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20  sulfated and 3-O sulfated in about 0.5 % of the glucosaminic units present.
The properties and the natural biosynthesis of heparin in mammals were described by
Lindahl et al., 1986 in Lane, D. and Lindahl, U. (Editors) “Heparin. Chemical and
Biological Properties; Clinical Applications”, Edward Arnold, London, Pages 159-
190, by Lindhal, U, Feingold D. S. ¢ Rodén L, 1986 TIBS, 11, 221-225 and by
25 Conrad H. E. “Heparin Binding Proteins”, Chapter 2: Structure of Heparinoids.
Academic Press, 1998.
Besides the main anticoagulant and antithrombotic activities, heparin also exerts
antilipemic, antiproliferative, antiviral, antitumoral and antimetastatic activity, but its
use as a drug for such indications is hampered by the side effects due to its
30  anticoagulant activity that can cause bleeding.
DESCRIPTION OF THE PRIOR ART
It is known that the capsular polysaccharide isolated from strains of
Escherichia Coli (herein below also simply referred to as "K5") described by W.F.
Vann et al. (1981) in Eur. J. Biochem 116, 359-364 consists of a mixture of chains
35 formed by a repetitive disaccharide unit formed by D-glucuronic acid and N-
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molecular weight N,O sulfate heparosans having anticoagulant and antithrombotic
activity, IT 1230785, WO 92/17507, WO 96/14425, WO 97/43317, WO 98/42754,
WO 01/72848 and US 2002/0062019 describe derivatives of N-deacetylated-K5-N-
sulfate, having a certain number of glucuronic units epimerized in position CS5 to
20 iduronic units, with antithrombotic activity and WO 98/09636 describes N-
deacetylated-K5-N-sulfate with antimetastatic activity.
The document US 2002/0062019 describes a process for the preparation of epiN,O-
sulfated-K5 derivatives, active on the coagulation control, having a degree of
sulfation of from 2.3 to 2.9 and a molecular weight of from 2,000 to 30,000, or from
25 4,000 to 8,000 or from 18,000 to 30,000. Said process comprises the steps (s-a) a N-
deacetylation of K5 polysaccharide and a N-sulfation of the resulting K5-amine, (s-

b) an epimerization of the N-sulfate-KS, (s-c) an O-oversulfation of the epiK5-N-
sulfate, (s-d) a partial O-desulfation, (s-e) a selective 6-O-sulfation, (s-f) a N-
sulfation of the so obtained product, whatever product obtained at the end of steps (s-
30  b)-(s-f) being optionally submitted to a depolymerization. Said document describes a
N-sulfated-epiK5 having a molecular weight of 7,400 and a degree of sulfation of
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15,000 and a degree of sulfation of 3.84, which shows a good antiangiogenic activity
expressed as 70% of inhibition of the formation of new vessels within the 12th day of
incubation.
To make the terminology uniform and the text more understandable, in the present
25  description meanings and conventional expressions, in singular or plural form, will
be used. In particular:
- “K5” or “polysaccharide K5” means the capsular polysaccharide from
Escherichia coli obtained by fermentation, namely a mixture of chains consisting of
repetitive disaccharide units A, optionally containing a double bond at the non
30 reducing end as illustrated above, whenever prepared and purified according to the
methods described in the literature, in particular according to Vann 1981, Manzoni
M. et al., Journal of Bioactive and Compatible Polymers, 1996, 11, 301-311
(“Manzoni 1996”), according to the method described in WO 01/72848 or in
example 12 of US 2002/0062019 Al; it is obvious for a skilled in the art that the
35 matter illustrated herein is applicable to any N-acetylheparosan;



met hods described in the literature, in particular according to Vann 1981,

Manzoni M et al., Journal of Bioactive and Conpati bl e Polyners, 1996, 11,
301-311 wWoManaené 1996"), according to the method descri ped/1Bos/0AX701/ 72848
or in exanple 12 of US 2002/0062019 Al; it is obvious for a skilled in the
art that the 35 matter illustrated herein is applicable to any

N-acet yl heparosan; 3 WO 03/ 106506 PCT/1B03/02347 - "K5 am ne" neans the K5,
N- deacetyl ated for at |east 95% but generally in which acetyl groups are

undet ect abl e by a b nwé(gfs ?rmasa{wﬁ 1atED fo¥- a3 Ubds00 8%, BREgEmeta§ iik5,
N deacet yl at ed anégké r%l fate or I egcs?%ya m@ﬁher ej r;’ bel ow descri bed,

but gener al | ywhishapstyherasrs 3¢ updeientablebea et PRABWS, 5 5 current NWVR
apparatus; - K5-gm¥. NesuQa@veﬁe?aub frtzes, Nmmtymm@rmm#sa&aﬂd&ﬁaméaswmt h a

e e ol oo e el PieLBSE i T P LB E L i paBaRe

Mor eover :5 - theuﬁmmwpmtwentl onal expressions herein above defined

refer to K5 poly 0 fo-slirh QL RBDLARE Wth JRRERIJY Wi th
a distribution ofzk%C i%u g’?el\%gllfétﬁ In?ﬁt‘]gérjnm;‘zl‘lgjout 1,500 to about SOE%OO with a

mean nol ecul asulfasipg e at lgast 22;000- 25, 000, advant ageous!y of 15, 000- 25, 000:

15 - apart fromth@' N@@v&fsﬁlf%? rthéak | HTN,OE sl aedriob-amihawieiaghégred d t er ns
and conventlo eSSI s herein above defined, when preceded by the
acronym " LMY ?*1“8 Sgr wei ght), indicate | ow nol ecul ar wei ght

product sidhavi ng a rreaMofmkzacul ar weight up to 12,000; - "about" referred

to the nol ecul ar gm}e”eci"’”lﬁn%ﬁ%oﬂ@ ‘S‘?’%Sﬁéf‘%vz‘ ﬂ{a ab&t BBARM" RFrDY K

viscosinetry "t he¥ i} ride unit, |nclud|ng t he
wei ght of sodialysacclarisigs aaseuokatﬁdb@ﬁexe;@rmem@tm c@g@aﬂy vt fisiutign @fand

765 in the CaRgeQiar Jcihit Mok %&ﬁ%tﬁob%%bauttsb 0BOGEEH £eheah nddleduddrivadighf
3.87; - the terns and conventi onal ly@ §$¢ gygg s herein above defined,

when are f ol PHeB0GYS. 006 advinipgepas i gnate both the derivatives

fromnatiye K5 2% zﬁ‘f"frohh@lie?s mfioom‘trmﬂtleﬁtdfahe weolghllar weight e eartisyandf t he
fact that these are

f {1 t
or by depol ynﬁ?‘i“?ﬁ??r&i exPreiﬁﬂP’éss }éergirﬂglg n(gtflélﬁgc gﬁcedég E:tg ggrrowlﬁelg\r/gz
of sul fation" “hdBEMS (lohem8RBulat GEght); andicate bkvanokcauﬂabwe@hpp@slgetel hayigg aas t he

nunber of sul ﬂl?etaﬁn%ﬁé)cﬂpﬁv&?éhtuptoH,OOO,

- “about” referred to the molecular weight means the molecular weight
20 measured by viscosimetry + the theoretical weight of a disaccharide unit, including

the weight of sodium, calculated to be 461 in the case of a K5-N-sulfate and 765 in

the case of a K5-N,O-oversulfate with a degree of sulfation of 3.87;

- the terms and conventional expressions as herein above defined, when are

followed by “-derivative” globally designate both the derivatives from native K3
25 and those of low molecular weight, independently of the fact that these are

obtained by fractionation of K5 or of its derivatives or by depolymerization;

- unless otherwise specifically indicated, “degree of sulfation” means the SO3-
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disaccharide unit, as measured by the conductimetric method described by Casu B.
30 et al. in Carbohydrate Research, 1975, 39, 168-176 (Casu 1975);

- unless otherwise specifically indicated, the molecular weight is intended to be

measured by viscosimetry according to Johnson et al. Carb. Res. n.51 (1976) p.

119-127, using samples whose molecular weight was calculated by HPLC as

standards;
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with antiviral and/or antiangiogenic activity and devoid of anticoagulant activity.

20  More particularly, it has been found that a LMW-KS5-N,O-oversulfate having a mean
molecular weight of from about 3,000 to about 6,000, in particular a LMW-K5-N,O-
oversulfate consisting of a mixture in which the preponderant species is a deca-,
dodeca- or tetradecasaccharide, with a degree of sulfation of from 3.2 to 4, has an
antiangiogenic activity higher than that of the K5-N,O-oversulfate described by Leali

25 2001.

It has also been found that said new LMW-K5-N,O-oversulfates having a mean
molecular weight from about 3,000 to about 6,000, in particular LMW-K5-N,O-
oversulfates consisting of a mixture in which the preponderant species is a deca-,
dodeca- or tetradecasaccharide, avoid of anticoagulant activity, have a good activity
30  on HIV-1 virus.
Moreover it has been found that, starting from said LMW-K5-N-sulfates, it is
possible to obtain new LMW-O-sulfated-K5-amine with a high degree of sulfation
by preparing a tertiary amine or quaternary ammonium salt of said LMW-K5-N-
sulfate, taking care to keep the reaction mixture for a period of time of 30-60 minutes
35 by maintaining the pH at about 7, and then by treating the obtained salt with an O-



oversul fates consisting of a m xture in which the preponderant species is a
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LMM O sul fated-K5-amne with a high degree of sulfation by preparing a
tertiary amne or quaternary amoniumsalt of said LMMK5-N sul fate,
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15 inwhichqis4,5,6,7 or 8 and R, R’ and R’ represent hydrogen or a SO3- group,
for a degree of sulfation of from 3.2 to 4, advantageously from 3.5 to 4, preferably
from 3.5 to 3.9 and the corresponding cation is a chemically or pharmaceutically
acceptable one.
In this context, the term ‘“chemically acceptable” refers to a cation useful in the

20  chemical syntheses, such as sodium, ammonium, tetra(C,-Cs)alkylammonium, or for
the purification of the product, while “pharmaceutically acceptable” is self
explanatory.

Advantageous cations are those derived from alkaline metals, earth-alkaline metals,
ammonium, tetra(C;-C4)alkylammonium, aluminum and zinc.

25 The LMW-KS5-N,O-oversulfate of the present invention can be prepared by
depolymerization of K5-N,O-oversulfates of the type described in Leali 2001 and
prepared with the method described in it.

Said depolymerization is performed according to the known methods for the
depolymerization of heparin, for instance according to the method described in EP

30 37319, in WO 82/03627 or the method for the depolymerization of a N,O-sulfated-



acceptable one. In this context, the term"chem cally acceptable” refers to
a cation useful in the 20 chem cal syntheses, such as sodium ammoni um
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"pharnmaceutically acceptable” is self explanatory. Advantageous cations
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20 excess of sodium borohydride is eliminated by bringing the pH to 5-5.5 with 0.1N
HC1 and left to react for further 2-4 hours. At the end, the solution is neutralized with
0.1N NaOH and the product is recovered by precipitation with acetone or ethanol
after concentration of the product by evaporation under reduced pressure.

