WD 2011/ 018588PCT/ FR2010/ 051703 1 FGF RECEPTOR- ACTI VATI NG N- ACYL
OCTASACCHARI DES, PREPARATI ON THERECF, AND THERAPEUTI C USE THEREOF

The present invention relates to N-acyl octasaccharides that are agonists
of the SFONCFEAR04§388em and to their preparation and t hBCAFERR16G/051783
Angi ogenesis is a process of generationiof new bl ood capillaries. During
the bl ockage of a bl ood vessel, angi ogenesis, conbined with arteriogenesis

(dilation of the capIFHFq#E@%aaToeré?mmm@m REYRTH ASACEHARDES, t he

bl ocked area. It has bee own in 10vitro and in vivo that several growth
factors, such as PREPM&@NWEDWB%*W@E&HTBQS%HE%Q%e

neovascul ari zati on process. FGs are a fam |y of 23 nenbers. FG-2
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activating di 0ogenesI S processes. Synt heti c
ol i gosacchari des have al so been the subject of studies of interactions

30w th the FGF Rt or . a | d . , T,
2003-2012; C. PGS élsf.aﬁ’bﬁg?q!?%"ﬁsérﬁi ',:G%?é'?%[% F%Eg%-%%gg?@a profé? Ve
have now f BGRE indwes, Byertdottelial odllisgosatisieathetteyokfaationmpd onigediiop ard the
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and in vi vaithosrivathetial oflisneiw 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 moiecules and one heparan sulfate
molecule. The formation of this complex triggers a cascade of intracellular signals
resulting in activation of cell 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 interactions
30 with the FGF receptors (C. Tabeur et al., Bioorg. & Med. Chem., 1999, 7, 2003-2012;
C. Noti et al., Chem. Eur. J., 20086, 12, 8664-8686).

We have now found novel synthetic oligosaccharides that are capable of
facilitating the formation of the FGF/FGFR complex and of thus promoting the in vitro
35  survival of endotheliai cells and of increasing the in vitro and in vivo formation of new

blood vessels.



bl ood vessels. WD 2011/018588PCT/ FR2010/ 051703 2 One subj ect of the
present invention is novel octasaccharide conpounds corresponding to
formula ( ): 5in which. the wavy |line denotes a bond |ocated either bel ow
or above tV®© pd1ArA8EHM8 t he pyranose ring of the gl ucosani RET(HR2010/051703 -
Rl represents a group O-al kyl, in which2the said al kyl group conprises from
1 to 16 carbon atons and is optionally substituted with one or nore (for
exanple 1 or 2) 10groups, which nmay be identical or different, chosen from
aryl and cycl oal kyl - R2 represents either a group 0S03- or a

hydr oxyl group, OneR3 gbd@prcésﬂrm §Fe§ﬁnfallm@ﬂt'0fty%lWP'k?Ptaé?CCé‘laR‘}fF -OFRoaiky |
group, and di saccharide of formula (I1): 15in which: R3
is as deflﬁg55§8@326ﬁ§§£%reg'esents either a group 0S03- or a hydroxyl

group, and R6 represents a @i saccharide of FLor mulla (111): 20
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5 in which:

- the wavy line denotes a bond located either below or above the plane of the
pyranose ring of the glucosamine unit,

- Ry represents a group O-alkyl, in which the said alkyl group comprises from 1
to 16 carbon atoms and is optionally substituted with one or more (for example 1 or 2)

10  groups, which may be identical or different, chosen from aryl and cycloalkyl groups,

- R; represents either a group OSO; or a hydroxyl group,

- R; represents an alkyl, cycloalkyl or alkyl-cycloalkyl group, and

- R, represents a disaccharide of formula (11):

R5
0
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~
0 o {n
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15 in which:
- R3 is as defined above,
- Rs represents either a group OSO;” or a hydroxyl group, and
- Rg represents a disaccharide of formula (lil):

R,

(0]
~
o 0%
Rs HO™"R,cONH

20 0S0,

in which:

- R; is as defined above,

- R; represents either a group OSOj3 or a hydroxyl group, and
- Rg represents a disaccharide of formula (IV):



in which: R3 is as defined above, R7 represents either a group OGSO or a
hydr oxyl group, and - R5 represents a disaccharide of fornula (I1V): V\D

2011/ 01858 / 051703 3 'in which: R3 is as defined above
repr esent S%E‘S}ﬂgﬁ&%%gé oup 0S03- or a hydroxyl group. PCT’?WQIH@SHS‘ﬁt ext
of the present invention, and unless otRerw se mentioned in the text, the
follow ng definitions apply: alkyl group: a linear or branched saturated
al i phatic group. Unless otherwise 10 indicated in the text, such an al kyl
group advantageously conprises between 1 apd 6 carbon atons Exanpl es t hat
may be mentioned include nethyl, ethyl rogyl | sopropyl, butyl, isobutyl,
tett-butyl, pentyl, etc. gr ; oaIkyI group: a cycllc al kyl
group conpri sing from3 to 6 e} ro@xanuve a cycl opentyl or
cycl ohexyl group; 15- al kyl H@ycl gr ®&AGPNHan al kyl group which is
itself substituted with a cycl oaldw- group, the said al kyl and cycl oal kyl
groups being as defined above; and °
in which:

- Rs is as defined above,

5 - Rq represents either a group OSO; or a hydroxyl group.

In the context Qf the present invention, and unless otherwise mentioned in the
text, the following definitions apply:
- alkyl group: a linear or branched saturated aliphatic group. Unless otherwise
10  indicated in the text, such an alkyl group advantageously comprises between 1 and 6
carbon atoms. Examples that may be mentioned include methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, terf-butyl, pentyl, etc. groups;
- cycloalkyl group: a cyclic alkyl group comprising from 3 to 6 carbon atoms, for
example a cyclopentyl or cyclohexyl group;
15 - alkyl-cycloalkyl group: an alkyl group which is itself substituted with a
cycloalkyl group, the said alkyl and cycloalkyl groups being as defined above; and
- aryl group: a cyclic aromatic group comprising between 5 and 10 carbon
atoms, such as a phenyl group. Such an aryl group is optionally substituted with one or
more groups such as halogen atoms and alkyl, alkoxy, thioalkyl, trifluoromethyl and
20  phenyl groups.

The octasaccharides according to the invention are synthetic octasaccharides,
i.e. they are compounds obtained by total synthesis starting from intermediate synthons,
as will be described in detail in the text hereinbelow. In this respect, they differ from
25  oligosaccharides obtained by depolymerization or isolation from complex mixtures of
polysaccharides, such as heparins or low molecular weight heparins. In particular, the
compounds according to the invention have a well-defined structure resulting from their
chemical synthesis and are in the form of pure octasaccharides, i.e. they are free of
other octasaccharide species.
30



aryl group: a cyclic aromatic group conprising between 5 and 10 carbon
atons, such as a phenyl group. Such an aryl group is optionally substituted
with one o r roups such as hal ogen atonms and al kyl, _al koxy, thioal kyl,
trifluor on&ﬂgpfﬁws%phenyl gr oups. The oct asaccﬁ’ngif%Z‘ngl@égr”ai ng
to the invention are synthetic octasaccHKarides, i.e. they are conpounds

obt ai ned by total synthesis starting frominternedi ate synthons, as wll be
descri bed i n defTae linvientidgrhendoawasdesr thie rdoelpoundd of foimnda (1@ apadt fortrheryindhé f er
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wei ght hepat®©OSand f8Qraare] msbectively hie -COQPOamblsSCaeidomai ng to the i nvention
have a wel | -defined structure resulting fromtheir chem cal synthesis and
are in the formof pure octasaccharides, i.e. they are free of other
oct asackhari de Fpederes phakiMiac20iddll) HSo8REXIE /AR 1Y EFdpdlindd of the invertivy”
i nvention enconpasses the conpounds of forpyla (1) in id form .in the
form of - any SRR RERETRY R YNEseBs amer< f The Harlage -0t ARTBESOr P |t he
functi oRs D@y mldl-tsaaahama:egtli@slpelctéptmw ﬁaﬂdﬁ. ngarwf saﬁﬁ&kﬂccﬁrﬂm@lto S5The
term "phar paceutica ceptable salt of the conpounds .the invention"
neans a cof%omyﬁnﬁqp \f%? 3&05(%5' &h'%ﬂ? (5’1"‘I"1?"|'|éS fcﬁﬂ% ﬁ'ﬂg’ ?8‘65-”15 /S§HONS50 3-
ar e i oni cakspediallpkiegiNaocatiophar maceuti cal |y acceptabl e cation. The preferred
salts f(}icordi ng to the invention are those in which the cation is chosen
fromalkali nmetal cations, especially the Nal. cation. 10 The
conmpounds of f omAslcampbiinddad esreHung (1§ Bcddrding Ry atinashtiah aRoRMYHES ¢hddeage i n
whi ch one OF]' gore h'ydrogﬁn or car boB at??ﬁns pave been E?epl aced with a
radi oact i v&NCEGYGHET MPET NYO9RM & £3TPPT RIATEF NeE BRRD repEced b f sadipactive
conpounds  Ebipes Ebilbxanipls @sRA OR, catBdra . | SushokbaIRAr caesdUNaStdre efidlii®s, as
tests. 15 I n of the conpounds

ligands in biochem’gj@_ L 1 fornul a g‘l‘%

accor di ng [RSCRRY. ReLbofiIM PhRRaimagekingtic studies, gs ieanglsdn bigghemical tests. _ { pe

di saccfwmride of formula (I1) is linked to the disaccharide unit represented
in forrmula (I) viafl t he oxygen atomlocated in position 1 of its glucosam ne
uni t, 20- sim | 8 1f9mysdladls tec KamPagndt aserrAing alo( the present iinveation.olt tife

di sacchari ggd&rkiobanmasl a (11) via the oxygen atomlocated in position 1 of
its glucosam ne uni i m t he di saccharide of formula (I1V)

t, . - simlarly, ] ) . 1
is linked to the! YeREhAMSRE fFmuia b ﬁﬂ*ieﬂltP)thwiaa%erwy@wpa%@mddeat ed
in positiofbrdhuf (1 \xiétrgld*g@éi@a}bmow%d in po3itidR 1l itsgiugbskriR@ThAe unit” neans
t he nonosacchari de unit having the o
20 - similarly, the disaccharide of formula (lll) is linked to the disaccharide of
formula (i) via the oxygen atom located in position 1 of its glucosamine unit,
- similarly, the disaccharide of formula (IV) is linked to the disaccharide of

formula (1ll) via the oxygen atom located in position 1 of its glucosamine unit.
25 The term “glucosamine unit” means the monosaccharide unit having the

A

HO™  R,CONH

following formula:

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



foll ow ng formul a: The other type of saccharide unit present in

t he conpounds according to the 30invention is a uronic acid, nore
specifically an iduronic acid, corresponding to the follow ng fornula: WO
2011/01858Mﬂ@6§@/ 051703 5 Thus, the corrpoundgC@thz@FWla“’(I)
according to the invention, which are oétasaccharides, may al so be
represented according to fornmula (I') as follows, in which the iduronic
units and the gl ucosam ne units succeed each other and in which R, R2,

