Industria y Comercio
SUPERINTENDENCIA

Delegatura de Propiedad Industrial
ivision de Nuevas Creaciones

\ SOBI’UD T

PATENTE DE INVENCION

oo 07 |29V

54 T'TULO DERIVADOS EPIMERIZADOS DE POLISACARIDC K5 CON UN GRADO MUY ALTO

‘?

21.

—l

DE SULFATACION

CLASIFICACION INTERNACIONAL _A¢IK3! [126 »1[12% 31133
6173504,

—L

51.

71. SOL‘CITANTE GLYCORES-ZOOO S.r.l,

DOMICILIO Milan, Italia,

7. APODERADO EMILIO FERRERO

c,C. 438,019 de Usaquén,

22. BOGOTA, D.C., 2.4/12]20¢.4

/LZ(— )¢

oLl /

(FORMA P-10)




CAVELIER ABOGADOS- COLO 145984-841-003-3 DLMJIDOOOUDOTMPCM&B/

T

Industria y Comercio Raticacio 1 HEESTSY iedBOO T
SUPERINTENDENCIA lf'?;l_ihmu!:kﬂ-!“lﬂ:ﬂ 6n
2 01 PCT-PRTENT 39
Dependimeia: 2028 DIVISIDY e ﬂ!&gﬂﬁlﬂg’ PREEENTIC
FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASE NACIONAL .
|© SOLICITUD DE:
@ Patente de [nvencién. D Patente de Modelo de Utilidad.
D Capitulo . ECapllqu Il.
'l Nombre: GLYCORES 2000 S.r.l. IDENTIFICACION
|® socledad constituida y existente bajo las
leyas de ltalla c.C D NIT D
SOLICITANTE Direccién: Via Mac Mahon, 43
) 1-20155 Milan, C.E. D Otro D
Italla Cual
Domicllio: Milan, ltalia Numero:
@ Nombre: EMILIO FERRERO IDENTIFICACION
Direccién: Carrera 4*. No. 72-35 C.C. E NIT D
REPRESENTANTE Teléfono: 347 36 11
Q APODERADO Fax:: 21792 1 C.E. D Otro D
E-mail: clientesf@camyp.com. Cual
Domicllio:  Bogota, Colombia. Nimero: 438.019 T.P, 31.928
1. Pasqua Anna ORESTE 2. Glorglo ZOPPETTI
@ INVENTOR (ES) Via Mac Mahon, 43 Via Mac Mahon, 43
(T2) 1-20155 Milan, I-20155 Milan,
italla italla
| @ PCT (86)
Soalicitud Interacional No. PCT/IB03/02338 Fecha: 17 de junio de 2003
Publicacion Interanclonal No. WO 03/108504 A1 Fecha: 24 de diclembre de 2003

Titulo (54)
'@ DERIVADOS EPIMERIZADOS DE POLISACARIDO K5 CON UN GRADO MUY ALTO
DE SULFATACION

WO Clasificacién Internaclonal (51)_CO8B 37/00, 37108, 3710, AS1K 31726, 31727, Jnrsr A61£35/04

L Prioridad (33) Pals de Origen (32) Fecha (31) Namero de Solicitud
siBd nold It 18 de junlo de 2002 MI2002A001345
IT 18 de Junic de 2002 MI2002A001346
T 27 de agosto de 2002 MI2002A001854

O Comprobante de pago No.: _04-§9,403 Fecha: _27 de diclembre do 2004




CAVELIER ABOGADOS- COLO 14594-841-003-3 DLM/ID000000TWPC14594 ‘QJ

i OO0 O000EEO000O0

Anexos:

@ FIGURA CARACTERISTICA:

Comprobante de pago de la tasa de presentacion de la solicitud por § 422.000.00.

Comprobante de pago por relvindicaclén de prioridad.

Documento que acredita la existencia y representacién legal cuando el solicitants sea persona juridica.
Poderes, sl fuere el caso.

Documento de cesion del inventor al solicitante o a su causante.

Declaraciones.

Copia de la solicitud intemacional. (Resumen, descripcion, relvindicaciones, dibujos)

Traduceidn de la solicitud Interacional al castellano. (Resumen, descripcién, reivindicaciones, dibujos)
Copla del examen preliminar efectuado por la IPEA.

Traduccién del examen preliminar efectuado por la IPEA.

De ser el caso, copla del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacién de uso ds conocimientos tradicionales de
las comunidades indigenas.

De ser el caso, certificado de depdsito del material bioldgico.
Arte final 12x12

De ser ol caso, Informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el
mismoao titular o su causante, relacionadas parclal o totalments con la invencion de asta solicitud.

Otros: Formato PCT/IB/306 mediante el cual la Oficina Internacional de la OMPI notifica el registro
del cambio de solicitante de los Inventores a la compaiila GLYCORES 2000 S.r.l.

@ Solicito la conceslon de la patente, NOMBRE: FERRER!

R ..(-

C.C. 438.019 de Usaquén T.P. 31.829

DLM




fOLE 19218 w4 Lrs 9
PCT/IB2003/002338

PATENT COOPERATION TREATY =

HIGEVUTO

1.7 NOV 2004

From the INTERNATIONAL BUREAU

CT To:
WARIETIL BISLON & TRypung 5,
NOTIFICATION OF THE RECORDING
OF A CHANGE SANTORO, Tiziana
Marietti, Gislon e Trupiano S.r.l.
(PCT Rule 92bis.1 and Via Larga, 16
Administrative Instructions, Section 422) :—2?122 Milen
taly

Dete of mailing {day/monthvyear)

05 November 2004 (05.11.2004}
Applicant’s or agent’s fils refarence

03420E45 IMPORTANT NOTIFICATION
International appliextion No. Intemational filing datn (day/month/yesr)

PCT/iB2003/002338 17 June 2003 {17.06.2003)
1. The following Indicstions appsared on record ooncsrning:

E the applicant D the inventor D the agent D the common representative
Name and Addrass “State of Nationaltty "State of Residence
' e )
Hﬁllephone No.
Fecsimile No.
Teleprintar No.

2. The International Burssu heraby notlfies the applicant thet tha following change hes baen recorded conoarning:

E the persan D the nams D the address E] the nationalfty D tha residenca

Name and Address State of Natlonality Stata of Residence
9iLth/:IORhEI|S 3000483.”. ol IT
a iviac Manon, Tl
aly

e
Facsimile No.

-Taloprlm.ar No.

M
3. Further observetions, if neocessary:

Applicant indicated in box 2 has been added for "all designated states except US" and
aprlicants ORESTE, Pasqus, Anna and ZOPPETTI, Giorgio become applicant/inventor for US
Oonly.

4. A oopy of this notification has besn sent to:

IE the recsiving Office BI the dasignated Offioes conoerned
D the Imarnational Searching Authority D the elected Offices concerned
[ ] the internationa) praiiminary Examining Authority [] other:
The International Bureau of WIPO Authorized offioar
fz‘ﬁmﬁ C;"‘ﬂ:.m Sonnie GARCIA MELLITI
Faosimile No. (41-22} 338.70.80 Telephone No. [41-22) 338 8918

Fotm PCTARI06 (March 1994) 008488235




A A A ELE 0 O 0 A

/106504 A1l

PEAL WMDY | W o

{12) INTERNATIONAL AFPPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
Intemnational Bureau

(43) International Publication Date
24 December 2003 (24.12,2003)

PCT

(10) Internsational Publication Number

WO 03/106504 A1l

{51) lnternationsl Patent Classification™
37/08, 37710, AGIK 317726, 3\/7127, M7

CO8B 37/00,

{21) Internationsl Application Number:  PCT/TB03/02338

(22) International Filing Date: 17 June 2003 (17.06.2003)
(25) Filing Langunge: Tialian
{26) Publiication Language: English
(30) Priority Data:
MD002A001345 18 June 2002 (18.06002) IT
MI2002A001346 18 Jone 2002 (18.06.2002) IT
MI2002ADD1854 27 Avgust 2002 (27.08.2002) IT

w-—

71) Applicants snd

{72) luventors: ORESTYE, Pasqus, Anna [IT/TT); Via Mac
Mghon, 43, [-20155 Milan (IT). ZOPPETTI, Glorgle
{—/IT7]; Via Mac Mahon 43, 1-20155 Milano {IT).

(79) Agent: SANTORQ, Tiziana; Marieti, Gislon e Trupiano
Sxl., Via Larga, 16, 1-20122 Milan (IT).

{81) Desigunted States (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, H, GB, GD, GE, GH,
GM, HR,HU,ID, 1L, N, IS, JP, KE, KG, KF, KR, KZ LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, N1, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC,
8D, SE, 80, SK, SL, T], TM, TN, TR, TT, TZ, UA, UG,
us, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARTPO patent (GH, OM,
KE, LS, MW, MZ, 5D, SL, 52, TZ, UG, ZM, ZW),
Hurasian patent (AM, AZ, BY, KG, KZ, MD, RlJ, T], TM},
Ruropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, Fl, FR, GB, GR, HU, IR, [T, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patemt (BF, B, CF, CQ, CIL, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

— before 1he expirotion of the time limts for amending the
claims and (o be republished in the evert of receipt of
amendments

For two-letter codes and other abbreviaiions, refer 1o the "Guid-
ance Noies on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gaxette,

(549) Title: EFIMERIZED DERIVATIVES OF K5 POLYSACCHARIDE WITH A VERY HIGH DEGREE OF SULFATION

g (57) Abstract: A new method is described for the oversulfation of epiK5-N-sulfate to obtain an epiK5-amine-O-oversulfale with

very high sulfition degree which, by scbsequent N-salfstion, provides new epiK5-N,0O-oversulfate-detivatives with a salfation degree
ol at least 4, basically fres of activity on the cosgulation parameters and useful in the cosmetic or pharmaceutical field. Alvo described
are new low molecular weight eptKS-N-sulfates nseful as intermadiates in the preparation of the cornesponding LMW-epiK5-N,0-

o
=

oversulfate-derivatives.

;/



WO 03/106504 PCT/IBUOIA233R

Epimerized derivatives of K5 polysaccharlde with a very high degree
of sulfation. '

OBJECT OF THE INVENTION

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

In particular, the invention refers to a process for the preparation of
eplK5-N,O-oversulfates starting with a K5 polysaccharide, previously N-
deacetylated, N-sulfated and C5-epimerized at least 20%, through O-
oversulfation in suitable conditions and subsequent N-sulfation, to said
epiK5-N,O-oversulfates of anfiangiogenetic and antiviral activity and
to new low molecular weight intermediates of epi-K5-N-sulfates.
BACKGROUND OF THE INVENTION

The glycosaminoglycans such as heparin, heparan sulfate, dermatan
sulfate, chondroltin sulfate and hyaluronic acid are biopolymers that
are industrially exiracted from various animal organs.

in particular, heparin, mainly obtained by extraction from the intesfinal
mucous membrane of pigs or bovine lung, 5 a polydispersed
copolymer with a molecular weight distribution from approximately
3,000 to approximately 30,000 D consisting ofa chain mixture basicaily
consisting of a uronic acid {glucuronic acid or iduronic acid) and of
an amino sugar {glucosamine) linked by a-1- 4 or B-1— 4 bonds. In
heparin, the uronic unit can be O-sulfated in position 2 and th
glivcosamine unit is N-acetylated or N-sulfated, 6-O-sulfated, and 3-O-
sulfated in approximately 0.5% of the gliucosamine units present.

The properties and natural biosynthesis of heparin in mammals have



WO 03/106504 PCT/IB03/02338

been described by Lindahl et al., 19846 in Lane, D. and Lindahi, U.

(Editors) “Heparin. Chemical and Biologica! Properiies; Clinicol
Applications", Edward Amold, London, Pages 159-190, by Lindahl, U,

Feingold D. 3. and Rodén L, 1984 TIBS, 11, 221-225 and by Conrad H. E.

“Heparin Binding Proteins”, Chapler 2: Structure of Heparinoids.

Academic Press, 1998. The biosynthesis of heparin occurs starting with

ils precursor N-acelyl-heparosan consisting of a chain mixture @
consisting ofthe repetitive disaccharide unit glucuronyl-B-1-34-N-
acetlyiglucosamine. Said precursor undergoes enzymatic
modifications which partially hydrolyse the N-acetyl group, substituting
it with an SOx group, epimerize the carboxyl in position § of a part of
the glucuronic units converting them into iduronic units and
infroducing O-sulfate groups to get a product which, once extracted
industriaily, has approximately double the number of sulfate groups as
regards carboxyl ones per disaccharide unit. These enzymatic
modifications lead to, besides, the formation of the pentasaccharide
region of a bond to anfithrombin I (AT}, called actlive
pentasaccharide, which is the sfructure necessary for the high offinity
bond of heparin to the ATl and fundamental for anticoaguiant and
antithrombotic activity of the heparn Hself. This pentasaccharide,
present inside only some of the chalns which form heparin, contains o
sulfated glivcosamine unit in position 3 and a giucuronic acid spaced
out between disaccharides containing iduronic acids.

In nature, the formation of the active pentasaccharide is made
possible by the epimerizafion reaction of the carboxyl of a part of the
glucuronic units into iduronic units camied out by the glucuronyl-C5-
epimerase (C5-epimerization) and by sultable sulfation which also
leads to the Infroduction of a sulfate group onto the hydroxyl in
posiion 3 f{ the glucosamine. More particulary, in natur  th

2
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formation of the active pentasaccharide is mad possible by the fact
that the C5-epimerization occurs in clusters, i.e. on portions of chains,
and extensively, which results in a product that contains more iduronic
units than glucuronic ones. Commercial heparin, in fact, contains
approximately 70% of iduronic units and 30% of glucuronic units.
Alongside the main anticoagulant and antithrombotic activities,
heparin also exercises anfilipaemic, antiproliferative, antiviral,
anfiftumorous and anfimetastatic aclivities, but its use as a drug is
hindered by the side effects due to the anticoaguiant action which
can cause bleeding.

PRIOR ART _

it is known that the capsular K5 polysaccharide &olated from
Escherichia coli, described by Yann W. F. et al., in European Joumnal of
Biochemistry, 1981, 116, 359-364 ("Vann 1981"). consists of a chain
mixtwe consisfing ofthe repetitive disaccharide unit glucuronyl-g-1->4-
N-acetyl glucosamine and therefore shows the same repetitiv
sequence {A)

.o ‘ A
OH NHCOCH,
of the N-acetyl-heparosan precursor of heparin. The capsular K5
polysaccharide, referred to hereafter 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 ol. as described in Carbohydrate
Research, 1994, 263, 271-284. K5-O-sulfates having antitumorous,
antimetastatfic, antiviral, in parficular anfi-HIV activities are described
in EP 333243 and WO 98/34958. The K5 was also modified chemically
and-enzymatically in order to obtain products having the same type
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of in vitro biological oclivity on coagulation as that of heparin as
exiracted from animal orgons (extractive heparin).

The attainment of the products having an activity on coagulation of
the same type as that of exiractive heparin occurs by processes which
imitate that occuning in nature and envisage the entire key step of
C5-epimerizafion 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 matedal. K5 originating from
fermentation is subjected to N-deacetyiation followed by N-sulfation
and on the K5-N-ulfate thus obladined CS-epimerization with C5-
epimerase in solution is performed, obfained 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 supplied its composition in amino acids
and described lts use in solution for the fransformation of a K5-N-sulfate
into the comesponding 30% epimerzed product, demonstrating the
formation of iduronic acid by HPLC method followed by totfal nitrous
depolymerization fo disaccharide. 3

The document WO 98/48004 describes the DNA sequence which
codes for the D-glucuronyl C5 epimerase aond o recombinant D-
glucuronyl C5 epimerase, oblained from a recombinant expression
vecior coniaining soid DNA, afterwards purifled by Campbell et al. as
shown by Jin-Ping L. et al. in J. Biol Chem. 2001, 274, 20069-20077 (" Jin-
Ping 2001").

The complete C5-eplmerase saquence was described by Crawford B.
E. etal.in J. Biol. Ch m., 2001, 274(24), 21538-21543 {Crawford 2001).

4
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The document WO 01/72848 describes a method for th preparation
of N-deacetylated N-sulfate derivatives of K5 polysaccharide, at least
40% epimerized of iduronic acid as regards the tofal of the uronic
acids, having o molecular weight from 2,000 to 30,000, containing
from 25 to 50% of high affinity chains for ATl and having an
anficoagulant and antithrombotic activity expressed as HCil/antiXxa
rafio from 1.5 to 4. Said document describes the oversutfatfion of a K5~
N-sulfate, 40-60% epimerized and shows that the product obtained,
whose '3C-RMN is illustrated. has a sulfale group content per
disaccharide unit of 2-3.5. Repectling the aforesaid oversulfation in th

conditions described and examining the BC-RMN it was asceriained
that the product obtained Is actually a free amine whose 4-O-sulfate
content is 80-95%, that of 3-O-sulfate on the amino sugar is 30%, but
whose sulfation degree Is 3.2. It was also observed that in th

condifions of oversulfafion described in WO 01/72848 o degree of
sulfation higher than 3.2 was not obtained. The document US
2002/0062019 describes a process for the preparation of epik5-N,O-
sulfates, active in the conirol of coagulation, having o degree of
sulfation from 2.3 to 2.9 and a molecular weight from 2,000 to 30,000,
or from 4,000 to 8,000, or from 18,000 to 30,000. The aforesaid process
involves the steps: {p-0) an N-deacetylation of K5 polysaccharide and
an N-sulfation of the resulting KS-amine, (p-b) an epimerization of K5-
N-sulfate, [p-c) an O-oversulfation of epiKS-N-sulfate, [p-d) a partial O-
desulfation, (p-e) a selective 6-O-sulfation, (p-f) an N-sulfation of th

product thus obtained, any product obtained upon termination of
one of the sieps {p-b)-{p-f) able to be subjected to depolymenzafion.
Said document describes an epiK5-N,O-sulfate having a molecular
weight of 7,400, obtained by the aforesaid steps (p-a)-(p-f)} followed
by a nilrous depolymerization at the end of step (p-f), with a degree of
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sulfation from 2.3 10 2.9.
The same document also describes a moiety of K5 with a molecular
weight of approximately 5,000 which can also be subjected to steps
(p-a) - (p-f).
In order to standardize the terminology and render the text more
comprehensible, in the present description convenfional terms or
expressions will be used, in the singular or plural. In parficular:
- by “K5" or “K5 polysaccharide" Is meant the capsular
polysaccharide from EScheﬁchia coll obtained by fermentation, i.e. a
chain mixture consisting of disaccharide units {A) optionally containing
a double bond ot the nonreducing end as shown above, in any case,
prepared and purified according to the methods descrbed In
literature, in particular according to Vann 1981, according to Manzoni
M. et al., Joumnal of Biocactive Compatible Polymers, 1994, 11, 301-311
{(“Manzonl 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 be aqpplied fo any N-
' acelylheparosan;
- by "C5-epimerase” is meant the D-glucuronyl C-5 epimerase,
extractive or recombinant, in any case prepared, isolated and
purtified, in parlicular 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 Crawiford 2001;
- by K5-amine is meant at least 95% N-deacetylated K5, but in which
N-acetyl groups are undetectable with a normal NMR apparatus;
- by "K5-N-sulfate” is meant at least 5% N-deacetylated and N-sulfate
K5, nomally 100%, since N-acetyl groups are undetectable with a
nomat NMR apparatus, as described hereafter;
- by * piK5" is meant th K5 and lis derivafives in which 20-60% of th
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glucuronic units is C5-epimerized to iduronic units

- by "epiK5-N-sulfate” is meant K5-N-sulfate in which 20-60% of th
glucuronic units is C5-epimerized to iduronic units;

- by "epiK5-amine-O-oversuliate” is meant an epiK5-amine-O-sulfate
with a sulfafion degree of at least 3.4.

- by “epiK5-N,O-oversulfate” is meant cn epikS-amine-O-sulfated
completely N-sulfated with a sulfation degree of at ieast 4;

In addition:

- the conventional-ferms and expressions herein defined obove refer
to a K5 as isolated after fermentation, generally with @ molecular
weight distibution from approximately 1,500 to approximately 50,000
with o mean molecular weight of 10,000~ 25,000, advantogeously of
15,000-25,000;

- the conventional temns and expressions herein defined above, when
preceded by the acronym “LMW" [low molecular welght), for
example WMW-K5-N-sulfate, MW-epiKS-N-=sulfate, indicate low
molecular weight products, obtained by fractionation or by
depolymerizafion of K5-N-sulfate and consisting ofor derived from K5-
N-sulfates having a mean molecuiar weight from approximately 1,500
o approximately 12,000, calculated on a 100% N-sulfated product;

- 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 low molecular weight;

- by the tem "approximately”, refering to the molecular weight, is
meant the molecular weight measured by viscometry x the theoretical
weight of a disaccharide unit, including the weight of the sodium,
calculated as 461 in the case of an epiK5-N-sulfate-derivative and 804

in the case of an epiK5-N,O-oversulfated-derivative with a sulfation
degree of 4.26;
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- by the expression "preponderant species”, Is meant the compound
which, in the mixiure consfituling the LMW-epiK5-N-sulfate, the LMW-
epiK5-amine-O-oversulfate or the LMW-eplKS-N,O-oversulfate, is the
most represented type, determined by the peak of the curve of the
molecuiar weight measured by HPLC;
- unless otherwise specifically stated, by “degree of sulfation” is meant
the SOx/COQ- ratio, expressible also as the number of sulfate groups
per disaccharide unit, measured with the conductometric method
described by Casu B. et al. in Carbohydrate Research, 1975, 39, 1468-
176 {Casu 1975), the same utilized in WO 01/72848;
- by “conditions of O-oversulfation” Is meant an exireme O-sulfafion
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 o linear or branched alkyi, whereas
“tetrabutylammonium" denotles the tetra-n-butylammonium group.
SUMMARY OF THE INVENTION
It has now surprisingly been found that, unlike that which occurs with
the processes described in T 1230785, WO 92/17507, WO 96/14425,
WO 97/43317. WO 01/72848 and US 2002/0062019, starting with an
epiKS5-N-sulfate it is possible to obiain an epiKS-amine-O-oversulfate
with a greater degree of sulfafion than every other epiK5-amine-O-
sulfate described in literature, for example in WO 01/72848, by
preparing the salt with terfiory or quatemary organic base of said
piKS-N-sulfate taking care to let the reaction mixture to stand for a
time period of 30-40 minutes maintalning the pH at opproximately 7
with the same organic base and then treating the salt oblained with
an O-sulfafion reagent in the condifions of O-oversulfation.
Subjecting the epiK5-amine-O-oversulictes thus obtained fo N-
sulfation, new piKS- N.O-oversulfates are obtained which, unlike th
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products described in [T 1230785, WO 92/17507, WO 94/14425, WO
97743317, WO 01/72848 and US 2002/0062019, are free of activity on
coagulation and useful for the preparation of medicines, particularly
pharmaceutical compositions of anfiangiogenetic and antiviral
activity or of cosmetic compositions.

By depolymerization with nitrous acid of said epiK5-N,O-oversulfates
new LMW-epiK5-N,Ooversulfates are obtained, free of activity on
coagulation, and with anfiangiogenetic and anfiviral activity.

in preparing N,O-sulfate N-deacetylated derivatives of K3S
polysaccharide, at least 40% epimerized of iduronic acid ‘as regords
the fotal of the uronic acids and having low molecular weight
according to the method described in WO 0.1 /72848, it was
oscertained that the depolymerizalion of the product of high: .
molecular weight obtained at the end of the final N-sulfation step of
the process can give varying results since it generally produces som
depolymerized products showing much lower activity, than that of
high molecular weight products from which they arise, on all the
coagulation parameters. It is assumed this takes place because
degradation with nilrous acid is influenced by the presence of th
sulfate groups. In paricular the sulfates in position 3 of th
glucosamine resulf in heterogenous products, as desciibed by
Nagasawa et al. in Thrombosis Research, 1992, 65, 463-447 [Nagasawa
1992).

It has now been found that subjecting an epiKS-N-sulfate to nitrous
depolymerization in which the iduronic acid content as regards the
total of uronic acids is 20-60%, advantageously of 40-60%, preferably
around 50%, LMW-epiK5-N-sulfates are obtained which constitute new
effective intermnediates for the preparation of LMW-epiK5-N,O-
oversulfates having a high degree of activity on different biological
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parameters, with or without activily on coagulation parameters. In
particular, it was found that it is possible to depolymerize an epiK5-N-
sulfate so as to obtain new LMW-epiK5-N-sulfates of mean molecular
weight from approximately 2,000 o approximately 4,000, more
particulardy specific LMW-eplK5-N-sulfates consisting ofmixtures in
which the predominant compound s a decasaccharide or a
dodecasaccharide or a telradecasaccharide. Also these LMW-epiKs-
N-sulfates, otherwise unobtainable, have interesting biological
properties and are useful intfermediates for the preparation of LMW-
epiK5-N,O-oversulfaled of antiviral and/or antiangiogensefic activity
and surprisingly free of activily on coagulation.

By subjecling o IMW-epiK5-N-sulfate to the aforesaid method of
salification with a terfiary or quatermnary organic base, taking care to
let the reaction mixture to stand for a time period of 30-40 minufes
maintaining the pH at approximotely 7 with the same organic base
and then freating the salt obtained with an O-sulfation reagent in the
conditions of O-oversulfafion, new LMW-epiK5-amine-O-oversulfates
are obtained. By subjecting the LMW-epiK5-amine-O-oversulfate to N-
suifation, new N-suifated and O-oversulfated derivatives (LMW-epiks-
N,O-oversulfates) are obtalned, surprsingly free of activily on
coagulaiion and of antiviral and/or antiangiogeneﬁé activity, useful
for the preparation of pharmaceutical or cosmetic compositions.
These LMW-epiK5-N-sulfates are obtained starting with a K5-N-sulfate
with an epimerization reaction with an [solated and purified
recombinant C5-epimerase, immobilized on a solid support, at a
temperature of approximately 30°C and of o pH of approximately 7
for 12-24 hours In the presence of a bivalent cation selected among
caicium, mognesium, bardum and mangonese and a subsequent
nitrous depolymerization reaction { the pimerized product thus

10
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obtain d, or vice versa.

Surprisingly, from observations made on the course of the
epimerizafion reaction in the aforesaid conditions, it is possible to
assume that, contrary to thaf occuming in nature in the biosynthesis of
heparin, ordinary and not “cluster” type CS-epimerization of th
substrate occurs every 2 glucuronic acid units which leads 1o epi-K5-N-
sulfate-derivatives characterized by a repetitive tetrasaccharide unit
consisting of two gliucosamine units separated by a glucuronic unit
and followed by an iduronic unit or vice versa.

DETAILED DESCRIPTION

Thus, according fo one of its aspects, the present invention provides a
process for the preparation of epiKS-N.O-oversulfaie-derivuﬁv_e_s.
characterized in that

(a) a K5-N-sulfate-derivative, in acidic form, is freated with a tertiary or
quatemary organic base, letting the reaction mixture to stand for a
fime period of 30-60 minutes, maintaining the pH of the solution at o
value of 7 by addifion of the same tertiary or quatemnary organic bas ,
and ifs salt is isolated with said organic base;

(b) said salt of organic base of said epiK5-N-sulfate-derivative is
heated with an O-sulfation reagent in the conditions of O-
oversulfation;

(c) the epi-K5-amine-O-oversulfote-derivative thus obtained is freated
with a reagent of N-sulfation and the epikK5-N,O-oversulfate-derivative
is isolated.

Generally, the epiK5-N,O-ovenulfate-derivative is isolated in sodium'
salt form and optionally said sodium salt is fransformed into another
chemically or pharmaceutically acceptable salt.

in this context, the term "chemically acceptable” refers o a cation
usable in chemical synthesis, such as the sodium, ammonium, (Ci-

11



WO 03/106804 PCT/1B03/02338

Ctefraatkylammonium ion, or for the purification of the product,
wheredas “phamaceutically acceptable” is self-explanatory.
Advantageous cations are those derived from alkaline metals,
alkaline-earth metals, ammonium, (Ci-C4)tetraalkylammonium,
aluminum and zinc. Prefered cafions are the sodium, calcium and
tetrabutylammonium lons.

According 1o an advantageous manner of procedure, step (a) is
canmied out by passing a solution of the sodium salt of epiKS-N-sulfate-
derivalive, i.e. of K5 polysaccharide, previously N-deacetylated, N-
sulfated, normally 100%, and 20-60% C5-epimerized and optionally
depolymerized with nilrous acid, having a mean molecular weight
from approximately 1,000 to approximately 25,000, advaniageously
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 also including the washing water of the resin and neutralizing
the eluate with tertiary or quatemary organic base, preferably with an
aqueous solution of tefrabutylammonium hydroxide. The solution is let
fo stand for 1 hour, maintaining its pH at 7 by addilion of the same
base and the sailt thus oblained is isolated by lyophilization.

In step {b). the O-oversutfation occurs by using an excess of O-sulfating
agent and working at a temperature from 20 to 70°C for a fime period
of up fo 24 hours In an aprotic polar solvent.

Advantageously, the salf with a terfiary or quatemnary organic base of
the epiK5-N-sulfate-derivative, l.e. of K5 polysaccharide, previously N-
deacetylated, N-sulfated preferably 100%. and 20-60% CS5-epimerized
and opfionally depolymerized with nifrous acid, having @ mean
molecular welght from approximately 1,000 to approximately 25.000,
advantageously from approximately 1.500 to approximately 25,000 as
isolated in step (q), Is dissolved in dimethylfformamid and freated with

12
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2 - 10 mol s of an O-sulfation reagent for every free hydroxyl at a
temperature of 40-60°C for 10-20 hours. As an O-sulfation reagent is
advantageously used the pyridine.SOs adduct in a quantity of 2.5 - 5
moles, preferably 2.5 - 4 moles per free hydroxyl per disaccharide and
the reaction is advantageously canied out at 50-60°C, preferably at
55°C, overnight. The product obtained upon temmination of the
reaction is isolated by addition of 0.1-1 volume of water and
neutralzation, preferably with sodium hydroxide, precipitation with a
saturated sodium chloride solution in acetone, filiration and possibl
vitrafiliration.

The product thus obiained is generally the sodium salt of an epiK5-
amine-O-oversulfate-derivative having an iduronic acid content of 20-

&80% of the total of the uronic acids, 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. The sodium
salt thus obiained can be converted into another salt. By way of
example an exchange with the ccalcium ion can be performed
working with vlirafiltration membranes.

In step (c), the epiK5-amine-O-oversulfated-derivative with a very high
degree of sulfation is N-sulfated using the known N-sulfation methods
in literature.

in practice, the N-sulfation is performed by treating an aqueous
solution containing the epiKS-amine-O-oversulfated-derivativ
onginafing from step [b) with sodium carbonate and an aogent of N-
sulfation, for example a (Ci-Cu)trialkkylamine.SO3 or pyidine.SO3
adduct, maintaining the mixture at 30-50°C for 8-24 hours and isolating
the desired epiKS-N,O-oversulfate-derivafive, for example by

13
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diofilirotion. Oplionally the step of N-sulfation is repeated until
obtaining more than 95% substitufion, preferably complete.

The new epiK5-N,O-oversulfate-derivatives thus obtained are
generally in their sodium salt form. Sald sodium salt can be converted
into another chemically or phomaceulically accepiable salt.
Particularly advantageous salts are those of alkaline metals, alkaline-
earth metals, of ammonium, {Ci-Cyjtetraalkylammonium, aluminum
and znc. Prefered are the saits of sodium, calcium and
tetrabutylammonium.

The starting epik5-N-sulfates subjacted to step {a) of the process of the
present invention are derived from a K5 polysaccharide, previously N-
deacelylated, N-sulfated virtually 100%, and 20-60% CS5-epimerized,
advantageously 40-60%, and opfionally depolymerized with nitrous
acid, having a mean molecular weight from approximately 1,000 fo
approximately 25,000, advaniageously from approximately 1,500 to
approximately 25,000. Preferably, said starfing material Is an epi-K5-N-
sulfate having @ mean molecular welght between 10,000 and 25,000
or a LMW-epik5-N-sulfate having a mean molecular weight from
approximately 1.000 to approximately 12,000, advantageously from
approximately 1,000 o approximately 10,000, preferably beiween
approximately 1,500 and approximately 8,000.

The epiK5-N-sulfates, prepared by CS5-epimerization of K5-N-sulfates,
are well known in iterature and widely described for example in WO
92/17507, WO 01/72848, WO 98/14425, WO 97/43317 or US
2002/0062019. Their preparation by C-5 epimaerization of the glucuronic
unif of K5-N-suifate with a D-glucuronyl C5 eplmerase was described in
documents clted herein above.

A WIMWepiK5-N-sulfate having an iduronic unit conient of
approximately 20%, obtain d by N-deacetylation, N-sulfati n and C5-

14
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epimerization of a moi ty of K5 having a mean molecular w ight of
5,000 is described in WO 92/17507. However such LMW-K5-N-sulfate
contains a considerable quantity of acetyl groups.

An epiK5-N-sulfate with an iduronic ocid content of 40-60%,
particularly advantageous as a starting material, is that obtained by
epimerization of a K5-N-sulfate virtually free of acetyl groups. in tum
prepared from parliculorly pure K5, in paricular not containing
lipophilic substances, described in WO 02/068477. According to a
preferential manner of procedure, by epimerization a K3-N-sulfale is
used obtained from a K5 free of lipophiic substances like that
described in WO 02/068477 and the C5 epimerization is performed
with a D-glucuronyl CS5-epimerase thal is isolated, purified and
immobilzed on a solid support, at a pH of approximately 7, at:a
temperature of approximately 30°C and for a time period of 12-24
hours in the presence of at least one bivalent ion selected among
calcium, magnesium, barium and manganese.

The LMW-epiK5-N-sulfates having a higher content of iduronic units, in
paricular 40-60%, preferably 50-55%, are new, particulary
advantageous products as starting materials in the preparation of
LMW-epiK5-N,O-oversulfate-derivatives.

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

{i) to CS-epimerization with a D-glucuronyl C5-epimerase that is
isolated, purified and in solution or immobilized on a solid support, ot a
pH of approximately 7, at a temperature of approximately 30°C and
for o time period of 12-24 hours in the presence of ot least one
bivalent ion selected among calcium, magnesium, barum and
manganese; and

{ii) fo o nilrous depolymerization opfionally followed by

15
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reduction, nomally with sodium borchydride.