The origin of the LMW-K5-N,O-oversulfates from the nitrous depolymerization of a

25 K5-N,O-oversulfate and subsequent possible reduction with for instance sodium
borohydride implies, at the reducing end of the majority of the chains in said mixture
of chains, the presence of a sulfated 2,5-anhydromanno unit having the structure (a°)

CH,080,"

OR" (@)

Xl
in which X’ represents formyl or hydroxymethyl and R” represents hydrogen or SO3’

30 .
In particular, preferred products are the LMW-KS-N,O-oversulfate, obtainable by
nitrous depolymerization of a K5-N,O-oversulfate and optional subsequent reduction



HC and left to react for further 2-4 hours. At the end, the solution is
neutralized with 0.1N NaCH and the product is recovered by precipitation
wi t h acetwioa3aneses hanol after concentration of the produ@cThgozezaporati on
under reduced pressure. The origin of the LM¥KS5-N, O oversulfates fromthe
ni trous depolynerization of a 25 K5-N, O oversul fate and subsequent
possi bl e reduction with for instance sodium borohydride inplies, at the
reduci ng e][ld of L}le majority of the chains in said mxture of chains, the
presence of g - i 8 QoHAiting GH\hiREiréd\6f chihing ¢ Whith(t
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m xtures of chains in Welg e I's a pnpound of
formula | COO CHZOSORo CH2QSs0 OR (1') HO OR NHSO X
s OR mwhereininis 4,08 or |6, RHOand hydroden or S03-, X is
fgrrryl or 5I hy]groxyget hyl , f a degree of sulfdtion of from3.2 to 4,
advant ageous rom3. Ht ef erapd r 0¢d. 9 san
correspondi n‘ﬁﬂ%gltni h ' g’ asogﬁéebmﬁc)’[a{] |a§1%$ yaé J&%‘%&‘Et‘?cgﬁi’ygc%e{é@ }eorone.
The mean 5ol leclooxymetel giot adﬁgr@a@ﬁsqiziklpmpé omR A hoduagpgeously dTopsd.540 250,
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10 favourable ratio to the global anticoagulant activity and can be used in the
preparation of pharmaceutical compositions for the treatment of angiogenesis-
dependent pathologies in doses in which the risk of hemorragic side effects is
extremely reduced.
Angiogenesis dependent pathologies that can be treated with the LMW-K5-N,0O-
15  oversulfates are for example, among those found in the human beings, diabetic
retinopathy, neovascularization of the transplanted cornea, neovascular glaucoma,
trachoma, retrolental fibrodisplasia, psoriasis, pyogenic glaucoma, development of
the ateroschlerotic plaque, hemangioma and angiofibroma, artero-venous
malformations, arthritis, and in the combinatorial therapy of solid tumors.
20  More particularly, the new LMW-K5-N,O-oversulfates of the present invention were
active in the in vivo test of the inhibition of the angiogenesis on chicken embryo
choroallantioic membrane (CAM) according to Ribatti D. et al., J. Vasc. Res. 1997,
34, 455-463 (Ribatti 1997). According to this test, sponge implants of Gelfoam
(Upjohn) are applied on the CAM of chicken embryos at the 8th day of development
25 and, immediately after the application, 3 pl of a solution of physiologic saline
containing 50 pg of LMW-K5-N,O-oversulfate are applied or, as reference
compound, of K5-N,O-oversulfate with 15,000 molecular weight and degree of
sulfation of 3.84 described in Leali 2001. The sponges are examined every day till
the 12th day of incubation. The score of angiogenesis is obtained by counting the
30 number of macroscopic vessels observable around the sponge at the different days of
development and at the number of embryos (eggs) on which the compound is active.
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9 the ea(%'; tr((gatmrgrgI thEa lf)rc?dutc? thslfsa%tame% with a N- sulfating agent and isolating the

obtained LMW-K5-N,O-oversulfate. Usually the final product is isolated as
sodium salt that is optionally transformed in another chemically or
pharmaceutically acceptable salt.

25 A LMW-K5-N-sulfate obtained from a K5 by a practically complete N-
deacetylation, subsequent N-sulfation, and final nitrous depolymerization followed
by reduction of the LMW-K5-N-sulfate, as above illustrated, is used as starting
material for the process of the present invention. Said reduction is necessary since
the LMW-K5-N-sulfate subsequently undertakes reactions wherein the influence on

30 the formyl group of the 2,5 anhydromannose radical is unknown. Also in this case,
by controlling the depolymerization reaction as above illustrated, LMW-K5-N-
sulfate can be obtained, having a mean molecular weight in the whole range from
about 1,500 to about 10,000, preferably from about 1,500 to about 7,500, as
calculated from the 13C-NMR spectrum by the integration of the signal attributable



period of tinme of 30-60 m nutes, whereby the pH of the solution is

mai ntained at 7, and isolating the salt wth said organic base; (b)

treati ng wbe3stiesshé ary am ne or quat ernary anmoni um salt ofrcyaBaB/2B¥ K5- N-
sulfate thus obtained with an O sulfation reactant under O oversulfation
20 conditions; (c) treating the product thus obtained with a N-sulfating
agent and isolating the obtained LMWK5-N, O oversulfate. Usually the final
product is isolated as sodiumsalt that is optionally transformed in
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sol ut i om(conggitiglie ipEtoksSs I3-wieth DANEH@N4hd left to react for further 2-4 hours. At the

end the solution is neutralized with 0.1N NaOH and the product is recovered by

precipitation with acetone or ethanol after concentration of the product by reduced
pressure evaporation.
Analogously, the amount of sodium nitrite that, starting from 1 g of K5-N-sulfate,
25 allows to obtain a LMW-K5-N-sulfate with a molecular weight of from about 4,000
to about 7,500, in particular of at least 6,000 (6,000-7,500), can be established.
The KS5-N-sulfate is very well known in the literature and it is described in the
documents herein above cited to illustrate the state of the art. The above cited starting
material is invariably obtained by N-deacetylation and subsequent N-sulfation of the
30 thus obtained KS-amine. However, it was noted that the preparation of a K5-N-
sulfate practically devoid of acetyl groups or NH2 is facilitated if the KS from which
it is prepared is particularly pure, in particular if it does not contain lipophilic
substances. Moreover, it was found that a K5-N-sulfate prepared from a K5 free from
lipophilic substances is easier oversulfated, as described in the pending patent
35 application IT MI2001A00397 (WO 02/068477). It is then preferable that the

10



15 sodiumnitrite, kept at 4Cis brought to pH 2 by adding 0.1N HCO cool ed
at 4C. The reaction is left to react for 20-40 mnutes, then neutralized
wi th 0.1 woNa@sodhe obtained product is warmed up to ro@eTiBogp@sst ure and
treated with a reducing agent such as sodi um borohydride (250-500 ny

di ssolved in 50-100 m of water) and left to react for 4-8 hours. The
excess of sodi um borohydride is elimnated by 20 bringing the pHto 5-5.5
with 0.1IN HO and left to react for further 2-4 hours. At the end the
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15 wherein q is 4, 5, 6, 7, or 8 and the corresponding cation is a chemically or
pharmaceutically acceptable one. These LMW-KS5-N-sulfates, that constitute an
advantageous aspect of the invention, are obtained from a K5-N-sulfate by nitrous
depolymerization and subsequent reduction for instance with sodium borohydride as
illustrated above. Their mean molecular weight is from about 2,000 to about 4,000.

20  The origin of the LMW-K5-N-sulfates from a nitrous depolymerization step and
subsequent reduction with for instance sodium borohydride, implies the presence of a
2,5 anhydrommanitol unit of structure (a’)

CH,OH

OH (a)

CH,OH

11



n 10 wherein n represents a nunber from2 to 20 and the correspondi ng
cation is a chemcally or pharmaceutically acceptable one. More

advant agewosBgo6esbde starting nmaterials are new LMMK5- N seCraBe264nsi st i ng
of a m xture of chains in which the preponderant species has the formula
[1" 00 CH2ZOH OO OCH OH (I1") OH NHSO 3 Q 15 wherein gqis 4, 5, 6, 7, or 8
and the corresponding cation is a chemcally or pharnmaceutically

accept abl e one. These LMW K5-N-sul fates, that constitute an advant ageous
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K5-N-sulfates are practically devoid of acetyl groups.
10  Particularly advantageous LMW-K5-N-sulfates according to the present invention

are formed by mixtures of chains in which the preponderant species is a compound

coo- H,0H dololy CH,OH
o 0} o)
HO -
OH NHSO, OH

CH,OH

of formula I’

m

in which m represents 4, 5 or 6 and the corresponding cation is a chemically or
15 pharmaceutically acceptable one.

According to another of its aspects, the invention relates to a process for the

preparation of new LMW-K5-N-sulfates and of their chemically or pharmaceutically

acceptable salts, which comprises submitting a K5-N-sulfate to a controlled nitrous

depolymerization optionally followed by a reduction and isolating the product so
20 obtained. Said products usually are in form of their sodium salt, that can be

transformed into another chemically or pharmaceutically acceptable salt. At the

reducing end of the majority of the chains by which they are composed, said LMW-

K5-N-sulfates have a 2,5-anhydroma1(1:r|1_|o gait having the structure (a)

2

OH (@)
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10 Particularly advantageous LMMK5-N-sul fates according to the present
i nvention are forned by m xtures of chains in which the preponderant

spe'(':i es iwoasawsspeound of forrmula IF COO H2OH COO CH2OH @COIshs/@Bk7OH t OH
(rr™) HO OH NHSGB OH CH2OH in which mrepresents 4, 5 or 6 and the

corresponding cation is a chemcally or 15 pharmaceutically acceptable
one. According to another of its aspects, the invention relates to a
process for the preparation of new LMMK5-N-sul fates and of their

chenically or R%pﬁi fﬁ%sler?@' a %m%gleg%,@fgkdﬁnagﬁt group\/raha hpreﬁamﬂy,staSy are

submtting ate to a cont

optionally ffmmadvbe/dnwuras pEehais IBHVIH?*Haelg%ﬁt 3{) (e %cassf’ﬁle?'% éﬁﬁ h Zf%%@gn

gte)t a L pg ﬁsf gr ngﬂ{&tf[ﬁ%to? cHEH!r Whigh Ehe: prefontiarant spbb’les hassthelfarmutalltor hat can
I n m ca | e hASER

salt. At théh eFee’éﬁ)‘éWe%gﬁF‘ﬁ? Cr?ﬁbgr &a?P& gllegtg f?hv\,hl cﬁﬁtt?cﬁieg are

conposeds sabothpbditénd<S- N- sul f at es have a 2 5- anhydromanno unit having the

structure (g[},flglr_{%g]—sjtrugﬁthe( g%) ab?éve 1}% r\é&e@éftslg@‘ﬁgﬁyﬁ% 1 B3h8R IMWIKIS-Mhi ch X

represents

formed by msmtfameesredhe @Wémgsmaﬁ@nmfcthe %?O%P%ﬂa@fandt@%%%mera‘g%l %‘f t@ﬁmﬁ‘%‘ﬁﬁgs the

Iﬁreﬁ:gg?m'“' arﬁlb Q%erréﬂlfﬁwdro@ﬁqefﬁreséﬁ@qmaxﬂoaKm:\fh lt][]e preponder ant speci es has
sul.fate

i ngredi ents Mvaﬁ%?%%ﬁ]ﬂ? E‘W @E&ﬁ%@\i‘? % dnolpgular Vﬁgl Hﬁ%@é@?ﬁ?@ C; ve

above, X(r epiesenoco wydooxyneahyl, the new LM¥K5-N- sulfates are the

starting mt gl @@9 I?%E]‘?%Rfa%%e%?m&éﬁlarté}ﬁls%ﬁﬁg égseéa@ ofpd ﬁ%séﬂmx*%‘%non

N, O- over sul f esent entlon t ageousl
LMN K5- N- sul drapecferablyaisad he sediam saki ejHess g tgﬁwrib@’mrt?rprfqua aIba%}B’cﬂH“‘& 000

to about 10, 0Q0. %r-gpﬁ‘e&M%@dmgs ulof ates ShRr hboe: MalsrhRlSs pfeférbilypriheess of
the present inve are prefera |y used as sodi um salt unl ess a
tertiary am Wweabutylgmaonivna it smatsady fyailable.

15  According to another advantageous embodiment of the process of the present
invention, step (a) is performed by passing a solution of the sodium salt of the
starting LMW-K5-N-sulfate through an acid ionic exchange resin, for example of the
type IR-120 H+, by collecting the eluate comprising also the waste of the resin and
by neutralizing the eluate with a tertiary amine or quaternary ammonium hydroxide,

20  preferably with an aqueous solution of tetrabutylammonium hydroxide. The solution
is let to stand for one hour, by concurrently maintaining the pH at 7 by adding the
same base and the so obtained salt is isolated by freeze drying.