5R3, R5, R7 and s _def i ne reviously: . Anpng .t he conpounds of
Pormila (00 ) Th 10 SEibaes & JPiriifa i pbinvvion, ot PO tely WEST At of
subgr oup obctesagpbanits, may \wsodie irasepteaseodEing ko formutd (Iheas falogspinpatiictal kyl |
in which the .sai d. al kyl grpup conprises.from5 . to 16 carbhqn atons_a

advant ageolts 0ot srhni s8¢ BuERTRLE Shit BRiead can oued = do S Rp e 1

- 0- undexyl RgRs2Rpaop Ry pedsyddfined pavicasigr oup 0-al kyl, in which the said

al kyl group conprises from1l to 8 carbon atons and advantageously from3 to

6 carbon atons (for exanple a group -0-propyl or 1® -O- pent%/l), g is
substituted with 1 og 2 groups, whi€h |0 f gsen
fromaryl and cycl @al kyloogeoops C IHo! Qups,
such as dcﬁ'exy-(—%sg@ 8 unde of \NLAr heil a,c00f/ 0' ) hat arg "

subj ect gy Of iHa wan, 207 nent i BF%ay bejsgrde of anot he?subgroup of

conpounds, i néghi ch R3 repre8#¥hts either an alskyl group conprising from?2
to 6 carbon atofrs (for exanple a propyl or pentyl group) or a cycl oal kyl

group (for exanple a cycl opentyl grouf). Anmong t he conpounds of
formula (0/0'") that are subjects of the invention, 25 nention nmay be nade

of anot her subg conmpounds, . i.n_wWhi t.l east ope of e groups R2,
s, "Ry and Ry ¢ B0PBe dhe SOIMRURS o rogitle, SN R eR 3R st BB BfiBAna-
t hat are soieptat mapbe hieelel of aesabgroop o campduride &t whith R, represents:

10 - either a group O-alkyl, in which the said alkyl group comprises from 5 to 16

Q

carbon atoms and advantageously from 5 to 12 carbon atoms (for example a group -O-
pentyl, -O-undecyl or 2-propylpentyl),
- or a group O-alkyl, in which the said alkyl group comprises from 1 to 8 carbon
atoms and advantageously from 3 to 6 carbon atoms (for example a group -O-propyl or
15  -O-pentyl), and is substituted with 1 or 2 groups, which may be identical or different,
chosen from aryl and cycloalkyl groups (for example phenyl and cycloalkyl groups, such
as cyclohexyl).

Among the compounds of formula (1)/(I') that are subjects of the invention,

20 mention may be made of another subgroup of compounds, in which R; represents either

an alkyl group comprising from 2 to 6 carbon atoms (for example a propyl or pentyl
group) or a cycloalkyl group (for example a cyclopentyl group).

Among the compounds of formula (1)/(I') that are subjects of the invention,
25 mention may be made of another subgroup of compounds, in which at least one of the
groups Ry, Rs, Ry and Rg represents a hydroxyl group.

Ancther subgroup of compounds that are subjects of the invention is such that at
least one of the groups R;, Rs;, R; and Rg represents a hydroxyl group and at least one
30 of the groups Rz, Rs, R; and Rg represents a group OSSO,



| east one of the groups R2, R5, R7 and Rg represents a hydroxyl group and
at least one 30 of the groups R2, R5, R7 and Rg represents a group 0803-.
WO 2011/ 01 10/ 051703 6 Q her subgroups_of octasacchari des
accor di ng t%g(§§ﬁbué]r§§€£tl on may have several of the charafCdfFRB3410451703¢ ed
above for each of the subgroups defined®previously. Mention may
be made in particular of the subgroup of conpounds of formula (1) 5in
which: - Rl repOélmnslsbgroups of octasacchaddéderccerdimgotep i dveytion imayvhacd t he

From s to S0 RA IR BAES SR R ane o BB R Re o RN ot

2-propyl pentyl), 10. or a group O-alkyl, in which the said al kyl group
conprises from car.bon toms an eously from3 tg 6 carbon
atons (for exanple e%ﬁor? gEsGs m e'B p(%%u%&;:g ?)@%f%p) CSWBOF%GBSS‘ETSQW'@%t('Sd
with 1 &r B whmiclups, V\:hl ch may be identical or different, chosen from aryl

and cycl oal kyl hpéeo %) gr exanpl e phenyl and cycloal kyl groups, such as
cycl ohexyl), 15- He&pf &kents either an al kyl group conprising from2 to 6

??r bon atons (for lexaihmir@ gropp Qpalkyl.on wiredH $He IR @éup?cd?%ﬁls@@'ﬁ@)‘r\ 5ng oup
or exanplg a.c opent u t one of_ the groups R5,
R and oSSRl ens Sy dag bl om 8 ddngtins S danaerapdaos
i nventi on, ~(D:pahinnOnB:Mebﬁ orra@mp@mﬂm)al ly of the foll OWI ng octasacchari des:
- Pent (SOdI um 2- 0-sodi um f onat i dopy | uronate)-(1->4)-(2-
acet anﬁjo 2- deoxy- 6: ot 5&5?%16 'fﬁdﬂa\"(%%hhﬁﬁ@@%aw §9Mprges. Fam_ 1 &bl um
2-0- 25 sodarbﬁm atoms and advantageously from 3 to 6 carbon atoms éfor example a group -O-

- deoxy- 6- 0- sodi um

sul f onat o- a- L op rano ona ‘)9 %j ﬁ%i -acetam )
sul f onat o- Brogy 'c%ﬁﬁ?% 0%” 54‘% (¥ 1%2295’“8%0‘["@?1'? may be identical or
sul f onat o- a:ﬁbrerﬁloawSaﬁCf&yh lamraaﬂﬁiycléaérk?ﬂgmﬁﬁs Qféefeﬂéﬂwﬁ@ &eﬁﬂoéﬁyd BydosRdi um

squonatoaD | ucpp 0S (1->4) - (sodi um 2- 0- sodi
sul f onat o- grotlp Gr% g'?ﬁ‘%ﬁyé'nat e) - (1- >4) - 2- acet ani do- 2 deoxy- 6- 0- sodi um

sul f ongg o- p- 0- gl Re Gepresdts eiteer NIyl hrou#Pcom nsmlg frofreNtoyd cér%gﬁllalia@ns (for
2- 0-sodi um sul f onat 0- a- L- i do&?/r anosyl uronat e deoxy-2-(1

- oxobut yl ) HAMRIE & FreRyhicn Reall eronRl 8f & W%W&W%&@y%ﬁfﬁ@e A pyqlapeaivlm
2- 0-sodi Ungroup) and
sul f onat o- a- L- |d0@\ér anosyl uronat e) - (1->4) - (2- deoxy- 2- ( 1- oxobut yl ) am no- 6-

0- sodi um sul f ona@deastengio ?%@yﬁ}’ﬁﬂanﬂﬁa @%Pﬁmaélym%bﬂfaw

sul f onat o- a- L-

20 Among the compounds of the invention, mention may be made especially of the
following octasaccharides:

- Pentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyiuronate)-(1—4)-(2-
acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium  2-O-
25 sodium  suifonato-o-L-idopyranosyluronate)-(1—4)-{2-acetamido-2-deoxy-6-O-sodium
sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium  sulfonato-a-L-idopyranosyl-
uronate)-(1-»4)-(2-acetamido-2-deoxy-6-O-sodium sulfonato-a-D-glucopyranosyl)-
(1—4)~(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1->4)-2-acetamido-2-
deoxy-6-O-sodium sulfonato-B-D-glucopyranoside (No. 1);
30
- Pentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-
deoxy-2-(1-oxobutyl)amino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium
2-O-sodium suifonato-a-L-idopyranosyluronate)-{ 1—4)-(2~-deoxy-2-(1-oxobutyl}amino-6-
O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-

35 idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium  sulfonato-g-D-



35i dopyr anosyl uronat e) - (1- >4) - ( 2- deoxy- 2- ( 1- oxobut yl ) am no- 6- 0- sodi um
sul f onat o- a- o- V\D 2011/ 018588PCT/ FR2010/ 051703 7

gl ucopyrano ( gé]sodi um 2- 0-sodi um .
sul f onat o- XY osyl uronat e) - (14) - PCT/FR2010/051703

2- deoxy-2-(1- oxobut yl)am no- 6- 0- sodi um Sul f onat o- P- o- gl ucopyr anosi de ( No.
2); - Pentyl (sodium 2-0-sodi um sul fonat o-a-L-idopyranosyl u ronate)-(1
-4)-(2- 5 dmnpyrancﬂs%)qxomé@dd)mf@sﬁd|Qm59§110HB%0 a~L—tdopyranosyIuronate) (1—4)-

sulfonato-g-c{}g g pyranosyl)-(1->4)-(sodi um 2-0-sodi u

sul f onat o- ¥ di%ﬁ%@y‘ GG t%‘f'g‘é'Emﬂ#fDQQOMW@W%n%ﬁGHQ}?yP) am no- 6-
0- sodi um sul f onat o- a- 0- gl ucopyranosyl)-(14)-(sodi um 2-0-sodi um
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[ (cycl open?) ?%dé p@ﬁ?‘?ﬁg g 9'90%%5@ b'?_s’éhfsﬁﬁ'f‘m 2-O-sodium  sulfonato-a-1.-
sul f onat o- mogy@huwbﬁatepfmz)y (@ easy-2- (ﬁ%QQIHéJdSﬂ[)&nﬂofBOélsléHhm sulfonato-a-b-
sul f onat o- a- L- i dopyr anosy onate)-(1->4 (I (cycl opentyl -

15car bonyl g@ﬁp%?n@yaé@ﬁ)ﬁ@u@ba@rﬁpd:um sulfonato-a-L-idopyranosyluronate )-(1—4)-
sul f ongd 0- a:ddnQ. 9%9&6%'3%%%0@@30?%%%%%( yﬂfy éﬂ%n?swe No.

sul f onat 0- a- L-1'dopyr anosyl'uronat e) car fl)’) am noj - 2-
deoxy- 6- 0- sodi um sul f onat o- a- D- gl ucopyr anosy1l) - (14) (SOdI um 2- 0 sodi um

coxy-6-0- sodi um SHPrShaeedPa” B Gty aifburieed Exgvinbeggorae S0 0E
(sodi um 2- flewistientylcarbdrynambrop-debxlofy0- @émwsulfm-e)ndlﬁcowanbayl (1-4)-

acet am do- 2- deoxy- 6- Q- sodi um sul f onat o- a- D- gl ucopyr ano >4?- sodi um
2-0- sodi ufﬁ glﬁ’l”f ona%g)%o UM o p§HHiRRBISA- ﬁ‘i‘%@r@fyl("}?ﬂ@-@) (%1-24%&2&(%/00%“'[3/‘-

m do- 2151eoesarb6n,9yawﬁ¢] fesyld enshRne sQfT&J\é!G%W@I%B&@Yér?os§l}@—>ﬁ)s@%lﬂ:m 2.

