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The present invention relates to N-sulfate oligosaccharides that are 5
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use. Angi ogenesis is a process of generation of new blood capillaries.
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FGFs are a family of 23 members. FGF2 (or basic FGF) is an 18 kDa
protein. FGF2 induces, in endothelial cells in culture, their proliferation and
15 migration and the production of proteases. in vivo, FGF2 promotes
neovascularization. FGF2 interacts with endothelial cells via two classes of
receptors, the high-affinity receptors with tyrosine kinase activity (FGFRs) and

the low-affinity receptors of heparan sulfate proteoglycan (HSPG) type.

20 It is known that cell surface receptors with tyrosine kinase activity
associate in dimeric form with a complex formed from two ligand molecules and
one heparan sulfate molecule. The formation of this complex triggers a cascade
of intracellular signals resulting in activation of celi proliferation and migration,
which are two key processes involved in angiogenesis.

25

Thus, FGF2 and its receptors represent very pertinent targets for
therapies directed towards activating or inhibiting angiogenesis processes.

Synthetic oligosaccharides have also been the subject of studies of

30 interactions with the FGF receptors and have shown their inhibitory effects on
the binding of FGF-2 to its receptor on smooth muscle cells, with an 1C50 of

16 yg/mL, and also an inhibition of proliferation of these cells induced with



30 interactions with the FGF receptors and have shown their inhibitory
effects on the binding of FG~-2 to its receptor on snooth muscle cells,

with an 1C50 of 16 pg/rrth, and also an inhibition of proliferation of
these cel | WORAAILNEH87 WD 2011/ 018587PCT/ FR2010/ 0517 PLTFRZFLOQ5HME02h an

| C50 of about 23 pg/nmL (C. Tabeur et al .2 Bioorg. & Med. Chem, 1999, 7,
2003-2012; C. Noti et al., Chem Eur. J., 2006, 12, 8664-8686). W have now
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formati on of new bl ood vessels. One subj ect of the present
i nvention is novel oligosaccharide conpounds 10corresponding to formula
(1): i n whi clye hald rfcﬁ@fcﬂﬁﬁﬂhéve.ﬂ s@hwuc-@é@%ac@farmeawﬁépébé c@ﬂsé&e of

- R re resents ei t her g\glrou - or a nonosaccharide of fornula
15(11),9i nfagiitatingRthefar ﬁﬂspfathezﬁ %apmple)oancmr tes3promoting the in

vitro survival of endothelial cells and of increasing the in vitro and in vivo

“formation of new blood vessels.

One subject of the present invention is novel oligosaccharide compounds
10  corresponding to formula (I):

0
O, 8NH [N\
R /\87/ R,

- Ry represents a group -OSO3” or a hydroxyl group,

in which:

- Rz represents either a group -O-alkyl, or a monosaccharide of formula
15  (ll), in which R represents an alkyl group:

"00C OH
g OR
?( (o)
o (i
0s0,

- R3 represents a disaccharide of formula (l11):

R4
0
‘00C OH 1
0~ Ho 0
R, NHSO,
080,

20 in which:
- R4 represents a group -OS0O3” or a hydroxyl group,
- Rs represents a disaccharide of formula (1V):



- R3 represents a disaccharide of forrmula (I1l): 0803- 20in which: - R4

represents a group -0S03- or a hydroxyl group, - R5 represents a
di saccharide of formula (IV): 3 -00C OH (IV) OHO NHSO, - OsO0, -
WO 2011/018587 PCT/FR2010/051702
3
RE
0
ooc ?H o) >, S (V)
0~ Ho o
R, NHSO,
0s0,
in which:

- Re represents a group -OSOj3 or a hydroxyl group,

- Ry represents either a hydroxyl group or a disaccharide of formuta (VI):

5
e o
NHSO,
in which:
- Rg represents a group -OSO03" or a hydroxyl group,
10 - Rg represents either a hydroxyl group or a group -O-alkyl, or a
disaccharide of formula (VIi):
0S0,
O
; OH
ooc & o X vy
o~ Ho o
R, NHSO,
0s0;,
15 in which R1p represents a group -O-alkyl,
on condition that: Ry represents a hydroxyl group or a group -O-alkyl when
Rz represents a monosaccharide of formula (1) as defined above; Ry represents
a disaccharide of formula (VI) as defined above when R; represents a group
-O-alkyl; and R4, R4, Rs and Rg do not simuitaneously represent hydroxyl groups.
20

In the context of the present invention, and unless otherwise mentioned in
the text, the ferm “alkyl group” is understood to mean a linear or branched

saturated aliphatic group comprising 1 to 4 carbon atoms. Examples that may be



in which: - R6 represents a group -0S03- or a hydroxyl group, - R7
represents either a hydroxyl group or a disaccharide of fornula (VI):
0S0,- in whic represents a group -0S03- or a hydroxyl group, 10- R9
represents WQ%@’I'”B'I&@Q#)OXW group or a group -0-al kyl, RET/AR20HHOEITARI de
of formula (M1): 0S0,- OH (VIl) O 4
mentioned include methyl, ethyl, propyl, isopropyl, butyl, isobutyl and tert-butyl
groups. In the compounds according to the invention, including each of the
subgroups of compounds that will be defined hereinbelow, the alkyl groups
advantageously represent methyl groups, except for the substituents Rg and Ry

5 in which the alkyl radicals of the groups -O-alkyl advantageously represent
propyl groups.

The compounds according to the invention are synthetic oligosaccharides,

i.e. they are compounds obtained by total synthesis starting from intermediate

10  synthons, as will be described in detail in the text hereinbelow. in this respect,
they differ from oligosaccharides obtained by depolymerization or isolation from
complex mixtures of polysaccharides, such as heparins or low molecular weight
heparins. In particular, the compounds according fo the invention have a well-
defined structure resulting from their chemical synthesis and are in the form of

15 pure oligosaccharides, i.e. they are free of other oligosaccharide species.

The invention encompasses the compounds of formula (1) in acid form or
in the form of any pharmaceutically acceptable salt thereof. In the acid form, the
functions -COO" and -SO5" are, respectively, in -COOH and -SO3H form.

20

The term “pharmaceutically acceptable salt of the compounds of the
invention” means a compound in which one or more of the functions -COQO"
and/or -SO3 are ionically linked to a pharmaceutically acceptable cation. The
preferred salts according to the invention are those in which the cation is chosen

25 from alkali metal cations, especially the Na* cation.

The compounds of formula (I) according to the invention also comprise

those in which one or more hydrogen or carbon atoms have been replaced with

a radioactive isotope, for example trittum or carbon 'C. Such labelied

30 compounds are useful in research, metabolism or pharmacokinetic studies, as
ligands in biochemical tests.



OHO NHSO, - OS03- 15in which R10 represents a group -0-al kyl, on
condition that: RO represents a hydroxyl group or a group -0-al kyl when R2
represents a nonosaccharide of forrmula (I1) as defined above; R7 represents
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be described in detail in the text herei'nbelow. In this respect, t
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are in the for m %];milarly, the disaccharide of formula (VI}) is linked to the disaccharide of
formula (IV) via the oxygen atom located in position 1 of its glucosamine unit,
- similarly, the disaccharide of formula (VIl) is linked to the disaccharide of

formula (V1) via the oxygen atom located in position 1 of its glucosamine unit.

15
The term “glucosamine unit” means the monosaccharide unit having the
following formula:
oA
Jﬁ)\ C
A
HO NHSO,

20 The other type of saccharide unit present in the compounds according to
the invention is a uronic acid, more specifically an iduronic acid, corresponding
to the following formula:

"00¢-—., PH
e
080,
25 Thus, the compounds of formula (I} according to the invention may also

be represented according to formula (I') as follows, in which the iduronic units
and the glucosamine units succeed each other and in which R4, Rz, R4, Rs and
Ry are as defined previously:



15pure oligosaccharides, i.e. they are free of other oligosaccharide

speci es. The i nvention enconpasses the conpounds of formula (1) in
acid formor in the formof any pharnaceutically acceptable salt thereof.
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according to the present invention, it is understood that: - the
nonosacchari de of formula f' 1) is | nked to the disaccharide unit
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mention may be made of those in which:
- Ry, R3, R4, Rs and Rg are as defined previously,
- Rz represents a monosaccharide of formula (ll) as defined previously,
10 and
- R7 represents a hydroxyl group.

Such compounds are heptasaccharides. They correspond to formula (I-1)

below, in which Ry represents a hydroxyl group and R, Ry, Rs and Rg are as

15 defined previously, and are in acid form or in the form of any pharmaceutically
acceptable salt thereof.

Among the compounds of formula (1)/(I') that are subjects of the invention,
mention may be made of a subgroup of compounds in which R, represents a
20  group -O-alkyl.

Such compounds are octasaccharides or decasaccharides. They
correspond to formula (1-2) below in which Ry, R4, Rs, Rs and Ry are as defined
previously and R, represents a group -O-alkyl, and are in acid form or in the form

25  of any pharmaceutically acceptable salt thereof.

Among the compounds of formula (1)/(I') that are subjects of the invention,
mention may be made of a subgroup of compounds in which:
- Rz represents a group -O-alkyl, and



- simlarly, the disaccharide of fornmula (VI) is linked to the disaccharide
of fornmula (1V) via the oxygen atomlocated in position 1 of its

gl ucosamne unit, - simlarly, the disaccharide of fornmula (VI1) is linked
to the di s\WORNM1I@18587 ornula (V1) via the oxygen at omRQIZER20#0/954F0Ri ti on
1 of its glucosamne unit. 15 The tzerm "gl ucosam ne unit" neans the
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5 below, in which R4, R4, Rs, Rg and Ryp are as defined previously, and are in acid

form or in the form of any pharmaceutically acceptable salt thereof.
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Dependi ng on the neani ngs of R2 and R7, the oligosaccharides according to
the invention may thus conprise from7 to 10 saccharide units. 5
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10 and - R7 represents a hydroxyl group. Such conpounds are

hept asacchari des. They correspond to forrmula (1-1) below, in which R7
represents a oxyl group and R, Rl, R4 and R6 are as 15 defi ned

previ ousl y W &%%1!@18 &cid formor in the formof any fMEFVRBEGNOREORY
acceptabl e salt thereof. Anong téhe conpounds of forrmula (1)1(1")
that are subjects of the invention, nention nay be made of a subgroup of
conpounds in V\hlmhon? tﬁ@%ﬂfp@u‘hﬂs%fzﬁrl%@lﬂ tieatedréYsub A&b&ﬁ"bﬂﬁ@ﬂ%@ﬁgmﬁ

oct asacchari des or decasacchari des. correspond to fornul 2 el ow
i n whi ch RINemion Ry tRemMaded oka subgrasp cgmmedunds in yhiehi ously and R2

represents a gro cijd formor in the form 250f any

phar maceuti cal | y[@cr(?g[ﬁ@f@ﬁeagg% ?@%}%&d Anong t he conpounds of

formula (0/0") tiryt re@r@s@w@baﬁ@cman‘daaaﬂfamm@ (@) adreefihed aBSBVebiﬁ WhieR of a

subgroug of_conpounds in which: - represents _a group -0-alkyl, and WO
5

2011/ 01858 RetBPFEEaN D LKA hydroxyl QfOUP OR?H grepp eQedlky¥. a di sacchari de of
formula (VI) as defined above, in which RO represents a di sacchari de of

formula (VI1) as defined above. Such conpounds are decasacchari des.
They correspond Suzhf oomipbands 3¢ &diasaveharidewhirah cBiresPdnd RE, foRBund-2310
are as defined prevjously, and are in acid formor in the formof any

phar maceut i3P2VeyiNaWBIEpt I3’0I R4, R3¢ anein@s @be as defined previously, R; represents a
group -O-alkyl and Rg represents either a hydroxyl group or a group -O-alkyt.

10
Advantageously, the octasaccharides according to the invention are such
that Rg represents a group -O-alkyl.

Other subgroups of compounds according to the invention may have
15  several of the characteristics listed above for each of the subgroups defined

previously.
The invention relates especially to the following cligosaccharides:

20 - methyl (sodium 4-0O-propyl-2-O-sodium sulfonato-o-L-idopyranosyl-
uronate)-(1-4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-b-
glucopyranosyl)-(1—4)-[(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-
(1—=4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoaminc)-a-D-gluco-
pyranosyl-(1—4)]z-(sodium 2-O-sodium su!fonato-a-i_-idopyranosyluronate)-

25  (1—4)-2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-o-D-

glucopyranoside (No. 1);

- methyl (sodium 4-O-propyl-2-O-sodium sulfonato-e-L-idopyranosyl-
uronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-o-D-
30  glucopyranosyl)-(1—4)-[(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—=4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-gluco-

pyranosyl-(1—4)]s-(sodium 2-O-sodium sulfonato-u-L-idopyranosyluronate)-



WO 2011/ 018587PCT/ FR2010/ 051702 9 Anong t he conpounds of forrmula (1)
that are subjects of the invention, nention may be nmade of a subgroup of

conmpounds in which: - R2 represents a group -0-al kyl, and - R7
repr esent s WORGEWG18H8Te of formula (VI) as defined ab®CI/FRZOMMGSITORO
represents either a hydroxyl group or a-1group -0-alkyl. Such

conmpounds are octasaccharides and correspond to fornula (1-2) above in

which Eli, éRI-» Rg e -80-8b8iu sﬂ?&dﬂ@%—ﬁ(ﬁ %ﬁl‘fcynatggmf raeﬁ-l -2 9roup

- 0- al kyl sents elt er a roxy group or a - -aIk . 10
Advant ageopgtanoside(Ma.t2)sacchari des accord| ng to the |nvent|on are such
that RO represents a group -0-al kyl. O her subgroups of conpounds

according to the invention nay have 15 several of the characteristics
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rel ates especially to |OWI ng ol 1 gosacchari Ium

4-0- pro@y1(12+>@t)s(2djemy$40£summ-saﬂfbnatdpmebarm uifonatoammo)—a—D—
uronate)-(1->4)-(2-deoxy-6-0-sodi um sul f onat o- 2- sodi um

(sul f onat oslﬁquraatw@gl)d&nﬁ)r[éa@dm)z Oisndiwsadifonate-@+ sdefiyrenosyluronate)-
Sl onat o P SAN ARECRHTEr CrAROUR PP 8CE2 SPEE (BORRBSAIOORoT) | 2- sodi um
2-0- sodi U”bﬁl&ob?%d&y?} (A PRY.RORHN L OAES-i-L-idopyrancside]-uronate
(No. 3);
10
- methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-
sodium suifonato-o-L-idopyranosyluronate)-(1->4)-(2-deoxy-2-sodium (sulfonato-
amino)-a-D-glucopyranosyl}-(1—4)-(sodium 2-O-sodium sulfonato-o-L-
15  idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium
(sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-g-L-
idopyranosyluronate)-(1—4)-2-deoxy-6-O-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranoside (No. 4);

20 - methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1-»4)-
(2-deoxy-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-
sodium sulfonato-o-L-idopyranosyluronate)-(1-+4)-(2-deoxy-6-O-sodium
suifonato-2-sodium (sulfonatoamino)-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-
sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium

25  (sulfonatoamino)-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-o-L-
idopyranosyluronate)-(1—4)-2-deoxy-6-O-sodium sﬁifonato-z-sodium

(sulfonatoamino}-a-b-glucopyranoside {No. 5);

- methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
30 (2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-

(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate )-(1 —4)}-(2-deoxy-



25(1--4)-2-deoxy-6-0-sodi um sul f onat 0- 2- sodi um ( sul f onat oam no) - a- o-
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2- 0- sodi um sul f onat 0- a- L-i dopyranosyl uropat e) - (1->4)-(2-derw 6-0-sodi um
sul f onat 0- 2- sodi um (sul f onat oam no) - a- b- gl uco- pyranosyl -(1->4)] 3-(sodi um

2- 0-sodi um i "F"Wrﬁ’d()[—- - (endi Ocnd:
2011/01858%%(;@%%5/8%%{8?02 10@?@%%@%@&@6- HEggium2-O-sodium

sul f onat o- Buffodaioru-{ ddbfvandsyuronade)d1 D) @cduxyaesdide SWFongtbamingRdi um
[ et hyl (sodi um 2-0-sodi um sul f onat 0-a- L-i dopyranosyl uronate) -

5( 14) - ( 2- d&oxgluropysnsyh(d ui4)dsediorp2-<asbdinng sulfinaiandaidopylarmspl-

gl ucopyr an

sul f onat o- Eﬁ%'l'%tﬁg' él/?df)ablg?@?%{ygﬂ] QZ' %‘?d‘a%gé@%“%%zw és\glanadeamino)-o-p-

sul f onago- &4 ' firgagpam no) - a- D-
gl ucopyranosyl ) - (1->4 é 2- 0~’sodi um sul f onat o- a- L- i dopyr anosi dekur onat e
(No. 3); 10 - methyl (sodium 2-0-sodi um

{Sul T onat oari noj FHE A} FAAGEYIIT paignate ek HaYEarBeySeanaley-(1+4)
oL et o ook ApBIOARRN ARSI AT Ao REReYiR RS ibopyranosy
sul f onat o- §t-b4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-
10 2-sodium (sulfonatoamino}-a-D-glucopyranosyl)-(1—4 (sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1-4)-(2-deoxy-6-O-sodium sulfonato-2-
sodium (sulfonatoamino)-a-b-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-2-deoxy-6-O-sodium sulfonato-2-
sodium (sulfonatoamino)-a-D-glucopyranoside (No. 7);
15
- methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1->4)-
(2-deoxy-6-O-sodium sulfonato-2-sodium(sulfonatoamino)-a-D-glucopyranosy)-
[(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1 —>4)-(2-deoxy-
6-0O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)lo-(1—4)-
20  (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-2-deoxy-6-0O-

sodium sulfonato-2-(sulfonato)amino-o-D-glucopyranoside (No. 8);

- methyl (sodium 2-O-sodium suifonato-o-L-idopyranosyluronate)-(1—4)-
{(2-deoxy-6-0O-sodium suifonato-2-sodium (sulfonato)amino-a-D-glucopyranosyl)-
25  [(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1 —4)-(2-deoxy-
6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)]-(1—4)-
(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-2-deoxy-2-

sodium (sulfonatoamino)-e-D-glucopyranoside (No. 9).

30 In its principle, the process for preparing the compounds according to the
invention uses di- or oligosaccharide synthons prepared as reported previously



15 i dopyranosyl uronate)-(14)-(2-deoxy-6-0-sodi um sul f onat 0- 2- sodi um

(sul f onat oam no) - a- D- gl ucopyranosyl )-(14) - (sodi um 2- 0- sodi um

sul f onat o- a- Li dopyr anosyl uronat e) - (1- >4) - 2- deoxy- 6- 0- sodi um

sul f onat 0- WOu201H018%87 onat oani no) - a- D- gl ucopyr anosi de RGUWFR2010/29170&et hy|
(sodi um 2-0-sodi um sul f onat o- a- L-i dopyr agposyl uronate) - (1->4) -

(2- deoxy-2-sodi um (sul f onat oam no) - a- D- gl ucopyr anosyl)-(14) - (sodi um 2- 0-
sodi um sul f; Ofj | AR W a (dapdbis =020 sodi

sul f onat o- éﬁgggl [Ltgrl;d(%gﬁj?g%%t oam qu)g gg B%geuéggﬁlég%g?@{pﬁi%s-?‘gc?é%nrtn 2- 0-
sodi um sul fappicaticns EPdbPY0 8ASsEP W 52745, EPA) 622-288xmnd BPbA42B54, and

eul Tonat o a0 q e BUERGHSRRY ARG Bhebier34d, b Eedioh TR W angew
sul f onat o- Zdi 1Hp EavlERMatossi B) 167%@%9%%@%&%3(5% Eh'@éw;)cbuﬂ%&hyl

(sodi um 2- 0- sodi um sul f onat o- a- L-i dopyr anosyl uronat'e) - (1->4
( 2- deox§- 6tegetbar amasuprgiveao-entiseldipnetected equivalent of a compound according

(sul f onat ogm,nQ):- a- I ran 1) - . : (sadi um 2- 0:- spdi. um

(ol Lonat o R )i, S HLAREEH dauidht B IAGisH WSS compound
2011/ 01858 @iecdrdimy & tHeDimiéRtorl. In 2hé @BLIPIAG reactions mentioned above, a “donor”
(sul f onat oam no) - a- o- gl ucopyranosyl ) - (1->4) - (sodi um 2- 0-sodi um

sul f onat o- 4iH_-ardefigesacsharide ometivgted1 on. (ts- @vemeriz- sathanm (eants owithoani no) -

§;J|01: glngtc g_p gé@%%ﬂg)ﬂ'g%;@ ﬁ%%ér?%ltr@?’ %ﬁ?@ﬁ@?k&?&yg{w@ﬂo_ sodi um

sul f ondaQo- 2- sodi um (sul fonat oam no)-a-o- 5 gl ucopyranosi de (No. 6); -
met hyl (sodi um 2-0-sodi um sul fonat o-a-L-i dopyranosyl uronate) - (1->4)-
( 2- deoxy- 6- 0- sodingnRresenrbinyeation tuigirglates to a process for preparing compounds

sul f onat oam : - ¢#( 14) - (sodi um 2- 0- sodi um
gu:Jf onat o- gﬁ%&éﬁ}@@@b?@?’%ﬁ)ﬁa&t@g% }q‘ﬂ’-‘t§>4) ) ( (2 dei»ljy- 10 2-sodi um
(sul f onat oam no}-madfirgt phage;rafullg\proteclel) eqoivdientoR e gesiradcompound (1)

sul fonat 0- @- L-i go ,%éanosyl uronate)-(1->4)-(2-deoxy-6-0-sodi um sul f onat o- 2-

sodi um (sul'$ By ‘8§ 0) - a- 0- gl ucopyr anosyl ) - (14) - (sodi um 2- 0- sodi um

sul fonago-a-L-id r I a x(ojclgné— s) € ogdi_u -

sodi um (sul fonatkg}%ﬁi nog-g-%ﬁdgglghﬂ?pgra osiééﬁe@(é%q 6(-7)$OS31 © Im%ahég@%ha]&
unmasked,

- in a third phase, the whole compound is deprotected, and

- in a fourth phase, the N-sulfate groups are infroduced.

20 The synthesis of the fully protected equivalent of the desired compound (1)
is performed according to reactions that are well known to those skilled in the
art, and using methods for the synthesis of oligosaccharides (for example G.J.
Boons, Tefrahedron (1996), 52, 1095-1121 and patent applications
WO 98/03554 and WO 99/36443), in which a glycoside bond-donating

25 oligosaccharide is coupled with a glycoside bond-accepting oligosaccharide to
give another oligosaccharide whose size is equal to the sum of the sizes of the
two reactive species. This sequence is repeated until the compound of formula
(I)/(I') is obtained, optionally in protected form. The nature and profile of the
charge of the final desired compound determine the nature of the chemical

30  species used in the various synthetic steps, according to the rules well known to
those skilled in the art. Reference may be made, for example, to C. Van Boeckel
and M. Petitou, Angew. Chem. Int. Ed. Engl. (1993), 32, 1671-1690 or
alternatively to H. Paulsen, “Advances in selective chemical syntheses of
complex oligosaccharides”, Angew. Chem. Int. Ed. Engl. (1982), 21, 155-173.

35



- nmethyl (sodium 2-0-sodi um sul fonat o-a-L-i dopyranosyl uronate)-(1->4)-

(2- deoxy- 6- 0- sodi um sul f onat o- 2- sodi un{ sul f onat oam no) - a- o- gl ucopyr anosyl ) -
[ (14) - (sodi um 2-0-sodi um

sul f onat o- WO-2030188%5y| ur onat e) - (1- >4) - ( 2- deoxy6- 0- s G TIRR2010/051702

sul f onat o- 2- sodi um ( sul f onat oam no) - a- o-1@ ucopyr anosyl ) h-(1->4)- 20 (sodium
2-0-sodi um sul f onat o- a- L-i dopyr anosyl uronate) - (1- >4) - 2- deoxy- 6- 0- sodi um

CSbar i 55 Lo R AEoru AR R oBhoce sing LA
( 2- deoxy- 6sga§3giﬁsjﬂgngmnft§hmqsezslglfgd irthe art of oligosacch_aride synthesis. The
(sul f onat o)peidia- deseriBbH GbRYEIS ARY bleferrd® p['t%t?é(f%éﬁ){'té@ Wéggibﬁ%] Aottt The

| f to-a-L-id I -(1->4) - e 0- sodi
SUL T onat o SR I3t GO R e vipad 0 g s g ur
2- 0- sodbumsaghf ohentndsta;lz \desdribyd,afoe %}@fim@,agejméﬁv{\gmhaad@lg Ok 2cheifidtrym
| f t ' = a- Q- gl. » s . .
2011/ 01556 T Eliey ok THYE B le M Loy @ndued Exieruds iy Srade
especi al | y Sopst(i89pharchby d. Baorsin Gefppheadiion (189&IPS50, BIESE-0921. EP 0 529
715, EP 0 621 282 and EP 0 649 854, and also to the publication by C Van

Boeckel and M titou published in Angew. Chem Int. Ed. Engl., 1993, 32,
1671- 1690. Thesg?‘@foPFﬁm@gaﬁreupﬁéﬁeédu he Preegs fesrPrepang the gpowosnds

eﬂt irell§ podtfenheid equ(li)vaﬂeem%s%f treat Qﬂala@;mgbo;%i?w ity td)phbo‘ltéci BV%édrt]ivéi .
Thi t : I val ent i n_converted into a c oun cco
Che’i hvent TBIEIOR (L =8 o, SvARSST Buct BN e SvBERE: Snd SERoRaV e %or
ol i gosacchsegengratecthieviatastireactive urciiomeatitbe emdbafrihe syattesiswiThe protecting
"acceptor” %upsorcoﬂLm H&aPEQ&ri'ndgu Qre%'hbﬂ'ﬁstﬂf,f bECqly PR for ]&am%le, iahe
pr esent i ng ntlon thus refafes to & process ‘for preparing_conpounds’o
fornul a (I)7{testivechEruRs: irPraania Aypthgsis’, Greene ef ﬂ-.a'irfii&@@rgg&%‘é\, Wileyul | y
protect®d gq@onal ant., New Meortts Hre ek 1® PuMbrirl the prédedshastadthg 1&-then a
second phase, t.he oups -OC}O- and -0S03- agre intyoduced and/or unrrasted,
Th o thi rdipRatas. PHE RmteCen saHes | Sreibeact (. SXRTPIS.| o 1 BGrY
phase, thehblicsosthyl e bgnooyls leveliriyht ehayiedallyl, tert-butyldiphenylsilyl (tBDPS)
groups.

20 Activating groups may also be used; these are the groups conventionally
used in sugar chemistry, for example according to G.J. Boons, Tetrahedron
(1996), 52, 1095-1121. These activating groups are chosen, for example, from
imidates and thioglycosides.

25 The process described above allows the compounds of the invention to
be obtained in the form of salts, advantageously in the form of the sodium sait.
To obtain the corresponding acids, the compounds of the invention in salt form
may be placed in contact with a cation-exchange resin in acidic form. The
compounds of the invention in acid form may then be neutralized with a base to

30 obtain the desired salt. For the preparation of the salts of the compounds of
formula (I)/(I'), any mineral or organic base that gives pharmaceutically
acceptable salts with the compounds of formula (1)/(I’) méy be used.

~ A subject of the invention is also the compounds of formula 20A below, in
35 which Pg, Pg’ and Pg”, which may be identical or different, represent protecting
groups:



20The synthesis of the fully protected equival ent of the desired conpound
(I') is perfornmed according to reactions that are well known to those
skilled in the art, and using nethods for the synthesis of oligosaccharides
(for exanpWO@0I1/BEH8F, Tetrahedron (1996), 52, 1095- 1PST/RRED1PH5AN02

appl i cati ons WD 98/ 03554 and WO 99/ 36443)%, in which a glycoside

bond- donati ng 25 oligosaccharide is coupled with a gl ycosi de bond-accepting
ol i gosaccharide to give another gpingosacchari de whose size is equal to the
sum of the sizes of the two rea€tiye species. This sequence is repeated

until the conpoype ot {@Pgnl a f S\ obt ai ned, optionally in protected form
The nature and profz' e e C(me)d(jsnal desir A:orrpound
determ ne t he ng e o &3%eni cay. 30 species used in € various

synt heti c steps, aucécorgi ng to the ruf es wel | known to those skilled in the
art. Reference may bE9rfdde, for exanple, to C. Van Boeckel and M Petitou,
Angew. Chem Int. Ed. Engt (1993), 32, 1671-1690 or alternatively to H
Paul sen, "Advances in selective chem cal syntheses of conpl ex

ol i gosacchari deSiich Aftigyourfdie tre Msefifidas RmetISR)in tRé. i3

2011/ 018587PCT/ FR2010/ 051702 13 The conggtﬂ?g%% I%ftaéhsegfiﬁﬁ\e/%%t?%%ﬁgr?ay
natural | y e@mppupds etifamsiulay(lVdi ous strategi es known to those skilled in
the artz of oligosaccharide synthesis. The process descri bed above is the
preferred process of the invention. However, the conpounds of formula
(0/0") may be pinepatiedayisubjbetrofag imehton iseidesiapsinds 3083h vilieiPgt 1y,
described, for exanple, in "Mnosaccharides, their chem stry and their

rol es i n nBEuRAF Bgodarresent. respectivaly, nkenad allyl antbecett graupsy Begh & Sons

br ot et | no” a1 peuld cBRAAo0S LPULARGRIAR d BiBlarctn SiBRS Ak Sser o1

formul a (1ot (the)syateedidof eohipiundeke antl Dessbilig to tiss linvdntioB! kel ke
reactiyve far&cti E‘ sych as a hydroxyl or an am ne during a synthesis, and
second ¢ e?@%‘i ereifkelPWe intact reactive function at the end of the
synthesis. The protecting groups commonly used in sugar chem stry, as
descri bed, for exanple, in "Protective Goups in Organic Synthesis", G eene
et al., 3rd edition (John WIley @BAc& Sons, Inc., New York) are used to

perform the process according the invention. The protecting groups are

chosen, for exaBpOgC onet hyl , benzoyl, |evulinyl, benzyl,

‘allyl, tert-butyldi ggl Og(diESCI,20Act i vat igyg groups nmay al so
convenkional Iy used in sugar chenistry, for

be used; these t he

exanpl e accordi%ﬁﬁ%o G J. Boons, Tetrahedron (1996), 52, 1095-1121. These
activating groups ar Gosen, for exanple, fromimdates and

t hi ogl ycosi des. 25The process descri bed above all ows the conpounds of the
invention to be obtained in the formof salts, advantageously in the form

of the sodi um sPhé exampiiy ial fbliy BREERSP B bRl of F:Bﬁai?noéﬂ?ﬁldﬂﬁlﬁds‘)f the

invention in salt formnmy be placed in contact wth a cation-exchange
resi n Ton aandisgnthetienntereedistason mpsoedanceewitintheniniventiom Edss ¢ampoumys t hen

be neutral jzetMidifing, BIFEeri8 merely to illustrate the present invention. The starting
compounds and the reagents, when their mode of preparation is not expressly
described, are commercially available or described in the literature, or else may
be prepared according to methods that are described therein or that are known
20 to those skilled in the art.

The following abbreviations are used:
[alp: optical rotation
Ac: acetyl.
25 All: allyl
Bn: benzyl



30 obtain the desired salt. For the preparation of the salts of the
conpounds of formula (1)1(1'), any mneral or organic base that gives
pharmaceutical |y acceptable salts with the compounds of fornula (1)1(1")
may be usedWO 2011/01858%ubj ect of the invention is al so POBFRAAPIOGHEO20T
formul a 20A below, in 35 which Pg, Pg' af®l Pg", which nmay be identical or
different, represent protecting groups: WD 2011/018587PCT/ FR20101051702 14
Such conpounds age yesebyl as internmediates in the synthesis of the
conpounds of fornula (1)1(1'). 5 In particular, a subject of the
invention is theTldExribuumsrelﬁmma‘iogmphh Pg, Pg' and Pg" represent,

respectively, b al | cetyl groups. Such a conpound corresponds
to di sacchari deetg@q FP '?‘l'gf& c% scheme 2 bel ow, useful for the synthesis

of conpounds 1 @Ddzqs:awhmra% $Ja|dylaﬁol1w%'zeaumaﬁew I'l be 10 detailed
her ei nbel ow. The exarrpl es ol 'ow describe 'the preparation of certain

compoun@s 15 anaE@ylEdﬂ?FétquSDTﬂYdﬁﬁE&tlam es in accordance with the invention.
These conpounds T %Fﬁsgt limting, but serve nerely to illustrate the
present inventi on. starting conmpounds and the reagents, when their node
of preparation 8,30 seXorieasidy described, are comercially avail able or
described in the literature, or else may be prepared accordi ng to nethods
that are descri Be&¥:{ave#iByYln or that are known 20to those skilled in the art.
The foll ow ng a%é%eﬁwlons are used: [o]D: optical rotation

10 min: minutes
Rf: Retardation factor (retention time measured on TLC relative to the
solvent migration front)
tBDPS: fert-butyldiphenylsilyl
Z: benzyloxycarbonyl
15

Preparation of the synthetic intermediates:

SCHEME 1: Preparation of the donor disaccharide 15

8n0,C
0 BnO,C ; BnO,C ’%
BnQ

LevO LevO
AcO

11 12 13

BnO,C % Bn0,C %
OCINH)CCI,
Zg7’ BnO /287/ BnO (NF)

AcO

LevD LevD

20



Ac: acetyl 25AIl: allyl Bn: benzyl WD 2011/018587PCT/ FR2010/051702 15 Bz:
benzoyl TLC: thin-layer chromatography Cr03: chrom umtrioxide DDQ .

2, 3-di chl oro-5, 6-di cyano-1, 4- benzoqui none 5ESI: El ectron-Spray |onization
h: hours HYOR0EWO1858% acid Lev: |evulinyl M: nethyl PONFR2010/G61762 Rf :
Retardation factor (retention tinme neasuged on TLC rel ative to the

(Benzyl 2-O-acetyl-3-0-benzyl-4-O-levulinoyl-a-L-idopyranosyluronate)-

(1—4)-1,6-anhydro-2-azido-3-O-benzyl-2-deoxy-B-dD-glucopyranose (12)

To a solution of compound 11 (11.6 g, 16.2 mmol) (described in the
preparation of compound 8 of patent application WO 2006/021653) in anhydrous
S5 dioxane (340 mlL) are successively added 4-dimethylaminopyridine (2.12 g,
17.3 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (6.5 g,
34.3 mmol) and levulinic acid (3.6 mL; 34.3 mmol). After stirring for 4 hours 30
minutes, the mixture is diluted with dichloromethane (1800 mL). The organic
phase is washed successively with aqueous 10% potassium hydrogen sulfate
10 solution, with saturated sodium chloride solution, with saturated aqueous sodium
hydrogen carbonate solution and then with water, dried over sodium sulfate,
filtered and then evaporated to dryness. The residue is purified by
chromatography on a column of silica gel (5/1 v/v toluene/acetone) to give 12.7 g
of compound 12.
15 TLC: Rf = 0.42, silica gel, 3/1 v/v toluene/acetone

(Benzyl 2-O-acetyl-3-0-benzyl-4-O-levulinoyl-o-L-idopyranosyluronate)-

(1—4)-1,6-di-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a,B-D-glucopyranogse (13)

To a solution of compound 12 (12.76 g, 16.2 mmol) in acetic anhydride
20 (160 mL) is added, at 0°C, trifluoroacetic acid (14.1 mL, 183 mmol). The reaction
medium is stirred for 16 hours at room temperature. After concentrating, the
mixture is co-evaporated with toluene. Pourification of the residue by
chromatography on a column of silica gel (4/1 v/v toluene/acetone) gives 10.5 g
of compound 13.
25 TLC: Rf = 0.49, silica gel, (4/1 v/v toluene/acetone)

{(Benzvi 2-0-acetyl-3-O-benzyl-4-O-levulinoyl-o-L-idopyranosyluronate -

(1—4)-6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a.B-D-glucopyranose (14)

A solution of compound 13 (10.5 g, 12.0 mmol) and benzy[amine {50 mL,
30 457 mmol) in diethyl ether (360 mL} is stirred at room temperature for 2 hours.
The reaction mixture is diluted with diethyl ether (2000 mL). The organic phase

is washed with cold agueous 1 M hydrochloric acid solution and then with water,



solvent mgration front) tBDPS: tert-butyl di phenylsilyl Z:

benzyl oxycarbonyl 15 Preparation of the synthetic internedi ates: SCHEME 1:
Preparation of the donor disaccharide 15 WD 2011/018587PCT/ FR20101051702
16 ( B¥O72011/018587 PCT/FR2010/051702
2-0-acetvl- 3-0-benzvl-4-0-1evulinovl -a-l4a dopvranosvl uronate) -

(1->41-1, 6- anhvdr o- 2- azi do- 3- 0- benzvl - 2- deoxv- 13- D- glucopyr anose (12)

To a sol uti (

pr epar at | o op ek SO fuldhel Merd and o T PGS0 i gy Ine Fesidue
anhydrous 3s @hmmai@g(apt@dmm aarcelusut obsiica ge) (Addel tohudinetsdeydre)i bmogmyel di ne

(2.12 g, 1 rret hyl am nopropyl) - 3- et hyl car bodi i m de
hydr ochl or i ‘g4 &m%z)H‘P%'ﬁﬂ% 1) and levulinic acid (3.6 ni; 34.3 nmol).

After stirring frpE. Rihogus, §mc BHBPF v BRigMeNddéiénd S diluted with
di chl or onet hane (1800 niL). rgani ¢ phase 1s washed successively with
aqueous510@6pota53|un1hydrogen sulfate 10 solution, with saturated sodi um
chloride sol uti og ' n1h dro-en carb nate
sol uti on and th!’ W h—ia e P e DR A 0QY Opyra A&t hen
' | £ )L aphy on a

Y, 5T 0 ‘ g of conpound
12. 15TLC trﬁlfhlm‘o@céﬁmdiitdai(tﬁ) gel, 3/1 v/v t ol uene/ acet one (Benzyl
2- 0- acetyl - 3- 0 en Ieyullnov L- i dopyr anosvl ur onat e) -
(1-44) -1, 6-di - ma%?aaltrﬁ%ié 3dnbeﬁ%@1mmfﬁiam caeglum aqﬁ@éme £h89¢0. ( 13)

10 137 mmol) are added to a solution of compound 14 (7.14 g, 8.56 mmol) in

dichloromethane (160 mL). After stirring for 30 minutes, the reaction medium is
filtered and then concentrated. The residue is purified by chromatography on a
column of silica gel (2/1 viv toluenefacetone + 0.1% triethylamine) to give 7.0 g
of compound 15.

15 TLC: Rf = 0.37 and 0.28, silica gel, 2/1 v/v toluenefacetone

SCHEME 2: Preparation of the glycosyl donor 20

osn Q@
pBn 9 oBen O
BrO, c 0
BnO,C o anozc
A[lO

AIIO

—_—

1 0 17

OAc
BnO,C
BrO,C % BO,C % %
—_— OC(NH)CC,
/Zg7’sno 0Ac —— &7 Bno OH BnO

20
{Benzyl 2-O-acetyi-4-O-(allyloxy)carbonyl-3-O-benzyl-g-L-
idopyranosyluronate)-(1—4)-1,6-anhydro-2-azido-3-O-benzyl-2-deoxy-B-D-
glucopyranose (16)
25 To a solution of compound 11 (11.7 g, 17.3 mmol) (described in the

preparation of compound 8 of patent application WO 2006/021653) in anhydrous



To a solution of conpound 12 (12.76 g, 16.2 mml) in acetic anhydride 20
(160 nm.) is added, at OC, trifluoroacetic acid (14.1 n, 183 nmol). The
reaction nediumis stirred for 16 hours at roomtenperature. After
concent r at WQ,20HHé01858&7ure i s co-evaporated w th tol uen®@CTHER2(MI0NOH17OD of
the resi due by chromat ography on a columqg of silica gel (4/1 v/v

t ol uene/ acetone) gives 10.5 g of conpound 13. 25TLC. Rf = 0.49, silica gel,

(471 viv t ghpangy ré‘t%%r?\r%?é &E%Bgéﬂ%yoacﬁfe%t \at- G- BN (44%L eY¥3 | mmol),

i novl -a-L-id opvra nos u ron
(1)-6-0- acét-@lme;th)danndmf@ndwiee(&9'292-1de1bmal)laxDatﬁyIIcnldmn‘fcuram:tee(wmbnm

| f 3 (10.5 d b i 5 30 457
fn(?roir; ! ?2 3|1 ﬁrﬁi{?%&er( g%rﬁ'nﬂL Fi QBZEPFFSr @Lj r%‘?rgr@ﬁééh‘ggr g’%éfe&rfmli i$four s.
The reacti @adguXéﬂJoeCI aﬁér | St Wbt Bodinfi s, tﬁé‘?ﬁnx&?@ﬁ@ dqaed T “' c

phase is washed with col d aqueous 1 M hy drochloric aci tion an h en
wi t h waber acelate mqmistm PCIAHRpO2SE dmwaelzed_ Budecassively eith sodicowrs shm% ate,

on & cor umoioSfi FRRREH Sifete SR HY MR uattl anbiBe R it Satirdred BogdpRe "o
conpound 1éodﬂ]n€3 h)ﬁfrogeﬁ) cﬁa@borﬁté' SAUEGH . and watey, Bﬁé&'%\@r%@ﬁﬁ stlfate,

(Benzyl 2- 0- acet - 0- benzv1-4-0-1 evul i noyl - a- L-i doovr anosvl ur onat e) -
(1- >4) - 6- 0filke |ar2d ahaib- gvapasatesy | 102- dryorss.a, Tl Drefiduois apadfied by

trichlor oa% r{ﬁ%}t‘gﬁt rééé% a &IOS P& 85'!' (t2/1 v éycl&exanefe%h;% arTéE?at)e) 30d

caesi um car
10  give 11.4 g of compound 16.

TLC: Rf = 0.37, silica gel, 2/1 v/v cyclohexane/ethyl acetate.

(Benzyl 2-O-acetyl-4-O-allyl-3-O-benzyl-o-L-idopyranosyluronate)-(1—-4)-

1,6-anhydro-2-azido-3-O-benzyl-2-deoxy-B-D-glucopyranose (17)

15 Compound 16 (11.44g, 15.1 mmol) is dissolved in tetrahydrofuran
(100 mL). Palladium acetate (67.6 mg, 0.30 mmol) and triphenylphosphine
(395 mg, 1.5 mmol) are added. After stirring for 2 hours at reflux, the reaction
medium is concentrated to dryness. The residue is purified by chromatography
on a column of silica gel (3/1 viv cyclohexane/ethyl acetate) to give 8.0 g of
20 compound 17.
TLC: Rf = 0.33, silica gel, 2/1 viv cyclohexane/ethyl acetate,

(Benzyl 2-O-acetyl-4-0-allyl-3-O-benzyl-g-L-idopyranosyluronate}-(1—4)-

1,6-di-O-acetyl-2-azido-3-O-benzyl-2-deoxy-o,3-D-glucopyranose (18)

25 To a solution of compound 16 (7.96 g, 11.1 mmol) in acetic anhydride
(105 mL) cooled to 0°C is added frifluoroacetic acid {9.4 mL). The reaction
medium is stirred for 16 hours at room temperature. After concentrating, the
mixture is coevaporated with toluene (5 x 200 mL). Purification of the residue by
chromatography on a column of silica gel (2/1 viv cyclohexane/ethyl acetate)

30 gives 7.72 g of compound 18.