The expression “in any order” shows thot the process can be
indifferently camied out both in the direction {ij-(ii}, i.e. in the sequence
shown above, as well as in reverse direction, i.e. also in the direction
(H)-(i), subjecting the K5-N-sulfate at first o the nitrous depolymerization
reaclion, opfionally followed by reduction with sodium borohydride,
and afterwards to C5-epimerization in the aforesald conditions. The
preferred order Is in the direcfion [i)—={i}. The sequence (ii}-{i) is
preferably ulilized starting with LMW-K5-N-sulfates having a mean
moleculor weight of more than 4,000, preferably staring with
approximately 4,000. For example, one can deiermine the amount of
sodium nitrite which, starfing with 1 g of epiKS-N-sulfate, aliows the
attcinment of a LMW-epiK5-N-sulfate with a molecular weight of more
than 4,000, in particular of at least 6,000, so as fo obiain useful
intemediates for the preparation of LMWepiKS-N,O-oversuifates. in
fact, in this case, in step (i) the percentoge of optimum epimerization
Is obtained.

According to a preferential aspect of the invention, the C5-epimerase
is immobilized on an inert solid support.

The C5-epimerase, preferably recombinant, lsolated and purified for
example according to Campbell 1994, WO 98748006, Jin-Ping 2001 or
Crawford 2001, is immobiitzed 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 4,000. The
immobiliization Is performed according to conventional methods, for
example as described in WO 01/72848.

The C-5epimerization reaction is canied out by recirculating 20-1,000
mi of a 25 mM HEPES soluti n at a pH of approximately 7 ¢ niaining
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0.001-10 g of subsirat (K5-N-suifat or LMW-K5-N-sulfate, preferably
with a molecular weight of more than 4,000, in paricular of at least
6,000} and a cation selected among calcium, magnesium, barium
and manganese at a concentration of beiween 10 and 60 mM
through a column containing from 1.2 x 107 to 3 x 101 cpm of the
immobilized enzyme, maintaining the pH at approximately 7 ot
approximately 30°C, at a flow of 30-220 mi/hour for a time period of
12-24 hours, advantageously 15-24 hours.

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

The nifrous depolymerization reaction is camied out according to
known methods by the depolymerization of heparin, for exampl
according to the method described in EP 37319, in WO 82/03627 or
according o the method by depolymerization of a K5-N-sulfate
described in EP 544592, but starting with a K5-N-sulfate or an epik5-N-
sulfate containing from 0 fo no more than 10%. preferably no more
than 5%, of acelyl groups. Preferably, the depolymerization,
performed with sodium nitrite and hydrochloric acid on an epikK5-N-
sulfate virlually free of acetyl groups, is followed by in situ reduction
with sodium borohydride. _

In practice, a cold aqueous solution of epiK5-N-sulfate is brought to
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acld pH (opproximately 2) with hydrochlode acid and, sfil cold,
freated with sodium nifite maintaining the temperature
lapproximately 4°C} and the pH {approximately 2) constant and,
upon termination of depolymerization (approximately 15 - 30 minutes)
the solution is neuiralzed with sodium hydroxide and freated, still at
opproximately 4°C, with an aqueous solution of sodium borohydride.
Upon termination of the reduction (approximately 4 hours) the excess
sodium borohydride s destroyed with hydrochioric acid, the solution is
neuiralized with sodium hydroxide and the depolymerized (and
reduced) product Is isolated according to known methods, for
example by stroightforward precipliation with ethanol or acetone.
The product obtained upon termination of depolymerization can be
either a LMW-epiK5-N-sulfate {in such case it consfitutes the end
product) or a LMW-K5-N-sulfate (and in such case is directly subjected
to C5-epimerization as herein shown above, after isolation or also in
solution without being previously isolated), in particular when it has a
mean molecular weight of more than 4,000, preferably of at least
" 6,000, or is utilized to prepare anfiangiogenelic and antfiviral acfivity
LMW-K5-N,O-oversulfated. By appropriately coniroling the
depolymertzation reaction, in parficular using different amounts of
sodium nifrite/hydrochloric acid, are obt&lned LMW-K5-N-sulfates or
LMW-epiK5-N-sulfates having a mean molscular weight in the entire
interval from approximately 1,500 to approximaotely 12,000,
advantageously from approximately 1,500 to approxdmately 10,000,
preferably from approximately 1,500 to approxmately 7,500,
calculated at the 1BC-RMN spectrum through the integration of the
signal atiibuted to the C2 of 2,5-anhydromannitol with that of the
anomeric carbon of the glucosamine inside the polysaccharide chain.
.According to a g neral manner f proc dure, starting for xample
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with 1 g of piK5-N-suifate, the starting product is dissolved in 100-200
ml of deionized water and thermostated at 4 °C. Then an amount of
sodium nitrite is added so as to obtain the desired mean molecular
weight, for example from approximately 2,000 to approximately 4,000.
Therefore, starting with an epikK5-N-sulfate having a molecular weight
of 20,000 measured with the HPLC method equipped with a BioRad
BioSil 250 column and using a heparin standard of known molecular
weight, will require the addition of 330 fo 480 mg of sodium nitrite
dissolved in a 0.2 % aqueous solution. The solution containing the
epiK5-N-sulfate and the sodium nitrite, kept at 4°C, is brought o pH 2
through the addition of 0.1 N HCI cooled to 4°C. 1t is left to react under
slow agitation for 20-40 minuies, then is neuiralized with 0.1 N NaOH.
The product obtained is brought to room temperature and trected
with reducing agent such as for example sodium borohydride (250-500
mg dissolved in 50-100 ml of water) and left to react for 4-8 hours. The
excess sodium borohydride is efiminated bringing the pH to 5-5.5 with
0.1 N HCI and let to stand for a further 2-4 hours, In the end it is
neulralized with 0.1 N NaOH and the product is recovered by
precipitation with acetone or ethanol affer having concentrated the
product by evaporation at reduced pressure.

Similarly, the ai'nduni of sodium nitrite can be determined which,
starting with 1 g of K5-N-sulfate or epiK5-N-sulfate, allows the
aftainment of a LMW-K5-N-sulfate or a LMW-epiK5-N-sulfate with a
mean molecular weight from approximately 4,000 to approximately
12,000, advantageously from approximately 4,000 to approximately
7.500, in particular of 4,000-7.500.

The LMW-epiKS-N-sulfate thus obtained, with an iduronic acid content
from 20 to 60%. advantageously from 40 to 60%, preferably of 50-55%
and vidually free of NH2 and N-acelyl groups, having @ mean
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molecular weight from approximately 1,500 to approximately 12,000,
advantageously from approximately 1,500 to approximately 10,000,
preferably from approximately 1,500 to approximately 7,500 and their
chemically or pharmaceutically acceptable salts constitute new
products useful as particularly interesting starling materials in the
preparafion of LMW- epiK5N,0O-oversulfates, but also themselves
useful as active ingredients of pharmaceufical or cosmetic
composlfions and consfitule an additional aspect of the present
invention.

Advantageously, the starting materials in the preparation of the epik5s-
- N,O-oversulfate-derivatives of the present invention are epiK5-N-
sulfate-derivatives consisting of a chain mixture in which at least 0% of
said chains have the formula |

~ m

| h

in which the uronic units are 20-60% consisting of iduronic acid, n is a
integer from 2 to 100, advantageously from 3 fo 100 and the
cormesponding cation is chemically or pharmaceutically acceptable.

More advantageously, said staring epiKS-N-sulfate-derivatives are
consisting of a chain mixture in which at least 90% of said chains have
the formula | in which the uronic units are 40-60% conslisting of iduronic
acid, n is a integer from 2 to 100, advantageously from 3 to 100 and
the comesponding cation is chemically acceptable. Preferred starling
materials ore LMW-apiK5-N-sulfates as shown cbove, consisling of a
chain mixture in which at least 0% of said chains have the formula | in
which the uronic units are 20-60% comprised advantageously 40-60%,
preferably 50-55%, of Iduronic acid, n is a integer from.2 to 20,
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advantageously from 3 to 15 and the comesponding cation is
chemicailly acceptable.

in practice, said prefered LMW-epiK5-N-sulfates are consisting of a
chain mixture in which at least 0% of said chains have the formula I'

[ OH -]

~ H ™\ m

i NHSO]  OH |

in which the uronic units are 20-60% comprised, advantageously 40-
80%. preferably 50-55% of iduronic acid, q is a integer from 2 to 20,
advantageously from 3 to 15, and the comesponding catfion is
chemically or phamnaceutically acceptable.

In this context, the term "chemically" refers fo a cation usable in
chemical synthesis, such as sodium, ammonium, (Ci-
Cq)tetraatkylammonium ions, or for the purification of the product.
Advantageous calions are those derived from dalkaline metals,
alkkaline-earth melals, ammonium, (Ci-C4jtetraalkylammonium,
aluminum ond zinc. Preferred caofions are the sodium, calcium and
tetrabutylammonium ions.

Particularly interesting are the LMW-epiK5-N-sulfates consisting of a
chain mixture in which at least 90% of said chains have the formula I’
herein above, obtained by nitrous depolymerization of the
corresponding epiKs-N-sqIfotes shown above and subsequent possibl
reduction for example with sodium borohydride. Among these, are
prefered the LMW-epiK5-N-sulfates consisting of a chain mixture in
which the preponderant species has the formuia I'a
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o

{s)
NHSO;

in which the uronic units are 60-40% consisting of glucuronic acid and
40% to 40% of iduronic acid, p is a integer from 4 o 8. The mean
molecular weight of these products is from approximately 2000 to
approximately 4000 and the comesponding cation is chemically or
phamaceutically acceptable.

The oigin of these epiK5-N-sulfates from a step of nitrous
depolymerization involves, at the reducing end of the majority of the
chains in said chain mixture, the presence of a 2,5-anhydromannose
unit or, in the case of reduction with for example sodium borohydride,
of 2,5-anhydromannitol of structure (a)

(a)

in which X represents a formyl group or a hydroxymethyl group.
Therefore, the reducing end of the majority (60-70% of the chains) is
actually represented by the structure (b)

A

in which X is as defined above.

The presence of the structure (a) does not have any influence on the
chemical characteristics of the epiK5-N-sulfates and their derivatives
since any sulfations would lead {0 o possible Introduction of one or
two sulfate groups which would not h w ver significantly move the
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sulfation degre of the O-suifated derivatives. It is however preferable
that the nitrous depolymerization is followed by reduction for exampl
with sodium borohydride since, according to the process of the
present invention, said LMW-epiK5-N-sulfates are subjected to sulfation
and acylation reactions whose influence, of the 2,5-anhydromannose
radical of struciure {a). is unknown on the formyl group in which X
represents formyl. Besides, the presence of structure (o) does not
influence the biological activity of the products, as demonstrated by
@stergaard P. B. et al. in Thrombosis Research, 1987, 45, 739-749
(@stergaard 1987) for the heparins of low molecular weight.
Paricularly advantageous LMW-epiK5-N-sulfates according to the
present invention are consisting of chain mixtures in which the
preponderant spacies is a compound of formula i'b o

00" . oH
Y Hl )
HO NHSO; OH X

in which X Is formy] or, preferably, hydroxymethyl, m is 4, 5 or 6, the
comesponding cation is one chemically or phamaceutically
acceptable ion and the glucuronic and iduronic units are present
altemately, starting with a glucuronic or iduronic unit. In such case th

glucuronic/iduronic rafio is from 45/55 to 55/45, i.e. approximately
50/50.

The use of the C5-epimerase, preferably recombinant, preferably
immobilzed on a solid support in the conditions shown above
therefore allows not the “clusier” epimerization of K&N-sulfat -
derivatives into epiK5-N-sulfate-derivatives as occurs in nature, but the
ordinary type.

Thus, according to another of its aspects, the present invention
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provides the use of the isolated and purified C5-epimerase, for the
conversion of a K5-N-sulfate-derivative into a comesponding epikK5-N-
sulfate-derivative characterized by a repetitive tetrasaccharide unit
consisting of two gliucosamine units separated by a glucuronic unit
and followed by an iduronic unit or separated by an iduronic unit and
followed by a glucuronic unit.

Said epimerization occurs optimally if caried out on a K5-N-sulfate-
derivative having o mean molecular weight of more than 4,000,
preferably from 6,000 to 7,500.

According to the present invention, the starting epiK5-N-sulfate-
derivatives, preferably 100% N-sulfated ({in particular the epikK5-N-
sulfate-derivatives consisting of chain mixtures in which at least 20% of
said chains have the formula | or I' or in which the preponderant
species has the formula I'a or I'b where X Is hydroxymethyi), are
subjected to the aforesaid steps [a} and (b}, upon termination of
which are isolated the comesponding, new epiKS-<amine-O-
oversulfate-derivatives, in which the amine is not substituted, normally
in sodium satt form, which can be fransformed info another chemically
or phamaceufically acceptable salt. Particularly advantageous salts
are those of alkaline metals, alkaline-earth metals, ammonium, (Ci-
Cijteiraalkylammonium, aluminum and zinc and, among these, the
salfs of sodium, calcium and tetrabutylammonium are preferred.

Thus, according to another of its aspects, the present invention refers
to new epik5-amine-O-oversulfate-dertvatives and their chemically or
pharmaceutically accepfable salts, obtainable by a process
characierized In thot

(a) an eplK5-N-sulfate-derivafive, in acidic form, is freated with a
tertiary or quatemary organic base, letting the reaction mixture to
stand for a time period of 30-60 minutes, maintalning the pH of the
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solufion at a value of 7 by addition of said terliary or quatemary
organic base and its salt is isolated with said organic base;

(b) said salt of organic base of said epiKS-N-sulfate-derivative is
freated with an O-sulfation reagent in the conditions of O-oversulfation
and the epiK5-amine-O-oversulfate-derivative is isolated.

Using. as advantageous starting materials of step {a), epiKS-N-sulfate-
derivatives consisting of a chain mixfure in which at least 0% of said
chains has the aforesaid formula |, in which the uronic units are 20-60%
consisting of iduronic acid, n is a integer from 3 to 100 and the
comresponding cafion is chemically or phamaceutically occepiable,
at the end of step {b) an epikK5-amine-O-oversulfate-derivative is
obtained consisting of a chain mixfure in which at least 0% of said

chains have the formula |l -
[ €080, oo |
- k?\ . @ n
T_ NH, orY|.

in which the uronic units are 20-60% consisting of iduronic acid, nis a
integer from 2 fo 100, preferably from 3 to 100, R, R* and R" are
hydrogen or SOs, for a sulfafion degree of at least 3.4,
qdvantogeously of at least 3.5, more advantageously from 3.55 fo 4,
preferably from 3.55 to 3.8 and the comesponding cafion is chemically
or pharmaceulically acceptable.

These epikKS-amine-O-oversulfate-derivatives with a very high degree
of sulfation are new products useful as intermedictes in the
preparation of their N-sulfate or N-{CzCi)acylated derivatives
basically free of activity on the coagulafion parameters, but having
other interesting phammacological properties.

Advantageous epik5-amine-O-oversulfate-derivatives with a very high
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degree of sulfation are consisting ofa chain mixture in which at least
90% of said chains have the formula Il 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 @ mean molecular weight from approximately 2,000
to 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 SOx or one is hydrogen and the other is 5-10% SOx in
monosulfate glucuronic acid and 10-15% SO In monosulfate iduronic
acid, the degree of sulfation is more than 3.4, advantageously of at
least 3.5, more advantageously from 3.55 to 4, preferably from 3.55 to
3.8, and the comresponding cation Is chemically or pharmaceutically
acceptable. .

Preferred epiK5-omine-O-oversulfate-derivatives with a very high
degree of sulfation are LMW-epiKS-amine-O-oversulfotes consisfing
ofa chain mixture in which at least 0% of said chains have the formuia
Il in which the uronic units are compiised 40-40%, preferably 50-55%, of
iduronic acid, R is af least 40%, advantageously 50-80%, preferably
approximately 45% SOz, R' and R" are both SOz or one Is hydrogen
and the other is 5-10% SOs in glucuronic acid and 10-15% SOx in
iduronic acid, n is a integer from 2 o 20, advantageously from 3 to 13,
with a mean molecular welighi from “approximately 4.000 fo
approximately 8,000 and the comresponding cation is chemically or
pharmaceulically acceptable.

In practice, said prefered WMW-eplK5-omine-O-oversulfates are
consisting of a chain mixture in which at least 90% of said chains have
the formula II'
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— \ R R ™ ()]

| M R
in which the uronic units are 20-60% consisting of iduronic acid, qis a
integer from 2 fo 20, advantageously from 3 o 15, R, R' and R” are
hydrogen or SOs. for a sulfation degree of at least 3.4,
advantageously of at least 3.5, more advaniageously from 3.55 to 4,
preferably from 3.55 to 3.8, and the comesponding cation is on

chemically or pharmaceutically acceptable ion.
Among these LMW-epiKS-amine-O-oversulfates are prefemred those

consisting of a chain mixture in which the preponderant species has

the formula ll'a
B 080, -]
Q
"W‘ R r\ ‘“'B)
NH, OR"

-dP

in which the uronic units are 20-60% consisting of iduronic acld, p Is a
integer from 4 to 8, R, R' and R" are as defined above, the degree of
sulfalion is ot least 3.4, advantageously of at least 3.5, more
advantageously from 3.55 to 4, preferably from 3.55 to 3.8 and the
corresponding cation is chemically or pharmaceutically accepiable.
The origin of the new LMW-epiK5-amine-O-oversuifates from LMW-
epik5-sulfates obtained by nilrous 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 2,5-anhydromannitol sulfated unit of structure (a')
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H,080,"

(a)
CH,080,"
in which R* represents hydrogen or SOz
Thus, the reducihg end of the mojority of the chains in said chain
mixture Is represented by the structure (b')
0% goo’ ,080;
™ \/& ®)
NH, R CH,080,°
in which the uronic unit can be glucuronic or iduronic.
Among the daforesaid new LMW-epiK5-amine-O-oversulfotes, are

prefered those consisting of mixtures in which the preponderant
species is a compound of formula II'b

' " goo” H,080,
Q ()
OR' i NH, ' CH,080,"

in which the uronic units are 40-80% consisting of iduronic acid, m is 4,
5 or 6, R, R' and R* are hydrogen or SOx, X" is OH or OSOsy, for 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 1o 3.8, the
iduronic units being present altemately, starling with a glucuronic or
iduronic unit, and the comesponding cation is one chemically or
phamaceutically acceptable ion.

All these epiKS-amine-O-oversulfated-derivatives with a very high
degree of sulfation are new products which are useful intermediates
for the preparation of the new N-subsiitut d epik5-amine-O-
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oversulfat d-derivatives and ther fore consiitute an addifional aspect
of the present invention.

In particular, according to another of its aspects, the inventfion
concems the use of the aforesaid epiKS-amine-O-oversulfated-
derivatives with a very high degree of sulfation for the preparation of
new N-substituled  epiK5-amine-O-oversulfated-derivatives, in
particular N-sulfated or N-acylated.

Upon temination of step (c) of the process of the present invention,
consisting of an N-sulfation of the epiK5-amine-O-oversulfate-
derivatives obtained at the end of step (b) {in parlicular the epiK5-
amine-O-oversulfate-derivatives consisting of chain mixtures in which
at ieast 0% of said chains have the formula Il or II' or in which the
preponderant species has the formula W'a or II'b}) epiK5-N,O-
oversulfate-derivatives are obtained whose iduronic acld content is
20-60% of the total of the uronic acids and whose sulfation degree is at
least 4, preferably from 4 t0 4.4.

Thus, according to another of its aspecis, the present invention
" provides new N-deacetylated derivatives of K5 polysaccharide, O-
sulfated and N-sulfated, C5-epimerized to iduronic acid in at least 20%
of the total of the uronic units, having a mean molecular weight from
approximately 2,000 to approximately 45,000, a sulfation degree of at
least 4, said derivafives being basically inactive on the coagulafion
parameters.

Similarly to that stated above, said new derivatives are, as a whole,
denoted by the general term “epiK5-N,O-oversulfate-derivatives”,
independently of their molecular weight.

In parficular, the mean molecular weight is between approximately
2,000 to approximately 45,000 since said derivatives originate either
from an epi-K5-N-sulfate obtained by N-deacetylation and N-suifation
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of K5 by fermentation or by the nilrous depolymerization of the lafter.
By controlling said nitrous depolymerization it is possible o obtain low
molecular weight derivatives In virtuolly all the aforesaid interval,
However, for use of the derivatives of the present invention as
pharmaceulical or cosmetic products it Is advantageous to prepare
low molecular weight derivatives, with a mean molecular welght from
approximately 2,000 to approximately 14,000, advantageously from
approximately 3,500 16 approximately 13,000 with a molecular weight
dishibution of between approximately 1,000 and approximately
15,000, preferably from approximately 4,500 to approximately 9,000,
with a molecular weight diskibution from approximately 2,000 to
approximately 10,000, or of high molecular weight derivatives,
originafing from the unfractionated K5, with a mean molecular weight
of between approximately 20,000 and approximately 45,000, with a
molecular weight disiibution from approximately 2,000 to
approximately 70,000.

In the epiK5-N,O-oversulfate-derivatives of the present invention the
degree of sulfation is very high. preferably from 4 to 4.4, the nilrogen of
the glucosamine being virtualty 100% sulfated. Besides, the epiK5-N,O-
oversulfate-derivatives are 100% 6-O-sulfated and 50-80% 3-O-sulfated
in their gliucosamine units, 5-10% 3-O-monosulfated in glucuronic units,
10-15% O-monosulfated in iduronic units and 2.3-diO-sulfated in the
remaining uronic units, considering that the degree of sulfation is at
least 4.

Advantageous epiK5-N,O-oversulfate-derivatives according to the
present invention are obiained through eplk5-amine-O-oversulfate~
derivatives in tum prepared from epiK5-N-sulfate-derivatives consisting
of a chain mixiure in which at least 0% of said chains has the
aforesaid formuta 1, in which the uronic units are 20-60% consisting
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iduronic acid. n is a integer from 2 to 100, advantageously from 3 to
100 and the comesponding cation is chemically or pharmaceutically
acceptable.

In such case, the new epiK5-N,O-oversuliate-derivatives consisting of
chain mixtures in which at least 0% of said chains have the formula HI

N

- n

in which the uronic units are 20-60% consisting of iduronic acid, nis a
infeger from 2 to 100, preferably from 3 fo 100, R, R' and R" are
hydrogen or SO3, 1 is 305, the degree of sulfation is at Iec:si_‘ 4,
preferably from 4 to 4.6 and the comesponding cation is chemicalh'} '6r |
pharmaceufically acceptable.

Said cations are advantageously those of alkaline metals, alkaline-
earth metals, ammonium, (Ci-C4)tetraalkylammonium, aluminum and
Znc and., among these, preferably the salls of sodium, calcium and
tetrabutylammonium.

Among the aforesaid new epiKS-amine- N,O-oversulfate-derivatives,
those consisting of chain mixtures in which at least 0% of said chains
has the aforesaid formula il in which R is SOx in 50%-80%, preferably in
approximately 5% of said chains and the degree of sulfation is at
least 4, advantageously is from 4 to 4.6, preferably from 4 to 4.3.
Advantageous epikK5-N,O-oversulfate-derivatives with a very high
degree of sulfation are consisting ofa chain mixture in which at least
90% of said chains have the formula lil, in which Z is SOz, the uronic
units are 40-60% consisting of iduronic acid, n is a integer from 2 to 100,
preferably from 3 to 100, with @ mean molecular weight from
approximately 2,000 to approximately 45,000, advantageously from
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approximately 4,500 fo approximaisly 45000, R Is at least 40%,
preferably 50-80% SOy R' and R" are both SOx or one Is hydrogen and
the other is 5-10% SOz in monosulfate glucuronic acid and 10-15% SOs
in monosulfate iduronic acld, the degree of sulfation is at least 4, from
4 to 46 ond the comesponding calion s chemically or
phamaceufically accepiable.
Prefered N-substituted epiK5-omine-O-ovenuifated-derivatives are
LMW-epiK5-amine-O-oversulfated consisting ofa chain mbdure in
which at least $0% of sold chains have the formula Ill In which the
uronic units are 40-640% comprised, preferably 50-55%, of iduronic acid,
R is at least 40%, odvantogeously 50-80%, preferably approximotely
65% SOz, R’ and R" are both SO or one is hydrogen and the other is 5-
10% SO7 in glucuronic acid and 10-15% SOz in iduronic acid, I is 100%
SOz or {C2-C4)acyl, nis a integer from 2 to 20, preferably from 3 to 15,
with @ mean molecular weight from approximately 4,000 to
approximately 8,500 and the comesponding cation Is chemically or
pharmaceutically acceptable.

"In practice, said preferred epiK5-N,O-sulfate-dertvatives with a very
high degree of sulfation are conslsting of a chain mixiure in which at
least 90% of said chains have the formula I’

MOS0, 00"
N an

L. NH-Z

-

in which the uronic unlts are 20-60% consisting of iduronic acid, q is o
integer from 2 to 20, advantageously from 3 to 1§, R, R' and R"
represent hydrogen or an SO group. 1 1s SOr. for a sulfafion degree of
at least 4, preferably from 4 to 4.6 and the comesponding cation is one
chemicdlly or pharmac utically acceptable ion.
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Particularly int resting are chain mixtures of formula liI’ in which th
uronic units are 40-60% comprised, preferably 50-55%. of iduronic acid,
R is at least 40%, advaniageously 50-80%, preferably approximately
65% SO, R' and R" are both SO5 or one is hydrogen and the other is 5-
10% SOx in glucuronic acid and 10-15% SOs in iduronic acid, n is o
integer from 2 to 20, advantogeously from 3 fo 15, with a mean
molecular weight from approximately 2,000 to approximately 146,000,
advantageously from approximately 3,500 to approximately 13,000,
preferably from approximately 4,500 to approximately 9,000 and the
comresponding cation is chemically or pharmaceutically acceptable.
Among these LMW-epiK5-N,O-oversulfates, are advantageous those
consisting of a chain mixture in which the preponderant species has
the formula iil'a

RYTN  (ira)

in which the uronic units are 20-60% consisting of iduronic acid, p is a
integer from 4 to 8, Z is SOx , R, R' and R" are hydrogen or SOs, fora
sulfation degree of at least 4, preferably from 4 to 4.6 ond th
comresponding cation is chemically or pharmaceutically acceptabie.
The orgin of the new LMW-epiK5-N,O-oversulfates from LMW-epiks-
sulfates obtained by nittous depolymerization and subsequent
reduction with, for example, sodium borohydride involves, at th
reducing end of the maijority of the chains in said chain mixture, the
presence of a sulfated 2,5-anhydromannitol unit of structure (a') as
shown above, in which R" represents hydrogen or SOx-.

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

oy - ;
0 080,
™ ®

NH-Z R GH,050,
in which Z represents SOx and the uronic unit can be glucuronic or
iduronic.
Among the aforesaid new LMW-epiK5-N,O-oversulfates, are prefered
those consisting of mixtures in which the preponderant species is a
compound of formuia IlI'b

in which R, R' and R" are hydrogen or SOr, Z Is SOx, X" is OH or OSOy.,
m is 4, 5 or §, for a sulfation degree of at least 4, preferably from 4 to
4.4, the uronic units are present alemalely, starting with a glucuronic
or iduronic unit, and the comesponding cation Is one chemically or
pharmaceutically acceptable ion. Said cations are advantageously
those of alkaline metals, alkaline-earth metals, ammonium, (Ci-
Cqjtetraalkkylommonium, cluminum and znc and, among these,
preferably the ions of sodium, calcium and tetrabutylammonium.
it oan epIK5 Is used as a starting epiKS-derivative of the process of the
' present invention, i.e. a K5 polysaccharide, previously N-deacetylated,
N-sulfated nomally 100%, and 20-60% CS5-epimerized and not
depolymerized, upon termination of step (c) an eplK5-N,O-oversulfate
is Isolated which can be subjected fo nitrous depolymerization and
possible, subsequent reduction with, for example, sodium borohydride
to obtain the comresponding LMW-epiK5-N,O-oversulfate having the
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same degree of sulfation. In particular, LMW-eplK5-N,O-ov rsulfat s
are obtained consisting ofa chain mixture in which ot least $0% of said
chains have the formula Il or lil'a, in which the uronic units are 20-60%
consisting of iduronic acid, q. R, R’ R" and Z have the meaning
defined above, for a sulfation degree of at least 4, preferably from 4
to 4.6 and the comesponding cation is one chemically or
phamaceutically acceptable ion. In such case, the origin of these
LMW-epiK5-N,O-oversulfates from a depolymerization reaction and
pc-)ssible. 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 2,5-anhydromanno unit of siructure

(")
&, -

X

in which X is formyl or hydroxymethyl and R" represents hydrogen or
SOx.

The new epiK5-N,O-oversulfate-derivatives, especially in thelr salt form,
are highly anlonic products able to capture the free radicals and are
vtilizable in the cosmetics indusiry as adjuvants against hair loss or fo
prepare "dnﬂ-ageing" creams and, in the pharmaceutical industry, as
products for the freatment of dermatilis. Besides, the epiK5-N,O-
oversulfate-derivatives of the present invention, in particular the LMW-
epiK5-N,O-oversulfates possess antianglogenetic and antiviral activity
and therefore consfitute acfive ingredients for the preparation of
medicines.

Thus, according fo one of its additional aspects, the present invention
provides pharmaceutical compositions including, as one of their
acfive ingredients, a pharmacologically active amount of an epiK5-
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N.O-oversulfate-derivative as shown above or of one of ifs
pharmaceutically acceptable salts, in mixture with a pharmaceutical
excipient.

in the pharmaceufical compositions of the present invention for oral,
subcutaneous, infravenous. fransdemal or topical administration, the
acfive ingredients are preferably administered in the form of dosage
units, in mixture with the classic phamaceutical excipients or vehicles.

The posology can vary widely depending on the age, weight, and the
health condifion of the palient. This posology includes the
administration of a dose from 1 to 1000 mg, advantageously from 10
to 750 mg, preferably 250 to 500 mg from one to three fimes a day by
intfravenous, subcutaneous, oral, fransdermal or topical administration.

The pharmaceutical compositions of the prasent Invention are
formulated with the classic excipients suitable for different ways of
administration. Particularly advantageous are the formulations in the
form of creams, ociniments, finiments, gels, fooms, balsams, vaginal
pessares, suppositories, solutions or suspensions suitable for local
administration.

Advantageously, the compositions of the present Invention include, as
one of s active ingredients, an epiK5-N,O-oversulfate-derivative
obtainable starling with an epiK5-dervative according to steps (a), (b)
and (c) of the process described above, or starting with an epiK$ not
depolymerized, according to steps [a). (b) and {c) of the process
described above, with possible subsequent nitrous depolymerization
after step (c), or one of its phamaceutfically acceptable salls, in
mixture with a pharmaceutical exciplent. Advantageously, said epiks-
N.O-oversulfate-derivative consists of a chain mixture in which ot least
90% of said chains have the formula Hl or W' or in which the
preponderant species is a compound of formula lit'a or liI'b. Pr ferred
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acfive ingredient is a LMW-epiK5-N,O-oversulfat having a sulfatfion
degree of at least 4, preferably from 4 fo 4.6, advantageously having
a mean molecular weight from approximately 3,500 to approximately
11,000, more advanitageously from approximately 3,500 to
approximately 5,200 and basically free of N-acetyl groups.

Finally, according to another of its aspects, the present invenfion
provides a cosmetic composition including an effective amount of an
epik5-N,O-ovenrsulfate-derivative or one of its phamaceutically
acceptable salts, in mixture with a cosmefic excipient.

A salt selected from the group consisting of salts of sodium, potassium,
calcium, magnesium, aluminum and zinc of the epiK&-N,O-oversulfat
derivatives, in parlicular those consisting of chain mixtures in which at
least 90% of said chains have the formula Il or ' or in which the
preponderant species has the formula llI'a or lI'b, consfitutes an
effective acfive ingredient of the phammaceutical or cosmefic
compositions of the present invention.

The following examples illusirate the invenfion without however limiting
it.

PREPARATION |

Preparation of K5 polysaccharide from Escherichia coli

At first fermentation is cormied out in an Edenmeyer flask using the
following medium:

Fal-free soya meal 2 g/l
KzHPO4 27 gl
KHzPO4 2 gf
MgClz 0.11 gh
Sodium citrate 0.5 gl
Ammonium sulfate 1 g

Glucose 2 gh
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Spring water 1000 ml
pH=73
The medium is steriized at 120°C for 20 minutes. The glucose is
prepared separately in solution form which is sterilized at 120°C for 30
minules and added sterilely to the medium. The Edenmeyer flask Is
inoculated with a suspension of E. coli cells Bi 8337/41 (O10:K5:H4)
originaling from a slant kept in Tripfic soy agor, and incubated at 37°C
for 24 hours under confrolled agitation (140 rom, 6 cm stroke). The
bacterial growth Is measured by counfing the cells using a
microscope. In a subsequent operation, @ 14 | Chemap-Braun
fermenter contalning the same medium as above, is 0.1% Inoculated
with the culture of the Erlenmeyer flask as above and fermentation is
performed by aerafion of 1 vwm, ([vwm = volume of air per volume of
liquid per minute] 400 rpm agitation and temperature of 37°C for 18
hours. During fermentalion are measured the pH, the oxygen, the
glucose residve, K5 polysaccharide produced and bacterial growth.
At the end of fermentation the temperature Is brought to 80°C for 10
minutes. The cells are separated from the medium through
centifugation at 10,000 rom and the supematant is ultrafiltered using
an S5 316 {MST) module fitted with PES membrane with nominal cut-off
f 800 and 10,000 D to reduce the volume to 1/5. K5 polysaccharide Is
then precipitated by addition of 4 volumes of acetone at 4°C and left
to seitle overnight at 4°C. HAnally it Is recovered by centifugation at
10,000 rpm for 20 minutes or filiration. Deproteinization of the solid
obtained is canled out by using a fype Il protease from Aspergilus
orizae in a buffer of 0.1 M NaCl and 0.15 M EDTA at pH 8 conialning
SDS {0.5% sodium dodecyl sulfate) (10 mg/l of filtrate) at 37°C for 90
minutes. The soiufion obtained is ulirafiltered on model 5§ 316 with
membran at a nominal cut-off 110,000 D with 2 extracti ns with 1M
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NaCl and wash d with water until disappearance of absorbance in
the ulirafilirate. K5 polysaccharide is then precipitated with acetone
and a Yield of 850 mg per litre of femmenter is obtained. The purity of
the polysaccharide obtained is measured through the defermination
of the uronic acids {carbazole method), proton and carbon 13 NMR,
UV and protein conient. The purity is more than 80%.

The polysaccharide obtained is composed of two moieties of different
molecular weight, respectively 30,000 and 5,000 D as emerges from
the detemmination by HPLC using a Pharmacia 75 HR column and a
single moiety with a retention time of approximately 9 minutes using
two seriate columns of Bio-sit SEC 250 {Blo Rad) and NazSO4 as mobile
phase at room temperature and a flow of 0.5 mi/minute. The
measurement Is perfformed against a standard curve obtained with
moieties of heparin of known molecular weight.