2- 0- sodi um sul f'onat o-"a- L-i dopyr anosy!l
ur onat e) - ( P-sagjun sulfesatard- &ﬂﬂ@yltaeoswurenmekﬁldﬁw [(cyclopentylcarbonyl)ammo]-z-

| f t I
Ul f onat o- S EESRA SRl doebreR BT S AP 20 sogin sutpretaai um
sul f onat o- p-LDdg;byramayrme )@ —{aa- [(d*});lopentylcarbonyl)am:no]@“ MIPBL Oi(Im ( sodi um
2050d|um nat o-a-L-i do os‘esluronate) (1->4) -
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(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-

deoxy-6-O-sodium suifonato-B-D-glucopyranoside (No. 5);
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sodium  sulfonato-a-L-idopyranosyluronate)-(1—s4)-(2-acetamido-2-deoxy-6-O-sodium
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acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1-4)-(sodium  2-O-
20 sodium  sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-6-O-sodium
suifonato-a-D-glucopyranosyl)-(1-—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyl-
uronate)-(1—4)-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-{1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-deoxy-6-O-sodium  sulfonato-
a-D-glucopyranoside (No. 9);
25
- Methyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyiuronate)-(1—4)-(2-
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idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-6-0-sodium sulfonato-a-D-gluco-
pyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1-+4)-(2-
30  acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium  2-O-
sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-deoxy-a-D-gluco-

pyranoside (No. 10);
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osyl) - (1- >B5RIQRKdiAe sulfonato-a-D-glucopyranosyl)-(1—4)- (sodmm 2-0-
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om sun T on BB B ey PaORte g aik-g0-alucbpyrancsyl) (-2l

(sodi um 2- Eoda@di um Sy ﬁQ!@ﬁ‘x’-Q—@bpg
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4) - pyranoside (No. 1

(sodi iyg- 0- sodi unsul f onat 0- a- L-i dopyr anosyl uronat e) - ( 1- >4) - ( 2- deoxy- 2- (1-
oxobut yl ) am no- 6- 0- sodi um sul f onat o- a- D- gl ucopyranosyl)-(14)-(sodi um
2- 0-sodi um - Methyl (sodium 20-sod|um sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-

e e R

sul f onat o- sodium dopxsul&mm)&hu.r ﬂap}ra)os@hfc?fb}eﬂ‘l —4)-(2-acetamido-2-deoxy-a-D-gluco-
30deoxy- 2- 61 oxoBLa )) m no- p-D- gl ucopyranosi de (No. 14

yranosyi)-(1=4)-(sodium ~ 2-O-sodium’ ~sulfonato-a-L- |dopyranosyluronate) -(1—-4)-(2-

20  acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium  2-O-

sodium sulfonato-a-L-idopyranosyluronate)-(1-4)-2-acetamido-2-deoxy-6-O-sodium

sulfonato-a-D-glucopyranoside (No. 13);

- 5-phenylpentyl (sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-
25  (2-deoxy-2-(1-oxobutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-
(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-
oxobutylyamino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-( 1-oxobutyl)amino-a-p-gluco-
pyranosyl)}-(1—4)-(sodium 2-O-sodium  sulfonato-a-L-idopyranosyluronate)-(1—4)-2-
30  deoxy-2-(1-oxobutyl)amino-B-D-giucopyranoside (No. 14);

- 2-propylpentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
{(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-

(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-
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sul f onat o- a- opyr anos ronat e
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ucopyrzmosgféc)xy(Zlﬂ%bowndhmm{?-a@hﬁ:@ﬂymﬁmlde (No 17);
sul f onat 0- a- L-i dopyr anosyl uronate)-(1->4)-

deoxy- 2- ( 1- oxobut yl ) am no- 13- D- gl ucopyran05| de (No. 18); and 30-

5- phenyl pent yI { Switighedslopyd distdfum 2 O-sodlum sulfonato-a-L-idopyranosyluronate)-

sul f onat o- - r@ yranosyl uronate)-(1->4)-
(2- deoxy- 2 ‘t‘ﬁ?’iyg(ﬂ)ﬁé%h{})aﬂﬁ'ﬁﬁ d2-8odjumo gulipnata-a-erghcsprrapogyihtiopd)r anosy
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25  oxobutyljamino-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
suifonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1 -oxobutyl)amino-a-b-gluco-
pyranosyl}-(1-4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1 —4)-2-
deoxy-2-(1-oxobutyl}amino-B-D-glucopyranoside (No. 18); and

30 - 5-phenylpentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-2;(3—methyl-1-oxobutyl)amino-B-O-sodium sulfonato-a-D-glucopyranosyl)-
(1—>4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1 —4)-(2-deoxy-2-(3-
methyl-1-oxobutyl)amino-6-0O-sodium sulfonato-a-D-glucopyranosyl)-(1-—4)-(sodium 2-

O-sodium sulfonato-a-L-idopyranosyluronate)-(1—-4)-(2-deoxy-2-(3-methyl-1-
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WO 2011/ 018%88M1018f8%10/ 051703 PCT/FR2010/05170311
oxobut yl ) am no- a- o- gl ucopyranosyl ) - (14) 44sodi un2- 0- sodi unsul f onat 0- a- L-
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conmpounds according to the invention uses di- or oligosaccharide synthons
pr epar ed aédopﬁfﬁa?ﬁygdowt@h(1oﬁ%)r%rd$9¥yta1(§~methé|rh@mtéllyl)ﬂﬁﬁrm*léﬁfgiuwII be made

especially s or patent applications EP 0 300 099, EP 0 529
715, EP O g:%néégge %QE% 0 649 854, and also to the publication by C. Van

Boeckel and M Petitou published in Angew. Chem m. Ed. Engl., 10 1993,

-1690. [h § d,t ther so_as to give an
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bear sul f opatestey equigalent i tieerf corabrt@bmtd acdnecane (?d&lirﬁtgnb&ﬁttﬁéi irﬁ/@gtiérherg

O-sul fated, -_in0. hird phase. the whol g conpound is deprotected, an
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groups t heitik@nOfefic carbon, reacts with an “acceptor” di- or oligosaccharide, bearing a free
15 hydroxyl.

The specific synthetic schemes will be described in the detailed examples that
follow.

20 The present invention thus relates to a process for preparing octasaccharides of
formula (1)/(I'), characterized in that:
- in a first phase, a fully protected equivalent of the desired octasaccharide (1) is
synthesized,
- in & second phase, the positions that are to bear sulfonate groups on the final
25 molecule are deprotected and then O-sulfated,
- in a third phase, the whole compound is deprotected, and
- in a fourth phase, the N-acyl groups are introduced (introduction of groups the
R,-CO-).

30 The synthesis of the fully protected equivalent of the desired octasaccharide {n
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,
Tetrahedron (1996), 52, 1095-1121 and patent applications WO 98/03554 and
WO 99/36443), in which a glycoside bond-donating oligosaccharide is coupled with a

35  glycoside bond-accepting oligosaccharide to give another cligosaccharide whose size is
equal to the sum of the sizes of the two reactive species. This sequence is repeated



30The synthesis of the fully protected equival ent of the desired
octasaccharide (1) is performed according to reactions that are well known
to those skilled in the art, and using nethods for the synthesis of

ol i gosacchaf PdaLVQEEss exanpl e G J. Boons, Tetrahedron (15)’@@7@%9’%5@@- 1121
and patent applications WO 98/ 03554 and 190 99/ 36443), in which a glycoside
bond- donati ng ol i gosaccharide is coupled with a 35gl ycosi de bond-accepting

ol i gosacch%mﬁetce?ngﬁﬁd aﬁmrﬁsﬁra ':h%%%%‘dh%@ﬂ%hWE%te%@ueforrﬁ ?Hg%u[rg the

sum of the siz react’ive s uence Is repeatéd WO
2011/ 018588PEPrei® @m&)sw@le of Zhey fipal) detSh’ed compeund d@term@ﬁntne aafury ¢fsthe

oﬁt ai nedf @ﬁém@ﬁlaédekflels @s@dﬂ@i%ﬁ@ﬂonﬁé&@éﬂheﬁ%té&%t ﬁc@r tPthefriiks well khBﬁn |
charge oO oun termn e emca
0o % s kaifrone e RThE Y. GORREE MY HeTnBad Sot i, 10 & Vha Bt Shu |
known t5 thsRetiki, Angewi ICHehe fatr £d. Refle(t98% 3@yl Gﬂe-made); dtomathxelynd &1, t o

C._Van Boe%ﬁ'siarﬁ‘gﬁldggl CEs ﬂeﬁsékaﬂ’epau Sé‘é}lyﬂﬁﬁﬁ@sa@of g)?%lll s(a%gl%?d’es’?’z

1671-1690 or a . vances | sel eeS Ry IEER cal
synt heses d¥gewnpham. /ol iEgoEaaic 188284 155AHgew. Chem nt. Ed. Engl. (1982),
21, 155-173. The conpounds of the invention nmay naturally be prepared using

various 10 str Elegl es kngwn t@l those, skilled in t&%art of ol igosaccharide
synt hesis. The 3 CEmpayads 9fibg RMEEN; Bay atirally fer BEPPEFes Y8BT oYarioys

i n\r/]ent 'rIOlnl strblngreeﬂmo@vh&o Glmc:csamoslqméﬂ infthd artmiiloagtﬁsycehs)nd@mynbﬂs@r Eh@rpfi‘dceéiaa
t her ;
ot her vel | S65RSq TIPS oy RS oRHERL 5L AFRGT e i BB
P.M Colli ﬁymtﬂjﬂﬁ(lj mge e enrepa@d chélyer&w%h@ovqmmmocﬁan bygaB, QhenBatms | n
15Tet r ahedigaerbéd e exadp lelplg@lomagécchandes theﬁ%eﬁﬂ:&ﬁﬁ%d Sﬂglr%l@é‘ﬁ’ﬁ nHfe

t he process for, prepar e compounds of formu hose t at
make it po@é‘?db'Ptépr& Qy%ﬁ@“ﬂr%tje gl JeWiley $eS P%&@é}]a%%%@ %OQWdF‘oxyl
or an afi ndettatiédrgn €l 998N 1BREEHI5 11@nd secondly to regenerate the intact 20
reactive function at the end of the synthesis. The protecting groups
commonly used in sugar chem stry, as described, for exanple, in "Protective
G oups in O ganilbe $yetebiri groupsruseddndhe airogessr ir quigparing ths odomplitindy of.

Sons, 1 nC. oG ( fggkzreafh%sgm rﬁékeﬂteﬁcg%fbfﬂ fifdfy B BIoRSt oaON et sqaﬁ

i nvention. The p ectin roups, are osen, Tor exanple, roma et

met hyl , peﬁ?éhwdm%ﬁi@w amilne ring A SYntfaasisy [andsspserdly e &epeperals fthe EE@QH de,
benzyl 2o ar beastive funttdr afothbeydndi dTehd g rihéyd. T(Heﬁ@bﬁ):tn?g\groups commonly used in
tert-butyl d| hen Imhgl (j(ﬁtﬁ %’ﬁ gwps Ok ?t ngP%rou}%‘s(#m

be used; tﬁg &Y BECTO8Th dPft iP8ATPIEy s e'dOtSFUILTIgRIOURR R < Igémcf or
exanpl e ac&ynitiesig', Coechel et Bodng edifien (ohe Witkay & 50886, Inc5 Rewl 09k} arg0iskAlto

IE?? el agg;)ﬁgﬁbﬁ}gtr@rﬂH@éssaé&om%Whe fitenfeiR iHeSorofdcffy HFRURELRS RSN, for
gty example, from acetyl, methyl, pentenyl, benzoyl, levulinyl, benzyl, substituted benzyi,

25 azide, benzyt carbamate, terf-butyldimethylsilyl (tBDMS) and tert-butyldiphenylsilyl
(tBDPS) groups.

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-

30 1121. These activating groups are chosen, for example, from imidates and
thioglycosides.