TLC: Rf = 0.40, silica gel, 2/1 v/v cyclohexane/ethyl acetate



10 13.7 mmol ) are added to a solution of conmpound 14 (7.14 g, 8.56 mMvl) in
di chl oronet hane (160 nL). After stirring for 30 mnutes, the reaction
mediumis filtered and then concentrated. The residue is purified by

chr omat ogr A¥OV2@H1/Q18587urm of silica gel (2/1 v/v tol ueROBHER2MNON517021%
triethylamne) to give 7.0 g of conmpoundigl5. 15TLC. Rf = 0.37 and 0. 28,
silica gel, 2/1 v/v toluene/acetone SCHEME 2: Preparation of the glycosyl
donor 20 20
2-0-acetyl -4-0-

)-1, 6- anhy(ﬁ@-é?ea\mzsiaztao%b)eﬂiﬁn/ZMZmw&-ﬂfhlgbmﬁuéﬁlpﬂﬁ (16) 25To a
sol ut| on of corrpound 11 (11.7 (%ﬂé escribed 1n the preparatl on

of conpound 8 of? $RivEeH O P@ﬁﬂﬁjdﬁ (\7\@'229 Zﬂ@@@)aﬁmb@ﬂmﬁms(?’

2011/ 01858 / dd d
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and al | §! drhieorreabﬂmnrramtu(-é% éllu’cbd wiff3distill btheh(860 milt)l Thengghmit &@SBQ§r s at

roomtenpera re, ter is added at OC. After stirring fo

ni nut es, Sxﬁeﬁt‘ﬂ'ﬁ aﬂﬁe@‘rﬁ’r JtMd“!ﬂrﬁqah[@ﬂ‘hﬁpldss@é%@%ﬁ@d(tBQO with Waiﬁfedﬂﬁ@am c
h [ I f.at

Sol uti on Qﬁﬂi@ﬁ%?ﬁtﬂ‘ﬁiﬁéﬁ%ﬁ {itefd And e ot Ot RHOR LR, TP TRuRte 8" ©

car bonat e sgurified oy a}md)matograptw iond aoelursp dif Lsﬂlaulgfe&t(sﬂ iV teluedemiisyIt hen
evaporated to, dr ness he )rogy due is §ur|f| ed by chronmat ography on a
col um of ﬁcﬂaéﬁ Qeaive §/1fQ C@W‘@PHH@)@ ne/ ethyl acetate) to 10 give 11.4 ¢

of compgund 16. T}E@ngo.ﬂspsr%a g8l, 158 3A6luendlethyi/ atetg! ohexanel et hyl
acet at e. enzvl

2-0-acetvl-4-0-allyl-3-0-benzvl -a-L-idopyranosyluronate)-(1-4)-

1, 6- anhydr o- 2- azj do- 3- 0- benzvij - 2- deoxv- 13- 0- gl ucoovranose (17) 15Conpound
16 (11.449, 15. A BeRgyh2-OsacetykdiQraliviihOrbenzyhgdridopyranosyluronate)-(1-4)-

6-O-acetyl-2-azido-3-0-benzyl-2-deoxy-a.3-D-glucopyranose trichloroacetimidate
(20)

15 Trichloroacetonitrile (4 mL, 39.6 mmol) and caesium carbonate (4.13 g,

-(1->4

12.7 mmol) are added to a solution of compound 19 (6.14 g, 7.9 mmol) in
dichloromethane (150 mL). After stirring for 30 minutes, the reaction medium is
filtered and then concentrated. The residue is purified by chromatography on a
column of silica gel (4/1 v/v toluene/ethyl acetate) fo give 6.5 g of compound 20.
20 TLC: Rf = 0.50, silica gel, 3/1 v/v toluene/ethyl acetate

Chemical shifts of the anomeric protons (500 MHz, CDClz) & 5.27 IdoUA",
5.57 Glc'p and 5.28 IdoUA", 6.36 Glc'a

LC-MS m/z 798.2 [(M + Na)']. Trs = 13.59 min and Trz = 13.75 min



(100 mL). Pall adium acetate (67.6 ng, 0.30 mmol) and tri phenyl phosphi ne
(395 ng, 1.5 nmol) are added. After stirring for 2 hours at reflux, the
reaction nediumis concentrated to dryness. The residue is purified by
chr omat ogr WRy20H/@188871rm of silica gel (3/1 v/v cycl olRGERR26GA01§51702
acetate) to give 8.0 g of 20 compound 1720 TLC. Rf = 0.33, silica gel, 2/1
v/ v cycl ohexane/ et hyl acetate (Benzvl 2-0-acetyl -

0-al I y1- 3- 0- benzy k .
1, 6-di - O acetyl - 2- azp/tdc‘o 3-0- bgér}gﬁ?%ﬂ %e@’m&%s)ag(:ﬁéﬁ%e cz]iucopyr anose (18) 25 To

a solution of conpound 16 (7.96 g, 11.1 mml) in aceti®canhydride (105 nli)
cooled to OC is added tpiflugraacetic acidwvd-4 oml). reaction nmediumis
stirred for 16 houf"8%gtL. r Abdd re A 9N, o1g, the nixture
i s coevaporated Wit et (5N 200 ) Peir i f catlonZSf the residue by
chromat ography on a cokdirm of silica g (2/1 VA cycl ohexane/ et hyl

acetate) 30 gives 7.72 g of donpound 18§ TLC R :% silica gel, 2/1
v/ v cycl ohexane/ et hyl acetate WO 2@&1/018587PCT/ 010/051702 19

(Benzvl 2-0-acetyl-4-0-allyl-g;0- b n al svl uronate) - (14) -

6- 0- acetyl - 2- azi do- 3- 0- bén 27 O aese (19) A

sol uti on of conpound 18 (& 7 m@ 44 mﬁnlgoand benzyl amine (3.9 nL, 35.2
mmol ) in diethyl ether (280 m) is sti Pfed at roomtenperature for 6 hours.
5 The reaction mxture is diluted mnth dlethyl ether (800 nL). The organic
phase is washed with aqueous 1 M hydﬁpchlorlc aci A“solution and then with

wat er, dried over sodi um sul f €, | bere ahd oncentrated to
edo nod columm of silica
t on (i ve 14 g of conmpound 19. 10TLC:

dryness. The residue is gt
gel (5/2 v/v tol uene/ethyl,
Rf = 0.45, silica gel, 5/3 vk tolueneéethy acetate (Benzvl
2-0-acetyl 4 0-allvl-3-0-benzvl-a-L-idqgovranosvluronate)-(14)-

6- 0- acet yl - 2- azi do- 3- 0- benzvl - 2- deoxv- g, 13- 0- ol ucoovr anose
trichloroacetimdate (20) 15T+doepdued Bgdcetonitrile (4 nm, 39.6 mmol) and
caesi um carbonate (4.13 g,
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12.7 mmol ) are added to a solution of conpound 19 (6.149, 7.9 mmol) in

di chl oronet hane (150 nL). After stirring for 30 mnutes, the reaction
mediumis filtered and then concentrated. The residue is purified by

chr omat ogr NVEY2QH1/81888%Tim of silica gel (4/1 v/v tol uerf&EFR?ﬂHEMw?atZe) to
give 6.5 g of compound 20. 20TLC. Rf = @10, silica gel, 3/1 v/v

tol uene/ et hyl acetate Chem cal shifts of the anorreri c protons (500
Mz, ODOI3) 8 5\idin\ipehbi1:2-b. St ablBe RAlla%0A8v iR L. 6. 36 Glcla LGNS
rniz 798.2 [(M n WO 201 1/01
8587PCT 1meeﬁamozet@¢m% (8- O%M%zndu—%@-beh&:vbﬁi@mv&haﬂ de 26 WO
2011/ 018587PCT/ FR2010/ 051702 21 gl benzyl

2- 0- acet y| -BUeDRYERREYIIA1—4)-(methyl 2- O-acetvl O- enzvl-u—L-ldopvranovauronate)
Jdeoxy-a. I * B o8 05rR it 38bRPa .0 Penay - 2

2- 0- acegyl &dqmg‘deaz |dopyranosyl uronat e) -
(1->4)-6- Oqg%etyl 3-0- benzgyl 2-{1Thenzyl oxy) car bonyl | am nol - 2- deoxy-a-D- 5

ol ucopyr anosi de A mb}ture of theAimidateud & (641 nhg 0.668 anhmol)5 tHebglycosyl dancebor

(e wot hoa 24653 Va” 8 mbﬁid&%p%r&ismﬁn%wé”e o@?%ﬁ%‘%ﬁﬁa&' ind o
powdered 4 &%bf@@i@g@gg@g@ﬁ%f 189 67475 ahe';sbwére QM\ gﬂ&ﬂ%%\/ékxtwe

(23 m, 20/3 v/v 10 an a gon ‘at rmsp ere our at
25C. The r d4d2img) inixtauend/dichbobradttane mbduran@3amil, R0/Sol/v |sca1ur|@fd under

the 1 odBti Gt meah AimoRPhete fos et 2o Cn dhRdge e RE eI cobIasEin R 2 o
by addi ti onypf aSPM Sol5fsH Bty me?wlggmg{f%ée% Rthidrohiethanyy 8@2‘.@ uL)

concentrating, the residue obt a| by size excl usi
chr omat ogr apradded to the reaction med:um After 15 minutes, the reaction medium is

neutralized by addition of solid sodium hydrogen carbonate. After filtering and
concentrating, the residue obtained is purified by size exclusion chromatography

15  (Sephadex® LH20, 120 x 3 cm, 1/1 v/v dichloromethane/ethanol) to give 746 mg
of compound 22.

TLC: Rf = 0.37, silica gel, 5/6 v/v cyclohexane/ethyl acetate.

Methyl (benzyl 2-0-acetyl-3-O-benzyl-a-L-idopyranosviuronate)-(1—4)-(6-

20  QO-acetyl-2-azido-3-O-benzyl-2-deoxy-e-D-glucopyranosyl}-(1—4)-(methyl  2-O-

acetyl-3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-6-0O-acetyl-3-O-benzyl-2-

{[(benzyloxy)carbonyllarmino}-2-deoxy-a-D-glucopyrangside (23)

To a solution of compound 22 (2.3g, 144 mmol) in a 1/2 viv
toluenefethanol mixture (290 mL) is added hydrazine acetate (662.3 mg,
25 7.2 mmol). The reaction medium is stirred for 2 hours at room temperature. After
concentrating, the residue is purified by flash chromatography on a column of
silica gel (5/6 v/v cyclohexane/ethyl acetate) to give 1.84 g of compound 23.
TLC: Rf = 0.48, silica gel, 5/6 v/v cyclohexane/ethyl acetate.



15 (Sephadex(r) LH20, 120 x 3 cm 1/1 v/v dichl oronmet hane/ ethanol) to give
746 ng of conpound 22. TLC. Rf = 0.37, silica gel, 5/6 v/v

cycl ohexane/ et hyl acetate. Methyl (benzyl

2- 0- acet y| V8O@RU4dIr858F- L- i dopyr anosyl ur onat e) - ( 14) - ( 6- PCT/FR2010/051702
200- acet yl - 2- azi do- 3- 0- benzy1- 2- deoxy- a9B- ol ucopyr anosvl) - (14) (rret hyl 2- 0-
acetyl - 3- 0- benzyl - a- L-i dopyr anosyl ur onat e) - (1- >4) - 6- 0- acet yl - 3- 0- benzy1- 2-

flibenzyl oxy) cajhg Lde (23) To a
solution of co ol uene/ et hanol

m xture (Z%thanowmdnﬁé)-hv@br@-lﬁ-@-aaém teidB80-Demgyl-2dedxyZo¥ol ). The
reaction rrtedl um i S stl rred for 2 hours at roomterrperature After

of silica g
conpound 23-
WO 20114018

tyl-2- azi doedzd: zaqrbentv&xdmmoramanﬁhwwbmwhmmmém@w)
2- 0- acetyl - 3- 0- benzyka- L-1 dopyran osyl uronate

4) - (6- 0- acet yl - - mpxtigs-of-be@yegsyl acmgwntgﬂélg ubdByr@edsihe imidate 5

5( net hyl

0 acet yi {50398 mmq). pad powdered 4, A molesuipt siewes (28 @)dp B Y1 v
benzyl- 2- fﬂ(dbﬁowamatmaa:lm@mmlktam (T®mi3- :@I%ﬁmda:rﬁm dn afgbrpaﬂimsmem@ (24)
A mxture of the gIP/cos acceptor 23 (1. 97% the imdate 15
(1.63 40 1fa6! hal 3t 0@ pdwisasgon rwxmseé%m P%@e@‘é& @Qd@bj\ﬂ palutionof v/ v

di chl or omet BARGLAQIHGNSIT sk ir diehiBdmbhaik! (266 1LY 8H1ET tSHERaction

at nosphere
medium. After 10 minutes, the reaction medium is neutralized by addition of

solid sodium hydrogen carbonate. After filtering and concentrating, the residue
obtained is purified by size exclusion chromatography (Sephadex® LH20, 190 x
15 3.2 em, 1/1 viv dichloromethane/ethanol) to give 1.63 g of compound 24.
TLC: Rf = 0.33, silica gel, 3/1 v/v toluenefacetone.

Methyl (benzyl 2-O-acetyl-3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-(6-

O-acetyl-2-azido-3-0O-benzyl-2-deoxy-a-bD-glucopvranosyl)-(1—4)-(benzyl 2-O-

20  acetyl-3-O-benzyl-a-L-idopyrangsyiuronate)-(1-—+4 }-{6-0O-acetyl-2-azido-3-O-

benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-g-L-

idopyranosyvluronate)-(1—4)-6-0-acetyl-3-O-benzyl-2-

{{(benzyloxy)carbonyllamino}-2-deoxy-g-D-glucopyranoside (25)

To a solution of compound 24 (1.7g, 0.73 mmol} in a 1/2 viv
25 toluenefethanol mixture (145mL) is added hydrazine acetate (338 mg,
3.67 mmol). The reaction medium is stirred for 2 hours at room temperature.
After concentrating, the residue is purified by flash chromatography on a column
of silica gel (1/1 v/v cyclohexane/ethyl acetate) to give compound 25 (1.41 g).
TLC: Rf = 0.47, silica gel, 1/1 v/v cyclohexane/ethyl acetate.
30



10 for 1 hour at 25C. The reaction mxture is cooled to -20C and a 1 M
solution of tert-butyldinethylsilyl triflate in dichloronmethane (250 pL) is
added to the reaction nmedium After 10 m nutes, the reaction nmediumis
neutral i zeMWW2MHAIN1858T of solid sodi um hydrogen car bon®OI/FREGISVOSiTO2 eri ng
and concentrating, the residue obtained2as purified by size exclusion
chromat ogr aphy (Sephadex(r) LH20, 190 x 15 3.2 cm 1/1 v/v

di chl or onet hanefgdt
silica gel, 3/17ViV
2-0- acet yl (Be@!—)-h)@-lﬁabew{-lz-azstu:pwf@m@ﬂsz-dGak\ﬁ@-g[ﬂ{):olﬁﬁanosvl) (1o4)-

0- acetyl - 2-azi do- 3- 0- benzyl- 2- deoxy- a- D- gl ucopyranosyl ) -(14) - (benzyl 2-0-

20 [(benzyl 2-O-acetyl-3-O-benzyl- u-L—ldopvranosvluronate) 1-—>4) (6- O—acetvl—z-
acetyl - 3-0-_benzyl < a- |oranosyl - azi do- 3- 0-
benzyl- 2- dE€cw&¢ gz ddoxyaaDeglu tyl-3-O-

2-0-acet yl bénl %nétéb)e‘t 1A @er& getyl 3 0- benzyl- 2-

{f (benzyl oXy)car TCOPYT o de—(25) To a sol ution

of conpoungi(tssh g(ylbe/)aarb@:vTi&mmm! 2- de@x&almaluobpy%obm 93/ et hanol mxture
(145 m) is addgd_n)%l?r azi ne acetate (338 nmg, ol The reaction
medi um i s stirr Bdnp&rexofibe imidate 20060 6&hp, &Zﬁ@]mﬁl‘) e glyeeshacaeptoy, t he

Vv eyel on2adnel P o, ff Mol 0808 Moy, S84 T 85 By &
0.47, sili dmhgnbmelﬁdneltfowelwihﬂbhar@(m ﬁﬂ.'))ié sﬁﬂ'@ﬂ airkler aNQargon atmosphere

2011/ 0@858? 6FR2010/ 051702 23 Met hy
2-0-ac -1 B0 k40 @Jns‘ermtloranmxt%aﬁ/mi@@w R kagrg 2 1 Misolution of

4) - (6-0- acféﬁéﬂauﬁncﬂﬁﬂeﬂﬁﬂs?wp PARRY n 2uRAmNSARURAR 4G99V 90y Lddel > Aker

i benzvl

2- 0- acet y| 28-niinbitesz ytheardactido uvediums ik uneutedlized ( By Bdditford cicssiid sddivagi d
o- 3- 0- benz 1-2-deoxv-a-D-0 | uco vranosgl-(14) 12- (@rret“ﬁ/ 2-0-acetyl - 3-0-
5benzvl - Y‘i’r@SBQr SRGORMALR- o Ndles ) Titering thmugha £ali memgentrating, the

"1 benzyl - - d- d| d
1ibenzyl e G 380hed T LRboraalBBRnaY On 4 a8 S Psy ipubay ! (Serbepety 2
(1.10 & OLazmrmlgb xaBg @ﬁv\ﬂwed/%dh\;hm}bﬁféﬂhéﬂeléih%\ﬁ@g {oogﬁ@s%céébnﬁel}/ 1

v/ v di chl oronet hane/tol uene m xture (26 nL) is stirr der an argon
at nospher e468 mg of octasaccharide 26 and 842 mg of a mixture containing the

hexasaccharide 25 and the octasaccharide 26.

This mixture (842 mg) is treated under the above conditions to give
compound 26 (513.6 mg) after freatment and column chromatography
20  (Sephadex® LH20, 190 x 3.2 cm, 1/1 viv dichloromethane/ethanol).
The two fractions (468 mg and 513.6 mg) are combined and purified by
preparative HPLC chromatography on a column of silica gel (2/1 viv
toluene/ethyl acetate) to give compound 26 (1.03 g).

TLC: Rf = 0.44, silica gel, 2/1 v/v toluene/ethyl acetate.
25 '



10 for 1 hour at 25C. The reaction m xture is cooled to -20C and a 1 M
solution of tert-butyldinethylsilyl triflate in dichloronmethane (111 pL) is
added. After 20 mnutes, the reaction nmediumis neutralized by addition of
sol i d sodi WOt GEBS8Yar bonate. After filtering througlPCHFR2e4(0)51302
concentrating, the residue obtained is ¢l omatographed on a size exclusion
col um (Sephadex(r) 15 LH20, 190 x 3.2 cm 1/1 v/v dichl oronet hane/ et hanol)
to give successi t i 842 ng of a m xture
cont ai ning the t?etgg%yéﬁg .afﬁéggfa%@ﬁaﬁﬁﬂgﬁg?%éggggér@ﬁgﬁi de 26. Thi s
m xture (842 ng) is treated under the above conditions to give conpound 26
(513.6 ng) after treatnent and col um chyomat ography 20 (Sephadex(r) LH20,
190 x 3.2 cm 1/1 v/v dichl oronmet hane/ et'hanol ). The two fractions
(468 ng and 513.6 ny) are conbined and purified by preparative HPLCH
chromat ography on a colum of silica gel "(2/1 v/v tolsene/ethyl acgtate) to
gi ve conpound 26 (1.03 g) ., TLC. Rf = 0. 4%, siliga ge{, o 9‘0%%&%?
t ol uene/ et hyl acetate. 23 &, B/ 0 o S OMe
Vit cas%’e{:gr 0 Q’n N fqngyil (%;Petmé
4-0-allyl-3-0-b are = dopyr andsyl ur onat e) -fol- - >4) - ( 2-
azi do- 3- 0- béh2y1- 2xdleoxy- a- p- ql U€pyrandlyl ) - (14) -1 i met hyl

Prepar ati on of™tH&/oct '
z

3-0- benzyl - a- Li dopyr anosyl uronat e) - (1->4) - (2-azid o-3-0-benzyl-2-de a-o-q
| ucopyranosyl (1->4 )12-(nethyl 3-0-benzyl-a-L-idopyr@amosyl u ron lyeé%t (14

) - 3-0-benzyl-2- 10l i benzydpxy) car bony,Fann. i_nosl -%& 5 gb an

osi de (27) TQ,a So{ ubivem—ofscq (8 9Bno ¢ ¥ Yo" N, 0% 3
v/ v di chl or ométH: Qi @nd L) dghtal ni nty 3 Adnol ecul ar

)

si eves (10.3_0)Jis™ . al, DC,_Ninder apn argew at mosphere, i on
of sodi um rr@gﬁxiq@g in met hanol ®T1. 65 m%¥. After 16 hourse‘%{e?“"g"‘T%{%,m%ﬁe

reacti on nedi um )
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Methyl {(methvyi 4-O-allyl-3-O-benzyl-a-L-idopyranosviuronate)-(1--4)-(2-

azido-3-0-benzyl-2-deoxy-o-D-glucopyranosvi)-(1—4)-[(methyl 3-O-benzyi-g-L-

idopyranosyiuronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl-

(1—=4)-(methyl 3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-3-0O-benzyl-2-

10 {[(benzyloxy)carbonyllamino}-2-deoxy-a-D-glucopyranoside (27)

To a solution of compound 26 (819 mg, 0.27 mmol) in a 2/3 viv
dichloromethane/methanol mixture (83 mL) containing 3 A molecular sieves
(10.3 g) is added, at 0°C, under an argon atmosphere a 1 M solution of sodium
methoxide in methanol (1.65 mL). After 16 hours at -18°C, the reaction medium

15 is neutralized with Dowex® 50WX4 H" resin. After filtering and concentrating, the

residue is purified by size exclusion chromatography (Sephadex® LH20, 120 x



15is neutralized with Dowex(r) 50WK4 H+ resin. After filtering and
concentrating, the residue is purified by size exclusion chromatography
(Sephadex(r) LH20, 120 x WD 2011/018587PCT/ FR2010/ 051702 25 3 cm 1/1 v/v
di chl or onet\W&h20t1/048587 fol | owed by chromat ography on aPCDFREMEO5t102i ca
gel (4/3 v/v toluene/acetone) to give 60% ng of conpound 27. TLC. Rf =
0.41, silica gel, 4/3 v/v toluene/acetone. 5Methyl (nethyl

4-0-al lyl-

01 % Grbapeu el L ATERINIaNL 933 osabocraghy on g cotmn
m sul f onataf-silicd-ge (4/Spyfy milmerye/?etetbneme givew0byrhg of compound 27.

3-0- benzyl-2-0-t ni u nat o- a i dopyra nosyl u

ronate) - (1- >4) - -g'(gzﬁ%'ba% Eﬁg)@i ‘@gd'é‘b @q{)acelfglpqaet hyl ammri oni um
sul f onat o- a-DqI ucopyranosyl - (1->4) 12- (rret hyl 3-0-benzyl-2-0- 10

tri et hyl ammoni um sul f onat o- a- L-i dopyr anosyl ur onat €) - ( 14) - 3- 0- benzy1- 2-

i | i benzpl oxy) carMethy! (naethilct-CRaltd-SxQ-tGerteyt-2i @ttsthelanmaonium sulfonato-g-L-

sul f onat o- g-, Dql ucoyrano?ld? ( . rrpound 27 (300 ng, 0.12 mmol ) is
dri ed by CG ) DB Oh a N afat:1t2 7" 1‘@' &M@ﬁ'ﬂmoﬂlurlien
the sul fur ' Tt L SRt S S AR v S W PRt ur e

di ssol ved 'éﬁllfgnglfod&'ﬁe tEI Qn i LS added
is stirred §Lﬂfbnéﬁ) &L@Mﬂé@ﬁhn@y@m@$eM)thézubégho tfé?&yf-ﬁ%oﬂﬁiatoa' i zed
wi t h et hano € reactron nediumis deposi on a
col um of g;emmmomunmmfagmto{mmu@ rAnasiviitied4yih-(rhethyl 810benzyl-2-0O-

di chl or gnet hane/ et hanol mxture to gi ve co ound 28 (426 ng). 20TLC Rf =
0.32, dPIideelgyla sl angsvivraRaiek( hod)drQedenzyt-2r

aci d/ wat er.
sul f onat o-

I um sul fonaﬂmo;%m&;@é (zg)pyranosyl ) - (1 >4) 1(1ithium 3-0- benzyl 2-0-1ithium
sul fonat 0-a-L-
Compound 27 (300 mg, 0.12 mmol) is dried by co-distillation of N,N-
dimethylformamide (3 x 10 mL) and is then dissolved in N,N-dimethylformamide

15 (11 mL). To this solution is added the sulfur trioxide-triethylamine complex
(902 mg; 4.98 mmol). The mixture is stirred for 16 hours at 55°C protected ffom
fight and then neutralized with methanol (202 pL, 4.98 mmol). The reaction
medium is deposited on a column of Sephadex® LH20 gel (95 x 2 cm) eluted
with a 1/1 v/v dichloromethane/ethanol mixture to give compound 28 (426 mg).

20 TLC: Rf = 0.32, silica gel, 11/7/1.6/4 viviviv ethyl acetate/pyridine/acetic
acid/water.

Methyl (lithium 4-O-allyl-3-0-benzyl-2-O-lithium sulfonato-g-¢-

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-lithium sulfonato-

25  g-D-glucopyranosyl)-{1->4)-[(lithium 3-O-benzyi-2-O-lithium sulfonato-o-1L -

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-8-O-lithium sulfonato-

a-D-glucopyranosyl-(1—4)],-(lithium 3-0-benzyl-2-O-fithium sulfonato-g-L-

idopyranosvluronaie)-(1—4)-3-O-benzyl-2-{[{(benzyloxy)carbonyllaminoi-2-

deoxy-6-0O-lithium sulfonato-a-D-glucopyranoside (29)

30 To a solution of compound 28 (459 mg, 0.12 mmol) in a 1/1 viv
tetrahydrofuran/methanol mixture (12 mL) is added, at 0°C, a 0.7 M solution of
lithium hydroxide in water (7.6 mL; gs final concentration of 0.2 M). After 1 hour



i dopyr anosyl uronate)-(1->4)-(2-azi do-3-0-benzyl-2-deoxy-6-0-1ithium

sul f onat oa- D- ol ucopyranosy1414) 12-(lithi um 3-0-benzyl-2-0-1ithium

sul fonat 0-a-L-

i dopyr anos W@r2MMA{@VEEBT) - 3- 0- benzy1- 24[ (benzyl oxy) car boRETIERAMOI053702
deoxy-6-0-11ithium sul f onat 0- a- D- ol ucopyrgnosi de (29) 30To a sol ution of
conpound 28 (459 ng, 0.12 mol) in a 1/1 v/v tetrahydrofuran/ nethanol

m xture (18t otd gn t [ in
et er (7. ont. e NEATe dirs B rodin torphalsihe Retton U W (igteu
2011/ 01858 OHCTneHralizg OBty Grelic agid (R0%nU) ehdrihes deoosmecannrm@aphadex

h d h
ol d (305 pHPOSRIFRERSE L8 Sihts iSar 1 PR BOVERY GRA 919
eluted w tbom il;d\z’gvmtrﬁgpollwat er mxture to give conpound 29 (368 ny).

5TLC. Rf 0.25, silica 27/ 19/ 4.2/ 11 v/v/v/v ethyl
acet at €3 pyri di n&LEe B i=c0.25i silivmgel; 27/19/4.2/Veviviwv ethyliacetate/pyridine/acetic

4-0 npropyé %\8 Pdl um

sul f onat o- a- %%yranosyl uronate)-(14)-(2-am no- 2- deoxy- 6- 0- sodi um
sul f onat 0-a- o- 10 gl ucopyranosyl)-(14) 4sodi um 2-0-sodi um
sul f onat 0- a- L- |dopyranosyl uronat e)- & (2 am no- 2- deoxy-6-0-sod i um
sul f onat o- a- D- olVl& H ~{-IPrOPYit2- bif fonato-a-L-

2- 0-sul f ona

sul f onat o- &=£ AU, 3 ‘it L £0-015

213 viyg t eghrch L{MRd &) dSodiirki2oR E If n%ta aeﬁh r‘é’ﬁﬂ gre of
hydr ogen ( ) at

30C for 24{hed)¢2-ahiihe2-fedxw&O0-eodiM i;qum%rr) glut¥ByranRBYIE(1Lb£Y))-, the
reaction mxture is deposited on a coI urm of Sephadet &5-fine (90 x 3 cm
el ut ed wi t (Boglim@:9-sultongic-ari-idapya lgeonate M li-ofh)-2-Fminbr2adedxpn6-0O-

cont ai ni ngsE)éil m sﬁl‘jona o e-q u%gg\err%tnro%!tdeed(ﬁ?d desal 'fied

A solution of compound 29 (170 mg) in a 2/3 viv tert-butanol/water

15 mixture (27 mL) is treated under pressure of hydrogen (1 bar) in the presence of
10% palladium-on-charcoal (340 mg) at 30°C for 24 hours. After filtration
(Millipore® LSWP 5 pm filter), the reaction mixture is deposited on a column of
Sephaciex® G25-fine (90 x 3 cm) eluted with aqueous 0.2 M sodium chloride
solution. The fractions containing the product are concentrated and desalified

20 using the same column eluted with water. After concentrating to dryness,
compound 30 (205 mg) is obtained.

Mass: “ESI” method, negative mode: theoretical mass = 2327.55;
experimental mass: 2239 a.m.u. (iduronic acids observed in COOH form).



20 using the sanme colum eluted with water. After concentrating to dryness,

conpound 30 (205 ny) is obtained. Mass: "ESI" nethod, negative node:
t heoretical nmass = 2327.55; experinental nass: 2239 a.mu. (iduronic aC| ds
observed i WERKIH8T8§87 "W 2011/ 018587PCT/ FR2010/ 05170 PCT/FR2440(B5 1702
Preparati on of the decasaccharide 33 15€5 5 Met hyl (benzyl

2-0-acetyl -3-0-benzyl-4-0-1evulinoyl-a-L-idopyranosyl uronate)-(1->4)-(6-0-a
cetyl - 2- azi do- 3-SCHENEY §: PrepaeatioreoiRngl deeasyddhapisd B3 (1 - 4) - Rbenzyl
2-0-acetyl -3-0- benzyl a- L-i dopyr anosyl uronat e) -

(1-44)-(6-0-acetyl -2-azi do- 3- 0- benzyl- 2- deoxy-a-o-qg | uconyranosyl-(1-4)12:
10 (et hyl ’
2-0-acety|-3-0-benzy|-a-L-idopyraﬁbsyltronat%ﬁ-(1-*4)-6-0-acety|-3-0-
benzyl-241(benzyl oxy) car bonyl | am no) - 2{ deoxy- a- o- gl ucopyr anosi de (31)

A mxture of the imdate 15 (250 ng, 0{255 mmmol), the glycosyl aggceptor 25
(376 ng, 0.169 mmol) and powdered 4 A hol ecul ar si ewes (396 nm)Ana 1/1

v/ v dichl oronet hane/ t ol uepg m xture ( OBn(ng odh S s | ecr gon 15
at mosphere for 1 hoyr at (2 CTheen 1 - 20CMand a
0.1 Msolution ocf e t0 /%yhns r| ate i ndi cm,ororret hane (381
pL) is WO 20114 PET/ FR201 51702 2é

o MeO c
o BnQ,C
9 Bnozc BnO
BRO,C 3“0
BnD
/«7’ Bn0

+ compound 20

(o) BnOQC
/%7’ B

Methyl (benzyl 2-0O-acetyl-3-O-benzyl-4-O-levulinoyl-g-L-

- idopyranosyluronate)-(1—4)-(6-0-acetyl-2-azido-3-0O-benzyl-2-deoxy-¢-D-

glucopyranosyh-(1—4)-[(benzyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-

(1—4)-(6-O-acetyi-2-azido-3-0-benzyl-2-deoxy-q¢-D-glucopyranosyl-(1-—-4)]»-

10 (methyl 2-O-acetyl-3-O-benzyl-g-L-idopyranosyluronate)-(1—4)-6-O-acetyl-3-O-

benzyl-2-{[(benzyloxy)carbonyllamino}-2-deoxy-a-D-glucopyranoside (31)

A mixture of the imidate 15 (250 mg, 0.255 mmol), the glycosyl acceptor

25 (376 mg, 0.169 mmol) and powdered 4 A molecular sieves (396 mg) in a 1/1

v/v dichloromethaneftoluene mixture (11.4mL) is stimed under an argon

15 atmosphere for 1 hour at 25°C. The reaction mixture is cooled to -20°C and a
0.1 M solution of fert-butyldimethylsilyl triflate in dichloromethane (381 pL) is



added. After 12 mnutes, the reaction nediumis neutralized by addition of
solid sodi um hydrogen carbonate. After filtering and concentrating, the
resi due obtained is chromatographed on a Sephadex(r) LH20 colum (120 x 3
cm 1/1 v/ WE 201 5P8888hane/ et hanol ) to give successi velRCTBEB20P/@51762ude
conpound 31 5 and 318 ng of a m xture c@® ai ni ng the hexasacchari de 25 and
t he octasaccharide 31. The m xture containing the hexasacchari de 25
and the oCtRRRELC RS 42 Bihuitss, tthé%géhdﬁ‘ﬂm%rduhﬁ% ﬁBQN&Ilz‘éélngj EHBi‘i‘EéPtcﬁ é&dae
after size exclusion chromatography hadex(r) LH20 cru
~conpound 3sagittm18ydiegeno cerbanais. xﬁﬁhee gltm’t@ réndg mneemtwtmcﬁi@arreddu% and

depl et i on GPteRedHs SomakirMiEuZy 8SermateRe el RS (bl R/t wE
crude oct asieKIBRIMEIBaRd/cBishdIP @P%ds@&és@wélyf 150 iy df! @88e donpp@irgBaphy

on a colum of silica gel (7/3 viv toluene/ethyl acetate) to give conpound
31 (3515ng)andisI& mer of @a 3nixtgel icontajeing the hevasasicheride e2bylaratdhet e.

- Met hyl (be - 0- | - 3-0- benzyl - a- L-i doovranosvl uronate) - (1->4) - ( 6-
0- acetyl - @%%?(Z)ccgaﬁgﬁéﬁzvl 2- deoxv- a- D- gl ucopvranosvl)-(14)-f(benzvl 2-0-

acetyl - 3- 0- benZWh@mﬁxtUn@Mtﬁmﬁ%Stﬂe h’exasacchande 25 and the octasaccharide 33
ronate)-(1->4)-(6-0-acetyl -2-azi do- 3-0-
benzvl- 2- dé®x\reqated glmdﬁbvﬁl’mloslbmnq Mﬁdzwﬂﬁetthylglve after size exclusion

2-0-acetyl 3,0, qug% AR (SoSIRRIEAN¥) Y % drlias empound 31 and 191 mg

6- 0-acetyl

{11 benzyl O@f)éﬁfiﬁﬂ}?é/ bbﬁt%‘id?ﬁa’%‘tﬁé ﬂ@%é’ac%‘n% %%%Wd StRatdfaride 31, THE 2
sol ution of conpound 3 In a 2 vlv toluenelet hanol
m xture ( 2Z)pata:tlcnrs|sa'é¢edteldytmlmhodhe¢mmtaufeie©iﬂtiamg)f tBe hﬁxasmichar:ﬂé Z8he

t di d f 2 hqurs a roomt nper a eaction
o e ot TRedere: eon B M ReidesoasRcchARge. oy b ars cOmbiged pad
washed wit W f tiy th
wat er, dri Zﬁm\%g?iﬁ%gdsﬁue sul b#ﬂ@p‘ﬂy‘i{rpgﬁfeb anéﬂtsﬁgﬁ(ﬁcé’rscenwygla@ tnl%%}hw

dryness Trezetate) thugive comypauinideds (53,51omg§nrrat ography on a colum of silica

050, 411 ca qoll LORASPI SeaRel b Wb ey ™ T T T
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Methyl (benzyl 2-O-acetyl-3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-(6-

O-acetyl-2-azido-3-0-benzyl-2-deoxy-u-D-glucopyranosyl)-(1—4 )-[(benzyl 2-O-

acetyl-3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-(6-0O-acetyl-2-azido-3-O-

20  benzyl-2-deoxy-a-D-glucopyranosyl-(1—4),-(methyl 2-O-acetyl-3-O-benzyl-g-L-

idopyranosyluronate)-(1—4)- 6-0O-acetyl-3-O-benzyl-2-

{[(benzyloxy)carbonyllamino}-2-deoxy-a-b-glucopyranoside (32)
| To a solution of compound 31 (335 mg, 0.11 mmol) in a 1/2 vv
toluene/ethanol mixture (22 mL) is added hydrazine acetate (51 mg, 0.55 mmol).
25 The reaction medium is stirred for 2 hours at room temperature. The reaction
mixture is diluted with dichloromethane (50 mL). The organic phase is washed
with aqueous 2% potassium hydrogen sulfate solution, and then with water,
dried over sodium sulfate, filtered and then concentrated to dryness. The residue
is purified by chromatography on a column of silica gel (7/3 v/v toluene/acetone)
30 to give compound 32 (238 mg).
TLC: Rf = 0.50, silica gel, 5/6 v/v cyclohexane/ethyl acetate.



Met hyl (benzyl 2-0-acetyl 4 0-allyl-3-0-benzyl -a-L-idopyranosyl uronate)-
(1-4)-(6-0-acetyl - 2-azi do- 3- 0- benzy1- 2- deoxy- a- D- ql ucopyr anosyl ) - (14) -
J(benzyl '

2- 0- acet y| WOOQsAQY858% L- i dopyr anosyl ur onat e) - ( 1- 4) - ( 6-PCTAR20/10/051702

azi do- 3- 0- benzy1- 2- deoxy- a- b- pl ucopyr anggyl - (14) 13- (et hyl 2-0-acetyl - 3-0-
5 benzyl - a-L- |dopyranosyluronate) (1- 4) 6-0-acetyl - 3-0- benzyl 2-

11( benzyl oxy) camﬂ | dy :

m xture of the imda JC

(130 ny, 0(04941)#ﬁdD%ac&hﬂLmedi&B@-b@néthJdeoWﬁFD-QlU@UQﬁraﬁéQ\lIm44f)- a 1/1 viv
di chl or onet hane/ t ol uene m xture (]2 2 rrL) is stirred under an argon

at nospher e [(bengy2-O-acetyl-310-bere A silunonate

a 0.1 Msol utj [
(100 pL) i§%&

.ang and J
concentrating, a Sephadex(r)

[J
LH20 col unMéleﬁcmMnW]ﬁnlmeZ%diM@hDWWWcﬁ (fHI)IOU to give
successively 61 ng of crude conpound 33 a m xt ure cont ai ni ng

t he oct asacchar Adaibgurepidhe fraidaie 20{64 Kagi Q}@SQmmgg the QIYCH%” apespiondRt ur e
87.7 t t d 33

(390 o) af 133 P Gal Bitibl dit ARG PN o Nkl MBS P TRALY 5
1/ 1dv/ v di didhdxnronmthamm/tcﬂm%lwm&mure (2f 2 rg[[)gs éft}mfedL u:@dﬁirlmﬂtargmﬂé@nﬁsmmé he

crude ar e and purifie ash chromat ogr a on a

ol T8 i T BRuEf 2655 b9 JoaciPdni Gers oonleet Br-a9-C @G, 4 6. L blgolutin 33
120 t 25

5T M AR 0§ e

decas?fzchaﬂodnlgmfesﬁ the reacéiwbt meldu(mershnéutrahzed by addition of solid sodium

4-0- 1- t 1 >4)

oo 5o, Buiasehs Cubtnsie, AR, Al e b8 sonceniraiing, iheetagdue obtained is

3- 0- benzyl cﬁrdmét@@?%ﬂ@bo%ﬂ LHOQé‘éI‘?édbé)@“ ‘LI‘IL)Zd 200?%90 2@- Pe@ﬁ%f@hgt'igfovﬁ a-D-

ol ucopyr anosyl - L- (net hyl enzy py anosyl
4) - 3- 015)end;chlcﬂ'omethane/ethanol) to give successively 61 mg of crude compound 33 and

87.7 mg of a mixture containing the octasaccharide 32 and the decasaccharide
33.

The above mixture (87.7 mg) is treated under the above conditions to give

crude compound 33 (120 mg) after chromatography on a Sephadex® LH20
20 column (120 x 3 cm, 1/1 v/v dichloromethane/ethanol).

The two fractions containing the crude compound are combined and
purified by flash chromatography on a column of silica gel (7/2 v/v toluene/ethyl
acetate) to give compound 33 (120 mg).

TLC: Rf = 0.52, silica gel, 1/1 v/v cyclohexane/ethyl acetate

25



10 fli benzyl oxy) car bonyl | am nol- 2- deoxy- a- D- qlucor w anosi de (34) To a
solution, cooled to 0C, of conpound 33 (51.8 ng, 0.014 mmol) in a 2/3 v/v
di chl or onet hane/ net hanol m xture (982 pL) containing 3 A nolecul ar sieves
(125 ng) | WORMA/¥MBARB7 an argon at nosphere a 1 M sol ut iP@T/ER2GEM54T02

met hoxi de in nethanol (21.0 pL). After Jphours at roomtenperature, the 15
reaction nediumis neutral ized with Dowex(r) 50WK4 1-14. resin. After

filtering and CQE%%M tAen &sh i Ll by size excl usion
chr omat ogr aphy (Sepha x(r) pEHzomﬁg gﬂgcéﬁ]a&ﬁa\ilﬁé%‘j
di chl or onet hane/ et hanol ) to gi ve conpound 34 (31 4 nmg). TLC Rf = 0.47,

silica gel, 7/3 v/v dichloronet hane/ acet?.{:
2011/ 018587PCT/ FR2010/ 051702 31 yl ( met hyl

40a||y130benzy120tr|ethylammn|u oo

sul f onat o- a- Li dopyr anogy! ur onat e) ,% 1 4) - (,2- aZi 6@, %W-tn
et hyl ammoni un;]eocquBrf ongl Oras °9ql j%y &,‘n‘w I, ©

3-0-benzyl- 2- 0-

sul f onat 0- axb-? dQ yr anosyl ur nat e) (14) ®%2- azi do- 3- 0 benzyl- 2- deoxy- 6- 0-

triethyl ammoni um sul f onat o- a- 0- ol ucopyr arlosyl (1-44) 13- (gt hyl 080;
3-0-benzyl1l-2-0- triethylanmmoni um 050, oMeO,C—> OBn 0_%
BnO OMe

sul f onat 0- a- L-i dopyr ang8y| ur opat {Mj?ﬁ &%{Zﬁ?&‘%&/ Y
f1ibenzyl oxv) taizdh L«%pﬂ%ﬁ%\ (e nium ™ osd

sul f onat o- a‘-/quuc y¥eano 4°dess 35) 10Compound 34 (31 5 ny, 10etwapmeiun sits
~treated as I'n thefpreparation of compound 28 to give conmpound 35 (47.0 nm)

after size exclusion chromat ography (Sep dex(r) LH20, 1Q0 x 1.2 cmeosog/ 1
v/ v di chl or omet hane/ net hanol) PR =s0- 5 o34 DQ%%\

16/ 11/ 2.6/ 7 v/ v/vlv etk °P1eA /ZQ% /Z@
Met hyl (I|th| °B’Ona@/§\ F"P | " Logd '

sul f onat o- a- Hosykur or te)41 >4)>,so(2 azi do- 3¥0- benzvl - 2- deoxy-6-0-1it
hi um sul fonat oaw@Q oI ucopyr ariosvl) (1-44) SEM t hi um 3- 0- benzyl-2-0-1ithium

sul fonat o-a-L- 20 050N oot
i dopyr anosyl uronate) - (1 44) (2-azi 86w 3- en; 80X e anl t.»é;g\
sul fonat o- a- 0- ol ucopyyals oﬂ(l- °3: | 0 /@ ONA t AT Ume™
sul f onat o- a- L”a°°;ZS7, ’&\\2&7 - " a0,

d HG NH,C NaOSO ?

