II’a,
III’'a o III'b. el ingrediente activo preferido es el LMW-
K5-amina-0O-sobredulfato que tienen un grado de
sulfatacién de 2,2 a 3, ventajosamente tiene un peso

molecular medio y aproximadamente 3.500 a aproximadamente

11.000, mas ventajosamente de aproximadamente 3500 a



78

aproximadamente 5.200 y bAsicamente libre de grupos N-

acitil y N-sulfato.

En las composiciones farmacéuticas de 1la presente
invencién para administracién oral subcutdanea,
intravenosa, transdérmica o tépica, los derivados de
(epi) KS5-amina-O-sobresulfatos ingredientes activos son
preferiblemente administrados en la forma de unidades de
dosis, ‘en mezcla con los excipientes o vehiculos
farmacéuticos clasicos. El régimen de dosis puede variar
ampliamente dependiendo de la edad, el peso y la
condicién de salud del paciente. Este régimen de dosis
incluye la administracién de una dosis de un derivado de
(epi) KS—amina-0O-sobresulfato de 1 a 1.000 mg,
ventajosamente de 10 a 750 mg, preferiblemente 250 a 500

mg de 1 a 3 veces al dia mediante administracién

intravenosa, subcuténea, oral, transdérmica o tépica.

La composicién farmacéutica que incluye un derivado de
(epi) KS-amina-O-sobresulfato tal como aqui mostrados
anteriormente son formulados con los excipientes clasicos
adecuados para diferentes forma de administracién.
Particularmente ventajosas son las formulaciones en la

forma de cremas como ungllentos, linimentos, geles,
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espumas, balsamos, supositorios vaginales, supositorios,
soluciones o suspensiones adecuadas para administracién
local. Finalmente, la presente invencién suministra una
composicién farmacéutica que contiene, como uno de sus
ingredientes activos, una cantidad farmacéuticamente
activa de un LMW-(epi)K5-N-sulfato, es decir, de un LMW-
K5-N-sulfato o de un LMW-epiK5-N-sulfato como se mostréd
anteriormente o de una de sus sales farmacéuticamente

aceptabfés, en mezcla con excipiente farmacéutico.

En las composiciones farmacéuticas de la presente
invencién para administracién oral, subcuténea,
intravenosa, transdérmica o tépica, los ingredientes
activos son preferiblemente administrados en la forma de

unidades de dosis, en mezcla con excipientes o vehiculos

farmacéuticos clasicos.

El régimen de dosis puede variar ampliamente dependiendo
de la edad, peso y condicién de salud del paciente. Este
régimen de dosis incluye la administracién de una dosis
de 1 a 1.000 mg, ventajosamente de 10 a 750 mg,
preferiblemente 250 a 500 mg de 1 a 3 veces al dia
mediante administracién intravenosa, subcutédnea, oral,

transdérmica o tépica.
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De acuerdo con otro de sus aspectos la presente invencién
también suministra una composicién cosmética que contiene
como uno de sus ihgredientes activos una cantidad
efectiva de LMW-K5-N-sulfato o LMW-(epi)K5-N-sulfato de
una de sus sales farmacéuticamente aceptables, en mezcla

con un excipiente cosmético.

Ventajoéﬁmente, dicho derivado de IMW-(epi)K5-N-sulfato
es consistente de una mezcla de cadena en la cual al
menos el 90% de dichas cadena tiene la férmula I, I’, ©
en las cuales las especies preponderantes son un
compuesto de férmula Ia, I’'b. El ingrediente activo
preferido es el derivado LMW-({epi)K5-N-sulfato que tiene
un peso ;olecular medio de aproximadamente 1 a
aproximadamente 12.000, ventajosamente de aproximadamente
1.500 a aproximadamente 8.000, preferiblemente de

aproximadamente 1.500 a aproximadamente 7.500 y

bisicamente libre de grupos N-acetilo.

Una sal seleccionada del grupo que consiste de sales de
metales alcalinos o metales alcalinotérreos, de amonio,
tetraalquilamonio (C;-C4), aluminio o zinc, en particular

la sal de sodio, potasio, calcio, magnesio, aluminio o
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zinc constituyen un ingrediente activo efectivo de las

composiciones de la presente invencién.

Los siguientes ejemplos ilustran la invencién sin embargo

limitarla.

PREPARACION I

LMN-epiﬁ?-N-sulfato

a) Epimerizacién de K5-N-sulfato

2 g de K5 N-sulfato, obtenido como se describié en el
ejemplo 1, estas etapas (i} y (ii), de la WO002/068477,

son disueltos en 120 ml de 25 ml de un amortiguador

HEPES, pH 7, que contiene 50 mM de CaCl;. La solucién

obtenida se hace recircular a través de una columna de 50
mlL llenada con la resina que contiene la enzima
inmovilizada obtenida como se describié en la WO
96/14425. Esta operacién es llevada a cabo a 30° C con un
filujo de 200 ml/h durante 24 horas. El producto obtenido
es purificado a través de ultrafiltracién sobre una
membrana de 1.000 D el paso sobre una columna de

intercampio iénico 1R 120 H', neutralizando el eluado con

e M
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NaOH IN. La muestra es recuperada mediante precipitacién

con etanol o acetona.