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 salt. To obtain

35 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 obtain the desired sailt. For the
preparation of the salts of the compounds of formula (1)/(I'), any mineral or organic base



The process descri bed above all ows the conpounds of the invention to be
obtained in the formof salts, advantageously in the formof the sodium

salt. To o i e correspondi ng acids, the conpounds of the invention
in salt fo?‘&&@\}”ﬁ@ségaced in contact with a cati on-exchdJeFRALOO51T)3

acidic form The conpounds of the inventli3on in acid formmy then be
neutralized with a base to obtain the desired salt. For the preparation of

the salts qfatt CANERALES \ ' rgani c base
WO 2011/ 018588PCT/ FR2010/ o%%o%&%g'%lﬁgtgﬂ%é"&%éﬁep%‘g’ﬁy#a@lgg?’? ﬁéérl”ﬁ{? Qe B¥&bl e
salts with €€onpounds of fornula (1)1(1') may be used. A subject of the

invention is also the conmpounds of forrmula (V) below, in which 5 Ak

t | kyl, . , RL . def.i ned i ly i | ati ith th
compounds of  f of WiHPIER P} FiedPYertEn o0 ey comepupge of gl Whpelaw. iniwhichcal
or di f f &r erftlk rapeqmentsemtaliyl gtaept Rn agrdefipsd previoRgly th rbRfiua hyith @npesmssuras e
useful as ipESHIEBANHBISSa he syt pesi g af th nds .of formul a
(0/0). R e 0. P S PSS OB o e Sl
(V) in whi OFOIRCINGENMSsents a nethyl group and Pg, Pg' and Pg" represent,
respectively, benzyl, tBDPS 150Rghd acetyl groups. More particularly, anong

these conpounds Qf, {:or@uga (VX, ohe Rnvention is directed towards those in
which Rl is chosen? t'he F'ng groups: Md- et hyl, -0-(CH2)5- phenyl,
-0- CH2- CH( C3H7) 2, , -0-( R 11 \gaehoed- (CH2) 2- CH(pheny02. 20Such
conpounds correspﬁﬁd t o/di saccharides 58, 131, 132, 133 and 134 illustrated
in the synthetic sch&fgd bel ow, which are useful for the synthesis of
conpounds 10, 11 and 14 to 19 according to the invention, as will be

detail ed herein bel ow 25A subject of the invention is also the conpounds
of forh®l a (V1) SHeh eamnpoyndgtsire bseful as intermediates in the synthesis of the compounds

of formula (H)/(I').

In particular, a subject of the invention is the compounds (V) in which Alk

represents a methyl group and Pg, Pg’ and Pg” represent, respectively, benzyl, tBDPS

15 and acetyl groups. More particularly, among these compounds of formula (V), the

invention is directed towards those in which Ry is chosen from the following groups: -O-

methyl, -O-(CHy)s-phenyl, -O-CH,CH(C;H;),, -O-(CHp):-CeHsq and ~O-(CHy)2-
CH(phenyi),.

20 Such compounds correspond to disaccharides 58, 131, 132, 133 and 134
ilustrated in the synthetic schemes below, which are useful for the synthesis of
compounds 10, 11 and 14 to 19 according to the invention, as will be detailed
hereinbelow.

25 A subject of the invention is also the compounds of formula (VI) below, in which

Alk represents an alkyl group and Pg, Pg’ and Pg", which may be identical or different,
represent protecting groups:
OPg"
AKO,C— OPg | o
O—Pg0 OC(NH)CCI, (Vi)

Pg0 NHCOOPg

Pg"O



Al k represents an al kyl group and Pg, Pg' and Pg", which may be identi cal
or different, represent protecting groups: OC(NH) CCl3 NHCOOPg WO

2011/ 018588PCT/ FR2010/ 051703 14 Such conpounds are useful as

i nt er medi at®¥® IRIPREEynt hesi s of the conpounds of for NUIPSTHERIQIEO5ET93
particular, a subject of the invention i corrpound (M) in which Ak
represents 5 a nethyl group and Pg, Pg' and Pg" represent, respectively,

benzyl, |evuli nﬂucﬁ@&n@@@i@ﬁ'aréﬁj@éﬁ)ﬁas ntEEMedia@a il HeNdnfREE 3 BRNESMASUnds
di sacchar| d EI | RF rated in the synthetic schenes bel ow, which is useful

for the sy orrpounds 1 to 4 according to the invention, as wll
be detail ed here| nbel ow. 10The exanples that follow describe the
preparation of grﬁerta,l corrpounds | n_accordance with the invention. These

conpounds are ndt PEIRHIR AGUPSE Oftep yventiands pomgopnd (M} inavitch A rppiesents
i nventi gn. alethgt @blp 88 PENPYURAPFENEprebsnt! RESEALSIy, Hé?&ﬂ Febmlnpi &%d&cé%

preparation is not expressly described, are conmerci al aval 'abl e or

descri bed i3PYRTe SHER @r"é’ﬂ“Lﬁoé'”dcﬁO”@P%@dﬁﬂ9 %Cﬁ%ﬁﬁr?é'd'"ﬂ@%?%im@'etWnﬁﬁflﬁods
that are d%&ﬁémbﬁﬁelé\ﬁt\bﬁéﬁfis‘hé?e?ultf&athe% ﬁhgﬁ%ﬂcérﬁpédﬂﬁéq 18l édcefémﬁd”'totths art.

The foll ow ng abbreviations are used E’a] D: optical rotation Ac: "acet
20Bn: benzyV %‘FL@ ap wiilkeg %Sﬁé'iedc'lﬁr@iﬁﬁ@@‘ﬁraphy DDQ
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none ESI: El ectron-Spray |onization
10 The examples that follow describe the preparation of certain compounds in
accordance with the invention. These compounds are not limiting, but serve merely to
ilustrate 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
15  therein or that are known to those skilled in the art.

The following abbreviations are used:
[alo: optical rotation
Ac: acetyl
20 Bn: benzyl
TLC: thin-layer chromatography
DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
ESI: Electron-Spray |onization
h: hours
25 LC-MS (*): liquid chromatography coupled to mass spectrometry
Lev: levulinyl
min: minutes
Me: methyl
PMB: para-methoxybenzyl
30 Rf: Retardation factor (retention time measured on TLC relative to the solvent
migration front} 7
tBDMS: tert-butyldimethylsilyl
tBDPS: tert-butyldiphenylsilyl
TFA: trifluoroacetic acid
35 Tr: retention time measured by LC-MS*
Z: benzyloxycarbonyl



h: hours 25LC-Ms (*): liquid chromatography coupled to nass spectronetry
Lev: levulinyl mn: mnutes Me: nethyl PMB: para-net hoxybenzyl 30Rf:
Retardation factor (retention time neasured on TLC rel ative to the sol vent
m gration W@ROJRIEEHE: tert-butyl dinethylsilyl tBDPS: PCI/FR2010/051703
tert-butyl di phenylsilyl TFA: trifluoroadétic acid 35TR retention tine
measured by LC-M5* Z: benzyl oxycar bonyl WO 2011/ 018588PCT/ FR2010/ 051703 15
*The LC-MS are acquired on a Waters brand ZQ4000 rr?chi ng.fThe ﬁ(z)lourmouggg(y
is a metry Cl8 3, m(2.1x50 mm). Eluent A.is fornme rom + 0
TFA, ;% 3. 15y El {-ééR  &re Gcadeed plom Walars irand 204009 niaphineTERe chemn

gradi ent rasgers $ShnaER) 1B D8Yne{2. el5eahin) %l@yﬁm ﬂsoro(rﬁéd ﬁa% MO (cB§n5h, 2
m nut es at % of eIuen B. Theflowrate is O. reparatlon of t he
synt hetic il Re 19y fEdieent B is formed from acetonitrile + O 005% TFA The gradient ranges

&  from 0 to 90% of eluent B over 10 (or 30) minutes + 5 minutes at 90% of eluent B. The
flow rate is 0.4 mi/min.

Preparation of the synthetic intermediates:

MeO C MeO ,C MeO,C
LevO LevO LevO ; 7

QAc OAc
o]
0" Bno NHZOC(NH)CCE:, 0—' B0 OAc
LevO LevD

NHZ

AcQ

10 24 23

Preparation of (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-i -idopyranosyl-
uronate}-(1—4)-2-amino-1,6-anhydro-3-O-benzyl-2-deoxy-B-D-glucopyranose (No. 21)
To a solution of compound 20 (21.6 g, 31 mmol) (C.A.A. Van Boeckel et al., J.
15 Carbohydr. Chem., 4 (1985) 293-321) in N,N-dimethylformamide (155 mL) is added
triethylamine (Et;N) (65mL, 15 molar equivalents), followed by addition of 1,3-
propanedithiol (47 mL, 15 molar equivaients). After 17 hours of magnetic stirring, the
reaction mixture is diluted with ethyl acetate, washed with water, dried (Na,SO,), filtered
and concentrated, and then purified on silica gel (acetone - cyclohexane) to give 21
20 (15.8 g, 76%).
LC-MS m/z 672.2 [(M + H)']. Tr = 0.94 min

Preparation of (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyl-
uronate)-(1—4}-1,6-anhydro-3-0O-benzyl-2-deoxy-2-[{benzyloxy)carbonyllamino--b-
25  glucopyranose (No. 22)
To a solution of compound 21 (128.12 g, 190.7 mmol) in dichloromethane
(240 mL) is added saturated aqueous sodium hydrogen carbonate solution (240 mL),
followed by addition, at 0°C, of benzyloxycarbonyl chloride (35.5mL, 1.3 molar




Preparati on of (nethyl

2-0-acetyl - 3-0- benzv1-4 O-1 evul i novl - a- L-i dopvranosyl uronate)-(1-4)-2-am no
-1, 6- anhydr.o- 3- 0- hen - 2-deoxy- 13- D- qlucopvranose (No. 21) To a solution
of corrpounﬁ?()m?y?fség 31 mmol) (C A A Van Boeckel et HCT/FR201§451703

Car bohydr. Chem, 4 (1985) 293-321) in NBN-di net hyl formami de (155 nl) is
added triethylamne (Et3N) (65 nL, 15 nolar equi val ents) fol | owed by

addi tion ofeqliv3renk ORRRa8i hbl%ls of Qléomus rl;ﬂa;—%ngﬁé Qﬁrr[ﬁ@‘aﬂ % @acttnﬁ‘f Fn%ur%7

hours of nmghetic stlrrln e reactio xture

acetate, wdsAbHeMH {;gﬁlpg}metaaneédva@mg@watqr it9 ﬂ@‘#téﬁiltsaﬁﬁe@ NMSRu) éitt@’d!d and
t hen puri f ized c@ﬂcéﬁtﬂateﬁiaTE@bruﬁéfpﬁ:ﬁcm&?ls-usé&ﬁi 1RB ERAMY i Fithdut énf%fa{.éﬁ 8 g,
769 . LC-M5 mz 27@ %m%%%l-ﬁwj 5% mn Preparation of (ne
2-0-acet yl - 3- 0- BV d YBpyr anosyl -

uronat ep- ( 1- >4) - 1, 6- anhydr o- 3- 0- benzvl 2- deoxv- 2- [(benzvl oxv) car bonvl | am no
-13-0- 25 dl ucq_-pg ?