The H- RMN spectrum of the purified K5 thus obiained shows different
signals atiributable to methyls of lipophilic substances.

PREPARATION |l

Purification of K5

In 100 mi of a saturated aqueous solution of sodium chloride ond
thermostated at 4°C is dissolved 1 g of K5 obtained at the end of
PREPARATION | and io the solution thus obtained are added 3 volumes
of cold isopropanol. The saline concentration of the solution is brought
to 3 M by addition of the calculated amount of a saturated sodium
chloride solution and the solufion obtained is left in a cold
environment {approximately 4°C) ovemight. The precipitate which
forms is separated by centrifugation at 10,000 rom for 20 minutes and
the purly of the product is checked by dialysis ovemight and
subsequent examination of the *H-RMN spectrum, from which signals in
the region under 1.5ppm must be absent. Opfiondlly, the operation of
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dissolution in water saturaled with NaCl and precipliation with
Isopropanol is repeated. The precipitate is dissolved in waler and
ulirafiltered on a Miniplate Millipore membrane 10,000 D cut oft unill
disappearance of the salls. Thus a K5 having a purity of at least 99% is
obtained from whose 'H-RMN spectum no fraces of lipophilic
impurities result in the region under 1.5 ppm.
PREPARATION i

Preparation of a K5-N- sulfate
(i) N-Deacetylation .
Ten grams of pure K5 polysaccharide prepared as described in
PREPARATION Il are dissolved in 1000 ml of 2N sodivm hydroxide and
the solution thus prepared is left at 40 °C for 24 hours. The solution is
brought to room temperature then to neufral pH [pH7} with &N
hydrochloric acid.
(i) N-suifation
To the solution conlaining the deacetylated KS, kept at 40 °C, are
added 14 g of sodium carbonate and afterwards and in 4 hours, 16 g
of pyridine SOx-. At the end of the reaction, affer 24 hours, the solution
is brought to room femperaiure, then to pH 6.5-7 with a 5% solution of
hydrochloric acid. The product Is purified from salts by diafiltration
using a 1,000 D helically wound membrane {prepscale carlridge-
Miliipore). The process Is terminated when the conductivily of the
permeate is less than 1000 uS, preferably less thaon 100 uS. The
infradialysis Is reduced unil a 10% concentralion of the
polysaccharide is oblained using the same in concentration dialysis
system. The concenirated solution is dried by lyophilzation. Upon 13C-
RMN spectrum analysis N-acetyl or NH2 residues do not appear.
PREPARATION IV
IMW-K5-N-sulfate
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The product obtained as described in Example 1, steps (i) and (i), of
WO 02/068477 is depolymerized by the degrodation method with
nitrous acid and subsequent reduction of the aldehyde which forms.
One continues by dissolving 1 g of K&-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 solufion is then brought to 4°C and the pH to 2 with
0.7 N HCI 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 solufion is then added with 450 mg. of NaBH4 and
left to react for 4 hours. The excess NaBH4 is eliminoted with HCI
bringing the pH to 5-4. The product, neutralized 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. 200 mg.of
LMW-K5-N-sulfate ara obldined with a mean molecular weight of
approximately 2,000, consisting of a chain mixiure in which the
preponderant species is a compound of formula 1I'b in which m is 4
and the uronic units are those of glucuronic acid.
" EXAMPLE 1

IMW-epiK5-N-sulfate. Sequence (i} —{ii)

(i) Epimerization to epiK5-N-suifate

Ten groms of K5-N-sulfate obtained as described in Example 1, steps
(i) and (i), of WO 02/068477, from whose H-RMN spectrum, signals
conceming acetyl groups or NH2 do not appear, are dissolved in 600
ml of 25 mM HEPES buffer at pH 7, containing CaChk at a
concentiration of 50 mM and the solution thus obtained is made to
recirculate through a 50 ml column filed with Sepharose 4B resin
conlaining 5§ g of recombinant C5-epimerase (WO 96/14425)
immobilized as described in Example 1 of WO 01/72848, The reaction is
caried out at 30°C at pH 7 with a flow of 200 mi/h for 24 hours. The
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product obtained is purified by ulirafitiralion and precipitation with
ethanol. Thus an epiK5-N-sulfate 1s obtained whose iduronic acld
content is 54%.

(i) Depolymerization of epikK5-N-sulfate.
To a solution of 1 g of the product thus obtfained, in 25 ml of distilled
water, are added 230 mg of sodium nifrite dissolved in 115 ml of
distiled water. The solution is then brought o 4°C and the pH to 2 with
0.1 N HC! ond maintained for 30 minutes. At the end of the reaction
the solufion 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 left to
react for 4 hours. The product is recovered by precipltation 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-epiK5-N-sulfate are obtained
with an iduronic acid content of 54% and a molecular weight
diskibution from 1,000 {o 4,000, measured with HPLC method.

EXAMPLE 2

LMW-epiK5-N-sulfate. Sequence (i} )

(il Depolymerization of K5-N-sulfate

2 g of K5-N-sulfate, obtained as described in Example 1, steps (i) and
(ii), of WO 02/068477, is depolymerized as described in PREPARATION |,
using 100 mg of sodium nitrite and 300 mg of sodium borohydride. 1.8
g of LMW-K5-N-sulfate are obtained with a mean molecular weight of
5,000.

(il  Epimerization of IMW-K5-N-sulfate

1 g of LIMW-KS N-sulfate obtained in step (il) herein above Is freated as
desciibed In step (i} of the Example 1. An epimerized product is
obtained with an iduronic acid/glucuronic acid ratio of 44/56 against
a ratio of 0/100 of the starting product, with a molecular weight
distribution from 2,000 to 10,000 and with a mean m | cular weight |
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5,000 D. The yield, caiculated by measuring the content of uronic
acids against a standard with the carbazole method {Bitter and Muir,
Anal. Biochem. 1971, 39, 88-92) is 90%.

EXAMPLE 3

LMW-epiK5-N-sulfate, Sequence (i —{ii)

fil  Epimerization of K5-N-sulfate

A 2g amount of K5 N-sulfate, obtained as described in Example 1.
steps (i) and (i), of WO 02/068477, is dissolved in 120 mi of 25 mM
HEPES buffer, pH 7. containing 50 mM CaCla. The solufion abtained is
made to recirculate through a 50 ml column filled with the resin
containing the immobilized enzyme obtained as described in WO
94/14425. This operation is canied out at 30°C with a flow of 200 mi/h
for 24 hours. The product obtained is purified through ultrafiltrafion.on
a 1000 D membrane and passing over an IR 120 H* ionic exchange
column, neufrglizing the eluate with IN NaOH. The sample is
recovered by precipitation with ethanol or acetone. An epimerized
product is oblained with an iduronic acid/glucuronic acid ratio f
55/45 against a rafio of 0/100 of the starting product. The percentage
of epimerzafion was calculated with 'H-RMN according to th
method described in WO 96/14425. The vyield, calculated by
measuring the content of uronic acids against a standard with the
carbazole method (Bitter and Muir Anal. Biochem. 39, B8-92-1971) is
90%.

(i)  Depolymerization of epi-K5-N-sulfate

One gram of product obtained in step (o) is depolymerized by the
degradation method with nitrous acid and subsequent reduction of
the aldehyde which forms. In particular one confinues by dissolving
the product in 25 mi of distiled water and adding it with 230 mg of
sodium nitite dissolved in 115 ml of disfilled water. The solution is th n
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brought to 4°C and the pH 1o 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 NaBH4 and left to react for 4 hours. The product
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-epiK§-N-sulfate are obtalned with a molecular weight
dishibution measured with HPLC method which ranges from 1,000 to
4,000 and with a glucuronic unit content of 45% and an iduronic unit
content of 55%.

EXAMPLE 4

EpiK5-N,O-oversulfate

{a) Tetrabutylammonium sait of epiK5-N-sulfate

A solution in 40 ml of water of 400 mg of epiK5-N-sulfate, as obtained
at the end of step {i) of the Example 1, is thermostated at 4°C, then
passed over IR 120* ionic exchange resin precondifioned with water at
4°C. The eluate obtained, consisting of 100 ml of a solution af pH 1.94,

" is neulralized with a 15% solufion of tefrabutylammonium hydroxide

and ieft at room temperature for one hour, maintaining the pH at 7 by
addifion of 15% tetrabutylammonium hydroxide aond finally is
lyophilized. Thus 805 mg of tetrabutylammonlum salt of eplK5-N-sulfate
are obtained.

(b) Epl-K5-cmine-O-oversulfate

A solution containing 805 mg of the salt thus oblained in 30 mi of
dimethylformomide is set at 55°C and trealed with 30 ml of
dimethylformamide coniaining 226 g of pyridine.SOa adduct. The
reaction at 55°C is confinued ovemight then 40 mi of water are added
o the mixture. After neulralization with 1IN NaOH, the product s
precipitated with 3 volumes fac t ne saturated with NaCl and set
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at 4°C ovemight. The precipitaie is r cov red by filiration on guch G4
and then ulirafiliered with 1000 D TFF Millipore system and dried at
reduced pressure. 550 mg of epiKS-amine-O-oversulfated are
obtained having a content of iduronic acid of 54%. of glucosamine-6~
O-sulfate of 100%, of glucosamine 3-O-sulfate of 40%, of monosulfate
glucuronic acid of 10%, of monosulfate iduronic acld 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.

{c) EpiKS-amine-O-oversulfated-N-sulfate

To a solufion of 250 mg of the epi-K5-amine-O-oversulfated obtained
in step {b] in 15 mt of water are added 400 mg of sodium carbonate,
then to the mixture thus obtained are added 400 mg of pyridine.SO3
adduct in solid form a little at a time in 4 hours. The reaction mixture is
kept at 55°C ovemight, then is stopped bringing the pH to 7 with 0.IN
HCI. After ulirafiliration on a 1000 D membrane are added 3 volumes
of acetone saturated with sodiurn chloride and the precipitate is
recovered by centrifugafion at 5000 rom for 5'. Thus 244 mg of epik5-
N.O-oversulfate are obtained whose sulfation degree, measured with
conductomeiric method according to Casu et al. 1975, is 4.25. By th
analysis of the 'H-RMN speclum it resulls that the epikK5-N,O-
oversulfate thus obtained has an iduronic acid content of 54%, 6-O-
sulfate of 100%, N-sulfate of 100%, glucosamine 3-O-sulfate of 40%,
monosulfate glucuronic acid of 10%, monosulfate iduronic acid of
15%. the rest of the uronic units being disulfated. From the H-RMN
spectrum is therefore calculated a sulfafion degree of 4.35 which,
considering the margins of emor of the methods, comesponds to the
sulfation degree of epiK5-amine-O-oversulfated obtained upon
termination of step (b), 100% N-suifated. It is therefore assumed that,
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beyond a certain percentage of sulfate groups, the strong anionic
nature of the product can lead to an underestimation of the degree
of sulfation determined with the conductometric method.
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CLAIMS

1. Process for the preparation of an epiK5-N,O-oversulfate-derivative,
characterized in that

[a) an epiK5-N-sulfate-derivative having a mean molecular weight of
between approximately 1,500 and approximately 25,000, in acidic
form, is treated with tertiary or quatemary organic base, letling the
reoction mixture to stand for a time period of 30-60 minutes at a pH of
approximately 7 and its salt is isolated with said organic base;

(b) said salt of organic base of said epiK5-N-sulfate-derivative is
frealed with an O-sulfalion reagent in the conditions of O-
oversulfation;

(c) a salt of tertiary or quatemary organic base of epiKs-amine-O-
oversulfate-derivative thus obtained is freated with a reagent of N-
sulfation and the epiK5-N,O-oversulfate-derivative thus obtained is
isolated.

2. Process according to claim 1, characterized in that said epiK5-N.O-
oversulfate-derivafive is isolated in sodium salt form and optionaily
transformed into another chemically or pharmaceutically acceptable
sait.

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

4. Process according to anyone of claims from 1 fo 3, characterized in
that, in step . [b) the O-oversulfation is camied out In
dimethylformamide using 2-4 moles of O-sulfation reagent per
available OH per disaccharide at a temperature of 40-60°C for 15-20
hours.

5. Process according to anyone of claims from 1 to 4, characterized in
that an epik5-N-sulfate-derivative is used as starting material having a
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mean molecular weight from approxdmately 1,000 to approximately
25,000.

é. Process accoerding to claim 5, characterized in that said starting
epik5-N-sulfate-derivative is 40-60% C5-epimerized.

7. Process according to anyone of claims from 1 to 4, characterized in
that said starling epik5-N-sulfate-derivative has a mean molecular
weight from approxdmately 1,500 o approximaiely 25,000.

8. Process according to claim 7, characterized in that said starting
epik5-N-sulfate-derlvative has a mean molecular weight between
10,000 and 25,000.

9. Process according to anyone of claims from 1 to 4, characterized in
that said starfing material has a mean molecular weight from
opproximatety 1,000 to approximately 12,000,

10. Process according to claim 9, characterized in that said starling
moteral has a mean molecular welght from approximatety 1,500 to
approximately 8,000.

11. Process according to claim 5, characterized in that an epiK5-N-
sulfate-derivative is used as starting material consisting of a chain
mixture in which at least 0% of sald chains have the formulall

[ cHoH -
;*Dé\yg?/ N
| NS on),

in which the uronic units are 20-60% consisting of iduronic acid, nis a
integer from 2 fo 100 and the comesponding cation is chemically or
pharmaceutically acceptable.

12. Process according o claim 11, characterized in that sald starting
material consists of a chain mixture in which at least 0%  f said chains
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have the formula 1, in which the uronic units are 40-60% consisting of
iduronic acid.

13. Process according to anyone of claims 11 and 12, characterized in
that, in the formula |, n represents a integer from 3 fo 100.

14. Process according to claim 5, characterized in that said starling
material consists of a chain mixture in which at least 0% of said chains
have the formula {'

N

in which the uronic units are 20-60% consisting of iduronic acid, q is a '
integer frofn 2 to 20 and the comesponding cafion is chemically or
phamaceutically accepiable.

15. Process according to claim 14, characterized in that said starting
material consists of a chain mixture in which at least 0% of said chains
have the formula l', in which nis a integer from 3 to 15.

16. Process according to claim §, characterzed in that said starting
material consists of a chain mixture in which the preponderant species
has the formula I'a

(Fe)

in which the uronic units are 60-40% consisting of glucuronic acid and
.40% to 60% of iduronic acid, p is a integer from 4 to 8 and the

comesponding cation is chemically or pharmaceutically acceptable.

17. Process according o claim 14, characterized in that the meon

49



WO 03/106504 PCT/IB03/02338

molecular weight of said starting material is from approximatety 2000
to approximately 4000.

18. Process according to anyone of claims 16 and 17, characterized in
that said starling material consists of a chain mixiure in which the
preponderant species has the formula I'b

- AoH . won
Q| H ’Q\ H (tv)
HO NHSO; X

in which X is hydroxymethyl, m is 4, § or 6 and the glucuronic and
iduronic units are present allemately, starfing with a glucuronic or
{duronic unit.

19. Process according to anyone of claims from 5 to 18, characterized
in that sald starting material comes from an N-deacetylation and from
an N-sulfation of a K5 that is basically free of lipophilic substances.

20. An epiK5-N,O-oversuliate-derivative obtainable according to the
process of claims from 1 fo 19.

21. An epiK5-N,O-ovensuvifate-derivafive having an iduronic acid
content of 20-60%. a mean molecular weight from approximately
2,000 to approximately 45,000 and a sulfation degree of at least 4, or
one of its chemically or pharmaceutically acceptable salts, said
derivative being basically Inactive on the coagulation parameters.

22. An epiK5-N,O-oversulfate-derivative according to claim 21, whose
mean molecular weight Is belween approximately 15,000 and
approxdmately 45,000.

23. An eplk5-N,O-oversulfate-derivative according to claim 21, whose
mean molecuiar weight Is beiween approxmately 4,500 and
approximately 8,500.

24. An eplK5-N,O-oversuliate-derivative according to anyone of
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claims from 21 to 23, characterized in that said degree of sulfation is
from 4 to 4.6.

25. An epiK5-N,O-oversuifate-derivative according to anyone of
claims from 21 fo 24, characterized in that it is 100% 6-O-sulfated and
50-80% 3-O-sulfated in its glivcosamine units, 5-10% O-monosulfated in
glucuronic units, 10-15% 3-O-monosulfated in iduronic units and 2.3-di-
O-sulfated in the remaining uronic units.

26. An epiK5-N,O-oversulfate-derivalive according to anyone of
claims from 21 to 25, characterized in that it consists of a chain mixture
in which at least 0% of said chains have the formula li

H,080, -
0

~ AR N )

L NH-Z OR"

in which the uronic units are 20-60% consisting of iduronic acid, R, R,
R" represent hydrogen or SOs. R being SOz in at least 40% of said
chain mixture, Z is an $Os group, n is Q@ integer from 2 to 100, the
degree of sulfation is at least 4 and the comesponding cation is
chemically or pharmaceutically accepiable.

27. An epiK5-N,O-oversulfate-derivative according to claim 24,
characterized in that it consists of a chain mixture in which at least 0%
of said chains have the formula lil, in which the uronic units are 40-60%
iduronic acid.

28. An epiK5-N,O-oversulfate-derivative according to anyone of
claims 26 and 27, characterized in that it consists of a chain mixture in
which at least 0% of said chains have the formula lll, in which n is a
integer from 3 to 100. _

29. An epiK5-N,O-oversulfate-derivative according to anyone of
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claims from 26 to 28, characterlzed in that it s a LMW-epiK5-N,O-
oversulfate consisting of a chain mixture in which at least 90% of said
chains have the formula I*

0S0,” coo"
N an

NH-Z

| |

in which the uronic units are 20-60% consisting of iduronic acid, g is a
integer from 2 to 20, R, R’ and R" represent hydrogen or an SOr group,
2 is SO7, for a sulfation degree of at least 4, from 4 to 4.4, and the
corresponding cation is one chemically or pharmmaceutically
acceptable ion.

30. A IMW-epik5-N,O-oversulfate according 1o claim 29,
characterized in that It consists of a chain mixture in which at least $0%
of said chains have the formula lil’ In which q is a integer from 3 to 15.
31. A LMW-eplK5-N,C-ovemnsulfate according to claim 30,
characterized in that It consists of a chain mixture In which at least 0%
of said chains have the formula lll' in which the uronic units are 40-60%
consisting of iduronic acid.

32. A LMW-epiK5-N,O-oversulfate according to claim 31 characterized
in that its iduronic acid content is 50-55%. -

33. A LMW-apiKS-N.O—ovarsuﬁ‘ute according to anyone of claims from
29 {0 32, characterized in that it consists of a chain mbdure In which at
| ast 90% of said chains have the formula llI' in which R Is at least 40%
SOy, R' and R" are both SOy or one is hydrogen and the otheris 5-10%
SOx in glucuronic acid and 10-15% $Ox in iduronic acid.

34, A LMW-epiK5-N,O-oversulfate according to claim 33 characterized
in that It has a mean molecular weight from approximately 2,000 t
approximately 16,000,
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35. A LMW-epiK5-N,O-oversulfate according to claim 34 characterized
in that it has a molecular weight from approximately 4,500 to
opproximately 2,000.

346. A LMW-epiK5-N,O-oversulfate according to anyone of claims from
33 to 35, characterized in that it consists of a chain midure in which at
least 90% of said chains have the formula lII’ in which R is 50-80% SOx-.
37. A LMW-epiK5-N,O-oversulfate according to anyone of claims from
32 to 36, characterized in that it consists of a chain mixture in which
the preponderant species has the formula lil'a

i H,080," 0" ]
0]
~ R R ™\ (i'a)
NH-Z
OR" 2R

in which the uronic units are 20-60% consisting of iduronic acid, p is a
infeger from 4 to 8, 1 is SO3 . R, R' and R" are hydrogen or SOy, for a
degree of sulfation from 4 to 4.6 and the comesponding cation is
. chemically or phamnaceutically acceptable.

38. A LMW-epiK5-N,O-oversulfate according to anyone of claims from
33 to 37, characterized in that it consists of a chain mixture in which
the preponderant species has the formula lII'b

(&)

in which R, R' and R" are hydrogen or SOz, Z is SOg, X" is OH or OSOx,
m s 4, 5 or 6, for a degree of sulfation from 4 to 4.4, the glucuronic and
iduronic units are present altemately, starling with a glucuronic or

iduronic unit, and the comesponding cation is one chemically or
pharmaceutically acceptable ion.
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39. An epiKS-N.O-oversulfate-derivative according to anyone of
cloims from 20 fo 38, choracterized in that soid chemically or
pharmaceutically acceptable salt or cation Is the salt or cation of an
akaline metal, dalkaline-earth  metal, .ommonlum. (C-
Cajtetraalkylammonium, aluminum and zinc.

40. An apiK5-N,O-oversulfate-derivative occording 1o claim 39,
characterized in that said chemically or phamaceutically acceptable
salt or cafion is the salt or cafion of sodium, calcium or
ietrabulylammoﬁium. ) )

41. An epiK5-amine-O-oversulfate-derivative, one of Its chemically or
phamaceutically acceptable salts, obtainable according to steps (a}
and (b} of the claim 1, isolated in sodium salt form and, optionally,
fransformed into another chemically or pharmaceutically acceptable
salt.

42. An epiK5-amine-O-oversulfaie-derivalive whose iduronic acid
content is 20-60% of the total of the uronic acids, having a mean
molecular weight from approximately 2,000 to approximately 40,000
and a sulfation degree of at least 3.4, or one of its chemically or
pharmaceutically acceptable salis.

43. An epiK5-amine-O-oversulfate-derivative according to claim 42,
characterzed in that said eplKS5-amine-O-oversulfate-derivative
consists of a chain mixture in which at least 90% of said chains have
the formula il

mn

in which the uronic units are 20-60% consisting of iduronic acid, nis a
infeger from 2 to 100, R, R’ and R" are hydrogen or SOy, the d gree of
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sulfation is at least 3.4 and the comresponding cation is chemically or
pharmaceufically accepiable.

44, An epiK5-amine-O-ovensulfated-derivative according to claim 43,
characterized in that, in the formula I, n represents a integer from 3 to
100.

45. An epiK5-amine-O- oversulfated-derivative according o anyon
of claims from 42 to 44, characterized in that it consists ofa chain
mixture in which at least 90% of said chains have the formula Il in
which the uronic units are 40-60% consisting of iduronic acid, with a
mean molecular weight from approximately 2,000 io approximately
40,000, R is at least 40%, SOz, R' and 'R" are both SOz or one is
hydrogen and the other is 510% SOy in monosulfate glucuronic acid
and 10-15% SOs- in monosulfate iduronic acid.

46. An epiK5-amine-O-oversulfate-derivative according to anyone of
claims from 42 to 45, charocterized In that it is 0 LMW-epik5-amine-O-
oversuliate consisling ofa chain mixture in which at least 0% of said
chains have the formmula Il in which the uronic units are 40-40%
consisting of iduronic acid, R is at least 40%. SOs, R' and R" are both
SO5 or one is hydrogen and the other is 510% SOx in glucuronic acid
and 10-15% SO in iduronic acid, n is a infeger from 3 to 15, with a
mean molecuiar weight from approximately 4,000 to approximately
8,000 and the coiresponding cation is chemically or pharmaceuticolly
acceptable.

47. An epiK5-amine-O-oversulfate-derivative according to anyone of
claims from 42 fo 46, characterized in that it is o LMWepiK5-amine-O-
oversulfate consisting of a chain mixture in which the preponderant
species has the formula lI'a
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-~ ™ (ire)

NH, OR"

b -ip

in which the uronic units are 20-60% consisting of iduronic acid, p is a
integer from 4 fo 8, R, R' and R" are hydrogen or SOy, the degree of
sulfafion is ot least 3.4.

48. A LMW epikKs-amine-O-oversulfate according to claim 47
characterized in that it consists of a chain mixture in which the
preponderant spacies is a compound of formula lI'b

- [~ - -
. 1080, H,080,”
] )] j& (I*b)
CH,080,"

NH, OoR' ]

in which the uronic units are 40-60% consisting of iduronic acid, m is 4,
5§ or & R, R' and R" are hydrogen or SOy, X" is OH or OSOs, for a
" sulfation degree of ol least 3.4, the iduronic units being present
atlemately, starting with a glucuronic or iduronic unit. -
49. A LMW-epiK5-N-sulfate virtually free of NH2 and N-acetyl groups.
having an iduronic acid content from 20 to 60% and a mean
molecular welght from approximately 1,500 to approximately 12,000,
or one of its chemically or phamaceutically acceptabile salls.
50. A LMW-epik5-N-suifate according to claim 49, characterized in
that the iduronic acid content Is from 40 to 60% and the mean
molecular weight is from approximately 1,500 to approximatety 10,000.
51. A LMW-gpiK5-N-sulfate according to claim 49, characterized in
that the iduronlc acid content is 50-55% and the mean molecular
weight Is from approximately 1,500 to approximately 7,500.
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52. A LMW-epiK5-N-sulfate according to anyone of claims from 49 {o
51, obicined by o process characterized in that a K5-N-sulfate is
subjected, in any one order,

(i) o C5-epimerization with a D-glucuronyl C5-epimerase isolated,
purified and in solution or immobiliized on a solid support, at a pH of
approximately 7, at a temperature of approximately 30°C and for a
time period of 12-24 hours in the presence of at least one bivalent ion
selected among calcium, magnesium, barium and manganese; and
(ii) fo nitrous depolymerization opfionally foliowed by reduction.

53. A LMW-epik5-N-suifate according to claim 52, characlerized in
that, in step (i), the depolymerization is followed by reduction with
sodium borohydride.

54. A LMW-epiK5-N-sulfate according to claim 53, characterized in
that it consists of a chaln mixture in which at least 90% of said chains
have the formula I

"

in which the uronic units are 20-60% consisfing of iduronic acid, q is a
infeger from 2 to 20 and the comesponding cation i chemically or
phamaceutically acceptable.

55. A IMW-epiK5-N=sulfate according fo claim 54, characterized in
that it consists of a chain mixture in which at least 90% of said chains
have the foormula f', in which the uronic units are 40-60% iduronic acid.
54. A IMW-epiK&-N-sulfate according to anyone of claims 54 and 55,
characterized in that it consists of a chain mixture in which at least 90%
of said chains have the formula I, in which nis ainteger from 3 to 15.
57. A LMW-epiK5-N-sulfate according to anyone of claims 54 and 55,
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characterized in that it consists of a chain mixture in which the
preponderant spacies has the formula I'a

HOH -
! (T'e)

i NH8O, OH |

in which the uronic units are 60-40% consisting of glucuronic acid and
40% to 40% iduronic acid, p is a integer from 4 to 8 and the
corresponding catfion Is chemically or pharmaceutically occeptable.
58. A IMW-eplK5-N-sulfate according to anyone of claims from 55 to
§7, characterized in that it consists of a chain mixture in which the
preponderant species has the formula I'b

U ()

In which X is hydroxymethyl, m is 4, 5 or 4, the comresponding cation Is
one chemically or pharmaceufically acceptable ion and the
glucuronic and iduronic units are present altemately, starling with a
glucuronic or iduronic unit.

59. A tMW-epiK5-N-sulfate according to anyone of claims from 49 fo
58, characterized in that sald salt or cation is selected among those of
alkaline metals, dlkaline-earth metals, ammonium, [Ci-
Ca)tetraalkylammonium, aluminum and znc.

40. A LMW-epiK5-N-sulfate according to claim 59, characterized in
that said salt or cation Is selected among those of sodium, calcium
and tetrabutylammonium.

61. Process for the preparation of a LMW-epiK5-N-sulfate,
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charocterized in that a K5-N-sulfate is subject d, in any one order,

(i) to C5-epimerization with a D-glucuronyl C5-epimerase isolated,
purified and in solution or immobilized on a solid support, at a pH of
opproximately 7, at a temperaiure 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, barivm and manganese; and
(i) to nitrous depolymerizafion opfionally followed by reduction.

62. Process according to claim é1, characterized in that it is camied
out in the order (i)-{ii).

63. Process according to claim 61, characterized in that it is camied
out in the order (ii)-{i}.

44. Process according to claim 63, choracterized in that the product
obtained upon terminafion of the depolymerization is o LMW-K5-N-
sulfate which is directly subjected to C5-epimerization.

45. Process according to claim 64, characterized in thaot said LMW-K5-
N-sulfate has a mean molecular weight of more than 4,000.

66. A pharmaceutical compaosition including, as one of its activ
ingredients, a pharmacologically active amount of an epik5-N,O-
oversulfate-derivative according to anyone of claims from 20 to 40 in
mixiure with a pharmaceutical excipient.

67. A cosmetic composition including an effective amount of an
epiK5-N,O-oversulfate-derivative according to anyone of claims from
20 1o 40, in mixture with a cosmetic excipient.

68. Use of the isolated and purified C5-epimerase for the conversion of
a K5-N-sulfate-derivative into a comesponding epik5-N-sulfate-
derivative characterized by a repefitive teirasaccharide unit
consisting of two gliucosamine units separated by a glucuronic unit
and followed by an iduronic unit or separated by an iduronic unit and
followed by a glucuronic unit.
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69. Use according to claim 68, characterized in that soid KS-N-sulfate-
derivative has a mean molecular weight of more than 4,000.

70. Use according to claim 69, characlerized in that said mean
molecular weight Is from 6,000 to 7,500.
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

PCT

To:

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

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL SEARCH REPORT

X

- OR THE DECLARATION

Via Larga, 16 .

%gkﬁ ilano {PCT Rule 44.1)
Data of mafiing
(capmonthyasr)  05/11/2003

Applicant's or agent's flle referance

03420E45 FOR FURTHER ACTION Bae paragraphs 1 and 4 beiow

Intemational application No. Intsmational flling dais

PCT/IB 03/ 02338 (ceymmanthiyser)  17/06/2003

Appiicant

ORESTE, Pasqua Anna

Where? Directiytothe Imemational Bureau of WIPQ

84, chernin des Colombetiss
1211 Geneva 20, Switzariand

E.D

Articls 17(2)({a) to that effect is tanamitiad herewith.

O

4. Furthar sction(a):

The appilcant ls remindsad of the following:

1. m The appiicant ls hareby notified that the Intemational Gearch Report has been established and |s transmitted harewith.

Filing of amandments and statement under Articie 18:
The appicant is entitled, If he 0 wishes, to amend the claims of the International Application (sse Rule 48):

When? The time limit for fiing such emendmants [a normally 2 months from the date of tranemitial of the
Intamational Ssarch Rsport; however, for more datalle, see the notes on the accompanying sheet.

Fascmile No.: (#1-22) 740.14.36
For more detaliad Instructions, sse tha notes on the accompanying sheet

The applcant s hereby notified that no Intemnational Search Raport wii be establlshed and that the declaration under

3. [[] with regerd to the protest againet payment of {an} edditonal fee(s) under Rule 40.2, the applicant Is notified that:

the protest iogether with the decision therebn has bean transmitted to the intemational Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

D no decialon has been made yst on the protest; the applicant will be natified as soon as a decislon is made.

Shorily aftar 18 months from the priority dats, the Imtemational application witl be published by the Intemational Bureau.
®  If the appicant wishes o avoid or posipons publication, a nofice of withdrawal of the Intamational application, or of the

priority claim, must reach the intemational Bureau ae provided In Rules 80bis.1 and BOL/&.3, respectively, before the
compilation of the technical preparations for Intemational publication.

Within 18 monthas from the priority date, a demand for Intemational prefiminary examination must be filed If the epplicant
wishes to postpone the entry Into the national phasa unill 30 monthe from the priorily date {In some Officas aven lawr).

Within 20 monthe from the priority dats, the applicant must parform the preacribed acts for an

iry into the national

bafore all designated Offices which have not been elacted in the demand or In a later election within 19 monthe from the
prority date or could not be elected becauss they are not bound by Chapter |1.

Name and meiing addrese of the Intamational Eearching Authority
= =% European Patent Office, P.B, 5313 Pmentiaan 2
NL-2280 HV Rjawilk
. Tel. (+31~70) 3402040, Tx. 31 661 aponl,
Fax: {+31-70) 3403016

Authorized officer

Alicja Van der Heijden

Form PCT/ISA/220 (July 1088)



NOTES TOF RM PCT/ISA/220 _ rR)

Thesa Notes are interncied to give the basio instruations conoeming the fifing of amendments under artiols 18, The
Notes are baned on tha requirements of the Paient Cooparation Treaty, the Ragulsiions snd the Adminatrative Instructions
urdler that Trasty. In case of dsorepancy betwesn thess Notes and thoss requiremants, the Iatter zre applicabie. For more
detailed informalion, ses also the PCT Applicant’s Guids, a pubfication of WIPO.

in thesa Notes, "Asticls”, "Rule®, and “Saciion™ raiwr to the provisions of the PCT, the PCT Regulations and the PCT
Adminisirative instrusiions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

‘The applicant has, after having recaived the intlemaiional ssarch repart, one opportunity to amend the olaims of the
imemational application, i sheuid however be emphasized thal, sinoe all pars of the ifemational appiication (olaims,
desoription and drawings) may be smendsd duting the intemational preliminary sxemination prosedurs, there & wsually
no nesd to e amendments of the claims under Article 19 except where, 9.g. the applioant wants the intter io be publshed
for tha purposss of provisional proteation or has another reason for amending the olsims befors intemational pbuliostion.
Furthermors, k should be emphasized that provisional protection is svallable in some Btales only.

Wint paris of the intsmational application may be snranded?

Undar Artiole 18, only the claims may be amendad.

During the intemational phasa, the clsims may slsc be smended (or further smended) under Article 34 before
the intemational Preiiminary Examining Authorly. The desoription and drewings may only be amendad under -
Artiols 34 balors the intemational Examining Authority.

Upon entry into the national phass, wll paris of the intemational appilcation may be amancsd under Asticls 28
or, whers applioabie, Aiticie 49,

When? Within 2 months from the daie of transmitial of the intemational seerch repost or 16 monihs from the priorkty
date, whichever lime kmit axpires lxter. k should be noted, however, that tha amendmenis will be considered
® having bean recaived on tina if they ere recsived by the Intemational Bureau after the axpiration of the
mlhm;imhlumnhmahhﬂwmp.ﬁmhhmdwpuuhﬂm

Whare nat to fils the aswendments ?

The amendments may only be flad with the International Bureau and not with the reoeiving Otfiae or the
inlemutional Sesrching Authority (Rule 48.2).