Un producto epimerizado se obtiene con una proporcién de
acido idurénico / Acido glucurdénico de 55/45 contra una
promocién de 0/100 de producto o partida. El porcentaje
de epimerizacién se calculd con 'H-RMN de acuerdo con el
método descrito en la WO 96/14425. E1 rendimiento,
calculado mediante la revisién del contenido de &cidos
urénicos contra un esténdar con el método de carbazol

(Bitter y Muir Anal. Biochem. 39, 88-92-1971) es 90%.

b) Despolimerizacién del epi-K5-N-sulfato

1 g del producto obtenido en 1la etapa (a) se
despolimeriza mediante el método de degradacién con &acido
nitroso y la subsecuente reduccién del aldehido que
forma. En particular uno continua disolviendo el producto
del 25 ml y agua destila y agregandola con 230 mg de
nitrito de sodio disuelto en 115 ml de agua destilada.
Las solucién es luego llevada a 4° C y al pH 2 con HC1
0,1 N y mantenida durante 30 minutos. Al final de 1la

reaccién la solucién es llevada a temperatura ambiente de

DT
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con NaOH 0,1 M. la solucién es luego agregada con 450 mg

de NaBH; y se hace reaccionar durante 4 horas. El1 "

producto es recuperado por precipitacién con tres
volumenes de acetona a 4° C, filtracién con un embudo de
filtracién y secada a 40° C en un horno de vacio, 900 mg
del LMW-epiK5-N-sulfato son obtenidos con una
distribucién de peso molecular medida con el método HPLC
que varia desde 1.000 a 4.000 y con un contenido unidad

glucurénica de 45% y contenido de idurénica de 55%.

PREPARACION II

IMW-K5-N-sulfato

El producto obtenido como se describidé en el ejemplo 1,
etapas (i) y (ii), de la W002/068477 se despolimeriza
mediante el método de degradacién con acido nitroso y la
subsecuente reduccién del aldehido que forma. Uno
continua disolviendo un 1 g de K5-N-sulfato en 200 ml de
agua destilada y agregdndola con 480 mg de nitrito de
sodio disuelta en 240 ml de agua destilada. La solucién

es luego llevada a 4° C y el pH a 2 con HCl 0,1 M y

mantenida durante 30 minutos. Al final de la reacciédn la



solucién es llevada a pH 7 con NaOH 0,1 M y luego a
temperatura ambiente de cuarto. La solucién es luego
agregada con 450 mg de NaBH; y se hace reaccionar durante
4 horas. El exceso de' NaBH; se elimina con HCl llevando
el pH a 5-6. El producto neutralizado con NaOH 0,1 M es
recuperado por precipitacién con tres volumenes de
acetona a 4° C, filtracién con un embudo de filtracién y
secada a 40° C en un horno de vacio. Son obtenidos 900 mg
del LMW-K5-N-sulfato con peso molecular medio de
aproximadamente 2.000, que consiste de una mezcla de
cadena en la cual las especies preponderantes son un
compuesto de férmula I'b en la cual m es 4 y las unidades

urénicas son aquellas de &cido glucurénico.

PREPARACION IIT

a) Despilimerizacién del K5-N-sulfato

[
2 g de K5 N-sulfato, obtenido como se describié en el
ejemplo 1, etapas (i) y (ii), de la W002/068477 se
despolimerizan como se describié en la PREPARACION II,

utilizando 100 mg de nitrito de sodio y 300 mg de
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borohidruro de sodio. Son obtenidos 1,8 g de LMW-K5-N-

sulfato con un pesc molecular medio de 5.000

b) Epimerizaciétn de LMW-K5-N-sulfato

1l g de LMW-K5-N-sulfato obtenido en la etapa (a) se trata
como se describié en la etapa (a) del ejemplo 1. Un
productg epimerizado es obtenido con una proporcién de
dcido idurénico/4cido glucurénico de 44/56 contra una
proporcién de 0/100 del producto de partida, con una
distribucién de peso molecular de 2.000 a 10.000 y con in
peso molecular medio de 5.000 D. El rendimiento calculado
al medir el contenido de 4acidos wurénico contra un
estandar con el método de carbazol (Bitter and Muir Anal.

Biochem. 39,88-92~1971) es 90%.

PREPARACION IV

Preparacién del epiK5-N-sulfato

Una solucién de 10 g de K5-N-sulfato se obtiene como
describidé en el ejemplo 1, etapas (i) y (ii), de la WO

02/068477 en 600 ml de 25 mM de un amortiguador HEDED a
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PH 7, que contiene CaCl; a una concentracién de 50 mM se
hace recircular a través de una columna de 50 ml llena
con resina 4B sefarosa que contiene 59 de la epimerasa
C5-recombinante (WO ' 96/14425) inmovilizada como se
describié en WO 01/72848. La reaccién es llevada a acabo
a 30° C a un pH 7 con un flujo de 200ml/h durante 24
horas. El1 producto obtenido se purifica mediante
ultrafiltracién y precipitacién con etanol. Asi se

obtiene un epiK5-N-sulfato cuyo contenido de acido

idurénico es 54%.