* NaD,80
NaG,50

Methyl (methyl 4-0-allyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-

azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyl}-(1-»4)-{(methyl 3-O-benzyl-a-L-

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-o-D-glucopyranosyl-

{1—4)]z-(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-3-0-benzyl-2-

10 {[(benzyloxy)carbonyllamino}-2-deoxy-o-D-glucopyranoside (34)

To a solution, cooled to 0°C, of compound 33 (51.8 mg, 0.014 mmol) in a
2/3 viv dichloromethane/methanol mixture (982 uL) containing 3 A molecular
sieves (125 mg) is added under an argon atmosphere a 1 M solution of sodium
methoxide in methanol (21.0 pL). After 5 hours at room temperature, the
15 reaction medium is neutralized with Dowex® 50WX4 H" resin. After filtering and
concentrating, the residue is purified by size exclusion chromatography
(Sephadex® LH20, 95 x 2 cm, 1/1 viv dichloromethane/ethanol) to give
compound 34 (31.4 mg).
TLC: Rf = 0.47, silica gel, 7/3 v/v dichloromethane/acetone



| dopyr anosyl uronat e) - (1->4) - 3-0- benzyl - 2-fl i benzyl oxy) car bonyl i am no} - 2-
deoxv-6-0-1ithium sul fonat o- a- o-ducopyranosi de (36) To a sol ution of
conmpound 35 (47 ng, 12.5 prmol) in a 1/1 v/v 25 tetrahydrof uran/ nethanol

m xture (2WOn2011/@1858Fkd, at 0C, a 1 Msolution of |itRCEFRIGN00E1TO2i n
water (500 pL; gs a final concentration®af 0.2 M. After 1 hour at 0OC and
then 4 hours at roomtenperature, the reaction nediumis neutralized with
acetic acid and then left at -20C for 16 hours. The reaction mxture is
deposited on a colum of Sephadex(r) LH20 gel eluted with a 4/1 v/v 30

met hanol / wat er (dethvir(et leﬁ—(/)aaIQ&@@MZB@-(CB&!GthmmoN@n sulfonato-g-L-

2011/ 018587PCT/ FR20 0/ 05 ) (SOdI um 4- 0 proo 1 2- 0-sodi um
sul f onat o- A99RVEBRSS Sy = "; i -gegiyréyOdiethylammanium

sul f onat 0- g8 g K ) ' . o
sulfonato-- D . 2 e G0y UM um

J .
sul f onat o- driethila iuem suliatete-87)- qlucopvraﬁo_swll-(m—m}h bﬁemvfm@bdnéﬂ'b@ ng,

10.8 pnol) ,in a 6/9 v/v tertbutanol/water ) IS treated under
pressure ofli¢iMBRNEG ifonato-g-L-idepyianosilronat Bt @udiienavinde char coal
(80 ng, 2 : / ho rs. After
filtration .Ixérﬁ P O p e ostted on a

col um of gGhelopyfanosid¥(IHsi n (1 m.) eI ut ed W|th water and t hen
concentrated.to dryness. The crude conpound thus obtained (27 ng) is used
wi t houlOf urt her C@mmu%ﬁﬂo@h%mmm 5I Heal)ng fsgatpd as in the prepavatien ofES| "

met hod, 27 0 5 erinmental nass

Tveo o5 o Lamegunil 88 | JoSOLE (SRhaE, 30 4k hoas R A 6RbuERR

chromatography  (Sephadex® LH20, 100 x 12 cm, 1/1 W
dichloromethane/methanol).

TLC: Rf = 0.55, silica gel, 16/11/2.6/7 viviviv ethyl acetate/pyridine/acetic

15 acid/water.

Methvl (lithium 4-0O-allyl-3-O-benzyl-2-O-lithium sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-lithium sulfonato-

o-D-glucopyranosyl)-(1—4)-[(lithium 3-O-benzyl-2-O-lithium sulfonato-o-L-

20  idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-

a-D-glucopyranosyl-(1->4)]s-(lithium 3-0O-benzyl-2-O-lithium sulfonato-o-L-

idopyranosyfuronate)-(1->4)-3- O-benzyl-2-{[{(benzyloxy)carbonvllaminc}-2-

deoxy-6-O-lithium sulfonato-e-D-glucopyranoside (36)

To a solution of compound 35 (47 mg, 12.5 pmol) in a 1/1 viv
25 tetrahydrofuran/methanol mixture (2.0 mL) is added, at 0°C, a 1 M solution of
lithium hydroxide in water (500 pL; gs a final concentration of 0.2 M). After
1 hour at 0°C and then 4 hours at room temperature, the reaction medium is
neutralized with acetic acid and then left at -20°C for 16 hours. The reaction
mixture is deposited on a column of Sephadex® LH20 gel eluted with a 4/1 viv

30  methanol/water mixture to give compound 36 (38.9 mg).



SCHEME 7: Preparation of the heptasaccharide 43 OAc 5 Met hyl [ met hyl

(et hyl
2-0-acetyl -3-0-benzyl-4-0-1evulinoyl -a-L-idopyranosyl uronate)-(1->4)-(6-0-a
cetyl - 2- aziVO-20113/§ - 2- deoxy- a- D- gl ucopyr anosyl ) - ( 1-POTBR2ZOHY@AN023- 0- b

enzyl - a- L-i dopyr anosi del uronate (40) A rB2xture of the imdate 38 (1.1 g,
1.22 mmol ), prepared according to the 10 nethod descri bed by C. Tabeur et

al., BioOg. MeetRqebdiuh?IV-pfo s%@ﬁ&nsh'ﬁ@n@ﬂo%—?sw acceptor 39 (864
nmy, 2.44 mol ), prepared accordrng escri bed by Koshida, S.

et aL, Tet I@EMMMM_MLLMMW%%GE\BB O%ﬁdlum sulfonato-g-p-

2011/018587PCT/ FR2010 ' powdered 4 A nol ecul ar SI eves (914 ny)
in tol uene 944 T8 -*--'“% odiugh pulfanaiesneidopyranos atg)- 25C
The reacti i I i
tert-butyl

After sbir gieufnog- d—s@@im‘n smftmart@aqtuua m@s mdr?at nBY. add' tion
of 5 solid sodium ite(r) and

concent r at ide@xy-6he- mmwlfoba@rmeehlummﬁnammdie)@aphed on a Sephadex(r)

LH20 I 12 /1 v/iv d th /eth ) foll db

chr om(;'?o;?l;pgly SQ?LE@I"‘UM% qu\rl‘gi\)/q’n‘{l:%e@(&?%ﬂa \ﬁet%ﬁ&grﬂ)él @?ﬁ{ﬂom\lg&ef%i'e) to
: I

gi ve conmpo i tmalsSOmiire a"fl\)/bﬁtﬁy? @{eﬁgcﬁyﬁg?@ﬁéfﬁ% 8¢ hyardgbn'(1 bar) in

tol uene/ et hyl acetate ,
2-0-acet yl {3 oremmzylofalﬂ_k ipatiadivemoswharamad (&) mg, 2 x amount of compound to

1->4)  (6- b 2-d 1)-(1-4)-2-0
oot 195 e Hedhed el Eolog o et Mo atsnae e (Riore BESWB Ay, (66 g

Che pr epa Spfutlohde WEBoBEEd Aokt SFCRERRS NBREICL ) blba Wi el "
chr omat ogr aptythen wncehtnaﬁ&dOtb drivhéss TR cfublelcothpolitd Haresbiaindd @Qqeh@e)

TLC. Rf = 35, 1/1 v/v tol uene/eth acetate
?s used WItLoutafugtﬁer purification in the following gtep

Mass: “ESI” method, negative mode: theoretical mass = 2781.10;
15 experimental mass: 2782.05 £ 0.30 a.m.u.



20 Met hyl [met hyl (nmethyl 2-0-acetyl-3-0-benzvl 4

O-1 evul i novl - a- Li dopvranosvl uronate)-(1

4) - (6-0-acetyl - 2-azi do- 3- 0- benzyl- 2-deoxv-a-D d |

ucopvr anOS\W;6 011018387t hyl 2- 0- acetyl - 3- 0- benzvl - a- L- iRETHRR2014851702
ronate)- (14)-(6-0-acetyl-2-azido-3-0-IBnzvl-2-deoxy-a-a-dl ucoovran
osvl)-(1 25 acetvl-3-0-benzvl-a-L-idopvranosideluronate (42) A

m xture of the iSCHBME B8P ailatm)n df.thé hasacchifddalgcosyl acceptor 41 (1.2
g, 1.20 mml) and powdered 4 A nol ecul ar sieves (903 ng) in dichl oronethane
(42 mL) is stirred under an argon atnosphere for 1 hour at 25C. The
reaction mxture is cooled to -20C and a 1 Msolution of tert- 30

butyl dinethylsilyl triflate ir dgchloronethanﬁaQ;SmeL) is added. After 15
m nut es, the react iMAr &i ralized by tof solid sodium
hydrogen car bonat e. Beb g “afid®%toncentsat i the residue obtai ned
is purified by WO*#011/ 18587PCT/?F2010/051702 35 hronatography on a size
excl usi on col urm (Sephdtfex(r) JH20, 190 x 3.2 cm 14 v/v

di chl or onet hane/ et hanol ) fol |l owed by chro tography on a colum of silica
gel (1/1 v/v toluene/ethyl acetate) to gpme 1. 63 of conmpound 42. TLC Rf
= 0.30, silicagel, 1/1 viv tolueaﬁleth I 9 “50Me Met hyl [ nmet hyl
(met hyl 2-0-acetyl -3-0- benzy - <|d

(1-4)-(6-0-acetyl -2-azi do-3-Q eoxyoa 0- Iucopyranosyl) (1

(met hyl 2-0-acetyl - 3-0- benzyl ®a- kbldopyraﬂbsyluﬁﬁnate) (14) - (6- 0- acetyl - 2-
azi do- 3- 0- benzy1- 2- deoxy-a-D-0 | ucopyra
nosyl)-(1->4)-2-0-acetyl - 3-0-benzyl -a-L- %0i dopyranosi del uronate (43)
Compound 42 (3.90 g, 2.25 mmnol) is treateg accordlng to the sanme procedure
as that described for the preBaratbgn ofécgaﬁ@ﬂ OMeChronatography on a

colum of silica gel (1/1 v/v ?}9@ gi ves conpound 43
BnO o}
(3.39 g). ¥ R

AcO

+ compound 381

o MeQ,C
MeQ,C
MeQ,C o
BnO
BnO
LevO

AcO
42

o] MeQ C
0 MeO,C OB"
MeQ,C
&7’ B8O

Methyl [methyl (methyl 2-0O-acetyl-3-O-benzyi-4-O-levulinoyl-g-L-

idopyranosyluronate)-(1—4)}-(6-0O-acetyl-2-azido-3-O-benzyi-2-deoxy-o-D-

glucopyranosyh-(1—4)-2-O-acetyl-3- O-benzyl-o-L-idopyranosidejuronate (40)

A mixture of the imidate 38 (1.1 g,' 1.22 mmol), prepared according to the

10  method described by C. Tabeur ef al.,, BioOrg. Med. Chem. (1999) 7, 2003-2012,
the glycosyl acceptor 39 (864 mg, 2.44 mmol), prepared according to the
method described by Koshida, S. et al., Tetrahedron_Lett., 1299, 40, 5725-5728,



15TLC. Rf = 0.33, silica gel, 1/1 v/v toluene/ethyl acetate OAc WO

2011/ 018587PCT/ FR2010/ 051702 36 (3,4-d '

i - O benzvl-2-0-(4-net hoxv) benzvl -6-0-tert-butyld inethvl si

i dopvr anosW¥D-201101838%- anhydr o- 2- azi do- 3- 0- benzv1- 2- dRSIERG/0F7T020pvr a
nose (45) To a solution of conpoursd 44 (32.3 g, 42.2 mol) (descri bed
in the preparation of conpound 108 of patent application WD 2006/ 021653) in
N, Ndi net hy ldneir pedered 4(Alrﬁolélehlar %:@66%914% )Qfo?taménéwdﬁrrn@rlg%ﬂrreeqmér
brom de (25 nL, 211 mol) and then 55% Na % g,

m nut es of aneyygeniatmespheriedgr 1rhauianah® CsTbad@@pt(oaonnigrs |s BBOEedatOt-QBFC

i 1ut ed wi et Ayl SoBteH T SR R R 1 Bich R i B i e
aqueous socbdd@uchfter reingdbrt irRlr, #eiredciidinmadim i§ helralgdamdaddition of
concentrated. The residue obtained is used in the fol | ow ng step W|thout

purificati éelid Lcodisirmy hygragen [ carbenrigs) |Aftarr filtermggethnough  Celite®  and
15( 2- 0- t 3.4-d O b

et hvi o L dongeh g 1% 58045 obigined ig chitstaioraphed on a Sephadex® LH20
hydr o- 2- azic@firsn O(P202\%1- Z- dgRXV1Q anl USiERY% s@l.ution
of crude corrpound-(45 (38.6 g) 1 n dichloronet r]ane n@fe@n noI fo%)gv%j BP

(80 ni) an@hfmnatogsapmn mlgm of glica get €1 4V toluergp/étlnyl acem)stmgwe

m nutes at QC E@e&;kg di luted with dichl oromet hane and 20 aqueous
sodi um hydrCSHm?uE r ution I s added. The organic phase is then
washed{@d th wat g c: Wf'=e@3€3’\|§|ﬂ§£’ébb 171 bﬁvﬁbmn@r&hﬂ%@%bfm ed. The conpound
obtained is used in the fol lowi Ng step w thout rification. The
residue obtained is dissolved in dlchloronethane (350 nL), and
triethylamne (
25 (60 nlL) are—added:

Ky &Nz dopyranosylurgnate
then 1 hourﬁ&)ﬁ%@ét@@ ééﬂ%mtéfﬂé%gﬂt%ﬁox% 1ih- p%spg.%oggggv_ﬂg'god' luted
wi t h di chl oromet hane
pot assi um lagdtyb8eD-tenz{lad-e-idmpwanosidelvedreate (4t t he organi c phase is then

dri ed 2SM4 filtered and concentrat ed.
%gla ) Compound 40 ((12 26 g, 2.34 mmol) is treated according to the same

procedure as that described for the preparation of compound 23 to give
compound 41 (2.17 g} after flash chromatography on a column of silica get (1/1
v/v toluene/ethyl acetate).
TLC: Rf = 0.35, silica gel, 1/1 v/v toluene/ethyl acetate
20
Methyl [methyl (methyl 2-0-acetyl-3-O-benzyl-4-0O-levulinoyl-g-L-

idopyranosvyluronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-u-D-

glucopyranosvi}-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-

(1—-4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-u-D-glucopyranosyi}-(1—-4)-2-0-

26  acetyl-3-O-benzyl-a-L-idopyranoside]uronate (42)

A mixture of the imidate 38 (1.1 g, 1.22 mmol), the glycosyl acceptor 41

(1.2g, 1.20 mmol) and powdered 4 A molecular sieves (903 mg) in
dichloromethane (42 mL) is stirred under an argon atmosphere for 1 hour at
25°C. The reaction mixture is cooled to -20°C and a 1 M solution of tert-

30  butyldimethylsilyl triflate in dichloromethane (181 pL.) is added. After 15 minutes,
the reaction medium is neutralized by addition of solid sodium hydrogen
carbonate. After filtering and concentrating, the residue obtained is purified by



30The residue obtained is purified on silica (ethyl acetate/cycl ohexane) to
gi ve conmpound 46 (26.8 g). LGCMs mz 798.3 [(M+ Narl. TR = 12.97 mn WO

2011/ 018587PCT/ FR2010/ 051702 37 ( Met hyl
2-0- acetyl VWOLM1/D 8582y | - a- L- i dopyr anosy! ur onat e) - ( 14PCI/ER2010/051702
anhydr o- 2- azi do- 3- 0- benzyl- 2- deoxy- 13- 038l ucopyr anose (47) To a

sol ution of corrpound 46 (26.3 g, 33.9 nmmol) in acetone (1.4 L) is added, at

0C, a sol uts ) o) i er
mechani cal tc;gtl rr| F?ﬁ/ &ﬂ%gﬁgse*gtm%%y%eﬁhﬁé MI]OI’I rre [l(lg(rgh @3‘ gzﬁéd with
~di chl or oetlilivey dmmremei\hame/emaaol ) Uotiowedebyt chtomatogrdphg @f gaobleimihase i s
then dried ﬁNaZSi)éla) {Oi‘}'ﬁ 9ﬁnd con ntrated, The conpound obtained is
used in t h&"C8I198 lpld/‘é NG e1hy Ceﬁ% {o givei bh3 gvfcamRauUEA4dbt ai ned i s
di ssolved in N, t 0 ﬂ@é‘}; ghé assi um hydr ogen
carbonate (17 ggﬁLglnéiﬁrﬁgty?gl & od % %1%%/9 2?@3%32%%8% he reaction m xture
is stirbed at roomtenperature for 16 hours and then concentrated under
vacuum The residue is dily cetate and then vvashed vvlth
water, with sat g4 2y o Anogyly r at ed

aqueous so:lg) I t«;}r ed 15 and
concentr at ed: st W t hout

purificati
(Met hyl 2-0-¢ : 20
di - O acet ylaziloa ‘ e eeop ands3A Filab 4 21aaeiyb 8- (O-«b&hzvl-u-L— The

c_rude (SSI due obt ained in th precedl ng step is dissolved in acetic
anhydr | @J@Mﬁ%—%ﬁ-ﬁ—%@iﬁ roacetic acid (TFA) (17.7 niL) |s then added.
The reaction m@o e bl f S %?
co-evaporated w thH L1uene E’ngﬁng? 6’3 §?|tfécl“§e% d g@c exane %yl
acetate), pooaEduee 2ascothadurdbséfibéd 7 .fér g)he preparation of compound 23.
Chromatography on a column of silica gel (1/1 v/v toluene/ethyl acetate) gives
compound 43 (3.39 g).
15 TLC: Rf = 0.33, silica gel, 1/1 v/v toluene/ethyl acetate

SCHEME 8: F’reparation of the disaccharide 50

N3
OBn
tBDMSO —- IBDMSO tBDMSG o b (sl
BnO 0
OB
PMBO F'MBU AcQ
46
QAc . OAc l N,
Me0,C OBn o 9 Me0,C OBn 0% MeQ,C OBn o
. '-\'_< ;eﬂ e T . —————— 0
O BnGC N OH 0 Bno OAc BnO o 0
BnG 4 BnQ Ns C&
AcD AcO AcO
49 48 47
OAc
0= Bro OC(NH)CCI,
Bno Ny
AcC
50



LCMS rniz 809.3 [(M+ NH4)]. TR = 10.81 min (Met hyl

2-0-acetyl -3, 4-di - O benzyl - a- L-i dopyr anosyl uronate)-(1-4)-6-0-

acetyl - 2- azi do- 3- 0- benzyl - 2- deoxy- a, 0- D- gl ucopyr anose (49) 30To a sol ution
of conmpoundVEB2011/81888%84 ol ) in diethyl ether (303 mBCTER2QM4QE1782 0C
and under argon, benzylam ne (BnNH2) (29867 nL). After magnetic stirring for
1 hour at OC and then for 6 hours at roomtenperature, the WO

2011/ 018587PCT/ RGO HahZ 022 3R (4-ARAAGAbERXA-BLC-tbA-HiRYbinEthast-t-n col d
aqueous 1N HCl solution, washed w water, darre , 11 d and
concentr at d adgo b4 H1 Grashdrew -g@tioGeOdnzykBidmosy-Gymd ohexane) to

gi ve corrpour?d 49 (5,95 3 LCGCMS mz 767.7 [(M+ Nfr14)1. TR =1.64 mn 5
(Met hyl 2- @—‘é@bﬂ@%ﬁl@g' - O benzyl - a- L-i dopyr anosyl ur onat e) - ( 1- 4) - 6- 0-

tyl - 2-azi do- b = 25 = a ' Iy dat e
oetyl- 22zl do T abenibn oEMBo® 44 3988 293t BLGHA e
di chl or édnetpreparaticd Cofrtgmpoencaidd@df patdat applicationcWad 200621868 te N, Bs2CO3)

4.1 d.th 0 trichloroacetonitrile (CCl3 (3.9 nL). After stirring
1£or 43) maﬂLﬂ"@&ﬁgfﬂf%F'BB{ﬁ'Cfeek?g@ Ay adde ateégc ﬁemdf@f @Feon. Penzyt brosydand
t hen conce edpqq Si | infA id hirfole Yo
acet ate/ cyg?gﬁ%(’a%g Eﬁ%jb?‘y%‘wl?%% ?IB gém&ée};?qts@g?ﬁe con%'ohﬁé‘egg rlz‘lg?u}ea)qf
LG M5 i z Jnagety Mtiring#4 ) rhethaRok is. @tdedn (36 mL), the reaction medium is

concentrated under vacuum, and the crude reaction product is diluted with ethyl

10 acetate, washed with water and then with saturated aqueous sodium chloride
solution, dried (Na,SQy), filtered and concentrated. The residue obtained is used
in the following step without purification.

LC-MS m/z 871.7 [(M + NH4)"]. Tr = 13.86 min

15 (2-O-acetyl-3,4-di-O-benzyl-6-O-terf-butyldimethylsilyl-o-L-idopyranosyl)-

(1-—4)-1,6-anhydro-2-azido-3-O-benzyl-2-deoxy-B-D-glucopyranose (46)
To a solution of crude compound 45 (38.6 g) in dichloromethane (1.6 L)
are added water (80 mL) and then, at 0°C, DDQ (14.2 g). After stirring for
4 hours 45 minutes at 0°C, the medium is diluted with dichloromethane and
20 aqueous sodium hydrogen carbonate solution is added. The organic phase is
then washed with water, dried (NapSO,), filtered and concentrated. The
compound obtained is used in the following step without purification.
The residue obtained is dissolved in dichloromethane (350 mL), and
triethylamine (13 mL), 4-dimethylaminopyridine (2 g) and acetic anhydride
25 (60 mL) are added. After magnetic stirring for 10 minutes at 0°C, and then 1
hour 45 minutes at room temperature, the reaction mixture is diluted with
dichloromethane, and then washed sucéessively with aqueous 10% potassium
hydrogen sulfate solution, water, and the organic phase is then dried (Na,SO,),
filtered and concentrated.
30 The residue obtained is purified on silica (ethyl acetate/cyclohexane) to
give compound 46 (26.8 g).
LC-MS m/z798.3 [(M + Na)"|. Tr = 12.97 min



WO 20111018587PCT/ FR2010/ 051702 39 SCHEME 9: Preparation of the

hept asaccharide 55 WD 2011/018587PCTI FR2010/ 051702 40 Met hyl

(et hyl (net hyl

2- 0- acet y| WORAVQI8AEBT,y| - a- L- i dopyr anosyl ur onat e) - ( 14)PQRFR204OM51702- azi d
0- 3-0- benzyl- 2-dem a- D- gl ucopyranosYl) - (37- >4) - | i et hyl

2- 0-acetyl - 3-0- benzyl - a-L-i dopyranosyl uronat e) -

5(14) - (6-0- acet xme@gzla%c%tﬂebﬁ,amlbé’nﬂ@umag@;aﬁb@%ﬂ@;g@- u{e,&) 12-2-
0- acetyl - 3-0-bénzyT-a-LC-1Tdopyranosi f the
gl ycosyl acnbydm-2-42ido2®@-tanzy-2tdeoxmp-D —qlummyramom &m0 (163 ng, 0.18

I d wd d4Am)Ie ul ar si eves I n di ¢chl oronet hane (6.5
m i)sagt i P(r)eder Hd%ﬁOM'°§r%O?P'§PﬁB% I’l@r(g%f +9omm%!9 in gcetone (e Lddicti on

1 Xt ' 0 y/ hylysi
Tritiate ooy Coc nealfion 51 G0 6 %@23 SR HRRPGT I o
medi um bs r#élﬂrrrabu:}mmbaiptla'dm fareghholirssal 0%C, stbellreaﬁ:tmrdrrmgm:mqardlﬂmmt with Af t er
fil [ - t ti d e
chr omat ogr SYSEE RS vastiac e et tnpl heubioh el el roRps, e eisdhem 1/ 1
15 v/v di c@r@aqm}@@n)e/nﬁémwa chfddritirsl. %ecwrﬁg@ﬁr?@beﬁw (egﬂé"lﬁ‘@ of
silica gel 2/ 1T viv toluene/ethyl acetate) to gi corrpoun

TLC Rf cbolkﬂvmgstapc\wtlgmt putifitatig. t ol uene/ et hyl acetate. I\/Et hyl (et hyI

(zg?tzhﬁlz.go‘lsdb ToRstaidsicCobiaal 3 St Thak frgteindtermemida, @10 mo),

0- beqgyl aﬂd'—potassnum hydrogen carbonate (17 g) and methyl iodide (21 mL) are added.
The reaction mixture is stirred at room temperature for 16 hours, and then

concentrated under vacuum. The residue is diluted with ethyl acetate and then
washed with water, with saturated aqueous sodium thiosulfate solution, with
saturated aqueous sodium chloride solution, and then dried (Na>SQy), filtered
15 and concentrated. The compound obtained is used in the following step without
purification. |
LC-MS m/z 707.3 [(M + NHy4)']. Tr = 10.37 min

(Methyl 2-O-acetyi-3,4-di-O-benzyl-a-L-idopyranosyluronate}-(1—4)-1.6-

20  di-O-acetyl-2-azido-3-0O-benzyl-2-deoxy-¢,B-D-glucopyranose (48)

The crude residue obtained in the preceding step is dissolved in acetic
anhydride (177 mL) and trifluoroacetic acid (TFA) (17.7 mL) is then added. The
reaction mixture is stirred for 16 hours, and is then concentrated, co-evaporated

- with toluene and purified on silica gel (cyclohexane/ethyl acetate), to give
25 compound 48 (17.4 g).
LC-MS m/z 809.3 [(M + NH,4)']. Tr = 10.81 min

(Methyl 2-O-acetyl-3,4-di-O-benzyl-a-L-idopyranosvluronate)-(1—4)-6-0O-

acetyl-2-azido-3-O-benzyl-2-deoxy-o.3-D-glucopyranose (49)

30 To a solution of compound 48 (7 g, 8.84 mmol) in diethyl ether (303 mL)
is added, at 0°C and under argon, benzylamine (BnNHz) (29.7 mL). Afier
magnetic stirring for 1 hour at 0°C and then for 6 hours at room temperature, the




i dopyranosyluronate)-(1 4)-(2-azido-3-0-benzyl-2-deoxy-a-D-0o | ucopyra
nosyl)- (1 4112-3-0-benzyl -a-L-idopyranosi del uronate (52) Conpound
51 (271 ny, 0.11 mml) is treated according to the same procedure as that
descri bed f\WO 2A#1/8A8p8F ati on of conmpound 27 to give 25 RGHPBANED/GR170286
ng) after chromatography on a size excluggon colum (Sephadex(r) LH20, 120
x 3 cm 1/1 v/v dichl oronethane/ ethanol) foll owed by chromatography on a
col um of skehiten &4 / gel,
4/ 3 v/ v tol uene/ et ktufgésztngéfgaﬂz\%gqgigiﬂé gﬁ% 87PCTFI§g-I2%§% !8t5|§n70 aSﬁédm

Met hyl ( rretwﬂer(dmd\;waz@m diiltered @ndvtonzeotrateide vl purifiedi amsilica gel (ethyl

sul f onat oa nosyvl ur.onat e - ([ 2-azi 3-0- benzvl - 2- deoxv- 6- 0-
triethvl am%cfﬁt%%? 0111853? 9{"%%9'%' %’Pééga@ égj@l >4) - [ (et hyl

3- 0- benzyl-2-0- {t@ivg Wizamirmp(mm NHq] Tg = 1,64 min

sul fonat 0- a- L-i dopvranosvl uronat e) 443 (2-azi do- 3-0-

S5benzy152- deoxy- 6- 0-tri et hyl anmoni um
sulfonato a- n- oI Y > O: i DNi um

preparation o Y ' S
excl usi on chr omaIcogr atplluyo(l Sm‘pbmipm(mc)l 49-1:{6 94@129 mrﬁol(}r‘in dléﬁ}obdrMethane
di chl or omst(ggae/ ot hano of the i

anomeri ¢ pridPBAal) Fead Jef:i 4gdegargpn, 5?3??5’”"150%@9”6?90&32@)0_5%(4-51. Qﬂ?%ﬂf\en

Li t hi uRp( | it B

sul fongp o?gﬁﬂmg{)éé\?re ?Mg‘\'ﬁ 3?3’1%‘\1&‘??%5% AEthaz&ilt Ihﬂi-d;- r_ggnrzn\}ﬁ\utgsd%t())wo% O-1i
t hi um sul f destpesatDre|the spactiomosndjirg [&ﬁl@)reﬁ @niitthenroodcOntoatedy Tha-résidughi um

sul f onat o- a- Li daovr anasvl ur a do- -0- 2-deo 6- 0- |
tﬁi um sul fdﬁé’ltu('iﬁ ﬁ ‘\é%\aﬁggﬁgﬁﬁ ﬁééat)ezgyfé) xén%é"n 02” ﬁhl PﬁHOX%/J'Ve !
sul f onat o- g&dmpound 50 (5.7 g).
LC-MS m/z 912.0 [(M + NH,)"]. Tr = 1.81 min
15



id opvranosidelu ronate (54) 20Conpound 53 (186 ng, 70.7 pnol) is treated
according to the sane procedure as that described for the preparatl on of
conmpound 2 ound 54 (141 ng) after size exclus

chr omat ogr%%@é@é‘ﬁ%‘ggp(r) LH20, 120 x 3 cm 50/50/1 VPGT(FR2°1°/0517°2

di chl or onet hane/ et hanol /wat er) . 39 TLC K 0.24, silica gel,

27/ 19/ 4.2/ 11 v/v/ivliv ethyl acetate/pyridinel/acetic 25 aci d/ water WO
2011/ 018587PCT/ SRE{FIGE @5 PréRarafion of the Beptasavdhaeideyds (sodi um 2- 0- sodi um
sul f onat 0- a- L-i dopyranosyl uronate)- (1-44_)-(2-am no-2-deoxy-6-0-sodi um
sul f onat o0- a- o- cl ucopyr anosyl ) - (9%4) - ff sodi*8m 2- 0- sodi um

sul f onat 0- a- L-i dopypanosyl ur ola -(1->4)-(2-am no-2- deoxy-6-0-sodi um
sul f onat o- a- Dducopyr s - b2nded)- $odi um sul f onat o-

5a- L-i dopyr anosi delgyf on %5) N, A solfution of compound 54 (60.0 nyg,
0.022 mml ) in a 1/1 vhw tertbutanollwaterim xture (6 nL) is treated under
pressure of hydrogen (<200 ar) in the presence of 10%

pal I adi um on-charcoal (60 ng) at roomtenperature. After smrri ng for 24
hours, the reaction nediumjs filtered (MAf ore(rg LS e | I\?r)

and then concentrated to ylaaago Tdme cru 48 7
nmg) is used w g OP'Ur fo V\ﬁnﬁ st pO MVE 10:
Preparation of tphesgp e ept 15 NBt hyl, A et hyl AcO

2- 0- acetyl - 3- 0&¥enzy 4 0 Ievu1|noy¢ a- L-
i dopyr anosyl ur onat 8% ( 1- >4) - 6- 0- acet yl - 3- 0 benzyl 2- benzyl oxycar bonyl ani no-
2- deoxy- a- c- gl ucopyr anosi de (57) 1

MeO,C
6]
o] £
BnO
BnQO

o MeO C
o MeQ,C
o MeO C
MeO,C BnO
BnO
B O

l

MEO;ZV/

friethylammonium salt

0SO,Li

0soLi 0S80, o LiO0C—, OBn
L o LOOC OBn N OMe
o Liooc—. OBn N 0
Lioog— FBr 6 0 00— Bn0 W, O
BnO 0 s
O 8o o No 7 Lio;S0
B N, Li0,S0
Li0,50
LiO,S0 54
1 080,Na
OSON osode OH ofa00C—> M
sha NaOOC . e
oNaoCC-—, OH ° N Y
Nacoc— PH o Y 0= Ho 1O
O Ho 0 "o N, * 080
NH NaC,S0
HO 2
Na0,50
Na0,S0

55



. 20To a solution of conmpound 56 (23.5 g, 30 mmol; prepared according to the
net hod descri bed in Carbohydrate Research (1987), 167, 67-75) in

di chl oronet hane (600 nlL) are added, at OC and under an inert atnosphere,

4- di net hyl aMVQAMMIER87( 733 ng, 6 mmol), 1-(3-di net hyl aRGTHR20IPI0512302

et hyl car bodi i m de hydrochloride (11.5 g, 460 mmol) and levulinic acid (6.2
L, 2560 nmml). After stirring for 16 hours at roomtenperature, the

m xture is diluted with dichloromethane (1.5 L). The organic phase is
washed successively with W0 2011/018587PCT/ FR2010/ 051702 43 aqueous 10%
pot assi um hydrogmn&mm&mmmmtmwmma_aat urated sodi um
hydr ogen car ' ' dr i ed Iover SOdI um sul f at e,

10 gl ucopyr aaek ancsideiurariate (9F) corrpoundy57 (22l 3 g, 33

1) i 1/1t f th I e under an
|mnrgr% :i'[]rrgsphere P‘gﬁ ura ]r)rg I(a%gg Wg‘j‘é(&Qg rﬁgfo(?)1gtd%”é‘[9§r ipdated®thg to
A Oita et(fd3, mé:hEU’ﬂIS Ehlfmol ar(@%&déred?»%l& MORCLRRCiE0Es g@@'rugi?g)s in

stirred for 38 hours at 1535 After concentrating, the resi S
used in t hedichiargmetigns éﬁ)5mhhm1$thnadlmdeatamargdnf atmos@isre st |‘lchogelat 1/3

viv qu(? heégr@_/ %Qy}ea%%ﬁartn‘lexture is cooled to -20°C and a 1 M solution of tert-
butyldimethylsilyl triflate in dichloromethane (27 L) is added. After 1 hour, the

reaction medium is neutralized by addition of solid sodium hydrogen carbonate.
After filtering and concentrating, the residue obtained is purified by
chromatography on a size exclusion column (Sephadex® LH20, 90 x 3 cm, 1/1
15 vl/v dichloromethane/ethanol) followed by chromatography on a column of silica
gel (2/1 viv toluene/ethyl acetate) to give compound 51 (212 mg).
TLC: Rf = 0.38, silica gel, 1/1 v/v toluene/ethyl acetate.

Methyl {methvl (methyl 3,4-di-O-benzyl-a-L-idopyranosvluronate}-(1-—4)-

20  (2-azido-3-O-benzyl-2-deoxy-o-D-glucopyranosyl)-(1—4)-[(methyl 3-O-benzyl-a-L-

idopyrangsyluronate)-(1—4}-(2-azido-3-0O-benzyl-2-deoxy-a-D-glucopyranosyl)-

(1—-4)]5-3-O-benzyl-a-L-idopyranoside}uronate (52)

Compound 51 (271 mg, 0.11 mmol} is treated according to the same
procedure as that described for the preparation of compound 27 to give
25 compound 52 (186 mg) after chromatography on a size exclusion column
(Sephadex® LH20, 120 x 3 cm, 1/1 viv dichloromethane/ethanol) followed by
chromatography on a column of silica gel (5/3 v/v toluene/acetone).
TLC: Ri = 0.65, silica gel, 4/3 viv toluene/ethyl acetate



Met hyl (methyl 2-0-acetyl-3-0-benzyl-4-0-1evulinoyl-a-L- 20

| dopyr anosyl uronate) - (1->4) - 3- 0- benzyl - 2- benzyl oxycar bonyl am no- 6-0-tert but
yIdlphenyIS|Iy1 2 deox a- p- qlucopyran03|de (59) To a solution of
crude comp¥VAR0Y Eﬁ\ff'm)l) i n di chl orornet hane (190 nlPCAVRR2AMO451782 0C
and under an |nert at nosphere, triethyldfine (8 nL, 57.5 mmol),

4-di met hyl am nopyridine (1.4 g,11.5 mmol) and tett- 25but yl di phenyl si | yl
chloride (12 mMeHylImami (meli\g 3/LaFOLshATRYI Ouidihyiahirhs§idnd QllfonkioNour s
at room terrperature The reactl on m xture s diTuted w th di chloronet hane.
The or gani g-Lakeg NS (] pE4-azi 3 x (ieous sodi um

chl ori de s?l ion and then vm h vvater drled oyer od| umsulfate filtered
and then eil§ NILHE ] -D-gUEOPYY asivl (1 kl(methyl 30

?22()'4“3;‘ Oﬁg,e?hilg&@&ﬁbm(ls%ﬂfhngi’g , q
2011/ 01858 BEEAYI @@W@@-Mhﬂénﬁ@émwﬂ éumhmd-a-D qlucopvranosvl) (1—>4)]2—3-
2-0-acetyl - 3-0-benzyl - a -L |dopyranosy| uronat e)-0 ->4)-3-

0- benzy1- 2Chbenapl-@x(drig 3 ~0

copyr anosi de (6 | ) n of C oun mmol) ina 1/2
5 t ol uene/ et han n’fﬂwgrgﬁ%ﬂ%g |038§de@8 h?dpéﬁﬁeag‘é‘@éﬁlgetq dhesage 100. 0
nol ) . ThepfRaeure® r 0 t re.
After concoptrat ng‘?‘f‘*‘?ﬁ%”‘?ggﬁ"ﬁéﬁ OF e PrefprRot| &S compoBnd, 28R e,
col um of somnipoand&3 (19/5ngyaftehe[zermdotu§m clvoetatbglaphy (Sephadedx® Lei2of

— _ I tat
corrpoumi 6920x3cm017110v/v dtchlorongethane/et anol) cycl ohexane/ethyl acetate
'H NMR (D;0) 6 of the main anomeric protons: 5.41; 5.38; 5.34; 5.15;
5.14; 5.05; 5.15; 5.02 ppm.

Lithium {methyl (lithium 3.4-di-O-benzyl-2-O-lithium sulfonato-o-L-
15  idopyranosyluronate)-(1-—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-

a-D-glucopyranosyl)-(1—4)-[(lithium 3-O-benzyl-2-O-lithium sulfonato-a-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-

a-D-glucopyranosyl)-(1—=4),-3-0O-benzyl-2-O-lithium sulfonato-o-L-

idopyranosideluronate (54)

20 Compound 53 (186 mg, 70.7 pmol) is treated according to the same
procedure as that described for the preparation of compound 29 to give
compound 54 (141 mg) after size exclusion chromatography (Sephadex® LH20,
120 x 3 cm, 50/50/1 viviv dichloromethane/ethanol/water).

TLC: Rf = 0.24, silica gel, 27/19/4.2/11 viviviv ethy! acetate/pyridine/acetic

25  acid/water '



10 SCHEME 11: Preparation of the glycoside donor 65 15 (Met hyl
2-0-acetyl - 3-0-benzy1l- 4 O-1 evul i noyl - a- L-i dopyranosyl uronate)- (1-4
)-1-0-acetyl - 2-azi do- 3- 0- benzyl- 2- deoxy-a-D-q | ucopyranose (62) To a
sol ution ofwﬁz?lﬂoéssﬁk 7 mol) (prepared according to RGEFREEHHAS1702
described by C. Tabeur et at, Carbohydr.4Res., 281 (1996) 253-276) in a 1/1
20 met hanol / t et r ahydr of ur an m'xture (80 nb) is added [tBu2SnCl (OH)]2 (0.55

g) prepared acc@gtimg {htethyl (§35d!|£ufh E-TO-%bd|uﬁﬁ‘@uﬂfor@%-ul-ldf)ég%sﬁlur&?&%% Af ter
stirring at 35C for 5.5 hours, then at roomtenperature urs,

and then a&:ﬂﬂt&ﬂﬂﬂ%deﬂxhﬁtﬁaﬁsodnm suffapatoemDigiutapyveancsyarced)r at ed

under vacu chr mat ogra hy to Q{I ve conmpound 62 (5.97
. 25LC 5 RV AN O uron aje)-{1—-4)-(2-amino-2-
2011/ 018587§X

2-0- acetyl 6

) - 1- 0- aget )d—t—&jcawrahbs?dé}uhﬁm@sﬁ O-tert-butvld |phenvl sil y1 2-d
eoxy- a- oql ucopyranose (63) und 62 (5.97 g, 7.88 mmol) is
di ssol ved in di dhisghdiost ﬁb@@n(mnmﬂ% @cmg,na Oaﬂdmmar)gona 111 viv tert-

Cort ot M aeBaEk Btk Gn Sl rédies' P BARutE o by oaaRd 208 mean

nmagneti ¢ stih rthengrekencet dﬂow% pdldiureash-ciedicoBAie0Mi & tdbng deMipehature.
di chl or onet hane, washed wi th aqueous 10% pot assi um hydrogen 10 sul fate

sol ution, Ve stigirg for@4 keure NieSBartion Mediunds aheredo(mmmporeﬁ EEWH Beum

g T N M. A R
2-0-acetyl {88Q rhgg?svase%\ﬂnﬁcﬁklfuﬁﬁ@%urﬁrcbubﬁWtﬂeﬁﬂaﬁﬁo\g fzsqgst e)-

(1->4)-2-azi do- 3-0- benzvl tert-butvl di phenyl si eoxv-a, | 3- oqlucopv
ranose (64)

SCHEME 10: Preparation of the glycoside acceptor 60
) OAc Ohe oA
o Me0.C—y. OBn °© MeO,C—s OBN O
MeO,C— OB1 e T g —— .
&/Bno ZHN OMe Levﬂ/%/ oo 2y M LevO > oro 2HN one
HO
a0 56 AcO 57 A0 58

OTBDPS
OTBDPS .

(o]
Me0,C - OBn
9] OMe
— \D M BnQ ZHN
LBVO&/BI]O ZHN ove HO
Act) AcO
59 60

Methyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-g-L -

idopyranosyluronate)-(1—4)-6-0-acetyl-3-0-benzyi-2-benzyloxycarbonylamino-

2-deoxy-a-D-glucopyranoside (57)

20 To a solution of compound 56 (23.5 g, 30 mmol; prepared according to
the method described in Carbohydrate Research (1987), 167, 67-75) in
dichloromethane (600 mL) are added, at 0°C and under an inert atmosphere,
4-dimethylaminopyridine (733 mg, 6 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (11.5g, 60 mmol) and levulinic acid (6.2 mL,

25 60 mmol). After stirring for 16 hours at room temperature, the mixture is diluted

with dichloromethane (1.5 L). The organic phase is washed successively with



To a solution of conpound 63 (7 g, 7.03 mmol) in diethyl ether (70 nL), is

added, at 0C, benzylam ne (BnNH2) (29 nt). After tSFll rri ngtfor 15X{11upgt :az at
0C, and urs at roomtenperature, the reaction m

giol uted wi tvkbg?%{/ﬂbﬁ%%te, and then neutralized with cSlG/ARRH&051783hed

with water, dried (Na2SO4), filtered and*&oncentrated, and purified on

silica gel (ethyl acetate/toluene) to give corrp_ound_64 (5. 86lg). LC-M5 nifz

976. 3 [ (M -RANgPLs %% -patassiurp7hgirogen 28ilfate solutibh} wth water, with saturated

)-2- ot o SoENEARHc, BoRYA TR, BB T areh B Sver o

-z : ) S| _ o eolution of
comound b4 (B L o ik Rt thEhe
presence ofNFYMAVGERPIY a0 Auiobinn &f stice\ass (/2 gyridhexadelethyl andtite pioagive

caesi unmgca ( (3.5 9g) and then, at OC, trichloroacetonitrile
(Ca 3 (%de%éggéh rring for 15 mnutes at 0C, and WO

2011/ 018587PCT/ HRMQIQ&WQ@eI,Af@/EW@%y&@heﬁaﬁ@@ﬂﬁ:l %&et% mtenperature, t P'e |
reaction mxture is filtered and then concentrated. e residue is purifie

on silica gel (1/4 ethyl acetate/toluene + 0.1%triethylamne) to give

[ = : SCHEME 12:
compound 65 (6. bl kG Al H8 oMo M Mino IR, 312 ©
Preparati on of

idopyranosyluronate)-(1—4 )-3-O—benzvl-2-benzvloxvcarbonvlamino—2—deoxv-a-D-

10  glucopyranoside (58)

To a solution of compound 57 (2029, 23 mmol) in a 1/1
tetrahydrofuran/methanol mixture (140 mL) is added, under an inert atmosphere,
[tBu>SnCKHOH)]> (226 mg, 0.79 mmol) prepared according to A. Orita et al,

_ Chem. Eur. J. (2001) 7, 3321. The reaction medium is stirred for 38 hours at
15 35°C. After concentréting, the residue (20.8 g) is used in the following step
without purification.