In step (b), the O-oversulfation is performed using an excess of O-sulfating agent at a
temperature from 20 to 70°C for a period of time up to 24 hours in a polar aprotic

25  solvent. Advantageously, the tertiary amine or quaternary ammonium salt of the
LMW-K5-N-sulfate so obtained in step (a), is dissolved in dimethylformamide and
treated with 2-10 moles of an O-sulfating agent for each free hydroxy group at a
temperature of 40-60°C for 10-20 hours. As O-sulfating agent, the adduct
pyridine.SO; is advantageously used, in amounts of 2.5-5 moles, preferably 2.5-4

30 moles per free hydroxy group and the reaction is advantageously performed at 50-
60°C, preferably at 55°C overnight. The product obtained at the end of the reaction is
isolated by addition of 0.1-1 volume of water and neutralization, preferably with
sodium hydroxide, by precipitation with a saturated solution of sodium chloride in

acetone and filtration optionally followed by an ultrafiltration.
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salt prepared according to step (a) above illustrated, preferably the
tetrabutyl anmonium salt, is already available. 15 According to another
advant agewo3amdsosli nent of the process of the present i npemtiB@23st ep (a)
is perfornmed by passing a solution of the sodiumsalt of the starting
LMMK5- N-sul fate through an acid ionic exchange resin, for exanple of the
type IR-120 H+, by collecting the eluate conprising also the waste of the
resin and by neutralizing the eluate with a tertiary am ne or quaternary
ammoni um hy 4iexiA6afila A5 GA R AbIpreftiably @ ssuieAUSISOf ut LIMVALS-amine-O-

t et r abut yl ammoni umthy Ir oxi de. The sol uti gn g | et..t O ﬁfu%[['gal A oiiiigerour
by concurremPf?uWﬁFhﬁ‘ép&Pﬁ‘@gﬁeﬁSfE}lﬁ@Pn?f 9H’a}d itchg' Theesotum 2 R PERS the' so
obt ai ned salghn b3 chikied esto Ryothé:eane The wieagmolaoult esighbpf sudhe product can

O oversul fatiqgn is faornmed usi n excess of O-sulfating agent at a

t enper aturehe&EﬂWE}ﬁfR&g’@B(tf)g%‘?&éT’gggi od of time up to 24 hours in .a polar
aprotic 525 Iscdtserit), the\iaiagSeaning-O-oressuléatesi arey supmifed Jp ﬁtﬁﬁ@?ﬁ%

anmoni um sal { LIKS- Mo $01u0bk AW e ol eafbohle, ards adNssol ved
in di met hyl fpgffﬁaﬁ‘r‘éd;g’yawtﬁ?r g%tﬁe%‘{ﬁ)?sh v les

. 2-10 | es an_ O-sulf at i ng, agent
for each freulfayey ®egngr Bhpexample %eﬁ%e@ﬁmﬂ@%&mnﬁgbeo@ f@fﬁéﬂ??%”hg rs. As
O sul fati Pg A&8Rknins AR @Q@ﬁf@tat 3|o|y5(j°di foe 8$ZthhﬁT aﬁld/hmia?amgﬂrlllydh]dwl(ﬁ n
amounts of 2.5-5 noles, prefera . 2.9-4 30 nol es per free hydroxy group
and the r eacl‘tlal(bﬂ"qr%ulg‘ﬁ"\/%ﬁ?’é‘ij‘égﬁByélaﬁ%ﬁt{?ﬁmd at 50- 60C, preferably at 55C
overni ghto. The ANMWHES-ohiheiredbratlfatdse aadidtheir  themicallctdrophpmnacputisially ed by
addition of 0 1; a:{blvglﬂ%ngotglkaqigta%or@i%gt G Sitlve Z8d BcesB! BhAERR Yedd (o)

%Pé, %y Itation wt

sodi um hydro%&c pr ecl ) h a saturated sqlution of sodi um
chl ori de” i n andob), onenem draductsrvhicl gorstityte adpither agpgch Rk dhepgresght mvention.

ultrafiltr at{% risiiég V3£ QRERE BT KBORAREIH fverdiltatan beditaiboiy wehduct i s
&Im salt of a LMWV,

preferably the sod l% arPTi nig} oversul fate having a degree
of sul fati oningrmediaies,2lsp haye gharpaeotiglgeical VI8 obt ai ned can be
convert egs i ntusanaé haescadlihventibs @ rprovidec wear LMWgK6-aofins (edveasupfateduct
can be from about 3,500 tq about 11.0 N, StLP,{iC)heitN :
LMM K5- armi nel@5ing ¢t sAASFost é’g {Taga R ?rgran ?goi a%fﬁ attp%l%, ajepr)rgﬁ?l_g’r med by
treating thepharmgesmtoalysaicaptaon salts. A dadiageaushys Hemnmean meplecular weighlali ng
agent, for eﬁﬁrgpib%uf% %%'t%%dtg@lgﬁpl, ﬁﬁ'r@@déﬂég%usﬁyfrbﬂ' MRub8300 Y about

- or 8

mai nt ai ni ng e mxture a -24 hours and by isolating the
LMV K5- N, O-bee0.sul fate for exanple by diafiltration. 10 The

LMW KS- agg nePﬁQfé}Xlﬂ htlyfAd §bs@nRdally@éd ofdadt@airbupsor phar maceutical |y
acceptable salts_ obtainabl e according.to t aboye said

steps (a) ?f a LMW-KS-N-sult%te consisting %f a mlxpuere 3P Wsins fl Whith%k eRt 96‘%%{ ed to
said chains has the above mentioned formula II is used as starting material, a new
LMW-K5-amine-O-oversulfate consisting of a mixture of chains in which at least

90% of said chains have the formula III

COO"  CH,080, |

OR' NH2
L _n

25
in which n is an integer from 2 to 20, R, R’ and R” represent a hydrogen or a SO3-

group, for a degree of sulfation of from 2.2 to 3, and the corresponding cation 1s a

chemically or pharmaceutically acceptable one, is obtained at the end of step (b).

If an advantageous LMW-K5-N-sulfate consisting of a mixture of chains in which
30 the preponderant species has the formula I’ is used as starting material, a new
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and (b), are new products which constitute a further aspect of the present
invention. Surprisingly, it was found that LMMK5-am ne-O oversul fates,
besi des bwopng/iused ul i nt er nedi ates, al so have phar nacobi ecogBezi2347
activities. 15 Thus, the present invention also provides new

LMM K5- am ne- O-oversul fates having a degree of sulfation of from2.3 to 3
and their chemcally or pharnmaceutically acceptable salts. Advantageously,
their nean nol ecular weight is fromabout 3,500 to about 10,000, nore
advant ageou Plxtu?d ofr efaisall ywhicteythar e
subst anti al Iﬁyﬁ}k{ ee Clﬁigﬁl-% og?réﬁpatér g;gﬂé?é%ﬁflgf og aI2_MN K5-N-sul fate consi sting of
a mxture ofprmdﬁgmiime%mb%th? qrewt 19006 of  sai d chains has the above
mentioned forrmula Il is usedpas éﬁ%\rtln materlal a new

LMM K5- am ne- O oversul f at e consi ng of ORPxt ure of chains in which at

| east 90% of said chains haye t COO CH20s@B O O OR OR'
(rrr)y OR NH2 n 25 in whi rom@rio 20, R R and R
represent a hydrogen or a S03-° g egree of sulfation of from2.2
to 3, and the corresponding gationpks a cRemcally or pharmaceutically
accept abl e one, is obtained the end of ste a(b). If an advant ageous
LMMK5- N-sul fate consisting of a mixture of chain n_whi ch %%Fthe f

pr eponder ant insykich @pishés5t fe7.f o BuRaRi and K’ aseas m§flaﬁb9?’eng}h grd, a

new 14 0 / 3 me- Extinelisw thémical tin
of a m x:%)r egﬁt%géﬁg?nggﬁnb\%g?é:@t ﬁ%d thovce Kés ﬁr anqt;ﬁ tec ()es has tﬁeq??rr?ru: ag

11" COO CH2ewaBacegticallyracegpiable ppe, )‘S0 is 4, 5 6, 7, or
8, R R andTRse iMWKSdeﬁﬁlhB@o@&Mfa,testdie ndwgpreéuaﬁ useffubaﬂ fragrinediates ifir om

2.3 to 3, anﬁ]@the corres h | NavE per PRAIBESIEL! cal |y
acceptabl e o ,prPEarﬁtbqthﬂggelﬁt Fﬁ@ t%(ﬁgie%§at§/te % ﬁ{pb By B por AR e
pharmacological properties, in particular against free ra icals.
10  The origin of the new LMW-K5-amine-O-oversulfates from LMW-K5-N-sulfates
obtained by nitrous depolymerization and subsequent reduction with, for instance,

sodium borohydride, involves the presence of a 2,5 anhydromannitol sulfated unit of

structure (a”)

CH,0S80;"
o)
OR" @)
CH,0S0,”
15  in which R” represents hydrogen or SOy, at the reducing end of the majority of the

chains in said mixture of chains.
Thus, the reducing end of the majority of the chains in said mixture of chains

is represented by the structure (b’)

CH0S0;  co CH,0S0;
oW eV Iy
CH,0S0,
20 Among the new above mentioned LMW-KS5-amine-O-oversulfates, those

consisting of mixtures in which the preponderant species is a compound of formula
(1)

15



These LMM K5-ami ne- O-oversul fates are new products useful as internediates
in the preparation of their N-sulfated derivatives, but they have per se

i nt er est i W@ o3phesneracol ogi cal properties, in particular ag®cmaBoieee
radicals. 10 The origin of the new LMV K5-am ne-O-oversul fates from
LMMK5- N-sul fates obtained by nitrous depol ynerizati on and subsequent
reduction with, for instance, sodium borohydride, involves the presence of
a 2,5 anhydromannitol sulfated unit of structure (a") CH2Cs®- O (a') OR'
CH20S®3- 15 in which R' represents hydrogen or—jS03-, at the reducing end of
the majority of the®OPhains|i s mi §00r e of |chaCH$OSTQus, the reduci ng

end of the majority S m xt ure hains 1is represented

by the structure( A S0¢ 0 (@ 34 OI@(U) H2 OR

CH20SG3 20 Anpng the \ PNt ¥ KSi n -Oove?sejl fates, those
speci

consi sting of m xture i C he preponderan $1.680a conpound of
formula (HIl) 15 WDO-03/ 106506 W&t/ | BO3/93347 000 CH20808 000 CHa Os®B O
g 8 R OR CRO(I ") X' RTH2 OR CH20SOG3_ wherein R, R, R' are

ydr ogen or 3=, X5 15, OH,OF, 0 I- b S | d 2.2
to 3, in is ferEiRyR $aﬁr§ h?'ﬁré)%g%grr ée@b’o%dgﬁgﬁ?gtqgooﬁ :ﬂsnf agaécgl?u‘gekn? f%glf%@&%nr

phar maceut i oflftom & epBabl & 6nd, ora¢ engiths eqrresgonding cation is a chemically or

pharmaceutically acceptable one, are preferred.

5 According to the present invention, starting from a K5-N-sulfate it is possible
to prepare LMW-K5-N,O-sulfates and their chemically or pharmaceutically
acceptable salts by a process which comprises

) submitting a K5-N-sulfate to a nitrous depolymerisation followed by a
reduction, for example by sodium borohydride;

10 (i1) treating a LMW-K5-N-sulfate, in its acidic form, with a tertiary amine
or quaternary ammonium hydroxide, letting the reaction mixture to stand for a
period of time of 30-60 minutes, whereby the pH of the solution is maintained

at 7, and isolating the corresponding tertiary amine or quaternary ammonium

salt;

15 (1ii) treating said tertiary amine or quaternary ammonium salt of said
LMW-K5-N-sulfate with an O-sulfation reactant under O-oversulfation
conditions;

(iv) treating the product thus obtained with a N-sulfating agent and
isolating the obtained LMW-K5-N,O-oversulfate.

20 The new LMW-K5-N,O-oversulfates obtained at the end of the process of the present
invention are generally present as sodium salt. Said sodium salt can be converted into
another chemically or pharmaceutically acceptable salt. For example, an exchange
with the calcium ion can be performed using ultrafiltration membranes. Particularly
advantageous salts are those of alkaline metals, earth-alkaline metals, ammonium,

25  tetra(C;-Cs)alkylammonium, aluminum, and zinc. The sodium, calcium and
tetrabutylammonium are preferred salts.