PREPARACION V

Preparacién 'de ILMW-epiK5-N-sulfato

Un 1 g del producto obtenido de la PREPARACION IV se
despolimeriza mediante el método de degradacidédn con acido
nitroso y la subsecuente reduccién del aldehido que
forma. En particular uno continua disolviendec el producto
25 ml de agua destilada y agregandola con 230 mg de
nitrito de sodio disuelto en 115 ml de agua destilada. lLa
solucidén es luego llevada a 4° C y el pH 2 con HC1 0,1 N

y mantenida durante 30 minutos. Al final de la reaccién
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B

la solucién es llevada temperatura de ambiente de cuarto
y el pH a 7 con NaOH 0,1 M. La soluclén es luego agregada
con 450 mg de NaBH, y hecha reaccionar durante 4 horas.
El producto es recuperado mediante precipitacién con tres
voltmenes de acetona a 4° C, la filtracién con un embudo
de filtracién y secada a 40° C en un horno de vacio. Son
obtenidos 900 mg del LMW-K5-N-sulfato con una
distribucién de peso molecular medida con el método HPLC

que varia desde 1.000 a 4.000.

EJEMPLO 1

EpiK5~amina-O-sobresulfato

a) Sal de Teterbutilamonio de epiK5-N-sulfato

Una solucién de 400 mg de epiK5-N-sulfato con un
contenido de &cido idurénico del 54% como se obtuvo en la
preparaci6én IV en 40 ml de agua es termoestablecido en 4°
C, luego pasado sobre una resina de intercambio iénico 1R
120 H* reacondicionada con agua a 4° C. El eluado
obtenido consiste de 100 ml de una solucién a pH 1,94, es

neutralizada con una solucién de 15% de hidréxido de



tetrabutilamonio y dejada a temperatura ambiente de
cuarto durante 1 hora, manteniendo el pH en 7 mediante la
adicién de 15% de hidréxido de tetrabutilamonio y
finalmente es liofilizado. Asi se obtiene 805 mg de sal

de tetrabutilamonio de epiK5-N-sulfato.

b) Epi-K5-amina—-0O-sobresulfato
’

A una solucibébn que contiene 805 mg de la sal asi obtenida
en 30 ml de dimetilformamida se ajusta a 45° C y se trata
con 30 ml de dimetilformamida que contiene 2,26 g del
aducto piridina.S$03. la reaccién a 55° C se continua
durante toda la noche y luego 60 ml de agua se agregan a
la mezcla. Después de la neutralizacié4n con NaOH 1N, el
producto especificado con tres volumenes de acetonas
saturada con NaCl y ajustada a 4° C durante la noche. El
precipitado se recupera mediante filtracidén sobre Duch G4
y luego ultrafiltrada con un sistema Millipore TFF de
1.000 D y secada a presién reducida. Se obtienen 550 mg
de epi-KS5-amina-0-sobresulfada que tiene un contenido de
dcido idurénico del 54%, de glucosamina 6-O-sulfato del
100% de glucosamina 3-0O-sulfato del 60% de acido

mosulfaro glucurdénico del 10%, de é&cido monosulfato y
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idurénico del 15% el resto de las unidades urédnicas son
disulfatadas, con un grado de sulfatacién de 3,55 medido
con el método conductometrico de acuerdo con Casu et al.

1975. '

EJEMPLO 2

N-acetif-epiK5-amina-O-sobresulfato

A una solucién 250 mg de epi-K5-amina-0O-sobresulfato
obtenida del ejemplo 175 mll de y enfriado a 4° C se
agrega 7,5 ml de etanol y 3,75 ml de anhidrido acético.
La reaccib::l es mantenida a 4° C durante 2 horas
manteniendo el pH un valor de 7 con NaOH 5M. Después de
ultrafiltracién sobre una membrana de 1.000 D son
agregados tres volimenes de acetona saturada con cloruro
de sodio y el precipitado se recupera mediante
centrifugacién a 5.000 rpm durante 5 minutos. Asi se
obtienen 249 mg de N-acetil-epiK5-amina-O-sobresulfatada
con un no contenido de acido idurénico del 54%,
glucosalina-6-0-sulfato del 100%, N-acetil del 100%,

glucosalina 3-0O-sulfato del 30%, &cido monosulfato
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glucurénico del 10%, &cido monosulfato idurénico del 15%,°
el resto de las unidades urénicas son disulfatadas, ¥y
cuyo grado de sulfatacién es 3,5 medido con el método

conductimétrico de acuerdo con Casu et al.l975.