Rf = 0.23, silica gel, 1/3 v/v cyclohexane/ethyl acetate

Methyl (methyi 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-g-L-

20  idopyranosvluronate)}-(1-4)-3-O-benzyl-2-benzyloxycarbonylamino-6-O-tert-

butyldiphenyisily!-2-deoxy-a-D-glucopyranoside (59)

To a solution of crude compound 58 (23 mmol) in dichloromethane
(190 mL) are added, at 0°C and under an inert atmosphere, triethylamine (8 mL,
57.5mmol), 4-dimethylaminopyridine (1.4g, 11.5 mmol) and fert-
25 butyldiphenyisilyl chloride (12 mL, 46.0 mmol). The reaction medium is stirred for
16 hours at room temperature. The reaction mixture is diluted with
dichloromethane. The organic phase is washed successively with saturated
aqueous sodium chioride solution and then with water, dried over sodium
sulfate, filtered and then evaporated. The residue is purified by flash
30 chromatography on a column of silica gel (2/1 cyclohexane/ethyl acetate) to give
compound 59 (24.4 g).
Rf = 0.42, silica gel, 2/1 v/v cyclohexane/ethyl acetate



MO MO 67 Methyl (methyl 2-0-acetyl-3-0-benzyl 4 0-1evulinoyl-a-L- _
10i dopyr anosyl uronate) - (1->4) - ( 2- azi do- 3- 0- benzyl-6-0-tert-butyl di phenyl sil
yl-2- deox&ya D- gl ucoga/ranosyl) (1->4) - (et hyl

2-0- acet yl - VO BKhYYI8ETi dopyr anosyl uronate) - (1 PCT/FR2010/051702

4) - 3-0-benzyl- 2- benzyl oxycar bonyl am no- 6-43% tertbutyld

phenyl si |l yl - 2-deoxy-a-n-p | ucopyranoside (66) A m xture of the glycosyl

acceptor 59 (8. 8méxhy@(nﬁ&hg@b)acétges 'Olbéﬁiﬁ &EI@yfé}oégiu%naﬁeggjﬁ_@ 3l and
powdered 4 A nol ecular sieves g I chl or omet ha
stirred undde-DERZyr4EE ophleanyldnoinoib{btarf-autyiRiieh enisdlvi-2aiepken-Dd Xt ur e
Is cooled tg,-20C and solution of tert- butyl dinethylsilyl triflate

i n dichl oro ﬁ(w i s added. After 1 hour 20 minutes, the reaction
medi um i s neutr aljigze I tdf0 dggo

2011/ 018587PCT/ FI%120(Z)1%/ %éll!%lgg 4d7f %yﬁ{r o%@r?’ ca? g’k V\?fotern}m?lt)erl ng tHrough
Celite(r¥ aﬁ@lueoﬁ@m"cﬂmn@m 1(215 Lr)dés addedd@deaznmjacetatmtﬁ)ﬁhgogﬁapmmncﬂn a

th /eth ) to give
geggageé]gr)c HZO C lurm édl Ham |s stlrregn}or é& %‘.#u%é’ raqtmraoon(%1 nteemepergtnu?'e) Aﬂerg

concentrating, the residue is purified by flash chromatography on a column of
silica gel (2/1 cyclohexane/ethyl acetate) to give 17.6 g of compound 60.

Rf = 0.40, silica gel, 2/1 v/v cyclohexane/ethyl acetate

10
SCHEME 11: Preparation of the glycoside donor 65
DAc OTBDPS
Me0,C E; :\_ MeO,C % MeQ,C—, OBa o E’O?
LevO/Zy/ oo LevO/ZV B Ny Ohe Levc/%’ B0 NJOAC
AcO
63
OTEDPS OTBOPS
MeD,C—x OBR o 5;0:\" MeQ, G~y OB o 5;0\5
/%’Bno ’ GC(NR)CCI, /Z§7’Bno ’ CH
LevQ 3 LevO ¥
AcO AcO
65 64
15

(Methyl 2-O-acetyi-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyluronate)-

(1-4)-1-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranose (62)

To a solution of 61 (11 g, 13.7 mmol) (prepared according to the method
described by C. Tabeur ef al., Carbohydr. Res., 281 (1996) 253-276) in a 1/1
20 methanol/tetrahydrofuran mixture (80 mL) is added [tBupSnCI(OH)], (0.55 g)
prepared according to A. Orita ef al., Chemn. Eur. J. (2001) 7, 3321. After stirring
at 35°C for 5.5 hours, and then at room temperature for 18 hours, and then
again at 35°C for 4 hours, the reaction mixture is concentrated under vacuum
and then purified by chromatography to give compound 62 (5.97 g).
25 LC-MS m/z780.2 [(M + Na)*]. Tr = 9.14 min



Rf = 0.30, silica gel, 2/1 cycl ohexane/ethyl acetate 5 Met hyl

(met hyl 2-0-acetyl -3-0-benzyl -a-L- |dopyranosyl uronate)-(1--+4)-(2-

azi do- 3- 0- benzyl- 6-0-t ed- but yl di phenyl sil y1-2-deoxy- a- D% ucopyr anosyl ) - (1-
>4) - (et NyP 2011/018587 T/FR2010/051702

2- 0-acetyl - 3- 0- benzyl - a- L-i dopyr anosyl udénat e) - (1- >4) - 3- 0- benzy1- 2-

benzyl ncar bonyl am no- 6-0-tert-butyl di phenyl silyl-2-deoxy-a-D-glucopyranosid
e 10(67) Compound 66 (8.26 g, 4.31 mmtl) is transformed into conpound
67 (6.41 g) according to the sane procedure as that descrl bed for t he

synt hesi s of coff 25Q-acatyl-3-Grbe aomRdte

%(é?}\la; &%g%@acetﬁrf g%r atd Bnbnzv E r}g}}% ?ﬁ&pﬁenﬂsuv?% deoxv—a-—

glucopyranose (63)

S Compound 62 (5.97 g, 7.88 mmol) is dissolved in dichloromethane
(63mL). At 0°C and under argon, 4-dimethylaminopyridine (0.481 g),
triethylamine (2.7 mL), and fert-butyldiphenylsilyl chloride (4 mL) are
successively added. After magnetic stirring for 4 hours, the reaction medium is
diluted with dichloromethane, washed with aqueous 10% potassium hydrogen

10 sulfate solution, with water, dried (Na;SQ,), filtered and concentrated. The
residue obtained is purified on silica (ethyl acetate/heptane) to give compound
63 (7 g). |
LC-MS m/z1018.3 [(M + Na)l. Tr = 12.33 min

15 (Methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyluronate)-

(1—4)-2-azido-3-0-benzyl-6-O-tert-butyldiphenyisilyl-2-deoxy-o,-D-

glucopyranose (64)

To a solution of compound 63 (7 g, 7.03 mmol) in diethyi ether (70 mL), is
added, at 0°C, benzylamine (BnNH2) (29 mL). After stirring for 15 minutes at
20 0°C, and then for 6 hours at room temperature, the reaction mixture is diluted
with ethyl acetate, and then neutralized with cold 1N HCI, washed with water,
dried (NapSQ,), filtered and concentrated, and purified on silica gel (ethyl
acetate/toluene) to give compound 64 (5.86 g).
LC-MS m/z 976.3 [(M + Na)"]. Tr = 27.6/27.8 min
25
{(Methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyluronate)-
(1—4)-2-azido-3-0O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-a,-D-

glucopyranose trichioroacetimidate (65)

To a solution of compound 64 (6.5g, 6.81 mmol) in dichloromethane

30 (140 mL} and in the presence of powdered 4 A molecular sieves (7 g) is added,
under argon, caesium carbonate (CsCOsz) (3.5 g) and then, at 0°C,
trichloroacetonitrile (CCI;CN) (3.4 mL). After stirring for 15 minutes at 0°C, and



WD 20111018587PCT/ FR2010/ 051702 48 Met hyl (et hyl

2- 0-acetyl - 3-0- benzyl - 4- 0-1 evul i noyl - a- Li dopyr anosyl uronat e) - (14) - (2- azi do-
3-0-benzyl -6-0-tert-butyl di phenyl silyl-2-

deoxy- a- n- W&%?;W%%‘é@fl) -(1->4) - (met hyl 2- 0- acet yl - 3- 0-REHERRO /51702

5i dopyranosyl uronate) - (1-4) - (2- azi do- 3- enzyl - 6-0-tert - butyl di phenyl si |yl
-2- deoxy-a-o0-ql ucopyranosyl)-(1->4)-(nethyl

2- 0- acet y| -tBe@-fbe B hdure-dt-rodapinassraiine! Giateictioh rAklurd-i9 fieRdy 'em@_‘tﬁ@ﬁzw 0oX
ycar bonyl am no-6-0-t ert - but vl di phenyl si 'I y1- 2-deoxy- a- D- ducopyr anosi de (68)
A ni xt ure SONcRBirgede dog rasiduspisopuisied pnasiliep gal }0/194 ratbyl) acatate/toldetet ¢ 65

10 (6.73 g, | - ar sieves (4.60 g) in
di chl orone qig%’e”W@%W%T&B@gg?@g)m%aﬁgébgon at nrosphere for 1 hour at
25C. The reacti m-Ms<m¢1i|§_1qgml+eNa}+p F29@1and a 1 M sol ution of

tertbutyldinmethylsilyl triflate in dichloronethane (920 pL) is added. After
1 hour 30 mnutes, the reaction nediumis neutralized by addition of solid

Coact on mod umS e Fa0 e O B BRI The b g c

phase i s washed successively wth aqueous 2% sodi um hydrogesz car bonat e
solution, with water and then drjggdsover sodium gulfateq fdltered and then

evaporated to dryness. The respdug obtai ned"f& rifa hr omat ogr aphy
on a colum of SepWadex(¥) L 90 X 8. 2/ N g 3, OMe
di chl or onet hane/ et ha “of-glshowed \by e Bt Cgr a(f% y on a columm of silica

gel (6/1 tol uene/ ettty agQet at e) toNSQi ve 6.13 g 6 conpound 68. Rf = 0. 46,
silica gel, 4/1 vlv tolﬂa@nelgé hyl acetate WO 2011/§918587PCT/ FR2010/ 051702
49 Met hyl (et hyl

2-0-acetyl-3-0-benzyl -a-L-i dopyranosyl urondit e) 41- >4) - ( Zrepps

azi do- 3- 0- benzyl - 6-0-tert-butyl di phenydspisy1- 2- deoxy-4- qs ql ucopyr anosyl ) -
(1->4)- (nethyl e, p 50 X0 o
2-0-acetyl - 3-0-benzyl -a- L-1 ra af EING o2~ 32| dee 3- 0-
benzyl-6-0-tert-butyldi phepyls 18n9- M °D- ci Jucopyr anosyl ) - (1->4) - (et hy
| 2- 50-acetyl -3-0-benzyl-a- -4 dopyr anosyésur d®at e) - (14) - 3- 0- benzy1- 2-

'

OTBDPS

o}
o Me0,C—, OBn
MeO,C— BN ~ P
2 . 0 o= Bno 2 OMe

O—" Bno W, O

HO } AcO

AcO

67

QOTBDPS

Methyl (methyl 2-O-acetyl-3-0O-benzyl-4-O-levulinoyl-o-L-

10  idopyranosyluronate)-(1—-4)-(2-azido-3-O-benzyl-6-O-teri-butyldiphenylsilyl-2-

deoxy-o-D-glucopyranosyl)-(1—4)-{methyl 2-O-acetyl-3-O-benzyl-o-L -

idopyranosyluronate)-(1—4)-3-0O-benzyl-2-benzyloxycarbonylamino-6-O-teri-

butyldiphenylsityl-2-deoxy-e-D-glucopyranoside (66)

A mixture of the glycosyl acceptor 59 (8.80 g, 9.00 mmol), the imidate 65

15 (6.589g, 6.00 mmol) and powdered 4 A molecular sieves. (450 g) in
dichloromethane (210 mL) is stirred under an argon atmosphere for 1 hour at
25°C. The reaction mixture is cooled to -20°C and a 1 M solution of tert-
butyldimethylsilyl triflate in dichloromethane (900 uL) is added. After 1 hour

20 minutes, the reaction medium is neutralized by addition of solid sodium



benzyl oxycar bonyl am no- 6-0-tert-buWdi phenyl silyl-2-dem a-D- gl ucopyranosi de
(69) Compound 68 (7.14 g, 2.59 mml) is transforned into conpound
69 (6.07 g) according to the sane procedure as that described for the
prepar at i oWQ@RUF/@HHRETund 23. Rf = 0.37, silica gel, 2PCTFR2010/051702

cycl ohexane/ et hyl acetate SCHEME 14: Pregaration of the disaccharide 73
(314-d i -0 benzyl- 2-0-(4-net hoxy) benzyl -6-0-tert-butyld

i met hyl si | jnd yl 1s sl 16z P .

hydr o- 2- azi}l]g((:)hf%T - 8 %gﬁﬁzwg cf)efs)e&y?%@[gglétgr q hcocfo%}'rt%no@sned (QP(SBCe gagn%’olﬂﬁ i on
of conpoundesidug Jshtaingd i82ctronmaibgraptied con ke Gaphatibe® LHIMAGBILINN @Bo x

d1 f ) [ ti 2006/ 021653) i N, N-
gfjx?m fogf?aﬁﬁndg?’t é‘%'oﬁ@glehfa%&'éﬁgga%&ito 9’@?&1%6- Grf-%f&lon”ﬁ?%’é‘ﬁ_,sﬁaen_zyl _broni de
(25 mi) and theRs2yahadtidziodl o/ tjcihlndldieRefitgmaanet | ¢ stirring

met hanol 25 is added (30 nly, the reaction medium1S concentrated under
vacuumoand the WD 2011/018587PCT/ FR2010/ 051702 50 crude reaction product
is diluted with ) then with saturated
aqueous sodi um && B HEONLR) -

concentrat gohy I8y [ e

W t hout pu . op v : 5t
(methyl 2-O-acetyl-3-O-benzyl-¢-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-

benzyloxycarbonylaming-6-O-terf-butyldiphenyisilyl-2-deoxy-a-D-glucopyranoside
10 ~ (67) |

Compound 66 (8.26g, 4.31 mmol) is transformed into compound 67
(6.41 g) according to the same procedure as that described for the synthesis of
compound 23. |
Rf = 0.34, silica gel, 2/1 cyclohexane/ethyl acetate
15 _
SCHEME 13: Preparation of the hexasaccharide 69

OTBDPS

OTBODPS o
:  MeO,C—. PBn
Me0,C— QBN ~_ P
. 0 O0— Bno oy OMe
O—" Bno N O
HO : AcO
OTEDPS
MeO,C~—p OBn °
w0 OC(NH)CCI,
O EnO N
LevD 3
AcO 65 OTBDPS
OTBDPS o
OTBDPS _ o Me0,C—, ©OBn
OBn o]
O MeO,C ~
MeO,C— OBN L P J7 Eno N OMe
% 0 O—" Bno N, O
BnO N Q 3 AcO
LevQO 3 AcO
Acch 68
OTBDPS
OTBDPS o
OTBDPS oMeC.C 08n
0 MeQ,C POBn ~ o
MeO,C-— OBN N o O~ Bno sy OMe .
5 0 O—" BnO v, O
BrO . O : AcO

AcC
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(2-0-acetyl-3,4-d i-0O benzyl-6-0-ted-butyld inethylsilyl-a-Lidopyranosyl) -
(1-4)-1,6-an hyd ro-2-azido-3-0-benzyl-2-deoxy43-o0-di ucopyranose (71) To a
solution of crude conmpound 70 (38.6 g) in dichloronmethane (1.6 L) 10 are
added wat eWB20H11/018587 t hen, at 0C, DDQ (14.2 g). AfterP%TIFR20W0$‘Hi024
hours 45 mnutes at 0C, the nediumis di4gited wth dichl oronethane and
aqueous sodi um hydrogen carbonate solution is added. The organic phase is
t hen washed with water, dried (Na2SO4), filtered and concentrated. The
conmpound obt ai ned |s used in the followng step without purification. 15
etbyll (re Qtbenrdrdeelehaliovi-850 nl), and then

) . NOJ ) ., .and.acetic anhydride
(60 I’T'L) ar e -'.-'-v C HE : 3 u 8 .'r B II 21-18 then

for 1 hour , xture is dlluted
e gt UGS 15,

pot assi Bm Z%L@m%ammtém%ﬂqmﬁzuws - O eRizyl- @@térflsu@%cﬁ@@%mn@e I's
then drled thSCﬂ filtered and concegtra%gd e resrdu€e o arned is

LCGMS rniz,
2-0-acet yl 18 2/earboNy

ro-2-azido 156 72) To a sol ution of -
conpound 7 is added, at 0C, a

sol ution of Cr 03 friktube o tHenglgoossd ascSptor WI'(ZSQ‘l (4.09ramolAtlie imitkgd 86i cal
stlrrlaafor ho\%s at 0 thereactlonmemmls diluted with 30

di chl ofBnet@d) dhaamp: nangt eewdriad Hhedt r@plecylar sivest K468} gahi e
phase is dfd.ﬁﬂo@éiﬁ%ﬁ@ﬂé g(2ﬁ§'nH|5fE R EHHEFBW@IQBPI at?i{;%pﬁi%@?&“ﬁ’ Rkaned

is used int oW n ep ‘wthout purrfica
2011/ 0185872BCT/ FRED T8abicty 0dixtate is coolddhetor 620°®Jendbaa1 e dsolatioh ssokered i n

R I N P e B S A g A i%t%ém""”"
termeratur%ofrﬂrnu%@% Y Sead AR gﬁmrﬁe %hfrahﬁgj d:vaﬁua%oTé}q sdc due

is diluted with e cetate wat er ur at ed

aqueoud5sodiydrogen cadbdratte. Fdtent filtningwihirought (Iem‘e@d the uetion agliedinmg hisor i de
solution, apd then drie 2SM4), filtered and concentrated. The conpound
obt ai ned iml:l'seég witht r?écci?é'qﬂwuﬁwge s{&p0 %houheplﬂ@%'@atﬂh@ﬁe liE- washed

707.3 [ (M $,bEBRdiven Rith 2Quebud™9% sodium hydrogen carbonate solution, with water

and then dried over sodium sulfate, filtered and then evaporated to dryness. The

residue obtained is purified by chromatography on a column of Sephadex® LH20
20 (190 x 3.2 cm, 1/1 dichloromethane/ethanol) followed by chromatography on a
column of silica gel (6/1 toluene/ethyl acetate) to give 6.13 g of compound 68.
| Rf = 0.48, silica gel, 4/1 v/v toluene/ethyl acetate



10 (Met hyl

2-0-acetyl -3, 4-di - O-benzyl - a-L-i dopvranosyl uronate)-(1->4)-1, 6-di O acetvl-2
-azi do- 3- OHR’E%@I 2-deoxy-a, 13- D- gl ucopvranose (73) The crude residue
obt ai ned i %1’93%@3?19 step is dissolved in acetic arffytiFRae1q/eF17021)
and trifluoroacetic acid (TFA) (17.7 nL)49s then added. The 15 reaction

m xture is stirred for 16 hours, and is then concentrated, co-evaporated

Wi th toluene, andeth r'nﬁém | DD-§hetl F@-Cﬂ@bnﬁ ;acL-
gi ve conpound 73 (17. ; -

20SCHEMVE 1@WZM%M_MWSIMbMeoW—a—Mﬂucopvranosvl) (154)-
2011/ 018587P AF 10/ 05170 , (I\/bt hyI

2- 0- acet y| ABEANYiz-Gracatyios-ChDenZviar il QRWAIOSYINFRR LS L}t2-3

Sgleh%/: oﬁ gzdeﬁiﬁ i S Qlucopy E n<ost5 (1—4)- (mec{h\?l 2-

met hanob/ t edaah chblﬁefhlz P&Jﬁllél'é réﬁ@s bnbﬁa ‘1'0' :% H(OH) ]2 (0.25 g,
5 0.88 mol prepared accordi ng r. J. (2001) 7,
3321. Aft ermmwmwmmphenvlmﬂﬂedem d-begluemntranoside xt ur e

S concentre%gd under vacuum and then purified by chromatography to give
conpound 74{ 89 g). LGCMsS mz 772.4 [(M+ Na)l. TR = 10.23 nmin 10

Met hyl 2-0- | L+ - 1.04-
ooty -2 az) Sﬁe?‘*é“%%‘ﬁ‘z"y“l o B R 2Rer oD ReNenKlaBash i conadynd e

ucodyr anosé6.07%)) @mopdingdo the (San8H prpcetiudd asnthia) dBSCrtbeIBfnir\th préparation

di chl OHBnEo Eci:gn('anpound 23.

Rf = 0.37, silica gel, 2/1 viv cyclohexane/ethyl acetate

SCHEME 14: Preparation of the disaccharide 73

NZI
OBn
tBDMSO — iBDMSO tBDMSO o 0
'BnO BnG o o
OB
PMBO PMBO AcO
le
A
QAc N,
MeO,C—n OB0 é ;OE MeO,C—n OB
o]
. -—————— C
0—" 300 L ORe BhD o7 o
BnO 3 OE
AcO AcO
73 72

15

(3.4-di-O-benzyl-2-O-(4-methoxy)benzyl-6-O-tert-butyldimethylsilyl-g-L-
idopyranosyl)-(1—4)-1,6-anhydro-2-azido-3-O-benzyl-2-deoxy-8-D-

20  glucopyranose (70)

To a solution of compound 44 (32.3 g, 42.2 mmol) (described in the

preparation of compound 108 of patent application WO 2006/021653) in N,N-
dimethylformamide (210 mL) is added, at 0°C and under argon, benzy! bromide

(25 mL} and then 55% NaH (3 g). After 20 minutes of magnetic stirring, methanol

25 is added (30 mL), the reaction medium is concentrated under vacuum, and the



15 (31 nL). At OC and under argon, triethylamne (1.3 nl),

4-di met hyl am nopyridine (0.235 g) and tert-butyl di phenylsilyl chloride (2
m.) are successively added. After magnetic stirring for 3 hours, the
reaction meMOLRY1HOUBI8L ed with di chi or onet hane, washed RGET/RRaQMARST020%
pot assi um hydrogen sul fate solution, w t3) water, dried (Na2SQ4), filtered
and concentrated. The 20resi due obtained is puri fied on silica (ethyl

acig a& 8/ Cy(dr@djl\itxmh iont grodu¥teis RS ath Erhyl acktaty; waShd withzwdfet @nd tiw(aM TR
= mn

2-0- acet y| -vdt saturﬁeseﬂqwow sodiggpghlonideysaluiiomt djeq (NaAO2; fittered and

25azi do- 3- Qs t 13- Dol uc r.anose
(o - pneamtdel; Pnk et ot RO T b)) bBa Y b Hem W

et her (35 rmlurificatiadded, at OC, benzylami ne (BnNH2) (14.5 nlL). After

stirring for 8 hau roomterrperature the reaction mxture is placed at
-18C foP 16 hou R@nﬁ’/%ﬁéﬁ 78[&% NHe} | T /= A8 6™ r oom tenperature. The
mediumis then diluted with ethyl 30 acetate, and then neutralized with
cold 1IN HCQ, washed with water, dried (Na2SO4), filtered and concentrated,
and purified on{ZiQ-acetyh8|4-(i 76

(3.83 g). WD 2011/018587PCT/ FR20101051702 53 LC-M5 Mz 96 H4) ] .
TR = 12. 37 (1A)dh6-@nhvdro-2-azidawdtOrpenzyl-2-deoxy-p- p-glucopyranose (71)

zzﬁgoagez)ylbeﬁzsn% 8 ?@W%L%Idg %ﬁﬁ%@aﬁﬁgﬁé%&%@d&%ﬁg’h é‘qr\?c%'?rlanose

5tri chhor oagetaddedainater (80 mL) and TRed &0l09Ei DS (FREPGY wgﬁsﬁﬁmgf?gﬂ
3.16 mmol) |n di chl or onet hane (60 nmL) and in the presence of powde

nol ecul ar < ks 43 rainutase ahdd th@tmed]um@rdlia wnthcd@blqmmemmand

Stirring 1 oesgls ARl rode BafBafRhe SHilbb' sTaddesl. (i ol Robserisr g

at -18C forthdrb wastied withl Waesr, naget (N2,SU,Y, " fiterddorarl Nncenfhtdd0The
tenperature, storing at -18C for 16 hours, and fi nal Iy magnetic stirring

for 1 hour CRMRACYHRH ADIApErds used in e follawingsiepmitheptpiidfigationer ed and t hen
ted. T f
coetat &y eyel ohey eI aRERL e i dLABdbtang (R0 anggngy

triethylamine (13 mL), 4-dimethylaminopyridine (2 g), and acetic anhydride

(60 mL) are added. After magnetic stirring for 10 minutes at 0°C, and then for

1 hour 45 minutes at room temperature, the reaction mixture is diluted with

dichloromethane, and then washed successively with aqueous 10% potassium

20  hydrogen sulfate solution, water, and the organic phase is then dried (Na,S0Qy),

fitered and concentrated. The residue obtained is purified on silica (ethyl
acetate/cyclohexane) to give compound 71 (26.8 g).
LC-MS m/z 798.3 [(M + Na)']. Tk = 12.97 min

25 (Methyl 2-O-acetyl-3,4-di-O-benzyl-o-L-idopyranosyluronate)-(1—4)-1,6-

anhydro-2-azido-3-O-benzyl-2-deoxy-B-D-glucopyranose (72)

To a solution of compound 71 (26.3 g, 33.9 mmol) in acetone (1.4 L) is

added, at 0°C, a solution of CrOz (10.5 g) in aqueous 3.5 M HySO, (47 mL).

After mechanical stirring for 4 hours at 0°C, the reaction medium is diluted with

30 dichloromethane, washed with water until neutral, and then the organic phase is

dried (Na,S0Q,), filtered and concentrated. The compound obtained is used in the
following step without purification. |



15LC-M5 mz 1113.4 [(M+ Na)]. TR = 14.58 nin WO

20111018587PCT/ FR2010/ 051702 54 SCHEME 16: Preparation of the

oct asacchari de 79 5Met hyl (et hyl

2-0- acet y| Y¥O2041/ Qf@'fz/yl -a- L-i dopyranosyl uronat e) - (1 PCT/FR2010/051702
4) - (2-azi do-3-0-benzyl-6-0-tert-butyld p@Henyl silyl-2-deoxy-a-o-

| ucorwr anosyl ) - (1->4)-1. (nnet hyl

2- 0- acet yl - 3- 0- Whbzydsidure- obthmidy a8 EEOW N H WN-dlmeth formamide (21
(1->4) - (2- azi do- 3- Q- benzy1-6-0-tert-butyl di pheny y1- -3ren5x?/ (a gor?L)éopyra

nosyl ) - ( 14PDE-Ratassiym iydeogere cgrbopate ¢ ng)ymn@nLethnOodlde (21 mL) are added.

d | b 6- t but
i Sheny! o1 o1 FERYEN. X & RuEH IR ABRPRRRE B0 BOUR a0 dhetosy
~acceptor 690(|Gelﬁfhtgd uhda? vaeolih, Thbereemﬁaﬂsedlmed ﬁntﬁGetEyl éceﬂgte”m)?&i)thé‘ﬁ‘d

powdergéj Iec | ar sieves (1. 48@3 I n di chl or onet hane
stirre un&@s ity omater, n’d/étbh%ﬁtéreft %U@@UE sedigm tmwnlfaéerm}{latm‘r ewitiThe

reaction | €
tort-but y{'é%‘ﬁnfé?%% %ﬁﬁ?&ﬂ s Sodif] EEaR sdhor AR HlerRa€d (NeySPy). ilteser
After 2 hoand mcenmamds Thbhmnnpmmd ohtam isnedert inetibriallowing d¥p adghiduk on of
solid sodiy punfcation
LC-MS m/z 707.3 [(M + NH4)"]. Tk = 10.37 min
10

(Methyl 2-O-acetyl-3.4-di-O-benzyl-o-L-idopyranosyluronate)-(1—4)-1.6-di-

O-acetyl-2-azido-3-O-benzyl-2-deoxy-a.B-D-glucopyranose (73)

The crude residue obtained in the preceding step is dissolved in acetic
anhydride (177 mL), and triflucroacetic acid (TFA) (17.7 mL) is then added. The
15 reaction mixture is stirred for 16 hours, and is then concentrated, co-evaporated
with toluene, and purified on silica gel (cyclohexane/ethyi acetate), to give
compound 73 (17.4g).
LC-MS nm/z 809.3 [(M + NH4)*]. Tr = 10.81 min

20 SCHEME 15: Preparation of the glycosyl donor 77

CTBDPS
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Me0,C Me0,C Me0,C—, OBn 0
ano - —_— ) °
Bn0 OAc BnO
Brd) N, B v, OAc
AcO
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WD 2011/ 018587PCT/ FR2010/ 051702 55 hydrogen carbonate. After filtering
through Celite(r), the reaction nediumis diluted with dichl oronethane (400
m.). The organi c phase is washed successively wth agueous 2% sodi um
hydrogen ¢ Q)a&'!ﬁ%%ﬁihon with water and then dried RGEHFB2MUBSEORS at e,
filtered and then evapor at ed to dryness.52The 5 residue obtained is purified
by chromat ography on a col um of Sephadex(r) LH20 (190 Xx 3.2 cm 1/1

di chl or onet hane/(gidaa Q. \ |I|ca
gel (4/1 cyclohéxanerert J4-0 3"
0. 30, sili cretdi2- aﬂda—%@diaimkamvmvﬂ) qamb&taloke (way hyI (rret hyl 3
4-di - O benzyl - -_IL-ldopyranosyI ur onat e) é ->4)-(2-

3- 0- benzyl - 6- 0- tié} t 2p FAHIPhehy$ANPYYD J@ox@%’igqﬁt@colﬁwf%{hoﬁyl A (W1>4) -

| t hyl 6- 0-
LT b e ERENe iGN, BB rendl Pl (ddled fegbieyeafiotoa6'
3- 0- benbyl -085 nambl);b Fimpyiiemzag@thrdmlg to A. Otrjlta et al., Chem. EgrtJ (t2(t))0‘\l/3y (Tj 3321.

t 3-.0:- ben oxycar.bo m i no- er.t bu
f‘;ﬂ‘éni?suﬁ% §hging. 2 %tqpm tem%%a ss.f%re%gyours theﬂ?a&tlgm mixtgre ois
compound 7&uéeARald ‘anééﬁ \JEEBP I dh tRér %ﬂi&f%}g‘%ﬁﬂgﬂ%ﬁ%ﬂ@p% ggture

(187 mL.) containing 3 A nol ecular sieves an¥argon
at nospher e compandidg (283 gM sol uti on of 20 sodi um net hoxi de i n net hanol

(99.7 pL). After r at the reaction nmediumis
neutral i zed witH %Tvﬁ@gﬁ [ﬂﬁzﬂ&i@% 1%@611' BiMfiltering and
concengpating, the residue is chromatographed on a colum of Sephadex(r)
LH20 (120 x 3 cm 1/1 dichl oronet hane/ et hanol) foll owed by flash

chr omat ogr aphy dhlethyd dl-ﬂmeNI-MJdn-Cabgmw-@mmyoﬁvmﬁyéﬁmrmébhb%amemet hyl 25

acetate) to give 1.80 _g_of coppound 79, Rf = 0 38 S|I|ca gel 3/1 viv
cycl ohexan@é{ﬂﬁ_ﬁéﬁaﬁ Q&en@. -oi-tari-hutvidinhenvisib2cdan = B agucap

(75)

Compound 74 (2.89g, 3.86 mmol) is dissolved in dichloromethane
15 (31mL). At 0°C and under  argon, triethylamine (1.3 mL),
4-dimethylaminopyridine (0.235 g) and fert-butyldiphenylsilyl chloride (2 mL) are
successively added. After magnetic stirring for 3 hours, the reaction medium is
diluted with dichloromethane, washed with aqueous 10% potassium hydrogen
sulfate solution, with water, dried (Na,SQ,), filtered and concentrated. The
20 residue obtained is purified on silica (ethyl acetate/cyclohexane)} to give
compound 75 (3.4 g).
LC-MS m/z 1010.6 [(M + Na)']. Tr = 13.10 min

(Methyl 2-O-acetyl-3.4-di-O-benzyl-o-L-idopyranosyluronate)-(1—4)-2-

25  azido-3-O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-g¢. B-D-glucopyranose (76)
To a solution of compound 75 (3.44 g, 3.48 mmol} in diethyl ether (35 mL)
is added, at 0°C, benzylamine (BnNH2) (14.5 mL). After stirring for 8 hours at

room temperature, the reaction mixture is placed at -18°C for 16 hours, and then

again for 2.5 hours at room temperature. The medium is then diluted with ethyl
30 acetate, and then neutralized with cold 1N HCI, washed with water, dried
(NaxSQy), filtered and concentrated, and purified on silica gel (ethyl

acetate/cyclohexane 15/85) to give 76 (3.83 g).



SCHEME 17: Preparation of the octasaccharides 80, 81, 82, 83, 84, 85, 86
~and 87 WD 2011/018587PCT/ FR2010/ 051702 57 Met hyl (et hyl
3,4-di-O benzyl -a-L-ido yranosyluronate) (14)-(2-azi do-
3- 0- benzy 1 WO02QEW@18RRYy | di pheny! si | y1- 2- deoxy- a- o- ci | uESTYRRAIHRFIT0L- >4) -
J( et hyl 53
3-0- benzyl -a-L-i dopyranosyl uronate)-(1->4)-(2-azi do-3-0-benzyl- 6-0-
gegt bbut y: di gheM-msJ Witz 8636y ~aNR; X]. Tycong amagy?) minl4) 121( met hyl

enzyl -
a-L- |dopyranosyluronate) (14) 3 0- benzyl 24( (benzyl m) car bonyl | am nol - 2-

| .

3,4-di -

y Gopy! crESEt <) SR
3- 0- benzy 1 s6iddy- B@-beh%ﬁléd @-ﬂéﬂ%mylﬁidhﬁéﬁy% Iﬂ%éo& )E,]%;‘Qﬁfb_%gy AMRgl ) - (14) -
(et hyl 3-0-benzyl-a-L-1dopyfanosyluronate) - > -azi do-3-0-benzyl - 6- 0-
10t ert - Dut ﬂﬂWM(W}deoxy a- D- ol ucopyr anosyl ) - (1->4) - (net hyl
3- 0- benzyl -

Li dopyr anosyl ur dRaf 52l¢ton. 2§ cemneung o7& (3-99:Gh, 9 L6 mirelk i Lighigiomebaranosy !
) - (1->4) - (BBl amt B th@rﬁ'ébeﬁcé—of g&wér@a%w Mb@&@ia@)s.é\ée >¢>8c,1)3ar% Q@chv 1-2-

i libenzyl oxy)carbonyl | am nol -2-deo a- D-ci | ucopyranosi
(met hyl 3, 4tdi0CO btmipyl apgan,i dxasymmosm‘hmmtmt (—,@SQQQ?M)(:'I(BZ @ki aod then

3cgp$regfl)c/); 6§hq%|%9%rgtﬁgob %L&ﬂ@&ﬁln%sd mlL)flA%érd & lz(r%_gafo?ﬁ minutes at 0°C, for
3- 0- bengy! 7ehdurs dRRBOANRIYPAERIEL §f)or|ﬁé -at4) 8LG 187 16 hodnd)- A B¥ek Atagnetic
deoxy- a- o- ci | ucopyr anosy!l )-(14)-( hyl

3- 0- benzyl s#rring mﬁMgg;:rmmﬁgmgprature storing at -18°C for 16 hours, and finally

ooyl ) 1) SRR AR B B Fert b RUGE b8 regon e & glerdor

f/gt)ﬁnlzv(l 2£af11|d( ig1Z Yoprh B atgeoNYhé aiidiel i - slafied anDsficHcaay (8585 &ny82)
Yy e

3, 4-di - ob@ﬁ@tﬂte@y@ohe@wa@o%"{ﬂtuetbwan@peIM)wez:omm17@e@&gi 2- deoxy- a-

:[3} 8| Egﬁ%[ agoi?/ gp@g)ﬁéw‘ﬁ%&% g)N?)l] Tﬁ‘) 855:?2']“5}) 3-0-benzyl- 2-deoxy-a-D-o

| ucopyranosyl)- (1 ->4)12-(nethyl
3- 0- benzyl - a- L-i dopyr anosyl uronat e) - ( 1- >4) - 3- 0- benzy1- 2-
f1ibenzyl oxy)carbonyl | am nol-2-deoxy-a-D-cil ucopyranosi de (87)




To a solution of conmpound 79 (373 ng, 0.11 nmol) in nethanol (14 nmL) is
added ammoni um fluoride (324 ng, 8.74 nmol). After stirring for 20 hours at
roomtenperature, the reaction mxture is deposited on a colum of
Sephadex(r @89 1464858720 x 3 cm 1/1 v/v di chl or omet haRETER?ANBICE1TER | owed
by flash 30 chromatography on a colum &4 silica gel (1/0->7/3 v/v

t ol uene/ acetone) to give successively: WO 2011/018587PCTI FR2010/ 051702 58
- Conpound 80 (S8HEMB)16: ﬁgparataono@tr@octéséctmruelm 65/ 35 v/v

t ol uene/ acet one - Conpound 81(44.4 np) = 0.53, silica
gel, 65/35 v/v toluene/acetone 5- Conpound 82,£37. 7 ng) TLC OTRIPS = 0. 45,

silica gel, 65/35 v/v tol uene/ asetone - A m tngeo 3 and of
conmpound 84 (54.0 OEA m X ureMeo, a6 (48.3
nmg) - Conpound 87 *A%é\ b%%? 65/3*5I v/v

re rretrh

t ol uene/ acet one
3, 4-di - O benzyl - a- L |d yranosyl urona’%‘“'%) -§944) - (2-azi do3- 0- benzyl- 2- deoxy- a-
D gl ucopyranosyl ) - (1-44) - ( et hyl
3- 0- benzyl - a- Li dopyr anosyl ur ofate) - (1- 4) - (|2- azi do- 3- 0- benzy1l-6-0-tert - butyl
d i phenylsi lyl-woec ,S?ew

BnO OCNH)CCL,

BnC
OTBDPS
OTBDPS
OTBDPS

oMe0,C
: OTEDPS 0 MeDC
o MeO,C BnO Me
MeO,C— BN B . BnO
I
/@ BnO

Bn0
AcO
l OTBDPS
OTBDPS
OTBDPS o MeQ,C
OTBDPS o MeO,C
Me0,C— QBN /ZS7/ BnO
BnC
&/ BnO
BnQ
5 Methyl (methyl 2-Q-acetyl-3.4-di-O-benzyl-a-L-idopyranosyluronate)}-

(1—4)-(2-azido-3-0O-benzyl-6-O-tert-butyldiphenyisilyl-2-deoxy-o-b-

giucopyranosyl)-(1—4)-[(methyl 2-O-acetyl-3-O-benzyl-o-L-idopyranosyluronate)-
(1—-4)-(2-azido-3-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-a-D-
glucopyranosyl)-(1—4)]2-(methyl 2-O-acetyl-3-O-benzyl-o-L-

10  idopyranosyluronate)-(1—4)-3-O-benzyl-2-benzyloxycarbonylamino-6-O-fert-

butyldiphenyisilyl-2-deoxy-¢-D-glucopyranoside (78)

A mixture of the glycosyl acceptor 69 (3.50 g, 1.32 mmol), the imidate 77

(2169, 1.98 mmol) and powdered 4 A molecular sieves (1.48 g) in
dichloromethane (69 mL) is stirred under an argon atmosphere for 1 hour at

15 room temperature. The reaction mixture is cooled to -20°C and a 1 M solution of
tert-butyldimethylsilyl triflate in dichloromethane (297 L) is added. After 2 hours

30 minutes, the reaction medium is neutralized by addition of solid sodium



15deoxy- a- D- ol ucopyr anosyl ) - (1->4) - (et hyl

3-0- benzyl -a-L-i dopyranosyl uronate)- (1

4) - (2-azi do- 3-0-benzyl-6-0-tert-butyldi p henylsilyl-2-deoxy-a-D ol
ucopyr anosMP-ZQ1’HQ1§5§7rret hyl PCT/FR2010/051702
3-0-benzyl - a- L-i dopyr anosyl uronate) - (1- 45 3- 0-

benzyl-2-ff (benzyl oxy) car bonyl | am nol - 2- deoxy- a- D- ol ucopyr anosi de (83)

Met hyl  (metiy n 0 s on ) ( 2
203- 0- benz H}bﬂrq -rfedrélrbcg%ua?%l ﬁ?ﬁﬁﬁgﬂﬁrwl SE}'.}L% e%é@{éa @% r&%éﬁ%? arﬁgggn?% 14) -
1( met hyl -d)lutmhzwlth a-dishlaopethans y (40®mdi) e) Td 4 prdahiaz iplas@- @8 bevazhdd 2-

gegxﬁeﬁza osgjutéog%\segnos‘ry%%@ 1411§{o§oélun¥| hydrogen carbonate solution, with water
(1->4) - 3- O- Rk o@i%a(c%mbm)sﬁ%@og rlgaradmbn?e@ggpa%g% Qrﬂwe'ss“?'ﬁgy

noside (84) 25The m xture of conpounds 83 and 8 'S purlfle
flash céromasidgeabtgined isspurdfiediy ohrosnatogeaphelon 4 @61dnr8652phadex® LH20

o Y0 T B GRS ) ot By Frsetogonsi 5
fied
B8 Bt S ahon 4T 48 g

TLC. Rf = (F8l3, silica gel 85/ 15 v/ v toluene/ nethanol 59 Methyl (net hyi

SRRl el e ARG, 0 boney) -1

|dopyremosyl uronat e) (1-44)-(2-azido-3 benzyl 6 O-tert-butyl di phenvlsliV

Methyi (methyl 3,4-di-O-benzyl-a-L-idopyrangsyluronate)-(1—4)-(2-azido-

3-0-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyi)-(1->4)-

[{methyl 3-O-benzyl-a-L-idopyranosyiuronate)-(1—4)-(2-azido-3-O-benzyl-6-0-

fert-butyldiphenyisilyl-2-deoxy-a-p-glucopyranosyl)-(1—=4)>-(methyt 3-O-benzyl-

15  o-L-idopyranosyluronate}-(1—4)-3-O-benzyl-2-benzyloxycarbonylamino-6-O-tert-

butyldiphenylsilyl-2-deoxy-o-D-glucopyranoside (79)

To a solution of compound 78 (2.23g, 0.623 mmol) in a 2/3
dichloromethane/methanol mixture (187 mL) containing 3 A molecular sieves
(78 mg} is added, under an argon atmosphere and at 0°C, a 1 M solution of
20 sodium methoxide in methanol (99.7 yL). After 24 hours at room temperature,
the reaction medium is neutralized with Dowex AG 50 WX4 H" resin. After
filtering and concentrating, the residue is chromatographed on a column of
Sephadex® LH20 (120 x 3 ecm, 1/1 dichloromethane/ethanol) followed by flash
chromatography on a column of silica gel (100/0—66/34 cyclohexane/ethyl
25 acetate) to give 1.80 g of compound 79.
Rf = 0.38, silica gel, 3/1 v/v cyclohexane/ethyl acetate



5deoxy-a- o-ci | ucopyranosvl) - (1->4)-(nethyl
3-0- benzyl - a-L-i dopyranosyl uronate) -

(14) - (2 azi do- 3- 0- benzv1- 2- deww a- D-uncopyranOSyI) (1-4)- t hyl 3-0-
benzyl - a- LWQZMALHSSBTur onat e) - (1- >4) - 3- 0- benzyl - 2-f | (Bﬁﬂi i?fpéé?(!?onvnam
ino}-2-deoxy-a-D—qIucopvran05|de (85) 56 Met hyl (et hyl