The LMW-K5-N,O-oversulfates obtained according to the process of the present
invention consist of mixtures of chains in which at least 90% of said chains has the

structure I’
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5 According to the present invention, starting froma K5-N-sulfate it is
possible to prepare LMMK5-N, O sulfates and their chemcally or

phar macewDmalibaso6 accept abl e salts by a process whi ch conmpCraBes/ (2897
submtting a K5-N-sulfate to a nitrous depol ynerisation followed by a
reduction, for exanple by sodium borohydride; 10 (ii) treating a

LMV K5-N-sulfate, inits acidic form with a tertiary amne or quaternary
anmoni um hydroxi de, letting the reaction m xture to stand for a period of
time of 3 0-60 minutes, whereby thespsdbof tlhe solution is maintained at 7,
and isolating the correspongding te 1 ne or quaternary ammoni um
salt; 15 (iii) treating sai¢ terti/agry\am ne or quaternary ammoni um salt of
said LMWMK5-Nsulfate with {on [reactant under O-oversul fation
conditions; (iv) treating t H obtained wth a N-sulfating
agent and isolating the obfai ged-|LM¥ K5- NNO-oversul fate. 20 The new

LMV K5- N, O oversul fat es obt ai t PRe end| of the process of the present
invention are generally pres sodiumsplt. Said sodiumsalt can be
converted into another chenmp or pharnpceutically acceptable salt. For
exanmpl e, an exchange wth fhe cgrciumion gan be perforned using
ultrafiltration nenbranes. Particularly advantageous’salts are those of

al kal i ne netal $nicEd fhmainkaki RBmB1aLS, RaRMmand MY re@Bsent hydrogen or a SOs

ot r abuit vl anEERBLITARG P Sr G PEr Ay £ SR S PR
obt ai ned” accy @i degrdeftshitatoroot femod 2tthd, pdwastageousiiniamt 3.8ri0 do REIRLIYf
m xtures of ehaing i | t %a0bn $h heR@ans Rashatrigeutidallyct ur e
16 wo b3 FoBsve tﬁw@g%ﬂkg%@@gg%&o OR, BN v)é})ch 00 O S03° R CR
n acceptable one.

Among these new LMW-K5-N,O-oversulfates obtained according to the process of

the present invention those consisting of mixtures of chains in which the

preponderant species has the formula I and in which the reducing end of the majority
10 of said chains has the structure (a”) are particularly advantageous.

Preferred LMW-K5-N,0-oversulfates among those obtained according to the process

of the present invention consist of mixtures of chains in which the preponderant

species is a compound of formula I”

COO - CHzosos- COO - T CHZOSO3-
OR OR" OR OR' "
X" Q‘ \_J ( )
OR' NHSO;  OR CH,080,”
L _m

15 wherein R, R’ and R” are hydrogen or SO3-, X” is OH or 0OS03-, for a degree of
sulfation of from 3.2 to 4, advantageously from 3.5 to 4, preferably from 3.5 to 3.9,
m is 4, 5 or 6 and the corresponding cation is a chemically or pharmaceutically
acceptable one.
The new LMW-K5-N,O-oversulfates of the present invention are interesting as

20  active principles useful in therapy since they possess antiviral, especially anti HIV-1,
activity and an excellent antiangiogenic activity. Particularly interesting are the
LMW-K5-N,O-oversulfates with a molecular weight of 3,750-4,250 (m = 4), of
4,750-5,250 (m = 5) or of 5,750-6,250 (m = 6) and a degree of sulfation of from 3.5
to 3.9.
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in which nis an integer from2 to 20, RR R and R' represent hydrogen

S03- group, in which the reducing end of the majority gf sai d c%ai ngehagr :
t he strucwores/10&0g, for a degree of sulfation of from 3. 2ATaBd3/ 02347

advant ageously from3.5 to 4, preferably 5 from3.5 to 3.9, and the
corresponding cation is a chemcally or pharmaceutically acceptable one.
Among these new LMMKS5-N, O oversul fates obtained according to the process
of the present invention those consisting of m xtures of chains in which

t he prepongﬁ 3{“ mk gﬁ Syt rsmd'v@ {lustfifed, mwt&lfhémanﬁachncmg end

of the mgjo Wains has the st t "
advant ageouanuaﬁalgm‘genmmuyww@smu@ mia%lagf(gtléslsjﬁg%ﬁdl(eeﬁ%)q@ of B8 abdi U' arly

according t f t
chains in \Mgrllergxﬂgnﬁﬁi £51Sgie® Fot B iRfeRGaNherapsiaittises) thoasivstprintiphesof thees of

pr epon er ant e f
CHZOS03 CODPERPBSIY ST (ihowysalify W ’&gbaf"“{“l?’*‘fea n?@%%g tﬁé‘%‘%m’nmz 86983
(Te éf whe ]fsel medlﬁ?l qes andmﬁbleafbanhyﬂadrgmtramorsa&h asyfor pxanmple steribseutionsor g
ee O Su tion

f
pr ef er abl y fAopif,dgsage; fgngs rgrq 2 rén%x%l ﬁngﬂdyptgﬂ)%?&ﬂlﬁlﬁfg%c?sr@g‘tﬁtlﬁtdd@y‘fg% o
is a chem c@ycyssarmnpglacmwmﬁm‘eﬂtlvys Pal&ﬂmtﬁﬁﬂaée‘ﬁﬁe‘i’s%?é Wewe © osch i

LMNM K5- N, O g | t

ot ve. i nel BB M e ey BoosEhs. AOt VL L Al o
especi al | y &kt admllvs‘?[atlona%ﬂh\filaﬂ}v%ﬂﬂn% © &R Flpgﬁ? ‘fﬁ%\ |otgenrsn G PT vi ty.
Particulygr| %réﬂ@faﬁf}ﬁgﬁrbﬂgraﬁirﬂl phﬁculhﬂVWHéﬁtahb@spmrasuisﬁdmesr witraverpusoPeCul ar
wei ght of 3,75 0 (m=4), 4,750-5,250 (m=5) or of 5,6750-6,250 (m

= 6) and a d@@‘Fé%“%f sul fation of from3.5 to 3.9. 17 WD 03/ 10650
PCT/ | B0O3/ 0234 7maA\ thet heerldeiV &GlyNdGage dos the aeestestoddminiSighien 48 d due to

For e L r ext B AL L o e Lot aied

ment i oned” pat hol ogi es ded

t hle{ apeut ic whm the hdosage i inéengded nior pthes tepical heou epﬂés@ﬂt {:?r%) %@g@%det .
salts wi| i

forms of adm ni sawagﬁ@smﬁmgme ;ﬁe@@Bwulog??lg/éfglmechm ques in suitable

Thus, according to ano er o its ag;%cts € prese ln%r{tl%ﬂs provides a
pharmaceutical composition comprising, as an active ingredient, a pharmacologically
effective amount of a LMW-K5-N,0O-oversulfate advantageously consisting of
mixture of chains in which the preponderant species is a compound of formula I, I°,
20 I’ or by mixtures of chains in which at least 90% of said chains has the formula I,
for a degree of sulfation of from 3.2 to 4, advantageoulsy from 3.5 to 4, preferably
from 3.5 to 3.9, or of its pharmaceutically acceptable salts, in admixture with a
pharmaceutical vehicle. Said LMW-K5-N,O-oversulfates and their salts are largely
illustrated herein above. Advantageous pharmaceutically acceptable salts are sodium,
25  potassium, calcium, magnesium, aluminum and zinc salts.
In the pharmaceutical compositions of the present invention for oral, subcutaneous,
intravenous, transdermic or topic administration, the active ingredients are preferably
administered as dosage units, in admixture with the classic excipients or
pharmaceutical vehicles. The dose can amply change in function of age, weight, and
30  health conditions of the patient, as much as of severity of the infection and of route
of administration. This dose comprises the administration of a dosage unit of from 1
to 1,000 mg, advantageously from 10 to 750 mg, preferably from 250 to 500 mg,
once to three times per day, by intravenous, intramuscular, subcutaneous, oral,

transdermic, transmucosal or topical route.
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topi c dosage forms and, in general, in all of those forms proposed until
today for glycosam noglycan-type derivatives. Also the therapeutic dosages
will be cwossnoisne anal ogy with those already studied for PCTaBiam@esr nat ur a
conpounds. The administration of the active principle can be performed by
oral, transdermc or 10 preferably parenteral, in particular subcutaneous
i ntramuscul ar or intravenous, or topic route. In man, the intended daily 1
dosage for the parenteral admnistration is of 0.5- 500ng/ Kg/di e,

advant ageouth%( éaﬁ%rr%cﬁéﬁ’ca b és%&ls Mﬁée;ﬁ@s%ehwm%mm drs o lk@lidisieh thenhi | e

t he dosage in Ical route is 1,.000 no/
advant ageouphgmpoesal ﬁ@‘!‘lﬂ‘glsﬂltéb e poleths 3HPYS ?‘gmfbsgaﬁfﬁ r[gq / H BnonSIS
gﬁ g (r) ;rg |C ggt ;[ 2% O(gr;pr}rregﬁ otrﬁ;adgs&ﬁﬁﬁém dellenfpavagial ovuless ampmmtqnmsysd@tsona

osi as an active ingredient, a
phar macol ogio& &fPyRSIAY ?‘{?Bfeﬂ\}%?ogﬁ'iﬁfﬁ‘f fralioh v Ks- N, O ovgr sul fate
advant aggousm )paﬁtmliir sthie geseht invientienr proyides laplrempeeutipd legpranpsitioneton Ajfer ant
speci es i S U(;}da,?s% %ﬁ%ﬂg: g‘ﬂp]dém Lﬁ@lollogl&r ob Yfof thé Ut&&ism@ﬁt ah&ms in

whi ch at Yo Of as .the fornul a ? a.de

sul fat i on oflnﬂectmn @hicht epraprisgslyamn tRGEGYA 1T, 3 Phapmaclogically q(}geﬁﬁlle from

2 SpL gr ?ra geu?ﬂ{oélg{ o\f/ teaﬁ%lg{WfK%Wfdv@ﬁhifMeaﬁg@m@@hﬂym’mmlng of adixtureupf wit h
e ai - oversu dy tihep+ t

largely il |011gmpa@@dllﬂbyh&H{e%geféwmlgﬁfﬁg88{5180‘1%‘{;,1?@021&!5 b ’Iell Olscep{'S aglrg

::: E: a|r1© tsﬁﬂixltlmss oPBh4ifd &S s/hivh atclaﬁsﬁ:l%% oﬁazgde:bammhaalthﬁrfmmaa\éd fofi ;ic
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preponderant species is a compound of formula III" or HI”, or one of its
pharmaceutically acceptable salts, in admixture with a pharmaceutical carrier.
Preferably said LMW-O-oversulfated-KS amine with a degree of sulfation of from
2.2 to 3 is substantially free of N-acetyl groups.
25  The following examples illustrate the invention without, however, limiting it.
PREPARATIONI
One gram of K5 obtained as described in paragraphs [0251] and [0252] of example
12 of US 2002/0062019, giving a "H-NMR spectrum (figure 3) in which signals due
to lipophilic substances are present in the region below 1.5 ppm, is dissolved in 100
30 ml of a saturated aqueous solution of sodium chloride, thermostated at 4°C. To the so
obtained solution, 3 volumes of cold isopropanol are added. The salt concentration of
the solution is brought to 3 M by adding a calculated amount of a saturated sodium
chloride solution and the cooled solution is kept at cold temperature (about 4°C)
overnight. The precipitate formed is separated by centrifugation at 10,000 rpm for 20
35 minutes and the purity of the product is controlled by overnight dialysis and
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5 In particular, the present invention provides a pharnaceuti cal
conposition for the treatnent of angi ogenesis dependent pathol ogies or for
t he treatwer/iadsodl V infection which conprises, as an actCcraBingsedi ent, a
pharmacol ogically effective anount of a LMWK5-N, O oversulfate

advant ageously consi sting of m xtures of chains in which the preponderant
species is a conpound of formula I, 1, I" or by 10 m xtures of chains in
whi ch at | east 90% of said chains has the formula I', for a degree of

sul fation of from 3.2 4 t OB bR i, thprefier aboy from
35 Lo oo, sysedEnt R A BAECHSL e A Mhel e refier

armaceutically. .acceptable salts, .
admi xt ure wilthpmn arsrebseniclé nesessary \FBhPLOCeduss O{QF%OE‘&&H 18R] cﬁ?amllééubl}desent
i nvention r ey déﬁe&piwﬁhrmﬁmanaompéamdorrheqrrpcimé igdissavedi B one of
its active ingredients ., a new ¥ K5- am ne- -at [ logf
accordi ng t ovaitreypd ytsafiliraigd g2 Menip geg;xg@reaggl\g%@/ozy%@Cf}g,ggfbgﬁg&- ally a
LMW K5-  8mi ngr Gsppedrandef et the balts. AgK4 islebtaimed bavisglafpurity af af lepst Sv2ad 1o 3,

advant ageously hayj | hiindphl® ARSUHtied iR ARk tegi@bout
11, 000, rmregl%%\?am'gg%%us Wg}mﬁglﬁétﬁgra%%S%gﬁ%Jg about 5,1206, pre%érably

consi sting deloaw hiSpporare podegéctdi@i ns in which at | east 90% of said chains
has the forrmula 1l or in which t hREpSERTPIGeTANt Species is a conpound of

formula I'll" or 111", or one of its  phar utically acceptable salts, in

adnmi xture with a pharnaceut i ca}’reféf‘f’iogr"?ar}%‘r?&sg?fé’%l y said

LMV O ougr sup)f at eqlikieptim W th a degree of sulfation of from 2.2 to 3 is
substantially free etyl ) : 1 Nilldreistrate
he 1 nvent | GPoEERs Braepa R progited 1B ERATR RO Lot Ko

obt ai ned as dlesiveiibeith il 60 palr afg? ap bedip AFdfoxadraadthssplyoneRUTBIEIeE S of US