Where a demand for mismalional preiiminary sxamination has been As fied, ses below.

How? ElRhar by aancelfing ons or more entire alsims, by adding one or mors new clsims or by smending the text of
ona or more of the olaims e fled,

A replasement shest must be submitted for sagh shast of the alaivs which, on sscowt of an amandment or
amsndments, differs from tha shest originally Sed.

All the olalrs sppwaring on & replassment sheet must be numbsmd in Arablo numerals. Whers & olaim s
canasiied, no renumbaring of the other claims is required. in =il saass where ciaims sre renumbered, they muat
be renumbered consscutively (Administrative Instructions, Beation 205(b)).

The amendmaents must be made in the lnguage in which the intemationsl application s to be published.

What documents must/mey accempany the smendments?
Latter (Saction 205(b)):
The amendments must ba submittad with & lstter.

The letter wil not be published with the inlsmational application amd the amended dalms. it should not be
confused with the "Stalament undat Artiole 18{1)" (sse beiow, under "Statement uncler Artiole 18(1)").

The leiter must ba in English or Franch, at the cholos of the applioant. However, ¥ the langusge of the

I Englis| H
oy Igﬂnmlhll:l. h, the lstier must be in Englisk; If the languags of the Intamational applcation

Nates to Form PCTASA/220 (firet sheet) (January 1384)

STy <XRABAZXNCENPA_ | >




NOTES TO FORM PCT/SA/220 (continued)

The letier must incioale the differences belween the olsims s filad and the olaims ss amendad. It must, in
particuder, indicats, in connection with each alaim appearing in the intermnational application (it being understood
tha! idantioal Indieations conceming savaral claims may be grouped),whether

() the elaim is unchanged;

(i) the olaim is cancelied;

(i) the olaim is new;

{v) the claim replaces one or more claims as filed;

{v) the olaim s the result of the division of a alaim as fled.

The following exampiea [Rusirste the manner in which eEmendmente must be suplained in the
scoompanying letter:

1. [Where originally thers were 48 clsims and after amendment of soms claims there are 51):
*Claima 1 I 28, 31, 32, 34, 35, 37 to 48 repiaced by awended clakme bemring the same numberns;
olnima 30, 33 and 38 unchanged; new claime 48 fo 51 added.”

2. Where originally there were 15 olaims and after smendmant of all dsims there are 11):
"Claima 1 t© 15 replaced by amended alaims 1 10 11.°

3. [Whem originally thare ware 14 olaims and the amandments comist in oanosliing some olaims and In adding
new olaima}:
“Claims 1 Il‘:ﬁlmluum:l;dlim'rbﬂun-ld;mﬁh-is. 16 and 17 acided." or
"Claims 7 to 13 sanoalled; new clatms 15, 18 and 17 added; afl other clsims unchanged.”

4. [Whem various kinds of amendments are made]:
*Claims 1-10 unchanged, olaims 11 o 13, 18 and 19 cancelied; olaims 14, 15 and 18 repiaced by amended
olsim 14; olaim 17 subdivided into smendad alsima 15, 16 and 17; new olaims 20 and 21 added.*

“Statement under wriicls 18(1)" (Ruls 48.4)

The amendmanis may be scoompanied by a ststement sxplaining the amendments and indicating any impact

that such amendmants might have on ths deseription and the drawings (which sannct be amended under
Artiole 18(1)).

The stdlement will be publishad with the inismationsl apploation and the amended alaims.
& must be in the lenguage In which the intsrnational apppication is to be published.
It must ba briwf, not sxoeacing 500 words if in Engliah or i irarwisted Into English.

it shouid net be confused with and doss nat replace the lelter indioating the diferences betwesn the olaims
us Bled and s amanded. &t must be filed on & separsts shest and must be Ideniified ss push by & headling,
preferably by using the words "Sistamant urder Artiole 19(1)."

It may not contain any deparaging scommerts on the inlematonal search report or the eisvance of oltxtiors
cortainad in that report. Rsference Lo citstiona, relavant to a given olsim, contained In the intemationat semch
report may be made only In connection with an amendment of that claim.

Consaquance i a demand for international preliminary sxaminstion has siready been fled

N, at the time of fiing any smendmants under Artiols 18, a demand for intamational preliminary examination
has siready been submitted, the applicant must prefershiy, sl the same time of filing the amendmenis with the
intemational Bursaw, aiso fils a copy of such amendmants with tha intermnational Prefminary Examining
Authority (ses Rula 62.2(a), first sentenos).

Conssquencs with regard o transistien of the international applicstion for aniry into the nationsd phase
The applicant’s stisntion Is drawn to the fact thal, where upon eniry inio the national phase, a transiation of the
olwime as amended undar Artioks 19 may have lo be fumished to the designatec/siested Offioss, imtwad of, or
in ackfition to, the ranalation of the daims e filed.

For huther datalls on the requiremaents of sash dasighatedisiecied Office, see Volums || of the PCT Apglicant's

2\

Notes o Form PCTASA/220 (sscond shest) (January 1954)
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'PCT Yo

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44)

) af T Saearc
Aoplairs or Sgenta i misrnce FOR FURTHER o e IGA/220) ss wal s, where appicabie, o 5 oo,
03420E45 ACTION ______

Intemeational applcaton No. Intarnational fling daie (dayAnonth/vaar) {Earliast) Priority Datwe (day/monthAsar)
PCT/18 03/02338 17/06/2003 18/06/2002
Appiicant

ORESTE, Pasqua Anna

This imsmaticnal Search Report has bean prepared by this International Ssarching Authority and le transmitied to the applicant
according to Asticie 18. A copy Ie being ranamitiad to the intemational Bureawu,

Thia intemetonal Search Report consisaofatotelof ___ 05 sheets.
[X] 16 eiso accompanied by & copy of each prior art document citad In thie report.

1. Basls of the report
%, With regard to the language, the Intsmational search was carried out on the baais of the Inemational application In the
language In which it was fllad, uniass otherwise indicated under thia lam.
[] the intemational eearch was cared out on the beals of a transiation of the intemational appiication furnished to thie
Authorlty (Rule 23.1{b)).

b. With repard to any nucieotids and/or amino acid ssquahes diaciosed In the International appication, the intemational saareh
was carried out on the base of the sequence lleting :

contained in the Intematonal appiication in written form.

fliled tgather with the International application In computer readable form.
furnished subsaguently to this Authority In writen form.

furnished subsacuently to thia Authority In computer resdbis form.

the smltemant that the subsaquently fumished written segquence Iisting doss not go beyond the daciosure In the
Intemnational application s fiied has bsan fumished.

the statsment that tha Information recordad In computer readable form Is identical io the wititen asquance listing has been
tumished

Certain clalms wers found unsearchabie (See Sox |). -
Unity of Invention s lncking {s¢e Box Ii).

0 EI O0O0docd

4. With regard io the tite,
[X] thetextis approved as submittsd by the epplioant.
[0  the text has been estabiished by this Authority to read a5 follows:

5. With regard to the abatract,
the toxt ls approved as submittad by the applicant.

D the text haa been established, according to Rule 38.2(b), by this Authortty as It appears In Box il. The applicant may,
within ons month from the date of maling of this intemational search report, submit comments to thia Authority,

€. The figure of the drewings to be publishad with the abstract s Figure Na. —
[[] wssupgesied by the appicant [}  Noneof tha figures.
D because the applicant fafled & suggest a figure.
[C] because this figure better characterizes the invention.

Form PCT/SA/210 (first sheet) {July 1898)
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Deia af maliing of the Itemational ssarch report

29 October 2003 05/11/2003
Name and maliing acdress of the ISA Authodized officar
Europsan Puient Offica, P.B. 5818 Paisnliann 2
ToL (31-70) 3400040, Te. 31 851 apa i,
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INTERNATIONAL SEARCH REPORT

intemutional Application No

PCT/IB 03/02338

C.Continustion) DOCUMENTS CONEIDERED TO BE RELEVANT
Caiegary * | Chaiinn of documant, with Indicaiion, whars approprisie, of the relsvani passages Rslovant to clm No.
A NAGGI A ET AL: "TOWARD A BIOTECHNOLOGICAL 1,20,21,
HEPARIN THROUGH COMBINED CHEMICAL AND 41,42,
ENZYMATIC MODIFICATION OF THE ESCHERICHIA 49,61,68
COLI K56 POLYSACCHARIDE"
SEMINARS IN THROMBOSIS AND HEMOSTASIS,
STUTTGART, DE,
vol. 27, no. 5, 2001, pages 437-443,
XP008004483
ISSN: 0094-6176
the whole document
X WO 98 42754 A (TORRI GIANGIACOMO ;CASU 41-48
BENITO (IT); INALCO SPA (IT); NAGGI .
ANNAMA) 1 October 1998 (1998-10-01)
A 1-40
page 4, 1ine 4 ~ 11ne 18
page 9, 1ine 26 -page 11, line 24;
examples 7-17
claims
X CAMPBELL P ET AL: T"BIOSYNTHESIS OF 68-70
HEPARIN/HEPARAN SULFATE PURIFICATION OF
THE D-GLUCURONYL C-5 EPIMERASE FROM BOVINE
LIVER" -
JOURNAL OF BIOLOGICAL CHEMISTRY, AMERICAN
SOCIETY OF BIOLOGICAL CHEMISTS, BALTIMORE,
MD, US,
vol. 269, no. 43,
2B October 1994 (1994-10-28), pages
26953-26958, XP002902546
ISSN: 0021-9258
cited 1n the application
abstract .
P,A WO 02 50125 A (PASQUA ORESTE ;ZOPPETTI 1-70
GIORGIO (IT)) 27 June 2002 (2002-06-27)
the whole document
A WO 92 17507 A (ITALFARMACO SPA ;MAX PLANCK 1-70
INST FUER IMMUNBIOL (DE); TUBBY DAVID)
15 October 1992 (1992-10-15)
cited in the application
claims; examples
A WO 96 14425 A (INALCO SPA ;ZOPPETTI
GIORGIO (IT); PASQUA ORESTE (IT);
CIPOLLETTI) 17 May 1996 (1996-05-17)
cited 1n the application
A US 2002/062019 A1 (ORESTE PASQUA ET AL)
23 May 2002 (2002-05-23)
cited 1n the application

Farm PCTABA/RI0 [oontinuation of ssaonsd sheal} Lisly 1082)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent tamily members

International Application No

PCT/IB 03/02338

Patent document Publication Patent family Publication
cited In saarch report date mamber(s) date
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
WO 9743317 A 20-11-1997 IT MIS60956 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
pK 897393 T3 02-04~-2002
Wo 9743317 Al 20-11-1997
EP 0897393 Al 24-02-1999
ES 2167748 T3 16-05-2002
us 6162797 A 19-12-2000
WO 9842754 A 01-10-19%98 IT MI970678 Al 24-09-1998
AT 220410 T 15-07-2002
AU 7040598 A 20~10-1998
DE 659806468 D1 14-08-2002
DE 69806468 T2 27-02-2003
DK 970130 T3 04-11-2002
WO 9842754 A2 01-10-1998
EP 0970130 A2 12-01-2000
ES 2180161 T3 01-02-2003
JP 2001518133 T 19-10-2001
us 6197943 Bl 06-03-2001
WO 0250125 A 27-06-2002 US 2002062019 Al 23-05-2002
AU 2235802 A 01-07-2002
CA 2432150 Al 27-06~2002
Wo 0250125 A2 27-06-2002
WO 9217507 A 15-10~1992 GB 2254083 A 30-09-1992
- AU 1430892 A 02-11-1992
CA - 2107124 Al 29~09-1992
EP 0577665 Al 12-01-1994
FI 934141 A 22-09-1993
WO 9217507 Al 15-10-1992
GB 2286193 A 09--08-1995
HU 67208 A2 28-02-1995
IE 920982 Al 07-10-1992
IT 1254564 B 25-09-1995
JP 7501684 T 23-02-1995
NG 933440 A 26-10-1993
PT 100316 A 30-07-1993
ZA 9202313 A 02-08-1993
WD 9614425 A 17-05-1996 IT 1271057 B 26-05-1997
AT 195348 T 15~08-2000
AU 3926195 A 31~-05-1996
CA 2204366 Al 17-05-1996
CN 1162339 A ,B 15-10-1997
DE 63518333 D1 14-09-2000

Fuem PCTABAZZ10 fnatend tamlly srnam) {iuly 1062)
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Infarmation on patent famlly members

Intemnational Appliaation No

PCT/IB 03/02338

Patent document Publicetion Patent family Publication

died in search report date meamber(s) date

WO 9614425 A DE 69518333 T2 22-02-2001
DK 789777 13 06-11-2000
WO 9614425 Al 17-05-1996
EP 0789777 Al 20-08-1997
ES 2150589 T3 01-12-2000
JP 10508204 T 18-08-1998
PT 789777 1T 31-01-2001
LS 5958899 A 28-09-1999

US 2002062019 Al 23-05-2002 IT MI20000665 Al 01-10-2001
AU 2235802 A 01-07-2002
CA 2432150 Al 27-06-2002
WO 0250125 A2 27-06-2002
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

Fam FCTABATMD [pstant tamily snnex) Lhuly 1983}
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The demand must be flied directly with the coompesent frsemarional Preliminary Exceiring Authority or, if two or mare Authorities are compezent,
with the ona chasen by the gpplicant, The full name or two-isaer code of that Authority may be indicated by the qpplicant on the line below:
IPEA/

PCT " [ cHAPTER U

DEMAND

under Artitle 31 of the Patent Coopertion Treaty:
The undersigned requesta thet the international applicauon specified below be the subject of
intemational preliminary examination according to the Patent Cooperation Treaty and
hereby elects all eligibie States (except where otherwise indicsted).

For International Prelimi Examining Autherity use only
Identification of [IPEA “.l

Date of receipt of DEMAND

—

BoxNo.1 IDENTIFICATION OF THE INTERNATIONAL APPLICATION | APPlicant's or agent’s filz reference

03420E45
International application No. International filing date (dawmonthiear) | (Barlient) Pricrity date (dawmonth/ear)
PCT/IB03/02338 17 June 2003 (17.06.03) 18 June 2002 (18.06.02)
Title of invention

"K5 polysaccharide-epimerized derivatives having a vary high degree of sulfation”

Box No.II APPLICANT(S)

Name and address: 2 Telephone No.

e et sl i oy o e o D | 0.02-331017T1
ORESTE, Pasqua Anna i.;:akz?&saugs
Via Mac Mahon, 107 Teleprinter No.
1-20155 Milan
ltaly

Applicant's registration No. with the Office

State (that is, country) of nationality: Smte (that is, country) of residence:
talian Rtaly

Neme and address: (Faxsly asms followed by ghven mame; for a kgl snrity, fill officiol dergnacion. The asdresy smu inchads postoi cods and neme of cunery)

ZOPPETTI, Giorgio
Via Mac Mahon, 107
I-20155 Milan

italy

State (that L5, country) of nationality:

: Swute (that tr, counsry) of residance:
ltalian

ftaly
Namne and address; (Family nowe foliownd by given mame; for a legal entity, full qfickd desiprssion. The akirers waae include prase! eods end roma of counary)

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

D Further applicants are indicated on s continuation sheet.

Form PCT/IPEA/4D] {first sheet) (Masch 2001; reprim July 2003)

See Notes 10 the demand form



International spplication No.

Sheat Ne. .2 PCT/IB03/02338
Box No. 11 AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPFONDENCE

The following person is [} agem [} common representaive
and m has been appainted earlier and represents the applicant(s) also for intermnational preliminary examination.
D is hereby appointed and any earlier appointment of (an) ageni{s)common represenmative is hereby revoked.

[] is hereby appoissted, specifically for the procedure before thé Intemational Proliminary Examning Authority, in addition to
the ageni{a)/comman representative appointed easlier.

e e e e 0266464387
SANTORO, Tiz! e e
, Tiziana +39-02-B646330
MARIETTI, GISLON e TRUPIANO Sr.l. Teleprints Nf 2
Via Larga, 16 .
:glm 22 Milan Ageatsregistation No. with the Ofice
y

D Address for correspondence: Mark this check-box whereno s or common representative is/has been appointed and the
spece sbove is wand instead te indicato » special address to which correspondence should be seat,

Box No.IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statemant concerning amendments:*
J. The spplicant wishes the mtemational preliminary examinstion to sart on the basis of:
[¥] the mtzmational spplication as originally filed

the description [ €] s origimally filed
[] s amended under Article 34

the claims [X] s origially fited
[ s emended under Article 19 (ogether with any secompanying sttement)
[] s amendad under Article 34.

tedmwingg || woriginally filed

D n5 amended under Article 34
2. [[]" The applicant wishes any amendment to the claims under Article 19 o be conxidered a8 reversed.

3 D The applicant wishes the start of the international preliminary examination to be postponed until e expiration of 20 mouths
from the priority date unless the International Prelimingry Examining Authority receives & copy of any amendments made
under Article 19 ar s notice from the upplicant that he does not wish 10 make such amendments (Rule §9.1(d)). {Thir check-
box may be marked only where tha time [imis under Article 19 has not yet axptred )

* Where n¢ check-box 1 marked, intemational preliminary examinstion will start on the basis of the international applicstion
83 oviginally filed or, where a copy of nroendments to the claima under Article 19 snd/or smendments of the imernational applicsion
under Article 34 are received by the Internationa] Preliminary Examining Authority befere it has begmm to draw up 8 written opinion
or the internations! preliminery examination report, as 5o amended.

Language for the purpases of lnternational prelimhary examination: English
[] which is the Janguage in which the intemational applicaticn wes fited.
] which is the language of & translation foraished for the purposes of international search.

[X] which is the language of publication of the intemational epplication.
[C] which is the language of the eracslation (1o be) furaished for the purposes of intzmational preliminary examination,

Box No.V ELECTION OF STATES

The spplicant bereby slects all eligible States (that iz, olf Sicies which have besn dexignatad and which are bound by Chapier If of
the PCT)

excluding the following States which the applicant wishes not to elect:

Form PCT/IPRA/40] (second sheet) (March 2001; raprint July 2003) See Notet 1o the demand form



3 Interuational application Na.
Sheet No. 2. PCT/IB03/02338
Box No. VI CHECK LIST
The demand is stcompanied by the following elements, in the language referred 10 in For Intemstional Preliminary
Box No. IV, l:ot the purp::ﬂbzf international p:lll:n‘ws ﬂ.lmilllﬁon:‘ BExemining Authority use only
received not recetved
1. translation of international spplication : shecta (. O
2. smendmenta under Article 34 : sheet | O
3. copy {or}where required, tanslation) of
smendments under Article 19 : sheets O (|
4. copy (or, where required, translation) of
statement under Article 19 thecs O ]
5. lemer : shects O O
6. other (rpecify) sheets | O
The demnand is also accompanied by the item(s) marked balow: .
1.}l foe calculation sheet 5.1 statement explaining lack of signsture
2.[] criginal seperate power of attorney 6.[] sequence listings in computer readable forn
3. original general pawer of sttomay . 7.0 tbles in camputer resdshle form relsted to
4.[] copy of gencaal power of attomney; ? 5
reference mumber, if any: 8.0 other (apecify):

Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to sach signaturs, indicos the narme of tha person signing and the copecity in wiich the parson signs (i sech capocity It nos obvious fram reading the demand).

SANTOIRO, Tiziana
(Agent)

For Internstional Preliminary Bxamining Authority use anly
1. Date of sctual receipt of DEMAND:

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

3. D The date of receipt of the demand is AFTER the expiration of 19 montha D The applicant haa baen

from the priority date and item 4 or 5, below, does not spply. inforroed eccordingly.

" D m:;gs?fruiptdmd:mmdhmmpﬁdofwmﬂuﬁmthepioﬁtydnt:nnﬁndedbyvim:nf‘
5. D alg‘wcggnm@:ﬁ:gmin.l’luﬂmnpimimnfﬂmonﬁuﬁmmewioﬁtydlle.dledellylnuﬁvnl
For Internxtional Buresu upe only

Demand reczived from IPEA on:

Form PCT/IPEAMOD] (last aheet) (Jamuary 2003; reprint July 2003) See Notes to the demand form
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p—For receiving Office use only _——W

Intemational Application No.

REQUEST
Intemational Filing Date
The undersigned requests tll:ut tha present
Jﬂ%ﬂ}?&?&% Treaty. Name of receiving Office and “PCT International Application”

#pliﬂnt'l or

ent's file reference

dasired) (12 ars maxtmum) 03420E45

Box No. 1 TITLE OF INVENTION

K5 polysaccharide-eplmerized derivatives having a very hig sulfation degree

Box No.ll  APPLICANT [X] This persan is also inventor
Name and address: (Family name fbliowed by ghen nane; ,,{':""""""J‘ﬁ"’"’”‘*"i’"",;,?, Telepbone No.

T e el s o o e ey e et s | 4360233101771

. Facaimiie No.

ORESTE. Pasqua. Anna +30-02-34534495

Via Mac Mahon, 43 Teleprinter No,

20155 Milano

ltaly Applicant's registration No. with the Office
State (thot ls, cosntry) of natismality: Smte (that is, comontry) of residence:

IT IT
Dirpmamen [ pa= iERivEn oahy [Jhipaass

Box No.II FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

 lngeal sy, full official darignasion.

Name and addren: (F-nlbmﬁlbndb nand; * | Thia pemon i.:

e e N e L Rl

ZOPPETTI, Giorgio ieant and §

Via Mac Mahon, 43 Spp TR WG ST

20155 MILANO [0 i et ke
Italy Applicant's registration No, with the Office

Swte fthar Ir, cowsury) of nationality:

Smte {that is, cownry) of residence:

This person is applicant
for the purposes of:

(X o = it e e [

the Unimd Statey

the Stateg indicate
af America only et

the Suppleamental Bax

[[] Further applicants sndor (further) inventory are indicated on & cootinuation sheet.

Box No.IV  AGENT OR COMMON REFRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

ST the appiicanit) befors e componat Tntmatomel Auderia a2 [X) wpen [ Somumma, s ive
Name and address: (Family nene followed by giver nams; for v lagal antity, fid! afficlal derignarion. | Telephone No.

SANTORO, Tiziana Facsimile No,

MARIETTI, GISLON e TRUPIANO S.r.l. +38-02-86463303

Via Larga, 16 Teleprinter N

1-20122 Milan °

italy Agent'sregistration No. with the Office

D Address {or correspondence: Mark thiy check-bax where no
space sbova in used ingtead to indicate a specinl address to whi

t or common representitive is/has baen appointed and th
r.onupondcnu?lhnuldbelt. ppoim ¢

Form PCT/RO/101 (firse sheet) (March 2001; reprint January 2003)

See Notes to the request form




Box No.V DESIGNATION OF STATES Mark the applicabls chack-boxes below: at lsast one must be marked,

The following designations are herchy made under Rule 4.9(s):

Reglonal Patent

K AP ARIPO Patent: GH Ghane, GM Gambis, KE Kenya, LS Lesotho, MW Malawl, MZ Mozambique, SD Suden,
SL Sierma Leane, 5Z Swaziland, TZ United Republic of Tanzania, UG Uganda, ZM Zambia, ZW Zimbabwe, and any other
State which is a Contracting State of the Harare Protocol and of the PCT (i orher kind of protection or treatmeant desirsd,
specifyondontediing) ................... veeeen NN s e senaisenirairarr st s bererreeiaens

X EA Rurasian Patent: AM Armenia, AZ Azxerbaijan, BY Balarus, KG Kyrgyzatan, KZ Kazakhstan, MD Republic of Moldova,
RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurasian
Patent Convention and of the PCT

B EP European Patent: AT Austria, BE Belgiun, BG Bulgaria, CH & LI Switzarland and Liechtenstein, CY Cyprus, CZ Czech
Republic, DE Oennany, DK Denmerk, EE Enonis, ES Spein, FI Finland, FR France, GB United Kingdom, GR Greeee,
IE Ircland, IT Ialy, LU Luxembourg, MC Manaco, NL Netherlands, PT Portugsl, SE Sweden, S Slavenia, SK Slovakis,
TR Turkey, and any other Siate which is 2 Contracting State of the Buropesn Patent Convention and of the PCT

& 0A OAPI Patent: BF Burkins Faso, B Benin, CF Centrul African Republic, CG Congo, CI Céte d'Ivoire, CM Cameroon,
GA Gabon, GN Quinea, GQ Equatorial Guines, GW Guinea-Bissau, ML Mali, MR Mauriunia, NE Niger, SN Sencgal,
TD Chad, TG Togo, and any other Smte which is & member State of OAPI and s Contructing State of the PCT {if orher bind

of protection or treatmen: dasired, specify ondofted ) ... . ... .t e e e

Natlonal Patent (@ other kind of protection or treatment derired, spacify on dotiad ling):
® AE United Areb Emirstes ... .......... ® GMGambia X Nz New Zealend ................
B AG Axtigus and Barbuda W HR Crostia .........00evuniien (B oM Omun
@ AL Albenis....... erereereraa W HUHuwgary ..o D PH Philippinea.........c.......,
W AMAmMeRin...covevvenarnee ... W ID Indonesin BPL Poland............unetnennn
[ T WL Irmel...ooooieieeeiinnenenn B PT Portugal .........conee....
B AU Australin,......ceneniiinnnnn B IN Indim..eieneen i & RO Romania
B AZ Axerbrijan......o.c.o0snes . RIS Iceland RU Russien Federstion . ...........
B PA Bomia and Herzegovine ... ..... BJIP psn....eenen Cererriee aeeeaaas Cerrsarann. Ceens
X BB Barbados BXEKenyr......cvevviiennnnn. [ SC Seychelles
W BG Bulgaria........cceuviennnnn. KGKygymtan.................. M SD Suden
B BR Brazil........coceeevnnnnnnnn. W KP Democratic People's Republic [l SE Sweden
Kl BY Belanu...........ccovinennnns of Kores . .. .. Cresaearaans ® 3G Singapore
RBZ Beliz..ovueovvncininsinnnns. O XR Republic of Kores ............. W sK Slovakia....................
® cA Cinsda (B KZ Kazskhatan.................. ® SL Siems Leome.................
® CH & LI Swizariand md Liechienstein 08 LC Saint Lucia B TJ Tejikistan . ................ ..
B ONChing...coooeevviiieinnnn B LK 5ri Laoka & T™ Tudemenisun . .. ........... .
B co Colombia @ LR Liberia ¥ TN Tunisia
W CRComaRica.........ccnnnnnns BRLS Lesotho.....ccovnneeennn... TR Tokey....ooooovieannnnn,
Wcucuwa.......ocoovviirnnannnns [ LT Lithuania ¥ TT Trinidad end Tobago . .........
W CZ Ceoch Repubic. . . ... e ¥ LU Luxembourg e na e,
® pE Germeny.......... vevverrsns B LY Latvia & TZ United Republic of Tanzanin
% DK Denmark............c.u..... MAMOTOEES . .\ oo \eveeiannnenses WUAUmine ....oovvvnnnnnnnnn,
X DM Dominiea MD Republic of Moldova .. ....... UGUgande ...........eu.......
WozAlgeda..oooooeeeveieeeeee s . . US United States of Americs . .....

EC Ecusdor. ..... errrenen verere B MGMadogasent....o..oenvnnn... et ans
EE BMODIB......cooouverirnnnnns MK The former Yugoslav Republic of W UZ Usbekisten . .............. .
BEES Spain .....ocvvviieniinnns Macedonia ..........ovnnenn. I VC Saim Vinceat and the Grensdines
WF Finlnd....ooovvvinienninnn. & MN Mongolia B VN VieNem........c........
® B United Kingdom B MwMalswi . ...... . B YU Yugoslavia .................
® GD Grenada W MXMexico. ... B ZA South Africa................
W GEGeorgin........coevvnnnnnnn. B MZ Mogambigue .................. ¥ ZM Zambia
RGHGME. ... ® NO Norvmy & ZW Zigbabwe . . ... ...
Chock-baxes below ressrved for desigoating Smtes which have bocome party to the PCT after ispuance of this sheet:
N Nicamgua ... - e D 0 TR
B . PG Papua.New Guinpa ........... 0 O.... et reean it en,

Precavtionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all
other dexignations which would be permitted under the PCT except any designation(s) indicated in the Supplements) Box ap being
excluded from the scope of this staternent, The applicant declares that those additinnal designations are subjest to confirmation and that
any designation which is pot confirmed befars the expirstion of 15 monthy from the priority date in to be regarded as withdrawn by the

spplicant i the axpiration of that time limit, (Confirmation (inchicling feas) muurt reach the receiving Cffice within the 13-morah time Fimis.}

Form PCT/RO/101 (second aheet) (January 2003) . Sea Notex to the raquesi form

=



Box No. VI PRIORITY CLAIM

The priority of the following easlier application(s) is hercby claimed:

Filing date Number Where cerlier application is:

of{a:‘li:r lppliuli)un of earlier application aetional %mlm

regional application:* | international application:
regianal Office receiving Office

item (l&
18 June 2002 MI2002A001345 IT
(18-06-2002)

item (2)
18 June 2002 MI2002A001346 iT

(18-06-2002)

item (3}

27 August 2002 Mi2002A001854 T
(27-08-2002)

item (4)

item (5)

(] Funtbrer pricrity clainu are indicated in the Supplemenml Box.

The receiving Office is requested to prepare and trensmit to the International Buresu a cextified copy of the earlier application(s) (only
y'lhaurﬂrappllcdlmwﬁHMh%ﬂlﬁﬁhmqmmmwthm@wm

above ag:

[ attiems [Jiem) [J sem@ [ wm@) [0 i@ [ e DSupplu.:enuIBux
application is an ARIPO indicote af least ane country the Paris Canvention for the Protec

;mmwmmuf:'qmv Mp%mﬂh«mmﬁumfzﬁo@mﬂ?f

..........................................................................................................

Box No. VI INTERNATIONAL SEARCHING AUTHORITY

CI| ice of International Searching Auth: SA) (i wo Immbnd&'mﬁ Auvthoriti tent to h
o ? ation: b g Anl orlty(l )ﬂf hr:rm ek g ar are compe earry out the

..................................................................................................

Request to use resuits of eariler seareh; reference to that search ()f an earlier search hay bewn earvied our by or reguested from the
International Searching Authority):
Date (dawimonih/year) Number Country (or regional Office)

Box No. VI DECLARATIONS

The following declaratiobns are conmined in Boxes Nos. VIII (i) 1o (v) (mark the applicabls Number of
check-baxar below and indicate in the right column the number of each type of declaration): doclarstions
D Box No. VIII (i) Declaration as to the identity of the inventor

[0 BexNo. vill(ii) Declaration a4 to the applicant’s entitlemen, a3 ot the intemational filing

date, to apply for and be granted a patent

D Box Na. VI {iii) Declaration ag to the applicant’s entitlement, e ot the international filing
date, o tlnim the priority of the earlier application

D Box No. VI (iv) Declarstion of inventorship (only far the porposes of the designation of the
United States of America)

D Bax No. Vil (v) Declaration ar to non-prejudicial disclosures or exceptions 1o lack of novelry

Form PCT/RO/101 (third sheer) (July 2002; reprint Janusry 2003) See Notes io the raquest form



BoxNo.IX CHECK LIST; LANGUAGE OF FILING

This inteatianal application containg:
{8) in paper form, the following oumber of
sheets ;
et {includin;
rdz‘lllmgnn sheets : 4
dcmﬁptimll_ (gxclud'
sequence list and/or
neﬁ]u reluted *m} 37
claims : 12
abaract : 1
drawings :
Sub-total number of sheets :

sequence listings
tables related thereto

readable
Jee ?c) below)
Totr) number of shesty
om0 ?nly in e:a?:)tg;) readable form
(i) J sequence listings
(ii) [J tables ralated thereto
(¢} 3 also in compunter readable form
(Section 801(s)(i)
() O sequence listings
(i) [] wbles related thereto

This intematiopal application is sccompanied by the following
item{s) {mark the applicable check-boxes below and indicate in
right cohann the manber of each ltem):

1. fee calculation sheet

2.0 original separate power of stiomey 4511 £ollow
3. O original generat power of attomey

5. [] sutement explaining lack of signature
6.0 priority document(s) identified in Hox No. VI as
tem(s) wid) . FoOLloW- - cr-ceravitr ettt st e

7. 0 wanslstion of ineernationsl application into
- T English-will -follow-....
8.0 :ﬁpm bu‘:gl:nr;n;lu cone_erlning deposited microorganism
9. ence listings 1 ter readable fi

Gl = el i R R

(i) [ copy submitted for the purposes of international search under

@ 40 mpmma mo;ﬁ){ﬂ ir marked in left column)

itional copies including,

purpopes of intemational search Rule 13zer

capics with the sequeace listings mentioned in left colume

10. [0 tables in computer readable form related to sequence linti
(indicate type and numbar of carriers) e

(i) U copy mbmitted for the purposes of intemational search under

Number
of items

Rule 13¢ar anly (2nd oot as part of the international application) :
re applicable, the copy for the

(i) [ together with relevant statement a3 o ibe identity of the copy ar

Sectian 802(b-quater) only (and not as part of the internetional

spplication)
and number of carriers (diakette, if) [ (only where cheek-box or is marked in laft cokunn)

EE&OM,CD—RMM)@WS:H“ ® -ﬁ?ﬁmlco_pininc_l m{wb@ﬁ li:lbla.tb:?;wforﬂu
comained the purpases of intemational scarch under Section B02(b-quater)
O sequence listings: . ............... (i} [J together with relevant statement a8 to the identity of the copy or
] iables related thereto: . . ... .... ... copies with the tabley mentioned in left column :
{ackiitional copies to be indicated under 1L otherfpeatf): ..o iiiveeeiiinereie s creraaseessennn
fommey %) andfor 10(%). in right cobumy)

Figure of the drawings which Languags of filing of the I

should aceompany the shytract: intematjems) epplication: tallan

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

Next & gorh signature, iﬁuﬁcmdkm“dhmﬁkﬂﬂﬁmdggﬁnﬂﬂhmamm%w

SANTURO, Tizlana

1. Date of scrual receipt of tha purparted
international application:

For receiving Office use anly

timely received papers
the purported international applicetion:

3. Comected date of sctua]l receipt due o later but
or drewings completing

4, Dacoft j §
Dato oftimely roonipt of the required

2. Drawings:

D Dot received:

Date of receipt of the record
by the lnm%onll Bureau: Jid

5. Internstionsl Searching Authority 6. Transmital of search delayed
(if two or more are competent): [SA / D unti] scarch fee is plidmw o
Far Intenational Buresu uge only

Form PCT/RO/101 (last sheet) (Tosuary 2003)

See Notex to the request form



PATENT COOPERATI N TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:
Santoro, Tiziana
MARTETTI, GISLON E TRUPIANO 5.R.L.
Via Larga, 16
20122 Milano

NOTIFICATION OF RECEIFT
O DEMAND BY COMPETENT INTERNATIONAL
PRELIMINARY EXAMINING AUTHORITY

ORESTE, Pasqua Anna

ITALIE (PCT Rules 59.3(¢) and 61.1(b), first sentence
and Administrative Instrucdans, Section 601(a))
Date of mai
iy monhiyess) 02-02-2004
Applicants or agent’s file reference IMPORTANT NOTIFICATION
03420E45
International application No. International fillng date (day/month/year) Priority date {day/month/yssr)
PCT/IB03/02338 17/06/2003 18/06/2002
Applicant

due of receipt of the

The lﬂntilhmh;udﬂthnmillnmm Preliminary Examining Authority i

rs the following dame as the

for international pruliminary sxsminution of the international application:

30/12/2003

This data of receipt i

kN

the priority date (or later in some O (Artiola 301

performed within 20 months from the priority date (or

the time fimit of 30 months (or later) may neverthelews

?ppliable tims limits, Cffice by Office, see the PCT Ap,
nternet site.

m?tlnwfnrmuylutnﬂnmﬂonﬂplun

K] the ectust date of receipt of the demand by this Authority (Rule 61.1(5)).