3,4-di - O benzyl -a-L-i dopyranosvl uronate)-(1-4)-(2-azidol0

3- 0- benzy1- 2- desEHEME-1H: Yo afaamsaflﬂme(éc@éacchaﬁaéylao?»aq b2n33| 84; bs,

i dopyr anos |LH(NE¥EQ (1->4) - (2- azi do- 3- 0- benzy1- 2- deo) (y- a- o- gl ucopyr an05v|
)- (1->4)-

3-0- benzvl - a- Li dopyr anosvl uronat e) - (1--34) - (2- azi do- 3- 0- benzyl-

6-0-tert-butyl di phenylsilyl-2-deoxv- 2a-0- alucodyr mesy| ) - (1- >4) EBDthyI 3-0-
benzyl - a- L- i dopyr anosydmassonat e) - ( 1-2: 3:0- @3nzy§-£%f%q Az r bonO-
15 am no} - 2- den&g D- c@p TS choTophottads 85
and 86 (13%° o raphy oh’a gblum of C18
silica gel g 50T SumPlre 5 pm 15@axHQQ mm 9/1 acetonitrile/water +

_ 0.1@6trif|uoro etic acid) to gi ve succ SS|ver

(32.6 ng), after size exclusion cthﬁgg graphy 2 OT
3cm 1/1 viv dlchlor hane/ et ha oIaMe %"{ﬁﬁgégf\
node: theopsti na W d6q Bn

- Conpound 8| % t $poe e mPu5| n chronafography (Sephadex(r)

LH20, 120 %3 c 1/1 v/v di efil or onet hase/ ét hanol ) 25Mass: "ESI" net hod,
negati ve node: "heoretical mass = 2698. gﬁ experlnental nass: 2698 95 1.05
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OSO, LI OsO, Li OSO, Na 5 Met hyl (et hyl
3,4-di - O benzyl-2-0-triethyl anmoni um

sul f onat o- W@ngqu@ggyl uronate) - (1- 34) - (2- azi do- 3- 0- bep@yErBofab8iFglut V!
di phenyl si | y1-2-
deoxy- a- o- gi ucopyranosyl ) - (14) - (net hyl 3- %7benzy1 2-0-triethylammon i um su

t L-id opyranosyl u raonate 1
|4; O?g ngido {3 0- 5 methyl = bl l-a-L-idopyranosyluronate)-(1—4)-(2-azido-

10di phenyl s ly e 650 00 e AR iR ARYIAN S UL d - A DL SIS v Santy PENY. L~ 27 O

[(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-6-O-

tert-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl}-(1—4)-{methyl 3-O-benzyl-

5  o-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-{[{benzyloxy)carbonyllamino}-2-

deoxy-u-D-glucopyranoside (80)

Methyl (methyl 3.4-di-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-

3-0-benzyl-6-O-tert-butyldiphenyisilyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-

(methy! 3-O-benzyl-o-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-6-0-

10 fert-butyldiphenylsilyl-2-deoxy-g-D-glucopyranosyl)-{1—4)-(methyl 3-O-benzyl-a-

L-idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-o-D-glucopyranosyl}-

(1—4)-(methyl 3-O-benzyi-e-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-

{I(benzyloxy)carbonyllamino}-2-deoxy-e-D-glucopyranoside (81)

Methyl (methyl 3,4-di-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-

15 3-O-benzyl-6-O-fert-butyldiphenylsilyl-2-deoxy-o-D-glucopyranosyl)-(1—4)-

(methyl 3-O-benzyl-o-L-idopyranosyluronate)-(1-—4)-(2-azido-3-O-benzyl-2-

deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-o-L-idopyranosyluronate)-
(1—4)-(2-azido-3-0-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-g-D-

glucopyranosyh-(1—4)-(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-3-O-

20  benzyl-2-{I(benzyloxy)carbonyllamino}-2-deoxy-o-D-glucopyranoside (82)

Methyl {methvi 3,4—di-O-benzvl-a—Lfidopvranosvluronate)—( 1—4)-(2-azido-

3-0-benzyl-2-deoxy-u-D-glucopyranosyl)}-{1—4)-[(methyl 3-O-benzyl-g-1 -

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-o-D-glucopyranosyl)-

(1=4)-(methyl 3-O-benzyl-g-L-idopyranosyluronate)-(1—-4)-3-O-benzyl-2-

25  {[(benzyloxy)carbonyllamino}-2-deoxy-o-D-glucopyranoside (87)

To a solution of compound 79 (373 mg, 0.11 mmol) in methanol (14 mL)
is added ammonium fluoride (324 mg, 8.74 mmol). After stirring for 20 hours at
room temperature, the reaction mixture is deposited on a column of Sephadex®
LH20 gel (120 x 3 cm, 1/1 v/v dichloromethane/ethanol) followed by flash

30  chromatography on a column of silica gel (1/0—7/3 v/v toluene/acetone) to give
successively:



tri et hyl ammoni unsul f onat o- a- L-i dopyr anosyl uronat e) - (1->4) - ( 2- azi do- 3- 0-
benzyl- 2- deoxy-6-0-tri et hyl anmoni unsul f onat o- a- p- ol ucopyr anosyl ) - (1->4) -
(met hyl 3-0-benzyl-2-0-triethylamoni um sul fonat o- a-L-i dopyr anosyl uronat e) -

WO 2011/ 01¥8@72U/61898 1051702 61 PCT/FR2010/051702
(1)-3-0-benzyl-2-{((benzyl oxy)carbonyl | &8 i no}- 2- deoxy- 6- 0-
tri et hyl ammoni um sul f onat o- a- o- ducopyr anosi de (88) Compound 81 (69

ng, 23.5 pnol) i_@dm@ajr@g@(g,g)_gqﬁ to the sanme procedure as that described
for the preparation of conpound 28 to give 5 conpound 88 (85.1 ng) after
si ze excl usi on cHL&MRIG0-8phyiliceagph 8883 vy tolueoe/atetone 3 cm 1/1 v/v

di chl or onet hane/ ol TLC. Rf = 0.62, silica gel, 17/9/2.2/5
viv/ivliv ethyl ae?"?ﬁ@?‘ﬁiﬂr%ﬁ%ﬂ@[ ic acid/ water. 10Met hyl (nethyl

3, 4-di - O benzyl- 1 @ ®m0MBRMRificH HeN8bBHv/ktoluene/acetone

| dopyr anosyl uronate)-(1-4)-(2-azido-3-0-benzyl-2-deoxy-a-D gl ucopyranosyl) -

(14) - (net hyl 3- 6-Unenpeund82)(3hhvrglum sul f onat o- a- L- i dopyr anosyl ur onat e) -

1->4) - ( 2- azi do- 3, O banzy 3 2-. o Nl 11- (1->4) - (methyl 3-0-
benay- 2 0. armoni b BT GA%: SIEA 0% RS SSDFIRBRBIDE (12 24)  (5-ar) do-3-0-
15 benzyl- 2- deoxy @ifuBrtmpBund §PBAH &f 2oRpdure BAYBEANPRY)) - (1->4) - (et hyl
3- 0-benzyl- 2-0-ammoni um

sul f onat o- a- L- i dépybduressflapmprang) 8§ aay -of compenng B6 (48.3 mg)

2-{li benzyl oxy) cakbonynam = 2- depxy- 6- 0- ammoni um '
sui{fonat oya- D)cql) u‘i‘éﬂ@’PéHBg}aggh?édngo a sol ution of conpound 88 (85.1 ny
21.1 ppol) in netrhengr (@14, §lida é% Btglw'm%lﬁgﬁ%béfanfe' uoride (31.3 nm,

0.846 mml ). After 48 hours at 5 he reaction mxture is deposited on a
colum of Sephadex(r) LH20 gel (95 x 2 cm) eluted with

N, N-di met hyl T or rﬂﬁe%\ﬂe(r%gth% \3?4-%862833%!?&-l(d%%vgmo'svluronate)-( 1-4)-(2-azido-

3-0O-benzyi-2-deoxy-g-b-glucopyranosyl)-(1-—-4)-(methyi 3-O-benzyl-g-L-

idopyranosyluronate)-{1-54)-(2-azido-3-O-benzyl-6-O-tert-butyldiphenylsily|-2-

15 deoxy-a-D-glucopyranosyl)-(1->4)-(methyl 3-O-benzyl-o-L-idopyranosyluronate)-
(1—=4)-(2-azido-3-0O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-¢-D-
glucopyranosyh)-{1—4)-(methyl 3-O-benzyl-o-L-idopyranosyluronate)-{1—4)-3-0-

benzyl-2-{[{benzyloxy)carbonyllamino}-2-deoxy-a-D-glucopyranoside (83)

Methyl (methyl 3,4-di-O-benzyl-g-L-idopyranosylurcnate)-(1—4)-(2-azido-

20  3-O-benzyl-6-O-fert-butyldiphenvyisilyl-2-deoxy-o-D-glucopyranosyl)-{1—4)-

[(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-

deoxy-o-D-glucopyranosyi)-(1—4)l>-(methyl 3-0O-benzyl-o-L-idopyranosyluronate)-

(1-54)-3-O-benzyl-2-{[(benzyloxy)carbonyllamino}-2-deoxy-g-D-glucopyranoside
(84) |
25 The mixture of compounds 83 and 84 (260 mg) is purified by flash

chromatography on a column of silica gel (100/0—85/15 v/v toluene/methanol) to
give compound 83 (27.8 mg).
TLC: Rf = 0.22, silica gel, 85/15 v/v toluene/methanol
The remaining fractions are repurified by flash chromatography on a
30 column of silica gel (100/0—97/3 v/v dichloromethane/methanol) to give
compound 84 (45.3 mg).
TLC: Rf = 0.13, silica gel, 85/15 viv toluene/methanol



ND.19. 4 (c 1. 0 MeOH) 25Met hyl (1ithium 3, 4-di-O benzyl-2-0-1ithium
sul fonat o- a- L- . q ) osyl)
i dopyr anosyW( @R49)18687>4) - ( 2- azi do- 3- 0- benzy1- 2- deoxy- BoPERYT R A
- (1->4)-(lithium 3-0-benzy1-2-0;| I(ELhQBZ)H'g

t o- a- L-i dopyranosyl uronate)-(1- - - .
?gl ;gingo?& 0- benz%- 2- deoxy- a- D- ducopyranosyl ) - (14) - (1 i t hi um 3-0- beniy% 2
O-1ithium sul fonato-a-L-idopyranosyl uronate)-(14)-(2-azi FQ- ﬁ_— 0- benzyl- 2-
30deoxy- 6- 0- | i t HVlathyb(shéthe® a-di- Qe GaRY RPN dsvidiBhafchict AT azido.

-0-benzyl-2-0- lithium

gul f onat g- &&%ﬂ&%ﬁwﬁmb@mm)wéﬂew)ﬁ%@%@@ﬂhylﬁb—benz\Wo&-L—
2011/ 018587i5>
ff (benzyl oxyjte
sul f onago- gl

conpound 9®enzZyl
sul f onat o- %'njﬂh
am no- 2- deoxy=a-b-o
I dopyr an(z)s%I Urg'ﬂﬁétﬁl Andgoxy 8- D ol oS o (L 44 )
sodi um 2- 0- sodi um ST O—a- : : £ : ¢ :
((:Ieoxy-1300- S0k LP-ideay-a=B.gRrodb EMREYBINP SV el 4L olsgdl pm _2i Smsodl um
sul f onat 0- a- L-i dopyranosyl uronate -(1- -2- —2=
| idopyranosyluronate)-( 1—4)-(2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyl)-

te)-(1->4)- (2-
: -'*" Pp) (godi um 2- 0- sodi um sul f onat 0- a- L-

(1—=4)-(methyl 3- O-benzvl-a-L-idopvranosvluronate)-( 1-4)-(2-azido-3-0-benzyl-

6-O-fert-butyld iphenvlsilvl-2-deoxv-a—D—qIucoovranosvi)-( 1—=4)-{methvi 3-O-

benzyl-g-L-idopyranosyluronate)-(1 —4)-3-0O-benzyl-2-{I( benzyloxy)carbonyll-
15 amino}-2-deoxy-a-D-glucopyranoside (86)

The mixture of compounds 85 and 86 (135 mg) is purified by HPLC
chromatography on a column of C18 silica gel (Waters® Sunfire, 5 um, 150 x
19 mm, 9/1 acetonitrile/water + 0.1% trifluoroacetic acid) to give successively:
- Compound 85 (32.6 mg), after size exclusion chromatography
20 (Sephadex® LH20, 120 x 3 cem, 1/1 viv dichloromethane/ethanot)
Mass: “ESI” method, negative mode: theoretical mass = 2698.96:
experimental mass: 2698.55 + 0.65 a.m.u.
- Compound 86 (26.5 mg), after size exclusion chromatography
(Sephadex® LH20, 120 x 3 cm, 1/1 viv dichloromethane/ethanol)
25 Mass: “ESI” method, negative mode: theoretical mass = 2698.96;
experimental mass: 2698.95 + 1.05 a.m.u.



15sul f onat 0- a- 0- ol ucopyr anosi de (91) To a solution of conpound 90
(7.6 ng; 2.6 pnnol) in a 1/1 v/v tettbutanollwater m xture (516 pL) are
successi vel y added, at roomtenperature, amoniumformate (21.2 ng; 0.33
pnol ) and 10@@3&9113(6"&585n charcoal (49.4 ng). After stirRCHEREVIO/A51TOAr S,
the reaction nediumis filtered (MIIliporgyr) 20 LSWP 5 pmfilter) and
deposited on a colum of Sephadex(r) &5-fine gel (95 x 2 cn) eluted with
aqueous 0.2 M Na t he expected corrpound
are conbi ned and%%lggsMEt ggr%?-ﬂaé%gé{%mg;&g%ﬁ%{wé(g% fine gel (95 x 2 cm
eluted with water. The crude product 91 thus obtained (5.5 ng) is used

w thout further purification in the foll ow shg step. 25 WO
2011/ 018587PCT/ FR2010/ 051702 63 SCHEME 19: "preparation of the
oct asaccharide 95 WD 2011/018587PCT/ FR2010L051702 64 Met hyl  (ngs-hyl
3, 4-di - O benzyl-2-0-tri et hyl amoni um sul f ot 0- a- Li dopwe.a_nosy| u ;
ronate) - (1-44)-(2-azido- 3T3Q35benzv1 0 utggl d i el o

deoxy- a- D- gl ucopvf anosy v, <(Bma V¥ T
| f nat o- a- L- 88 ano i 09<3¥0-benm - 2- deoxy-6-0- 5
triethvl ammoni t 0- DDq copvr anoSvI dsd 14) 4ret hv]. % =g benzv 2 0-

triethvl ammﬁ’iour.g ul fonato a- L®Ftlopvr anosviggr onat e) - ( 1- >4 yfmgyf"%s
benzvi - 2- deoxy- 6- 0-t ert - but yl di phenvl si | vl E D ql ucopvranosvl) (1-44)- (rret h

yl 3- 0-benzvl-2-0-triethvl anmoni um 080y
sul f onat o- a- Li dopyr anosvl ur onat e) - (1- >4+ 3-

benzyl-241Thenzyl oxv) car, @c_agoﬁi
efire as, ?hat descri bed fosst he

10 a- D- gl ucopyg %I de
treated accor dj

gkye corrpoun(g 21 5 ng) af taRknonium salt
chromat ography &#%a col um of Sephadex(r) Lf|20 gel (120 x 3 cm 1/1 v/v

080,

OBn

S
preparati on eb co ound 28" o0
di chl or onet hane/ et hanol ) . 0SOi
0S0,Li

o Li00C~;,, OBn °

o Liooc ~. 0 SS;Q \
o LiooC o~ B0 gzl OMe
LiooC BnO N, @
3 B
/%7/5,,0

3
LiQ,50
BnG Ns LiG,50
10,80

0SONa
OSONa

o NaooC ~ 0 S< ;Q \
ONaOOC O~ Ho g CMe
NaOO;@ &7/ NHZO 2

H, H Na0,S0
Na0,80

Nz0,S0 91

5
Methyl (methyl 3.4-di-O-benzyl-2-O-triethylammonium __ sulfonato-o-L-
~ idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-6-0-fert-butyldiphenylsilyl-2-
deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-2-O-triethylammonium
sulfonato-o-L-idopyranosyluronate)-{1—4)-(2-azido-3-O-benzyl-6-O-terf-butyi-
10  diphenylsilyl-2-deoxy-o-D-glucopyranosyl)-(1—4)-{methyl 3-0O-benzyl-2-0O-

triethylammonium sulfonato-o-L-idopyranosyluronate)-(1—4)-( 2-azido-3-0-

benzyl-2-deoxy-6-O-friethylammonium sulfonato-g-D-glucopyranosyh-(1—4)-

(methyl 3-O-benzyl-2-O-triethylammonium __sulfonato-o-L-idopyranosyluronate)-




15TLC. Rf = 0.73, silica gel, 28/16/3.8/9 v/v/v/v ethyl

acet ate/ pyri di ne/ acetic aci d/ water. Met hyl (et hyl 2-0-ammoni um

sul f onat o- 3, 4-di - O benzyl - a- L-i dopvranosyl uronat e) - (14) - ( 2- azi do- 3- 0- benzyl
- 2- dem a- DWOWRGINOIBEET/n- 20 (1->4)- (nethyl 2-0-amoni RGT/FR2010/051702

sul f onat o- 3- 0- benzyl - a- L-i dopyranosvl urgate)- (1-4)-(6-0-anmoni um

sul fonat o 2-azi do- 3-0- benzv1-2-deoxv-a- Dgl ucopvranosvl)-(1-, 4)-(nethyl

2-0- anmmoni ¢0,4).3-0- arbonyllamino}-2-deoxy-6-0-

sul f onat o- 3-0- -
xy-a- D ql ubri amosghiim sylibnéil-e{Dvalulcyby2n0sile{88) um

sul f onat o- 3- 0- benzvl - a- L-i.dopvranosyl uronate)- 25 (14)-6-0-amoni um

sul f onat o- 3- 0- b&?ﬂi}ﬁ@@d( ﬁ@b@%z@%x@?c?h%@ﬂ%f$ dreateg - gccording to the same

deoxy- a- D- ' : Ty 2 3 )

treated ac@tér%\éé?%g tstths({ae%n?'%?%c@éur e ;’g%‘%ﬁoée‘i?f’ﬁg’é’ u?'(glr ZBHXA’ g'Vés

pr epar a8 i ogoAfpcL@AIBBI(85. 8 thd)uftdir \eezecOXaI08108 cﬂ&)rﬁgtbgﬁaffﬁf) (Sphades® 18420,
cm

excl usi on chronat ogra h)/ ‘Sephadex(r) LH20, 30 95 x
N, N- di et hylRPat $em, dé) v/v dichlomneethepeletivasd). silica gel, 11/7/1.6/4 viviv/v

S St PAESEL s A o A BT AL 0

sul f onat o- acidigiateyr anosyl uronate) - ( 1- >4) - (2- azi do- 3- 0- benzy1- 2- dem a- o- duco
pyranosyl)- (1->4)-(lithium 3-0-benzyl-2-0-1ithium
sul fonat 0- a- L-i dopyranosyl uronat e) - (1- >4) -

5(2- azjglo- 3-0- b -2 - O - 1)- (1
(S 32 0- ber A HE S0 0 ben L S AR B RO Ty (1) - (2-

azi do- 3- 0- "ﬁfﬂp?vvénéévﬂﬁcmfteé’-fM‘)-@E@w@ﬂ@b&z&m—&éoh{-&%ﬂ' |Qab@5r9negﬂgy 1-2-0-
| it hi um sul f onat 0- a- L-1 dopyranosyl uronate) - (1I->4)-3-0-benzyl-2Z-
flibenzylo | Ba@i P2-dearrgnorniuin silionato-o-L-idopyranosyluronate)-

0- 3-0-benzvl- 2-deo

sul f onat o- ' Compound 93 (14.7 ng, 4.1
prmol) is t ' TV Ay F 2 @ DhdIHERRNIABOS 1t L ESH for the
preparatio cpmound. L\T9) AL ZEh.

excl usi on ?ﬁﬁ%\{!gug‘?guny , lurona pHEgraziGor

di chl or®»ebsapglelbancs/0@ahfhidnium sulfonato-o-D-glucopyranosyl)-( 1—4)-(methyl 3-

O-benzyl-2-O-ammonium sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-

2-{[(benzyloxy)carbonyllamino}-2-deoxy-6-0-ammonium sulfonato-g-D-

glucopyranoside (89)

To a solution of compound 88 (85.1 mg, 21.1 pmol) in methanol (2.7 mL)
20 is added ammonium fluoride (31.3 mg, 0.846 mmol). After 48 hours at 55°C, the
reaction mixture is deposited on a column of Sephadex® LH20 gel (95 x 2 cm)
eluted with N,N-dimethylformamide to give compound 89 (64 mg).
[o]p 19.4° (c 1.0; MeOH) '

25 Methyl (lithium 3.4-di-O-benzyl-2-O-lithium sulfonato-o-L-

idopyranosyluronate)-(1—4)-(2-azid o-3-O—benzvl—2-deoxv—d—D—qIucopvranosvl)-

(1—-4)-(lithium 3-O-benzyl-2-O-lithium sulfonato-a-L-idopyranosyluronate)-(1—4)-

(2-azido-3-O-benzyl-2-deoxy-o-D-glucopyranosyl}-(1—4)-(lithium 3-O-benzyl-2-

O-lithium sulfonato-o-t-idopyranosyluronate)-(1—4)-(2-azido-3-Q-benzyl-2-

30  deoxy-6-O-lithium sulfonato-a-D-glucopyranosyl)-(1—4)-(lithium 3-O-benzyl-2-O-

lithium sulfonato-a-L-idopyranosyluronate}-(1—4)-3-O-benzyl-2-




15TLC. Rf = 0.56, silica gel, 28/16/3.8/9 v/v/v/v ethyl

.acetate/ pyridine/acetic acid/ water Met hyl (sodi um 2-0-sodi um

sul f onat o- a- L- |do ranosyl uronate) - (1-4442-

ani no- 2- ded¥$-20 é 18680pyr anosyl ) - (1- >4) - (sodi um 2- 0- soAGTATR2MMOMNELTE2 a- L-
20 i dopyranosyl uronate) - (1->4)-(2-am no62- deoxv- 6-0-sodi um

sul f onat 0- a- Dol ucopyr anosyl ) - (1- >4) - (sodi um 2- 0- sodi um

sul f onat o-
(1->4)-(2-am no- 2- deoxy- a- o- ol ucopyranosyl)-(I-4)-(sodiu -U-
sul f onat o- §98)- i dopyranosyl uronat e) - (1- >4) - 2- am no- 2- deoxy- 6- 0- sodi um

a4 gty in”a AT BB, B3t o 7 i BroThisc e BESTRNE 0 dhacie
ammoni um f@?é@cﬁlré%asﬁgthaq estABEY Fof 1R gﬁébé\%t.am% C&@ﬁpre@{\d(% mg) .

After stirring for 4 hours at roomtenperature, the reaction umis
filtered (Mhrbmmgar(apbly bS\&PcE umim dfi Semadeea@fd_l-dﬁmg@lr(tlzab(e:ﬁcm 50r301¢ssv/v The
residue is d sited on a col.um of, 30 Sephade G25-fine gel (95 x 2 cm
eluted wit H%@Hﬁh@‘eﬁm&n& ates) awe%ﬁomn%mﬂr!*&k@%mg)om ai ning the
expect ed corrpou d deposited on a colum of Sephadex(r)
&5-fine gel @%qg% g’)erﬁbqlute ﬁQIlth wat er. The crude WD 2011/018587 WO
2011/ 018587PCT/ FR2010/ 051702 PCT/ FR2010/ 051702

Methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-

10_ amino-2-deoxy-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-g-L-

idopyranosyluronate)-(1 —>4)—(2—amino-2-deoxv—a—_D-qlucopvranbsvl Y-{1—4)-

(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-amino-2-

deoxy-6-0-sodium sulfonato-u-D-glucopyranosvi)-(1—4)-(sedium 2-O-sodium

suifonato-a-L—idopvranosvluronéte)-( 1—4)-2-amino-2-deoxy-6-0-sodium

15  sulfonato-g-D-glucopyranoside (91)

To a solution of compound 90 (7.6 mg; 2.6 pymol) in a 1/1 viv tert-
butanol/water mixture (516 pL) are successively added, at room temperature,
ammonium formate (21.2 mg; 0.33 umbl) and 10% palladium-on-charcoal
(49.4 mg). After stirring for 4 hours, the reaction medium is filtered (Millipore®

20 LSWP 5 um filter) and deposited on a column of Sephadex® G25-fine gel (95 x
2 cm) eluted with aqueous 0.2 M NaCl solution. The fractions containing the
expected compound are combined and deposited on a column of Sephadr—;x®
G25-fine gel (95 x 2 cm) eluted with water. The crude product 91 thus obtained
(5.5 mg) is used without further purification in the following step.

25



66 66 product 95 thus obtained (2.5 ng) is used w thout further
purification in the product 95 thus obtained (2.5 ng) is used w thout
further pugification in the follow ng step. follow ng step. SCHEME 20:
prepar at i owéfzq%ﬁéﬂ{;ﬁagsacchari de 99 SCHEME 20: pr epar aPCIFR2010/ 51702
octasaccharide 99 5 Met hyl (et hyl 368-di - O benzyl-2-0-triethyl amoni um
sul f onat o- a- L-

10i dopyr anosy| uBGHERE (S $reparatidn 80th SctisadhkridedBXy- 6- 0-tri et hyl anmoni u
m sul f onat 0- a- 0- ci | ucopyr anosyl ) - (14) - (( et hyl

3-0- benzyl-2-0-tri et hyl ammoni um

sul f onat 0- a- L-i dopyr anosyl uronate) - (1- 34) 36 2- azi do- 3- 0- benzyl-6-O-tett butyl
di phenyl si | y1- 2- deoxy- a-D-ci | ucopyranosyl ) (1->4)-(methyl 3-0-benzyl-2-0-
tri et hyl ammoni um sul f onat o- a- L-i dopyr anosyﬁ uronate) - (14) 12- 3- 0- benzyl- 2-
WD 2011/ 018587PCT/ FR2010/ 051702 67 ;

: OTEDFS 080 0B oMeo,C— O8N 0’%
Me0,C n N
o MeOL OBn 0 2 . [o] (o] BRO "y OMe
Meo,c— OB . 0= Bno . O
O0—=" Bno . O s
080
92

0~ Bno e 0,80
3 triethylammonium salt
0s0;
} OH o
o 050, o8 o MeQ,C—; OBn o
Me0,C n .
o Me0,G—y QBN oo . Q0 - OMe
MeO,c— OB .0 0— Bno o ZHN
"/ o O BnQ o] Ny -
0— Bno 0 N, T 080
o N, O 0,80
. 0,50 93
0,50

OTBOPS

BnO .
i 0,50
0,80
B

ammonium salf

080, Li
OH
o 7 0S0,Li o8 o LiooC~, OBn o °
LOOC n N
o LOGC—, O8N ° ~ 0 O— Bno OmMe
Liooc—- BN N 0= gno O ZHN
o S Q7 Ba0 N, © * Logo
O—" Bno o 3 : 3
BnG Ny LiC,80
Lio,S0 o4
Li0,80
0S0,Na
CH
o 0SO,Na o oNaO0C— OH o
NaOoC N
oNaooC—,. OH N N 0 0 HO OMe
Naooc— OH .0 O— Ho O NH,
X S Ho 0 ‘ ? Na0,80
o} HO o NH, a0,
HO NH, Na0,80
NaQ,50

Na(,s0 : 05



ff (benzyl oxy) carbonyl | am no} - 2- deoxy- 6-0-tri et hyl anmoni um

sul f onat o- a- Dgl ucopyr anosi de (96) Conmpound 83 (35.1 ng, 12.0 pnol)
is treated according to the same procedure as that described for the
pr epar at i oAWVE¥2@bHP 28 to give 5 conpound 96 (46.3 MPT/ER2EH0/051702

chromat ography on a col um of Sephadex(rm4 LH20 gel (120 x 3 cm 1/1 v/v
di chl oronet hane/ ethanol ). [a]a 1110 (c 0.95; CHd 2) Methyl (methyl

2- 0- ammoni um sulM&RAt @neth 314-0@(313@5 |-280Uriethylammonium sulfonato-g-t -

10i dopyr anosyl uronate)-(1-> -anmonium sul 1o -—aZl do- 3- U- benzyl- 2-
deoxy- a- D@m&w@m@«mwm 320-beanyiethiOstersbiit/istienylsilyl-2-

3-0-benzyl - a- L-i dopyr anosyl uronat e) - (1->4) - (2-azi do- 3- 0- benzy1- 2- deoxy- a- D-
qi ucopyran@ﬁl&)ﬁﬁ(&m&@wm —ft)-{mathyi, benzvl 2-O-triethylammonium

sul f onat o- zy| - a-Lj Y ane 3) - a 0-3-Q-henzyl-2-d
ecow a- Dq%9 Jdoow g = 32374857 8-8—

sul f onago- $ridh @an@msu[MMEm bUcB M08
sul f onat o- 3-0- benzyI-2- enzyl oxy) carbony
decpw a- D- diefbglaynmaasisindsulfd@iéto-o-L-idopGampsvindo ifie |-46-9)-(Wazitd-2pmol ) is
treated according to the sane procedure as that described for t he

pr epar at i oReREYlZraaaxyh-QderthulyidiphonylsibinsRralicopyranosyl 4Af(msth
chr omat ogr
N, N- di met hyt+rorfrarttre
3, 4-di - O be¢eay

25i dopyr anosyluronate) - (I->4)-(Z2-azi do- 3-0- enzy - Z- deoxy- ob- O-
sul f ona® o- eL-DlUoPYFANCSITES(BIZ) - (1- >4) - ((1i t hi um3 0- benzy1-2-0-1ithi um

Sobyr ooyt TRRRTRY B PR e At 38 0atl abenek fofRestane

idOpyranOSgﬁ'étEéd?ﬁéeés(%@ @Eé&‘riﬁéazﬂ thiel fdrb5aa gﬁ%@g@ﬂ%dn@mﬁté &lve

30deoxy-6-0-11thium su onat o- a- D- ql ucopyr anosi
compound 92 (21.5 mg) after chromatography on a column of Sephadex® LH20

gel (120 x 3 cm, 1/1 viv dichloromethane/ethanol).
15 TLC: Rf = 0.73, silica gel, 28/16/3.8/9 viviviv ethyl acetate/pyridine/acetic
acid/water.

Methyl (methyl 2-O-ammonium sulfonato-3.4-di-O-benzyl-g-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-o-D-glucopyranosyl)-

20  (1-4)-(methyl 2-O-ammonium sulfonato-3-O-benzyl-a-L-idopyranosyluronate)-

(1=4)-(6-0O-ammonium sulfonato 2-azido-3-O-benzyl-2-deoxy-a-D-

glucopyranosyl)-(1—=4)-(methyl 2-C-ammonium sulfonato-3-O-benzyl-o-t -

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-o-D-glucopyranosyl)-

(1—4)-(methyl 2-0O-ammonium sulfonato-3-0O-benzyl-a-L-idopyranosyluronate)-

25 {1-4)-6-O-ammonium sulfonato-3-O-benzyl-2-{[(benzyloxy)carbonyllamino}-2-

deoxy-a-D-glucopyranoside (93)

Compound 92 (21.5 mg, 5.3 pymol) is treated according to the same
procedure as that described for the preparation of compound 89 to give
compound 93 (21.5 mg) after size exclusion chromatography (Sephadex® LH20,

30 95 x 2 cm, N,N-dimethylformamide).

TLC: Rf = 0.63, silica gel, 11/7/1.6/4 viviviv ethyl acetate/pyridine/acetic

acid/water.



Compound 97 (27.1 ng, 7.6 pnol) is treated according to the sane procedure
as that described for the preparation of conmpound 29 to give WO

2011/ 01858 WOT2¢-RI0185851702 68 conpound 98 (20.7 ng) afpErFRMoTOIBSTORaphy
on a colum of Sephadex(r) LH20 gel (95%«:52 cm 50/50/1 v/ivlv _

di chl or onet hane/ et hanol /water). [alp 14.4 (c 1.01; MeOH) 5Met hyl (sodium
2- 0- sodi um sul f onat 0- a- L-i dopyr anosyl uronate) - (1->4)-(2-

am no- 2- deoxy- 6- 0- sodi um sul f onat o- a- D- gl uconyranosyl )-(14)-1i sodi um 2-0-
sodi um Methyl (Ilthlum 3.,4-di-O-benzyl-2-O-lithium sulfonato-¢-L-

sul f onat 0- a- L-i dopyr anosyl ur onat e) - ( 1- 34) - ("Z- am no- 2- de6xy- a- Dpl ucopyr anosy
éﬁf(ﬂmﬂ) (2-azido-3-0- benzvl 2- deoxv—a—D—qIucopvranosvl)—

1)-(1-4) 124
sul f onat o-
sul f onat o-

is treaged (gca%gjcpg @b%ﬂz&l@dé@ﬁ?ﬁ%—u 00 rs% ﬁﬁa{or&&yrgﬁgsvl)o( 1 —@Ei:

preparatlon of comnpoura YL 0 grve Comnpo
"ESI" net hglithiune 3a0ibehz zl@-nﬂﬁmﬁrs@tfbﬁado-dr@-séo [forent al
mass: 1993. 28 .14 a.mu.

2011/ 01858282 PR>0€07

10
octasacchayide 1 ?fona%o a-L-idopyranosyluronate)-(1-4)-3-O-benzyl-2-

{[{benzyloxy)carbonyllaming}-2-deoxy-6-O-lithium sulfonato-o-b-glucopyranoside
10 (94)

Compound 93 (14.7 mg, 4.1 pmol) is treated according to the same
procedure as that described for the preparation of compound 31 to give
compound 94 (13.0 mg) after size exclusion chromatography (Sephadex® LH20,
95 x 2 cm, 50/50/1 v/vlv dichloromethane/ethanol/water).

15 TLC: Rf = 0.56, silica gel, 28/16/3.8/9 viviviv ethyl acetate/pyridine/acetic
acid/water

Methyl (sodium 2-O-sodium sulfonato-g-L-idopyranosyluronate)-(1—4}-(2-

amino-2-deoxy-e-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-o-L-

20 idopyranosyluronate)-(1—4)-(2-amino-2-deoxy-6-O-sodium sulfonato-g-D-

glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-

(1—=4)-(2-amino-2-deoxy-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium

sulfonato-a-L-idopyranosyluronate)-(1—4)-2-amino-2-deoxy-6-O-sodium

sulfonato-o-D-glucopyranoside (95)

25 To a solution of compound 94 (13 mg, 4.4 pmol) in a 1/1 viv tert-
butanol/water mixture (883 pL) are added ammonium formate (36 mg,
0.57 mmol) and 10% palladium-on-charcoal (34 mg). After stirring for 4 hours at
room temperature, the reaction medium is filtered (Millipore® LSWP 5 um filter)
and concentrated to dryness. The residue is deposited on a column of
30 Sephadex® G25-fine gel (95 x 2 c¢m) eluted with aqueous 0.2 M NaCl solution.
The fractions containing the expected compound are combined and deposited
on a column of Sephadex® G25-ine gel (95 x 2 cm) eluted with water. The crude



OH WO 20111018587PCT1FR2010/ 051702 70 Met hyl (nethyl

3,4-di - Obenzyl a- L-i dopyranosyl uronate)-(1->4)-(2-azido-
3-0-benzyl-6-0-tert-butyld i phenyls i M 2-deww a-o0-ql ucopyranosyl)-(14)-
Jim et hyl IW@ HH/G18387 - i dopyranosyl u ronate)-(1->4 PCT/IFR2010/051702

) - (2-azi do- 3-0-benzyl-6-0- tert-butyl diegh enyl sil yl-2-deoxy-a-o-ql ucopyra
n osyl)-(14) 12, -(nethyl 3-0-be nzyl -

5a- H dopyr @ﬁ@@udttwrtnw)odtéﬂbd% hegz & Lséd Qmﬁ%?dm%rt%ei qu(w'ﬁe#t?aﬂ o Ve

car bonyl | am no.) - 2- deoxy- a- D- gl ucopyranosi de ( tion o
conpound 8(50(03'689%390 117 mol ), benzoic anhydr| de (75.8 ng, 0.335 nmol )
and triethylamne (47.3 pL, 0.335 mmol) in 1, 2-dichloroethane (5.6 nL) is
stirred at 60C for 24 hours and then for 64 hours 10 at room tenperature.
The reaction m gCHEMES20leR8pAlafEn M tife 66ladBBciridessadex(r) LH20 gel (120
x 3 cm _eluted with a 1/1 v/v dichl oronet hane/ ethanol m xture, followed by
fl ash chromat ography on a col um of silica gel (100/0->85/ 15 v/iv

t ol uene/ acetone) to give conpound 100 (193, 2 ng). TLC Rf = 0.38, silica

gel, 2/1 v/v cycl ohexane/ ethyl acetate 15 Met hyl (rret hyl
3, 4-di - O benzyl - a- Li dopyranosyl uronate) - (1-4) - (2-azi do3- 0- benzyl - 2- deoxy- a-
D- gl ucopyranosyl ) - (1->4)-1(net hyl or 0807
3- 0- benzyl - a- Li dopyr anosyl uronat e) - ( 1-céys ( 2- azi do- o, &hn y' a-D-q
| ucopyranosyl)- flo | ,%20- 20 o MeO,C— OB 'ﬂ%ﬁ\ H Mo
benzyl-2- { n&d ﬁo(%(lg%@‘éh 2 o @ nosY r(0101;HN

0> Bro 0 e 0,80

Bno :; %7 osd 08 triethylammonium salt

‘0,80 l
o MeQ,C
O MeO. C—
o Meo .C BnO
MeO,C BnO
BnO
BnD

0,50
ammonium salt

l 0S0,Li
OH

0SO.L OH o HOC OBn o o
3 LiO,C— BN . S< ;Q \

o L0,C~— OBn O YR o~ Bno 2y OMe
Lio,C— BN N 0—" eno . O

O—" Bno 0 3 ; #
B N . LiO,S0
LiC,50
Li0,80
l OSO,Na

HO Na0,80
Na0,50

o NaQ,C °
0SONa 0 NaOC
o NaOC o Me
Naoc;gj /287/ 2

e Na0,80

Na0,80

Methyl (methyl 3,4-di-O-benzyl-2-O-triethylammonium sulfonato-o-L-

10  idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-triethylammonium

sulfonato-a-D-glucopyranosyl)-(1—4)}-[(methyl 3-O-benzyl-2-O-triethvlammonium

sulfonato-g-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-6-O-tert-

butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl)-(1—4 F{methyl 3-O-benzyl-2-0-

triethylammonium sulfonato-a-L-idopyranosyluronate)-(1—4)1,-3-0-benzyl-2-




Conmpound 100 (60.0 ng, 0.018 nmol) is treated according to the sane
procedure as that described for the preparation of conmpound 89 to give
conpound 101 (46.1 ng) after chromatography on a colum of Sephadex(r) LH20
gel (120 x WGATHW018%8% di chl or onet hane/ et hanol ). 25MafCT/FES10/08t702d,
negative node: theoretical mass = 2564. @& experinental mass: 2563.66 0.19
a.mu. Methyl (methyl 3,4-di-O benzyl-2-0-triethylammonium sul fonato-a-L-

| donyr anos iR sUitbRLfRY o um 30

sul f onat 0- a- o- cr ruconyr anosy
3- 0- benzy 1-gu@pvraressine @6)oni um

sul fonat o-a- L-i nosyl.u >4) - ( -.azi do- 3- 0- benzyl- 2- deoxy- 6- O-
tri et hyl ammoni ugfcgﬁ W{gﬁg gﬁﬂ‘? %J@d‘ a#BeY 115 -treatad japgording g |the same
3-0-benzyl 1 1§28, / B0/ 1 I I ym

sul f onat o- ﬁocedddggyrggn%gl ur oﬁ'gtgé-) Ej?ZZL pqga%%gﬁzgpftogl'@% give
benzy1l- 541(obmmmdxse (46. Btmg] hfaen (L‘T[Fbﬁ'%’t@tg?aphy @®noa qéaumwf 8ephhdext LAZ)
Compound 101 ffé} g@ i) é\? @P is treated according to the sane
procedure &€ X dedur T/ v dlighlorerpe Branedethanelh of cormpound 28 to give 5
conmpound 102 (2 ) t tography on a colum of Sephadex(r) LH20
gel (120 x 3 cm%]%/‘lpig ;@bﬁ%@ﬂgt hane/ et hanol ) and then fl ash

chromat ography on a colum of C18 silica gel (40-60 pm A nethanol, 5%
water, 23 nmM amp etate; B: acetonltrlle 45%rrethano| 5% water, 17
mM anmoni um ac et £ Yoring 3 lo-3edi-Grpenzdzo-ti ng on a
Sephadex(r)qo '
di chl ororre el
3,4-di-0- ba@a

yl-
| Zlealﬁbl-li-lﬁ)-bemww O-1it h| um
->4) - (2-azi do- 3- 0- benzyl 2- deoxy-6-0-1i
O-ammon; ifanater &-Gyb ptL=2- 0- 1 i t hi um

lsg'mf onat o %@;@@@@g&;ﬁgﬂ i Pﬂﬁt; 9. dobig )0 Befelientid i L AREB N2 DorY"

15 (1—=4)-(methyl 2-O-ammonium sulfonato—S—O—benzvl-u-L~1dopvranosvluronate)—

(1—-4)-6-O-ammonium sulfonato-3-O-benzyl-2-{[(benzyloxy)carbonyllamino}-2-

deoxy-a-D-glucopyranoside (97)

Compound 96 (45.0 mg, 11.2 umol) is treated according to the same
procedure as that described for the preparation of compound 89 to give
20 compound 97 (30.8 mg) after chromatography on a column of Sephadex® LH20
gel (95 x 2 ecm, N,N-dimethylformamide).
[o]p 14.7° (c 0.95; MeOH)

Methyi (lithium 3.4-di-O-benzyl-2-O-lithium sulfonato-g-L-
25 idopyranosyluronate)-( 1—->4)?(2-azido—3—O-benzvl-2-deoxv—6-O-Iithium sulfonato-

o-D-glucopyranosyh-(1—4)-[(lithium 3-O-benzyl-2-O-lithium sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-e-D-glucopyranosyl)-
(1-4)-(lithium methyl 3-O-benzyl-2-O-lithium sulfonato--L-

idopyranosyluronate)}-(1—4)-3-O-benzyi-2-{[(benzyloxy)carbonyllamino}-2-

30  deoxy-6-O-lithium su!fonatb-a-D—qIgcopvranoside (98)

Compound 97 (27.1 mg, 7.6 pmol) is treated according to the same

procedure as that described for the preparation of compound 29 to give



Conmpound 102 (28.7 ny, 7.5 pnol) is treated according to the sane 20
procedure as that described for the preparation of conmpound 29 to give
crude conpMERATII0185873 ny) . Met hyl (sodi um 2- 0- RoH/ER2010/051702
sul f onat 0- a- L-i dopyr anosyl uronat e) - (1->4g (2- am no- 2- deoxy- 6- 0- sodi um
sul f onat 0- a- D- gl ucopyranosyl )-(14)-11sodi um 2-0- 25 sodi um

Ul f onat o SORARRNE AR (e P dpriaiotraby B SCaLHEp eBrase L H
sul f onat o- @eL(Q:&pgrcanmo&jlﬁﬁhovlwtvejuet(ldrohﬂe)thanemm&/vm(éb}y a- D- gl ucopyranosid

e (104) d 103 .7 pnol) is treated according to the
sane procedure HH eké% M@@rﬁgor the preparation of conpound 91. The

crude 30 compound 104 thus obtained is again saponified. To a solution of
crude conpound 104 in a 1/1 v/v tetrahydrofuran/ nethanol mxture (506 pL)

i s addefl, at OCMeth{.(3odiuapPudisdiuai slilfdriittm-nibp9drdeyiufoV@E 1M 2pL as
a final WO 2011/018587PCT/ FR2010 concentration o ter
1 hour at @ ‘ 0 g AT O b

chr omat ogra i 95 X 2 cm
0.2 M NaCl 28 F 2 M aNosyIUro N 4 3

conpound 1 a_(pl I\ 60 ; th anoneri c protons:
corpound X rarfBn-(P ki o) o 1 b- anomer L e prot

2011/ 01858Yd?ﬁévféﬁ%@ﬁ&@h@f@l—?@%ﬁ@-gmmg%’oﬁ%z@?scﬂum sulfonato-o-D-
10 glucopyranoside (99)

Compound 98 (17.5 mg, 5.9 pmol) is treated according to the same
procedure as that described for the preparation of compound 91 to give
compound 99 (9.5 mg).