(128.12 g, 190. """ T
aqueous SOoCHHRYY L

at 0C, of @@ag&@ ;da chI orlde (35 5 m., 1.3 rml ar WO
2011/ 018588PCIT/ ER2010 5% ui val eats) After 15 m nutes of vi orous
magnetic stirringeaesigee ne é[b SRMEEPUNG rteR & dissaived) ifacstic anhydride

di chl ofi@net(h&he,), fetieket byiddditont ef 01@ andudvenl 15t win, df itefLordia2EO8kid (THA)er ed

d § v
our i et 3158 F) The s SRR Sherb rdf SBnhlick B0’ ah @R 1 b Do
(et hyl temperature, and is then concentrated, co- evaporated with toluene, and purified on

2- 0- acet y1shicOgers aneﬁaﬁblmdé)%l @dem&gﬁumpﬁa@ gr&mtfgteééa 4)-1,6-di-

g gﬁgg%;rgngsgenwsﬁpggﬁé [@%%ﬁzﬁb&?ﬁ@?n Ir%ﬁ(ran Brecedl ng step is

di ssol ¥&d in acetlc anhydrl de 10 (1.05 L), followed by addition, at 0OC and

over 15 mn, ) QAC agi .The reactlon mx ure
is stirred for éa. g 8ﬁﬁ%®agﬁée i }

i s then conregteldfle PracetyndrChipen z e ony -o-rss-lllca
gel (cycl Oﬁﬁ)&é@%anos%(’tﬁ&r%}%cetﬁﬁdéléYﬁo"Zlqpound 23 (138.9 g, 80% 2 steps),
LG M rrik oa solutioh of compound 23 (25 g, 27.5 mmol) in diethyl ether (1.1 L) is added,
20  at 0°C, benzylamine (BnNH,) (109 mL, 36 molar equivalents). After stirring for 1 hour at
0°C, and then for 4.5 hours at room temperature, the reaction mixture is diluted with
ethyl acetate, and then neutralized with cold 1N HCI (0-4°C), washed with water, dried
(NaxSQ,), filtered and concentrated, and purified on silica gel {(acetone - cyclohexane) to
give (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyluronate)-(1—4)-6-O-
25  acetyl-3-O-benzyl-2-deoxy-2-[(benzyloxy)carbonyllamino-a, B-D-glucopyranose (18.5 g,
78%).
LC-MS m/z 888.3 [(M + Na)’]. Tr = 19.95/20.60 min
To a solution of the compound thus obtained (18.5 g, 21.4 mmol) in
dichloromethane (405 mL) is added, under argon and at 0°C, caesium carbonate
30  (Cs.COs) (11.1 g, 1.6 molar equivalents) and trichloroacetonitrile (CCI,CN) (14.8 mL,
5.0 molar equivalents). After stirring for 1 hour at room temperature, the reaction
mixture is filtered and then concentrated. The residue is purified on silica gel (acetone -
cyclohexane + 0.1% triethylamine) to give 24 (17.2 g, 80%).

Rf = 0.47 (7/3 ethyl acetate/cyclohexane).
35 Chemical shifts of anomeric protons (500 MHz, CDCl;) & 5.17 idoUA", 6.28 Glc'a

LC-MS m/z 866.3 [(M + Na)']. Try = 19.91 min




15 Preparation of (nethyl
2-0-acetyl - 3-0- benzy1-4-0-1 evul i novl - a- L-i dopyr anosyl uronat e) - (1->4) - 6- 0- ac
etyl - 3-0- benzyl - 2- deoxy- 2- 1( benzyl oxy) car bonyl | am no-a, ql ucopyranose
trichl or oac®O3YEI8E8 No. 24) To a solution of conpound ZWRR2M0/BTHB
mmol) in diethyl ether (1.1 L) is added,1720 at O0C, benzyl am ne ( BnNH2)
(109 nm., 36 nolar equivalents). After sti rring for 1 hour at OC, and then
for 4.5 hours at roomtenperature, the reaction mxture is diddted with
et hyl acetat®oc-gpd thencpeutralized with cold 1IN HGL. OOBA ) sheg..a t h
water, dried g i jcteeced and concertrated, an P on silica
gel (acetone“" Gyl ohexane) to give (nethyl Levo
2- 0-acetyl - 3- 0- benzy 24 4- 0- | evul i noyl - a- L- i dopyr anosy! urdnat e§-(1-4)-6-0-
25acet yl - 3- 0- benzyl- 2- deoxy- 2- [ (benzyl oxy) car bonyl j am no- a, B- D- gl ucopyr anos
e (18.5 g, 78%. LCM5S mz 888.3 [(MNa)]. TR = 19.95/20. 60 yri n To a
solution of the conpound thus obtained (18.5 g, 21.4 mmol) i &
di chl oronet hane (405 nlL) is added, under argon and wa{c-0@; cdestym-ganponate
30 (Ch2C™B) (11.1 g, 1.6 nolar equivalents) and tri jtrile
(CCI3CN) (14.8 nL, 5.0 nolar equivalents). After sti'trifg 9% our at
once

room tenperature, the reacti on pxture is fiml‘t(eréd and then ntrat ed.
The residue is rpurl BrSioé\gﬁdekc@@,CGt e - cycloh ‘ane + 0.1%
triethyl aff 5o ﬁ% Rf = Owad-P/

acet at e/ cygd oS aaﬁ’e g5CHgn cal shifts of anomjzgzd T80 Mz,

CDCl 3) 6 5. 17~ doUAl I , of. 28 A cia LC-M ink 866.3 (M 5 Na)] TR, = 19.91

mn Preparation o pent envl (et hyl
2-0-acetvl- 3-0-benzvl- 4- OS\%\_I‘W i novl - a- L-i dopvranosvl uronate)-(1->4)-6-0-ac
et vl- 3- 0- benzyl - 2- deoxv- 2- 1Thenz onyI car bon¥ti - am no- 13- 0- ql ucopvr anosi de
(No. 25) 5A solution of tert- bu yIO %@om@ﬂbﬂ ate in dichloronethane
(IM 0.2 nol per nole of Fy_det argon and at -20C, to a
sol ution of the im dated24M%13"7 g%°13. 56 mol) and of ally! al cohol (6.8
mL, 5 nolar equival ents) *fi dichl oromst hane (590 nlL) in the presence of 4 A
m)l ecul ar sieves (17.6 g). After 20 nlnnutes of stirring (TLC), saturated

aqueous sodi um hydrogen carbonate sol {it?on is 10added. After filtering,
washing with water, drying (Na2SO4), Tjltering andoevaporating to dryness,

the mxture is pur|f| ed ogOAm I | cgTi gel t Qmegt Bncg) (c@,Eﬂcr( 10.7 g, 85%.

MaO,! ;ZV BnQ

30

o MeO C OBn
0 M802C
BnO
BnO

31

O{GH,J,CHCH,

Preparation of 4-pentenyl (methyl 2-O-acetyl-3-O-benzvi-4-O-levulinoyl-g-L-
idopyranosyluronate)-(1—4)-6-O-acetyl-3-O-benzyl-2-deoxy-2-[{benzyloxy)carbonyl]-
amino-B-D-glucopyranoside (No. 25)

5 A solution of fert-butyldimethylsilyl triflate in dichloromethane (1M, 0.2 mol per
mole of imidate) is added, under argon and at -20°C, to a solution of the imidate 24
(13.7 g, 13.56 mmol) and of allyl alcchol (6.8mL, 5 molar equivalents) in '
dichloromethane (590 mL) in the presence of 4 A molecular sieves (17.6 g). After
20 minutes of stirring (TLC), saturated aqueous sodium hydrogen carbonate solution is

10 added. After filtering, washing with water, drying (Na;SQ;), filtering and evaporating to
dryness, the mixture is purified on silica gel to give compound 25 (10.7 g, 85%).




WD 2011/ 018588PCT/ FR2010/ 051703 18 LC-M5 ink 934.5 [(M+ H]. TR = 24.00
mn Preparation of 4-pentenyl (nethyl

2-0-acetyl - 3-0-benzyl -a-L-i dopyranosyl -

uronat e) - ( WQPOB/@85%%t y| - 3- 0- benzy1- 2- deoxy- 24 PCT/FR2010/051703
(benzyl oxy) car bonyl | am no- O D5ql ucopyr argsi de (No. 26) To a solution
of conpound 25 (10.6 g, 11.35 nmol) in a 1:2 mxture of toluene/ethanol
(1.2 L) is adde razi 5. 5 nol ar equivalents). After 2.5
hours of magnet ?gmsf?l"%#%%miﬂmxf%?éligg Mdncent rat ed under vacuum and
then purified on silica gel to give conpound 26 (6. 98 g, 749 . 10LC-MS raiz
858.4 [ (M + Nang . 22,

2-0-acetyl - 3 0-
etyl - 2- azi H@N3Lq) ia’ z DRy AR

2-0-aced Vlg@c%gﬁ_?éﬁ%}d (%ngdopyranosyl uronat e) (1 4) - 6 0-

15acetyl- 3-0- er|1 eoxg benz car bonyl | am no- 13- D- ql ucopyr anosi
de (No. 28) 674 Solie of FP'B Olﬂ'& h & nEeIRmEaly in @ 113 spisure, of

di chl or onetdhmme/dtidviol 01.2%) neohd@er hyarkgine facétaicd@ 2), ssnadﬁi@&u:val&ﬁi@r AHegON

e o v ‘i’*%qsﬁ# sfighofhe, MidlisSisforsontaide spcn sl sbgimen
accept or 26Uf(f@d%l sificageB® gwnﬂqnpqmndlaﬁr(b‘@&mﬁ%ane (350 nL) in the 20
presenge of 4 Angﬁyigggé m/.eﬂag%d%%z Gﬁrﬁ 18 hours at -20C (TLC),

solid sodi um hydrogen carbonate I ter filtering, washing with
aqueous 2% sodi um hydrogen carbonate solution, with water, drying (Na2SO4),

filtering and ep fa%h ngf tgpgrﬁtﬁﬁﬁ83me{mﬁ j_i@SédéWP_SLé b@Hi\}l—E'@% fhaa-blica gel

to give 28 (9. 0 0. 38 ( I/ 4 acetone/toluene
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- 2- deoxy 2-1( bérﬁ@iutl@&pi mwgmemlw Bflaieqh @&bl@ymm&thaneié1h€lhﬁx152®l p&dTo a
sol ution Oﬁ‘noreoaﬂﬁme)zﬁ e(oQieQ Gmde'? a?' &WAI’\&] at nZ(?Cltc?arQ tléﬁeofqge imidate 27

t ol uene/ et a(p ’%)g WH)Q: drazine acef at Ml ar

equi val ent@) ga-O8 Mo @P”ﬁﬁb‘?’etﬁ"&o@t Med; rgem; Heg 9 %t 2‘?@ -2%12) and of
concentr atthd glgcesyl wacapion 26d6id%en, B34 il BNdighibidhtetBate t(SB(Erh}LF u‘?Ql@OUﬂd

29 (7 lprﬁgér@] ?fq AT mgleglﬁar(él \flesaﬁqg gf%ﬂt 13%9:395 at3§0° TLC) qf[c)i Euln? n of

4- pent eny
2-0- acet yl hssir@gqsemasbpnateoa @ddéd.n dfter efutlanmgjowysslmg)smtmraqnadnm) 204 - gbydiup®- 0- ac

(23t %' a(z:e?Z: I%T@gé?f ﬁéz?ﬂér}’ag? %?ﬂﬁ&%(wfug\ngbgf@r U&rgmg\( Q%ﬁ)f | egég ?ﬂd(éﬁbg%ltlng to
y ryness % I%Sldue IS punfleal on 5|I:ca gel to give 28 ( 04 d, 69%

Rf = 0.38 (1/4 acetone/toluene).
25

Preparation of 4-pentenyl (methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyl-
uronate)-(1-—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranasyl)-{ 1—4)-
(methyl 2-O-acetv|—3-O-benzyl—a—l.—idogyranosvluronate)—( 1-4)-6-O-acetyl-3-O-benzyl-
2-deoxy-2-[(benzyloxy)carbonyllamino-B-D-glucopyranoside (No. 29)

30 To a solution of compound 28 (9.0 g, 5.7 mmol) in a 1:2 mixture of
toluene/ethanol (570 mL.) is added hydrazine acetate (2.6 g, 5 molar equivalents). After
1 hour of magnetic stirring, the mixture is concentrated under vacuum and then purified
on silica gel to give compound 29 (7.15 g, 85%).
Rf = 0.29 (1/4 acetoneftoluene).