2002/ 006201 gl Ve fr IR, SRESHRHED f HOUER tdkob tepeanse gmbtiendoe | {0

i pophilic ances are present in the regron below 1.5 ppm is dissolved
in 100 30 nnevfrabpl aithr@ Byrreefledtiacidol uti on of sodi um chl ori de,
t her nost gf ed(i,?t esulfRidshe so obtained solution, 3 volunes of cold

a

Lo 3 M by adbe b dowHpe PRFBENGABLAESIEL R kepbdl a0aPutie Enfof o
sol ution andcdrbshatoalde dulssetjuntion 1 i6sg ke pyridine.aifud tierige aeet addsd (RKORAUTC)
ouern O PRSP I 2 JodgPE ot rsand Kenh g 00
overni ght di add/this tapid 6.5:9 with 03%:1:08508 Oﬁ@wrpgdsng@-?Th%Eéé‘z'a\h‘gﬁ? Y8 NVR
anal ysi s,in grder to aseef kanisaiibdly Gifialich hding BepirEigmembhak @f 1,d005Dppm
are abse%(lt) : &f; necessar y, t ﬁ?g. procédure of di saoé Uthl on, 10 wat er. copfai ning
aM (Prepscale Cartridge-Millipore). The process 1s ended when he conductivity of th

permeate is below 1,000 uS, preferably below 100 uS. The intradialysis is reduced

till a polysaccharide concentration of 10% using the same in concentration dialysis

system. The concentrated solution is freeze dried. The "*C-NMR spectrum of the K5-

25  N-sulfate does not show any signal of residual N-acetyl or NH; groups.
PREPARATION III
LMW- K5-N-sulfate
The product obtained in PREPARATION II is depolymerized by the degradation
method with nitrous acid and subsequent reduction of the formed aldehyde. One
30 gram of K5-N-sulfate is dissolved in 200 ml of distilled water and 480 mg of sodium

nitrite dissolved in 240 ml of distilled water are added thereinto. The solution is then

cooled to 4°C and the pH is brought to 2 with 0.1N HCI and maintained for 30

minutes. At the end of the reaction the solution is brought to pH 7 with 0.1N NaOH

and then to room temperature. The solution is then added with 450 mg of NaBH, and

35  left to react for 4 hours. The excess NaBH4 is eliminated with HCI by bringing the
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NaCl and precipitation with isopropanol is repeated. The precitate is
dissolved in water and ultrafiltrated on a Mniplate menmbrane M|1ipore
with a 10wo010kseat off 5 till disappearance of the saltsPCAVIEGS/028470bt ai ned
having a purity of at least 99%and giving a 'H NVR spectrumin which
traces of lipophilic inpurities in the region below 1.5 ppmare

undet ect abl e. PREPARATION Il  Preparation of a K5-N-sulfate 10 (i)

N- deacetyl ati on One gram of pure K5 pol ysaccharide prepared as described in

PREPARATI ON 4y B15%, HeBANEhotirb iz A, 1001 I‘Za(DHS@db(tUVeﬂ:)dddyQXdeltaﬁmﬂ t he

sol ution thBSs repare C.for. ur t
brought to Wdibrﬁ Y@H@% aféﬁe@@r?ﬂ“tq%e&trtaﬂon W tar Pssp{ﬁPW-[ déﬁeﬁ)%{d?dgc Pori ¢
Eg:o fl at154g Ic VacubnS Bléat TR, 900 the o$Qi LMWK S0htulfan havinpe deaeangleatad Ks,

t nat e and, subsequently, 1.6 g of
pyri di ne.sulwﬂﬁhtf’g?tl?k‘fzggbd?‘? é’%’d ‘in 4 hours. At the end of the reaction,
after 24shours, the solution is bPBEBARP{TJOI’UUmterrperature and then to pH

6.5-7 with a 5% sol ution of hydrogh The KS-N-sul fate thus 20
obtained is purified fromsalts by JQU&VM {

filt
1,000 D (PQmpsgrahofdai-N-iudigts Mtqun?cbég é%scnr n‘%@é’é@%@o@%éﬁd’\ﬁﬁﬂb has
fﬁ{‘?;{ﬁf ; ?“y }S?{% (P?Qs Hrig’é Sgﬁhfﬁ%ét\@térfanbﬂll@ymﬂndgﬁﬁ cgoleﬂlt@flé?(abht}h Dedoding Hah s The
e (0] accnar t

e cane | nasdisarss Brpvsh i 7EpSe SEPERREH R TR0 Bhgabfscietd uo o
; reeze do: ed?l) THigh ﬂl&@lolhli‘rﬁl sipetht reseneir dfttee dBate 26 Maistaifedtad 10¥e Atheshow

ny signal of res ace P
K5- N-sul f at ®@35FA8° Bfglbeufﬁ U g‘%{&ﬁaelgfnlgrw%ﬁ%bﬁﬁﬁ«% IPB% ﬁ%@hgﬁ\'ddﬂ d?{}%&d by the
degr adat i on watet tiibdhenpHhofihe rususeate iig higher Eh%s(é(f\l?éﬂtt 3r"é’é}H€?ﬁ %gg ‘Pmtz?fb
formed al deWQgr) g cgcgc g§(ﬁﬁﬁd?1f 1¥%r3hg?1’t”tt)ahaltfaﬁt)dlvﬁlﬂph&t%but)ﬂarﬁﬁ@niﬁn of

distilled sodiumnitr,ite dissolved 240
distilled vvéb’éfoxmee(lédd‘éﬂ‘e?wt’rﬂnb grhEeducd foit %rqll\é?quﬁieg(’lu%oﬁngﬁeteo 4C and
the pH i3 breightnd @btx%bu\oytahn&xﬁmn@t igibsolmediradfenl 6oPMFDandraddedexith At t he

end of the reaction the s on | 7

then to room? %r‘?ﬁéﬁl%h?g‘fﬁgbéﬁll i??ld(tﬁ’\ % héfr?lmgg S P%@gé%'r 6l\llggl—m
and 35 | eft Atohe ead bf fherreattioo titessoliffom iexodled tmmtenme@rturmanétagedem HCI
by bringing § Volumeos \()\P 93050606 Btelh | BAH:823bifition in acetone till complete

precipitation. The precipitate is separated from the solvent by filtration, solubilized

20  with the minimum amount of deionized water (for example 100 ml) and added with
sodium chloride to obtain a 0.2M solution. The solution is brought to pH 7.5-8 with
2N sodium hydroxide and added with 2 volumes of acetone till complete
precipitation. The precipitate is separated from the solvent by filtration. The solid
obtained is solubilized with 100 m! of deionized water and purified from residual

25 salts by ultrafiltration using a spiral membrane of 1,000 D cut-off (prepscale
cartridge-Millipore).

The solution containing the O-sulfated product is treated for the N-sulfation as
previously described in step (ii) of PREPARATION IL The product has a sulfate to
carboxyl ratio of 3.87 measured by conductimetry according to Casu et al. and a
30 mean molecular weight of 20,000 measured by molecular exclusion HPLC.
Example 1
One gram of K5-N,O-oversulfate obtained as described in PREPARATION IV is
dissolved in 200 ml of deionized water and thermostated to 4°C. Then 230 mg of
sodium nitrite dissolved in an aqueous solution at the concentration of 0.2% are
35  added. The solution containing the K5-N,O-oversulfate and sodium nitrite, kept at
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pH to 5-6. The product, neutralized with 0.1 MNaOH, is recovered by
precipitation wth 3 volunes of acetone at 4C, filtration with a gl ass
funnel amwodsitedoat 40C in vacuum oven. Thus, 900 ng of @&CINMBYIB3N- sul fate
havi ng a nean nol ecul ar wei ght of about 2,000 are obtained. 5 PREPARATI ON
IV K5-N, Ooversulfate One gram of K5-N-sulfate obtained as described in
PREPARATION H is dissolved in 100 m of deionized water and the sol ution
is cooled to 10C with a cooling bath and then passed through a cationic

exchange regiq %E'i %éﬁ% tF‘“é}PZ b ditiital 676,10 AQB1ek00 BPE . TIROIJMtIdRAS ffl torm and

the reservoiro ate are nal ntalned at 10 r t e of
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M ni mum §ol gmehithcnfis dend X Sisdioiey, isThroughdtte aberm yiemperahire and geated avith
di ssol ved i 4B in
solid form Qq.(ﬁ' glggl)ﬁ QC{dlon | gﬂ}&dﬁggﬁﬁs%w‘ jn_$ 30 %l%ma@fjgh'cﬂefpw fedbin®r
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i's brought H)Provc%sﬁgf"t@ 58 Otha,’ré %héh%%)va tclﬁgpaagfﬁgﬁ)é o gulﬂﬁ%n%gﬂﬁﬂr Wihdbe ot Y}%' uimes

of acetone separated from
t he sol vent KoyNfO-overatlfate. stam@g smtmlal @bmamnemolﬁcs}ﬂ@omtﬁhmzfeeb% 42500

of deton! zed, JRled RN diRbli trgdaﬁdr %&;@I&U@I mpBuabE chiihs Ui RafdHl et i on

usmgasplra nenb aneo 00 D cut-o

cartridge- Mp|r¢n<>p@¢rér)t SPPPies iof @FF%ﬁﬁccé‘éﬂ@%Pﬁfq{@“f%g ‘é‘é’mcbeﬁléﬂ AAtcds i s
treatedkor dfpgofi- sul fation as previ ously described in step (ii) of
PREPARATI ON H. The product has a sul% Egz carboxyl ratio of 3.87
measured by conductinetry according et al. and a 30 nean nol ecul ar
wei ght of 2@A0&aneas Hsed d)givemnilﬁnmbhnalmdmlsmmeﬂiﬁn@RERARﬁlTéON Bhas gram