Mass: “ESI” method, negative mode: theoretical mass = 2081.38;

15 experimental mass: 1993.28 + 0.14 a.m.u. (iduronic acids observed in COOH
form).



73 SCHEME 22: preparation of the octasaccharide 108 SCHEME 22: preparation
of the octasaccharide 108 CH OH OH OH OTBDPS 0 MeO, C HO BnO HO 0503-
0503-
WO 2011/018587 PCTIFR2010/051702
69

SCHEME 21: preparation of the octasaccharide 104

80

OTBDPS
OTBDPS o MeO,C
OTBDPS 0 MeQ,C
on o MeOC—s OB
MeQ,C n . BnO
2 . o O—=" Bno
00— Bro :
BnO 3 HO 100
HO l
o MeQ,C
0 Me0Q,C
o MeO,C
MeO,C /%7,
/Zg/ . 101

trlelhylamrnonlum salt

MeO c
o Me0,C Me
MeO,C ,% &7, /Zg7/
/%7 102 o

0,80
: 080,Li
. . 0sOLi o Liooc
OS0O,Li o Liooc
o LiooC—,. OBn
Liooc—- OB o ?3 .
~ n
N Li0,50
O 8no N, © ’ L|035C) ’
BnQ Lio,S0
Li0,S0
oH
080, Na 0
0SO,Na oNa00G OH
0SONa NaDOC . P
NaQOC OH ° Y HO OMe
Na0OG—= O ° ~ P N
0 0—" Ho He
5 NHL NaQ,80
HO N HZO NaQ,S50
HO Na0,80
Na0,S0 104



0O MO COBn 00 .."S\ BnO N3 0 106ammniumsalt 106 amoniumsalt "if

i fOSO, Li OSO, Li 0503Li 0503Li 5Met hyl (nethyl '

3,4-di -O benzyl-2-0-triethyl ammoni um sul f onat o- a- L- _

i dopyr anos W0 201t%/@1888[4) - ( 2- azi do- 3- 0- benzy1- 2- deoxy- 6-FGTFR2010/039M0RNI UM

sul f onat 0- a- o- ci | ucopyr anosyl ) - (1->4) - ( rpgt hyl

3-0- benzyl-2-0-tri et hyl ammoni um

sul f onat o-a- L- | dRRKYARASHYIY 2RRIRbaANIZ

di phenyl sil yl e- 2- -a- O- ,
3-0-benzyl-6-O-ter-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl)-{ 1 —4)-

[(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyi-6-0-

tert-butyldiphenyisilyl-2-deoxy-o-D-glucopyranosyl)-{1—4)]-(methyl 3-O-benzyi-

S  o-L-idopyranosyluronate)-(1—4)-6-O-benzoyl-3-O-benzyl-2-{[(benzyloxy)-

carbonyllamino}-2-deoxy-a-D-glucopyranoside (100)

A solution of compound 80 (355 mg, 0.117 mmol), benzoic anhydride
(75.8 mg, 0.335 mmol) and triethylamine (47.3 pL, 0.335 mmol) in
1,2-dichloroethane (5.6 mL) is stirred at 60°C for 24 hours and then for 64 hours
10 at room temperature. The reaction mixture is deposited on a column of
Sephadex® LH20 gel (120 x 3 cm) eluted with a 1/1 viv dichloromethane/ethanol
mixture, followed by flash chromatography on a column of silica gel
(100/0—85/15 viv toluenefacetone) to give compound 100 (193.2 mg).
TLC: Rf = 0.38, silica gel, 2/1 viv cyclohexane/ethyl acetate
15
Methyl (methyl 3 4-di-O-benzyl-o-L-idopyranosyluronate)-(1—4)-(2-azido-

3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-{1—4)-[(methyl 3-O-benzyl-o-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-o-D-glucopyranosyl)-

(1—4)]o-(methyl 3-O-benzyl-a-L-idopyranosyluronate}-(1—4)-6-0O-benzoyl 3-O-

20  benzyl-2-{[(benzyioxy)carbonyllamino}-2-deoxy-o-D-glucopyranoside (101)

Compound 100 (60.0 mg, 0.018 mmol) is treated according to the same
procedure as that described for the preparation of compound 89 to give
compound 101 (46.1 mg) after chromatography on a column of Sephadex®
LH20 gel (120 x 3 cm, 1/1 v/v dichloromethane/ethanol).

25 Mass: “ESI” method, negative mode: theoretical mass = 2564.66;

experimental mass: 2563.66 + 0.19 a.m.u.

Methyl (methyl 3,4-di-O-benzyl-2-O-triethviammonium sulfonato-a-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-triethylammonium

30  sulfonato-a-D-glucopyranosyl)-(1—4)-[(methyl 3-O-benzyl-2-O-triethylammonium

sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-0O-

friethylammonium sulfonato-a-D-glucopyranosyl)-{1—>4).-(methyl 3-O-benzyl-2-




WO 2011/ 018587PCT/ FR2010/ 051702 74 tri et hyl ammoni um

sul f onat 0- a- L-i dopyr anosyl uronate)-(1-4)-(2-azi do-3-0-

benzyl- 2- dAO Y04 M1858%t hyl anmoni um sul f onat 0- a- D- ci | ucpgY/FR@38l051104) -
(et hyl 3-0-benzyl-2-0-triethyl ammoni umygul f onat o-a- L-i dopyranosyl uronate) -
(1->4)-3-0-benzyl- 2-dem 2-[ (benzyl oxy) car bonyl | am no-6-0-tri et hyl ammnoni um

5sul f onat 095
is treat edQZ_té@tvl"

prepar at i opeiyl-QoNpeHS
chromat ography on a col unm of Sep 0 ge 0X =
di chl or omet haneCempanod /At @29 mg 0.016 miviet)higltrdated lactoRify dantieaisame

| f t o- -di - O-b | -,a-Li.d I te)-(14)-(6-0- '
Sl onat o BB 380 T 2Ba et o RS BRI APy URe 438 (e o
2- 0- am@pni ghpound 102 (%B.Tdr(;l >)/ after chromato ra)optllqr;l@ _c?%lmn o) O@gpgg%ﬁ:@ﬁzyl_ 5.

sul f onat o- 3- 0- benzyl - a- ranosyl uronate -azi

deoxy- a- D-L.HBO dgeloffy2qinosy | gm( 11/4) vinelichlbrofnélhanavettian®l) and then flash

sul fonat 0- 3- 0- benzyl ; a- Li dopyr anosyl ur.onat e) - ( 14) - ( 6- 0- ammoni um

sul f onat o- élfamag%g%%y pa r?z?‘glz/‘ﬁ‘-” eé’iﬁas-‘ilﬁacﬂﬁf éﬁé‘i@)ﬂé@yﬁ) hangl. pHevater,

2- 0- ammoni 280mM ammonium_acetate; B: itri 9 9

sul f onat o- 3- 0- benzyl a- L- | ?j%%?reénos?/?ﬁ?glrtg?'e)d'?&ﬂ%p?%glo-sa%ant%m17 mM

sul f onat o-@noaseurp\ateate; A — B 100/0—70/30) followed by desalting on a Sephadex®

J( benzyl oxy. r bonyl 1 no- 2- demw- a- D- gl.ucopyr anosi de (106) 20Conpound 105
(38. 4Z|¥Pg, X@%g@CBMr) t@?r‘-‘é’&t&fsg’éc‘&”ﬁﬂ“@'? omeibagg/pthgnadvedene as t hat
descri bed for the preparation of conpound 89 to give conmpound 106 (28.4 np)
after chromat ography on a colum of Sephadet LH20 gel (95 x 2 cm

N, N- di et hy| f orMethiybigithiumRf 3,4-di-2-beh 2/ 2L O-RhBin® sEfddtdpyr4 di ne/ AcOH H20) . 25

Methyl (1ithium 3, 4-di - O-benzyl-2-0- 11 [hi u
:‘E_ :“:v‘= -\ f 4

i um sul f onapqa OBVl
sul f onat o-&- £ GROSy T a6 P-4y e e IR SHEARAIO-GLoye oxy - a- D- g
UCOpVANOSEh _rlaﬁgé dronbtd )L LY 3- &7186Re9 JoetiA-bdelBkiAB- O-lithium sulfonato-

sul f onat o-"a- opyranosyluronate)-( 1L-4)-
(2- azi do- 3-0-diecopytartesyBddy>B]Ldithindni 3HD-benzyl-2-O-lithium sulfonatg-o-t -

sul f onat 0-.a- D- gl ucopyr angsyl )-(1->4) - l'i thium 3-0-benzyl-2-0-Tithium
sul f onat oﬁgmgﬁ%ﬁﬁéﬂé -Denzy2- zyloxy)carbonyllamino}-2-

deoxy-o-D-glucopyranoside (103)

Compound 102 (28.7 mg, 7.5 umol) is treated according to the same
20  procedure as that described for the preparation of compound 29 to give crude
- compound 103 (17.3 mg).

Methyl (sodium 2-O-sodium sulfonato-g-L-idopyranosyluronate)-(1->4)-(2-

amino-2-deoxy-6-O-sodium sulfonato-o-b-glucopyranosyl)-(1—4)-(sodium 2-O-

25  sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-( Z2-amino-2-deoxy-6-0O-sodium

sulfonato-a-D-glucopyranosyl)-(1—4)]>-(sodium 2-O-sodium sulfonato-o-L-

idopyranosyluronate)-(1—4)-2-amino-2-deoxy-a-b-glucopyranoside (1 04)

Compound 103 (17.3 mg, 5.7 umol) is treated according to the same

procedure as that described for the preparation of compound 91. The crude

30 compound 104 thus obtained is again saponified. To a solution of crude
compound 104 in a 1/1 v/v tetrahydrofuran/methanol mixture (506 uL) is added,

at 0°C, a 0.7 M solution of lithium hydroxide in water (202 uL, gs a final
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benzyl- 2- decow 2-[ (benzyl oxy) car bonyl | am no- 6-0-1ithi um

sul f onat o- a- Dgl ucopyr anosi de (107) Conmpound 106 (28.4 ng, 7.62 pnol)
is treated WQAMINHHE587t he sane procedure as that descr PBEFR2010054702
preparation of conmpound 89 to give 5 conpaund 107 (28.0 ng) after

chromat ography on a colum of Sephadex(r) LH20 gel (95 x 2 cm 50/50/1
viviv di chl gggeest / ) / /

£t 0AC/ py! i dioey Aé%"ivﬁﬂzgf W‘“”%Wﬁ E)1, Bursaf o€ b6l hen®18 Rours at room
sul f onat o- atq_mP@r@byEaﬂlisSEamtlonanedlummthomatogJ@phardrcm an dxolusidit Gomipti um

Sl onat o- alEERTASY RHeeyner Shatsy .40 NBChAPA3hS) Geakydax DRAT By Aoy

1-4 f I t
%1( i %;;gnségo by ggﬁxgﬁglgéEHﬂnpﬁﬂﬁB%Q (64 figpyr anosyl uronate) -

sul f onat®- a- D- gl WRaimyW*ZQJ(DQD?(ascﬂﬁhénanan(érﬁoﬁﬂdﬂdiﬂs 5.45; 5.44; 543;
sul f onat o- a- 1I3' gu?% osl%l uronat e 1- 4) - 2- am no- 2- deoxy- 6-0- 15 sodi um
sul f onat o- a2 B éyé]ﬁa 184698 ppB) Conpound 107 (5. 8 nmy, 2.85 pnol)
is treated accordl ng to the sane procedure as that described for the
preparation of conmpound 91 to give conpound 108 (2.5 ng), which is used
wi t hout further purification in the following step. 201H NVR [ 600 MHz]

(D20) 8 of the anoneric protons: 5.45; 5.44; 5.42; 5.26; 5.25; 5.24; 5.17;
5.03 ppm WO 2011/018587PCT/ FR2010/ 051702



76 SCHEME 23: preparation of the octasaccharide 111 OH 5Methyl (nethyl

3,4-di - O benzyl-2-0-triethyl ammoni um sul f onat o- a- L-

i dopyranosyl uronat e) 414) - (2- azi do- 3- 0- benzy1- 2- deoxy- 6-0-tri et hyl ammoni um
sul f onat o- VO 01HORGP8Nosy! ) - 111- 34) - (net hyl PCT/IFR2010/051702

3-0-benzyl-2-0-triethyl amoni um 73

sul f onat 0- a- L-i dopyr anosyl uronat e) - (1->4) - (2- azi do- 3- 0- benzy1l- 2- deoxy- 6- 0-

tri et hyl ammoni urggHEMENaS Opreparienastithaveishbdiartds T - (et hyl

3-0-benzyl-2- 100-tri et hyl ammoni um

sul f onat 0- a- L-i dopyr anosyl uronat e) - (14) - 3- 0- benzy1- 2-

benzyl oxycar bonyl anm no- 2- deoxy- 6- 0- trlehﬂylannnnlun1 ch

sul f onat o- 0i - bgl ucopyr oMe
f ) E8nd 4+

is dried bywtp~gdpsit |OI I
t hen di ssol veg NG W tide 35P1.4 To thi s mol ution is
added t he swiof ur YTioxi de-%ri etyl am ne oggrp (109 ng; 6.01 mmol). The

m xture is stirred for 16 hours at 55C proﬁected from WO

2011/ 018587PCT/ FR2010/ 051702 77 light and fthe excess reagent is then
destroyed with nethanol (25 pL). The reacty on nmedi um | s deposi ted orpsa;

col um of Sephadex(r) LH20 (120 x 3 cmjpglut ed vmt i oBn o
di chl or onet hane/ et hanol ¥ xt ure_to gige oo Q@\%
oMe0,C BnO OMa
Me0,C ’% BnO NHZ
ZS/BHO &/

0,80
triethylammonium salt
0,80 1 05
l MeO C
o
oMe0,C ’%
o MeOEC BnO
Me0,C BnO
BnO
Ean
1 06 ammonium salt
l 080,Li
0SO,Li o
) OH o HO.C 0B8n
O80,Li o LiO,C OBn N 0
o Lio,c—, OBn . © O0—" BnO OMe
LiO,C~— OB N O~ Bno o NHz
. o 00— mno 0 N
0= Bro X N, O LiO,SO
BnG N, LiQ,30
LiQ,80
LiO,S0 107
OS0O,Na
OB0,Na o
OH o NaG,C—, OH
030,Na o NaD,C OH . O
o Ma0,C—,. OH N 0~ Ho OMe
Na0,C—p OH . 0 0—" Ho o NH,
.0 0—" 1o o NH,
fo) HO o NH, NaQ,S0
1o NH, NaQ,80
Na©,S0
Na0,80 108
5 Methyl (methyi 3.4-di-O-benzyl-2-O-triethylammonium sulfonato-g-1L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-triethylammonium

sulfonato-u-D-glucopyranosvl}-{1—4)-(methyl 3-O-benzyl-2-O-triethylammonium

sulfonato-g-L-idopyranosyluronate)-(1—-4 )—(2-azido¥3-O—ben_;yl—G-O-ten‘-

butyldiphenylsilyle-2-deoxy-o-D-glucopyranosyl)-(1—4)-{methyl 3-O-benzyl-2-O-




5Rf = 0.26, silica gel, 28/16/3.8/9 ethyl acetate/pyridine/acetic

aci d/ wat er . Met hyl (lithium 3, 4-di-0-benzvl-2-0-lithium

sul f onat o- ANO-20b101888%y| ur onat e) - (1- >4) - ( 2- azi do- 3- 0- lFIRFR20-0¢37Y2 6- O- |
i thi um sul f onat 0- a- Dducoovranosvl) - 111-4)- (1 ithium 3-0-benzyl-2-0-1ithium
sul fonat 0- a- L-

10i dopvr andﬁé/r o
sul fonat 0- "o~ D s

sul f onat 0- &gkl mlnéa ss@w&ﬂ ﬁ)méﬂlumsaf&ra*?@ttzm

| no- 2- deoxy- 6- - |um sul1ona o a- O-ql ucop - sol uti on
of conpoun -2 (R iriet omium suiifbnafora-lEdopyranosyluronate)-

t et r ahydr of / i's added at OC a 0 7 M sol ution
of lithiu arb-SHtrigth DM .

vl >
After 1z ho roomterrperature the reaction
5 leaﬁatg(&ﬁ é tﬁ](—Sr)kl"’oégphadex(r) LH20 (120 x 3 cn) eluted
W|th a 50/ 50/ 1 Qorpouticc B5of3anetrhgne & hans) ts/vweefedﬂaémmg@oghéesﬁ@pound
110 (38.1 ng). 20[alp 13.1 (c 1.0; MeOH) (sodium 2-0-sodi um

sul f onat o- &N&G&%ﬁv@%rﬁbatudﬂe@ﬁae@)fqlﬂmpr@maraa@mn@ xodmmdaze $o ddiven

| f t di
Sl fonat o SOARAT BB gt Pt cHiSH SRR, o8 e me. of Saharie3s
sul f onat o- &H200ysl ¢PI0 Kr80av 150/B0( L )/ GieRlothathansfdhaidl/water).
sul f onat o- a- Li dopvr anosvl ur onat e) - ( 1- >4) - 2- ami no- 2- deoxy- 6- 0- sodi um

sul f on# o- a- Dgl ucopvr anosi de (111) To a sol utlon of conpound 110 (40
ng, 12.8 pnol) 'I\ﬁb (nje / )| ( > (2. ) are added
ammoni um f or mat e 105 » : -of~ char coal (260

ng). After lddqy!tém@IJr@ﬁatée$W£ (elo-raﬁﬁﬁbﬁaaffpeulﬁin#t&z éii@olseeﬂdé@gi pediumis
filtered ( | pore(r er) and concentrate ryness. The
resi due |s_§95m@;.9l§l_Qnﬂ@noeViQrﬁ1Hdﬂ (migthv? @10/DAIBBRPCEL RSB OERINR/-7 8
Sephadex(r) G25-fine gel (95 x 2 ¢ el uted W|th aqueous 0.2 M Nad

sol ution. ¥rsl9opy@nogyluronagtelst irpdi(4-a2idesdso A% Mnﬁ.ﬁte conbi ned and
deposq d eI uted with
wat er. The

further pUidcfdv?@idsQﬂtrbtﬁ‘atb'ﬂﬁ M@(Gmaﬁ%éﬁlﬁﬁt sulfonato 2~aZId0-3 O benzvl 2-

deoxy-o-D-glucopyranosyl)-(1—4)-(methyl 2-O-ammonium sulfonato-3-O-benzyl-

g-L-idopyranosyluronate)-(1—4)-6-O-ammonium sulfonato-3-0O-benzyl-2-

[(benzyloxy)earbonyllamino-2-deoxy-a-D-glucopyranoside {106)

20 . Compound 105 (38.4 mg, 9.68 pmol} is treated according to the same
proceddre as that described for the preparation of compound 89 to give
compound 106 (28.4 mg) after chromatography on a column of Sephadex®
LH20 gel (95 x 2 cm, N,N-dimethylformamide). |

Rf = 0.21 (28/16/3.8/9 EtOAc/pyridine/AcOH/H.0).

25

Methyl (lithium 3,4-di-O-benzyl-2-O-lithium sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-lithium sulfonato-

o-D-glucopyranosyl)-(1—4)-(lithium 3-O-benzyl-2-O-lithium sulfonato-o-L-

idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-a-D-glucopyranosyl)-

30  (1-4)-(lithium 3-O-benzyl-2-O-lithium sulfonato-g-L-idopyranosyiuronate)}-{1—4)-

(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-g-D-glucopyranosyl)-(1—4)-

(lithium 3-O-benzyl-2-O-lithium sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-




Mass: "ESI" nethod, negative node: theoretical mass = 2285.47; experinental
mass: 2197.20 0.34 a.mu. (iduronic acids observed in COOH forn.

10Exanpl es of conpounds according to the invention: EXAVPLE 1. Met hyl

(sodi um 4-\RrppoP1/618587 sodi um sul fonato-a- L- PCT/FR2010/051702

| dopyr anosyl uronat e) - (1->4) - ( 2- deoxy- 6-4- sodi um

(sul f onat oam no) - a- 0- ol ucopyr anosyl ) 41->44(sodi um 15

Py Lo O e Ry e A AT 65 AP M thjum sulfonato-o-o-

(SUl f onat & Fro—a—p— e opyFahe

i dopyr anosylhi¢Branédidé §107)2- deoxy- 6- 0- sodi um

(sul f onat oam no) - a- 0- ol ucopyranosi de (conpound 1) sul fonat o-2-sodi um

2- 0- sodi um sul feapourd 1106s{18 4 mag,07 B2s poiclinis2trSateddaconrding f fonthicosamk- su

| f onat 0- 2-sod i ared_sol uti on, of conpound 30

m Jo a.freshl re

(180 g, OO HRoRs fatsdesaibieli for dae ArBaTtGM A drasgemth dbriar e

| uti u ®
ol ut 181 (nbund T G St Sirally B R S0sel®
50 U o5, Af Lo 1B D5 A £ GO LOURGr A g fe.  he T eABt N M Xt Ure 18-

u : ;

deposited on a@{ﬁ é#@g/@g‘bﬁ%ﬁ?}%@&"eﬁ/#@@iﬁﬁ( 90 x 3 cm) eluted wth
aqueous 0.2 M NaCl solution. The fractions containing the expected conpound

are conbi ned and deposited on a col um of
Methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1-4)-(2-

- )

10 amino-2-deoxy-6-0O-sodium sulfonato-a-o—qlucopvranosvl5-( 1-4)-(sodium 2-0O-

sodium sulfonato-a-L-idopyranosyluronate)-(1-4)-(2-amino-2-deoxy-a-D-

glucopyranosyl)-(1-4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-

(1-4)-(2-amino-2-deoxy-6-O-sodium sulfonato-o-D-glucopyranosy)-(1-4)-(sodium

2-0O-sodium sulfonato-a-L-idopyranosyluronate)-{1-4)-2-amino-2-deoxy-6-O-

15  sodium sulfonato-a-b-glucopyranocside (108)

Compound 107 (5.8 mg, 2.85 pmol) is treated according to the same
procedure as that described for the preparation of compound 91 to give
compound 108 (2.5 mg), which is used without further purification in the
following step.

20 "H NMR [600 MHz] (D2O) 8 of the anomeric protons: 5.45; 5.44; 5.42;
5.26; 5.25; 5.24; 5.17; 5.03 ppm



WO 2011/ 018587PCT/ FR2010/ 051702 79 Sephadex(r) &5-fine gel (90 x 3 cm
eluted with water. After concentrating the fractions containing the
expect ed coypoursh1/8P8540 of conpound 1 are obtai ned. CTIFR201

1H NMR [ 600 MHz] (D20) 5 of the anoneri CT%rotons 5. 45; g 4£ ?72 I9|{(?51gg?22;
5.21; 5.20; 5.18; 5.03 ppm Mass: S| " nmet hod, negative node:
theoretlcal mass = ; erimental mass: 2734 a.mu. EXAMPLE 2:

Met hyl (sodi um 4%9%’%@'%yg§2’r %@HPUlﬂ?éﬁﬁ peiesaecharde i

I dopyr anosyl uronat e) - (14) - ( 2- deoxy- 6- 0- sodi um sul f onat 0- 2- sodi um OH
(sul f onat oam no) - a- D- ql ucopyr anosyl ) - (JO 4) - [ (sodi U‘%Odl um ‘§<;g\
sul f onat 0- a- Li dopyr anosyéur onat e) - (14)~ Mg% ¥en 6- 0-

sul f onat o- 2- sodi uga, (sul ©°6gmi°Ho ), nNZEL

2- 0- sodi um st dyat oo )&?g/ﬁn S 3 2- déoxy- 7 0- sodi um
sul f onat o- 2- ggdi 918 Sul kdhat omi no) - a- o- dI w*eopyran05| de (conpound 2)
Compound 37 (29. 5¢ny, 11.56 pm)'TO) is treatgd according to the same 20
procedure as that described for the prepar t|on of Exanple 1 to give

conmpound 2 (7.4 ng) after purification by il on- exchangg,chr omat ogr appfy©: ( SAX
colum, conditions: 0.5 nmn, A H20, M NaCl , re?,de @O%gﬁi\o
90% over 30 nmin) follo %OQ%Cchrog.mato r Ms% & phalle oMe
G25-fine gelwgs4. sen 1 % of the “™
anonmeric proto B(’(? H ;%5 227521 (2H) 55020 5.18; 5.03
ppm Mass: S et ffod, osra:egat ive mb@Eé heoretical mass = 3401. 12;

0S0,Li

080,Li - Oa
080l o Log OBn
080, o Liogo PBN . DO
o LiDC— PBn P o~ Bro zan OMe
Lio,c— BN « 0 0—" Bno W, O
~ o O BnO N 0 2 LiO.S0
o~ BnO e 3 :

experi ment al r’r&§§° 3400.40 0.76 a.mu. \/\1) 2011/ 018587PCT/ FR20101051702 80

. Lio,so
BnO *  uogso 110
LiO,S0
l 080,Na
0S0Na
0SO,Na o NaO,G—y OH 0
08O Na : oH . o’é%
03 Na0,C—» OH o7/ o 0~ Ho uroMe
NaO,G— O o . O 0= Ho e 2
o HO NHO ? NaDSO
HO e Na0,80
HO Na0,S0
Na0,80 111
5 Methyl (methyl 3,4-di-O-benzyl-2-O-triethylammonium sulfenato-o-L-

idopyranosyluronate )-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-triethylammonium

suifonato-a-D-glucopyranosyl)-[(1—4)-(methyl 3-O-benzyl-2-O-triethylammonium

sulfonato-a-L-idopyranosyluronate)-{ 1—4)-(2-azido-3-O-benzyl-2-deoxy-6-0O-

triethylammonium sulfonato-a-D-glucopyranosyl)lo-(1->4)-{methyl 3-0O-benzyl-2-

10 O-triethylammonium sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-

benzyloxycarbonylamino-2-deoxy-6-O-triethylammonium sulfonato-o-D-

glucopyranoside (109}
Compound 87 (37.0 mg, 0.15 mmol) is dried by co-distillation of N,N-
dimethylformamide (3 x 1.4 mL) and is then dissolved in N,N-dimethylformamide
15 (1.4 mL). To this solution is added the sulfur trioxide-triethylamine complex
(109 mg; 6.01 mmol). The mixture is stirred for 16 hours at 55°C protected from



EXAMPLE 3: Sodi um [ nmet hyl (sodi um 2-0-sodi um

sul f onat o- a- Li dopyr anosyl uronate) - (1-44) - (2- deoxy- 6- 0- sodi um

sul f onat o- 2- sodi um ( sul f onat oam no) - a- o- ci | ucopyranosyl )-(14)-1isodi um

2- 0- sodi umWOI 2050 ©85B7Li dopyr anosyl ur onat e) - ( 1- >4) - ( 2- RODFRIGIG/EHATORM
sul f onat o- 2- sodi um 77

5(sul f onat oam no) - a- n-ci | ucopyr anosyl ) - (14) 12- 2- 0- sodi unsul f onat o0- a- L-

i dopyr anosi [aTol ) 5CAPO 55
(48.7 ng) IGRY QN fHee ehEeut flient Itsﬁ@gégarrgﬁi%;edr with metharidl 12s°ALPOYRE 55
for the prepactmn rrredoijsaimdos:téd tom glccﬂumnnmeBBﬂhé’dé)@?M-lrzg)('IZO x 3 cm

1H NMR 600 20) 5 of anoneric protons: 5.43 (2H): 5.35; 5. 25;
5. 24: 5[ 198 !LgHé] VSIEI pﬂ& cil tgane/e?hanoi mixture té I;;D;ve compound

4: Met hyl (sq@igyBB- 9d| unsul f onat o- a- L-

I dopyr anosyl uronat@ (1-44)-(2-dem 2-sodi um
(sul f onat oam noRfe 0u@busibice galn a8§16y3.819 ethyt dcatdiaipyrtife/aodiciatid/water.
sul f onat 0- a- L-i dopyr anosyl uronate)- (14)-(2-deoxy-2-sodi um

(sul f onat oam no) - a- o- ql ucopyr anosyl ) - (1->4) - (sodi um 2- 0- sodi um

sul f onat o- a- L- i gy A 20kt Sids s ob

sul f onat o- 2- sod -0-

sodi um sul nmﬂmte}—m—bﬂ-@-ﬂzﬂa@@fbémMm(vlsﬁ-hthﬂﬂﬂ@Woﬁat@-oﬁ@dl um
sul f onat o- 2- sodi um ( sul fonat oam no) - a- D- ol ucopyr anosi de (conpound 4) WO
2011/ 01858 gRICoPEENUEEH] b p(lighium O benzyl-2-O-lithium sulfonato-g-L-

10  idopyranosyluronate)-(1—4)-{2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-

a-D-glucopyranosyl.-(1—4)-(lithium 3-O-benzyl-2-O-lithium sulfonato-g-L-

idopyranosyluronaie)-(1—4)-3-O-benzyl-2-benzyloxycarbonylamino-2-deoxy-6-

O-lithium sulfonato-o-D-glucopyranoside (110)

To a solution of compound 109 (57.3 mg, 13.7 pymol) in a 1/1 viv
15 tetrahydrofuran/methanol mixture (2.2 mL) is added, at 0°C, a 0.7 M solution of
lithium hydroxide in water (0.88 mL; gs final concentration of 0.2 M). After 1 hour
at 0°C and then 16 hours at room temperature, the reaction medium is deposited
on a column of Sephadex® LH20 (120 x 3 cm) eluted with a 50/50/1 viviv
dichloromethane/ethanol/water mixture to give compound 110 (38.1 mg).
20 [elo 13.1° (¢ 1.0; MeOH)

Methy! (sodium 2-O-sodium sulfonato-g-L-idopyranosyluronate)-(1—4)-(2-

amino-2-deoxy-6-0-sodium sulfonato-a-D-glucopyranosyl)-[{1—4)-(sodium 2-O-

sodiurn sulfonato-a-L-idopyranosyluronate}-(1—4)-(2-amino-2-deoxy-6-0O-sodium

25  sulfonato-g-D-glucopyranosyl)]o-(1—4)-(sodium 2-O-sodium sulfonato-o-L-

idopyranosyluronate)-(1—4)-2-amino-2-deoxy-6-0O-sodium sulfonato-a-D-

glucopyranoside (111)

To a solution of compound 110 (40 mg, 12.8 pmol) in a 1/1 viv tert-
butanol/water mixture (2.6 mL) are added ammonium formate (105 mg,

30 1.67 mmol) and 10% palladium-on-charcoal (260 mg). After stirring for 4 hours at
room temperature, the reaction medium is filtered (Millipore® LSWP 5 pm filter)

and concentrated to dryness. The residue is deposited on a column of



Conpound 91 (5.5 ng, 2.64 pnol) is treated according to the sanme procedure
as that described for the preparation of Exanple 1 to give conpound 4 (4.5
ny) . NVR [ 600 MHz] (D20) 5 of the anoneric protons: 5.44;
5.40; 5.31;WE528%1/048587 5 22. 5 16; 5.03 ppm VaRCT/FR2010/p51708d,
negative node: theoretical mass = 2489. 58 experinental mass: 2465.63 O0.64
a. mu. EXAMPLE 5: Met hyl (sodi un2-0- sodi unsul f onat o-a-L- 10

i dopyr anos\3apteiteik€)G25-4he ( b3) ' i i

(sul f onat oar ni no) - a- Dql ucppg;%rl gﬁgsyzl%"?iﬂﬁ‘w?sgﬁﬁ’ uar%ug?gg’sod%i[\ﬂrﬁam solution.

sul f onat o- &he frastignsapertpining the expe¢ted>enmpauntt ary cBntbiseianth deposited

>-0- sodi um S EolERS SESEBRGAEE TGRSR RO KT B St i Mibias Hnscerne
(sul f onat ogrbigdt- Pt Dthls 6BRHEN PR )mE LD ubS@Hithdud Jurther purification in. the.

2- 0- sodiunsul f onat 0- a- L-i dopyr anosyl uronate) - (1- >4) - 2- deoxy- 6-
sul f onaPo- Folky¥ingst&®sul f onat oani no) - a- o- ducopyr anosi de (conpound 5)

orocedur e as. ¢ h{ s T belahed meoRmS o RE0 LMo aseBi s " Fo b

orotons: 5oabo By megy 24T EVRL 0T el (R hic iy e R

6: Met hyl ( sédeine- 0- sodi unsul f onat o- a- L-
i dopyranosyl uronat e) - (1-->4) - (2- deoxy- 6- 0- sodi unsul f onat o- 2- sodi um
(sul f onat oam no) - a- D- ql ucopyr anosyl ) - (1->4) - (sodi um 2- 0- sodi um

sul fonggo-a-L- Examples of compounds according to the invention:
i dopyr anosyl ur orﬁt_e)'g'(ﬂ)'-_mfgmmﬁrgmﬂmn;'mj -a-D

EXAMPLE 1: Methyl (sodium 4-O-propyl-2-O-sodium sulfonato-g-L-

idopyranosyluronate)-(1 —4)-(2-deoxy-6-O-sodium sulfonato-2-sodium

{sulfonatoamino)-a-D-glucopyranosyl)-(1—4}[(sodium 2-O-sodium sulfonato-g-L-

15  idopyran osvluronat_e)-( 1-4)-(2-deoxy-6-0-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranosyl-(1—4),-(sodium 2-O-sodium sulfonato-g-L-

idopyranosyturonate)-(1—4)-2-deoxy-6-0O-sodjum sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranoside (compound 1)

0SONa

0SONa
0SON o OH N O’%
a3
o NaOC .
o Na0,C— OH L P o7 HO o SOMe
NaOL— PH P O—" 1o 9 4§
o o~ 1o o NaO,SNH

o HO g NaO,SNH NaQ,BNH

NN NaO,SNH NaQ,S0

NsO,SO
Na0,S0

20 1
To a freshly prepared solution of compound 30 (180 mg, 0.077 mmol) in
saturated aqueous sodium hydrogen carbonate solution (15 mL, 100 mL/mmol)
are added, at 0°C and under an argon atmosphere, solid sodium hydrogen
25 carbonate (1.17 g, 13.9 mmol) and then the pyridine-sulfur trioxide complex
(985 mg, 6.19 mmol) portionwise over 30 minutes. After 16 hours at room
temperature, the reaction mixture is deposited on a column of Sephadex® G25-
fine gel (80 x 3 cm) eluted with aqueous 0.2 M NaCl solution. The fractions
containing the expected compound are combined and deposited on a column of



WO 2011/ 018587PCT/ FR2010/ 051702 82 ol ucopyr anosyl ) -(14) - (sodi um 2-0-sodi um
sul f onat 0- a- L- idopyranosyl uronate)- (1->4)-(2-deoxy-2-sodium '

(sul fonato 1 copyranosyl)-(14)-(sodi um 2-0-s 1‘"@&

sul f onat o- Z??- c?opyr angl;yl uronate)-(1- >47§ 2- deoxy- 6- 0-so 2010/051702

sul f onat o- 2- sodi um (sul fonat oam no) - a- 0-'0l

Conmpound 9 Is tr at ed according to the sane procedure

as t hat de%@&’iﬁﬁgﬁxf@ﬁr E?‘eﬁiﬂ Atd 6/ cﬁlUtEQaWWI‘éNaIe*E Afareoncshpiating the (7. 3
101H | 2 H) ;

5 25; 5. 25 TEI9T; gy -e eoidd SRR, ) IhTS caribunet i o )

theoretlcabbtaalsed— 2489. 55; experinental mass: 2488.00 1.5 a.mu.

15EXAMPLE 7: Met hyl ( SOdI um’Z 0-sodi unsul f onat o- a- L-

i dopyr anosy! ur ondt MR 1680 MHZ)_ deblyo ef dhe RnQimers IPFretRRS 0545 dufd? H);

| f t DR I 14 sodi um 2- 0- sodi um
gzrf og O%’%T?%%é;%ggéﬁgrgﬁs {1) 4£1) %Z(deo;(; 2- sodi umI -

(sul f onat oam noMassodiESIpymetiasy,| hefativel) modedi thevitidas aflbgsn = 2735.72;
sul f onat o- a- L- i,dogééanosyl uronate)- 20

(14) - ( 2- deEXHEBNENDR) FHaFss a¥ $HRANAL 2- sodi un( sul f onat oani no) - a- a-

ol ucopyranosyl ) -(14) - (sodi um 2- 0- sodi um sul f onat o- a- L-i dopyr anosyl ur onat e) -
(1 4)-2-deoxy-6-0-sodi um sul fonat o- 2- sodi um

(sul f onat oam noEX&MBLEC &y Methsli deodivompdudergpyl-2A0-sodium _ sulfonato-g-L-

2011/ 018587PCT/ FR2010/ 051702 83 Conpound 108 (3.7 m]J 1.42 pnol) is
t r eat e ac KARYTAROSYIroRIeHH freo Al Brcley-H-Gsqdium dpqrrl b e fﬂﬁatQ-B-ﬁodlum

preparati 0Y!slﬁifon%man%)-&-ﬁ-glu%oWraﬁggPI?-W —>4¥-[((s%d|umng‘)-0-sod|um sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-degxy-6-O-sodium sulfonato-2-sodium

ucopyr anosi de (conpound 6)

(suifonatoamino)-u-D-glucopyranosyi-(1—4)js-(sodium 2-O-sodium sulfonato-g-L-

idopyranosyiuronate)-(1—4)-2-deoxy-6-0O-sodium sulfonato-2-sodium

15 (sulfonatoamino)-a-D-glucopyrancside (compound 2)

OSONa
050,Na
O8OyNa o NaCy

c
0SOMa 0 NaD; "S<;e\
05C;Ma Nao,c % & a0, SR
o N0 NaQ,SNH
Na0,C Na0,SNH 0
NaDasNH
R, Na0,ghH O 0,5

Na0,50
Na0,80

Compound 37 (29.5 mg, 11.56 pmol) is treated according to the same
20  procedure as that described for the preparation of Example 1 to give compound |
2 (7.4 mg) after purification by ion-exchange chromatography (SAX column,
conditions: 0.5 mL/min, A: H,O, B: 2 M NaCl, gradient 30% of B to 90% over
30 min) followed by chromatography on a column of Sephadex® G25-fine gel (b4
x 1.7 cm, water).
25 H NMR [600 MHz] (D20) & of the anomeric protons: 5.45; 5.42; 5.41
(2 H), 5.22; 5.21 (2H); 5.20; 5.18; 5.03 ppm.
Mass: “ESI” method, negative mode: theoretical mass = 3401.12:
experimental mass: 3400.40 £ 0.76 a.m.u.



1H NMR [ 600 MHz] (D20) 8 of the anoneric protons: 5.46; 5.42; 5.31; 55.26;
5.24; 5.22; 5.18; 5.03 ppm EXAMPLE 8: Met hyl ( sodi un2- 0- sodi unsul f onat o- a- L-
|dorvvranosyl uronat e)-(1-4)-(2-deoxy-6-0-sodi unsul f onat o- 2- sodi um

(sul f onat odMPNY1HOBBBTicopyr anosyl ) - 111- >4) - (sodi um 2- RESHER2GM0/051762

sul fonat o-a-L- 10 idopyranosyl u ronate)-ggl-*4)-(2-deoxy-6-0-sodi um

sul f onat 0- 2- sodi um (sul f onat oam no) - a- 0- ol ucopyranosyl1) 12-(14) - (sodi um

2- 0- sodi um sul f EHEAPRE 5 doRyAARPSYTRIAYEalr >3 02iRmEY- rfrsasihy™

sul fonat 0-2- (sOlffonato)a
Conpound 11donw2_myturmaatemm4»-(2-&ietaxe£ Ssadignr di ng t o durensRIR-dIRGRdUr €
as that descr#bed for the preparatlon of Exarrpl e 1 to give conpound 8 (44.1
mg) . sulfonatoamino -a-D~Iuco D4 dj . 053]

protons: 5. ; ;
met hod, nega H RESS
2692. 975 0{§lﬂftﬂ}d%éh|n@ L1594 TR -D0sail e fonaéafo%a'ta-a?é
i dopyr anosyT uronat €) - OXY- b- O-S00dT anT suf T orrat o=-2=Sout

(sul fonato)@gmmwdelat@ﬂampwhﬂ 3)( 1->4) - (sodi um 2- 0- sodi um

sul f onat o- a- Li dopyr anosyl uronat e) - (14) - ( 2- deoxy- 6- 0- sodi um

sul f onat 0- 2- sodi um (sul f onat oam no) - a- 0- ol ucgpyganowl112-( 1- 3?3—Zsod| ym

2H) : 820'. 5. 04 ppm

L ...\Q. 0= -5.0\.1' Q. nard

2- 0- sodi um sul f onat o- a- VDQS(M11018587PCT/ WY Q51602 84 . OMe
Li dopvr anosvl ur onat e); (14) %§=2,°80di, 0 i 03 O

NaOC— O 17 ‘o’ 1o y NaO,SNH ©

HO o NaO,SNH NaQ,80
NaO,SNH NaQ,50
HO Na0,S0
Na0,50C
3

Crude compound 55 (48.7 mg) is treated according to the same
10 procedure as that described for the preparation of Example 1 to give
compound 3 (37.6 mg). |
'H NMR [600 MHz] (D20) 8-of the anomeric protons: 5.43 (2H); 5.35;
5.25; 5.24; 5.19; 5.18; 5.09 ppm.

15 EXAMPLE 4: Methvl (sodium 2-0O-sodium sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium (sulfonatoamino)-a-D-

glucopyranosyl)-{1—=4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-

(1—-4)-(2-deoxy-2-sodium (sulfonatoamino)-a-D-glucopyranosy))-(1—4)-(sodium

2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium

20  sulfonato-2-sodium (sulfonatoamino}-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-

sodium sulfonato-o-t -idopyranosyluronate)-(1-—4)-2-deoxy-8-O-sodium

sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranoside (compound 4)

0SO,Ma

0SO,Na o
OH o OH o Na0C— O 0
NaQ,C ~ )
o Na0,C OH o 2 . 0 Q HO OMe
NaO,C - HO 0 ¢
2 0 o—" o d NaO,SNH
o=/ 1o g NaO,SNH Na0 80
NaO,SNH Na0,80

HO
Na0,80

Na0,80



gl ucoovr anosi de (conpound 9) OH Compound 104 (6.5 ng, 2.98 pnol) is
treated according to the sanme procedure as that described for the
preparation of Exanple 1 to give conmpound 9 (6.0 ny).

1H NVR [ 60WZO11(0BB878 of the anoneric protons: 5.44 PZWERZD1SA513022
10(2H); 5.19; 5.18; 5.05 ppm Masgq "ESI" nethod, negative node:
theoretical mass = 2591. 60; experinental nmass: 2591.80 0.33 a.mu.