36

Preparation of 4-pentenyl (methyl 2-O-acetyi-3-O-benzyl-4-O-levulinoyi-g-L-
idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzy|-2-deoxy-a-D-gluco-
pyranosyl)-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(6-O-
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acetyl - 2- azi do- 3- 0- benzy1- 2- deoxy- a- o- ql ucopyr anosyl ) - (1-4)-(net hyl
2-0-acetyl -3-0-

benzyl - a- L-WOANEHSE8Y | ur onat e) - (1- 4) - 6- 0- acet yl| - 3- 0- ben BOAL/PRABGHOF1IA3( ( ben
zyl ww) car bonyl | am no- 8- D- ol ucopyr anosi detg No. 30) A sol ution of

tert-butyldi rrethyl silyl triflate in dichloronethane (1M 0.15 nol per 5

mol e of i m,y oIU|on t he
4.84 mol) benzvlicelhidopyiarasiuronafe) 4 B0 b&decbxv@-%bmﬁvecul ar
si eves (3. hrboAitaffind-8.00 os% ?N T{,(g)t) sol i d sodi um hydrogen

carbonate IS a roomtenperature (30

mnutes), filter %@ut'%a%‘ﬁ?'ﬁrauwdﬁﬂefaw%Gr@‘lag&l/bns%mlfarﬁmfwar(é@ﬂeﬁ 16amblopeit e
tsgl ut oﬂd mmetdnaﬂndmd)gg wader, itJnﬂélyaﬂgﬂn(Mza‘iOéb ang #s’(ﬂﬂﬁﬁrﬁéﬂ 1hg ifrfiaié )t@ess
e residu ed an sili ive

(1/ 4 acet oﬁe;3 g 5 %{’% %etaﬂgr?'patbgeglé(? O?FCSWO‘Z %eﬁ? é]%* G né%‘ﬁﬁ“mo') in

2- 0- acet y 1 dphipriypathane 4180 intp v then gesdence of 4 A molecular sieves (3.99 g). After
Lour onat e) 1 oflls 66-Rraqeie) s%r@ébeﬁn?n%rta&é}?xarb8n£89é%daePR#teMBaﬁe%“05V1>
2- 0- acet y| SBTHIRE Hogm-tamperalitse (3G Aurytes) fiiering) washing with-amugoes ¢ sodiendo- 3-
0- benzyd- 2hg@oEn ZafBoRhtd GRRMBANEHEY hkn (WithatbFRinivg ANASBGPEN edsdrimazy! - a- L
i dopyr anos JIMIESHAPe fesidre t§ pyifigd 0o &ilice o8l 9. 9iven38 .28 41d9%)- 2- 1( benzyl oxv) carb
onvll- am no- f & e-bl8ididpamimeidisopitpyt eigr).20To a sol uti on of conpound 30
(5.21 g, 2.35 mol) in a 1:2 mxture of toluene/ethanol (180 m.) is added

hydrazi ne acetate (1. 08 g, 5 nol ar equi vaI ents). After 1 hour 10 m nutes of
magnetic stirri i ) pENtEN 3rO-banzyiHLaiddpyrandssyi-

puri f hgyd?p@a@ﬁmﬂ@- - &m_a&mweéwdz&% pfRibbpyrBhosnd12ay 1/ 3
t% 2 O-acetv- -O-benzyl-a-L-idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-

O-benzvl-2~deoxv-a-D;gjucopvranosvl)—( 1—4)-(methyl 2-O-acetyl-3-O-benzyl-g-L-
idopyranosyluronate)-(1—4)-6-O-acetyl-3-Q-benzyl-2-deoxy-2-[(benzyloxy)carbonyll-
amino-B-b-glucopyrangside (No. 31)

20 To a solution of compound 30 (5.21 g, 2.35mmol) in a 1:2 mixture of
toluene/ethanol (180 mL) is added hydrazine acetate (1.08 g, 5 molar equivalents). After
1 hour 10 minutes of magnetic stirring, the mixture is concentrated under vacuum and
then purified on silica gel to give compound 31 (4.78 g, 96%).

Rf = 0.47 (1/3 acetone/diisopropyl ether).
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(3,4-di -0 benzyl-2-0-(4-met hwonbenzyl - 6-0-tert-butyl di net hyl -
silyl-a-L-idopyranosvl)-(1-4)-1, 6-an

hydr o- 2- aziVM8-29150188R% y 1- 2- deoxy- 8- 0- ol ucopyranose (No. F)T/FR2(4045HE3i on
of conmpound 32 (32.3 g, 42.2 mmol) (WO 2006/ 021 653) in NN 5 _
di met hyl f ormam de (210 nL) is added, at OC and under argon benzyl brom de
(25 nmL, 5 nolar | % H .
nol ar equi val en e
added (30 gily-a-t-ldepyre i h—de-d iGganh 3 3
crude reac obs |s d||uted mnth ethyl acetate, washed with water and
then with ?gFUTﬁTed aq eous sodi um chl oride solution, 10dried (Na2SO4),
filtered and coﬁ@eﬁﬁ?'%%of cPAWOHRE 33 (82 St A2emol (WA @0PB/0Rh&58DIn N,\M-ng

step wi 5houtm¢myafcfrm§aﬁdeqmohr@ Maddel, 870k Clard(Mdsr Mdah! benzfibromik: (I§§
Pr epar at i opof F%ro ace | -a-L-

15i dopyr an sgr/' Y eﬁtlsé%QVﬂYWr ga§¥%8?§g€f’ S'@H @liégl gle'gg%pfgg';fﬁiﬁmﬁbopyr a

nose (No. 3dfpr 20 minutes Somagseticwtiminy, ofetoancd & SRieiIB0 &Lg,)thgmeébtlehhﬂédﬁurmzhane
1.6 L f t

g, 1.5 i 5 costrraeeni i 8 M7 il ARG Bgp il i S

medi umis éP?@E%d"a«ﬁN%W& atesranaehera mith saturated sadeens mr@gblnnd@sbluhm e

sol ut i om lan@aiméizsolheut@@a%ﬂuQ:oﬁ&@ﬁ@téoﬁ ThB EsiNRSEREINKE LTS the Ab\ﬁﬂg
(Na2S™¥) , f{lte concentrat ed. The conpound obtained is use

f ol | owi ng §eé’ﬁ’v'£ﬂ°f"h%lﬂﬂ i fication. The residue obtained is

di ssol ved in di tGHd8amreBRAREM 85M,)1.)T: f t8.80ward by addition of _
triethylamne (13 nL), 4-dinmethylam nopyridine (2 g) and acetic anhydride
25 (60 nL). After magnetic stirring for 10 mnutes at 0OC and then for 1
hour 45 mi nutes wm-ecemque@manzw BrDxentHbatyidimelihlisliydd-wi t h
di chl owma;,%n _ a0 asgpum
hydr ogen sU € soll M and wa s
(Na2S™4) , ff) tered and concentrat ed The re5| due obtained is

purified on si | Tea é@mmﬂ ofGratialad (38%/§ Giéﬁl@&)nét@ar@ e 34 .§9&8&1 Watbr 83%
3 steps). NE{ Tﬁ e&iB Eé&ﬂ é‘] oflEgg) 3(% {% uiv I nt arﬁ?f'{elron of
(et hyl ~ 2- BEE} Jolower by agdtivon, 47 0°8: of DR Ro%y TEelaE eguivalentsh
) - 1, 6- anhydihous 4% imiluASs OF terimy 4t 2°Q)ebea yadlium 68 ditutey with aidlor¢rivethad and
20  sodium hydrogen carbonate solution is added. The organic phase is then washed with
water, dried (Na;SOy), filtered and concentrated. The compound obtained is used in the
following step without purification.
The residue obtained is dissolved in dichloromethane (350 mL), followed by
addition of triethylamine (13 ml.), 4-dimethylaminopyridine (2 g) and acetic anhydride
25 (60 mL). 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 hydrogen suifate solution and water,
and the organic phase is then dried (Na,S0,), filtered and concentrated.
The residue obtained is purified on silica (ethyl acetate — cyclohexane) to give 34
30 (26.8 g, 83%, 3 steps).
LC-MS m/z 798.3 [(M + Na)']. Tr = 12.97 min

Preparation of (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 (No. 35)

35 To a solution of 34 (26.3 g, 33.9 mmol) in acetone (1.4 L) is added, at 0°C, a
solution of CrO; (10.5 g, 3.1 molar equivalents) in aqueous 3.5 M H,SO, (47 mL). After
mechanical stirring for 4 hours at 0°C, the reaction medium is diluted with
dichloromethane, washed with water to neutrality, and the organic phase is then dried




35 To a solution of 34 (26.3 g, 33.9 mmwl) in acetone (1.4 L) is added, at
0C, a solution of Cr03 (10.5 g, 3.1 nolar equivalents) in aqueous 3.5 M
H2SO4 (47 L After nmechanical stirring for 4 hours at 0C, the reaction
medi um i s W® 20HMIRFSh di chl or omet hane, washed with wat ePCTFR2OUO/051703 v,
and the organic phase is then dried W022011/018588PCT/ FR2010/ 051703 21
(Na2SO4), filtered and concentrated. The conpound obtained is used in the

i ssol ved RO A4 b bl ohrocompo P SBR G I nei Ry ie dgliiving

car bonat e $tep vgthost proifieatiosqui val ents) and net hyl iodide (21 m_ 5 10 nol ar

equi val ent s) ar?h@qgﬁgue Bﬁ?alﬁe%a%t H%Qol%dd( :r‘r”f@!\f oﬁm@ﬁ#{}érﬁ%n‘ﬂae Q%T?Tﬁ_z”?ﬁé ature
under 1 S

for 16 hours, and then concentrate resi d e

with ethyl p%teéﬁf@wvgmemf@qum%@a @i ﬁ?%té&uwa{ﬁﬂtﬂ% asdtrogtayldedigie (abms.,
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(21? ?Zi;yisé’rutgand&acet n'laléf— dieggg%%gfug‘pgﬁ%r&%gg@{éx -aandlyeﬂdq c%?g%se
(No. 36) @ter%aeﬁi Ga@qnggieau’éh%@@rapw ¢hialﬂﬁélsmsgde@thﬁgfoﬁwpg istepdwvidwot ved
i n acetfg ¢ puiidtidrde (177 nm), followed by addition of trifluoroacetic acid

(TFA) (17.7 m) re |s s rred for 16 hours, and is then
concentr at ed, IOC&IE Z&#jﬁ%{“m)ﬁl ue Mdpurified on silica gel