'n 200 1 vater%%*'o%?iesa%mé BIERARRICS Hlndcttc e SO i, o Brodle o
nitrite di ssbtanesl showachareetenaiiss ebsulfation Sl@tllaﬁ tethepmhelcthe Ke?rN(QTOES?TS‘d B ar e
ﬁ? t f?fg‘%okl%?arﬁﬁé HlatePR1, SOREAR RbROuENG SR BF Botl $060 hicahiBe@ Byl vEaskiBiy
and consists of a mixture of chains in which the preponderant species is a
dodecasaccharide of formula I’ in which m is 5 and X’ is CH,OH.
Example 3
One gram of K5-N,0O-oversulfate obtained as described in PREPARATION 1V is
25  treated as described in Example 1 using 160 mg of sodium nitrite. The LMW-K5-
N,O-oversulfate thus obtained shows characteristics of sulfation similar to those of
the K5-N,O-oversulfate starting material, a mean molecular weight of about 6,000
measured by viscosimetry and consists of a mixture of chains in which the
preponderant species is a tetradecasaccharide of formula I’ in which m is 6 and X’ 1s
30 CH,OH.
Example 4
(a) Tetrabutylammonium salt of LMW-K5-N-sulfate
A solution of 500 mg of LMW-K5-N-sulfate obtained as described in
PREPARATION III in 50 ml of water is thermostated to 4°C, then passed through a
35 IR 120 H' ionic exchange resin preconditioned with water at 4°C. The eluate
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21 WD 03/ 106506 PCT/1B03/02347 4C, is brought to pH 2 by addition of 0.1N
HO cooled to 4C. The solution is left to react under slow stirring for 30
m nut es, whaa/inesoéral i zed with O N NaOH The sol ution cearaBed/org4t he
LMMK5- N, O oversul fate so obtained, consisting of a mxture of chains in
whi ch the preponderant species is a decasaccharide of formula 1 5 in which
mis 4 and X' is fornyl, is brought to roomtenperature and treated with
250 nmg of sodi um borohydride dissolved in 50 M of water and left to react

o oW Suaiflf BHEGTT GOSN BPA Ay ale: pis of bbSltBiehoumaliped wih ng { he

pH to about W't and left for.furt h A
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g\r/ 2(6 |O P; E ?E) In Q&r}émbg,hnﬁgﬁgiﬁg@ et pH a,t07cﬁylcﬂdtti|bat oD 5%t tetraputybounoriym

undef, reduce r.essur The . S ol [
shows char abYdip¥ide selbtigh andipaly 5’?“56?% PM% T ﬁ]glsogtgg?t{t%ghgymnéﬁuﬂbt i ned
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CH2OH. Exanptetoi® finkkapt atd 6} oveanighOThe eresintiteia 16 reanvaicA ey figner A n

PREPARATI ON aé/s k%@fﬁg ﬁgﬁ %qN’tr%ﬁtrﬂ@& Ghihbe FF ViR pere sgstdmUsiting, 000 rgt of

sodiumnitri oversul fate thé?st.

_ bt ained sh
char act eri stoiffcandodriestf 15inesd RIEsTICad DS thete A al?mgqﬁl ghﬂgfl@ 6? mWs%Ff ate
starti ngsmatgiidb-ovrdiE@akt oatsReaHy df awiighie of clahoutn 6hd0therpesandedinby

viscosimetry and consists of. a mxture of chains i i.C
species i s APERT iEdelEsaCRHLF & teypy i et ﬁg\%h}{ggha &r%g{rgs%e%f sgﬂriﬁ{?&)(}pd?;ant
30 CH2OH. BExaaphe 24.(a) Tetrabutyl ammoni um salt of LMMK5-N-sulfate A

sol uti on of (ga)%/[%{ﬁhé_%r@y%sul fate obtained as described in
To a solution of 500 mg of the LMW-K5-amine-O-oversulfate obtained in step (b) in

20 30 ml of water, 800 mg of sodium carbonate are added, then 800 mg of pyridine.SO;3
adduct in solid form are added stepwise in 4 hours to the so obtained solution. The
reaction mixture is kept at 55°C overnight, then the reaction 1is stopped by bringing
its pH to 7 by addition of 0.1 N HCI. After ultrafiltration on a 1,000 D membrane, 3
volumes of a saturated solution of NaCl in acetone are added and the precipitate is

25  recovered by centrifugation at 5,000 rpm for 5 minutes. Thus, there are obtained 502
mg of a LMW-K5-N,O-oversulfate having a mean molecular weight of about 4,100
measured by viscosimetry, consisting of a mixture of chains in which the
preponderant species is a decasaccharide of formula I” wherein m is 4, with a degree
of sulfation of about 3.9.

30 Example 5
One gram of LMW-K5-N-sulfate obtained as described in PREPARATION III is

submitted to steps (a) and (b) as described in Example 4. The LMW-KS5-amine-O-
oversulfate is recovered by precipitation with 3 volumes of a saturated solution of
NaCl in acetone, dissolution of the precipitate obtained in water, ultrafiltration on a

35 1,000 D cut-off membrane and freeze drying. The so obtained product is a LMW-
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PREPARATION |1l in 50 mMl of water is thernostated to 4C, then passed
through a 35 IR 120 H+ ionic exchange resin preconditioned with water at
4C. The ewoaBaossB2 WO 03/ 106506 PCT/ |1 B03/ 02347 obt ai ned, pcarnBizassrg of 125
m of a solution at a pH of about 2, is neutralized with a 15% solution of
t et rabut yl ammoni um hydroxi de and |l eft at roomtenperature for one hour, by
mai ntaining the pH at 7 by addition of a 15%tetrabutyl ammoni um hydroxi de
sol ution and finaIIy is freeze dried. One gram of the tetrabutylanmmonium 5

salt of LMo MP% St AREA] ASSkan (RYbIVAY KGigAIONEodt gsRostibdsated A

sol ution One gram o e so obtajlned salt

di met hyl f or mammemmtrkezmd sansBSCoR ATUREE: Bt SR T oVHifh i‘?e BrepBhderant

di met hyl f or %}?e@l g‘?s a §QALRLIrAG oF fofn@lOf pylicrelh meisF03 adduct. The reaction at
55C is perforned 10 overnight, then 40 mM of water are added to the

m xture. After neutralization with IN NaOH, the product is precipitated
with 3 volunes of saturated NaCl solution in acetone and kept at 4C
overnight. The precipitate is recovered by filtration on a G4 gl ass

t hunnel and then ultrafiltrated with a TFF MIlipore systemw th 1,000 D
cut off and dried at reduced pressure. Thus, there are obtained 683.2 ny
of LMMKS5 15 am ne-O oversul fate consisting of a mxture of chains in which
t he preponderant species is a decasaccharide of fornula I1l" wherein mis
4, for a degree of sulfation of about 2.9. (c)LMWMK5-N, O-oversulfate To a
solution of 500 ng of the LMMK5-am ne-O oversulfate obtained in step (b)
in 20 30 mM of water, 800 ng of sodium carbonate are added, then 800 ng of
pyridi ne. SO3 adduct in solid formare added stepwise in 4 hours to the so
obt ai ned solution. The reaction mxture is kept at 55C overnight, then the
reaction is stopped by bringing its pHto 7 by addition of 0.1 N HCl.
After ultrafiltration on a 1,000 D nenbrane, 3 volunmes of a saturated
solution of NaCl in acetone are added and the precipitate is 25 recovered
by centrifugation at 5 000 rpmfor 5 mnutes. Thus, there are obtained 502
ng of a LMWMK5-N, O oversul fate having a nean nol ecul ar wei ght of about
4,100 nmeasured by viscosinetry, consisting of a mxture of chains in which

the preponderant species is a decasaccharide of fornmula I" wherein inis
4, with a degree of sulfation of about 3.9. 30 Exanple 5 One gram of
LMMK5- N-sul fate obtai ned as described in PREPARATION II1 is
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submtted to steps (a) and (b) as described in Exanple 4. The

LMV K5-am ne- O oversulfate is recovered by precipitation with 3 vol unes of
a saturatwo msabasvé on of NaCl in acetone, dissolution of tra/pox@Bpitate
obtained in water, ultrafiltration on a 35 1,000 D cut-off nmenbrane and
freeze drying. The so obtained product is a LMM 23 WO 03/ 106506

PCT/ 1 B03/ 02347 K5-am ne- O oversul fate having a nean nol ecul ar wei ght of
about 3,600 neasured by viscosinetry and consists of a m xture of chains
in which the preponderant species is a decasaccharide of forrmula II1"
wherein mis 4. 24 WD 03/106506 PCT/ | B03/ 02&g7 CLAIMS 1. A

LMW K5- N, O oversul fate having a nean r weight of from about 3,000

to about 6,000 apd a ,QQMWEK(SfN@JNe@édli@& mlﬁgrm& oleouldr whight ofham
LMMK5-N, G oversul fa SI Sti chains in
whi ch the pr eponﬂ@ﬂlégﬁogﬂéé?oé‘ég]rqgg

%d?%?{;gqs% fﬁﬁ%&%% %{0 "0 00 NH1

O S03- RO OR g WheTlgi bMWiK5-I,05veBnlfate ofcladn ReomRistiagdf R mpdweefent
hydrogen or a SO ar%ruq%lcl‘gtglrep?epgﬁ@{{ﬁﬁ s@ém{ﬂ%a@ﬁiéﬁﬂn@falfrom 3.2 to 4, and

t he correspondin thon r—pharmaceutically acceptabl e
one. 3. The LMMK5-N, G oversulfa 2 having a nmean nol ecul ar
wei ght of 3,750-4,250 4. The LMNM ate of claim 1l or 2 having
a mean nol ecul ar wei ght of 4,75 5. The LMN¥ K5-N, O oversul fate
of claim1l1l or 2 having a nean i gt of 5, 750-6, 250.

0

e of cf
K5- N, )
-5, 250

nmpl ecul

OR' q
wherein q is 4, 5, 6, 7, or 8, R, R* and R” represent hydrogen or a SO3-
group, for a degree of sulfation of from 3.2 to 4, and the corresponding cation
10 is a chemically or pharmaceutically acceptable one.
3. The LMW-K5-N,O-oversulfate of claim
molecular weight of 3,750-4,250
4, The LMW-K5-N,O-oversulfate of claim
molecular weight of 4,750-5,250.
15 5. The LMW-K5-N,O-oversulfate of claim
molecular weight of 5,750-6,250.
6. The LMW-K5-N,O-oversulfate of claim 1 or 2 consisting of a mixture

1 or 2 having a mean

1 or 2 having a mean

1 or 2 having a mean

of chains in which the preponderant species is a compound of formula I°

20

COO~

0]
OR

HO
OR'

Q]

L

[ CH,080,"

0]
ORII

NHSO,

CO0~

0
OR

OR'

-

NI

—Jm

CH,0S0;
o)
OR'

Xl

in which R, R’ and R” represent hydrogen or SO3’, X’ represents a formyl or

hydroxymethyl group, for a degree of sulfation of from 3.2 to 4, m represents

4, 5 or 6 and the corresponding cation is a chemically or pharmaceutically

acceptable one.
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6. The LMMK5-N O oversulfate of claim1l or 2 consisting of a mxture of
chains in which the preponderant species is a conpound of fornmula | coo
cH20s03 cwo lBHEGE B O OO0 OROR OROR (1) HOR HSEETARN3/0¢347 m 20 in
which RL R and R' represent hydrogen or S03-, X represents a fornyl or
hydr oxynet hyl group, for a degree of sulfation of from3.2 to 4, m
represents 4, 5 or 6 and the corresponding cation is a chemcally or
pharmaceutically acceptable one. 25 WD 03/106506 PCT/|1B03/02347 7. The

LMM K5- N, O over syl f at.g, a GG b st Qecdidink g chailie@h £endanar

wei ght of 3, 750-2, 250&68]?%2{{%%%- Igl Oovgﬁsul atge altcco’r aiVmgl i

( ] K3 ding to claim§6,
having a mean nobleculanweight ofit.7¥r445950-5, 250. 5 9. The

LMV K5- N, O- over sgil f at g, ALK 8, OQvedsaifare Gecdrainigrg caimedrhaving @cdaar

wei ght of 5,750-6, 1250 10. . Atétl\%\égg-gsé} oversul fate according to one of
claims from1 tomgleculinyeigy 26°%f sul fati on of from3.5 to 4. 11. A
LMN K5- Ny O over sg f at hea LBV Y, Oeoversolfae asteriling toradaim 64 kpvang a f2Ravi ng a

degree of sulfation o . 12. A process f i
of a LMN K5- NO- o€ eschlhgv'[e%gf§’7§@6§58 P Sion of EroreRanA o