The conpounds a | LAV ' r p | agical
trials to deter %%ﬁ{eﬂjt"ﬁg’i ?qagd;ﬁi@ ’ gﬁljfeg{h%q?:qtghﬁé@%%q éﬁ%og%ﬁgr@ggﬁl% Staﬂief r
activity oprogegiuogesdbaisdesalibet Jor the preparatirhefxamplevhse giver caapoomd

Model of i? Xié%rt]ro angi openesis: specific activity towards FG-2
The in vit c( 'g;]lgéygenesi s nodel corresponds to a rearrangenent of 20 hunman

venous endot hel ial i i cal s T TEX% Al de Jhy

di spensi ng, int olﬁr‘elialtlf:ﬂﬁi &iqq)ﬂﬂoﬁzlgcvé@%% t%?:%r@nﬁéccpgﬁg%'ci'?'ﬁs%hi@ﬁg%), 60
pl of NhatrbdgdE; 6r34;E.22t%d61 5.08/ppn{.G owmt h factor reduced Matriger): Becton
Di cki nson 35623@? i n gg ) arcF;]er]_;p(i]at tail coll agen, t¥_pe | Becton Dickinson
354249) . The bi 81&8§§i c&>Inefeiiethapeeriivessmades theeretigal amess 25HEA8A.58enous
endot hel i a - ' : nl - Pronocell) are seeded onto the

bi ol ogi cal é)rggt #’?‘%nfgr%%oégée Pg/'%ﬁlgoﬁﬁ”izo pl of EBMr) medi um

(Endot hel i al Basal Medium Lonza C3121) + 2% FCS (foetal calf serum -
Lonza) + hEGF ( nlgi pant Human Epidermal Gowth Factor - Lonza) 10 pg/m.
The cells are sEAMMBERD: REFOdiy: 5270-sadiunESE sufoRao-a0- ng/ nd

or 0114/.01858 7 ) i 1 venti on
VO PO LB R RLRTORR 9917 82080 Wil P 0dugt i gloib gl

for
are obser vgRicdp@
ep

| engt h of 1T ) T
(Bi ocom Vi gli-e#t&2-260Ry-SeDisgeiled . sulfonato-2-sodium (sulfonatoamino)-a-D-

glucopyranosyi)}-(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-

=i M AVIgld Iy

(1—4)-(2-deoxy-2-sodium__{sulfonatoamino)-o-D-glucopyranosyl)-(1—4)-(sodium

15 2-O-sodium sulfonato-g-L-idopyranosyluronate)-(1->4)-2-deoxy-6-0O-sodium

sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranoside (compound 5)

0S0,Na

OH
0SO,Na oNeOC—, OH ©
OH OH
Na0,C .
o Na0,C—, OH o7 « 0 0% HO— o &, OMe
Nao,c—- ,CH N 0 0 HO 9 a0, 5NH
X U 0—" 1o g NaQ,SNH
o~ ho x NaO,SNH Na,50
HO NaO,SNH NaQ,50
Na0,80
Na0,50

5

Compound 95 (2.5 mg, 1.2 pmol} is treated according to the same
20 procedure as that described for the preparation of Example 1 to give compound
5 (1.9 mg).
'H NMR [600 MHz] (D20O) & of the anomeric protons: 5.45; 5.43; 5.33;
5.25; 5.23; 5.21; 5.16; 5.05 ppm.

25 EXAMPLE 6: Methyl {sodium 2-0-sodium sulfonato-g-L-

idopyranosyluronate)-{1-—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranosyl)-(1-»4)-(sodium_2-O-sodium sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium {(sulfonatoamino)-a-D-




5In this test of in vitro angi ogenesis, the conpounds of the invention have
a specific activity of between 10-6 Mand 10-12 M For exanple, conpounds 1
and 7 are active at 10-6M Conpound 10 having the following forrmula: 10
10 WO 20ki/eti858Y sodium salt form al so denonst r RCTFR2AIKASITOR N
this in vitro 15angi ogenesis test. g2 Moreover, it was denonstrated in
an in vitro cellular test that the octasaccharide No. 8 according to the

| nventi on, qh]b%p(}m AR5 A8l 2SS R gg@&‘ihﬁ&%ﬂg &gw?o;gt&-

better FG-FzZ—acttvators tiram—the Ilc)\clbclbbllclll
(conmpound desenibatbdyy-LCsodi @ﬁ*ﬁ%u%nﬁban’ilrﬁb)E&-QQilgcon?ﬂmVnQ’l&M)F(sb%ﬂﬁn 7,
2003-2012) . Furthernore, the majorrty of the of hér octasacchari de corrpounds
accor di ng 2eOtdudiimvent ianﬂfonamﬂa-i_-ridcbmaeomhmmatﬁi -(Nex4 H2-daaxye 6t Grsoslame
activity as he oct asaccharide No. 8 on i V|tro model s. 25Mbdel  of

cel l ul ose iBH AURY (Sulfonatoaming)-gnpslucoRyrg °;§‘F%‘?"P8H"G'f5)t he nodel
descri bed by Andrade et al. (Mcrovascul ar Research 1997, 54, 253.Hi) for

testing pharnmacol ogi cal products capabpl e of activat Ohg the set f o
angi ogenesis. WO 2011/4348587PCT/ F lh;)@Cl?(aﬁ 86’%
consangui neous BALB/ ¢ {J atee) At e, NaDSNHOMe

o o/’ o7 HOeo; SNH Neo;SHH aO SO

HO™ " Nao,shH © Na0,S0
HO ? Na0,80
Na0,S0 :
5 6

Compound 99 (8.9 mg, 4.28 pmol) is treated according to the same
procedure as that described for the preparation of Example 1 to give compound
6 (7.3 mg).
10 'H NMR [600 MHz] (D20) & of the anomeric protons: 5.46; 5.32 (2 H);
5.26; 5.25; 5.21; 5.20; 5.05 ppm.
Mass: “ESI” method, negative mode: theoretical mass = 2489.55;

experimental mass: 2488.00+ 1.5 a.m.u.

15 | EXAMPLE 7: Methyl (sodium 2-0O-sodium sulfonato-o-L-

idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium

(sulfonatoamino)-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium_sulfonato-g-L-

idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium {sulfonatoamino)-g-D-

glucopyranosyl}-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-

20 (1—4)-(2-deoxy-6-0O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-

glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-o-t-idopyranosyluronate)-

(1—=4)-2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino}-g-D-

glucopyranoside (compound 7)

0S0,Na
0SO,Na o
OH on o NaG,C—, OH o
(50,Ma NaO.C ’ ~
*NaO,C—on OH O ~. 0 0—" Ho OMe
OH 0 0 o= Ho o NaO,SNH
NEIOZC 0 \O HO o) NaOSSNH
‘o—" o q NaO,SNH : Na0,80
H NaO,SNH Na0,8C .
0 NaQ,50
Na0,S0

25



with a xylazine (Ronpun(r), 10 ng/kg)/ketam ne (Il ma!gene(r) 1000, 100

ng/ kg) m xture intraperitoneally. The animal's back is shaved and

di sinfected with Hexonedi ne(r). An air pocket is created subcutaneously
on the mous¥G20tUR18§8Bi njecting 5 M of sterile air. ARCT/RRRGIWHSTO2about
2 cmat the top of the animal's back is gmde in order to introduce a
sterile cellulose inplant (disk 1 cmin dianeter, 2 mmthick, Cellspon(r)
ref. 0501) i rrpr Ay gqof ' . al nj t est
product. The i nci si o‘ﬁ&?%\nﬁd%e?sut rgdﬁa%méélrelige %&%’%%mgqﬁg(%%glom
t he days f cnrbowlurg ashihat describerhfoofthe Ipeeparptiomof Exbmphe deoaive tespiovadt he
product i nt7p §| i.mplant via an injection through the skin (50

pl/i npl ant/d (311y hder gaseous anaesthesia (5% i sof |l urane (Aerrane0,

Baxter)). 18e r i h
sacrificed by rregnrélm? ctgy?el\?ﬁgf (2)280 f @gn%ﬁcgrgréﬁ?{}gﬁt %d:gu% C&%‘A%Sga%t e
Ani mal ep, &ddo;h.24e5.2Q; $3i8n6GHepmt oneal |y. The skin is then excised, about

1 cmaround the sponge, while avoiding the scar, so as to rel ease the skin
and the sponge. The sponge is then cut into several pieces and placed in a

R bol yser (1) ‘comboiybie & ™ _@ulysi s QUALAT (OLb-LRAMR Dot §fdrlo B SA

Roche). The tub&s are snakem foul
idopyranosyluronate)-(1—4)-(2-deoxy-6-0-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranosyi)-[(1—4)-(sodium 2-O-sodium sulfonato-o-1-

10  idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranosyi)l,-(1—4)-(sodium 2-O-sodium sulfonato-a-

L-idopyranosyluronate)-(1—4)-2-deoxy-6-O-sodium suifonaio-2-

(sulfonato)amino-o-D-glucopyranoside (compound 8)

QS0,Na

080,Na o
osom 0SO,Na o o Na0,G—, OH o

3Na 0 Nao,C .

o Na0,C—, OH 2l 0 O~ Ho OMe
Na.Cr O o 0 o\ 0 a0, SNH
‘NaO; o o

‘o1 J N HO a0, 8w C T Nao,s0
HO NaO,SNH Na0,50
Na0,S0
Na,S0

8
15

Compound 111 (42 mg, 18.4 pmol) is treated according to the same
procedure as that described for the preparation of Example 1 to give compound
8 (44.1 mg).
"H NMR [600 MHz] (D;0) & of the anomeric protons: 5.45; 5.44; 5.25;
20 5.24 (2H); 5.20; 5.04 ppm.
Mass: “ESI” method, negative mode: theoretical mass = 2693.84:
experimental mass: 2692.97 + 0.18 a.m.u.

EXAMPLE 9: Methyl {sodium 2-0O-sodium sulfonato-g-L-

25 idopyranosyluronate)-(1—4)-(2-deoxy-6-0O-sodium sulfonato-2-sodium

(sulfonato)amino-o-D-glucopyranosyl)-[{1-+4)-(sodium 2-O-sodium sulfonato-o-L-

idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium

(sulfonatoamino)-a-D-glucopyranosy],—(1-+4)-(sodium 2-O-sodium _sulfonato-g- -




consecutively, for 20 seconds, at force 4, using a cell ml|l (FastPrep(r)
FP 120). 20 The tubes are then centrifuged for 10 m nutes at 2000xg at 20C.
and the supernatants are frozen at -20C until the tinme of the haenogl obin
assay. On W@ 284¢/00858fe assay, the tubes are agai n cenPCITRRRSAOMHEN 792

t hawi ng and t he haenogl obin concentratiggp is neasured with the Drabkin
reagent (Signma, volunme for volune) by reading on a spectrophotoneter at 405

nm agal NSt g6 Hated 195,490 00%H D2 SBARAPY! 001 N (Slifioamina)-g 1B

haenogl obi Sarpte TS _expressed T m ny?
pol ynomi al gluegppaasbside{tofijsathd 9pm t he range. The results are expressed as
a nean value ( senm) for each group. The differences between the groups are
tested with an ANOVA foll owed by a Dunnett test on the square 30 root of

the values. WO 2011/018587PCT/ FR2010/ 051702 87 In this in yjvo test,

t he conpounds of the invention reveal ed a specific @etd vi tyOHof bet wgen 5
and 45 ng/site. Thus, e@mpounds 1 a Szt"”:gorce acti veC gto P ConC ent of 45
C Hp 30, SNH

ng/site. 51t therefor £5oHt I NG OMe

U s
i nventi on &Y /Agonpi i Mo e NEGE T epToorPsoa%!n?iNagg ivity on
angi ogenesi g/ aN¥ atsGwePost 71 schaenm ¢ nensascul ari zati on. These conpounds
may thus be for the pr&fitati on of nedi canents, especially nedicanents

that are useful for treating diseases that require activation of the FGF
receptd@s, or of medicanents that are 10Ouseful in pathol ogies requiring
activation of angi ogenesis post-ischaem c revascul ari zati on. Thus,
accordi ng to anePRwousf 194 (BHand,s2.98 Hme)leist treatedhaceardiag: fothe samaus

or s phar mErSSARHE AT BN EBTIBLER, SepaRigH o Exdmb 1 (OB ERBIBOTE"
i nvention 9g6.0myk general |y, nmedi canments conprising a conpound of fornula
(1): 20 'H NMR {600 MHZ] (D20) & of the anomeric protons: 5.44 (2H); 5.43; 5.22
10  (2H); 5.19; 5.18; 5.05 ppm.
Mass: “ESI” method, negative mode: theoretical mass = 2591.60;

experimental mass: 2591.80 £ 0.33 a.m.u.
The compounds according to the invention underwent pharmacological
15 trials to determine their agonist effect on the FGF recepfors and their activity on

angiogenesis and also on post-ischaemic revascularization.

Model of in vitro angiogenesis: specific activity towards FGF2

The in vitro angiogenesis model corresponds to a rearrangement of
20 human venous endothelial cells on a biological matrix. The matrix is made by

dispensing, into each well of a 96-well plate {Becton Dickinson 353872), 60 pl of

Matrigel® diluted to 1/3 (Growth factor reduced Matrigel®: Becton Dickinson
356230) in collagen (rat tail collagen, type I: Becton Dickinson 354249 ). The
biological matrix hardens after 1 hour at 37°C. |

25 Human venous endothelial cells (HUVEC ref: C-12200 - Promocell) are

seeded onto the biological matrix at 7800 cellsfwell in 120 pl of EBM® medium
(Endothelial Basal Medium, Lonza C3121) + 2% FCS (foetal calf serum - Lonza)
+ hEGF (Recombinant Human Epidermal Growth Factor - Lonza) 10 ug/ml. The
cells are stimulated with FGF2 (R&D Systems /234 - FSE - 0 50) 10 ng/ml or



(1)

- 0S03-

in which: - R represents a group -0S03- or a hydroxyl group,
R2 represents either a group -0-al kyl, or a nonosaccharide of formula (II),
in which Rrepresents an al kyl group: DOC OH WO

2011/ 01858 MWOT2¢140183851702 88 0OSQ in which: R4 reprRGERR20E0/G510Q

or a hydroxyl group, R5 represergs a disaccharide of forrmula (IV):

10

15

20

25

o
030, o 00C o g O‘%om
0 ©0C—, OH o S0~ 1o 0" O HO 0,SNH
o 1o o 0,SNH
HO 0 0,SNH 0SO,Na

with the products of the invention for 18 hours at 37°C in the presence of 5%
COa. After 24 hours, the cells are observed under a microscope (X4 objective
lens) and analysis of the length of the pseudo-tubules is performed with the aid
of image software (Biocom VisioLab 2000 software).

In this test of in vitro angiogenesis, the compounds of the invention have a
specific activity of between 10° M and 102 M. For example, compounds 1 and 7
are active at 10° M.

Compound 10 having the following formula:

080, 080,

080, oH o, -00C

“0;SNH 080,

080,
10

tested in sodium salt form, also demonstrated activity in this in vitro
angiogenesis test.

Moreover, it was demonstrated in an in vitfro cellular test that the
octasaccharide No. 8 according to the invention, the heptasaccharide No. 3 and
the decasaccharide No. 2 are better FGF-2 activators than the hexasaccharide
analogue thereof (compound described by C. Tabeur et al. in Biocorg. & Med.
Chem., 1999, 7, 2003-2012). Furthermore, the majority of the other
octasaccharide compounds according to the invention, for instance compound

No. 7, have the same activity as the octasaccharide No. 8 on in vitro models.

Model of cellulose implant in mice
This model is an adaptation of the model described by Andrade et al.

(Microvascular Research, 1997, 54, 253-61) for testing pharmacological
products capable of activating the onset of angiogenesis.



in which: R5 represents a group -0S03- or a hydroxyl group,

- R7 represents either a hydroxyl group or a nonosaccharide of 10 formula
(V) below, or a disaccharide of formula (VI): (M) (V) in which: - RS
repr esent s WIOQZMIHO1&8RRB- or a hydroxyl group, 15- RO r ACHBRPO/ES1702r a
hydroxyl group or a group -0-al kyl, or gglisaccharide of forrmula (VII):
OsO,

The animals (white consanguineous BALB/c J mice) are anaesthetized

with a xylazine (Rompun®, 10 mg/kg)/ketamine (imalgene® 1000, 100 mg/kg}

mixture intraperitoneally. The animal’'s back is shaved and disinfected with

Hexomedine®. An air pocket is created subcutaneously on the mouse’s back by
o injecting 5 ml of sterile air. An incision of about 2 ¢cm at the top of the animal's

back is made in order to introduce a sterile cellulose implant (disk 1 c¢cm in

“diameter, 2 mm thick, Cellspon® ref. 0501) impregnated with 50 ul of sterile

solution containing the test product. The incision is then sutured and cleaned

with Hexomedine®.
10 On the days following the insertion of the implant, the mice can receive
the product into the implant via an injection through the skin (50 pl/implant/day)

under gaseous anaesthesia (5% isoflurane (Aerrane®, Baxter)).
Seven days after inserting the sponge, the mice are sacrificed by means
of a lethal dose of pentobarbital sodium (CEVA Santé Animale), administered
15 intraperitoneally. The skin is then excised, about 1 cm around the sponge, while

avoiding the scar, so as to release the skin and the sponge. The sponge is then

cut into several pieces and placed in a Ribolyser® containing 1 mi of lysis buffer
(Cell Death Detection ELISA, Roche). The tubes are shaken four times

consecutively, for 20 seconds, at force 4, using a cell mill (FastPrep® FP 120).
20 The tubes are then centrifuged for 10 minutes at 2000xg at 20°C and the
supernatants are frozen at -20°C until the time of the haemogiobin assay. On the
day of the assay, the tubes are again centrifuged after thawing and the
haemogiobin concentration is measured with the Drabkin reagent (Sigma,
volume for volume) by reading on a spectrophotometer at 405 nm against a

25 standard range of bovine haemoglobin (Sigma). |
The haemogiobin concentration in each sample is expressed in mg/ml
from the polynomial regression produced from the range. The results are
expressed as a mean value (+ sem) for each group. The differences between
the groups are tested with an ANOVA followed by a Dunnett test on the square

30 root of the values.



WO 2011/ 018587PCT/ FR2010/ 051702 89 on condition that: R9 represents a
hydr oxyl group or a group -0-al kyl when R2 represents a nonosacchari de of
formula (I{ %1q above; R7 represents a di sacchapit 01b" (V1)
as defined a ove m] represents a g%r?up -0-al kyl ; ang@%ﬁﬁ I%g Sggbzgnd

do not si rrultaneously represent hydr oxyl’" groups. 5 Such conpounds

i ncl ude those of fqrnula ') defined above, and al so the he tasaccharlde

10 defi ned prev['"bu'ﬁﬁm Vd‘é%f‘ﬁsitbmf CAMPRUBHES ‘%fptbﬁl iBentinn ey RoSPeRits Al
10These e r t r ment
of |schaemga E@ at@elggc %@Pﬁ%ﬁ%‘jﬁgrsktgr fl'ﬂﬁél sc é?nﬁgescgﬁéd%-, 8\/\%?” a(r;r{gés)
the treat rreommﬂralioaeﬁmgsiwci ated with narrowi ng or obstruction of the
arteries or arterites, the treatnent of angina pectoris, the treatnent of
t hronboanaitis obliterans, the treatnent of atherosclerosis, the treatnent

of inhidition of S r ri . L he
Creatment of i TASrelSESARE, Inf e BB AR At ina R AR e o
t he survi vagonitt aptoliyawt the Fid taceataors randadictivity igphangibgemasis paidglsot dve

treat nent of post-operative nerve d e, the tr atrren of, ner
def i ¢i enci BESEREIALIBICHEVREFIUBRFalion JORSE Compe U3 wsed fopihe

di sease ang JRiARIRbE mﬁfméﬁtsoes;sémimeaidaﬁ&m% "t}?atzaQe UseRfIfOF Hea
denentias, treatnment for Inproving the surviva bioartificia pa%creas
graft in tdeeaaeetlm‘t remlatﬁsacm@,tlonroémerEﬁtF maptmsrmfngedmaments that are
revasc;rd arlzafti 9 I ts and .t.he sutrwtva (%f %rafts i he treatnent of
retinal” deJ8n¥ a'ﬂcﬂ? ﬂgletsréﬁ'ﬂ%ﬂg gFiYR G it ﬁ/gfo&elnﬁ?‘tsl POSHRENALPEUS nent
of ost eoar tdvastirizatih,t reat ment of pre-eclanpsia or the treatnent of

vascul ar lesions 25 and of acute respiratory distress syndrone, treatnent
for cartilage repairing, treatment for repairing and prot ecti ng bones,

treatnent for r | rj J r air f L1Lcl ecting
and regul ating ﬁﬁ% %&%{Xﬁﬁg II% %h% %9 % 35%% Pedst %C a?ttQF 'QIQ f?%lﬁ ation
in an or gathus ieadicasherts thatGodfsiiseas Bompokd T TofRNEE NI PéF S6mpBukdQo,
damaged tissues.. In the mechani sms of post-ischaenmc revascul arization, two

mai n n’&:haﬁl’@,rliaiflaéméc‘i?lﬂmuv@ﬁceﬁfﬁgl%gﬁih@@f%pfand arteri ogenesi s. Angi ogenesi s
is the process of generating new blood capillaries from pre-existing
vessels. Arteriogenesis contributes towards

One subject of the invention is, more generally, medicaments comprising

a compound of formula (I}:

R1
]
"00C—, PH o

N

o HO _ n
P O,8NH N\
R, R,

20 - 030, N

in which:
- Ry represents a group -OSO3 or a hydroxyl group,
- Ro represents either a group -O-alkyl, or a monosaccharide of formula

(I1), in which R represents an alkyl group:

00C OH
& OR

%o/%/ n
25 080,

- Rs represents a disaccharide of formula (Ill):



WD 20111018587PCT/ FR2010/ 051702.90 t he devel opnment (increase in size and
calibre) of the collateral vessels around the ischaem c or avascul ar area.
Anmong the growth factors involved in these revascul ari zati on processes, the
FGF fam | y YMRREIRIEMA y FGF-2 has been the nost wi del PCIEER2MINEE17PRST |
5M J., Laham R, Sellke, F. W & Simggs, M Therapeutic angi ogenesis in
cardi ol ogy using protein formulations. Cardi ovasc. Res. 49, 522-31, 2001).
Thus, FGF2 and its receptors represent very pertinent targets for therapies
directed towards inducing angi ogenesis d @rteriogenesis processes
(Khurana, R & Sinons, M [%&5ghts fg ' e%esis(“ll)rials usi ng
fibroblast 10 growth factor n rterdoscl erotic . di sease. Trends
Cardi ovasc. Med. 13, 116-22Rs 2003V NeS®Bf t he applications of the
conpounds of the invention is pogishschaem c treatnent after heart occlusion
or occlusion of the peripheral arteties. 15 As regards the treatment of
cardi ac i schaenirawhighe of the nost promsing clinical tests is a clinical
test in which FG=-2 was sequestered in alginate m crospheres in the
presence of hepaFurepiesaaina group -Q0z(or alaipxi@rowdscul ar del i very of

basi ¢ fi brobl ast gr C I I [,goi ng coronary bypass ‘
surgery: results {Q%E‘ﬁé%eé ﬁfsrag&r?]ha%ﬁézg@foﬁg@bd@égbl i nd, placebo-controlled
trial. 20 Circul ation 100, 1865-71, 1999). These m crospheres were

i npl anted close to the ischaem c | ocus in the nyocardium After 90 days,
all the patients treated with FGF2 showed no ischaem c cardiac synptons. In
conparison, in the controlpogtQugs thre t he seven patients had

persi stent synptons at 90 d 1 requi $&d vascul ar surgery.
Interestingly, the therapefi 25 wes, mai ntai ned after 3 years of
nonitoring. These observati uggest that conpounds that m mc FGF2 may
represent a therapy of choice f&F reating the consequences of cardiac

i schaem a. ; LRe clinical tests on the injection of FGF2 into the
coronary artery were perfornmed during treatnent of narrow ng of the
coronary arterieRg(épeasntsR gibup BIB04 orla hydibkydgesignary basic fibrobl ast
gromh factor (FGE-2) in patients with severe ischem c heart disease:
results of a phas®7 |feppesentapeithefose fBgraxdt grupsterdya monggaccberide of

Car di 3rmidls 0Q; » 5 : rmacol ogi cal treatnent of
cor ongir(g/ afbtrery ﬁ(ﬁ%%{@@@ﬁ??‘%@@ﬁ%%gﬁfoﬂ%ﬁ E{rgﬁast grow h factor-2: WO
2011/ 018587PCT/ FR2010/ 051702 91

- RS
0S0, an
0 00C—~—, PH
N o }q‘
HO _ 0}{. (o] HO o)
NHSOQ,’
HO NHSO, Ry ?
080,
v (Vi)

in which:
=Ry represents a group -OS0j3” or a hydroxyl group,
15 - Rq represents either a hydroxyl group or a group -O-alkyl, or a
disaccharide of formula (VII):

0S0,
o]
o0c OH o Bi i
~
O—" Ho— NHsoO'
Rio 3
0s0,

20 in which Rqg represents a group -O-alkyl,



doubl e-bl i nd, random zed, controlled clinical trial. Crculation 105,
788-93, 2002; Unger, E. F. et al. Effects of a single intracoronary

i njection of basic fibroblast growh factor in stable angina pectoris. Am
J. Cardi ol .W&b2011%/048887 2000). The result of these threcPCHEROHIOGAEIOZNat

I ntra-coronary infusions of FG-2 are welgg5 tolerated and significantly

I nprove the condition of the patients. Thus, the conpounds described in the

i nvention may fi i ' ﬁgﬂi t ed
Wi th narrow %g oé‘mct: e Iticg{r)gir?g??/é @rbt e%rgg%aﬁr?@%’tﬂg ugﬁ)ryé':\gn taﬂégmﬁt of
angi na pectlds repres@ie mseesaﬂcmr!ded)fsfoahular(ﬂ)aas ekefinad abspecRarépresenigriti s
of the | ower ar e use hr on ruction of the arterioles that
irrigate tH& d]égac'cﬁﬂqlq? é’gafOFfﬂ ?e(}(/ﬂglaﬁo‘ij?;&eég hﬁY%l"‘ﬂhe&‘f J?pT%@"&Eb\ﬂeQ"qUPnbs
In a phase lo-gldyRiapdlR{ R,aR, aR8READ ﬁot"élhﬂxltﬁﬁéb G@_&@;&re@éﬁﬁmr&%@b% es

| eading to claudication received I nj ections of Lazar ous
al., BaSic fibroblast growth factor in 15 patients vmth Intermttent

123044 2000) . T drBooduiofefide sl RN} euPd AbPealspent <

and the cl 'tﬁécﬁépﬁéé@c@#meﬂb defire@! prevrlushf f @sderiBbd F patditt QEEW&#%' y on
i mprovi ng wal Ki ng ese clinical data suggést that the conpoun

i nvention régr 078488 apeuti c tool of choice for the treatnent of
di seases 20associated with obstruction of the distal arteries.
Buerger's di sease or thronboangitis obliterans affects the distal vascul ar

structyges and iThedeahadicamiches finy tHeRiude lﬁrth@fdﬁy' espécibiein ﬁﬂﬁtre‘é’crﬁ@ntpal n
and ul ceration. In this context, an induction of "angi g&enem s and

vascul ogenedfi Bchaerm§s (earoigsr @@baerraat Repdy ischacmia @f hlﬂ\m'ﬁjyiimbah the
conpounds C{['eétnﬁegfg glrsgﬁgggébg&l ﬁl’? ﬂ%rr@m@ﬁ Bgstg%ctl Ockltctﬁe OrEerles or

t hr omboangi eri pheral neur

denyel i ni ziarerites,atte ctrfeattrhenmifoan@nd/ PECIBASS Biey tRedtiviRINEr ofl tHIB s aNitRh
| eads to desensitization of the distal 30 |inbs, One of the major secondary

conpl i cat | AMiterANg; dhe tteatmentef cathsrpsclaresis) dbﬁeﬁ?aﬁﬂefﬁeﬂf pih@ikifion of
neur opaghy . rebfi dljsS aﬁ&néﬁﬁb%abh(t Bﬁ%ngs er%%’fﬁ?ﬂg, frgatttﬁ@ﬁt (5(% 8§irf}g §&3S

axonal regeneration erapy 0| ce rea nent  of
peri pheral mesdle nte@enemtmndtrehtmemtn tpeativeiné rfak theusmwhhwf(ra&sbtasté/\ﬂhe

2011/018587’[53%1t¥n|:en O&fO/p%?:%ﬁgl%l neuropathy, the treatment of post-operative nerve
damage, the treatment of nerve deficiencies such as Parkinson’s disease,

Alzheimer's disease, prion disease and neuronal degeneration in alcoholics, the

20 treatment of dementias, treatment for improving the survival of a bioartificial
pancreas graft in the case of diabetics, treatment for improving the
revascularization of grafts and the survival of grafts, the treatment of retinal
degeneration, the treatment of pigmentary retinitis, the treatment of
osteoarthritis, the treatment of pre-eclampsia or the treatment of vascular lesions

25 and of acute respiratory disiress syndrome, freatment for cartilage repairing,
treatment _for repairing and protecting bones, treatment for repairing and

protecting hair follicles and for protecting and regulating hair growth.

Ischaemia is a decrease in artetial circulation in an organ, leading to a

30 decrease in oxygen concentration in the damaged tissues. In the mechanisms of
post-ischaemic revascularization, two main mechanisms are involved:
angiogenesis and arteriogenesis. Angiogenesis is the process of generating new
blood capillaries from pre-existing vessels. Arteriogenesis contributes towards



92 fibroblast gromh factor isoforns pronote axonal elongation and
branching of adult sensory neurons in vitro. Klimschewski L, N ndl W

Feurle J, i stron H Neuroscience. 2004; 126 347 -

virtue of W@%‘S@A@fﬁ“ﬁtivi ty on the FGF receptors, th%fmﬁ@gat he
said invention would represent a 5 treatd®ent of choice in peripheral
neuropathy in the case of healthy or diabetic patients. It is clearly
est abl i shedhe ldetvelbBR et {ingreaset invsizeranafl calibre)eot Hid solthieiah gesssis| arpardt .

Recent res:IltI&ts uggest that FGF2 is also a pivotal factor for 10 pronoting
t he regener® IHABFNGRUFHATSUIA, 848 t s (Sapi eha PS, Peltier M Rendahl KG

Manning WC, D Rohéhefhe ﬁgﬁi’tﬂ%%‘i’s %\%‘M&{H frPHelE révaSAfariBlibh §irbcabsdwl at es

axon growth by adult™ ret ganglion cells after acute optic nerve injury.
Mol . Cel | . thebGrstamiand especiall2BGE)2 686-bezn)the Byostiwitlaly defsctibedr(Pagipni st

tivit] the FGF ds,of the said invention woul d
eprescht A14 (Pl e R SEIRRoFC A ¢ RN ¥ SerRsyEr cuidideteds i

damage, i nchpRdiogy MBindesroteill fornflisisise Cardiolags R Wonsop-3 dpeepse,
Al zhei ner' s di sease, n%[ﬁl on di sease and neuronal degeneration in alcoholics

or in the case dhuderGE2 aandhis prasieptarsaremaseinid veryreerioentoftargede ufoar
snoot h nusgl e | | trihutes .towards intiml . hypertrophy of the
arteries. altephlEs Fraged et hihd PaibenRbis R SUBRRIGERE pfiedstes

rest enosi s (hieinaa Rl &PSRAGNYS, AAd 18SigRRS freire ehgitigenksis Nl asingdAPRIBHdt at ed
that an angi ogenic factor, VEGF, significantly reduces the thickening of

t he i n1® nma gWikciestos fort adkpnced idtsriestiemticdisease. (vandseardovasc. Med.|13ar d,
L., no, F. 4Qp lr@b% , J. M 25 Accel erated endothelialization by |ocal
delivery of recdmbinant human vascul ar endothelial growh factor reduces
in-stent intimal formation. Biochem Biophys. Res. Commun. 235, 311-6,
1997). Thus, the conmpounds of the present invention, wth pro-angi ogenic
activity, may b&ngsefuihe applicationsnef dhe faBpeRdseCbsthe Hventiani ishPesti ng
rest enosi s;aft.ebn; ' : t - c

netvork | 3 ‘Sreshyic faffe Rt itediedt L0AUEN T o of the peMiftEEAR,
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hel p to maintain the functional a ructural integrity of tissues. In
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vascul ogenesi | hil eserye, : | fieer
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prvention fSi [P Eophhsd [T ERdILed R Bind, idtebo-contralied tial. °"

20  Circulation 100, 1865-71, 1999). These microspheres were implanted close to

the ischaerﬁic locus in the myocardium. After 90 days, all the patients treated

with FGF2 showed no ischaemic cardiac symptoms. In comparison, in the

control group, three of the seven patients had persistent symptoms at 90 days

and two patients required vascular surgery. Interestingly, the therapeutic benefit

25 was maintained after 3 years of monitoring. These observations suggest that

compounds that mimic FGF2 may represent a therapy of choice for treating the
consequences of cardiac ischaemia.

Three clinical tests on the injection of FGF2 into the coronary artery were

performed during treatment of narrowing of the coronary arteries (Laham, R. J.

30 et al. Intracoronary basic fibroblast growth factor (FGF-2) in patients with severe

ischemic heart disease: results of a phase | open-label dose escalation study. J.

Am. Coll. Cardiol. 36, 21 32-9,- 2000; Simons, M. et al. Pharmacological

treatment of coronary artery disease with recombinant fibroblast growth factor-2:



The processes of nuscle regeneration on dystrophic or normal nuscles depend
on the supply of cytokines and of angi ogenic growh factors at the | ocal

| evel (Fibyo %o11/dg¥ggssio, S., Pucci, M, Cerletti, M

G owth 10 factor-dependent proliferati 09 and i nvasion E/Fc#ﬂiﬁc%ogﬁgzstﬁg%i te
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127-36, 20 [t h he FG: |
syst em of éE‘Pﬁ'WSSE@ﬁf{S?gi&O ose(ﬂ r@'ﬁ?ﬂi{aégrfms@}ff 35’358? é{lﬁg BB%‘H& Ié)t%g)?n on
(Neuhaus, Bngel, B! F B?%F l?if'd 5ih i% tﬂ&?@p{ﬁﬁmgﬁw B&EQ&lEq‘fbroblast

(FGF) - defi ci ent my obl asts mg t cont ute anges Tn the
muscul at ur grwﬂhﬁ@ﬂ)’rﬁmmﬂﬁn@nmpeemeam nd. c@ardMiJ 85 06414-952000) ZBhe

6037-48, 2003 t he ounds of the said jnvention could be

ool of tea Tt olciness kst ot SHRas A0t BRRarana B ATUPKED SHPE2 BN ove
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Crculation. 101, 118-2 t he survival. and progress .of
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Angi ogenestréaingertibf p@étoﬂgenorrenon during cutaneous cicatrization 25

The new vessels forned supply the oxygen and nutrients required for tissue
repair. In the case of diabetics, cicatrization is a slow and difficult

ProCSR P oSt pRRRg SO AR Dol Rl IBR, b feThR e o
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after a cutaneous jn 30 On account of their agonist activity on the

FGF recept bhese tpah %H@Q‘%umﬁémbfaffﬁffé Wigi pwerybmbpoin vﬁnlﬂhﬂlsﬁeblcéﬂl@ﬁi teial,

t her apy of nt on in healthy or .diabetic
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t ranspl ant myeomnnssofaFM (pazeross,nD. tR.CBhizlly Bt ﬂbelbétengWtﬁt faftoc@itai n
types It has,been denonstrated, in diabetic rats, that
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t hei r 28yonassociated with ehstmstionef feFdistad epiedes, t he conpounds of the said

i nvention woul d represent a therapy of choice in inproving the survival of
bioartificial pancreas grafts in diabetics and nore generally in inproving
the revascul ari B@éﬂg@ﬁs Qfisetsf érsth?&ﬁbéﬁﬁglﬂg%ﬂférﬂné '&ﬁeétérfﬁ'e"@}éta‘?f\/a%&ﬂar :
grafts. 15 Pilgmentary retinitis 1S a pathology i1nvolving progressive
degener at | Hadareshandcisi eharepterized epy zhsiabprt@ﬂgerm‘rﬁta tegsofwithepain and

h f d | .
DA ant s SRR P Bk Bhfere o dhaddl o it ABSRpE RS i TR Gt
cel | degengoaldi espreBesC a Nfﬁr\l?v%%afihtsswath 2Ph88eorhB8G8ds Df g{g)]s)aldwave

proposed that angi ogenic factors regulate the neural coordination
and the aslgﬁemté&rbtewa%%wathemw efrehsice fos thrombeangjtissoblitereaseousl y
functioning as photoreceptor survival factors and as endothelial cell
regulators. In this context, the intra-vitreal injection of FG-2 retards

t he degenerat i dhem;ihetrhbnelhl@beﬂ@cspé@raohw ec tenyehhizingt athadk stithe wadtoand
retinal and/or sensory peripheral nerve which leads to desensitization of the distal
30 limbs. One of the major secondary complications of diabetes is the chronic
development of peripheral neuropathy. In this context, it has been demonstrated
that FGF2 induces axonal regeneration, which might be a therapy of choice in

the treatment of peripheral nerve lesion and thus in peripheral neuropathy (Basic



25 angi ogenesi s (Faktorovich, E. G, Steinberg, R H, Yasumura, D.,
Matthes, M T. & LaVail, M M Basic fibroblast growth factor and I ocal

i njury protect Bhotoreceptors fromlight damage in the rat. J. Neurosci.
12, 3554- 6AV(DBDY1/0TAE82 observations denonstrate the i rREVEBROHH0517$2

corrpounds described in the invention as @therapy in retinal degeneration
and especially in pignentary 30retinitis. WD 2011/018587PCT/ FR2010/ 051702

95 the prolfifreprbt grovthdfadtd! i%bm?msabtd?ﬁbt@fafd?@wl tRh &ﬁa%rﬁhtwg%fed by
FGF2 in vitro (Kato Y, Gospodarow cz D. Sulfated proteoglycan synthesis

confl uent cadulugensosy nedisist/inodise-dllinpaseitvety t.e Ning WnFeurle deKpvakebid of
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pronotes cartilage repair in vivo. Biochem Biophys. Res. Conmmun. 1988 Cct.
31; 156( 2) : d1Eatgent phichpige ineperipheralaneurapathysinothe earer of-tealthyrpr slisketic
signifi can;[g%{eg r@rove t enpor o- mandi bul ar cartilage in rabbits suffering
from osteodti hiitis (Takafuji H, Suzuki T, Ckubo Y, Fujinura K, 10 Bessho K
Regeneration of articular cartilage defects in the tenporomandi bul ar joint
of rabbits by fibroblast growh factor-2: a pilot study. Int. J. Oal
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receptors, thp conpounds of e sai I nventi on wou represent” a
treat nent dieficiaricigs Bucfb(asePadpmon s diseasePrAiziiimenpsdiacase, aphian ltideape of

t he pl acenta associ at{g htrl @l’l zati gn def eCﬁt She er, DD M &
Abul afia, " Aﬂ%‘l’r(‘i’a@ %geglea% qrh ﬁ%h D e%?ﬁf?) % ' and early
enbryoni ¢ devel opnent. Pl acenta 22 1- 30 13, 2001). These vascul ari zati on
defects are thought to be due to an angi ogenesis defect and lead to
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comouad  orifube FEE. Bt iasBRbIcRLIRb Shhes SRS LS BRNG °
2011/ 01858 firedbmitidht Ofdls Jif Oztherosclerosis and in restenosis after angioplasty and
endoarterectomy. It has been demonstrated that an angiogenic factor, VEGF,
significantly reduces the thickening of the intima by accelerating re-
endothelialization (Van Belle, E., Maillard, L., Tio, F. O. & lIsner, J. M.
25  Accelerated endothelialization by local delivery of recombinant human vascular
endothelial growth factor reduces in-stent intimal formation. Biochem. Biophys.
Res. Commun. 235, 311-6, 1997). Thus, the compounds of the present
invention, with pro-angiogenic activity, may be useful in ftreatment of
atherosclerosis and in inhibiting restenosis after angioplasty or endoarterectomy.

30 |

The vascular network is essential to the development and maintenance of
tissues. By promoting the delivery of nutrients, oxygen and cells, the blood

vessels help to maintain the functional and structural integrity of tissues. in this



96 In addition to angi ogenesi s-inducing effects, gromh factors such
as VEGF or FGF2 protect endothelial cells against intrinsic and extrinsic
apoptosis inducers. The intrinsic signalling pathway is activated by the

m t ochondr W0 281%/018586nse to a stress such as depri vat PONWFRR0DMASHI2nge,
whereas the extrinsic signalling pathwag3is i nduced by the binding of
pro-apoptotic factors such as TNF-a or Fas. It is now clearly descri bed
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regul at i ngthBahrieioVoR th\GRRICAFNA 8ftéMRERSEMR (HéfdeISREE. St dINEfRELSENT
invention relates to 5 pharmaceutical conpositions conprising, as active

princi pl e, inacompanndresootringniy humame vassdan | endathelial c gnpwindfattor Trese

phar eut | c onposittions cqontain an effeqgtive, dase.of . | egst
oot dRaBraRY RS A0 P EaRREIeIT L gog, tircufdtion 167,
phar maceut { fgbhy 28008 RinAb4IBo StRkt smjvtah%naap@geéy@@ﬂ REnspRted $Rycladtgast
one pharmaceutical |y acceptabl e excipient. 10 The said excipients are
chosen, acespagially in @uchenpearmugeilan datropbym and t he desired node of
adm nistration, fromthe usual excipients known to those skilled in the
art.

Angiogenesis is an essential phenomenon during cutaneous cicatrization.

25 The new vessels formed supply the oxygen and nutrients required for tissue

repair. in the case of diabetics, cicatrization is a slow and difficult process

presenting angiogenesis defects. FGFs are among the growth factors that are

the most involved in angiogenesis processes during the cicatrization phase.

Certain FGFs are highly overregulated in dermal cells after a cutaneous injury.

30  On account of their agonist activity on the FGF receptors, the compounds of the

said invention would represent a therapy of choice for the treatment of
cicatrization in healthy or diabetic patients.



Thus, one subject of the invention is a pharmaceutical conposition
15conprising, as active principle, at |east one conpound of fornula (I)

whi ch: -

Rl represents a group -0S03 or a hydroxyl group, - R2
represent s Wi B@11/81§687p - 0-al kyl, or a nonosacchari de RET/FRENO/Q5{A0R) ,

in

in

which R represents an al kyl group: 20082 - R3 represents a disaccharide
of formula (111): OGSO, 25in which: - R4 represents a group -0S03- or a

hydr oxyl

group, BiokRifi BPpEAGeLs ARSI A8 valy SrBRTRhE tédnfique Y87 the
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treatment of certain types of diabetes. It has been demonstrated, in diabetic rats,
that vascularisation in bioartificial pancreases is much greater when the
pancreases are impregnated with microspheres bearing FGF2 (Sakurai,
Tomonori; Satake, Akira, Sumi, Shoichiro, Inoue, Kazutomo, Nagata, Natsuki,
Tabata, Yasuhiko. The Efficient Prevascularization Induced by Fibroblast Growth
Factor 2 With a Collagen-Coated Device Improves the Cell Survival of a
Bioartificial Pancreas. Pancreas. 28(3):e70-e79, Aprii  2004). This
revascularization thus improves the survival of implanted bioartificial pancreases
and consequently the survival of the graft. By virtue of their agonist activities on
the FGF receptors, the compounds of the said invention would represent a
therapy of choice in improving the survival of bioartificial pancreas grafts in
diabetics and more generally in improving the revascularization of grafts and
consequently the survival of the grafts.

Pigmentary retinitis is a pathology involving prdgressive degeneration of
the retina characterized by degeneration of the photoreceptors and obliteration

of the retinal vessels. Lahdenranta et al. (An anti-angiogenic state in mice and

humans with retinal photoreceptor cell degeneration. Proc. Natl. Acad. Sci. USA
98, 10368-73, 2001) have proposed that angiogenic growth factors regulate the
neural coordination and the associated vascularization of the retina by
simultaneously functioning as photoreceptor survival factors and as endothelial
cell regulators. In this context, the intra-vitreal injection of FGF2 retards the
degeneration of the photoreceptors by acting on retinal survival and retinal
angiogenesis (Faktorovich, E. G., Steinberg, R. H., Yasumura, D., Matthes, M. T.
& LaVail, M. M. Basic fibroblast growth factor and local injury protect
photoreceptors from light damage in the rat. J. Neurosci. 12, 3554-67,1992).
These observations demonstrate the interest of the compounds described in the
invention as a therapy in retinal degeneration and especially in pigmentary
retinitis.