(cycl ohexane - et hyl acet ate), to give corrpound 36 (17.4 g, 65% 3 steps).
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90%) . 30LCEWs %ﬁf@ps)es? 7 [(M+ NH)]. TR=1.64 mn Preparation of
(et hydg 2- 0- aceL(YJM§nﬂ28b9%IblelnﬁML) ]aﬂr_q@cgqy,ﬁﬁ,nosyl uronate) -
(1-4)-6-0-acetyl -2-azido benzyl™- 2- deoxy- a, 13- D- ol ucopyr anose

trichl oroacetim date (No. 38)
Preparation of (methyl 2-O-acetyl-3,4-di-O-benzyl-a-L-idopyranosyluronate)-

(1—4)-6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a,B-D-giucopyranose (No. 37)
To a solution of compound 36 (7 g, 8.84 mmol) in diethyl ether (303 mL) is
25 added, at 0°C and under argon, benzylamine (BnNH,} (29.7 mL, 36 molar equivalents).
After 1 hour of magnetic stirring at 0°C and then 6 hours at room temperature, the
reaction mixture is neutralized with cold (0-4°C) 1N HCI, washed with water, dried
(Na;SQq), filtered and concentrated, and purified on silica gel (ethyl acetate -
cyclohexane} to give 37 (5.95 g, 90%).
30 LC-MS m/z 767.7 [(M + NH4)']. Tr = 1.64 min

Preparation of _(methyl 2-O-acetyl-3,4-di-O-benzyl-o-L-idopyranosyluronate)-
(1—4)-6-0O-acetyl-2-azido-3-O-benzyl-2-deoxy-a,8-D-glucopyranose_trichioroacetimidate

(No. 38)
3B To a solution of compound 37 (5.94 g, 7.9 mmoal) in dichloromethane (150 mL) is
added, under argon, caesium carbonate (Cs;CO;) (4.1 g, 1.6 molar equivalents),
followed by addition of trichloroacetonitrile (CCL,CN) (3.9 mL, 5.0 molar equivalents).
After stirring for 45 minutes at room temperature, the reaction mixture is filtered and




35To a solution of conpound 37 (5.94 g, 7.9 mol) in dichloronethane (150
m) is added, under argon, caesium carbonate (C52C38) (4.1 g, 1.6 nolar
equi val ents), followed by addition of trichloroacetonitrile (CCI3CN) (3.9
m., 5.0 noM4P 204UeM8a8%Nts). After stirring for 45 mi nut ePCAVFR2000/051703
tenperature, the reaction mxture is filzpered and WO o
2011/ 018588PCT/ FR2010/ 051703 22 then concentrated. The residue is purified

il I th t + 0. |ethlamne to give
38(5. 7 o SE SRR BoiogS I RIS poorgel Ltbyiaeaie “cobicbmaneche - 3o
5 Pr epar at Ddite tfettidqaine sn\give(IBgEITyd, 81%).
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Preparation of 4-pentenyl (methyl 2-O-acetyl-3,4-di-O-benzyl-a-L-idopyranosyl-
uronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-
(methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyiuronate)-{ 1—4)-(6-O-acetyl-2-azido-3-
O-benzyl-2-deoxy-a-D-glucopyranosvi)-(1—4)-(methyl 2-0-acetyl-3-O-benzyl-g-1.-

10  idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-gluco-
pyranosyl)-(1—-4)-(methyl 2-O-agetyl-3-O-benzyi-a-L -idopyranosyluronate)-( 1—s4)-6-0-
acetyl-3-O-benzyl-2-deoxy-2-[(benzvloxy)carbonyllamino-B-b-glucopyranoside (No. 39)
A solution of fert-butyldimethylsilyt triflate in dichloromethane (1M, 0.1 mol per
mole of imidate) is added, under argon and at -15°C, to a solution of the imidate 38
15 (261 g, 292mmol) and of the glycosyl acceptor 31 (4.78 g, 2.25 mmol) in
dichloromethane (146 mL) in the presence of 4 A molecular sieves (1.99 g). After
2 hours of magnetic stirring at -15°C (TLC), imidate 38 is again added at time intervals
of between 15 and 30 minutes, to maximum consumption of the acceptor 31. At the end
of the reaction (TLC), solid sodium hydrogen carbonate is added to neutralize, and after
20  magnetic stirring at room temperature (15 minutes), filtering, washing with aqueous 2%
sodium hydrogen carbonate solution, and then with water, drying (Na,SO.) and
evaporating to dryness, the residue is purified on silica gel to give 39 (3.71 g, 58%).
Rf = 0.21 (15/85 acetone/toluene).




pVranosvl) - (1->4)- (et hyl

2- 0-acetyl - 3-0- benzvl - a-L-i dopyranosvi uronate) - (1->4) - 6- 0-

acetyl - 3-0- benzvl- 2- deoxv- 2-f (benzyl oxv) car bonvi | am no- 13- o- ol ucopyr anosi de
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di chl oronet hane (1M 0.1 nol per nole ofegimdate) is added, under argon and
at -15C, to a solution of the imdate 38 15 (2.61 g, 2.92 mmol) and of the
gl ycosyl acceptor 31 (4.78 g, 2.25 mmol) in d| chl or onet hane (446 nL) in the
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solution, and then with water, drying Na2804) and evaporating to dryness
the residue is purified on silica gel Yo give 3 (3 71 g, 580 H, 0.21
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Preparation of 4-pentenyl (methyl 3.4-di-O-benzyl-a-L-idopyranosyiuronate)-
(1--4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-a-L-
5  idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-g-D-glucopyranosyl)-{1—4)-

(methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1-4)-(2-azido-3-O-benzyl-2-deoxy-a-D-

glucopyranosyl)-(1—4)-(methyl 3-O-benzyf-a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-
2-deoxy-2-[(benzyloxy)carbonyllamino-B-D-glucopyranoside (No. 40)

To a soluton of 39 (300mg, 0.105mmol) in a 3/2 mixture of

10 methanol/dichloromethane (31 mL) is added, at 0°C, a 1M a methanolic solution of

sodium methoxide (0.31 mL), in the presence of 3 A molecular sieves. After stirring at




5under vacuum the residue is purified on silica gel with a

di chl ororret hane/ et hyl acetate/ethanol m xture to give conpound 40 (185 ny,
699 . Rf = 0.22 (9/1/0.3 CH2C12/ Et OAc/ Et OH) . Preparation of

4- pentenvl WaSORY/P18388 . di - O benzyl- 2- 0-tri et hyl atmoni um PCT/FR2010/051703
10sul f onat 0- a- L-i dopyr anosyl uronat e) - ( 1-24

) - (2-azi do- 3- 0- benzvl- 2-deoxy-6-0-triethvl- ammoni um

Ul fonat o & £ 10k BRARLAR St b ot Ry 26 ol JRERBYIG T B B 6.
O-tri et hyl AONsHi Xﬁlre%ﬂaé«fdﬁrafdtemw aed partaiy sondenrating) taveaisiion mixture is

3- 0- benzy1pdriflsd b izt mJZGrE%IUQHﬁncqumn usm a 1:1 methanol/dlchloro ethane, mixture
sul f onat o- a- L-i dopyr ano Iur natwg[i é 2-azj do- n? %1
deoxv- 6- 0- @F.%H?ﬂ}i SR AeTHRaNg & rﬁ%‘B‘ﬁgrfB%%%Ly?i @mdwpc?miﬁtngl

3- 0- benZyl ZnBert vaedumy| mmmldu&rris purified on silica gel with a dichloromethane/ethyl

sul f onat o- 2- deoxy- 2-

1(benzyl ox%fétg#eg%ﬁé gﬁnﬁtﬁ(ﬁa ?‘n@%’ Hﬁgﬂﬁ%% 'U%ngéé/])

sul f onat 0- 13- D- & FdbpY (HHB S @Iéz%i‘EiOM:ﬁtOHl et hyl ani ne/ sul fur trioxide
conplex (513 ng, 5 nol per hydroxyl function) is 20 added to a solution in
N, N- di et hyl f or nam de 6.3 rrL, 90 L/ npl ) of co ound 40 (178 ng, 70.8
prol). After 17 Re atiq . ¥l | (methy 4=0i0-benzyir HPdrethy e )
met hanet i sul&ﬂmiaahd&ﬁrm;vmﬁﬁnhw)-(%ﬂl} (2- agdé@roﬁan - Dd6%,-810-0B1HHNd t hen

_for 30 mn S alm! oo ﬁ erat . the H-Bnetm |u§nd_berp Iréfdtnethv?/

nmeans of a .
nmet hanol / NaRkkhriie nat&’hél—z-s) -(Preaitiot HODbenayitdedxyes-t he

product ar e ¢hem “fnsmaw atsﬁ@odé'fbdﬁr -%VW@%& hes

conmpound 47T T 33 \l
Pr epar at i offig ogyluanatel(15:4)-(P4 -benzyl-2-

sul f onaso- aebﬁps@metmwbmmraﬁeadtéﬂqc?é)ucbavraﬁdsdmﬁ—ﬂv-hﬁétﬁy;ls@ gepx) - 6- 0-

|3I Bhlbggg;g_tz T.C% q A If),ulflan na g%s— -JODSFGHOS\AUFEJnate) ——m-) 3-O-benzyl-2- -deoxy-2-

sul f onat o- §benivitpwicadmmsiidruinotad-gietiiviamrbniuf snifaetdRO-diessbytandsideoiNo.6- O- |
i thi um sul fyepat o- a- p- al ucopyranosyl)- (1-4)-(lithium 3-0-benzyl-2-0-1ithium

sul f onat 0- a-L-i dopyranosyl uronate) - (1->4) - ( 2-
azi do- 3- 0- benzyiTrigthylagine/sulfgr ftriaxisieugamplex (513 mg, 5 mol per hydroxyl function) is

sul f ongg o- adfedlid COBYILASH Y N Ndinetdy) lfomahliueum 3mL3Te- bAoAy ot Eorﬂpburﬁ&hum

benzy ox bR BT A2 O ol o e n Hr el 3 5, Shebpiea oo, o,

42) mBthamob 6é edded aif 0CoapduakerddtintidgFomg0 BOuREOh) 0P@ @ndlitenTioet ur e

Col uti on, e 34 FDEELIRberus Pl fadund sbtenty edie IR o

0C and t heROEEN. 16Nt @ - htmixiin of emetreapiNN-direthvifermaniide amse difuenti Jhe
purifi gsl bﬁa@fﬁﬁh@scdﬁfanﬂﬁg ki Bn%dG&'d#%edlébﬁ%nﬁat%d hinAbXhigh Sallium to gwehthe

rret hanol / N,Ndi net h r uent. The fractions™contal ning the
product ar8 ?'T‘?é’rp H{I?g%‘ghmgrﬁ’g’/r’ )-hi gh vacuumto give the desired
conmpound 42. Rf = 0.33 (11/7/1.6/4 EtOAc/pyridine/AcOH/H,0).

20) .