EJEMPLO 3

N-acetil-K5-amina-O-scbresulfato

1l gr de K5 N,0 sobresulfato obtenido en el Ejemplc 2 de
la WO/020668477 se disuelven en 200 ml de agua y la
solucién es llevada a un pH 2 con HCl1 1 N vy
termoestablecida a 50° C. La reaccién es mantenida a 50°
C durante 3Ihoras y luego enfriada a temperatura ambiente
de cuarto y neutralizada con NaOH 1 N. la muestra es
luego enfriada a 4° C y 20 ml de Me OH y 10 ml de
anhidrido acético son agregados a la reaccidén que es
dejada a 4° C durante 2 horas manteniendo el pH
constantemente en 7. Al final de la reaccidn la muestra
es purificada de sales mediante ultrafiltracién sobre una
membrana con una separacién de 1.000 D y luego recuperada

y secada a presién reducida. Se obtiene un producto 100%
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N-acetilado, 100% 6-0 sulfato, 30% monosulfato y 70%

bisulfato sobre el acido glucurénico.
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REIVINDICACIONES

1. Proceso para la preparacién de derivados N-acil-
(epi) KS-amina-O-sobresulfato y de sus sales
quimica o farmacéuticamente aceptables,

caracterizados por que

(d) Un derivado derivado de (epi)K5-N-sulfato, en
‘forma dcida, es tratado con un base orgénica
terciara o cuaternaria, permitiéndole a la mezcla
de reaccién permanecer durante un periodo de
tiempo de 30-60 minutes, manteniendo el pH de la
solucidén a un valor de aproximadamente 7 y su sal
es aislada con dicha base orgédnica;

(e) Dicha sal de base organica de dicho derivado
(epi) KS5-N-sulfato es tratada con un reactivo de
O-sulfatacién en 1las condiciones de O-sobre

sulfatacién;

(f) El derivado (epi)K5—-amina-O-sobresulfato asi
obtenido es tratade con un derivado funcional de
un Acido carboxilico (C2-C4), el derivado de N-

acil-(epi)K5-amina-O-sobresulfato es aislado.
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Proceso de acuerdo con la reivindicacién 1,
caracterizado por que dicga derivado de N-acilo-
(epi) K5-N, O-stobre sulfato es aislado en forma de
sal sodio y opcidnalmente dicha sal de sodio es
transformada en otra sal quimica o

farmacéuticamente aceptable.

Proceso de acuerdo con una cualquiera de las
reivindicaciones 1 o 2, caracterizado por que, en
la etapa (a) se utiliza hidréxido de

tetrabutilamonic como una base organica.

Proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 3, caracterizados por que,
en la etapa (b) O-sobresulfatacién es llevada a
cabo el dimetilformamida utilizando 2-4 moles de
un reactivo de O-sulfatacién por OH disponible
por disacdrido a una temperatura de 40-60° C

durante 15-20 horas.

Proceso de acuerdo con una cualquiera de las

reivindicaciones 1 a 4, caracterizado por que



como material de partida es utilizado un (epi)X5-
N-sulfato que tiene un peso molecular en medio de

aproximadamente 1.000 a aproximadamente 25.000.

Proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 5, caracterizado por que
dichos materiales de partida son 40-60% C5-

epimerizados.

Proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 6, caracterizado por que
dicho material de partida tiene un peso molecular
medio de aproximadamente 1.500 a aproximadamente

25.000.

Proceso de acuerdo con 1la reivindicacién 7,
caracterizado por que dicho material de partida
tiene un peso molecular medio entre 10.000 vy

25.000.

Proceso de acuerdo con 1la reivindicacién 7,

caracterizado por que dicho material de partida
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tiene un peso molecular medio de aproximadamente

1.500 a aproximadamente 12.000.

10. Proceso de acuerdo con la reivindicacién 9,
caracterizado por que dicho material de partida
tiene un peso molecular medio de aproximadamente

1.500 a aproximadamente 8.000.

1l. Proceso de acuerdo con la reivindicacién 35,

caracterizado por que como material de partida se
utiliza un derivado de {epi)K5-N-sulfato que
consiste de una mezcla de cadena en la cual al

menos el 90% de dichas cadenas tiene la férmula T

0" |
- L\ q)

NHSO;

En la cual la proporcién de unidades
glucurdnicas/unidades idurénicas van de 100/0 a

40/60, n es un entero de 2 a 100 y el catiédn
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correspondiente es quimicamente o]

farmacéuticamente aceptable.

12.Proceso de actuerdo con la reivindicacién 11,

13.

14

caracterizado por que dicho material de partida
es consistente en una mezcla de cadena en la cual
al menos el 90% de dichas cadenas tiene 1la
férmula I, en la cual las unidades urénicas son

10-60% congsistentes de 4cido idurénico.

Proceso de acuerdo con la reivindicacién 11,
caracterizado por que dicho material de partida
es un LMN-(epi)K5-N-sulfato que consistente de
una mezcia de cadena en la cual al menos el 90%
de dichas cadenas tiene la férmula I, en la cual
las wunidades vurénicas son todas consistentes
dcido glucurdnico o son 40-60% consistentes de
acido idurénico, n es un entero de 3 a 15 y el

catién correspondiente es quimicamente aceptable.