In the field of osteoarthritis, many studies have been performed for
restoring destroyed articular cartilage. In this context, it has been reported that



98 OS 03 in which: - R6 represents a group -0S03- or a hydroxyl group,
- R7 represents either a hydroxyl group or a nonosaccharide of 5 fornula
(V) below, or a disaccharide of formula (VI): (V)(VI) in which: - R8
repr esent s WIORMAJ018B88Y3- or a hydroxyl group, 10- RO r ASKER2A/@H17H2r a
hydr oxyl group or a group -0-al kyl, or @sli saccharide of formula (VII):
0sO0, -

the proliferation and differentiation of chondrocytes were stimulated by FGF2 jn
vifro (Kato Y, Gospodarowicz D. Sulfated proteoglycan synthesis by confluent
cultures of rabbit costal chondrocytes grown in the presence of fibroblast growth
factor. J. Cell Biol. 1985 Feb.; 100(2):477-85). Furthermore, Cuevas et al. have
5 shown that FGF2 induces cartilage repair in vivo (Cuevas P, Burgos J, Baird A.
Basic fibroblast growth factor (FGF) promotes cartilage repair in vivo. Biochem.
Biophys. Res. Commun. 1988 Oct. 31;156(2).611-8). Takafuji et al. have also
shown that FGF2 implants significantly improve temporo-mandibular cartilage in
rabbits suffering from osteoarthritis (Takafuji H, Suzuki T, Okubo Y, Fujimura K,
10  Bessho K Regeneration of articular cartilage defects in the temporomandibular
joint of rabbits by fibroblast growth factor-2: a pilot study. int. J. Oral Maxillofac. .
Surg. 2007 Oct.; 36(10):934-7). These observations demonstrate the interest the
compounds described in the invention as a therapy in treatment of osteoarthritis
and cartilage repair.
15
In the field of bone repair, one of the essential needs is to find agents that
stimulate bone formation. Among the main growth factors, it is established that
the systemic administration of FGF2 facilitates bone repair (Acceleration of
fracture healing in nonhuman primates by fibroblast growth factor-2. Kawaguchi
20 H, Nakamura K, Tabata Y, lkada Y, Aoyama |, Anzai J, Nakamura T, Hiyama Y,
Tamura M. J. Clin. Endocrinol. Metab. 2001 Feb.; 86(2), 875-880). The local
application of FGF2 in gelatin matrices accelerates bone repair in primates,
suggesting the clinical utility of FGF2 in the treatment of fractures. By virtue of
their agonist properties for the FGF receptors, the compounds of the said
25 invention would represent a treatment of choice in bone repair.

Pre-eclampsia is. a pathology of the placenta associated with a
vascularization defect (Sherer, D. M. & Abulafia, O. Angiogenesis during
implantation, and placental and early embryonic development. Placenta 22, 1-

30 13, 2001). These vascularization defects are thought to be due to an
angiogenesis defect and lead to placental disruptions that may result in the
death of the foetus. The compounds of the invention may be a treatment of

choice for overcoming an angiogenesis defect in pre-eclamptic placentas.



15i n which R10 represents a group -0-al kyl, on condition that: R9
represents a hydroxyl group or a group -0-alkyl when R2 represents a
nonosaccharide of formula (l11) as defined above; R7 represents a

di sacchar i ¥Oo20110M8H& (Vi) as defined above when R2 r &$tTEERAAD/A51IOBup
-0-alkyl; and R1, 1:24, R6 and R8 do not96si nul t aneously represent hydroxyl
groups, 20or a pharmaceutically acceptable salt of the said conpound, and
al so at | east one pharmaceutically acceptable excipient. WO

2011/ 018587PCT/ FR2010/ 051702 99 ~ Conpounds of this kind enconpass

t hose of fornul 4 adyition'ty angidassasistbdecingsffgels, gepwthdpetosnaueinas dEGH

20061 0070485 KPS HolRE SREMERCEHRS oelpobilisf et SuRi; cthgprosis
i nvention figdusdrs! Theuitirgs aignafiitgCphenMeguRs, atilatédusCtHeamitdcAbhaMgnaus,
topical, local, intratracheal, intranasal, transdernmal or rectal

adni n sBr atfeBPONgeD astress speh aeidansivaion er GNA Hamage; wheepasotheneytripeic
anar maceut (A Pl HAEER Urthe Milind B Qi el 6T

treat nent OfNFloeorcPay dt irkav dieaﬁ%/ desdlilsehtes VEGF and FGF2 iy twa faadterswiti t
adm nistration forns include oral forns such as tablets, soft or hard gel

capsul es, pawethelial gelhgupdvalntReIrart Baliin oWaseHars fyptasieaniioms Wistingual |

buccal , I ntAaig; 'é‘%ﬁln%lﬂ NAI%QE‘J'@THO'QW h‘?‘??étﬁ!t%,% GLatl 0K ‘ﬁ.jﬂxp'@)here?h:
adm ni strationl fTorns, topical, transdéermal, subcutaneous, I nitranuscular or
i nt r avéfousScientcen tsiulpCD0B: Vol 180,1. Nect582%agpi 04<B8)aAtote fespiratoandlidtrgssant s.
For topical applicat]j t he conpounpds, accordjng to the invention nmay be
used in cr éé{HQFO'B%I @‘,\F?@Smmﬁhgra&?eﬂzg@i MsCa CPHj"e@'B‘ébrl‘%“rQBﬁY‘Fh‘%%Pat i on

forms are Rﬁbbﬁe‘iﬁ% 3hl thedGYRBLEEE S caRﬁ&Yé‘é&hia@{}ﬂngbén?sQ”méi &ét{&m&% Eﬁgﬁﬁi ve

conpound di'ssolved In water for injection, in presence o
chl ori de. Thejonnvasaliare lesionst ane espgciathd & hbighd imdudctiont e@ff apoptosisdesfi r ed

Lher apeUt | ¢ el kS8l bt eBSity] OHaFiRr ot 25 1558 Fohn et e Ohe
15  bronchoalveolar lavage fluids of patients suffering from ARDS showed pro-
apoptotic activity against lung microvascular endothelial cells (Tumor necrosis
factor-alpha and angiostatin are mediators of endothelial cytotoxicity in
bronchoalveolar lavages of patients with acute respiratory distress syndrome.
Am. J. Respir. Crit. Care Med. 2002 Sep. 1;166(5):651-6: Hamacher J., Lucas
20 R, Lijnen H.R., Buschke S., Dunant Y., Wendel A., Grau G.E., Suter P.M.,
Ricou B.). By virtue of their activity on endothelial cell survival, the products of
the invention might be a treatment of choice in the vascular improvement of
patients suffering from vascular lesions and especially patients suffering from

ARDS.

25

The endogenous overregulation of FGF7 (or KGF) and of FGF18 appears
to be an important mechanism for promoiing the proliferation, migration and
protection of hair follicles in pathological cases or after a tumoral freatment
(Comprehensive Analysis of FGF and FGFR Expression in Skin: FGF18 Is
30 Highly Expressed in Hair Follicles and Capable of Inducing Anagen from
Telogen Stage Hair Follicles. Mitsuko Kawano, Akiko Komi-Kuramochi,
Masahiro Asada, Masashi Suzuki, Junko Oki, Ju Jiang and Toru Imamura). By
virtue of their agonist activity on the FGF receptors, the compounds of the said



According to another of its aspects, the present invention also relates to
the use of a conpound according to the invention or of a conmpound 10, or a
phar maceut i cal acceptabl e salt thereof, for treating the athohuﬁles
i ndi cat ed ¥¥@ ﬁ%y s, one subject of the invention P&T d0%f
formula (1) in mhlch. - Rl represents aS9group -0S03- or a hydroxyl group,
WO 2011/ 018587PCT/ FR20101051702 100 - R2 represents either a group

-0-al kyl, mV@tumm@acbb@rﬂré@tn@ntfe@bﬁuﬂc@ for tepairiny Hﬁdﬁ%t&ﬁ@ﬁ@iﬁ%ﬁc&e@n _
al kyl group: represents a disaccharide of formula (I111): O in

whi ch: - R@ndé‘@f egﬁﬂ@tmgaargi trgylatipgdmir giovghhydr oxyl group, and - R5
represents a disaccharide of fornmula (1V):
According to another of its aspects, the present invention relates to
5 pharmaceutical compositions comprising, as active principle, a compound
according to the invention or a compound 10. These pharmaceutical
compositions contain an effective dose of at least one compound according to
the invention or of compound 10, or a pharmaceutically acceptable salt of the
said compound, and also at least one pharmaceutically acceptable excipient.
10 The said excipients are chosen, according to the pharmaceutical form and the
desired mode of administration, from the usual excipients known to those skilled
in the art.

Thus, one subject of the invention is a pharmaceutical composition
15  comprising, as active principle, at least one compound of formula (1) in which:
- Ry represents a group -OSOj3 or a hydroxyl group,
- Rz represents either a group -O-alkyl, or a monosaccharide of formuia
(1), in which R represents an alkyl group:

‘00C OH oR
o)
%b {mn

20 080,

E R3 represents a disaccharide of formuia (llI):

R4
0
00C OH H
. o }i {1y
o HO 0
R, NHSO,
0S0,

25 in which:
- R4 represents a group -OSO3 or a hydroxyl group,
- Rs represents a disaccharide of formuia (1V):



in which: - R6 represents a group -0S03- or a hydroxyl group,

- R7 represents either a hydroxyl group or a nonosaccharide of 15 formul a
(V) below, or a disaccharide of formula (VI): in which: - R8 represents
a group - 0¥¥3-201/Q18B8dr oxyl group, 20- RI represents ePCTER201GJQMGRT |
group or a group -0-alkyl, or a disacch&g de of formula (VII): WO

2011/ 018587PCT/ FR2010/ 051702 101 in which R10 represents a group -0-al kyl,

Re
o
. OH
AT o o )
0
o~ Ho NHSO,”
R, 3
080,

in which:
- Rg represents a group -OSO3’ or a hydroxyl group,
- Rz represents either a hydroxyl group or a monosaccharide of

5 formula (V) below, or a disaccharide of formula (V1):

- RB
0s0, o
fe) 00C OH o
HO o)"s N HO o}i
NHSO.
HO NHSO, Ry :
0s0,
V) _ v}
in which: '

- Rg represents a group -OSO3 or a hydroxyl 'group,-
10 - Ro represents either a hydroxy!l group or a group -O-alkyl, or a

disaccharide of formula (VII):

0S0,
o)
00C—,, PH

N O }i i

0~ Ho °

R, NHSO,

0s0;
15 in which R4 represents a group -O-alkyl,

on condition that: Ry represents a hydroxyl group or a group -O-alkyl when

Rz represents a monosaccharide of formula (I1) as defined above; R; represents

a disaccharide of formula (V) as defined above when R, represents a group
-O-alkyl; and R4, R4, Rg and Rg do not simultaneously represent hydroxyl groups,

20 or a pharmaceutically acceptable salt of the said compound, and also at

least one pharmaceutically acceptable excipient.



- 50n condition that: R6 represents a hydroxyl group or a group -0-al kyl when
R2 represents a nonosaccharide of forrmula (11) as defined above; R7
represents a disaccharide of formula (VI) as defined above when R2

represent s YOG 01358 kyl ; and Rl, R4, R6 and R8 do nACTHFRZAONRIIAZ| y
represent hydroxyl groups, or a pharmac@®®tically acceptable salt of the

sai d conpound, 10for treating the pathol ogies indicated above.

Conpounds of  t hiGonkpdshddN &P NMPas kihd 0sfcdhpasy THbse () Hdrinula dgkinerdiinbave.
as well as heptasaccharide 10 defined above, which has been described in
pat ent applabeyei aswed asobeptesaohesidal10 defined akevs, avhich hes &eentigscoibedt s

aspects, th 1 nventi r s to a nethod for treating the
pa!tohol ogi egﬁPﬁfﬁﬁ%ﬂgﬂéﬁﬁ’g@é‘é%ﬂ@}gé%%ﬁes the adm nistration to patients
of an effective dose of a conpound according to the invention or of a

conpound 10 or a pharmaceutically acceptable salt thereof ~ The
medi canent s, phdp fhgebbarmacesdapospmpesitionndot theatpresentnisvaptiomdesreahg t o

the inventi . al s any; bgr co %s def i ped

orevi ousl y SURYEBR 1 SHEERE B R e B LB’ s R s el | e

conpounds  dniratessraal ingahasdl oranddeniia) or rectall adriistfation, the active principle
above or the salt thereof may be administered in a unit administration form, as a
mixture with standard pharmaceutical excipients, to man and animals for the

10 - prevention or treatment of the above disorders or diseases.

The appropriate - unit administration forms include oral forms such as
tablets, soft or hard gel capsules, powders, granules and oral solutions or
suspensions, sublingual, buccal, intratracheal, intraocular, intranasal or

15 inhalation administration forms, topical, transdermal, subcutaneous,
intramuscular or intravenous administration forms, rectal administration forms
and implants. For topical application, the compounds according to the invention
may be used in creams, gels, ointments or lotions.

20 The injectable administration forms are particularly advantageous,
conventionally comprising the active compound dissolved in water for injection,
in the presence of sodium chloride. The unit dose of active compound should be
suited to the desired therapeutic effect; it may be, for example, between 0.1 and
100 mg of active principle.

25
According to another of its aspects, the present invention also relates to
the use of a compound according to the invention or of a compound 10, or a
pharmaceutically acceptable sali thereof, for treating the pathologies indicated
above.
30

Thus, one subject of the invention is a compound of formula () in which:
- Rq represents a group -OSOj’ or a hydroxyl group,



- Rl represents a group -0S03- or a hydroxyl group, - R2 represents
either a group -0-alkyl, or a nonosaccharide of forrmula (I1), in Wnich R
represents_an al k oup: 10050; - R3 represents a disaccharide o
formula (I MW 201&’1’%&% whi ch: - R4 repres8ft E%?‘bﬁfﬁ?a?'ﬁbsm
or a hydroxyl group, 15- R5 represents d08i saccharide of fornmula (I1V):

I n which: - R6 represents a group -0S03- or a hydroxyl group, 20- R7

represents eitherRa hetesens eltherd @rgreugi sacslkgl i sle ofmbassadohatidk) of
formula (l1), in which R represents an alky! group:

" OH
o0C - OR

?%Z\%)/ (1

080,

- Rz represents a disaccharide of formula (tlI):

5
R4
00C— OF Ol%o}i (1)
0~ 1o i
Rg NHSO,
0s0,
in which:
- R4 represents a group -OSO3 or a hydroxyl group, and
- Rs represents a disaccharide of formula (IV):
10
Rs
0
ooC SH o y )
0~ Ho ©
4 NHSO
0S0,

in which:

- Rg represents a group -OSOj3’ or a hydroxyl group,

- Ry represents either a hydroxyl group or a monosaccharide of
15 formula (V) below, or a disaccharide of formula (VI):

RB

0s0, o

IS} 00C OH
HO o/’ o
o, o7 HO
HO R NHSO
NHSO, o Lso-
3
(v} (V1)

in which:
- Rg represents a group -OS0O3 or a hydroxyl group,
20 - Ro represents either a hydroxyl group or a group -O-alkyl, or a
disaccharide of formula (Vil}:



‘WD 2011/ 018587PCT/ FR2010/ 051702 103 OSO, in which: 5- R8 represents a
group -0S03- or a hydroxyl group, - RO represents either a hydroxyl

roup or a_group -0-al kyl, or a disaccharide of formula (VIl1): 10 in which
gRio Pepr esé’ﬂpsz&"dmﬁﬁﬁilo- al kyl, on condition that: RO r"éé%ﬂﬁ‘@éoﬁimz
hydroxyl group or a group -0-al kyl when1Ra represents a nonosacchari de of
formula (11) as defined above; R7 represents a disaccharide of formula (V)
as defined above when R2 represents a group 15 -0-alkyl; and Rl, R4, R6 and
R8 do not sinultaneously represent hydr oggcl)_ groups;

3

o}
‘cocC OH
N o }i (Vi
0~ Ho o
R NHSO,
10
0so,

in which Rqg represents a group -O-alkyl,
5 on condition that: Rg represents a hydroxyl group or a group -O-alkyl when
R2 represents a monosaccharide of formula (ll) as defined above; Ry represents
a disaccharide of formula (VI) as defined above when R; represents a group
-O-alkyt; and R, R4, R and Rg do not simultaneously represent hydroxyl groups,
or a pharmaceutically acceptable salt of the said compound,

10 for treating the pathologies indicated above.

Compounds of this kind encompass those of formuta (I)/(I) defined
above, as well as heptasaccharide 10 defined above, which has been described
in patent application US 2006/0079483 A1.

15

According to another of its aspects, the present invention also relates to a
method for treating the pathologies indicated above, which comprises the
administration to patients of an effective dose of a compound according to the
invention or of a compound 10 or a pharmaceutically acceptable salt thereof.

20 |

The medicaments, pharmaceutical compositions and treatment method
according to the invention may also concern any of the subgroups of compounds
defined previously.



in acid formor in the formof any pharmaceutically acceptable salt

t her eof . 2. Conpounds according to Caim1, in which R2 represents a
m)nosaccha&igge of formula (I1) and R7 represents a hydro>éﬁ_l roup. 20

3. Conpoun¥¥O2H3/M&RBTt 0 G aim1 or Caim2, correspon®CGIFRW10MNEHIN2
(1-1) below, in which R7 represents a hyl@2oxyl group and R, Rl, R4 and R6
are as defined in daiml: OGSO (m in acid formor in the formof any
pharmaceutically acceptable salt therepAlMS 4. Compounds accordi ng
to Caim1, in which R2 represents a group 5-0-al kyl. 5. Conpounds
according to.Caim1 or Claim4, corresponding to formula (1-2) below, in

def i nea i -G ar i 0100sHeBHae GEYIn Y Cofboiing i omuBI: for i o1 “any

pharmaceutically acceptable salt thereof

1
. (8]
~ I
/2%7/ - ()
I 0s0, |

OSNH N

5 in which:
- R4 represents a group -OSOj3 or a hydroxyl group,
-R2 represents either a group -O-alkyl, or a monosaccharide of
formula (ll), in which R represents an alkyl group:

00C OH
4 OR
?4 o}
o (I
10 0s0,

- R; represents a disaccharide of formula (I1):

R4
0
‘00C—,, OH (ny
S X
0 HO o
RS NHSO,
080,

in which:

- R4 represents a group -OSO;” or a hydroxyl group,

15 - Rs represents a disaccharide of formula (IV):
RG
O
OH
00C oo N vy
o~ ho o
] NHSO,
0s0,
in which:

- Rg represents a group -OSO0s3 or a hydroxyl group,
20 - Ry represents either a hydroxyl group or a disaccharide of formula (v



6. Conpounds according to Claim1l1, in which: - R2 represents a group

-0-al kyl, and 15- R7 represents a disaccharide of fornula (VI) as defined
in daiml, represents a disaccharide of formula (VII) as

defi ned m%pa?%ﬂ&as%;? 7. Conpounds according to @G/RARICESITAZm 6,
corresponding to formula (1-3) below, irM0O8hich R2 and RO are as defined in
Caim6 and RL, R45 R65 20RO and R10 are as defined in Caim1l: in acid
formor in the formof any pharmaceutically acceptable salt thereof. 58.
Conpounds according to Caim1, in whi ch:R- R2 represents a group -0-alkyl,
and - R7 represents a disaccharigde® of formula (VI) as defined in
Caim1, in which RO represgmi-s._ et her oxyl group or a group

-0-al kyl . 109. Conpounds accopd] Cl aivin 8, corresponding to
formula (1-2) below, in whi 2, H angud¥ are as defined in Claiml,
R2 represents a group -0-al kyl RO represents either a hydroxyl group or
a group -0-alkyl: (1-2) 15in acid¥ermor in the formof any

pharmaceutically acceptable salt thereof. 10. Conpounds accor di ng to
Caim8 or daim9, in which RO represents a group -0-al kyl.
in which:
5 - Rs represents a group -OSOj3™ or a hydroxy! group,

- Rog represents either a hydroxyl group or a group -O-alkyl, or a
disaccharide of formuia (VII):

0S0,
00C OH o ©
Vi
~ o o Ot’ti (VH)
R, NHSO,
080,

10
in which Ryo represents a group -O-alkyl,
on condition that: Re represents a hydroxyl group or a group -O-alkyl when
Rz represents a monosaccharide of formula (i) as defined above; Ry represents
a disaccharide of formula (VI) as defined above when R, represents a group
15 -O-alkyl; and Ry, R4, Rg and Rg do not simultaneously represent hydroxyl groups;
in acid form or in the form of any pharmaceutically acceptable salt thereof.

2. Compounds according fo Claim 1, in which R, represents a
monosaccharide of formula (1) and Ry represents a hydroxyl group.
20
3. Compounds according to Claim 1 or Claim 2, corresponding to
formula (I-1) below, in which R; represents a hydroxyl group and R, R4, R and
Rs are as defined in Claim 1:



WO 2011/ 018587PCT/ FR2010/ 051702 106 11. Conpounds according to any
one of Clains 1 to 10 characterized in that they correspond to the formula
(r), in WhICh Rl R6 and R7 are as defined in any one of Clains 1
to 90 5 WO20110 Qﬁﬁﬁ)ounds according to any one of ClfHER201Q3051702
chosen fromt he foll owi ng conpounds: - mnyl (sodi um 4-0-propyl-2-0-sodi um
sul f onat 0- a- L-i dopyr anosyl - uronate)-(1->4)-(2-deoxy-6-0-sodi um

sul f onat 0- 2- sodi um (sul f onat oam no) - a- D, 10 gl ucopyr angsyl écl 46* Rsodi um
2- 0- sodi um sul f onat o- a- ke-l dopyr anosyl ugonat %gc 1094)’5% SOQé um

sul f onat o- 2; sodigim (s o) o *}j/’
2- 0-sodi um su nat 5‘85) - Z2- deowge6- O0- siodi um
sul f onat 0- 2=/$0d f(mnac'ﬁoam o) a DgI ucopyr angs

ide (No. 1); 190, et hyl
(sodi um 4-0- prop 1_2 0- sodi um sulf@nat o- a- L- i dopyr dnosyl -

uronate) - (1. - - >43%(2- deoxy- 6- 0- sodi um sul f onat 0- 2- sodi um

(sul f onat oam no) - a- Dgl ucopyr anosyl )- (1 6) Rsodi um 2- 0- sodi um

sul f onat o- a- L-i dopyr anosyl ur onat e) - 4§ (2- deoxy- 6-0-sodi um

sul f onat o- 2- sodiiuacidsarmhenan geniomim) Qfaany pharowEseuticalyyacceptibla sak thizrent.

2- 0- sodi um sul f onat o- a- L-i dopyr anosyl uronate)- 20

(1->4)-2-deoxy- 6-0-sodi um sul f onat 0- 2- sodi um

(sul fonat oam no, GC&nPbUﬁ@@%o%Bﬂﬁhglﬁto(U%lmz)l in which -R5 fépragehtdeh yloup
(sodi um 2-0-sodi um sul f onat o- a- L-i dopyr anosyi uronate) -

(1->4) - 2- debaiyls- 0- sodi um sul f onat o- 2- sodi um
(sul f onat oam no) - a- Dgl ucopyr anosyl ) - (1->4) - Rsodi um 2- 0-sodi um
sul f onat 0- a- L-i dopyr anosyl uronatek 25 (1->4)-(2-deoxy-6-0-sodi um

sul f onat o- 2- sodigJnCoaipoundst ascardmy ao Dolaieoay e Cksifk) 4 180ddspbridtigg doum
sul f onat o- a- L- |d0g§ran05| dekuronate (No. 3); WD 201 1/01 A

8587PCT/ FRIOMulgd-2p delow, in which R, represents a group -O-alkyl and Ry, Rs, Rs, Rs
and Rg are as defined in Claim 1:

. 50,
ooc /%/ % /ZV/ ot Zy’ NH
NHSO,
”O NHSO

Rs 080,

10 (-2)
in acid form or in the form of any pharmaceutically acceptable salt thereof.

6. Compounds according fo Claim 1, in which:
- R; represents a group -O-alkyl, and
15 - Ry represents a disaccharide of formula (VI) as defined in Claim 1, in
which Ry represents a disaccharide of formula (VII) as defined in Claim 1.

7. Compounds according to Claim 1 or Claim 6, corresponding to
formuia (I-3) below, in which Ry and Ry are as defined in Claim 6 and R4, R4, R,
20 Rgand Rqp are as defined in Claim 1:



107 - methyl (sodium 2-0-sodi um

sul f onat 0- a- L- idopyranosyl uronate)-(1->4)- (2-deoxy-2-sodium

(sul fonat oam n copyranosyl )-(14) - (sodi um 2-0- sodi um

sul f onat o- V0. &Mpﬂ? syl ur onat e) - (14) - ( 2- deoxy- 2- sodi GT/FR2010/051702
(sul f onat oam no) - a- D- gl ucopyr anosyl ) - (1-198) - (sodi um 2- 0- sodi um

sul f onat 0- a- L- 5i dopyranosyl uronate) - (14) - (2- deoxy- 6- 0- sodi um

sul f onat 0- 2- sodi um (sul f onat oam no) - a- D- gl ucopyr anosyl ) - (RL- 34) - (sodi um
2- 0-sodi um sul f onat 0- a- Li dopyr anosyl ur gnat ) - (1- >4) - 2- d€oxy- 6- 0- sodi um

sul f onat o- 2- sodi um (s@F:onat oapj no) - & Dyl BE6 yahosd 4y - met hyl
(sodi um 25 Q- sagi um sql f@n8YG7e L- i Oﬁ A o 0
10( 2- deoxy- 2240di Fhop=—- copy™nosyl ) - ( H§%) (sodi um

2-0- sodi wh sNFONEY 0- andsel dopyf anosy! ur onaT e) - ( sa54) - ( 2- deoxy- 6- 0- sodi um
sul f onat 0- - s um (sul f onat oa¥®t0) - a- D- gl ucopyr anosyl ) - (14) (sodi um 2-0-
sodi um sul f onat 0% a- L- i dopyr anosyl ur onat e) - ( 14) - R2- deoxy- 2 - sodi um R

(sul f onat oam no) - a- D- gl ucopyranosyl ) (21- 4) (sadi um 206:

sul fonat 0- a- L- 15i dopyr anosy! ur on&® (1 -0 R,
sul f onat o- 2- sodi um ( sul f onat oam g.ﬁ% ahosi de ( o SO, NH
nmet hyl (sodi um 2-0-sodi um sul f on a-L- dopyranoé“ﬁ???}ronat )-(14) -

(2- deoxy- 6- 0- sodi um sul f onat 0- 2- sodi um 0so; 0S0y

(sul f onat oam no) - a- D- gl ucopyranosyig)- (1- >4) (sodi um 2-0-sodi um
sul f onat o- a- L- |dopyranosyl uronate)-(1->4)-(2-deoxy- 20 2-sodium
(sul f onat oam no) - a- D- gl ucopyranosyl) (1->4)-(sodi um 2-0-sodi um

sul fonat 0-a-L-i do no Iur 1->4 2- deoxy-2-sodi um
(sul f onat oami no) gédﬁf @\eaftﬁﬂi‘ﬁ)an(yl&)a@w&ﬁpﬁgﬁ"%—%’-C?B%bﬂﬁ?alt thereof.
sul f onat o- a- L- |dopyranosyl uronate) - (1- >4) - 2- deoxy- 6- 0- sodi um

sul f onat 0- 2- sodi um (sul f onat oam no) - a- Dgl ucopyr anosi de (No. 6); 25- nethyl
(sodi un®2- 0- sodﬁu@pﬁmoﬂi@ﬂataﬁcard_n@ toplaiantbdymhidhiat e) - (14) -

2-deo 6- 0- sodi
Esul fO)I’(l)a/.t oani ?10) IFgrpBS&Sﬁ é/gﬁ 3 )a}wz fm(L4) (sodi um 2-0-sodi um
sul f onat 0- a- Hi dofRy Wéé/éﬂié@dts%bclﬁéndﬁlbf f@melaaxyA) as?cﬁ#in!ém in Claim 1,

(sul f onat oam noéea D gl ucop ranosyl ) - (1->4)-(sodi um 2- 0- sodi um
sul f onat o- 3hich Be pShranertyai nathaoer gyoyroge grguis-@-allodi um sul f onat o- 2-

30 sodi um (sul f onat oam no) - a- D- gl ucopyr.anosyl ) - (14) - (sodi um 2- 0- sodi um

10 9. Compounds according to Claim 1 or Claim 8, corresponding to
formula (I-2) below, in which R4, Ry, Re and Rg are as defined in Claim 1, R»
represents a group -O-alkyl and Rg represents either a hydroxyl group or a group

-O-alkyl:
ooc &7/ % &7 NHSO, /287 SoaNH
HO NHSO
Rg NHSO bso, 0s0,
S0 (1-2)
15 in acid form or in the form of any pharmaceutically acceptable salt thereof.

10. Compounds according to Claim 8 or Claim 9, in which Rg represents a
group -O-alkyl. '
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sul f onat 0- a- L- i dopyr anosyl uronat e) - (1- >4) - 2- deoxy- 6- 0- sodi um sul f onat o- 2-
sodi um (sul f onat oam no) - a- o- gl ucopyranosi de (No. 7); - et h!iql)a&)sodi um
2- 0- sodi umWE 261H@B3B7- i dopyr anosy! uronat e) - (14) - ( 2- REHERAY/EHTVEmM

sul f onat 0- 2- sodi un( sul f onat oam no) - a- D- di0Bcopyr anosyl ) - 5[ (1->4) - (sodi um

2- 0- sodi um sul f onat 0- a- L-i dopyranosyl uronat e) - (1->4) - ( 2- deoxy- 6-0-sodi um
sul f onat o- 2- sodidMCEsrRPSLIERE SEBrding t6-ahyodrie 6P CIAmesY ko 118; EHaradlerizegadi um
2-0-sodi um sul f onat 0- a- L-i dopyr anosyl uronate) - 1114) - 2-deoxy- 6- 0-_sodi um

sul f onat o- 4baf @\?Nf%@sﬁpaﬁitﬁdxﬁ-f@ff@lll?cﬁﬁymaw igindR1.(Re. R8)Rs and Ry aee Bg|

(sodi um 2- Yola[MP I =a-1sidgpyranosyl uronate)-(1->4)-

10( 2- deoxygrg?lggg%ﬁ%oég{b?gﬁ% oé-_yt(ggdi um

(sul f onat 0) anni no- a- o- gl ucopyranosyl ) - [(1->4)-{sodi um 2-0-sodi um R,

sul f onat 0- a- L-i dopyr anosyl yronat e) - (1- >4) - ( 2- ged

sul f onat 0- 2- sodi um (sul f griat oanmigae)- aes- gl ucoRy.

(sul f onat oam -
characterize t @ Conppkses a conpound according to any one of
Clains 1 to in which R7 represers® either a hydroxﬂsogroup or a
monosacchari de of 9%8snula (V) below, or a di saccharide of fornula (VI), in
whi ch Rg and RO are as defined in any onelldf Caims 1 to 10:

3

12. Compounds according to any one of Claims 1 to 11, chosen from the
following compdunds:

- methyl (sodium 4-0O-propyt-2-0-sodium sulfonato-a-L-idopyranosyl-
uronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-b-

10  glucopyranosyl)-(1—4)-[(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-
(1—4)-(2-deoxy-6-0-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-gluco-
pyranosyl-(1—4)]2-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—>4)-2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-o-D-
glucopyranoside (No. 1);

15 - methyl (sodium 4-O-propyl-2-O-sodium sulfonato-o-L-idopyranosyl-
uronate)-(1-»4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-
glucopyranosyl)-(1—4)-[(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—>4)-(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-gluco-
pyranoéyl-(‘i—>4)]3-(sodium 2-0-sodium sulfonato-a-L-idopyranosyluronate)-

20 (1-4)-2-deoxy-6-0-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-gluco-
pyranoside (No. 2); |

- sodium [methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—4)-(2-deoxy-6-0-sodium sulifonato-2-sodium (sulfonatoamino)-o-D-
glucopyranosyl)-(1—4)-[(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-

25 (1-4)(2-deoxy-6-O-sodium suifonato-2—sodium.(sulfonatoamino)-a-D-

- glucopyranosyl)-(1—4)]>-2-O-sodium sulfonato-o-L-idopyranoside]-uronate
(No. 3);



20(V) (V1)) or a pharmaceutically acceptable salt thereof 14.
Medi canent according to Claim 13, characterized in that it conprises a

conmpound accordi ng? to any one of Clains 1 to 12, or a pharnaceuticall
25accept abMEOs2117Q1858%f . W0 20111018587PCT/ FR2010/ OSMFWWOM@S&, 10

or a pharmaceutically acceptable salt thé@eof. 16. Pharmaceutical
conposition, characterized in that it conprises a 5 conpound according to

any one of dai Drﬁndtrp]yw(sgaiur?rzgoisbo}mCd@:lfBﬁa{oe@Lﬂ@wrﬁua@ém%Ea{%)gnd;@xyI

Por mil & (VIG-deony aksaghurmsalfandisarmine ) asb gbidapytancsybiy —shdsodiue 2108 1o

10: sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium (sulfonato-
amino)-a-D-glucopyranosyl}-(1—4)-(sodium 2-0O-sodium sulfonato-a-L-

5 idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-sodium
(sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-g-L-
idopyranosyluronate)-(1-+4)-2-deoxy-6-0-sodium sulfonato-2-sodium
(sulfonatoamino)-a-D-glucopyranoside (No. 4);

- methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-

10 (2-deoxy-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-0—
sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium
sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-
sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium
(sulfonatoamino)-d—n—glucopyranosyl)-(1->4)-(sodium 2-0-sodium sulfonato-o-L-

15  idopyranosyluronate)-(1—4)-2-deoxy-6-0O-sodium sulfonato-2-sodium
(sulfonatoamino)-a-D-glucopyranoside {No. 5);

- methyl (sodium 2-O-sodium suIfonato—d—L-idopyranosyluronate)-(1 —4})-
(2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonatoamino)-a-b-glucopyranosyl)-
(1—4)-(sodium 2-O-sodium suEfonato-a-L—idopyranosyIuronate)-(’l —4)-(2-deoxy-

20  2-sodium (sulfonatoamino)-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-sodium (sulfonatoamino)-
a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-e-L-idopyranosyl-
uronate)-(1-—4)-2-deoxy-6-O-sodium suifonato-2-sodium (sulfonatoamino)-o-b-
glucopyranoside {No. 6);

25 - methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-6-O-sodium sulfonato-2-sodium (suIfonatoamino)—a—D-gIucopyranosyl)'-
(1—=4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-
2-sodium (sulfonatoamino)-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-6-O-sodium sulfonato-2-

30  sodium (suifonatbamino)—a—ngIucopyranosyl)-(1—>4)—(sodium 2-0O-sodium



0SO (V)(VI) 10or a pharmaceutically acceptable salt thereof, and al so at
| east one pharmaceutically acceptabl e excipient. 17. Pharnmaceuti cal

conposition, characterized in that it conprises a conpound accordi ng{ to any
one of C ai'¥® 201¥018887% a pharnmaceutical |y 15 accept aBiCI/ER2Q10/08478

f
and al so at | east one pharmaceutical |y ad8eptabl e exci pi ent. 18.
Phar maceutical conposition, characterized in that it conprises conpound 10:

WO 2011/ 018o#8RETBL RIS ARt Mohafd)-(1—4)-RledxyRbAD-ZBERM sGfddatoaccept abl e
salt thereof, and al so at |east one pharmaceuti'cally acceptabl e excipient.
19. Conpoursediire sutiongtaamiany-canglusbpiaaosile(Noo 732, in which R7 5
SRR AT T ML g Mo K MU
in any one (9f3dehlaT®-shditn Stifonato-2-sodium(sulfonatoamino)-u-d-glucopyranosyi)-
5 [(1—4)(sodium 2-O-sodium sulfonato-e-L-idopyranosyluronate)-(1—>4)-(2-deoxy-

6-0O-sodium sulfonato-2-sodium (sulfonatoamino}-o-D-glucopyranosyl)]-(1—4)-

(sodium 2-O-sodium sulfonato-e-L-idopyranosyluronate)-(1—4)-2-deoxy-6-O-

sodium sulfonato-2- (sulfonato)amino-o-D-glucopyranoside (No. 8); and

- methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-

10  (2-deoxy-6-O-sodium sulfonato-2-sodium (sulfonato)amino-u-D-glucopyranosyl)-
[(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-{(1—4)-(2-deoxy-
6-0-sodium sulfonato-2-sodium (sulfonatoamino)-a-D-glucopyranosyl)l-(1—4)-
(sodium 2-0O-sodium suIfonato-a—L—idopyranosyIuronate.)-('i94)-2-deoxy—2-
sodium (sulfonatoamino)-o-D-glucopyranoside (No. 9).

15 '

13. Medicament, characterized in that it comprises a compound according
to any one of Claims 1 to 12 and in which R; represents either a hydroxyl group
or a monosaccharide of formula (V) below, or a disaccharide of formula (VI), in
which Rg and Ry are as defined in any one of Claims 1 to 10:

RB
080, o
o 00C OH
~ O }q'
HC O}i O HO O_
NHSO
HO NHSO, Re :
0so,
20 V) V1)

or a pharmaceutically acceptable salt thereof.

14. Medicament according to Claim 13, characterized in that it comprises
a compound according to any one of Claims 1 to 12, or a pharmaceutically
25 acceptable salt thereof.

15. Medicament according to Claim 13, characterized in that it comprises

compound 10:



10for its use in the treatnent of pathol ogies requiring activation of the
FGF receptors. 20. Compound according to any one of Clains 1 to
12, or pharnaceut i cal%accept able salt thereof, for its use in

t he
treat ment VWO ZOEYAIBRY es requiring activation of the FREFFBEEHVE102
21. Conpound 10, or a pharnmceutically ad¥eptable salt thereof: OS8O WD

2011/ 018587PCT/ FR2010/ 051702 111 22. Conmpound according to any one of

CGainms 19 to 21, for its use in the treatnment of_pathol ogies reguadring

angi ogenesi s activation and postesbschaen ¢ revascyl ajjzation. §230 Conpound

according to any*one of ( ainms (190t &° Oﬁoro%i | Mo OF

i schaeni a, sucR_a% Caraiac io &t eordl hschae 8 thenHl ower '
li mbs, the ki"goe o0f e _ §80i at &d with narrow ng or obstruction

of the arteries ®Narteriftes, the treatnesb; of angi na pectoris, the

treat nent of thronboangi t%% obliterans, the treatnent of atherosclerosis,

the treatnment of 10 inhibition of rest®nosis after angioplasty or

endoar t er ect ony ot hdrrRRLIBRAIV S ccebilis S3RH&ABor, TUSCl e regeneration

treatnment, treatnent for the sg(r)%/civgfé%‘% rryort) asts, the treatnent of

peri pheral neuropathy, the treatnent of postoperative nerve danage, the

treatment of nerye deficiencies such Par ki nson' s, di sease, Al zheiner's
1S e sl SO GRREASOERH (T DRLdhaorR s

di sease, prion di
treat negt QongedRe hétordbeBtamNbné OF CIERALYI B2 I Whith! RPFeftesents
bioartificial pancreas graft in the case of diabetics, treatnent for

i mprovi ng teif@er ex abydrpyyli geupororof gerfasacamariden efs ormuwalV bfbalpws tar, at he
treatment of_retinal ene jon, the treat t _of pi ntary retinitis,
the tr eat mlvaeB8p S IPTRPIRTOAL T e di A e pfs, o8 BB ahE P
treatment qf|aasqubdn: | esions 20 and of acute respiratory distress
syndrone, treatnent for repairing cartilage, treatnent for repairing and

protecting bones, treatnentodr repairing and prote Ff*i ng hair follicles and
for protecting and regul ati ng, hair growbds—,. oH %Corrpound of

b I

HO

formul a 20A, in which ; ~ang. Pg", whiel~ ical or
different, represent praeb A é’g oups: g NHSO,
? bso,
v (vi}
10 or a pharmaceutically acceptable salt thereof, and also at least one

pharmaceutically acceptable excipient.

17. Pharmaceutical composition, characterized in that it comprises a
compound according to any one of Claims 1 to 12, or a pharmaceutically
15 acceptable salt thereof, and also at least one pharmaceutically acceptable

excipient.

18. Pharmaceutical composition, characterized in that it comprises

compound 10;

080,

0s0,
080, ] OH 0
0303- 03 00C OH o ocC < 04%
0OC—— OH ‘o P o~ 1o OMe
0 o o—" 1o o “0,SNH
HO o Ho o) O,8NH
o “0,SNH
HO -0,8NH 3 050, 0S0,Na

20 10



OPg" OC(NH) CCl 320A N3

WO 2011/018587 PCT/FR2010/051702
110
or a pharmaceutically acceptable salt thereof, and also at least one
pharmaceuticaily acceptable excipient.

19. Compound according to any one of Claims 1 to 12, in which R;
9  represents either a hydroxyl group or a monosaccharide of formula (V) below, or

a disaccharide of formula (V1), in which Rg and Ry are as defined in any one of

Claims 1 to 10:
R
080, ? o
0 "00C—- PH
N O }<\
e o™ TN Ho 150
HO NHSO, Ry ’
0so,
(V) v
10 for its use in the treatment of pathologies requiring activation of the FGF
receptors.

20. Compound according to any one of Claims 1 to 12, or
pharmaceutically acceptable salt thereof, for its use in the treatment of
15  pathologies requiring activation of the FGF receptors.

21. Compound 10, or a pharmaceutically acceptable salt thereof;

0S0;

0Ss0,
080, . OH 0
080, o 00C~—, OH O OC o~/ 0’%
-00C OH ~ 0 O HO OMe
o 00 o o HO 0 ‘0,8NH
" HO ~0 HO 0 “0,8NH
HO "0,8NH © 0,SNH 0S0." 080, Na
3
3 . .

080,
10
20

for its use in the treatment of pathologies requiring activation of the FGF
receptors.
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16

20

25
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22. Compound according to any one of Claims 19 to 21, for its use in the

treatment of pathologies requiring angiogenesis activation and post-ischaemic

revascularization.

23. Compound according to any one of Claims 19 to 22, for its use in the
treatment of ischaemia, such as cardiac ischaemia and arterial ischaemia of the
lower limbs, the treatment of diseases associated with narrowing or obstruction
of the arteries or a.rterites, the treatment of angina pectoris, the treatment of
thromboangitis obliterans, the treatment of atherosclerosis, the treatment of
inhibition of restenosis after angioplasty or endoarterectomy, the treatment of
cicatrization, muscle regeneration treatment, treatment for the survival of
myobiasts, the treatment of peripheral neuropathy, the treatment of post-
operative nerve damage, the treatment of nerve deficiencies such as
Parkinson’s disease, Alzheimer's disease, prion disease and neuronal
degeneration in alcoholics, the treatment of dementias, treatment for improving
the survival of a bioartificial pancreas graft in the case of diabetics, treatment for
improving the revascularization of grafts and the survival of grafts, the treatment
of retinal degeneration, the treatment of pigmentary retinitis, the treatment of
osteoarthritis, the treatment of pre-eclampsia or the treatment of vascular lesions
and of acute respiratory distress syndrome, treatment for repairing cartilage,
treatment for repairing and protecting bones, treatment for repairing and

protecting hair follicles and for protecting and regulating hair growth.

24. Compound of formula 20A, in which Pg, Pg' and Pg”, which may be
identical or different, represent protecting groups:
OPg"

‘0 OC(NH)CCI, 20A
PgO N
Pg' O 3

Pg"O -

25. Compound according to Claim 24, in which Pg, Pg’ and Pg” represent,
respectively, benzyl, allyl and acetyl groups.