[] the actunl date of reseipt of the demand on behalf of this Authority {Rule $9.3(s)).

[] the date an which this Authoricy hav, ko response 1o the invitation to correct defects in the demand
(Form PCT/IPEA/404), received the required corresticma.

ATTENTION: That date of receipt {s after the expiration of 19 months from the priority date, Consaquently, in respect
D of some Offices, the demand does not have the effect of pos F e o b o

oning the entry into the national phase

r in some Offices). Howover, in respect of some other Offices,
. See the Annex to Form PCT/IB/301 and, for detalls about

nr's Gulde, Volume II, Nations] Chapters and the WIPO

the

] (i apptcadia) Thia notificaion confirms the Information given by telephon, facsimile transmissicn or in person
(Y ar,

. Tel. {+49-89) 2399-0, Tx: 523656 epmu d
et Fax: (+49-89) 11994465

4.  Only where paragraph 3 spplies, a copy of this notification has been sent to the Internationa] Burepu
Name and maiing address of the IPRA/ Authorized officer
= wN Europesn Patent Office
D-80298 Munich CHURCHER G

Tel. (+49-89) 2399-2545

b__
Form PCT/IPEA /402 (April 2002; reprint January 2004)

1 )




PCTABO3/02338

PATENT COOPERATION TREATY | 67
From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF RECEIPT OF

SANTORO, Tizl

RECORD COPY Marlettl, Glsloznaan 'al'ruplano S.r.l.

. e o Via Largs, 16

(PCT RUIF24:2(a)) .., ; \-20122 Milan

Italy

Dete of mailing (dey/montiAiar) |- Uk

16 July 2003 (16.07.03) IMPORTANT NOTIFICATION
Applicant’s or agent’s fite reforenos intarnational applicstion No.
03420E45 PCT/NB03/02338

The applicant Is hereby notified that the International Suresau has recslved the record copy of the Imematianal applioation as
detsliad below.

Nama(s) of the applicant(s) and Stats(s) for which they ars applivants:
ORESTE, Pasqua, Anna et al(all designated States)

International filing date : 17 June 2003 (17.06.03)
Priority detsis) claimed : 18 Juns 2002 (18.06.02)
18 June 2002 (18.06.02)
27 August 2002 (27.08.02)
oy e imemations Bureat P , 14 July 2003 (14.07.03)
List of desipnated 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,F\,FR,GB,GR,HU,IE,IT,LU,MC,NL,FT,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,FI,GB,GD,GE,GH,GMHR,HU.ID,ILIN,IS JP,KE,KG,KP KR KZ,LC,LK,LR,LS,LT,LU, 1
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, TV,
TN,TR,TT,TZ,UA,UG,US,UZ,VC,VN,YUZAZM,ZW

The intornstional Bureau of WIPQ Authorized officer:
34, ahemin des Colombettes
1211 Ganeva 20, Switzeriand Sonnla GARCIA MELLITI.
Facsimlle No. (41-22) 338-7080 Telephone No. {41-22) 338 9919

Form PCTAB/301 {Aprll 2002) 005761108



PCT/B03/02338
Continuation of Form PCT/B/301 (,/)‘\
NOTIFICATION OF RECEIPT OF RECORD COPY

Dste of malling {day/month/year)

16 July 2003 (16.07.03) IMPORTANT NOTIFICATION
Applicant’'s or agent’s flle referenoe International application No.

03420E45 PCTNB03/02338
ATTENTION

Thae applicant should carefully oheok the data appearing In this Notifioation. In case of any disorepancy between theas data
and the Indications In the internstional applioation, the applicant should immadiately Inform the Imternational Bursau.

In addition, the spplicant’s sttention Is drawn to the informetion contained in the Annex, relating to:
IE time limits for entry Into the national phase - sae updated Important information (ss of April 2002)
D conflrmation of pracautionary designations (if applicable)

E requirements regarding priorhty doauments ( applicabls)

A oopy of this Notifloation 1s being sent to the recalving Offics and to the International Ssarching Authority.

Lo h

Form PCTAB/301 (cominustion sheet) (April 2002} 006761198



Intamational application No. -

ANNEX TO FORM PCT/B/301 PCT/B0O3/02338 &

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant is reminded that the “national phase™ must be entered before aach of the designated Offices Indicated an
the oover sheat of this Notification by paying natlonsl fees and furnishing transiations, as presoribed by Artivies 22 and 38 and
the applicable national laws. In sdditlon, the applicant may also have 10 comply with other special requirements applicable
in partain Offioas. It Is the applicant's responsibifity to snsure the necsssary steps to enter the national phase are taken In s
timely fashion. Most Offices do not lssus remindears o spplicants In connastion with the ety into the nstlonal phaas.

The applleable time Umit for entering the national phase wlil, subjectto what Is sald in the foliowing paragraph, be
30 MONTHS from the priority dats, nat only In respect of any slected Offloe wheras ademund for international prsliminary
axamination Is filed bafore the expiration of 19 months from the priority date (ses Article 38(1)), but algo In respact of any
designatad Office, In the absenoe of flling of such demand, where Article22{1) as modifled with effact from 1 Aprll 2002
applies In respact of that designated Offloe. For further detalls. see PCT Gazette No. 4472001 of 1 Navember 2001, pages 18528,
18832 and 18034, a3 we'l a2 the PCT Newslettar, Ootober and November 2001 and February 2002 isauss.

in practios, time kmits other than the 30-month time Uimit will continue to apply, for verious periods of time, In respect of
cerialn designated ar electad Offices. For regular updates on the spplicabls time limits {20, 21, 30 ar 31 montha, or other
time limit), Offioe by Offios, refer to the PCT Gazette{”Sestion V" part published ona waakly basis), to the PCT Newsistter
(on a raonthly basis) and to the relevant National Chaptars in Volume Il of tha PCT Applicant's Guida (the paper version of
whioh Is updated ususily twice a yesr and thas Internet version of which Is updated usually on a weakly basis}. Finally, a
oumulative table of all spplicable tme limhs for entering the national phase is avallable from WIPO's internet site, via links
from various pages the site Inoluding thoss of the Qazstte, Newsletter nnd Guide, at  hip:/www.wipo.Int/pat/enfindex.html

Information about the requiremsnts for filing s damand for imematianal preliminery examination s set out in ths PCT
Applioant's Guide, Volume /A, Chapter X. Note that only an applicant who Is a national or resident of a PCT Contracting
State which Is bound by Chapter Il has the right to flle a demand for International praliminsry sxamination (st present, all
PCT Contraoting States are bound by Chapter lI).

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS

This notiflestion fists only specific designations mads under Rule 4.8{s) In the request. It Is Important to check that these
designations are correct. Errors in designations oan be corracted where precautionary designations have been mads under
Rule 4.9(b). The spplicant is hereby reminded that any precautionary designations may be canfirmed according to Rufe 4.8{c)
before the expirstion of 16 months from the priority date (this time limit may not be extended). i It is not confirmed, it will
automatioally be regarded as withdrawn by the applioent. There will bs no reminder and no Invitation. Confirmetion of a
designstion consists of the filing of & notics specifying the dealgnsted Strte concerned (with Indisation of the kind of protection
ar trestmant desirad)] and the peyment of the designation and confirmetion fees. Tha Notice of confirmetion and payment
must reach the recelving Office within the 15-month time limit.

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For appllcants who have not yst comptled with the requirememnts l.'lﬂll'dlllﬂ priority documents, the follawing ls recalled.

Whore the priority of an earller nationsl, reglonsl or international spplicetion Is claimed, the applicant must submit a sopy
of the sald earlisr application, certifled by the authority with which k was fllad {"the priority dagument*) to the recelving Offlcs
(which will tranamit it to the Intemetional Bureau) or directiy to the International Bureau, before the expirstion of 16 months from
the priority dats, provided that any such priority documant may stlll be submittsd to the Imamational Bureau befors that date of
intarnatlonal publication of the international application, In which oase that documant will be considered to have been recelived
by the Intemnational Bureau on the [ast day of the 18-month timae limit (Ruls 17.1(s}).

Where the priority dooumaent Is Issued by the recelving Office, the spplicant may, Instsad of submitting the priority
dooument, request the receiving Offlce to prepare and tranamk the priority document to the International Buresu. Such request

must be made before the expiration of the 18-month time limit and may be subjectsd by the recsiving Offlos to the paymaent
of a fes (Rule 17.1(b)).

If the priority document conosrnad is not submitted to the Intsmational Bureau or H the request to the reosiving Offlcs
to prepsre and transmit the priority document has not been made (and the correaponding fee, if any, paid) within the applicable
time limkt Indicated under the precsding paragraphs, any designated State may disregard the priority elaim, provided thet no
designated Office may disregard tha priority alaim concerned before giving the applicant an opportunity, upon sntry imte ths
nationa! phase, to fumish the priority dooumem within the time limit whioh (s reasonable under tha ciroumstancas.

Whers several priorities are claimed, the priority date to be consldered for the purposes of computing the 18-month time
limit Iy the filing date of the earliest sapplication whose priority is claimed.

Form PCTAB/301 (Annax) {Aprll 2002) 005751108



PCT/B03/02338

PATENT COOPERATION TREATY 6‘0
- From the INTERNATIONAL BUREAU
o rTEla L o
T TR S PCT o
NOTIFICATION CONCERNING \
SUBMISSION OR TRANSMITTAL Mariot, Gision e Trupisno S.r..
Via Larga, 16
{PCT Adminlstrative instructions, Section 411) :-2:)122 Miian
taly
Date of mailing (day/month/vear)
18 August 2003 (18.08.03)
Applioant’s or agent's file reference
03420E45 IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/1B03/02338 17 June 2003 {17.06.03)
International publication dats (day/manth/yesr) Priority date (day/momh/year)
Not yet published 18 June 2002 (18.06.02)
Applicant

ORESTE, Pasgua, Anna et al

1. The applicant is hersby notified of the date of recelpt (exospt where the lettars "NR" appaar in the right-hand column} by the
International Surseu of the priority documont(s) relating to the carllor ppplicstion{s}) ind'osed below, Unless othenwiss
Indicated by an asterisk appearing next to a date of recsipt, or by the letters "NR", in the right-hand oolumn, the priority
document concernad was submitted or transmitted to the Internetional Bureau in compliancs with Ruls 17.1{a} or {b}.

2. Thie updates and replaces any previously issued notification concerning submission ar trunsmittal of priority documents,

3. An asterisk({®) appearing next to a date of recalpt, in the right-hand ¢olumn, denctes s priority documant submitted
or transmitted to the intarnational Buresau but not In compliance with Rule 17.1(a) or {b). In such a case, the attantion
of the spplicant is directad to Rule 17.1{c) which provides that no designatsd Office may disregard the priarity oleim
concernad before giving the applicant an opportunity, upon entry into the national phese, to furnish the priority document
within a time limit which [s reasonable under the olrcumstances.

4. The letters "NR" appearing in the right-hand column dencte a priority dooumasnt whioh was not received by the Intermational
Bursau or whigh the applicant did not request the recelving Office to prepare snd wransmht to tha international Bursau,
as provided by Rule 17.1(a) or (b). reaspactively. In such s cage, the sttention of the applicant is directad to Rule 17.1{o) which
pravides that no designated Office may disregard tha prierity claim cancerned betars giving the applicant an opportunity,
upon entry iito the national phase, to furnish the priority dooument within a time limit which is reasonabie under the

clrcumstances.
Prigdity data Prigrity gooligation No, Countiv or realonal Otfice Date of raceint
o PCT recelving Qffice
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)

The Internationa! Bursau of WIPO Authorized offiaer
34, chemin dee Colombetias . i
ket . Seroren Sonnia GARCIA MELLITI
Facsimlle No. {41-22) 338-7080 Telephona No. {41-22) 338 8818

Farm PCT/B/304 (July 1958) 006807457



PATENT COOPERATION TREATY PCT/IB03/02338

From Ihe INTERNATIONAL BUREAU 6

PCT

NOTICE INFORMING THE APPLICANT OF THE

COMMUNICATION OF THE INTERNATIONAL SANTORO, Tzlana
APPLICATION TO THE DESIGNATED OFFICES Marlettt, Gislon e Trupiano S.r.l.
Via Largs, 18
-20122 Mllan
{PCT Rulc 47.1(c), [iral senience} [TALIE

Dato of muiling (dax/month/vear)

24 December 2003 (24.12.03)
Applicant’s or agent’s e neference
03420E45 IMPORTANT NOTICE
Imemalivnal applicotinn Ni. International filing date {doy/month/year) Priarity da\e {day/nonth/vear)
PCT/1B03/02338 17 June 2003 (17.06.03) 18 June 2002 (18.06.02)
Applicant

ORESTE, Pasqua, Anna &t al

1. Notice ia herchy piven thal the Iniemstional Bureny has communicaied, a¢ provided in Article 20, the international epplication o the
following designoted OfTiees on the dats indicated above ax the daie of mailing of this notice:

AU, AZ, BY, CH, CN, CO, DE, DZ, EP, HU, JP, KG, KP, KR, MD, MK, MZ, RU, TM, US

In accordance with Rule 47.1(c). third sentence, those Officaz will accepl tha present notice as conclusjve evidence that the comrmnication
of the inlemational application has duly 1aken piace on the daie of meiling indicated above and no copy of the intemationel application is
required 10 be furnished by the applicant wo the designated Office(s).

The following designaud OfMices have waived the requiremant for such 8 communijcation et this ime:

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BZ, CA, CR, Cll, CZ, DK, DM, EA, EC, EE, ES, FI, GB, GD, GE, GH, GM,
HR, ID, IL, IN, IS, KE, KZ, LG, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, Ni, NO, NZ, OA, OM, PG, PH, PL, PT,
RO, SC, SD, SE, SG, SK, SL, 8Y, TJ, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW

The communication will he made 10 those Offices ouly upon their request. Furthermore, those Offices do not vequire the applicant ta
furnish a copy of the inlcrnationul application (Rule 49.1(a-bis)).

19

3. Enclosed with this natice is a copy of the international applicetion as published by the International Bureau an
24 Decamber 2003 {24.12.03) under No. WO 03/108504

4. TIME LIMITS for Mling 4 demand for internationsl preliminary examination and for entry Inte the nationa)] phape

The spplicable time limil lor entering the national phase will, subject io what is sadd in the following paragraph, be 30 MONTHS from
the priority date, nol only in respect of any clactad Office if a demand for inlernational preliminary axamination Is filed before the
expiration of 19 menths [rom the pricrity date, it also in respect of sny designaied Office, in the absence of filing of such demand, where
Aricle 22(1) ns modified with effect from 1 April 2002 spplies in respoct of that designatad Office. For forther details, ses PCT Gazaite

No. 4472001 of 1 November 2001, pagea 19926, 19932 and 19934, as well as the PCT Newsdatter, October and November 2001 and
February 2002 issues.

In practice, ime Hmiis other thun the 30-manth time Bmit will continue 1o apply, for various perieds of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20, 21, 30 or 31 months, or other time limit), Office by
Olfice, reler o the PCT Gazene, the PCT Newslaner and the PCT Applicant's Guide, Volume 11, National Chaplers, all available from
WIPO's Internel site, al hip=//www.wipo.int/pet/enindex.himl.

For filing & demand for Inicrnational preliminery exsmination, see the PCT Applicant’s Guide, Volume VA, Chepter IX. Only an
applicant who is a naiional or resident of & PCT Coniracting State which is bound by Chapter II has the right Io file a demand for
intemational preliminary examination (at present, ali PCT Contracting Siates are bound by Chapier If).

1t in the epplicant’s sale responalbility 1o monitor all these time limits.

The applicant i8 hereby notified thal, al the time of esablishment of this Notice, the time limit under Rule 46.1 for making amendments

under Arlicle 19 has not yet expired snd the Intemational Burenn had received neither such amendments nor a declarsiion that the applicant
does nol wish to make amendments.

Tho Imernational Buremn of WIPO Authorizad officer
34, chemin des Colombeties :
1211 Geneva 20, Switzerland Judith Zahra
Facsimile No.(41-22) 740.14.35 Telephone No.(41-22) 3389111

Form PCT/IB/308 (April 2002)




PCTNB2003/002338
‘BTO PATENT COOPERATION TREATY éb
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From the INTERNATIONAL BUREAU

Ta:
weem s eemnss | PCT ‘

INFORMATION CONCERNING ELECTED i
SANTORQ, Tiziana

OFFICES NOTIFIED OF THEIR ELECTION Marlettl, Gislon e Trupleno S.r.l.

(PCT Rule £1.3) ?5'2'01‘55“.?,.'.& t:‘

Italy

Date of malling {day/monthvyesr)
02 March 2004 {02.03.2004)

Applicant's or agent's fils referencs
03420E45 IMPORTANT INFORMATION

intarmnational application No. intsmnational filing date (day/monthiyear] |Priority data (dey/month/year)
PCT/182003/002338 17 June 2003 (17.06.2003) 18 June 2002 (18.06.2002)

Applicamt
QRESTE, Pasqua, Anna et al

1. The applivant is hersby Informad that the International Bureau has, according to Article 31(7}, notifisd each of the following
Offices of lts slection:

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,FI,FR,GB,GR,HU.,IE,IT,LUMC,NL,PT,RO,SE,
SI.SK, TR
National :BG,CA,CN,DE,GB,IL,JP,.XP KR, MN,NO,PL,RO,RU,SK,US

2. The following Offices have waived the requirement for the notlfication of their slection; the notifloation will be sent ta them
by the Intsmational Burasu only upon thelr request:

AP :GH,GM,KE,LS,MW,MZ2,SD,SL,S2,TZ,UG,ZM ZW

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

OA :BF,8J,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,DZ,EC,
EE,ES,Fl,GD,GE.GH,GM,HR,HU,ID,IN,iS,KE,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. Since the election(s) was (wars) made aftsr the expiration of 18 months from the priority date, the applioant Is reminded
that he must entsr the nationsai phase before the ion of 20 from the priority dete before tha Offloe(s) conosrned.

iration
K\ill Tuﬁ )he done by paying the natlonat fee(s) lﬁ fumishing, if presaribed, a transiation of the Internationsl application
rticle 22). .

Some officas have fixed time limits sxpirlng later than the above-mentloned time limit. For detailed Information about the

applieabls tims limits and the sots to be parformad upon entry into the nstional phese bofore & partioular Offios, see Volume )|
of the PCT Appllcant's Guide.

The imsrnational Bursau of WIPO Autharized officer:

34, chemin des Colombettes
1211 Gonpre 20, Suttortand Pascale CHOUQUER

Facsimlle No. (41-22) 338-7080 Talephone No. {41-22) 338 8301
Form PCT/ABR/332 (Septembaer 1807} 8127827




PATENT COOPERATION TREATY Rl EV UTo
o - & FEB 2004
om the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY Pc

To: : SARLETT, GISLON » ThPUND g1

Santoro, Tiziana ’

MARIETTI, GISLON E TRUPIANO 8.R.L. -

Vis I.u-ga, 16 WRITTEN OPINION

20122 Milano

TTALIE . (PCT Rule 66)

Date of mailing
(dayjmanh jyear) 02/02/2004&
Applicant’s or agents file reference . HEPLYDUE -
] within 2 / 00D
03420E45 from the sbove dﬁﬂm
[nternational spplication Na. Interntional filing date {dey/maonth/year) Priority date (day/mantk/year)
PCT/IB03/02338 17/06/2003 18/06/ 2002
International Patent Classification (IPC) or both national clunificstion and IPC
COB8B37/00

Applicant

ORESTE, Pasqua Anna -

1. This written opinion is the first drawn up by this Internationa! Preliminary Examining Authority.
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Derivados epimerizados de polisacirido K5

con un grado muy alto de sulfatacién

Objeto de la Invencién

La presente invencién se refiere a nuevos derivades del
polisacérido K5 con un grado muy alto de sulfatacidédn, un
pProcesc para su preparacién, nuevos intermedios altamente
o-sulfatados <f(tiles en su sintesis y composiciones
farmacéuticas que contienen dichos derivados de
polisacéridos K5 como ingredientes activos bdasicamente

libres de actividad sobre la coagulacién.

En particular, la invencidén se refiere a un proceso para
la preparacién sobre sulfatos de epl k5 =N, 0O -que
comienzan c¢on un polisacidrido K5 ©previamente N-
desacetilado, N-sulfatado y C-5 epimerizado por lo menos
20%, por O-sobre sulfataciédn en condiciones adecuadas y
N-sulfatacidén subsecuente, a dichos epi k5 -N,0- sobre
sulfatos de actividad antiangiogenética y antiviral y a

nuevos intermedios de epi-k5-N sulfatos de bajo peso

molecular.
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Antecedentes de la Invencién

Los glicosaminonglicancs tales como la heparina, sulfato
de heparan, sulfato de dermatan, sulfato de codrotina y
4cido hialurénico son biopolimeros que son extraidos

industrialmente de diversos érganos animales.

En particular, 1la heparina, principalmente obtenida

mediante la extraccién de membranas de mucosa intestinal
de cerdos o de los pulmones bovinos, es un copolimero
polidispersado con una distribucidén de peso molecular de
aproximadamente de 3.000 a aproximadamente 30.000 D
consistente de wuna mezcla de cadena consistente
basicamente de un 4&cido urénico (4cido glucurdnico o
dcido idurénico) y de un azdcar amino (glucosamina)
enlazado por 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-O-sulfatada en aproximadamente 0.5% de

las unidades de glucosamina presentes.

Las propiedades y la biosintesis natural de heparina en

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



lene, D. Y Lindahl, U. (editores) “heparin. Chemical and
biological properties; clinical aplicatiéns”, Edward
Arnold, London, péginas 159-190, por Lindanhl, U,
Feingold D.S. and Rodén L, 1%86 TIBS, 11, 221-225 y por
Conrad H.E “Heparin Bindig proteins”, capitulo 2:
estructura de los heparinoides. Academic Pres, 1998. la
biosintesis de Theparina ocurre comenzande «con su
precursor N-acetil-hepaprosan que consiste en una mezcla
de cadena que consiste de la unidad disacdrida repetitiva
glucuronil-p-1—94-N-acetilglucosamina. Dicho precursor es
gometido a modificaciones enzimidticas que hidrolizan
parcialmente el gqrupo N-acetilo, sustituyéndolo con un
grupo SO3;, epimerizado el carboxilo en la posicién 5 de
una parte de las unidades glucurdnicas las convierte en
unidades idurénicas e introduce grupos O-sulfato para
obtener un producto que una vez extraido industrialmente,
tiene aproximadamente el doble del numero de grupo
sulfato con respecto a los grupos carboxilos por unidad
de disacérido. Estas modificaclones enzimAticas llevan a,
por otro lado, la formacién de la regién pentasacadrido o
un enlace a la antitrombina III (ATIII), 1llamada
pentasacérido activo, que es la estructura necesaria para

el enlace de alta afinidad de la heparina al ATIII Yy

o2



fundamentalmente para actividad anticoagulante y
antitrombética de la heparina misma. Este pentasacarido,
presente al interior solamente de algunas de las cadenas
que forman la heparina, contiene wuna unidad de
glucosalina sulfatada .en la posicilén 3 y un Aacido
glucurdnico espaciade hacia fuera entre los disacaAridos

que contienen acidos idurénicos.

En la naturaleza, la formacién del pentasacadrido activo
se hace posible por medio de la reacciétn de epimerizacién
del carboxilo de una parte de las unidades glucurdnicas
en unidades idurénicas llevadas a cabo por glucuronil-C5-
epimerasa (epimerizacion-CS) y por sulfatacién adecuada
que también conlleva a la introduccién de un grupo
sulfato en el hidroxilo de 1la posiciétn 3 de 1la
glucosamina. Mas particularmente, en la naturaleza la
formacién del pentasacdrido activo se hace posible por el
echo de que la epimerizacién C5 ocurre en regiones es
decir porciones de cadenas, y extensivamente lo que
resulta en un producto que contiene mas unidades

idurénicas <que aquellas glucurénicas. De echo, 1la

heparina comercial contiene aproximadamente 70% de

unidades idurénicas y 30 % de unidades glucurénicas.

X



A lo largo de las actividades o junto con las actividades
principales anticoagulantes Yy antitromboticas, la
heparina también ejerce actividades antilipaémicas,
antiproliferativas, antivirales, antitumorosas, Y
antimestastaticas, pero su uso como droga se ha ocultado
por los efectos colaterales debido a la accién

anticoagulante que puede causar el sangrado.

ESTADO DE LA TECNICA

Es conocido que el polisacarido K5 capsular aislado de
Escherichia coli, descrito por Vann W. F. Et al., en el
periédico Europeo de bioquimica 1981, 116, 359-364 (“Vann
1981"”), consiste en una mezcla de cadena que consiste de
la unidad de disacirido repetitiva glucuronil-p-1—-4-N-

acetil glucosamina y por lo tanto muestra la misma

secuencia repetitiva (A)



Del precursor N-acetil-heparosan de 1la heparina. E1
polisacarido K5 capsular, "referido aqui como
“polisacarido K5” o mas simplemente “KS”, fue modificado
quimicamente por Lormeau et al. Como se describld en 1la
patente estadounidense 5,550, 116 y por Casu et al. Como
ge describié en la investigacién de Carbohidratos, 1994,
263, 271-284. Los K5-O-sulfatos tienen actividades
antitumorales, antimetastaticas, antivirales, y en
particular anti-HIV son descritos en la EP 333243 y WO
98/34958. El1 K5 fue también modificado quimicamente vy
enzimadticamente para‘ poder obtener productos que tengan
el mismo tipo de actividad biolégica in Vitro sobre la
coagulacién como aquella de la heparina como se extrajo

de 6rganos animales (heparina extractiva)

El logro de los productos que tienen una actividad sobre
la coagulacién del mismo tipe que aquella de la heparina
extractiva ocurre por procesos que imitan lo que ocurre
en la naturaleza y visualizan la etapa clave completa de

la epimerizacion C5 con D-glucuronil C5 epimiraza.

Los procesos descritos en la IT 1230785, WO 92/17507, WO
96/14425 y WO 97/43317 utiliza K5 como el material de

partida. El1 K5 que se origina de la fermentacién esta



sometido a N-desacetilacidén seguida por N-sulfatacién y
sobre el K5-sulfato asi obtenido epimerizacién C5 con C5-
epimerasa en solucién es llevada a cabo, obteniéndose sea
por una cromatografia de wuna soluciétn de enzimas
microsomales de la mastositoma de ratén (IT 1230 785) o
de higado de bovino (WO 92/17507, WO 96/14425, y WO

97/43317).

La D-glucuronil C5 epimerasa del higado de bovino fue
purificada por Campbell, P. et al. En J. Biol. Chem.,
1994, 269/43, 26953-26958 (“Campbell 1994”) quien también
suministro su composicién en amino &cidos y describié su
uso en la solucidén para la transformacién de un K5-N-
sulfato en el producto epimerizado al 30%
correspondiente, demostrando 1la formacién del Acido
idurénico por medio del método HPLC seguido por

despolimerizacién nitrosa al disacaridos.

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, obtenida de un
vector de expresién recombinante que contiene dicho ADN,

posteriorme.nte purificado por Campbell et al. Como lo



mostré Jin-Ping L. Et al. en J. Biol. Chem. 2001, 276,

20069-20077 (“Jin-Ping 2001")

La secuencia completa de la epimerasa C5 fue descrita
por Crawford B. E. Et al. In J. Blol.. Chem., 2001,

276(24), 21538-21543 (Crawford 2001)

El documento WO 01/72848 describe un método para la
preparaclién de derivados N- de acetilados N-sulfatados de
polisacidrido K5 por lo menos 40% epimerizado de Aacido
idurénico con respecto al total de los acidos urédnicos,
que tienen un peso molecular desde 2.000 a 30.000, que
contienen desde 25 hasta 50% de cadenas de alta afinidad
para ATIII y que tienen una actividad anticoagulante y
antitrombdética expresada como proporcién HCII/antiXa
entre 1,5 a 4. Dicho documente describe 1la sobre
sulfatacién de un K5-N-sulfato, 40-60% epimerizado y
muestra que el producto obtenido, cuyo !C-RMN esta
ilustrado, tiene un contenido de grupo sulfato por unidad
de disacarido 2-3,5. Repitiendo la sobre sulfatacién
anteriormente mencionada en las condiciones descritas y
examinando el C-RMN se pudo tener certeza de que el

producto obtenido realmente es una amina libre cuyo



contenido de 6-O-sulfato esta entre 80-95%, que de el 3-

O-sulfato en el azGcar amino es 30%, pero cuyo grado se
sulfatacién es 3,2. También se observdé 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 no fue obtenido. El1 documento US 2002/0062019
describe un proceso para la preparacién de los sulfatos

eplk5-N, 0O-, activo en el control de la coagulacién que

tiene un grado de sulfatacidén entre 2,3 a 2,9 y un peso

molecular entre 2.000 a 30.000, o entre 4.000 a B8.000, o
entre 18.000 a 30.000. El proceso anteriormente
mencionado involucra las etapas: (p—-a) una 0-
desacetilacidn del polisacdrido K5 y un N-sulfatacidén de
la K5-amina resultante, (p-b)una epimerizacién del k5-N-
sulfato, (p-C) una O- sobre sulfatacién del epik5-N-
sulfato, (p-d) una O- desulfatacién parcial, (p-e) una 6-
O-sulfatacién selectiva, (p~f) una N-sulfatacién del
producto asi obtenido ,cualquier producto obtenido luego
de la terminacién de una de las etapas (p-b)-(p-f) capaz
de ser sometida a la despolimerizacién. Dicho documento
describe un epik5-N, O-sulfato que tiene un peso
molecular de 7.400 obtenido por las etapas anteriormente

mencionadas (p~a) - (p-f) seguido por una despolimerizacién

o\
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nitrosa al final de la etapa (p-f), con un grado de

sulfataciétn entre 2,3 a 2,9.

El mismo documento también describe una parte de k5 con
un peso molecular de aproximadamente 5.000 que también

puede ser sometida a las etapas (p-a)-(p-f).

Para poder estandarizar la terminologia y convertir el
texto mis comprensible, en la presente descripcién los
términos convencionales y expresiones serin usados en

singular o en plural. En particular:

- Por “K5” o “polisacdrido K5” significa el peolisacarido
capsular de la Escherichia coli obtenido por
fermentacién, es decir, una mezcla de cadenas que
consiste de unidades de disacdridos (A) contienen
opcicnalmente un doble enlace en el extremo no reductor
como se muestra anteriormente, en cualquier caso
preparado y purificado de acuerdo con los métodos
descritos en la literatura, en particular de acuerdo a
Vann 1981, de acuerdo con Manzoni M. Et al., Periédico de
Polimeros Bioactivos Compatibles, 1996, 11, 301-311
{"Manzoni 1996”) o de acuerdo con el método descrito en

WO 01/72848 y en WO 02/068447; es obvio para una persona
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avanzada en materia que lo que se muestra de aqui en

adelante 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 Y purificada, en
particular, como se describio en Campbell 1994, en
la WO 98/48006, en la Jin-Ping L. Et al. En J. Bio
Chem. 2001, 276, 20069~-20077 (Jin-ping 200l) o en

Crawford 2001;

Por kS-amina que significa al menos 95% K5 N-
desacetilado pero generalmente en la cual 1los

grupos acetilos son indetectables por un aparato

RMN normal:;

Por “K5-N-sulfato” que significa al menos 95% de K5
N- desacetilada y N-sulfatada, normalmente 100%, ya
que los grupos N-acetilos son indetectables con un

aparato de RMN normal, seqin se describe de aqui en

adelante;
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Por “epik5” significa que el K5 y sus derivados en
los cuales 20-60% de las unidades glucurénicas son

C5~-epimerizadas a unidades idurénicas;

Por “epik5-N-gulfato” que significa el K5-N-sulfato

en el cual 20-60% de las unidades glucurénicas C5-

epimerizadas a unidades idurénicas;

Por “epikS5-amina-O-sobresulfato” que significa una
epik5-amina O-sulfatada con un grado de sulfatacién

de al menos 3,4;

Por ‘“epik5-N, O-sobresulfato” que significa una
epik5-amina-O-sulfatadoe completamente N-sulfatado,

con un grado de sulfatacién de al menos 4;

En adicién:

Los términos convencionales y expresiones definidos
de aqui en adelante se refieren al K5 como aislado
después de fermentacibén, generalmente con una
distribucién de peso molecular desde 1.500 hasta

aproximadamente 50.000 con un peso molecular
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promedio de 10.000-25.000, ventajosamente de

15.000-25.000;

Los términos convencionales y expresion como se
designe de la aqui anteriormente cuando son
seguidos por el acrénimo “LMW” (bajo peso
molecular), por ejemplo LMW-K5-Nsulfato, LMW-epik5-
N-sulfato, indican productos de bajo peso
molecular, obtenidos por fraccionacién o por
despolimerizacién del k5-N-sulfato consiste o es
derivad0 de k5-N-sulfatos que tienen un peso
molecular promedio entre aproximadamente 1.500 a

12.000, calculado en un producto 100% N-sulfatado;

Los términos convencionales y de expresiones como
se ha definido aqui anteriormente, cuando estén
seguidas por ™“-derivados” indican como un total
tanto de derivados como de k5 nativos y aquellos de

bajo peso molecular;

Por el termino “aproximadamente” en referencia al

peso molecular que significa el peso molecular

medido por el viscosimetro t+ el peso teérico de una
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unidad de disacéarido, incluyendo el peso del sodio,
calculado como 461 en el caso de un epiK5-N-
sulfato-derivado y 806 en el caso de un epikS5-N, O-
sobresulfatado-derivado con un grado de sulfatacién

de 4,26;

Por la expresién ‘“especies preponderantes”, que
significa el compuesto que, en la mezcla constituye
el LMW-epik5-N-sulfato, el IMW-epik5-amina-0-
scbresulfatc o el LMW-epik5~N,O-scbresulfato, es el
tipo mas representado, determinado, por el pico de

la curva del peso molecular medido mediante HPLC;

A menocs que se especifique de otra manera, por
“grado de sulfatacién” significa la 8§03./C00-,
expresada 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 w condiciones de O-sobresulfatacidn” se

significa una O-sulfatacion extrema llevada a cabo
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por ejemplo de acuerdo al 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
“tetrabutilamonio” indica el grupo tetra-n-

butylamonio.