. Proceso de acuerdo con la reivindicacién 11,

caracterizado por que dicho material de partida

es un LMW-(epi)K5-N-sulfato consistente de una
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mezcla de cadena en la cual al menos el 90% de

dichas cadenas tiene la férmula I’

£n la cual 1las wunidades wurbénicas son 100%
consistentes de acido glucurénico o son 60-40% de
acido glucurénico y 40-60% de &acido idurédnico, g
es un wentero de 2 a 20 y el catién
correspondiente es quimicamente o

farmacéuticamente aceptable.

15. Proceso de acuerdo con 1la reivindicacién 11,

caracterizado por que dicho material de partida
es un LMW-(epi)K5-N-sulfato consistente de una
mezcla de cadena en la cual las especies

preponderantes tienen la férmua I’a
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En 1la cual las unidades urbénicas son 100%
consistentes de Acido glucurénico o son 60-40%
glucurdnico y 40-60% de Aacido idurénico, p es un

enterc de 4 a 8.
v

Proceso de aéuerdo con una cualquiera de las
reivindicaciones 5 a 15, caracterizado por que
dicho material de partida es un LMW-(epi)K5-N-
sulfato obtenido mediante despolimerizacién
nitrosa del correspondiente (epi)K5-N-sulfato y

la subsecuente reduccién.

L)

Proceso de acuerdo con 1la reivindicacién 16,
caracterizado por que dicho LMW-(epi)K5-N-sulfato
de partida contiene, en extremo reductor de 1la
mayoria de las cadenas en dicha mezcla de cadena

una unidad 2, 5-anhidromano de estructura (a)
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en la cual X representa un grupo hidroximetilo.

. Proceso de acuerdo con una cualquiera de las

reivindicaciones 16 y 17, caracterizado por que
como material de partida se wutiliza un LMW-
(epi) K5-N-sulfato que consiste de mezclas de
cadenas en las cuales las especies preponderantes

son un compuesto de f6rmula I’b

Q| H ()

En la cual X es hidroximetilo, m es 4, 5 o 6, el
catién correspondiente es wun ién quimica o
farmacéuticamente aceptable, las unidades
urénicas son todas de Acido glucurénico o las

unidades glucurénica e idurébnicas estan presente
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alternativamente, partiendo con una unidad

glucurénica o idurénica

Proceso de acuerfoc con una cualquiera de las
reivindicaciones 1 a 18, caracterizada por que
dicho derivado (epi)K5-N-sulfato de partida es

utilizado en forma de sal de sodio.

Un derivado de N-acil-(epi)KS-amina-O-sobresulfato
obtenible de acuerdo al proceso de la

reivindicacién de la 1 a la 19.

Un derivado de N-acil-(epi)K5-amina-O-sobresulfato
de acuerdo con la reivindicacién 20 en forma de
sal de un metal alcalino o un metal
alcalinotérreo, de amonio, de tetralquilamonio

(C1—Cy4) , aluminio o zinc.

Un derivado de N-acil-({(epi)K5-amina-O-sobresulfato
en el cual el acilo es un acilo (C2-C), que tiene
un contenido de &cido idurénico de 20-60%, un
peso molecular medio de aproximadamente 2.000 a

45.000 y un grado de de sulfatacién de al menos
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3,4, (o] una de sus sales quimica o

farmacéuticamente aceptable.

23.Un derivado de'N-acil—(epi)K5-amina—0-sobresulfato
de acuerdo con la reivindicacién 22, cuyo peso
molecular medio estid entre aproximadamente 15.000

y aproximadamente 45.000.

24.Un derivado de N-acil-(epi)KS5-amina-0O-sobresulfato
de acuerdo con la reivindicacidén 22, cuyo peso
molecular medio estd entre aproximadamente 4.500

y aproximadamente 8.500.

25.Un derivado de N-acil- (epi)KS5-amina-O-sobresulfato
de acuerdo con una cualquiera de las
reivindicaciones de la 22 a 24, caracterizado por

que dicho grado de sulfatacién va 3,4 a 3,8.

26.Un derivado de N-acil-(epi)K5-amina-0O-sobresulfato
que consiste de mezclas de cadena en las cuales
al menos 90% de dichas cadenas tiene la férmula

IV
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En la cual las unidades wurénicas son 20-60%
consistente de &cido idurénico, n es un entero de
A a 100, R, R’ y R” son hidrégeno o SO3;-, 2 es
acilo (C;-C4), el grado de sulfatacién es al menos
3,4, y el catién correspondiente es quimicamente

farmacéuticamente aceptable.

Un derivado de N-acil-(epi)K5-amina-0-sobresulfato
de acuerdo con la reivindicacién 26 caracterizado
por que este consiste de una mezcla de cadena en
la cual al menos el 90% de dichas cadenas tiene
la férmula IV en la cual las unidades urénicas
son 40-60% consistentes de &cido idurénico n es
un entero de 3 a 100, con un peso molecular medio

de aproximadamente 2.000 a aproximadamente

45.000, R es al menos 40% SO3-, R’ y R” son ambos_

S03 o uno es hidrégeno y el otro es 5-10% SO;- en

dcido monosulfato glucurénico y 10-15% SOs;- en
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acido monosulfato idurénico y el catién
correspondiente es quimica o farmacéuticamente

aceptable.