_ avi’ng a degre f. | fati of .
whi ch conprises (@) tAdaWrdSaNIC KSUIFQg%E?eGPg‘P’égS?PO?% ﬁlllfgfqa’l%if %ﬁr’r?lﬁ]oés&’ to 4
ng?ﬂ' yVTLE[ th:t It gp%@g%gdl e§b§§ﬁhﬁaﬁé@oﬁﬂ&ns®®equent reduction, inits acidic
o _ ; . .
Lhe Teaction m xibr e Ao NMIRS Ne-oxSarTh Accsyfe NEoh LOURE KR 8 1
g?;;;;?i:m%gg th((?bﬂk{';iﬁé aflb@ee sDdulifatiom ofifrortt Jatb .80l ating its salt with said
e; reating said,t L arl: ] i
Yot r€aLing. S8 dnd SIbhalidn BFh IRrALK SHAORHaRIRTEDARUM Sal !

of said polysacchari . ating agent under O oversulfation
conditions; 20 @egret pEadfatign ohfropriodtecd, WiRehscommitEEhed with a N-sul fating

agent and (a) treating a LMW-K5-N-sulfate obtained by nitrous depolymerization of
a K5-N-sulfate and subsequent reduction, in its acidic form, with a tertiary
15 amine or quaternary ammonium hydroxide, letting the reaction mixture to
stand for a period of time of 30-60 minutes by maintaining the pH of the
solution at 7 and isolating its salt with said organic base;
(b)  treating said tertiary amine or quaternary ammonium salt of said
polysaccharide with an O-sulfating agent under O-oversulfation conditions;
20 (c) treating the product thus obtained with a N-sulfating agent and
isolating the LMW-K5-N,O-oversulfate thus obtained.
13. A process according to claim 12, which comprises
Q) submitting a K5-N-sulfate to a nitrous depolymerisation
followed by a reduction, for example by sodium borohydride;

25 (ii) treating a LMW-K5-N-sulfate, in its acidic form, with a
tertiary amine or quaternary ammonium hydroxide, letting the reaction
mixture to stand for a period of time of 30-60 minutes, whereby the pH
of the solution is maintained at 7, and isolating the corresponding
tertiary amine or quaternary ammonium salt;

30 (1i1) treating said tertiary amine or quaternary ammonium salt of
said LMW-KS-N-sulfate with an O-sulfation reactant under O-
oversulfation conditions;

(iv) treating the product thus obtained with a N-sulfating agent and
isolating the obtained LMW-K5-N,O-oversulfate.
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isolating the LMMK5-N, O oversul fate thus obtained. 13. A process
according to claim 12, which conprises (i) submtting a KS-N-sulfate to a
ni trous owpaBseané sati on followed by a reduction, for exacplBoimz3sodi um
borohydride; 25 (ii) treating a LMMK5-N-sulfate, inits acidic form wth
a tertiary amne or quaternary amoni um hydroxide, letting the reaction

m xture to stand for a period of tinme of 30-60 m nutes, whereby the pH of
the solution is maintained at 7, and isolating the corresponding tertiary
am ne or quatern anmoni_u ;3 i @ r&fictoh €4 tareiey oatri ne or
quat er nary arrrronﬁﬂm%gﬁces&fac@%f@ E’I\jg\?&ﬂ 12 ‘gBIEI?g{ éedivm th an O-sulfation
react ant under O-witlveadsurh batohyédridondi tions; (iv) treating the product thus

obtained with a Nssul fatngs ggﬁg&rdg%dto |C&Q1nau nevhefein abLMWek5-N-sulfate

LMN¥ K5- N, O over sul Fate B8 WD 03/ 106506. P B RS
according to cl aqu?flilitm&/\ﬂ’fear%ﬁ”ﬁu’éea‘? ?@ﬂlﬂ:‘f" a?ggagéﬁzgggaggtc&lﬁ?%qsodl um

bor ohydrisde. 15. BrREIQEESS accordl ng to claim12, wherein a
LMMK5-Nsul fate consisting of—a mxture of chainsyin which at | east 90%
of said chains has the 5 form OH (I'l1) OHNHSG3 In
wherein n is an integer from 2 , 5 anhydronmmani tol unit
of structure (a') CH2OH O OH redéjgl ng end of the
maj ority of chains in said m xtju respondi ng cation
is a chemically and phar nacedtT] is used as starting
mat eri al .

wherein n is an integer from 2 to 20, containing a 2,5 anhydrommanitol unit

of structure (a’)
CH,OH

O
OH (@)
CH,OH

10 at the reducing end of the majority of chains in said mixture of chains, and
the corresponding cation is a chemically and pharmaceutically acceptable
one, is used as starting material.

16. A process according to one of claims 12 to 14, wherein said K5-N-
sulfate starting material is free of lipophilic substances.

15 17. A process according to one of claims from 12 and 14 to 16, wherein
the LMW-K5-N-sulfate starting material is used in the form of its sodium
salt.

18. A process according to one of claims 12 and 14 to 16, wherein said

K5-N-sulfate starting material consists of a mixture of chains in which the

20 preponderant species is a compound of formula II’
[ coo”  CHOH |
/(I
OH NHSO,
L —lq

in which q is 4, 5, 6, 7, or 8, containing a 2,5 anhydrommanitol unit of

structure (a°)
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16. A process according to one of claims 12 to 14, wherein said KS-N
sulfate starting material is free of lipophilic substances. 15 17. A
process awomsdoasget o one of clainms from 12 and 14 to 16, Wwa#EABIIN2347The
LMMK5-N-sul fate starting material is used in the formof its sodium salt
18. A process according to one of clains 12 and 14 to 16, wherein said -
K5-N-sul fate starting material consists of a mxture of chains in which the
20 preponderant species is a conpound of formula Il 00 CHZOH OO0 )OH CH
<(31| Ihzj OH NH'St03I4 in wh}ch qis 4, 5, @H,OHor 8, containing a 2,5
nhydrommani tol unit of structure (&' 7 WD 03/ 106506 PCT/| B3/ 02347
CH20H O OH (a') CH2O0H at the redu 6end g-)the maj ority of the chains
in said m xture of chains, and the coyresponding cation is a chem cal or
pharmaceutically accept abI e one. 5 ss according to one of the
clainms 12 and 14 to 18, wherein said KS-I\I—s?Wate starting materi al

consists of a m xt
compound of for rr%tl tgé lq?cﬁfm éHdnéf fh@ C%bﬁ@' dfhe chéiap dnedd aniktispeoc icbans,s a

O PS03 O CroCRRd Hie SORTeRpAGING: FRtioB s duahiicd] orgPRaymacdy ikt hdcebtable! ) HO

gg(rarespondl ng caphoOn is a chemcally 10 or pharmaceutically acceptable

5 19. A process according to one of the claims 12 and 14 to 18, wherein said
K5-N-sulfate starting material consists of a mixture of chains in which the

preponderant species is a compound of formula II”

CO0" CH,OH CH.OH
Q 0
OH
OH "
HO h e "
OH NHSO, CH,OH
—im

in which m represents 4, 5 or 6 and the corresponding cation is a chemically
10 or pharmaceutically acceptable one.
20. A process according to one of the claims 12 to 19, wherein the LMW-
K5-N,O-oversulfate is obtained in its sodium salt form and optionally
transformed into another chemically or pharmaceutically acceptable salt.
71. A LMW-K5-amine-O-oversulfate obtainable by the steps (a) and (b)
15 of the process according one of claims from 12 to 20, or a chemically or
pharmaceutically acceptable salt thereof.
72 A LMW-K5-amine-O-oversulfate having a degree of sulfation of from
2.2 to 3 or one of its chemically or pharmaceutically acceptable salts.
23 A LMW-K5-amine-O-oversulfate according to one of claims 21 and
20 22, having a mean molecular weight of from about 3,500 to about 11,000 or a
chemically or pharmaceutically acceptable salt thereof.
24. A LMW-K5-amine-O-oversulfate according to one of claims from 21
to 23 having a degree of sulfation of from 2.2 to 3 and a molecular weight of
from 3,500 to 5,200.
25 25. A LMW-K5-amine-O-oversulfate according to one of claims from 21
to 24, substantially free of N-acetyl groups.
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20. A process according to one of the clains 12 to 19, wherein the LMM
K5-N, O oversulfate is obtained in its sodiumsalt formand optionally

t ransf or nwo i3nveso@anot her chem cal ly or pharnaceutical |y aecapBedxe4salt .
21. A LMMK5-am ne-O oversul fate obtai nable by the steps (a) and (b) 15 of
t he process according one of clainms from12 to 20, or a chemcally or

phar maceutical ly acceptable salt thereof. 22. A LMMK5-am ne-O oversulfate
having a degree of sulfation of from 2.2 to 3 or one of its chenmcally or

phar maceut i cal | y, @CC%%WQ%lge_@@eﬁﬁlﬁWc@rdﬁg ﬂ&%x@&\&imglffm 0

according to one? avi mean cul.ar |ght of
from about 3, 500tot2#% ainsisting of @0vIxsHe AF C’é%’é?ﬁ“c‘é(ﬁ’l%f} ab e %%‘igyﬂaogéﬁ‘ﬁ el

accept abl e sal tzliég R%mu?ﬂﬂ A LMM K5- am ne- O-oversul fate accordi ng to one
of clainms from to 23 having a degree of sulfation of from2.2 to 3 and
a nol ecul ar weight of fro 35@@)@052@9103@2 . A

LMV K5- am ne- O oversul fate acconding to ains from21 to 24,
substantially free of N-acetyl 06506 PCT/1B03/02347 26.
A LMW K5- am ne- O oversul f ot ai n@ll)f rom20 to 24
consisting of a m xture of st 90% of said chains has
the formula Il COO CH20sG3| O O O NH2 n 5inwhich R R
and R' represent hydrogen o a S03¥"'group, n Ps g,nunber between 2 and 20,
containing a sulfated 2 5-anmnydromani tol unit of structure (a") CH2OSM3
0 OR" (a;) CH20503 geaé(gﬁuc%ﬁ%gesg{g O@Rg%%rfﬁa&;@y upfnlimnmlnaems in

said nixfure of E‘hgﬁh}f ree fatLon o 2l Lo, t3 and
t he correspondi ngemtenoh amsl 20, contalmng a sulfated 2,5-anhy rommamto uni

structure (a”)
CH, 080,
0
OR" (@")
CH,0S0,”
at the reducing end of the majority of the chains in said mixture of chains, for
10 a degree of sulfation of from 2.2 to 3 and the corresponding cation is a
chemically or pharmaceutically acceptable one.
27.  The LMW-K5-amine-O-oversulfate of claim 26, consisting of a

mixture in which the preponderant species is a compound of formula T’

oleloy CH2080]
o) 0]
\- OR OR" W (1
OR' NH,
L _a
15 in which q is 4, 5,6, 7, or 8 and the corresponding cation is a chemically or

pharmaceutically acceptable one.
28 The LMW-O-oversulfated-K5 amine of claim 27, consisting of a

mixture in which the preponderant species is a compound of formula III”
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chem cal Iy or pharmaceutically acceptable one. 27. The
LMV K5- am ne-0-oversul fate of claim 26, consisting of a mxture in which
thg pr epowoasdamdsospeci es is a conmpound of forrmula 111" CeOI/MBI2EEC8 O 0 OR
(:O;r((allllél' R NH_29 15 in which qgis 4, 5, 6, 7, or 8 and the
sponding cation is a chemcally or har maceutically ac
28. The LMM O oversul fated-K5 am ne of cl gi m 27, consi stiyng gfpgablrfxgzsé
in which the preponderant species is a conpound of formula 11" 29 WO
03/ 196506 PCT/ | BO3/ 02347 COO CH2epXB (R OO0 O OR" R OR
('I'I_I ) - OR NH2 OR COPzOSCs| i RCHO08OQydr ogen or S03-,
f)(r %sa?; ?Lecfgf;’es];)o } fr 2.2 to 3, mis 4, 5
or{ phar maeeuti cal |

acceptabl e one. 5 29, [ niabl e g@cgr di ng tg t he
process of the clains f K5- N, Oahseseyl f at e
consisting of a m xture of chains |h V\/m c east 90% of said chains has
the structure I' 0 CH20SO 30 OR' 0 NH ( (3 00’

in which R, R’ and R” are hydrogen or SO3", X” is OH or OSO3,?oradegree

of sulfation of from 2.2 to 3, m is 4, 5 or 6 and the corresponding cation is a

chemically or pharmaceutically acceptable one.