RESUMEN DE LA INVENCION

Se ha encontrado de manera sorprendente, que a diferencia
de lo que ocurre con el proceso descrito en la IT
1230785, WO 92/17507, WO 96/14425, WO97/43317,W0 01/72848
y US 2002/0062019, partiendo con un epik5-N-sulfato es
posible obtener un epik5-amina-O-sobresulfato con un
grado mayor de sulfatacién que cada uno de los otros
epik5-amina-O-sulfato descritos en 1l1la literatura, por
ejemplo en la W001/72848, por medio de preparar la sal
con base orginica terciaria o cuaternaria de dicho epik5-
N-sulfato teniendo cuidado de dejar la mezcla de reaccién
descansar durante un periodo de tiempo de 30 a 60 minutos

manteniendo el pH en aproximadamente 7 con la misma base
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orgadnica y luego tratando la sal obtenida con un reactivo
de O-sulfatacién en las condiciones de o~

sobresulfatacién.

Sometiendo los epik5-amina~0O-sobresulfatocs asi obtenidos
a N-sulfatacién, nuevos epik5-N, O-sobresulfatos son
obtenidos 1loa cuales, a diferencia de los productes
descritos en la IT 1230785, WO 9/17507, WO 96/14425, WO
97/43317, WO 01/72848 y US 200/006219, estédn libres de
actividad sobre la coagulacién y son utiles para la
preparacién de medicinas, particularmente composiciones
farmacéuticas de actividad antiangiogenética y antiviral

o de composiciones cosméticas.

Por la despolimerizacién de A&cldos nitrosos de dichos
epik5-N, O-sobresulfatos nuevos LMW-epik5-N,0-
sobresulfatos son obtenidos libres de la actividad sobre

la coagulacidén y con actividad antiangiogenética vy

antiviral.

Al preparar derivados de N,0-sulfato N-desacetilados de
polisacdridoa k5, por lo menos 40% epimerizados de &cido
idurénico con respecto al total de los &cidos urénicos y

que tiene bajo peso molecular de acuerdo con el método
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descrito en la WO 01/72848, se logro estar en lo correcto
de que la despolimerizacién del producto de alto peso
molecular obtenido al final de la etapa N-sulfatacién
final del proceso puede dar resultados variables ya que
esto produce generalmente algunos productos
despolimeri;ados que muestran una actividad mucho menor,
que aquella de los productos de alto peso molecular de
los cuales surge, en todos los parametros de coagulacién.
Se asume que esto tiene lugar debidec a la degradacién con
4cido nitroso que influencia por la presencia de grupos
sulfato. En particular los sulfatos en la posicién 3 de
la glucosamina resultan en productos heterogéneos, como
se describidé por Nagasawa et al. En Trombosis Research,

1992, 65,462-467 (Nagasawa 1992).

Se ha encontrado ahora que someter un eplk5-N-sulfato a
despolimerizacién nitrosa en el cual el contenido de
dacido idurénico con respecto al total de los &acidos
urdnicos es entre el 20 y el 60%, ventajosamente entre 40
al 60% preferiblemente alrededor del 50%,s3e obtienen
LMW-epik5-N-sulfatos que constituyen nuevos intermedios
efectivos para la preparacién de LMW-epik5-N, O-
sobresulfatos que tienen un alto grado de actividad sobre

diferentes parametros bioclégicos, con o sin actividad
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sobre parametros de coagulacidén. En particular, se ha
encontrado que es posible despolimerizar un epik5-N-
sulfato de modo que se obtienen nuevos LMW-epik5-N-
sulfatos de peso molecular promedio de aproximadamente
2.000 a aproximadamente 4.000, m&s particularmente LMW-
epik5-N-sulfatos especificos que consisten de mezclas en
las cuales el compuesto predominante es un decasacérido o
un dodecasacdaridoo un tetradecasacdrido. También estos
IMW-epik5-N-sulfatos, no obtenibles de otra manera,
tienen propiedades biolégicas interesantes y son
intermedios uUtiles para la preparacidén de LMW-epik5-N, O-
sobresulfatos de actividad antiviral y/o

antiangiogénetica y es sorprendentemente 1libre de

actividad sobre la coagulacidn.

Por medio de someter un LMW-epik5-N-sulfato al método
anteriormente mencionado de salificacién con una base
organica terciaria o cuaternaria, teniendo cuidado de
dejar que la mezcla de reacclédn permanezca en descanso
durante un periodo de tiempo de 30 a 60 minutos
manteniendo el pH aproximadamente en 7 con la misma base
organica y luego tratando la sal obtenida con un reactivo
de O-sulfatacién en las condiciones de 0-

sobresulfatacidén, nuevos LMW-epikS5-amina-O-sobresulfatos
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son obtenidos. Por medio de someter el LMW-epik5-~amina-0-
sobresulfato a N-sulfatacién, nuevos derivados N-
sulfatados y O-sobresulfatados (LMW-epik5-N, Oo-
scbresulfatos) son obtenidos sorprendentemente libres de
actividad sobre la coagulacién y de con actividad
antiviral vy/o antiangiogenética ' util para la
preparacién de composiciones farmacéuticas o cosméticas.

Estos LMW-epik5-N-sulfatos son obtenidos partiendo don
k5-N-sulfato con una reaccién de epimerizacién con una
cS5-epimerasa recombinante aislada Yy purificada,
inmovilizada sobre un soporte sélido, a una temperatura
de aproximadamente 30°C y a un pH de aproximadamente 7
durante 12 a 24 horas en la presencia de un catién
bpivalente seleccionado entre calcio, magnesio, baric y
manganeso y una reaccién de despolimerizacién nitrosa

subsecuente del producte eplmerizado asi obtenido o

viceversa.

Sorprendentemente, de las observaciones hechas en el
curso de la reaccién de epimerizacién en las condiciones
anteriormente dichas, es posible asumir que contrario a
lo que ocurre en la naturaleza en la biosintesis de 1la
heparina, la C5-epimerizacién ordinaria y no del tipo

“regidén” del sustrato ocurre cada 2 unidades de &acido

A
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glucurdébnico lo que lleva a los epi-k5-N-sulfatos-
derivados caracterizados por una unidad tetrasacarido
repetitiva consistente de 2 unidades de gliucosamina
separados por una unidad glucurénica y seguidos por una

unidad idurénica o vieceversa.

DESCRIPCION DETALLADA

Asi, de acuerdo con uno de sus aspectos, la presente
invencién suministra un proceso para la preparacién de

epik5-N, O-sobresulfato~derivados, caracterizados en que

(a) un derivado k5-N-sulfato, en forma acidica, es
tratadoc con una base organica terciaria o
cuaternaria dejando la mezcla de reaccién
descansar durante un periodo de 30 a 60 minutos,
manteniendo el pH de la solucién en un valor de 7
por medio de la adicién de la misma base organica
terciaria o cuaternaria, y su sal es aislada con
dicha base organica;

(b} Dicha sal de base orgénica de dicho epik5-N-
sulfato-derivado es tratada con un reactivo de O-
sulfatacién en las condiclones de o-

sobresulfatacidén;
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{(c) El epi-k5—-amina-O-sobresulfato-derivado y tratado
con un reactivo de N-sulfatacidén y el epik5-N, O-

sobresulfato-derivado es aislado.

Generalmente, el epik5-N, 0-sobresulfato-derivado es
aislado en forma de sal de sodio y opcionalmente dicha
sal de sodio es transformada en otra sal quimicamente y

farmacéuticamente aceptable.

En este contexto, el termino “quimicamente aceptable” se
refiere a un catién utilizable en sintesis quimica, tal
como el sodio amonio, tetraalquilamonio (con 1 a 4
carbonos) i6én o para la purificacién del producto, en

donde “farmacéuticamente aceptable es autoexplicatorio.

Los cationes ventajosos son aquellos derivados de metales
alcalinos, metales de tierra alcalina, amonio,
tetraalquilamonio (Cl- C4), aluminio y zinc, los cationes
preferidos son el sodio, el <calcio y 1los iones

tetrabutilamonio.

De acuerdo con una manera ventajosa del procedimiento, la
etapa (a) es llevada a cabo por medio de pasar una

solucién de la sal de sodio del epik5-N-sulfato-derivado,
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es decir del polisacédrido k5, previamente N-
desacetilizado , N-sulfatado, normalmente 100% y 20 a 60%
C5-epimerizado y opcionalmente despolimerizado con &cido
nitroso, que tiene un peso molecular promedio entre
aproximadamente 1.000 a aproximadamente 25.000,
ventajosamente des aproximadamente 1.500 a
aproximadamente 25.000, por una resina de intercambio
ié6nica Acida, por ejemplo del tipoc IR~-120H+, recolectando
el eluato también incluye el agua de lavado de la resina
y neutralizar el eluato con una base orginica terciaria o
cuaternaria, preferiblemente con una solucién acuosa de
hidréxido de tetrabuliamonio. La solucién se deja
descansar durante una hora, manteniendo su pH en 7 por

medio de agregar la misma base y la sal asi obtenida es

aislada por liofilizacién.

En la etapa (b), la O-sobresulfatacidn ocurre por medio
de usar un exceso de agente O-sulfatante y trabajar entre
una temperatura entre 20 y 70°C durante un periodo de

tiempo de hasta 24 horas en un disolvente polar aprético.

Ventajosamente, la sal con una base organica terciaria o
cuaternaria del epik5-N-sulfato-derivado, es decir del

polisacarido k5, previamente N-desacetilizado, N~
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sulfatado preferiblemente al 100%, y 20 a 60% C5-
epimerizado y opcionalmente despolimerizado con A&cido
nitroso, que tiene un peso molecular promedio entre
aproximadamente 1.000 a aproximadamente 25.000,
ventajosamente deade aproximadamente 1,500 a
aproximadamente 25.000 segin se aisldé en la etapa (a), es
disuelto en dimetilformamida y tratado con 2 a 10 moles
de un reactivo de O-sulfatacién por cada hidroxilo libre
a una temperatura entre 40 a 60° durante 10 a 20 horas.
Como un reactivo de O-sulfatacidén es ventajosamente usado
el aducto de piridina.SO; en una cantidad de 2,5 a 5
moles , preferiblemente 2,5 a 4 moles por hidroxilo libre
por disacarido y la reaccidén es llevada a cabo de manera
ventajosa entre 50 a 60°C , preferiblemente a 55°C,
durante la noche. El1 producto obtenido luego de 1la
terminacién de la reaccién es aislado por la adiciédn de
0,1 a 1 volumen de agua y neutralizacién, preferiblemente
con hidréxido de sodio, precipitacién con una solucién de
cloruro de sodio saturada en acetona, filtracién vy

posible ultrafiltracién.

El producte asi obtenido es generalmente la sal de sodio
de un epikS-amina-O-sobresulfato-derivado que tiene un

contenido de acido idurénico entre 20 a 60% del total de

@)
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los 4cidos urébnicos, que tiene un peso molecular promedio
entre aproximadamente 3.500 a aproximadamente 40.000,
ventajosamente desde aproximadamente 4.500 a
aproximadamente 40.000 y un grado de sulfatacién de por
lo menos 3,4, ventajosamente de por lo menos 3,5, mas
ventajosamente de 3,55 a 4, preferiblemente entre 3,55 a
3,8. La sal de sodio asi obtenida puede ser convertida en
otra sal. Por medio de ejemplo un intercambio con el ién
calcio puede ser llevado a cabo trabajando con membranas
de ultrafiltracién. En la etapa (c}), el epik5-amina-0O-
sobresulfatado-derivado con un grado muy alto de
sulfatacidén es WN-sulfatado usande los métodos conocidos

de N-sulfatacién en la literatura.

En la préactica, la N-sulfatacién es llevada a cabo por
medio de tratar una solucidén acuosa que contiene el
eplk5~amina-O-sobresulfatado-derivado que se origina de
la etapa (b) con un carbonato de sodio y un agente de N-
sulfatacién, por ejemplc un trialquilamina.S$0; (Ci -Ci.)
piridina SO; como aductos manteniendo la mezcla entre 30
a 50°C durante 8 a 24 horas y aislando el epik5-N,O-
sobresulfato-derivado deseado, por ejemplo por

diafiltracién. Opcionalmente la etapa de N-sulfatacién es
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repetida hasta dque se obtiene mas del 95% de 1la

sustituciédn, preferiblemente completa.

Los nuevos epik5-N, O-sobresulfato-derivados  asi
obtenidos estidn generalmente en su forma de sal de sodio.
Dicha sal de sodio puede ser convertida en otra sal
quimica o . farmacéuticamente aceptable. Saleds
particularmente ventajosas son aquellas de metales
alcalinos, de metales de tierras alcalinas, de amonio, de
tetraalqullamonio con (C;-C4), de aluminio y zine., Las
preferidas son las sales de sodio, calcio Yy

tetrabutilamonio.

El epikb-N-sulfato de partida sometido a la etapa (a) del
proceso de la presente invencién se deriva de un
polisacarido k5, previamente  N-desacetilizado, N-
sulfatado wvirtualmente al 100%, vy 20 a 60% C5-
epimerizado, ventajosamente 40 a 60%, y opcionalmente
despolimerizado con A&cido nitroso, que tiene un peso
molecular promedio entre aproximadamente 1.000 a
aproximadamente 25.000, ventajosamente entre
aproximadamente 1.500 a aproximadamente 25.000.
Preferiblemente, dicho material de partida es un epi-k5-

N-sulfato gque tiene un peso molecular promedio entre
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10.000 y 25.000 o un LMW-epik5-N-sulfato teniendo un peso
molecular de aproximadamente 1.000 a aproximadamente
12.000, ventajosamente de aproximadamente 1.000 a 10.000,
preferiblemente entre aproximadamente 1.500 y

aproximadamente 8.000.

Los epik5-N-sulfatos, preparados por CS5-epimerizacién de
k5-N-sulfatos, son bien conocidos en la literatura y
ampliamente descritos por ejemplc en la WO 92/17507, Wo
01/72848, WO 98/14425, WO 97/43317 o US 2002/0062019. Su
preparacién por eplmerizacién C-5 de la unidad
glucurdénica del  k5-N-sulfato con D-glucuronil CC5
epimerasa fue descrito en los documentos citados aqui

anteriormente.

Un LMWepik5-N-sulfato que tiene un contenido de unidad
idurdénica de aproximadamente 20%, obtenido por N-
desacetilacidén, N-sulfatacién y CS5-epimerizacién de una
parte del k5 que tiene un peso molecular promedio de
5.000 se describié en la WO 92/17507. Sin embargo tal
IMW-k5-N-sulfato contiene una cantidad considerable de

grupos acetilo.
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Un epik5-N-sulfato con un contenido de &cido idurbnico de
40 a 60%, particularmente ventajoso coma material de
partida, es aquel obtenido por la epimerizacién de un k5-
N-sulfato virtualmente libre de grupos acetilos, a su vez
preparado de k5 particularmente puro, en particular que
no contenga sustancias lipofilicas, descrito en la WO
02/068477. De acuerdo con una manera preferencial del
procedimiento, por epimerizacién de un k5-N-sulfato se
obtiene de un k5 libre de sustancia lipofilicas como
aquellas descritas en la WO 02/068477l1la epimerizaciédn C5
es llevada a cabo con una D-glucuronil CS5-epimerasa que
es aislada, purificada e inmovilizada sobre un soporte
sélido, a un pH de aproximadamente 7, a una temperatura
de aproximadamente 30°C y durante un periodo de tiempo
entre 12 a 24 horas en la presencia de por lo menos ién
bivalente seleccionado entre calcio, magnesio, bario ¥y

manganeso.

Los LMW-epik5-N-sulfatos que tienen un contenido mas alto
de unidades idurdénicas, en particular 40 a 60%
preferiblemente 50 a 55%, son nuevos, y productos
particularmente ventajosos como materiales de partida en

la preparacién de los LMW-epik5-N, O-sobresulfato-

derivados.
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Los LMW-epikS5-N-sulfatos como se mostrd anteriormente son
preparados por un proceso caracterizado en que el k5-N-

sulfato es sometido, en cualquier orden,

(1) a epimerizaciébn C5 con una D-glucuronil C5-
epimerasa que es aislada, purificada y en
solucién o inmovilizada en un soporte sbdlido, a
un pH de aproximadamente 7, a una temperatura
de aproximadamente 30°C y durante un periodo
de tiempo entre 12 a 24 horas en presencia de
por lo menos un ién bivalente seleccionado
entre calcio, magnesio, bario y manganeso;

(ii) A una despolimerizacién nitrosa opcionalmente
aeguidé por reduccién, normalmente con

borohidruro de sodio.

La expresién “en cualquier orden” muestra que el proceso
puede ser llevado a cabo de manera indiferente en
cualquiera de 1las direcciocnes ({i)-(il),es decir en 1la
secuencia mostrada anteriormente, lo mismo que en la
direccidén inversa, es decir también en la direccién (ii)-
(1) sometiendo el k5-N-sulfato primeramente a la

despolimerizacién nitrosa, opcionalmente seguido por
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reduccién con borohidrurc de sodio, y luego a
epimerizacién C5 en las condiciones anteriormente
mencionadas. El1 orden preferido es el de la direccién
(1)~ (ii), La secuencia (ii)-(1) es utilizada
preferiblemente partiendo con los LMW-k5-N sulfatos que
tienen un peso molecular promedio de mas de 4.000
preferiblemente partiendo con aproximadamente 6.000. Por
ejemplo, uno puede determinar la cantidad de nitrito de
sodio que, partiendo con 1 g de eplik5-N-sulfato, permite
el logro de un LMW-epik5-N sulfato con un peso molecular
de mas de 4.000, en particular de por lo menos 6.000, de
modo que se obtengan intermedios (Gtiles para 1la
preparacién de los LMWepik5-N, O-sobresulfatos. De hecho,
en este caso, en la etapa (ii) el ©porcentaje
epimerizacién optima es obtenido. De acuerdo con un
aspecto preferencial de la invencidén, el CS5-epimerasa es

inmovilizada sobre un soporte sélido inerte.

La CS5-epimerasa, preferiblemente recombinante, aislada y
purificada por ejemplo de acuerdo con Campbell 1994, WO
98/48006, Jin -Ping 2001 o Crawford 2001, es inmovilizada
sobre un soporte inerte en la presencia del sustrato, es
decir en la presencia k5-N-sulfato-derivado de partida o

en la presenclia LMW-k5-sulfato, que ventajosamente tiene

&S\
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un peso molecular promedio de 4.000, preferiblemente de
por lo menos 6.000. La inmovilizacién se lleva a cabo de
acuerdo con los métodos convencionales, por ejemplo como

se describibé en la WO 01/72848.

La reaccidn epimerizacién C-5 se lleva a cabo por medio
de recircular 20 a 1.000 ml de una solucién HEPES de 25
mm a un pH de aproximadamente 7 que contiene 0,001-10 g
del sustrato (k5-N-sulfato [} LMW-k5-N-sulfato,
preferiblemente con un peso molecular de mas de 4.000, en
particular de por 1lo menes 6.000) y wun catién
seleccionado entre calcio , magnesio, bario y manganeso a
una concentracién entre 10 y 60 mm por una columna gue
contiene 1,2 X 10" a 3 x 10 cpm de la encima
inmovilizada, manteniendo el pH a aproximadamente 7 a
aproximadamente 30°C, a un flujo entre 30 a 220 ml/hora
durante un periodo de tiempo de 12 a 24 horas

ventajosamente entre 15 a 24 horas.

Preferiblemente dicha solucién es recirculada a un flujo
de aproximadamente 200 ml/hora durante la noche (15 a 20
horas). El producto obtenido es purificado y separado de
acuerdo con métodos conocidos, por ejemplo por

ultrafiltracién y precipitacién con etanol. El producto
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asi obtenido es consistente de epik5-N-sulfato (y en tal
caso es disuelto en agua y sometido despolimerizacién) o
LMW-epikS5-N-sulfato (en cuyo caso este constituye el
producto final). El1 porcentaje de epimerizacién, en la
practica la cantidad de unidades idurénicas con respecto
a las glucurénicas, es calculado, usando !H-RMN de

acuerdo con el método descrito en la WO 96/4425.

La reaccidén de despolimerizacién nitrosa se lleva a cabo
de acuverdo con métodos conocidos por la despolimerizacién
de la heparina, por ejemplo en el método descrito en la
EP 37319, en WO 82/03627 o de acuerdo con el método por
despolimerizacién de un k5-N-sulfato descrito en la EP
544592, pero partiendo con un k5-N-sulfato o un epik5-N-
sulfatoc que contiene entre 0 a no mas de 10%,
preferiblemente no mas del 5% de grupos acetilo.
Preferiblemente, la despolimerizacién, llevada a cabo con
nitrito de sodio y A&cido clorhidrico sobre un epik5-N-
sulfato virtualmente libre de grupos acetilos, es seguido

por reducciédn in situ con borohidruro de sodio.

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

sulfato se lleva a un pH &cido (aproximadamente 2) con

acido clorhidrico y, todavia frio, tratado con nitrito de
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sodio manteniendo la temperatura (aproximadamente 4°C) y
el pH (aproximadamente 2) constante y luego de 1la
terminacién de la despolimerizacién (aproximadamente 15
a 30 minutos) la solucién es neutralizada con hidréxido
de sodio y tratada, todavia aproximadamente 4°C con una
solucién acuosa de borohidruro de sodio. Luego de 1la
terminacién de la reduccidén (aproximadamente 4 horas) el
exceso de borohidruro de sodio es destruido con acido
cloxrhidrico, la solucién es neutralizada con hidréxido de
sodio y el producto despolimerizado (y reduclido) es
aislado de acuerdo con métodos conocidos, por ejemplo por
precipitacién directa con etanol o acetona. El1l producto
obtenido luego de la terminacién de la despolimerizacién
puede ser un LMW-epik5-N-sulfato (en cuyo caso este
constituye el producto final) o un LMW-k5-N-sulfato (y en
tal caso es sometido directamente 2 epimerizacién C5 como
se ha mostrado aqui, luego de aislamiento y también en
solucién sin ser aislado previamente), en particular
cuando este tiene un peso molecular promedioc de mas
4.000, preferiblemente de por lo menos 6.000, o es
utilizado para preparar LMW-k5-N, O-sobresulfatado con
actividad antiangiogenética y antiviral. Por medio de
controlar apropiadamente la reaccién de

despolimerizacién, en particular usando cantidades
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diferentes de nitrito de sodio/&cido clorhidrico, se han
obtenido LMW-K5-N-sulfatos LMW-epik5-N-sulfatos que
tienen un peso molecular promedico en el intervalo
completo entre 1500 a aproximadamente 12,000 '
ventajosamente entre aproximadamente 1500 a
aproximadamente 10.000, preferiblemente entre
aproximadamente 1500 a aproximadamente 7500, calculado en
el espectro !*C-RMN por medio de la integracién de 1la
seflal atribuida al C2 del 2,5-anhidromanitol con aquel
del carbén anomérico de la glucosamina al interior de la
cadena del polisacarido. De acuerdo con un procedimiento
de manera general, partiendo por ejemplo, 1 con g de
epiK5-N-sulfato, el producto de partida es disuelto en
100 a 200 ml de agua desionizada y termoestablecido a 4
°C. Entonces una cantidad de nitrito de sodio es agregada
de modo que se obtiene el peso el peso molecular promedio
deseado, por ejemplo entre aproximadamente 2.000 a
aproximadamente 4.000. Por lo tanto, partiendo con un
epiK5-N-sulfato que tiene un peso molecular de 20.000
medido con el método HPLC equipado con una columna Biorad
Biosil 250 y usando un estadndar de heparina de peso
molecular conocido, se requerird la adicién de 330 a 480
mg de nitrito de sodio disuelto en una solucién acuosa al

0,2%. La solucién contiene el epiK5-N-sulfato y el
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nitrito de sodio, mantenida a 4 °C se lleva a un pH de 2
por medio de la adicién de HCl al 0,1 N enfriado a 4 °C.
Se le deja reaccionar bajo agitacién lenta durante 20 a
40 minutos, y luego es neutralizado con NaOH al 0,1 N. El
producto obtenido es llevado a temperatura ambiente y
tratado con un agente reductor tal como por ejemplo el
boro hidruro de sodio (250-500 mg disveltos en 50-100 ml
de agua) y se deja reaccionar durante 4 a 8 horas. El
exceso de boro hidruro de sodio es eliminado llevando el
pH entre 5 a 5,5 con HCl al 0,1 N y dejandoloc descansar
durante 2 a 4 horas adicionales. Al final este es
neutralizado con NaOH al 0,1 N y el producto es
recuperado por precipitacién con acetona y etanol después

de haber sido concentrado el producto por evaporacién a

presién reducida.

Similarmente, la cantidad de nitrito de sodio puede ser
determinada la cual, partiendo con 1 g de K5-N-sulfato o
eplK5-N-sulfato, permite el logro de un LMW- K5-N-sulfato
0 un LMW-epiK5-N-sulfato con un peso molecular promedio
entre aproximadamente 4.000 a aproximadamente 12.000,
ventajosamente entre aproximadamente 4.000 a

aproximadamente 7.500, y en particular de 6.000 a 7.500.
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El LMW-epiK5-N-sulfato asi obtenido, con un contenido de
dcido idurénico entre 20 a 60%, ventajosamente entre 40 a
60%, preferiblemente entre 50 a 55% y virtualmente libre
de NH; y grupos acetilo, tiene un peso molecular promedio
de aproximadamente 1.500 a 12.000, ventajosamente desde
aproximadamente 1.500 a aproximadamente 10.000,
preferiblemente desde aproximadamente 1.500 a
aproximadamente 7.500 Y sus sales quimica Yy
farmacéuticamente aceptables constituyen nuevos productos
itiles de interés particular como materiales de partida
en la preparacidn de los LMW-epiK5-N,O-sobresulfato, pero
también ellos mismos son Gtiles como ingredientes activos
de composiciones farmacéuticas o cosméticas y constituyen

un aspecto adicional de la presente invencién.

ventajosamente, los materiales de partida en 1la
preparacién de los epiK5-N,-O-sobresulfato-derivados de
la presente invencién son epik5-N-sulfatos-derivados que
consisten de una mezcla de cadena en la cual al menos 9%0%

de dichas cadenas tiene la férmula I

NHSO;
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en la cual las unidades urdénicas son el 20 al 60%
consistentes de Acido idurénico, n es un entero entre 2 a
100, ventajosamente entre 3 a 100 y el catidn
correspondiente es quimica o farmacéuticamente aceptable.
MA&s ventajosamente, dichos epiK5-N-sulfato-derivados de
partida consisten de una mezcla de cadena en la cual por
lo menos el 90% de dichas cadenas tiene la f6rmula I en
la cual las wunidades wurénicas son en 40 al 60%
consistentes de acido idurénico, n es un entero entre 2 a
100, ventajosamente entre 3 a 100 y el correspondiente
catién es quimicamente aceptable. Los materiales de
partida preferidos son los IMW-epiKS-N-sulfatos como se
mostré anteriormente, consistentes de una mezcla de
cadena en la cual por lo menos el 90% de dichas cadenas
tiene la férmula I en la cual las unidades urénicas son
en 20 al 60% comprenden ventajosamente 40 al 60%,
preferiblemente 50 al 55%, de é&cido idurénico, n es un
entero entre 2 a 20, ventajosamente entre 3 a 15 y el

correspondiente catién es quimicamente aceptable.

En la préactica, dichos LMW-epiK5-N-sulfatos preferidos
consisten de una mezcla de cadenas en al cual por Lo

menos 905 de dichas cadenas tienen la féormula I’
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en la cual las unidades urénicas son el 20 al 60%
comprendidas, ventajosamente al 40 al 60%,
preferiblemente 50 al 55%, de &acido idurénico, g es un
entero entre 2 a 20, ventajosamente entre 3 a 15 y el

catidén correspondiente es quimica o farmacéuticamente

aceptable.

En este contexto, el término “quimicamente” gse refiere a
un catién utilizable en la sintesis quimica tal como
sodio, amonio, iones tetraalquilamonio{C;-C4), o para la
purificacién del producto. Los cationes ventajosos son
derivados de metales alcalinos, metales de tierra
alcalina, amonio, tetraalquilamonio(C;~C4), aluminio vy
zinc. Los cationes preferidos son el sodio, calcio y los

iones tetrabutilamonio.

Particularmente interesante son los LMW-epiK5-N-sulfatos

que consisten de una mezcla de cadenas en la cual por lo
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menos el 90% de dichas cadenas tiene 1la férmula I’
mostrada aqui anteriormente, obtenida por
despolimerizacién nitrosa de los epiK5-N-sulfatos
correspondientes mostrados anteriormente y
subsecuentemente la posible reduccién por ejemplo con
boro hidruro de sodio. Entre estos son preferidos los
LMW-epiK5~N-sulfatos que consisten de una mezcla de

cadenas en la cual las especies preponderantes tienen la

f6érmula I'a

N {re)

en la cual las unidades urébnicas son el 60 al 40%
consistentes de Acido glucurénico y 40 al 60% de Acido
idurénico, p es un entero entre 4 a 8. El peso molecular
promedio de estos productos es de aproximadamente 2.000 a
aproximadamente 4.000 y el catién correspondiente es

quimica o farmacéuticamente aceptable.

El origen de estos epiK5-N-sulfatos de una etapa de

despolimerizacién nitrosa involucra, en un extremo
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reductor en al mayoria de las cadenas en dicha mezcla de
cadenas, la presencia de una unidad 2,5-anhidromancsa o,
en el caso de la reduccidén con por ejemplo boro hidruro

de sodio, de 2,5-anhidromanitol de estructura {(a)

OH

En la cual X representa un grupo formilo o wun grupo
hidroximetilo. Por 1lo tante, el extremo reductor de la
mayoria (60-70% de las cadenas) es representado realmente

por la estructura (b)

LA -

en la cual X es como se definié anteriormente.

La presencia de la estructura (a) no tiene ninguna
influencia en las caracteristicas quimicas de los epiK5-
N-sulfatos Yy sus derivados ya que cualesquier

sulfataciones llevarian a una introduccién posible de uno



o dos grupos sulfatos que no moverfian de manera
significativa el grado de sulfatacién de los derivados O-
sulfatados. Sin embargo es preferible que la
despolimerizacién nitrosa se segquida por reduccidn como
por ejemplo con boro hidruro de sodio ya que, de acuerdo
con el proceso de la presente invencidédn, dichos LMW-
epiK5-N-sulfatos estan sometidos a reacciones de
sulfatacién y acilacién cuya influencia, del radical 2,5-
anhidromanosa de la estructura (a), es desconocido en el
grupo formilo en el cual X representa formilo. Por otro
lado la presencia de la estructura (a) no influencia la
actividad Biolb6gica de los productos, como se demostréd
por Ostergaard P. B.et al, en Trombosis Research, 1987,
45, 739-749 (Ostergaard 1987) para las heparinas de bajo
peso molecular. Los IMW-epiK5-N-sulfato particularmente
ventajosos de acuerdo con la presente invencién consisten
de mezclas de cadenas en las cuales las especies

preponderantes son un compuesto de férmula I’'b

LAY -
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en la cual X es formilo o, preferiblemente hidroximetilo,
m es 4, 5 o 6, el catidébn correspondiente es un ién
quimica y farmacéuticamente aceptable y las wunidades
glucurénicos e idurénicas estin presentes alternadamente
partiendo con una unidad glucurdnica ¢ idurénica. En tal
caso la proporcién glucurédnico/idurdnico esta entre 45/55

a 55/45, es decir aproximadamente 50/50.

El uso de la CS-epimerasa, preferiblemente recombinante,
preferiblemente inmovilizada en un soporte sélido en las
condiciones mostradas anteriormente por 1lo tanto no
permite la epimerizacién de ™“regiones” de los epiK5-N-
sulfato-derivados en epiK5-N-sulfatos-derivados, c¢omo

ocurre en la naturaleza, pero del tipo ordinario.

Asi, de acuerdo con otro de los aspectos, de la presente
invencién suministra el uso de C5-epimerasa aislada y
purificada, para conversidén del epiK5-N-sulfato-derivado
en un epik5-N-sulfato-derivado correspondiente
caracterizado por una unidad tetrasacdrido repetitiva
consistente de dos unidades de glicosamima separadas por
una unidad glucurdénica y seguidas por una unidad

idurénica o separadas por una unidad idurénica y sequidas

por una unidad glucurédnica.
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Dicha epimerizacién ocurre éptimamente si se lleva a cabo
en un epiK5-N-sulfato~derivado que tiene wun peso

molecular promedio desde mads de 6.000 a 7.500.

De acuerdo con la presente invencién, 1los epiKS5-N-
sulfato-derivados, preferiblemente 100% N-sulfatados ({en
particular los epiK5-N-sulfato-derivados consistentes de
mezclas de cadenas en las cuales el 90% de dichas cadenas
tiene la férmula I o I’ o0 en las cuales las especies
preponderantes tiene la férmula I'a o I'b en la cual X es
hidroximetilo), son sometidas a las etapas antes
mencionadas (a) y (b), luego de la terminacién de las
cuales son aislados los nﬁevos epiK5-amina-0-
sobresulfato-derivados correspondientes, en los cuales la
amina no es sustituida, normalmente en forma de sal de
sodio, las cuales pueden ser transformadas en otras sales
quimica o farmacéuticamente aceptable. Sales
particularmente ventajosas son aquellas de metales
alcalinos, metales de tierra alcalina, amoniaco,
tetraalquilamonio(Cl- C4), aluminio y zinc, y entre estas

las sales de sodio, calcio y tetrabutilamonio son las

preferidas.
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Asi, de acuerdo con otro de sus aspectos, la presente
invencién se refiere a nuevos epiKS-amina-O-sobresulfato-
derivados y sus sales quimica o farmacéuticamente
aceptables, obtenibles por un proceso caracterizado en

que

(a) un epiK5-N-sulfato-derivado, en forma &cida, es
tratado con una base orgénica terciaria o
cuaternaria, dejando que la mezcla de reaccién
descanse por un periodo de 30 a 60 minutos,
manteniendo el pH de la solucidén aun valor de 7
por la adicién de dicha base orgé&nica terciaria o
cuaternaria y su sal es aislada con dicha base
orgénica.