Un derivado de N-acil- (epi)K5-amina-O-sobresulfatoc
de acuerdo con una cualquiera de las
reivindicaciones 26 y 27, caracterizado por que
un LMW-N-acilo-epiK5-0-sobresulfato que
;onsistente de una mezcla de cadena de la cual al

menos el 90% de dichas cadenas tiene la férmula

Iv’

En la cual q es un entero de 2 a 20, R, R’ y R”
representan hidrégeno o© un grupo S03- para un
grado de sulfataciébn de 3,55 a 4, Z es acilo (Ci-
Cs) y el catidn correspondiente es quimica o

farmacéuticamente aceptable.
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29.Un LMW-N-acil-(epi)K5-0O-sobresulfato de acuerdo
con la reivindicacién 28, caracterizado por que
en dicha mezcla de cadena de férmula IV’ las
unidades urénicas son 50-55% consistente de A&cido
idurénico, R es al menos 40% SO;, R’ y R” son
ambas SO3;- o uno es hidrégeno y el otro 5-10% de
SO3- en Acido glucurénico y 10-15% SO3- en acido
idurénico, g es un entero de 3 a 15, con un peso
molecular medio de aproximadamente 4.500 a
aproximadamente 9.000 y el catién correspondiente

es quimica o farmacéuticamente aceptable.

30.Un lmw-N-acilo-epiK5-0O-sobresulfato de acuerdo con
una .cualquiera de las reivindicaciones 28 a 29,
caracterizado porque este consiste de una mezcla
de cadena en la cual las especies preponderantes

es un compuesto de férmula IV'a

(Va)
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En la cual p es un entero de 4 a 8, R, R’ y R”
son hidrdégeno o un grupo SO3- para un grado de
sulfatacién de 3,55 a 4, 2 es acilo (C2-C4), Yy el
catién correspondiente es quimica o

farmacéuticamente aceptable.

31.Un lmw-N-acilo-epiK5-0-sobresulfato de acuerdo con

la reivindicacién 30 caracterizado porque dichas
‘especies preponderantes son un compuesto de

fé6érmula IV'b

»

En el cual R, R’ y R” son hidrbégeno o S03-, 2 es
acilo (C2-C4), X” es OH o 0SO3—, m es 4, 5 o 6,
para un grado de sulfatacién de 3,55 a 4, las
unidades urédnicas estan presentes
alternativamente, partiendo con una unidad
glucurbébnica o) idurénica, Y el catién
correspondientes es quimica o farmacéuticamente

aceptable.
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.Un lmw-N-acilo-epiK5-0O-sobresulfato de acuerdo con

cualquiera de las reivindicaciones de la 22 a la
31 en la cual el acilo (C,-C4)} sustituyente es

seleccionado del grupo que consiste de un

acetilo, (2-carboxi) acetilo, (2=
metoxicarbonilo)acetilo, (2-
etoxicarbonil)acetilo, propionilo, (3-
'carboxi)propionilo, N- (3~
metoxicarbonil)propionilo y (3-

etoxicarbonil)propionilo.

Un derivado lmw-N-acilo-epiK5-O~sobresulfato de
acuqrdo con una cualquiera de las
reivindicaciones 22 a 32, caracterizado porque
dicha sal o un catién correspondiente es un metal
alcalino o metal alcalinotérreo, y amoni,

tetraalquilamonio (C;-C4), aluminio o zinc.

Un derivado de N-acil-K5-amina-O-sobresulfato
que consiste de una mezcla de cadena en la cual
al menos el 90% de dichas cadenas tienen la

férmula V
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En la cual n es un entero de 2 a 100, 2 es
acilo (C2-C4), R, R’ y R” son hidrbégeno o S03-
* el grado de sulfatacién es al menos de 2,2, y
el catidn correspondiente es quimica o

farmacéuticamente aceptable.

35. Un derivado de N-acil-K5-amina-O-sobresulfato de
acuerdo con la reivindicacién 34, caracterizado
pordue este es un Imw-N-acil-K5-amina-0-
sobresulfato que consiste de una mezcla de cadena
en la cual al menos el 90% de dichas cadenas

tiene la férmula VvV’
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En la cual q es un entero de 2 a 20, Z es
acilo(C2-C4), R, R’ y R” representan hidrédgeno o
un grupo SO3;- para un grado de sulfatacién de 2,2
a 3 y el catién correspondiente es quimica o

farmacéuticamente aceptable.