5 29. A LMW-K5-N,O-oversulfate obtainable according to the process of
the claims from 12 to 20.
30. A LMW-K5-N,O-oversulfate consisting of a mixture of chains in

which at least 90% of said chains has the structure I’
B CH,080,” |

)

L OR _1n
10 in which n is an integer from 2 to 20, R, R’ and R” represent hydrogen or a
SO5™ group, and in which the reducing end of the majority of said chains has
the structure (a’”)
CH,080,"
O
OR" (@")
CH,0S0,”
in which R” is hydrogen or a SO;” group, for a degree of sulfation of from 3.2
15 to 4 and the corresponding cation is a chemically or pharmaceutically
acceptable one.
31.  The LMW-K5-N,0O-oversulfate of the claim 30, consisting of a
mixture of chains in which the preponderant species is a compound of

formulal
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ROR 10 in which nis an integer from2 to 20, R R and R' represent
hydrogen or a S03- group, and in which the reducing end of the majority of
S?.Id chaiwe d3as86506 he structure (a") CH20S03 0 OR' (a") @€2a80H30234Mm which
R' is hydrogen or a S03- group, for a degree of sulfation of from3.2 15 to
4 and the corresponding cation is a chemcally or pharmaceutically
acceptabl e one. 31. The LMMKS5-N, G oversul fate of the claim 30, consisting
of a mxture of chains in which the preponderant species is a conpound of
formula | 30 WD 03/106506 PCTf1B03/ 0g3ddo,- CHZPSA3 O OR' 00 NH O O SC8
OR g wherein qis 4, 5 6, 7 8 nzg prrespondi ng cation is a
chemcally or pharnaceuti cal ' e, 5 32. The
LNVVKS;iN,Ooversquate of clal g of a mxture in which the
preponderant species is a con " COO CH20s3 COO CH20s3 O
00O CRCRCRCR‘ (") x H2O0S3.  Min which mis 4, 5,
6, R R and R' are hydrogen bgree of sulfation of from
3.2 to 4 and the correspondin emiocal ly or

wherein q is 4, 5, 6, 7, or 8 and the corresponding cation is a chemically or
pharmaceutically acceptable one.
32. The LMW-K5-N,O-oversulfate of claim 31, consisting of a mixture in

which the preponderant species is a compound of formula rr

COO~

0
OR

CH,080;," co0~
O 0

:

CH,0S0;
0

OR" OR ' "
N Q| AW, OR ("

OR’ NHSO; OR’ CH,0S0,”

m

-

in which m is 4, 5, 6, R, R’ and R” are hydrogen or SOs, for a degree of

sulfation of from 3.2 to 4 and the corresponding cation is a chemically or
10 pharmaceutically acceptable one.
33, A LMW-K5-N,O-oversulfate according to one of the claims from 29
to 32 wherein said cation is the ion of an alkaline metal, an alkaline-earth
metal, ammonium, tetra(C;-Cq)alkylammonium, aluminum and zinc.
34. The LMW-K5-N,O-oversulfate of claim 33, wherein said cation is the
sodium, calcium or tetrabutylammmonium ion.
35. A LMW-K5-N,O-oversulfate according to one of claims from 29 to
34, having a degree of sulfation of from 3.5 to 4.
36. A LMW-K5-N,O-oversulfate according to one of the claims from 29
to 34, having a degree of sulfation of from 3.5 to 3.9.
37.

chemically or pharmaceutically acceptable salts, which comprises submitting

15

20 A process for the preparation of LMW-K5-N-sulfates and of their

a K5-N-sulfate to a controlled nitrous depolymerization optionally followed
by a redution and isolating the product thus obtained.
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10 pharmaceutically acceptable one. 33. A LMMK5-N, O oversul fate accordi ng
to one of the clains from29 to 32 wherein said cation is the ion of an
al kal i ne wetmlipésaer al kal i ne-earth netal, anmoni um PCT/IB03/02347
tetra(CG -C4)al kyl ammoni um  al umi num and zinc. 34. The

LMMK5-N, O oversul fate of claim 33, wherein said cation is the 15 sodium
cal cium or tetrabutyl ammmoni umion. 35. A LMMK5-N, O oversul fate accordi ng
to one of clainms from29 to 34, having a degree of sulfation of from3.5

to 4. 36. ALMMIS-N O 9 ' Condh ", twheaa Qfid lheNchafatss 4reom 29
to 34, having a degr e§%¥ge§§#g€r?glga§f 9far

e om.3.5 to 3.9. 20,37, A.DHLOCesS
for the prepar atisolatedfas sodipxsais whichds @%tl%%y 6?“‘?”8??3%0 8‘“% rke ﬁ/&g?
phar maceutical |y, LRRli@saActsptablhiiatth conprises submitting a
K5-N-sul fate to a control |l ed nitrous depo i zatJ Lanal rqh! owed
by a redution an®-i sofhdrPwE i“f?@r‘%‘i‘%g‘h‘gﬁ? hg’g‘gféﬁ%%igﬁgféétﬂggl%a%géﬂé%{ff 506
PCT/ 1 B03{ 02347 38ali® prmesiSs aeccoalithling-¢asthc| angiala7, ammepaith s &1
K5-N-sul fates ar i solated a i s which is optionally converted
into anot her cheﬁ‘i‘)&l%}ﬁ‘flg}mo%l}lmp mﬁe{%;&%klé acceptable sall, .39 A process
according to cla#tn 38A mhesseiancesding tor Haim 3%y wheiein paid oger 3lt 18 LA e

nmetal, an al kali Q&ﬁ%grééhiﬁ%t&ketr%m%ﬂﬁﬂiuﬁ@t ra(Cl- C4)I1 kyl anmoni um

al um num and zi nc. ~ A process g.ccordi.ng) to crlﬁﬁﬁrﬁ 39 oﬁqgf%iai%ssﬁg ot her
salt is that of 4bodi drkM¥aKerNrsubateabiainahls SACTMRm O oA

LMM K5- Ny sul f at e4gbt ai nabl e according to anyone of clainms 37 to 10 40. 42.
A LMM K5- N-sul fat e obt aj r cli | 18ifas 370 40
containing a 2, 54§nhyéram'ﬁ @nggﬁ{%?o bg#in_%({]%ﬁg{%%%ge%rgﬁ%d‘? O H (a')
CH2OH at the redudd oentanohgaf2,§ hehydegromanifol gnit OhBFHIUER2dai d ni xture of
chains. 15 43. A LMV K5-N-sul fate or £Ldyehi cally or pharmaceutical ly
acceptable salt thereof. 0

OH (@)

CH,OH

at the reducing end of the majority of chains in said mixture of chains.
15 43, A LMW-K5-N-sulfate or a chemically or pharmaceutically acceptable
salt thereof.
44. A LMW-K5-N-sulfate according to claim 43, consisting of a mixture
of chains in which at least 90% of said chains has a mean molecular weight of
from about 1,500 to about 7,500.
20 45. A LMW-K5-N-sulfate according to claim 44, having a molecular
weight distribution from about 1,000 to about 10,000.
46. A LMW-K5-N-sulfate according to claims from 41 to 45, containing
from 0 to no more than 5% acetyl groups.
47. A LMW-K5-N-sulfate according to claims from 41 to 46, having a
25 mean molecular weight of from about 2,000 to about 4,000.
48. A LMW-K5-N-sulfate according to claims from 41 to 46, having a
mean molecular weight of from about 4,000 to about 7,500.
49. A LMW-K5-N-sulfate according to claims from 41 to 46, consisting
of a mixture of chains in which at least 90% of said chains has the formula II
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44. A LMMK5-N-sul fate according to clai m43,

consisting of a mxture of

chains in which at | east 90% of said chains has a nean nol ecul ar wei ght of
from abouwol3a0606 0 about 7,500. 20 45. A LMN K5-N-sul f at @caasey/assg t o

wei ght distribution fromabout 1,000 to about
10, 000. 46. A LMMK5-N-sulfate according to clains from4l to 45,

clai m 44, having a nol ecul ar

containing fromO to no nore than 5% acetyl

groups. 47. A LMMK5-N-sul fate

according to claims from41 to 46, having a 25 nmean nol ecul ar wei ght of

from about 2,000 to about 4, 0Q

from4l to 46, having a nean
7,500. 49. A LMK K5-N-sul fate

of a mxture of chains in whic

Il 32 WD 03/106506 PCT/ I BOB/ O 3

nis a nunber from2 to 20, ¢oO
(a) X in \/\hicthepresents

said chain 5 and the correspon

pharmaceutical Iy acceptabl e

OH NHS03

on
clains from 41 twhasin wisidiughes Omo%to
preponderant species is a conpound of

10. 48 A LMMK5-N-sthfate according to clains

| rom about 4,000 to about
jrom41 to 46 consi sting

saild ch i)ns has the formul a

IaII'

(a)

! OH NHS03 n wherein
structure CH2ZOH O OH

g R
forrryl Obr hydr oNy8&shyl, in the majority of
@ing cation is a cher

53*

cally or

MN K5 N- S“'J&%f‘m&ﬁfeor ding to

alns i n which the
00 CH2ZOH O 0 OH OH (~~)

X
in which X represents formyl or hydroxymethyl, in the majority of said chain
and the corresponding cation is a chemically or pharmaceutically acceptable

one.
50. A LMW-K5-N-sulfate according to claims from 41 to 46, consisting

of a mixture of chains in which the preponderant species is a compound of

formula II’

10

OH

—

CH,OH

NHSO,

—iq

wherein q is 4, 5, 6, 7 or 8, containing an unit of structure

CH,OH

O

OH

(a)

15

X

in which X represents formyl or hydroxymethyl, in the majority of said chain
and the corresponding cation is a chemically or pharmaceutically acceptable

one.
51. A LMW-K5-N-sulfate according to claims from 41 to 40, consisting

of a mixture of chains in which the preponderant species is a compound of

formula II”
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4 10 wherein qis 4, 5 6, 7 or 8, containing an unit of structure CH2CH
OE (a) Xin which X represents fornyl or hydroxynmethyl, in the majority
of said cwaiodio@ne the corresponding cation is a chem cal IPCTAB03/02347
pharmaceutically acceptable 15 one. 51. A LMMK5-N-sulfate according to
claims from41l to 46, consisting of a mxture of chains in which the
preponderant species is a conpound of formula I1" 33 WO 03/ 106506
PCT/ 1 B0O3/ 02347 COO CH2ZOH COO - CH2ZOHO OO O OHOH OH OH (I'1™) HO CH OH
OH HSO3 OH z wherein X repregsents fornyl or hydnoxynethyl, mrepresents 4,
5, or 6 and the cor€e®pondi al IgHgOHphar maceutical |y
acceptabl e one. 52. JAd MM K3 d tolclpine from49 to 51
wherein, in 5 the hyO 3. A e

LMM K5- N-sul fate ac 2,/ rein 8h1d salt or
cation is that of allkal i n¢g ) th metal amoni um

t etra( Cl- C4) al kyl ammoniQtn aljum nd#S&ad zi ot 54.] A LM/\.‘T(@aCNIj sul fate
according to clainms from41 tl'e 52, wherein 10 sdal'd salt or cation is that

f i i i _ : L
corpr i Sing, _as. aheem SacpreuiGReT ob etk B SRRREs €3, L8 TG g T
one of clainms fr@@cérrespoidingreatiorina ch8micallB6r pharmagegwiiallyrascepteie gne.
phar maceuti cal N i eA'Ll\JIa’-%-N-sulfate according to claims from 49 to 51 wherein, in

5 the structure (a), X is hydroxymethyl.
53, A LMW-K5-N-sulfate according to claims from 41 to 52, wherein
said salt or cation is that of an alkaline metal, alkaline-earth metal,

ammonium, tetra(C;-Ca)alkylammonium, aluminum and zinc.

54, A LMW-K5-N-sulfate according to claims from 41 to 52, wherein
10 said salt or cation is that of sodium, calcium or tetrabutylammonium.

55. A pharmaceutical composition comprising, as an active ingredient, a

LMW-K5-N,O-oversulfate according to one of claims from 1 to 11 or from

28 to 35, in admixture with a pharmaceutical carrier.
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