(b) Dicha sal de base orginica de dicho epiKS5-N-
sulfato-derivado es tratado con un reactivo de O-
sulfatacién en las condiciones de o-

sobresulfatacién y el epiK5-amina-O-sobresulfato-

derivado es aislado.

Usando, como materiales de partida ventajoso de la etapa
(a), los epiK5-N-sulfato-derivados consistentes de una
mezcla de cadenas en las cuales por 1lo menos 90% de

dichas cadenas tiene la férmula I anteriormente dicha, en



las cuales las unidades urénicas son el 20 al 60%
consistentes de &cido idurbdnico, n es un entero entre 3 a
100 y el catién correspondiente es quimica o
farmacéuticamente aceptable, al final de la etapa (b) un
epiKS5~amina-O-sobresulfato-derivado es obtenido
consistente de una mezcla de cadenas en la cual por lo

menos 90% de dichas cadenas tiene la férmula II

— D -
ﬁi: &
L -

en la cual las unidades urénicas son el 20 al 60%

)

consistentes de &cldo idurénico, n es un entero entre 2 a
100, preferiblemente entre 3 a 100, R, R’ y R 7 son
hidrégeno © S03, para un grado de sulfatacién de
3,4,ventajosamente de por lo menos 3,5, mas
ventajosamente entre 3,55 a 4, preferiblemente desde 3,55

a 3,8 y el catién correspondiente es gquimica o

farmacéuticamente aceptable.

Estos epiK5-amina-O-sobresulfato-derivades con un muy

alto grado de sulfatacidén son nuevos productos fttiles
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como intermedios en al preparacién de sus derivados N-
sulfato © N-(Cz.Ci)acilatados Dbésicamente libres de
actividad sobre los pardmetros de coagulacidén, pero que

tienen otras propiedades farmacolégicas interesantes.

Ventajosamente 1los epiKS-amina-o—sobresulfato-derivadbs
ventajosos con un grado muy alto de sulfatacién consisten
desde una mezcla de cadenas en las cuales por lo menos el
90% de dichas cadenas tiene la férmula II en la cual las
unidades urdnicas son 40 al 60% consistentes de &cido
idurénico, n es un entero que va de 2 a 100,
preferiblemente entre 3 a 100, con un pesc molecular de
aproximadamente 2.000 a aproximadamente 40.000,
ventajosamente de aproximadamente 4.500 a aproximadamente
40.000, R es por lo menos 40% preferiblemente 50 a 80%
507, R y R’ 7 son ambos S0; y uno es hidrégeno y el
otro es 5 a 10% SO3” en Acido monosulfato glucurénico y 10
a 15% SO03” en &cido monosulfato idurénico, el grado de
sulfatacién es de mas de 3,4, ventajosamente de por lo
menos 3,5, mas ventajosamente de 3,55 a 4,
preferiblemente de 3,55 a 3,8 y el catién correspondiente

es quimicamente aceptable.



Los epiK5-amina-O-sobresulfato-derivados preferidos con
un muy alto de sulfatacién son los LMW-epiK5-amina-0-
sobresulfato consistentes de una mezcla de cadenas en las
cuales por lo menos el 90% de dichas cadenas tienen la
férmula II en las cuales las unidades urénicas estan
comprendidas entre 40 al 60%, preferiblemente 50 al 55%,
de &cido idurénico, R es por lo menos 40% ventajosamente
50 a 80%, preferiblemente aproximadamente 65% de S0;~, R’
y R’ 7 son ambos SO;” o uno es hidrégeno y el otro es 5 a
10% SO;” en dacido glucurdénico y 10 a 15% SO en 4&cido
idurénico, n es un entero de 2 a 20, ventajosamente desde
3 a 15, con un peso molecular promedio de aproximadamente
4.000 a aproximadamente 8.000 y el catién correspondiente

es quimicamente aceptable.

En la préactica, dichos IMW-epiK5-amina-O-scbresulfatos
preferidos consistente de una mezcla de cadenas en la

cual por lo menos 90% de dichas cadenas tiene la férmula

II

W00, ¢oo”
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en la cual las unidades ur6nicas son el 20 al 60%
consistentes de 4cido idurénico, n es un entero entre 2 a
100, preferiblemente entre 3 a 100, R, R’ y R ' son
hidrégeno o S03, para un grado de sulfatacidén de
3,4,ventajosamente de por 1o menos 3,5, mas
ventajosamente entre 3,55 a 4, preferiblemente desde 3,55

a 3,8 y el catién correspondiente es dquimica o

farmacéuticamente aceptable.

Estos epiK5-amina-O-sobresulfato-derivados con un muy
alto grado de sulfatacién son nuevos productos utiles
como intermedios en al preparacién de sus derivados N-
sulfato o N-({Cz.Cs)acilatados béasicamente 1libres de
actividad sobre los pardmetros de coagulacién, pero que

tienen otras propiedades farmacolégicas interesantes.

Ventajosamente los epiK5-amina-0O-sobresulfato-derivados
ventajosos con un grado muy alto de sulfatacién consisten
desde una mezcla de cadenas en las cuales por lo mencs el
90% de dichas cadenas tiene la f6rmula II en la cual las
unidades urdnicas son 40 al 60% consistentes de &4cido
idurénico, n es wun entero que va de 2 a 100,

preferiblemente entre 3 a 100, con un pesoc molecular de
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aproximadamente 2.000 a aproximadamente 40.000,
ventajosamente de aproximadamente 4.500 a aproximadamente
40.000, R es por lo menos 40% preferiblemente 50 a 80%
SO, R y R’ ' son ambos SOy y uno es hidrégeno y el
otro es 5 a 10% 50; en acide monosulfato glucurénico y 10
a 15% S03; en Acido monosulfato idurdnico, el grado de
sulfatacién es de mas de 3,4, ventajosamente de por lo
menos 3,5, mas ventajosamente de 3,55 a 4,
preferiblemente de 3,55 a 3,8 y el catién correspondiente

es quimicamente aceptable.

Los epiKS5—-amina-O-sobresulfato-derivados preferidos con
un muy alto de sulfatacién son los LMW-epiK5-amina-0-
sobresulfato consisten de una mezcla de cadenas en las

cuales por lo menos el 90% de dichas cadenas tienen la

férmula II’

En la cual las unidades urdnicas son 20 a 60% consistente

de 4&cido idurénico, q es un entero entre 2 a 20,
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ventajosamente entre 3 a 15, R, R’ y R ' son a
hidrégeno o SO;, para un grado de sulfatacién de por lo
menos 3,4, ventajosamente de por lo menos 3,5, mas
ventajosamente desde 3,55 a 4, preferiblemente entre 3,55
a 3,8 y el catién correspondiente es un ién quimica o

farmacéuticamente aceptable.

Entre estos LMW-epiK5-amina-0-sobresulfatos son
preferidos los que consisten de una mezcla de cadenas en

la cual las especies preponderantes tienen la f6rmula

IT'a

i N ('s)
. ™ 2l S

en la cual las unidades urénicas esté&n entre el 20 al 60%
consistentes de 4cido idurénico, p es un entero entre 4 a
8, R, R* y R'" '’ son como se definid anteriormente, el
grado de sulfatacién es de ©por lo menos de
3,4,ventajosamente de por lo menos 3,5, mas
ventajosamente de 3,55 a 4, preferiblemente de 3,55 a 3,8

y el catién correspondiente es quimica o]
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farmacéuticamente aceptable. El origen de los nuevos LMW-
epiKS5~-amina-0O-sobresulfatos de LMA-epik5-sulfatos
obtenidos por despolimerizacién nitrosa y subsecuente
reducciébn con por ejemplo boro hidruro de sodio,
involucra, en el extremo reductor en al mayoria de las
cadenas en dicha mezcla de cadenas, la presencia de una

unidad 2,5-anhidromanitol sulfatada de estructura ({(a’)

H,080,"
@
CH,080y"

En la cual R representa hidrégeno o S0; .

Asi, el extremo reductor de la mayoria de las cadenas en

dicha mezcla de cadenas estd representado por 1la

estructura (b’)

NH, CH,080,"

en la cual 1la cual la unidad urénica puede ser

glucurénica o idurénica.
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Entre los nuevos LMW-epiK5-amina-O-sobresulfatos
mencionados anteriormente son preferidos aquellos que
consisten de mezclas de cadenas en las cuales las

especies preponderantes es un compuesto férmula II'b

. . . :
Q ore)
CH.080."
L

en la cual las unidades urébnicas son el 40 al 60%

consistentes de &4cido idurénico, mes 4, 5 0 6, R, R” ¥y
R’ ’ son hidrégeno, o© SO03, X'’ es OH o 0503, para un
grado de sulfatacién es de por 1lo menos de
3,4,ventajosamente de por 1o menos 3,5, mas
ventajosamente de por lo menos 3,55 a 4, preferiblemente
entre 3,55 a 3,8, las unidades idurdnicas estin pregentes
de manera alterna, iniciando con una unidad glucorénica o
idurénica, y el catién correspondiente es un ién quimica

o farmacéuticamente aceptable.

Todos estos epiKS5-amina-O-sobresulfato~derivados con un

grado muy alto de sulfatacién son productos nuevos gque
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son intermedios (tiles para la preparacidén de los nuevos
epiKS5-amina-O-sobresulfato-derivados N-sustituidos y por

lo tanto constituyen un aspecto adicional de la presente

invencién.

En particular, de acuerdo con otro de sus aspectos, se
relaciona con el uso de los epiKS-amina-O-sobresulfato-
derivados anteriormente mencionados con un muy alto grado
de sulfatacién para la preparacién de nuevos epiKS-amina-
O-sobresulfato-derivados N-sustituidos, en particular N-

sulfatados o N-acilados.

Luego de la terminacidén de la etapa (c¢) del proceso de la
presente invencién, consistente de una N-sulfatacién de
los epiKS5-amina-O-sobresulfato~derivados obtenidos al
final de la etapa (b) (en particular los epiK5-amina-0-
sobresulfato-derivados consistentes de mezclas de cadenas
en las cuales al menos el 90% de dichas cadenas tiene la
férmula II o II'’ o en las cuales las especies
preponderantes tiene la férmula II'a o II’b) los epiK5-
amina-0O-sobresulfato-derivados s0on obtenidos cuyos
contenidos de Acido idurdnico estd en 20 a 60% del total
de acidos urénicos y cuyo grado de sulfatacién es de por

lo menos 4, preferiblemente entre 4 a 4,6.



53

Asi, con otro de sus aspectos, la presente invencién
suministra nuevos derivados de polisacarido K5 N-
desacetilado, O-sulfatado y N-sulfatado, CS-epimerizado
a {4cido idurbénico en por lo menos 20% en total de las
unidades urénicas, tiene un peso molecular promedio entre
aproximadamente 2.000 a aproximadamente 45.000, un grado
de sulfatacién de por 1o menos 4, dichos derivados son
béasicamente inactivos bajo los parametros de coagulacién.
Similarmente a lo establecido anteriormente, dichos
nuevos derivados son, en su totalidad, denotados con el
término general “epiK5-N, -O~sobresulfato-derivados”

independientemente de su peso molecular.

En particular, el peso molecular promedio estad entre
aproximadamente 2.000 a aproximadamente 45.000 ya que
dichos derivados 8se originan de un epiKS5-N-sulfato
obtenido por N-desacetilacién y N-sulfatac.:i.bn de K5 por
fermentacién o por la despolimerizacién nitrosa de este
dltimo. Por medio de controlar dicha despolimerizacién
nitrosa es posible obtener derivados de bajo peso
molecular en virtualmente todos los intervalos
anteriormente dichos. Sin embargo, para el uso de 1los

derivados de 1la presente invencidn como productos
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farmacéuticos o cosméticos es ventajoso preparar
derivados de bajo peso molecular, con un peso molecular
promedio entre aproximadamente 2.000 a aproximadamente
16.000, ventajosamente desde aproximadamente 3.500 a
aproximadamente 13.000 con una distribucién de peso
molecular entre aproximadamente 1.000 y aproximadamente
15.000, preferiblemente entre aproximadamente 4.500 a
aproximadamente 9.000, con una distribucién de peso
molecular desde aproximadamente 2.000 a aproximadamente
10.000 de o derivados de alto pesc moclecular que se
originan del K5 no fraccionado, con un peso molecular
promedio entre aproximadamente 20.000 a aproximadamente
45.000, con una distribucién de peso molecular entre

aproximadamente 2.000 a aproximadamente 70.000.

En los epiK5-N,0O-sobresulfato-derivados de la presente
invencién el grado de sulfatacién es muy alto,
preferiblemente entre 4 a 4,6, el nitrdédgeno de 1la
glucosalina es virtualmente 100% sulfatada. Aparte, los
epiK5-N, O-sobresulfato-derivados son 100% 6-0O-sulfatados
y 50-80% 3-O-sulfatados en sus unidades glicosamina, 5 a
10% 3-O-monosulfatados en unidades glucurénicas, 10 a 15%
O-monosulfatadas en unidades idurénicas y 2,3-di-0O-

sulfatadas en las unidades urbnicas restantes,

N4}
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considerando que el grado de sulfatacién es de por lo

menos 4.

Ventajosamente los epiK5-N,0 sobresulfato~derivados de
acuerdo con la presente invencién son obtenidos por
epik5-amina-O-sobresulfato-derivados a su vez preparados
de epiK5-N-sulfato-derivados consistentes de una mezcla
de cadenas en la cuales por lo menos 90% de dichas
cadenas tienen la anteriormente mencionada férmula I, en
la cual las wunidades wurbnicas son el 20 al 60%
consistentes de &cido idurénico, n es un entre 2 a 100,
ventajosamente entre 3 a 100 y el catién correspondiente

es quimica o farmacéuticamente aceptable.

En tal caso, lo nuevos epiKb5-N,O-sobresulfato-derivados
consistentes de las mezclas de cadenas en las cuales por

lo menos 90% de dichas cadenas tienen la fé6rmula III

\&
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En la cual 1las wunidades wurénicas son 20 a 60%
consistentes de Acido idurénico, n es un entero entre 2 a
100, preferiblemente entre 3 a 100, R, R’ y R” son
hidrégeno o S03., Z es S$0i;- el grado de sulfatacién es de
por lo menos 4, preferiblemente entre 4 a 4,6 y el catién

correspondiente es quimica o farmacéuticamente aceptable.

Dichos cationes son ventajosamente aquellos de metales
alcalinos, metales de tierra alcalina, amonio,
tetraalquilamonio con uno a cuatro carbonos, aluminio y
zinc y entre estos preferiblemente las sales de sodio,

calcio y tetrabutilamonio.

Entre los anteriormente dichos nuevos epiKS5-amina-N,O-
sobresulfato-derivados, aquellos consistentes de mezclas
de cadenas en la cuales por lo menos 90% de dichas
cadenas tiene la anteriormente dicha férmula 3 en la cual
R es S0;3- en 50% a 80%, preferiblemente en aproximadamente
65% de dichas cadenas y el grado de sulfatacién es de por
lo menos 4, ventajosamente estdn entre 4 a 4,6,

preferiblemente de 4 2 4, 3.

Los epiK5-N,0-sobresulfato-derivados ventajosos con un

muy alto grado de sulfatacién son consistentes de una
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mezcla de cadena en las cuales por lo menos 90% de dichas
cadenas tienen la férmula III, en la cual z es SOy las
unidades urénicas son 40 a 60% consistentes de 4&cido
idurénico, n es un entero entre 2 a 100, preferiblemente
de 3 a 100, con un peso molécular promedio entre
aproximadamente 2.000 a aproximadamente 45.000,
ventajosamente desde aproximadamente 4.500 a
aproximadamente 45.000, R es ©por lo menos 40%,
preferiblemente 50 a 80% SO~ R’ y R” son ambos SO;. ¢ uno
es hidrégeno y el otro es 5 a 10% SOsz.en A&cido
monosulfatoglucurdénico y 10 a 15% SO~ en Acido
monosulfato idurénico, al grado de sulfatacién es de por
lo menos 4, desde 4 a 4,6 y el catién correspondiente es

quimica o farmacéuticamente aceptable.

Los-epiK5-amina-0O-sobresulfatados~-derivados N-sustituidos
preferidos son los LMW-epiK5-amina-O-sobresulfatados
consistentes de una mezcla de cadenas en las cuales por
lo menos 90% de dichas cadenas tienen la férmula III en
la cual las unidades urbdnicas son 40 a 60% comprendidas,
preferiblemente 50 a 55%, de Acido iduréniceo, R es por lo
menos 40%,ventajosamente 50 a 80%, preferiblemente
aproximadamente 65% SO3-, R’ y R” son ambos SO3. © uno es

hidrbégeno y el otro es 5 a 10% SO3- en acido glucorénico y
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10 a 15% S03- en Acido idurédnico, 2 es 100% SO;. o acilo
con 2 a 4 carbonos, n es un entero entre 2 a 20,
preferiblemente 3 a 15, con un peso molecular promedio
entre aproximadamente 4.000 a aproximadamente 8.500 y el

correspondiente catién es quimica o farmacéuticamente

aceptable.

En la préactica, dichos epik5-N,0-sulfalto-derivados
preferidos con un muy alto grado de sulfatacién consisten
de una mezcla de cadenas en las cuales por lo menos 90%

de dichas cadenas tienen la férmula III’

En la cual 1las unidades wurénicas son 20 a 60%
consistentes de acido idurénico, g es un entero entre 2 a
20, ventajosamente de 3 a 15, R, R’ y R” representa
hidrégeno o un grupo S0y Z es §503., para un grado de
sulfatacién de por 1o menos 4, preferiblemente entre 4 a
4,6 y el catién correspondiente es un ién quimica o

farmacéuticamente aceptable.
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Particularmente interesante son las mezclas de cadenas de
férmula III’ en las cuales las unidades urénicas son 40 a
60% comprendidas, preferiblemente 50 a 55%, Acido
idurénico, R es por lo menos 40%, ventajosamente 50 a
80%, preferiblemente aproximadamente 65% SO3-, R’ y R” son
ambos S03- o uno es hidrégeno y el otro es 5 a 10 % SO;-
en acido glucurénico y 10 a 15 % SO3- en acido idurénico,
n es un entero de 2 a 20, ventajosamente de 3 a 15, con

un peso molecular de aproximadamente 2.000 a

aproximadamente 16.000, ventajosamente desde
aproximadamente 3.500 a aproximadamente 13.000,
preferiblemente desde aproximadamente 4,500 a

aproximadamente 9.000 y el catién correspondiente es

quimica y farmacéuticamente aceptable.

Entre estos LMW-EPIK5-N,O-sobresulfatos, son ventajosos
aquellos consistentes de una mezcla de cadena en la cual

las especies preponderantes tienen la f6rmula III'a

* 00"
DN qirw)

NH-Z _L
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En la cual las unidades wurébénicas son 20 a 60%
consistentes de acido idurénico, p es un entero de 4 a 8,
Z es S03- R, R’ y R” son hidrégeno o S0;3., para un grado de
sulfatacién de por lo menos 4, preferiblemente 4 a 4,6 y
el catién correspondiente es quimica o farmacéuticamente
aceptable. El1 origen de 1los nuevos LMW-EPIKS-N,O-
sobresulfatos obtenidos de LMW-EPIKS-sulfatos obtenidos
por despolimerizacién nitrosa y reduccién subsecuente
con, por ejemplo, borohidruro de sodio involucra, en el
extremo reductor de la mayoria de las cadenas en dicha
mezcla de cadenas, la presencia de una unidad 2,5-
anhidromanitol sulfatada de estructura {(a’)como se mostrd

anteriormente, en la cual R” representa hidrédgeno o SO;-.

Asi, el extremo reductor de la mayoria de las cadenas en

dicha mezcla de cadena es representada por la estructura

e

(b”)
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En la cual 2 representa S0;3. y la unidad urénica puede ser

glucurénica o idurénica.

Entre los nuevos LMW-epiK5-N, O-Sobresulfatos
anteriormente mencionados, son preferidos aquellos
consistentes de mezclas en las cuales las especies

preponderantes es un compuesto de férmula III'b

qme)

En la cual R, R’ y R” son hidrbgeno o S0;3., Z es SO3. X” es
OH o 0S03., m es un 4, 5 o 6, para un gradoc de sulfatacién
de por lo menos 4 a 4,6 , las unidades urénicas estéan
presentes alternadamente, iniciando <c¢on una unidad
glucurénica o idurbdnica, y el catién correspondiente es
un ién quimica o farmacéuticamente aceptable. Dichos
cationes son ventajosamente aquellos de metales
alcalinos, metales de tierra alcalina, amonio,
tetraalquilamonio con uno a cuatro carbonos, aluminio y
zinc y, entre estos, preferiblemente los iones de sodio,

calcio y tetrabutilamonio.
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Si un epik5 es usado como partida epik5 derivado del
proceso de la presente invencién, es decir un
polisaclrido K5, previamente N-desacetilado, N=-sulfatado
normalmente 100%, y 20 a 60% C5-epimerizado y no es
depolimerizado, luego de la terminacién de la etapa (c}
un epik5-N,0-sobresulfato es aislado el cual puede ser
sometido a despolimerizacidén nitrosa y posible, reducciédn
subsecuente con , por ejemplo, boro hidruro de sodio para
obtener el correspondiente LMW-EPIK5-N,0-sobresulfato que
tienen el mismo grado de sulfatacién. En particular, los
LMW-EPIKS5-N,O-Sobresulfatos son obtenidos consistentes de
una mezcla de cadenas en las cuales por lo menos 90% de
dichas cadenas tienen la férmula III‘'o III'a, en la cual
las unidades urénicas son 20 a 60% consistentes de Acido
idurénico, q, R, R’ R” y 2 tiene ,los significados
definidos anteriormente, para un grado de sulfatacién de
por lo menos 4, preferiblemente entre 4 a 4,6 y el catién
correspondiente es un ién quimica o© farmacéuticamente
aceptable. En tal caso, el origen de estos LMW-EPIKS5-N,O-
sobresulfatoS a partir de un reaccién de
despolimerizaciétn y posible, reduccién subsecuente con,
por ejemplo, borohidruro de sodico involucra, en el

extremo reductor de la mayoria de las cadenas en dicha
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mezcla de cadenas, la presencia de un 2,5-anhidromanc de

estructura (a”)

En la cual X es formilo o hidroximetilo y R” representa

hidrégenc o SOs,

Los nuevos epik5-N,O-sobresulfateo-derivados,
especialmente en su forma de sal, son productos altamente
aniénicos capaces de capturar los radicales libres y son
utilizables en 1la industria cosmética como ayudantes
contra la perdida de cabello o para preparar cremas “anti
envejecimiento” y , en la industria farmacéutica, como
productos para el tratamiento de la dermatitis. Aparte
los epik5-N,0-sobresulfato-derivados de la presente
invencién, en particular los LMW-EPIK5-N,O-sobresulfatos
poseen actividad anti angiogenética y antiviral y por lo
tanto constituyen ingredientes activos para la

preparacién de medicinas.



Asi, de acuerdo con uno de sus aspectos adicionales, la
presente invencién suministra composiciones farmacéuticas
incluyendo, como uno de sus ingredientes actives, una
cantidad farmacoldégicamente activa de un epik5-N,0O-
sobresulfato-derivado como se mostré anteriormente o de
una de sus sales farmacéuticamente aceptables, en mezcla

con un excipiente farmacéutico.

En las composiciones farmacéuticas de 1la presente
invencién para administracién oral, subcuténea,
intravenosa, transdérmica o tépica, 1los ingredientes
activos son administrados preferiblemente en la forma de
unidades de dosificacién, en mezcla con excipientes o
vehiculos farmacéuticos clésicos. La posclogia puede
variar ampliamente dependiendo de la edad, peso, y la
condicién de salud del paciente. Estid posologia incluye
la administracién de wuna dosis de 1 a 1.000 mg,
ventajosamente desde 10 a 750 mg preferiblemente entre
250 a D500 mg de wuna a tres veces al dia por
administracién intravenosa, subcutanea, oral,
transdérmica o tépica. Las composiciones farmacéuticas de
la presente invencién son férmuladas con los excipientes
clasicos adecuados para las diferentes maneras de

administracién. Particularmente ventajosos son las
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férmulaciones en la forma de cremas, ungilentos,
linimentos, geles, espumas, balsamos, supositorios
vaginales, supositorios, soluciones © suspensiones

adecuadas para administracién local.

Ventajosamente, las composiciones de la presente
invencién incluyen como uno de sus ingredientes activos,
un epik5-N,O~sobresulfato-derivado obtenible partiendo de
un epikS-derivade de acuerdo con las etapas (a), (b) vy
(c) del proceso descrito anteriormente, o partiendo con
un epik5 no despolimerizado, de acuerdo con las etapas
(a), (b) y (c) del proceso descritc anteriormente, con
posibles despolimerizacién nitrosa subsecuente después de
la etapa (c) o uno de sus sales farmacéuticamente
aceptables, en mezcla con un excipiente farmacéutico.
Ventajosamente, dicho eplk5-N,O-scobresulfato-derivado
consiste de una mezcla de cadenas en las cuales por 1lo
menos 901% de dichas cadenas tienen la férmula 3 o III’ o
en la cual las especies preponderantes de un compuesto es
un compuesto de férmula III’ a o III‘b . el ingrediente
activo preferido es un LIMW-EPIK5-N,0 sobresulfato que
tiene un grado de sulfatacién de por 1lo menos ¢,
preferiblemente entre 4 a 4,6 , ventajosamente tiene un

peso molecular promedio entre aproximadamente 3.500 a
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aproximadamente 11.000, mas ventajosamente entre
aproximadamente 3.500 a aproximadamente 5,200 y es

basicamente libre de grupos N-acetil.

Finalmente, de acuerdo con otro de sus aspectos, la
presente invencién suministra una composicién cosmética
que incluye un cantidad efectiva de un epik5-N,0-
sobresulfato-derivado ° unos de gus sales
farmacéuticamente aceptables, en mezcla con un excipiente

cosmético,

Una sal seleccionada del grupo que consiste de sales de
sodio, potasio, calcio, magnesioc, aluminio y 2zinc de los
epik5-N,O-sobresulfato-derivados, en particular aquellos
consistentes de mezclas de cadenas en las cuales por lo
menos 90% de dichas cadenas tiene la férmula III o III'o
en las cuales las especies preponderantes tienen 1la
fé6rmula III'a o III'b, constituyen un ingrediente activo
efectivo en las composiciones farmacéuticas o cosméticas

de la presente invencién.

Los siguientes ejemplos ilustran la invencién sin embargo

limitarla.

-
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PREPARACION I

Preparacién del polisacarido K5 a partir de la Esquericia

coli

En la primera fermentacién se lleva a cabo en un frasco

Erlenmeyer usando el siguiente medio:

Comida de soya libre de grasa 2 g/l
K2HPO, 9.7 g/l
KH,PQOy 2 g/l
MgCl, 0,11 g/l
Citrato de sodio 0,5 g/l
Sulfato de amonio 1 g/1
Glucosa 2 g/l
Agua fresca 1000 g/1
pH= 7,3

El medio es esterilizado a 120° C durante 20 minutos. La
glucosa es preparada separadamente en forma de solucién
la cual es esterilizada a 120°C durante 30 minutos y
agregada estérilmente al medio. El frasco Erlenmeyer es
inoculado con una suspensién de células E.coli Bl 8337/41

(010: K5:H4) que se originan de una cepa mantenida en
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agar de soya triptico, e incubada a 37°C durante 24 horas
bajo agitacién controlada (160 rpm, carrera de 6 cm). El
crecimiento bacterial es medido por medic de contar las
células wusando un microscopio. En una operacién
subsecuente, un fermentador de 14 1 Chemap-Braun quen
contienen el mismo medio anterior es inoculado con 0,1%
con el cultivo del frasco Erlenmeyer segin lo anterior y
la fermentacién es llevada a cabo por la reaccidn de un
vvm, (vvm= volumen de aire por volumen de liquido por
minuto) una agitacién de 400 rpm y temperatura a 37°C
durante 18 horas. Durante la fermentaclién se ha medido el
prH, el oxigeno, el residuo de glucosa, el polisacérido K5
producido y el crecimiento bacterial. Al final de la
fermentacidén la temperatura es llevada a B0°C durante 10
rinutos. Las células son separadas del medio por medio de
centrifugacién a 10.000 rpm y el sobrenadante es
ultrafiltrado usando un modulo S8 316 (MTS) ajustado con
una membrana PEF con corte nominal de 800 a 10.000 D para
reducir el volumen de 1/5. El polisacArido K5 es entonces
precipitado por la adicién de cuatro volimenes de acetona
a 4°C y s8e deja asentar durante la noche a 4°C.
Finalmente es recuperado por centrifugacién a 10.000 rpm
durante 20 minutos, o filtracién. La desproteinizacién

del sélido obtenido es llevada a cabo usando una proteasa
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tipo 2 de Aspergilus orizae en un amortiguador de NaCl al
0,1 my EDTA al 0,15M a un pH 8 que contiene SDS (0,5% de
sulfato dodecil de sodio) (10mg/l o de filtrado) a 37°C
durante 90 minutos. La solucibén obtenida es ultrafiltrada
sobre el modelo S5 316 con membrana de un corte nominal
de 10.000 D con dos extracciones con NaCl al 1M y lavado
con agua hasta la desaparicién de la absorbancia en el
ultra filtrado. El polisacéarido K5 es entonces
precipitado con acetona y una produccién de 850 mg por
litro de fermentadores obtenido. La pureza del
polisacarido obtenido es medida por medlo de 1la
determinacién de los &cidos urénicos (método carbazol),
portén y carbén 13 NMR, UV y contenido de proteina. La

pureza es mas del 80%.

El polisacdrido obtenido estid compuesto de dos partes de
diferente peso molecular, respectivamente 30,000 y 5.000
D segin emerge de la determinacidén por el HPLC usando una
columna farmacia 75 HR y una parte tnica con un tiempo de
retencién de aproximadamente 9 minutos usando dos
columnas seriadas de Bio-sil SEC250 (Bio Rad) y NaiS0O,
como fase mévil a temperatura ambiente yun flujo de 0,5

ml/minuto. La medida es llevada a vgcabo contra una curva

A
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estandar obtenida <con partes de heparina de peso

molecular conocido.

El espectro !H- RMN del KS purificado asi obtenido
muestra diferentes sefiales atribuilbles a metilos de

sustancias lipofilicas.

PREPARACION 1I

Purificacién de X5

En 100 ml de una solucidén acuosa saturada de cloruro de
sodio y termo establecida a 4° ge disuelve 1 g de K5
obtenido al final de la preparacién 1 y a la solucién asi
obtenida se agregan tres volumenes de isoporpanol frio.
La concentracién salina de la solucién se lleva a 3M por
la adicidén de una cantidad calculada de una solucién de
cloruro de sodio saturado y la solucién obtenida es
dejada en un ambiente fridé (aproximadamente 4°) durante
la noche. El precipitado que se forma es separado por
centrifugacién a 10.000 RPM durante 20 minutos y la
pureza del producto es verificada por didlisis durante la
noche y examen subsecuente del espectro 'H-RMN, del cual

las seflales en la regién por debajo de 1,5 ppm deben

B
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W\

7D

estar ausentes. Opcionalmente, la operacién de disolucién
en agua saturada con NaCl y precipitacién con isopropanol
es repetida. El precipitado es disuelto en agua Yy
ultrafiltrado en una membrana miniplaca milipor de 10.000
de corte hasta la desapariciédn de las sales. Asi un K5
que tiene una pureza de por lo menés 99% es obtenido de
aquellos espectros !H-RMN sin trazas de impurezas
glipofilicas resultantes en la regién por debajo de 1,5

Ppm.

PREPARACION III

Preparacién de un K5-N-sulfato
(i) N-desacetilaciébn

Diez gramos de polisacarido K5 puro preparado segin se
describié en la preparacién 2 son disueltos en 1.000 ml
de hidréxido de sodio al 2 y la solucién asi preparada es
dejada a 60°C durante 24 horas. La s0lucidén es llevada a

temperatura ambiente luego a un pH neutro (pH7) con &cido

clorhidrico al 6N.

(ii) N-sulfatacion
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A una solucién que contiene el K5 desacetilado, mantenido
a 40°C, se agregan 16 g de carbonato de sodio y después
en unas cuatro horas, 16 g de piridina.S03;-. Al final de
la reaccidén, después de 24 horas, la solucidén es llevada
a temperatura ambiente, luego el pH entre 6,5 a 7 con una
solucién al 5% de Aacido clorhidrico. El1 producto es
purificado a partir de sales por diafiltracién usando una
membrana enrollada helicoidalmente de 1000 D (cartucho

miliporo preestablecido). El proceso es terminado cuando
la conductividad del permeato es menos de 1000uS,
preferiblemente menos de 100 pS. la intradidlisis es
reducida hasta una concentracién del 10% del polisacdrido
obtenido usando lo mismo en el sistema de didlisis de
concentracién. La solucidén concentrada es secada por
liofilizacién. Luego del anidlisis del espectro !3C-RMN

residuos —N-acetilo o NH; no aparecen.

PREPARACION IV

LMW-K5-N-sulfato

El producto obtenido como se describié en el ejemplo 1

etapas (i) y (il) de la WO 02/068477 es despolimerizado



73

por el método de degradacién con &cido nitroso vy
reduccién subsecuente del aldehido que se forma. Uno
continua disolviendo 1 g de K5-N-sulfato en 200 ml de
agua destilada y agregindolo con 480 mg de nitrito de
sodio disuelto en 240 ml de agua destilada. La solucién
es entonces llevada a 4°C y el pH a 2 con HCL al 0,1 N y
mantenida durante 30 minuteos. Al final de la reacciédn la
dilucién es llevada a un pH 7 NaOH al 0,1 M y entonces a
temperatura ambiente. La solucidén es entonces agregada
con 450 mg de NaBH, y dejada reaccionar durante 4 horas.
El exceso de NaBHy; es eliminado con HCL llevando el pH a
5 o 6. el producto, neutralizado con NaCH al 0,1 M, es
recuperado por precipitacién con tres volimenes de
acetona a 4°C filtrado con un embudo de filtracidn y
secado a 40°C en un horno al vacio. %000 mg de LMW-KS-N-
sulfato son obtenidos con un peso molecular promedico de
aproximadamente 2.000, consistente de una mezcla de
cadenas en las cuales las especies preponderantes son un
compuesto de férmula I'b en la cual m es 4 y las unidades

urénicas son aquellas de acido glucurénico.