36. Un lmw-N-acil~KS-amina-O-sobresulfato de acuerdo

con la reivindicacién 35, caracterizado porque
‘este consiste en una mezcla de cadena en la cual
las especies preponderantes son un compuesto de

fé6rmula V'a

NH-2 Cﬁfj

En la cual p es un entero de 4 a 8, Z es acilo
(C2-Cs), R, R’ y R"” representan hidrégeno o un
grupo S03;—- para un grado de sulfatacién de 2,2 a 3
y el catién correspondiente es quimica o

farmacéuticamente aceptable.
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37. Un lmw-N-acil-K5-amina-0O-sobresulfato de acuerdo
con la reivindicacién 36, caracterizado porque
dichas especies preponderantes son un compuesto

de férmula V'L

OR'

En la cual Z es acilo (C>-C4), R, R’ y R” son
hidrdégeno o SOs-, X” es OH u 0S3-, para un grado
de sulfatacién de 2,2 a 3 m es 4, 5 o 6 y el
catidén correspondiente es un 1i6n quimica o

farﬁacéuticamente aceptable.

38. Un derivado de N-acil-K5-amina-O-sobresulfato de
acuerdo con una cualquiera de las
reivindicaciones 34 a 37, caracterizado porque

dicho grado de sulfatacién es de 2,3 a 3.

39. Un derivado de N-acil-K5-amina-0O-sobresulfato de
acuerdo con la reivindicacién 38, caracterizado

porque dicho grado de sulfatacidén va de 2,5 a 3.
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40. Un derivado de N-acil-K5-amina-0O-sobresulfato de
acuerdo con la reivindicacién 39, caracterizado
porque dicho 'grado de sulfatacién va de 2,7 a

2, 9-

41. Un derivado de N-acil-K5-amina-O-sobresulfato de
acuerdo con una cualquiera de las
reivindicaciones de la 34 a la 40, en la cual el
sustituyente acilo (C2-C4) es diferente de

acetilo.

42. Un derivado de N-acil-K5-amina-0O-sobresulfato de
acuerdo con una cualquiera de las
reivindicaciones de la 34 a la 40, en la cual el

sustituyente ha sido acilec (C;-C4) es acetilo, que

tiene un grado de sulfatacién de 2,7-2,9.

43. Un derivado de N-acil-K5-amina-O-sobresulfato de
acuerdo con la reivindicacidén 42, que tiene un

grado de sulfatacién de aproximadamente 2,8.

44, Un derivado de N-acil-KS5-amina-Q-sobresulfato de

acuerdo con una cualquiera de las
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reivindicaciones de la 34 a la 43, caracterizado
porque dicha sal o catién correspondientes es un
metal alcalinoc o un metal alcalinotérreo, de
amonio, tetraalquilamonio (Ci1-C4), aluminic de

zinc.

Composicidén farmacéutica que incluye, como uno
de sus ingredientes activos, un derivado de (epi)
K5-amina-O-sobresulfato o una de sus sales
farmacéuticamente aceptables, obtenida por el
proceso de acuerdo con las etapas (a) y (b) de la
reivindicacién 1, aislado en forma de sal de
sodio y opcionalmente transformado en otra sal
farmacéuticamente aceptable en mezcla con

excipiente farmacéutico.

46. Composicién de acuerdo con la reivindicacién 45

caracterizada en que dicho ingrediente activo es
un derivado de (epi)k5-amina-0O-sobresulfato que
tiene un peso molecular medio de aproximadamente

4,500 a aproximadamente 40.000.

47. Composicién farmacéutica de acuerdo a una

cualquiera de las reivindicaciones 45 y 46, en la



112

cual dicho ingrediente activo es un derivado de
(epi) kS~amina-O-sobresulfato que consiste de una
mezcla de cadena en la cual al menos el 90% de

dichas cadenas tiene la férmula II

En la cual n es un entero de 2 a 100, R, R’, y R”
son hidrégeno o S03-, las unidades urdénicas son
todas de A&cido glucurénico, para un grado de
sulfatacién de 2,2 a 3, o-son 20-60% consistentes
de Aacido idurénico, para un grado de sulfatacién
de al menos 3,4, y el catién correspondiente es

L

farmacéuticamente aceptable.

48. Composicién farmacéutica de acuerdo con 1la
reivindicacién 47, caracterizada porque dicho
ingrediente activo es un LMW-epiK5-amina-0-
sobresulfato que consiste de una mezcla de cadena
en la cual al menos el 90% de dichas cadenas

tiene la férmula II’
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En la cual q es un entero de 2 a 20, R, R’ y R”
son hidrégeno o SO3- las unidades urénicas son 20-
60% comprendidas, preferiblemente 40 - 60% de
Acido idurénico, para un grado de sulfatacién de

3,55 a 4.

49. Composicién farmacéutica de acuerdo con 1la
reivindicacién 48, caracterizada porque, en dicha
mezcla de cadena de férmula II’, 1las unidades
urdénicas son 40-60% <consistentes de 4cido
idurénico, R es al menos 40% S03-, R’ y R” son
ambos SO3;~, o uno es hidrégeno y el otro es 5-10%
8503~ en &cido glucurdnico y 10-15% de SO3- en
dcido idurénico, n es un entero de 3 a 15, con un
peso molecular medio de aproximadamente 4.000 a

aproximadamente 8.000.