EJEMPLO 1

LMW-epk5-N-sulfato. Secuencia (i) (ii)
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(1) Epimerizacién al epik5-N-sulfato

Diez gramos de K5-N-sulfato obtenido como se describié en
el ejemplo 1, etapas (i) y (ii), de la WO 02/068477, de
aquellos espectro !H-RMN, seflales concernientes a grupos
acetilo o NH; no aparecen, son disueltos en 600 ml de un
amortiguador HEPES de 25 mM a pH7, que contiene CaCl; a
una concentracién de 50 ml y la solucién asi obtenida se
hace recircular por una ceclumna de 50 ml llenada con
resina cefarosa 4B que contiene 5 g de C5- epimerasa
recombinante (WO 96/14425) inmovilizada como se describié
en el ejemplo 1 de la WO 01/72848. La reaccién de lleva a
cabo a 30° a un pH7 con un flujo de 200 ml/h durante 24
horas. El producto obtenido es purificado ' por
ultrafiltracién y precipitacién con metanol. Asi un
epik5-N~sulfato es obtenido cuyo contenido de Acido

idurénico es 54%.

(ii) Despolimerizaciédn del epik5-N-sulfato.

A una solucién de 1 g del producto asi obtenido, en 25 ml
de agua destilada, se agregan 230 mg de nitrito de sodio
disueltos en 115 ml de agua destilada. La soluclidn es

entonces llevada a 4°C y el pH a 2 con HCl al 0,1 N y
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mantenida alli durante 30 minutos. Al final de 1la
reaccién la solucién es llevada a temperatura ambiente y
el pH a 7 con NaOH al 0,1 M. se le agrega a la solucién
450 mg de NaBH4 y se deja reaccionar durante 4 horas. El
producto recuperado por precipitacidén con tres voliomenes
de acetona a 4°C, filtracién con un embudo de filtrado y
secado a 40°C en un horno al vacio. 900 mg de LMW-epik5-
N-sulfato son obtenides con un contenido de A4acido
idurénico del 54% y una distribucién de peso molecular

entre 1.000 a 4.000, medido con el método HPLC.

LMW-epik5-N-sulfato. Secuencia (ii) (1)

(ii) Despolimerizacidén del K5-N-sulfaTO

2 g de K5-N-sulfato obtenidoc segin se describidé en el
ejemplo 1 etapas (i} y (ii) de la WO 02/068477, es
despolimerizado Begun se describié en la preparacién 1,
usando 100 mg de nitrito de sodio y 300 mg de borohidruro

de sodio. 1,8 g de LMW-K5-N-sulfato son obtenidos con un

peso molecular promedio de 5.000.
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(1) Epimerizacién del LMW-K5-N-sulfato

l g de LMW-K5-N-sulfato obtenido en 1la etapa (ii)
anterior es tratado como se describidé en la etapa (i)del
ejemplo 1. un producto epimerizado es obtenido con una
proporcién &acido idurdnico/ A4cido glucurdnico de 44/46
contrab una proporcién de 0/100 del producto de partida,
con una distribucién de peso molecular entre 2.000 a
10.000 y con un peso molecular promedio de 5.000 D. el
producto, calculade midiendo el contenido de A&cidos
urénicos contra un estadndar con el método carbazol

(Bitter y Muir, Anal. Biochem. 1971, 39,88-92) es del
90%.

EJEMPLO 3.

LMW-epik5-N-sulfato. Secuencia (i) (ii)

Epimerizacién de K5-N-sulfato.

Una cantidad de 2 g de K5 N-sulfato, obtenida segin se
describié en el ejemplo 1, etapas (i) y (ii), de la WO
02/068477, es disuelto en 120 ml de un amortiguador HEPES

25 mM, pH7 que contiene 50mM de CaClas. La solucién

yZ-
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obtenida se hace recircular por una columna de 50 ml
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 flujo de 200
ml/h durante 24 horas. El producto obtenido es purificado
por ultrafiltracié4n sobre una membrana de 1.000 D y se
pasa sobre una columna de intercambio idénico IR 120 H+,
neutralizando el eluato con NaOH al !N. la muestra es
recuperada por precipitacién con etanocl o acetona. Un
producto epimerizado es obtenido con una proporcién de
dcido idurénico/ &cido glucurénico de 55 /45 contra 1la
proporcién de 0/100 del producto de partida. El
porcentaje de epimerizacién fue calculado con 1H-RMN de
acuerdo con el método descrito en la WO 96/14425. el
producto, calculado por la medicidén del contenido de
4cidos urénicos contra un estidndar por el método carbazol

(Bitter y Muir Anal. Blochem. .39, 88-92-1971) es 90%.

(ii) Despolimerizacién del epi-K5-N-sulfato

Un gramo del producto obtenido en la etapa (a) es
despolimerizado por el métodc de degradacidén con 4&cido
nitroso y reduccidén subsecuente del aldehido que se

forma. En particular uno continua disolviendo el producto
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en 25 ml de agua destilada y agregandole 230 mg de de
nitrito de sodio disuelto en 115 ml de agua destilada. La
solucién es entonces llevada a 4°C y el pH a 2 con HCL al
0,1 N y mantenida durante 30 minutos. Al final de la
reaccién la solucidén es llevada a temperatura ambiente y
el pH a 7 con NaOH al 0,1 M. la solucidén se le agrega 450
mg de NaBHy y se deja reaccionar durante 4 horas. El
producto es recuperado por precipitacién con tres
volimenes de acetona a 4°C, filtracién con un embudo de
filtrado y secado a 40°C en un horno al vacié. 900 mg de
IMW-eplik5-N-sulfato son obtenidos con una distribucibdn de
peso molecular medida con el método HPLC que varia entre
1.000 a 4.000 y con un contenido de unidad glucurénica de

45% y un contenido de unidad hidrénica de 55%.

EJEMPLO 4

EPIK5-N, O-scbresulfato

(a) sal de tetrabutilamonio del epik5-N-sulfato

Una solucién de 40 ml de agua de 400 mg de epik5-N-
sulfato, segin se obtuvo al final de la etapa (i) del

ejemplo 1, es termoestablecida a 4°C y luego pasada sobre
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una resina de intercambio iénico IR 120" preacondicionada
con agqua a 4°C. El eluato obtenido, consistente de 100 ml
de una solucién a pH 1,94, es neutralizado con una
solucidén al 15% de hidréxido de tetrabutilamonio y dejada
a temperatura ambiente durante una hora, manteniendo el
PE en 7 por medic de agregarle 15% de hidréxido de
tetrabutilamonio y finalmente es liofilizada. Asi 850 mg

de sal de tetrabutilamonio de epik5-N-sulfato son

obtenidos.

(b) FEpi-k5-amina-O-sobresulfato

Una solucién que contiene 805 mg de la sal ha sido
obtenida en 30 ml de dimetilformamida se calienta a 55°C
y se trata con 30 ml de dimetilformamida que contiene
2,26 g del aducto de piridina. S0;. La reaccién a 55° es
continuada durante la noche y entonces se agregan 60 ml
de agua a la mezcla. Después de neutralizar con NaOH al
!N, el producto es precipitado con tres voldmenes de
acetona saturada con NaCl y se establece a 4°C durante la
noche. El precipitado es recuperado por filtracién sobre
Duch G4 y luego ultrafiltrado con un sistema milipore mil
D TFF y secado a presidén reducida, 550 mg de epi-KS-

amina-O-sobresulfatado don obtenideos los cuales tienen un
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contenido de &cido idurénico del 54%, glucosalina-6-0-
sulfato de 100% de glucosalina 3-0O-sulfato de 60%, de
dcido glucurbnico monosulfato de 10%, de monosulfato de
dcido idurénico de 15%, el resto de unidades urénicas son
di sulfatadas, con un grado de sulfatacién de 3,55 medido

con el método conducto métrico de acuerdo con Casu et al.

1975.

(C) EpiKb-amina-O-sobresulfatado-N- sulfato

A una solucién de 250 mg de 1la epl-kS5-amina-o-
Sobresulfatada obtenida en la etapa (b) en 15 ml de agua
se agregaron 400mg de carbonato de sodio, luego a 1la
mezcla asi obtenida se agrego 400 mg de piridina. S0O;
como aducto en una forma sélida un poco en un tiempo en 4
horas. La mezcla de reaccién es mantenida a 55°C durante
la noche, y luego se detiene llevandola a un pH de 7 con
HCl al 0,1 M. después de ultra filtracién sobre una
membrana 1.000 D se agregan tres volUimenes de acetona
saturada con cloruro de sodio y el precipitade es
recuperado por centrifugacién a 5.000 RPM durante 5
minutos. Asi 244 mg de epiK5-N,0 -sobresulfato Son
obtenidos cuyo grado de sulfatacién, medido con el método

conducto métrico de acuerdo con Casu et al. 1975, es
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4,25, por el analisis del espectro 'H-RMN resulta que el
epiK5-N, O-sobresulfato asi obtenido tiene un contenido de
acido idurénico del 54%, 6-0O-sulfatc del 100%, N-sulfato
del 100%,glucosalina 3-O-sulfato de 60%, ha sido
glucurénicoe monosulfato deli 10%, monosulfato de &cido
idurénico del 15% y el resto de las unidades urobnicas
siendo di sulfatadas. Del espectro 'H-RMN se calcula
entonces un grado de sulfatacién de 4,35 el cual,
considerando 1los mérgenes de error de 1los métodos,
corresponde al grado de sulfatacién del epiKS-amina-0-
sobresulfatado obtenido luego de la terminacién de la
etapa (b), 100% N-sulfatada. Por lo tanto se asume que
mas alld de un cierto porcentaje de grupo sulfato, 1la
naturaleza aniénica fuerte del producto puede llevar a
una subestimacién del grado de sulfatacién determinado

con el método conductométrico.
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REIVINDICACIONES

Un proceso para la preparacién de un epik5-N,0-~

sobre sulfato—derivado, caracterizado en que

un epiK5~N-sulfato~derivado que tiene un peso
molecular promedio de entre aproximadamente 1.500
a aproximadamente 25.000, en forma acidita, es
tratado con base organica terciaria <]
cuaternaria, dejando la mezcla de reaccidn
descansar durante un periodo de tiempo de 30 a 60
minutos a un pH de aproximadamente 7 y su sal es

aislada con dicha base orgénica:;

dicha sal de base orgénica de dicho epiK5-K-
sulfato-derivado es tratada con un reactivo de O-
sulfatacidn en las condiciones de 0-

sobresulfatacidn;

una sal de la base orgénica terciaria o
cuaternaria del epiK5-amina-~0O-sobresulfato-~
derivado asi obtenido es tratada con un reactivo
de N-sulfatacién y el epiK5-N,O-sobresulfato-

derivado asi obtenido es aislado.

1
\&
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El proceso de acuerdo con la reivindicacién 1
caracterizado en que dicho epiK5-N, O-
sobresulfato- derivado es aislado en forma de sal
de sodio y opcionalmente transformado en otra sal

quimica o farmacéuticamente aceptable.

El proceso de acuerdo con una cualquiera de las
reivindicaciones 1 y 2, caracterizado en que, en

la etapa (a) el hidréxido de tetrabutilamonio es

usado como una base orgénica.

El proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 3, caracterizado en que, en
la etapa (b) la O-sobresulfatacidén es llevada a
cabo en dimetilformamida usando 2 a 4 moles del
reactivo de O-sulfatacién por OH disponible por
disacdrido a una temperatura entre 40 ma 60°C

durante 15 a 20 horas.

El proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 4, caracterizado en que, un
epiK5-N-sulfato-derivado es usade como material

de partida que tiene un peso molecular promedio

\NID
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entre aproximadamente 1.000 a aproximadamente

25.000

El proceso de acuerdo con una cualquiera de las
reivindicacién 5, caracterizado en que, dicho
epiK5-N-sulfato-derivado de partida es 40 a 60%

C5- epimerizado

El proceso de acuerdo con una cualquiera de las
reivindicaciones 1 a 6, caracterizado en que,
dicho epiK5-N-sulfato-derivado de partida tiene
un pesco molecular promedio de aproximadamente

1.500 a aproximadamente 25.000.

El proceso de acuerdo con la reivindicacién 7,
caracterizado en que, dicho epiK5-N-sulfato-
derivado de partida tiene un peso molecular

promedio entre 10.000 a 25.000.

Fl proceso de acuerdo con una cualquiera de las
relvindicaciones 1 a 6, caracterizado en gque,
dicho material de partida tiene un pesoc molecular

promedio de aproximadamente 1.000 a

aproximadamente 12.000
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El proceso de acuerdo con la reivindicacién 9,
caracterizado en que, dicho material de partida
tiene un peso molecular promedio desde

aproximadamente 1.500 a aproximadamente 8.000.

El proceso de acuerdo con la reivindicacién 5,
caracterizado en que, un epikK5-N-sulafato-
derivado es wusado como material de partida
consistente de wuna mezcla de cadenas en las

cuales por lo menos 90% de dichas cadenas tiene

la férmula I

m; Jn

en la cual las unidades urénicas son 20 a 60%
consistentes de Acido idurénico, n es un entero

de 2 a 100 y el catién correspondiente es quimica

o farmacéuticamente aceptable.
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El proceso de acuerdo con la reivindicacién 11,
caracterizado en que, dicho material de partida
consiste de una mezcla de cadenas en las cuales
por lo menos 90% de dichas cadenas tiene la
férmula I en la cual las unidades urénicas son 40

al 60% consistente de Acido idurénico.

El proceso de acuerdec con una cualquiera de las
reivindicaciones 11 y 12 caracterizado en que, en

la férmula I, n representa un entero de 3 a 100.

El proceso de acuerdo con la reivindicacién 5,
caracterizado en que, dicho material de partida
consiste de una mezcla de cadenas en las cuales

por lo menos 90% de dichas cadenas tiene 1la

férmula I’

en la cual las unidades urénicas son 20 a 60%

consistentes de &cido idurédnico, q es un estero

W
e
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entre 2 a 20, y el catién correspondiente es

quimica o farmacéuticamente aceptable.

El proceso de acuerdo con la reivindicacién 14,
caracterizado en que dicho material de partida
consiste de una mezcla de cadenas en las cuales
por lo menos 90% de dichas cadenas tiene la

férmula I’, en la cual n es un estero de 3 a 15.

El proceso de acuerdo con la reivindicacién 5,
caracterizado en que dicho material de partida
consiste de una mezcla de cadenas en las cuales

las especies preponderantes tienen la férmula I’

)

en la cual las unidades urénicas son 60-40%
consistentes de 4clido glucurénico y 40% a 60% de

dcido idurénico, p es un entero entre 4 a 8 y el
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18.

catién correspondiente es quimica o

farmacéuticamente aceptable.

el proceso de acuerdo con la reivindicacién 16,
caracterizado en que el peso molecular promedio
de dicho material de partida es desde

aproximadamente 2.000 a aproximadamente 4.000.

El proceso de acuerdo con una cualquiera de las
reivindicaciones 16 y 17, caracterizado en que,
dicho material de partida consiste de una mezcla
de cadenas en las cuales las especles

preponderantes tienen la férmula I’'b

(o)

en la cual X es hidroximetilo, m es 4, 5 o 6 y
las wunidades glucurénicas e idurébnicas estin
presentes alternadamente, empezando con una

unidad glucurénica o idurédnica.
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El proceso de acuerdo con una cualquiera de las
reivindicaciones 5 a 18, caracterizado en que
dicho material de partida viene de la N-
descetilacién y de la una N-sulfatacién de un K5

que es basicamente libre de sustancias

lipofilicas.

Un epiK5-N, O-sobresulfato-derivado obtenible de
acuerdo con el proceso de las reivindicaciones 1

a l9,

Un epiK5-N, O-sobresulfato-derivado que tiene un
contenido de &cido idurénico entre el 20 al 60%,
un peso molecular promedio de entre
aproximadamente 2.000 a aproximadamente 45.000 y
un grado de sulfatacién de por lo menos 4, © una
de sus sales quimica o farmacéuticamente
aceptable, dicho derivado es béasicamente inactivo

sobre pardmetros de coagulacién.

Un epiK5-N,0O-sobresulfato-derivado de acuerdo
con la reivindicacién 21, cuyo peso molecular

promedio estd entre 15.000 y aproximadamente

45.000.

p—

P



23.

24.

25.

26.

90

Un epiK5-N,0-sobresulfato-derivado de acuerdo
con la reivindicacién 21 cuyo peso molecular
promedio estd entre aproximadamente 4.500 vy

aproximadamente 8.500.

Un epiK5-N,O-sobresulfato-derivado de acuerdo
con una cualquiera de las reivindicaciones 21 a
23, caracterizado en que dicho grado de

sulfatacién estd entre 4 a 4,6,

Un epiK5-N,0-sobresulfato-derivado de acuerdo
con una cualquiera de las reivindicaciones 21 a
24, caracterizado en que es 100% 6-O-sulfatado y
50-80% 3-0-sulfatado en sus unidades de
gliucosomina, 5 a 10% O-monosulfatado en 1las
unidades glucurénicas, 10 a 15% 3-O-monosulfatado
en las unidades idurdénicas y 2,3-di-O-sulfatado

en las unidades urénicas restantes.

Un epiK5-N,0O-sobresulfato-derivado de acuerdo
con una cualquiera de la s reivindicaciones 21 a

25, caracterizado en gue este consiste de una



27.

91

6\

50

mezcla de cadenas en las cuales por lo menos 90%

de dichas cadenas tienen la férmula III

- L\ an

en la cual las unidades urénicas son 20 a 60%
consistente de 4&cido idurénico, R, R’ , R”
representan hidrdégeno o S03-, R es S03~- en por lo
menos 40% de dicha mezcla de cadenas, Z es un
grupo SO3-, n es un entero de 2 a 100, el grado de
sulfatacién es de por lo menos 45 y el catién

correspondiente es quimica o farmacéuticamente

aceptable.

Un epiK5-N,0-sobresulfato-derivado de acuerdo
con la reivindicacién 26 caracterizado en que
eate conslste de una mezcla de cadenas en las
cuales por lo menos 90% de dichas cadenas tiene
la férmula 1III, en 1las cuales las unidades

urédnicas son 40 a 60% Acido idurénico.
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Un epiKS-N,O-sobresulfato-derivado de acuerdo
con una cualquiera de las reivindicaciones 26 y
27, caracterizado en que este consiste de una
mezcla de cadenas en las cuales por lo menos 90%
de dichas cadenas tiene la férmula III, en las

cuales n es un entero de 3 a 100.

un epiK5-N,0O-sobresulfato-derivado de acuerdo
con una cualquiera de las reivindicaciones 26 a
28, caracterizado en que es un LMW-epiK5-N, O-
sobresulfato consistente de una mezcla de cadenas

en las cuales por lo menos 90% de dichas cadenas

tienen la férmula IIX’

- T ™ am

H-Z
L. OR"

en la cual las unidades urénicas son 20 a 60%
consistentes de acido idurédnico, g es un entero
entre 2 a 20, R, R’ y R” representan hidrégeno o

un grupo SO03-, Z es S503-, para un grado de
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sulfatacién de por lo menos 4 , entre 4 a 4,6, y
el catién correspondiente es un ién quimica o

farmacéuticamente aceptable.

Un LMW epiK5-N, O-sobresulfato de acuerdo con la
reivindicacién 29, caracterizado en que este
consiste de una mezcla de cadenas en las cuales
por lo menos 90% de dichas cadenas tiene 1la

fé6rmula III'en la cual g es un entero entre 3 a

15.

Un LMW epiK5-N, O-sobresulfato de acuerdo con la
reivindicacién 30, caracterizado en que este
consiste de una mezcla de cadenas en las cuales
por lo menos 90% de dichas cadenas tienen la
formula IITI’en la cual las unidades urbénicas son

40 a 60% consistentes de acido idurénico.

Un LMW epiK5-N,0O-sobresulfato de acuerdo con la
reivindicacién 31 caracterizado en que su

contenido de Acido idurénico es 50 a 55%.

Un LMW epiK5-N,O-sobresulfato de acuerdo con una

cualquiera de las reivindicaciones de la 29 a la
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32, caracterizado en que este consiste de una
mezcla de cadenas en las cuales por lo menos 50%
de dichas cadenas tienen la f6rmula III'’en la
cual R es por lo menos 40% SO;-, R’ y R” gson ambos
S03- y uno es hidrégeno y el otrxro es 5 a 10% S50;3-

en &cido glucorbénico y 10 a 15% SO3-en Aacido

idurdénico.

Un LMW epiK5-N,O-sobresulfato de acuerdo con 1la
reivindicacién 33 caracterizado en que tiene un
peso molecular promedio entre aproximadamente

2.000 a aproximadamente 16.000.

Un LMW epiK5-N,O-scobresulfato de acuerdo con la
reivindicaciédn 34 caracterizado en que este tiene

un peso molecular de aproximadamente 4.500 a

aproximadamente 9.000.

Un LMW epiK5-N,0O-sobresulfato de acuerdo con una
cualquiera de las reivindicaciones de la 33 a la
35, caracterizado en que este consiste de wuna
mzcla de cadena en la cual por lo menos 90% de
dichas cadenas tiene la férmula III'en la cual R

es 50 a B80% SO;-.
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Un IMW epiK5-N,0O-sobresulfato de acuerdo con una
cualquiera de las reivindicaciones de la 32 a la
36, caracterizado fleque este consiste de una
mezcla de cadenas en las cuales las especiles

preponderantes tienen la féormula III’a

80’ -

B N e

. ™ ],

En la cual las unidades urénicas son 20 a 60%
consistentes de Acido idurénico, p es un entero
de 4 a 8, Z es SO3-, R, R’ y R"” son hidrégeno o un
LMW epiK5-N,0O-sobresulfato de acuerdo con, para
un grade de sulfatacién de 4 a 4,6 y el catién

correspondiente es quimica o farmacéuticamente

aceptable.

Un LMW epiK5-N,O-sobresulfato de acuerdo con una
cualquiera de las reivindicaciones de la 33 a la

37, caracterizado en que este consiste de una



39.

mezcla de cadenas en las cuales las especies

preponderantes tienen la férmula III'b

(o)

En la cual R, R’ y R’ ‘son hidrégeno o SOx-, Z es
SO3-, X” es OH o 0SO;-, m es 4, 5 o 6 para un
grado de sulfatacién entre 4 a 4,6 , las unidades

glucurénicas e idurénicas estas presentes

alternadamente, empezando por una unidad
glucurénica o idurénica, y el catién
correspondiente es un ién quimica o

farmacéuticamente aceptable

Un epiK5-N, O-sobresulfato-derivado de acuerdo
con una cualquiera de la reivindicaciones 20 a
38, caracterizado en que dicha sal quimica o
farmacéuticamente aceptable o catién es la sal o
catién de un metal alcalino, metal de tierra

alcalina, amonio, tetralquilamonio con (C;-C4),

aluminio y zinc.

&
e



40.

41.

42.

43.

97

Un epiK5-N, O-sobre sulfato-derivado de acuerdo
con la reivindicacién 39, caracterizado en que
dicha sal o catién quimica © farmacéuticamente
aceptable es la sal o catién de sodio, calcio o

tetrabutilamonio.

Un epiK5-amina-O-sobre sulfato-derivado una de
sus sales quimica o farmacéuticamente aceptables,
obtenibles 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

quimica o farmacéuticamente aceptable.

Un epiKb-amina~O-sobre sulfato derivado cuyo
contenido de acido idurénico es 20 a 60% del
total de los &acidos urénicos, que tiene un peso
molecular promedio entre aproximadamente 2.000 a
aproximadamente 40.000 y un grade de sulfatacién

de por lo menos 3,4, o una de sus sales quimica o

farmacéuticamente aceptables.

Un epiKS5-amina-0O-scbre sulfato-derivado de

acuerdo con la reivindicaclén 42 caracterizado en
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que dicho epiK5-amina-O-sobre sulfato-derivado
consiste de una mezcla de cadenas en las cuales
por lo menos 90% de dichas cadenas tienen 1la

férmula II

En la cual las unidades urénicas son 20 a 60%
congistentes de acido idur6nico, n es un entero
de 2 a 100, R, R vy R’' son hidrégeno o S50;, el
grado de sulfatacién es de por lémenos de 3,4 y

el catidn correspondiente es quimica o}

farmacéuticamente aceptable.

Un epiK5-amina-O-sobre sulfatado-derivado de
acuerdo con la reivindicacién 43, caracterizado

en que, en la fdrmula II n represente un entero

de 3 a 100

Un epiK5-amina-0-sobre . sulfato-derivado de

acuerdo con cualquiera de las reivindicaciones de
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la 42 a la 44, caracterizado en que este consiste

de una mezcla de cadenas en las cuales por lo
menos 90% de dichas cadenas tienen la férmula II
en la cual las unidades urénicas son 40-60%

consistentes de acido idurdnico, con un peso

molecular promedio de aproximadamente 2.000 a
aproximadamente 40.000, R es por lo menos 40%
SO3-, R’ y R'’ son ambos SO;- 0 uno es hidrégeno y
el otro es 5 a 10% S503;- en monosulfato de acido

glucurénico y 10 a 15% de SO;~ en mono sulfato de

acido idurénico.

Un epiK5-amina-0O-sobre sulfato-derivado de
acuerdo con una cvalquiera de las

reivindicaciones de la 42 a la 45, caracterizado
en que este es un LMW-epiKS5-amina-O-sobre sulfato

que consiste de una mezcla de cadenas en las
cuales por lo menos 90% de dichas cadenas tienen
la férmula II en la cual las unidades urénicas
son 40 a 60% consistentes de acido idurénico, R
es por lo menocs 40% SO3;-, R’ y R” son ambos SO; o

uno es hidrdégeno y el otro es 5 a 10% SO3- en
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acido glucurébnico y 10 a 15% SO3- en acido
idurénico, n es un entero de 3 a 15, con un peso
molecular promedio de aproximadamente 4.000 a
aproximadamente 8.000 y el catidén correspondiente

es quimicamente o farmacéuticamente aceptable.

47 Un epiKS5-amina-0-sobre sulfato-derivado de acuerdo
con una cualquiera de las reivindicaciones de la
42 a la 46, caracterizado en que este es un
LMWepicaKS-amina-0-sobre sulfato que consiste de
una mezcla de cadenas en las cuales las especies

preponderantes tienen la férmula II’a.

En la cual las unidades urdnicas son 20 a 60%
consistentes de acido idurénico, p es un entero
entre 4 a 8, R.R’ y R'’ son hidrégeno o 50;, el

grado de sulfatacién es de por lo mencs de 3,4.
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Un LMW-piK5-amina-O-sobre sulfato de acuerdo con
la reivindicacidén 47 caracterizado en que el se
consiste de una mezcla de cadenas en las cuales
las especies preponderantes es un compuesto de

férmula II'h

i 080" ) 080,
R Y "o ) are)
NH,

i |

En la cual las unidades urénicas son 40 a 60%
consistentes de acido idurénico, m es 4, 5 o 6,
R, R’ y R'’ son hidrégenc o SO3- X'’ es OH o 0SO3-
para un grado de sulfatacién de por lo menos de
3,4 las unidades idurénicas estan presentes
alternadamente, empezando con una unidad

glucurénica o idurénica.

Un LMW-epiK5-N-sulfato virtualmente libre de NHz y

grupos N-acetilo, que tiene un contenido de acido
idurénico entre 20 a 60% y un peso molecular

promedio de aproximadamente 1.500 a
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aproximadamente 12.000, o© una de sus sales

quimica o farmacéuticamente aceptables.

Un LMW-epiK5-N-sulfato de acuerdo con 1la
reivindicacién 49, caracterizado en que el
contenido de acido idurénico esta entre el 40 al
60% Yy el peso molecular promedio es de

aproximadamente de 1.500 a aproximadamente

10.000.

Un LMW-epiK5-N-sulfato de acuerdo con 1la
reivindicacién 49, caracterizado en que el
contenido de acido idurénico es 50 a 55% y el

peso molecular promedio es de aproximadamente

1.500 a aproximadamente 7.500.

Un LMW-epiK5-N-sulfato de acuerdo c¢on una
cualquiera de las reivindicaciones 49 a 51,
obtenido por un proseso caracterizadoc en que un

K5-N-sulfato es sometido, en cualquier orden,

a epimerizacion C5 con un D-glucuronil C5-

epimerasa aislada, purlficada y en solucién o
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inmovilizada sobre un soporte sélido, a un pH de
aproximadamente 7, a una temperatura aproximada a
30% y durante un periodo de tiempo de 12 a 24
horas en 1la presencia de por lo menos un ién
bivalente seleccionada entre calcio, magnesio,
bario y manganeso; y

a despolimerizacion nitrosa opcionalmente

sequida por reduccidn.

Un LMW-epiKS5-N-sulfato de acuerdo con 1la
reivindicaciébn 52, caracterizado en que, en la
etapa (ii)la despolimerizacidén es seguida por

reduccién con borohidruro de sodio.

Un LMW-epiK5-N-sulfato de acuerdo con la
reivindicacién 53, caracterizado en que este

consiste de una mezcla de cadenas en las cuales

el 90% de dichas cadenas tlene la fé6rmula I’
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En al cual las unidades urénicas son 20 al 60%
consistentes de acido idurénico q es un entero
entre 2 a 20 y el catién correspondiente es

quimica o farmacéuticamente aceptable.

Un LMW-epiK5-N-sulfato de acuerdo con la
reivindicacidn 54, caracterizado en que
caracterizado en gue este consiste de una mezcla
de cadenas en las cuales el 90% de dichas cadenas
tiene la férmula I’ en la cual las unidades

urénicas son 40 a 60% de acido idurénico.

Un LMW-eplKS5-N-sulfato de acuerdo con una
cualquiera de las reivindicaciones 54 y 55,
caracterizado en que este consiste de una mezcla
de cadenas en las cuales el 90% de dichas cadenas

tiene la férmula I’ en la cual n es un entero de

3 als.

Un LMW-epiK5-N-sulfato de acuerdoc con una
cualquiera de las reivindicaclones 54 y 55,

caracterizado en que este consiste de una mezcla
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de cadenas en las cuales las especies

preponderantes tienen la férmula I‘a

(Fa)

En la cual las unidades urdénicas son 60 a 40
consistentes de acido glucurbénico y 40 a 60% de
acldo idurénico, p es un entero entre el 4 y a 8

y el catién correspondiente es dquimica o

farmacéuticamente aceptable.

Un LMW-epiK5-N-sulfato de acuerdo con una
cualquiera de las reivindicaciones de la 55 ala
57, caracterizado en gque este consiste de una
mezcla de cadenas en las cuales las especies

preponderantes tienen la férmula I’B

A -
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En la cual X es hidroxilometilo, m es 4,5 o 6, el
catién correspondiente es un ién quimica o
farmacéutica mete aceptable y las unidades
glucurénicas e idurénicas estén presentes
alternadamente, iniciando con una unidad

glucurénica o idurénica.

Un LMW-epiK5-N-gsulfato de acuerdo con una
cualquiera de las reivindicaciones desde la 49
ala 58, caracterizado en que dicha sal o catién
es seleccionada entre aquellos de metales
alcalinos, metales de tierra alcalina, amonio,

tetraalquilamonio (C;-C4) aluminio y zinc,.

Un IMW-epiKS5-N-sulfato de acuerdo con la
reivindicaciones 59, caracterizado en que dicha
sal o cationes seleccionado entre aquellos de

sodio, calcio, y tetrabutilamonio.

Un proceso para la preparacién de Un LMW-epiK5-N-
sulfato caracterizado en que un K5-N-sulfato es

sometido en cualquier orden,



(1)

(ii)

62.

63.

64.
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i

a epimerizacién C5 con wuna D-glucuronil C5
epimerasa aislada purificada y en solucién o
inmovilizada sobre un soporte sélido, a un pH
aproximadamente 7 a una temperatura de
aproximadamente 30°C y durante un periodo de
tiempo de 12 a 24 horas en al presencia de por lo
menos un ién bivalente seleccionado entre calcio,
magnesio, bario y manganeso; y

a despolimerizaciébn nitrosa opcionalmente

seguida por reduccién.

El proceso de acuerdo con la reivindicacién 61,
caracterizado en que este es llevado a cabo en el

orden (i)-{ii)

El proceso de acuerdo con la reivindicacién 61,

caracterizado en que este es llevado a cabo en el

orden (ii)-(i).

El proceso de acuerdo con la reivindicacién 63
caracterizado en que el productoc obtenido luego
de la terminacién de la despolimerizacién es un
LMW-K5-N-sulfato que es directamente sometido a

epimerizacién C5.



65.

66.

67.

68.
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El proceso de acuerdo con la reivindicacién 64,
caracterizado en que dicho LMW-K5-N-sulfato tiene

un peso molecular promedic de mas de 4.000,

Una composicién farmacéutica que incluye, como
uno de sus ingredientes activos una cantidad
farmacolédgicamente activa de un epiK5-N-, O-sobre
sulfato-derivado de acuerdo con una cualquiera de
las reivindicaciones 20 a 40 en mezcla con un

excipiente farmacéutico.

Una composicién cosmética que incluye una
cantidad defectiva de un epikK5-N, O-sobresulfato-
derivado de acuerde con una cualquiera de las
reivindicaciones desde la 20 a la 40 en mezcla

con un excipiente cosmético.

El uso de una C5 epimerasa aislada y purificada
para la conversidédn de un K5-N-sulfato derivado en
un epiK5-N-sulfato derivado correspondiente
caracterizado  por una unidad tetrasacarido
repetitiva consistente de dos unidades

gliucosamina separadas por una unidad glucurénica

w°

Vs



69.

70.
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y segulida por una unidad idurénica o separadas
por una unidad idurénica y seguida por una unidad

glucurdnica.

El uso de acuerde con la reivindicacién 68,
caracterizado en que dicho K5-N-sulfato derivado

tiene un peso molecular promedio de mids de 4.000.

El uso de acuerde con la reivindicacibén 69,

caracterizado en que dichc peso molecular

promedio esta entre 6.000 a 7.500.

\ba\
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Se describe un nuevo método para la sobresulfatacién de
epiK5~N-sulfato para obtener un epiKS-amina-0-
sobresulfato con un grado de sulfataciédn muy alto que,
por N-sulfatacién subsecuente, suministra nuevos
derivados de epiK5-N,O-sobresulfatec con un grado de
sulfatacién de por lo menos 4, basicamente libre de
actividad sobre los parametros de coagulacién y dtil en
el campo de los cosméticos y farmacéutico. También se han
descrito nuevos epiKS-N-sulfatos de bajo peso molecular
dtiles como intermedios en la preparacién de derivados

deLMW-epiK5-N, O-sobresulfato de bajo peso molecular.

7
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