50. Composicién farmacéutica de acuerdoc con una

cualquiera de las reivindicaciones 48 y 49,
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caracterizado porque dicho LMW-epiK5-amina-0-

sobresulfato que consiste de una mezcla de cadena
en la cual las especies preponderantes tiene la

férmula II’'a

[~ - - -
~ | N gre)
| NH, oR |,

En la cual q es un entero de 4 a 8, R, R'" y R”

gson como se definié anteriormente, el grado de

sulfatacién va de 3,55 a 4 y el catién

correspondiente es farmacéuticamente aceptable.

Composicidén farmacéutica de acuerdo con la

reivindicacién 50, caracterizado porque dichas

especies preponderantes es un compuesto de
férmula II'b
- 080, - “ )
A 1 ors)
NH, CH,080,°
| _.-
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En la cual R, R’ y R” son hidrdgeno o SO0;—, X” es
OH o 0OS53-, m es 4, 5 o 6, las unidades urédnicas
son 40-60% consistentes de &cido idurénico, para
un gradeo de sulfatacién de 3,55 a 4, las unidades
idurénicas estan presentes alternativamente,
partiendo con una unidad glucurénica o idurénica,
y el correspondiente es un ién farmacéuticamente

%ceptable.

Composicién farmacéutica de acuerde con 1la
reivindicacién 4S5, gque incluye como uno de sus
ingredientes activos un derivado de K5-amina-0O-
sobresulfato consistente de una mezcla de cadena

en la cual al menos el 950% de dichas cadenas

tiene la férmula III

En la cual n es un entero de 2 a 100, R, R’ y R”

son hidrégenc o S0;-, y el grado de sulfatacién es
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al menos 2,2, y el catién correspondiente es

farmacéuticamente aceptable.

53. Composicién' farmacéutica de acuerdo con la
reivindicacién 52, caracterizado porque dicho
ingrediente activo es un lmw-K5-amina-0-
sobresulfato que consiste de una mezcla de cadena
en la cual al menos el 90% de dichas cadenas

‘tiene la férmula III’

Wik N un

En la cual q es un entero de 2 a 20, R, R’ y R”
representan hidrégeno o un grupo SO3- para un

grado de sulfatacién de al menos 2,2.

54. Composicién farmacéutica de acuerdo con la
reivindicacién 53, caracterizada porque dicho
lmw-K5-amina-0O-sobresulfato que consiste de una
mezcla de cadena en la cual las especies

preponderantes tienen la férmula III’a
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En la cual p es un entero de 4 a 8, R, R’ y R”
son como se definidé anteriormente, el grado de
fulfatacibn es de 2,2 a 3.

55. Composicién farmacéutica de acuerdo con 1la
reivindicacién 50, caracterizado porque dichas
especies preponderantes es un compuesto de

férmula III’b

00" [ ¢u080; coo” .
%é\«%’\ om
RS

En la cual R, R’ y R” son hidrégeno o SO3-, X" es

OH u 0S503-, para un grado de sulfatacién de 2,2 a
3, mes 4, 5 o 6 y el catién correspondiente es

un ién farmacéuticamente aceptable.
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36. Composicidén farmacéutica de acuerdo con una
cualquiera de 1las reivindicaciones de la 45 a 55
caracterizada porque dicha sal o catidn
farmacéuticamen;e aceptable aon sodio, potasio,

calcio, magnesio o zinc.

57. Composicién farmacéutica de acuerdo c¢on una
cualquiera de las reivindicaciones de la 45 a 56
caracterizada porque este estid en la forma de una
;rema, un ungldento, linimento, gel, espuma, b&lsamo,

supositorio vaginal, supositorio, solucién o

suspensién para administracién local.

58. Una composicién farmacéutica que contiene, como uno
de sus ingrediente activos, una cantidad
farmécolégicamente activa de un lmw-(epi)k5-N-sulfato
basicamente libre de grupos acetilc, o de una de sus
sales farmacéuticamente aceptables, en mezcla con un

excipiente farmacéutico.

59. Una composicién cosmética que contiene una cantidad
efectiva de un 1lmw-(epi)k5-N-sulfato de acuerdo con
una cualquiera de las reivindicaciones de 1la 1 a la 10
y de 25 a 37, en la cual dicha sal o catién es
farmacéuticamente aceptable, en mezcla con un

excipiente cosmético.
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Se describe un nuevo .método para la sobresulfatacién de
(epi) K5S-N-sulfatos para obtener {(epi)K5-amina-0-
sobresulfatos a un grado extremadamente alto de
sulfatacidén y para la transformacién de estos intermedios
en nuevos N-acil-(epi)KS5-amino-O-sobresulfato bAsicamente
libres de actividad sobre los parimetros de coagulacidén y
utiles en el campo cosmético o farmacéutico. También se
describen composiciones farmacéuticas que contiene, como
uno de sus ingredientes activos, un (epi)K5-amina-0-

scbresulfato.
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En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perdera su prelacion.

Notifiquese el presente oficio rme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto def titulo primerd de la Circular Unica N° 10 de 2001.
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