Preparation of 4-pentenyl (lithium 3.4-di-O-benzyl-2-O-lithium _sulfonato-g-L-

30 idopyranosyluronate)-(1 —>4)-(42_-__a‘zido-3—O~benzvl—g-deoxv—6-O-Iith_ium sulfonato-a-D-

glucopyranosyl)-{1—4)-(lithium  3-O-benzyl-2-O-lithium __sulfonato-a-L-idopyranosyl-

uronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-lithium sulfonato-a-D-glucopyranosyl)-

(1—4)-(lithium __3-O-benzyi-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)-(lithium 3-

35  O-benzyl-2-O-lithium sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-benzy}-2-deoxy-2-
[(benzyloxy}carbonyilamino-6-O-lithium sulfonato-B-D-glucopyranoside (No. 42)

To a solution of compound 41 (238 mg, 60 umol) in a 1/1 mixture of

methanol/tetrahydrofuran (9.6 mL) is added, at 0°C, a molar aqueous LiOH solution.




S5Rf = 0.42 (11/7/1.6/4 EtOAc/ pyridi ne/ AcOH H20) . Preparation of
pentyl (sodi um 2-0-sodi um sul f onat o- a- L-i dopyr anosyl uronat e) -

(1-4)-(2- amn02deo - 6-0-sodi um _

sul f onat o- @24 §§ganosyl )-(1-)4)-(sodi um 2- 0- sodi umPCT/FR2010/051703
sul fonat 0-a- L-i dopyranosyl uronate) - (1- 4p5( 2- am no- 2- deoxy- 6- 0- sodi um 10
sul f onat 0- a- D- pl ucopyr anosyl ) - (1-4)-(sodi um 2-0- sodi um

sul f onat o- eox

Sl  onat o- 2 SIS PR U SR ek L3 B3 4 Fad g rattie) R Fedon
sul f onat o- aledunu@munaﬁ@by maaoaat @) Lﬁﬂmdmammagdmwrﬁefonemadozm

sul f onat o- }idydth Hﬁ%bﬁ%a%s'éﬂfen( ’\|Q'he43r)acﬂ_6’nsa Sk nth'en d]t{cg‘ grlexttHéﬁ’ of
tert-but anol/vvah_ d 14 npound 15 obtain ously

successi veFYcgaHR W'W@%‘PW&PQ'V@GE‘? dﬁﬂred@o@ﬁ?ﬁﬁ@)‘ and then 10% Pd/ C
(1.55 ¢ . AfterRsEI042 (1a/7V1.6QR0BYylidie/AcOBIH ©)at room tenperature, the
reaction nediumis filtered and partially concentrated under vacuum and
the solution is then applled to a Sephadexe G 25 columm eluted with 0.2 M
sodi um chl or i dePrepaeati j syl SIS 3

desalified : cI e ' _ . f I AC :
cont a: n: ngﬂ#ﬁ_&ﬂ%e&rﬂﬁo@a&@o % @SHHmm EHlffcﬁ%t Il ﬁﬂo e AGLA0R 2. t he

desi red cogpww suhenateya-Lgdopyra -~. .w- 1—»»4 2-am W&Mﬁﬁ@%ﬂthe

OSSO, Na 0505Nat— Tt AN IR ST CHlu W aRQE
(CH2) 5CH3 &Q@Mm CE&IHIEnato-a-L-|dopvranosvluronate)-(1-—>4)-2 amino-2 deoxy-6-O-

sodium sulfonato-B-D-glucopyranoside (No. 43)
To a solution in a 1/1 mixture of fert-butanol/water (14 mL) of compound 42
15  obtained previously are successively added ammonium formate (617 mg, 9.8 mmol)

and then 10% Pd/C (1.55 g). After stirring vigorously for 4 hours at room temperature,
the reaction medium is filtered and partially concentrated under vacuum, and the
solution is then applied to a Sephadex® G-25 column eluted with 0.2 M sodium chioride.
The fractions containing the product are concentrated and desalified using the same
20  column eluted with water. The fractions containing the product are then concentrated
under high vacuum to give the desired compound 43 (123 mg, 61% (2 steps)).
Chemical shifts of the anomeric protons (600 MHz, D;0) 5 5.11 IdoUA", 5.38
Glc", 5.19 IdoUA", 5.38 Gic", 5.19 IdoUA", 5.38 GIc", 5.21 IdoUA", 4.70 GIc'

25



0O AcO OBn 0O Preparation of (Z/ E) undec-4-enyl (nethyl

2-0-acetyl -3, 4-di - O benzyl -a-t-

5i dopyranosyl uronat e) - (1->4) - (6- 0- acet yl - 2- azi do- 3- 0- benzyl- 2- deoxy-a-D-el u
co- pvranodyP po11{018388 (et hyl PCT/FR2010/051703
2-0-acetyl - 3-0-benzyl - a- L-i dopyr anosyl upgnate) - (1->4) - (6-0-

acetyl - 2- azi do- 3- 0- benzy1- 2- deoxy- a- o- ol ucopyr anosyl )-(1-4)- ( nmet hyl
2-0-acetyl -3-0-

benzyl - a- L-i dopyr anosyl uronate)-( 1- a\éf) (6 0- ace OMEZC az,gndo b@g d-2-deo

xy-a-D- WO 2011/0185 PQ'E/CFRQBQIOI 4)“( met hyl
2-0-acetyl - 3060@ @,Bn i ea 1- ,P
6- 0- acet yl - xy- i(ben%yl ) car bonyI I d‘ﬁ‘l ngg 13- Dol ucopyr ano

si de (No. 44 To a sobftiti on of gonpound 39 (610 ng, 214 pnol) in

di chl or onet hane (10 7 mL) are added 1l-gctene (67 pL, 2 nolar equival ents)
and first-generation G ubbs catal yst (§441-174C 2P2Ru) (18 ng, 0.1 nol ar
equivalent). After refluxing for 6 fhjours and th hggz' red.ng v (Cgm

roomtenperature, the ﬁ"ic>M<ture is neent "eg a and may be
used under tve—se 1 0 Njeo ef'® reattion. The
crude reacti o Mrodued™’ Eiéod by Ehr tography 0N s P4 RCBCHESICH,)CH,
(tol uene- acetdng) to 109i3ve Mhe desire product 44 (131 md>Roo9CHC®E = 0. 18
(85/15 tol uene/ acetone). Pr epar 3“ on of (Z/ E) 5- phenyl 4- pent enyl

(met hyl 2-0-acetyl -3, 4-di-0O benzyl - a- Liydopyr anos Iuronat e) H4
)-(6-0-acetyl -2-azi do 3 0- benzyl 2- gleoxy- a- D- ol MCQrogc OCHLR,
18]

15pyranosyl ) - (1->4) - (pEt hyl oMeOL— OB Bn
2- 0- acet y1- 30z ‘@'hzc, - é)o 1-%
acetyl - 2- azi d - Zy\ -d oxy- a- 0% q| u pyr anosy EXCHCHFCBWsCHa

2-0-acetyl - 370- nd
benzyl - a- L-i dopyr anosyl uronat e) - (1- 44) -{( 6- 0- acet yl - 2- azi do- 3- 0- benzy1l- 2- deo
Xy-a- oqgl ucopyranosyl) - (1->4) - (net hyl

2- 0-acetyl - 3-0- benzyl - a- L-i dopyr anosyl uronate)-(1- >4) 0805
6- 0- acet yl - 3- 0- benzy1- 2 deoxv 24 I OX)Q car hongutde Bmoo- 18- bddGOPYTr anos
i de (No. 20 45) C,Meoc °”°° 9 Bno
Me0,C N, © Nz
Bﬂo B“° 080 48: R, = CHCH(CH,),CH,
Bn0 49: R, = GHCHCH;
0,80
triethylammonium salt l
080t
0S0,Li éosoau : oan o
oS0 O:a e OBn . o oL . o O{CH,).R,
N CB «
"0, OBN o 0L/ g /Z§7’ BrO y. O oo NHZ
0 %no d 50 MO * liggo 50 R, = CHCH{CH,):CH,
Bng M sd Li0,S0 51: R, = GHCHCH;

LIO,SC l

0S0,Na

0SO0,Na oNaOC o NaC,C E; :\_ LO(CH,)
N 0,0
Na0,C o, = é iNH
Zgj ; 52:R, = (CH2)50H3

0SO,Na
0S0Nz

n2 Na0,S0

Na080
zNaOSO 2 53R CeHg

Na0,S0

Preparation of (Z/E) undec-4-enyl (methyl 2-O-acetyl-3.4-di-O-benzyi-a-L-
5  idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-gluco-
pyranosyi)-(1—4)-(methyl 2-O-acetvl-3-O-benzyl-a-L-idopyranosyluronate)}-(1—4)-(6-O-
acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranoswvi)-(1—4)-(methyl 2-O-acetyl-3-O-
benzyl-a-L-idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-g-b-




To a solution of conpound 39 (100 ng, 35 pnol) in dichloromethane (1 nl)
are added styrene (16 pL, 4 nolar equivalents) and second-generation G ubbs
cat al yst (C461 165CI 2N2PRu) (1.8 ng, 0.06 nolar equivalent). After

refl uxi ng PP 281108588 and then stirring overnight at 35CPCIABRIMAMEKIS ar e
optionally added, if necessary. The m xt2dre 25is then concentrated under

hi gh vacuum and then purified by chronmatography on silica gel

(tol uene- eg{Mwmpw . (AbG ©hS.208515-80d zyaf-* Edgﬁ%a%g\“ggn%ég@ﬁl A =

0.25 (to Prepardati o (
(et hyl 6-O-acetyl-3-0O- benzvl 2-deoxy-2- [(benzyloxy)carbonv!]amno B-D-glucopyranoside (No.

3,4-di - O baggyl - a- L-i dopyranosyl 30uronate) - (1-4)-(2-azi do- 3-0- benzyl- 2- deox
y-a- D ol ucopyrano

benzyl a- L- |dopy Mﬂ,'&ﬂ@éﬁé’?‘gﬁ’”ﬁ‘% 6%92“%2%1661“30'1)'”@&%?”1?“3@%{(@ AMb) gl uco

5 are added 1-octene (67 pl, 2 molar equivalents) and first-generation Grubbs catalyst _
er anosyl) 1¢4rzel pgﬁ[ﬁtm'nﬁg,%qeﬁ\m “RubvalefPRHEN PG ORR e Hourd and) b4~ 321

benzy 1-2- d&%ng gvermnighty ebaana trsRaArgtutel theimixturetin gorscedtraled Ayidenbigh ivdopym anosy
| - and may be used under the same condmons in the case of an incom lete reactio 31
uronate)-(1->4) - ben&l}/% é benz | oxy) car am no- §' ql ucop
yranosi de C@'ge(rﬁﬁ)c“oﬁéz)m ctis pur%g i’ys‘@f ‘T‘tﬁﬂ hy@ s("fﬁﬂeﬁﬂ‘)'l‘@"%ﬁ@t%‘ﬁ)lt? in a
3/'2 m %@ ur givefthewdddirad prddlict#4 (13inmg,28%. (15 L) is added, at 0C, a 1M a

met hanol i ¢ sol ugkQ | | de (154 pL), in the presence of 3 A
nol ecul ar  si eveg& ﬁfte@%@%t#l}m@%ﬁéﬂe@@ 2011/ 018588PCT/ FR2010/ 051703 28 0C

for 1 hour and at roomtenperature for 15 hours, the mxture is neutralized

t he
f raczI i ths pea @8vn+(m9+4t)hlmelmwOﬂiotelio%ﬂ%@ﬂéﬁfﬂ-ﬁ&tlddSkﬂ/fMdl@fon\éRﬁlt'w)i(dﬂ@-
residue is i
acet at e/ et quj 8
(7/3/0.1 thenmvhed ddenvean:
(nethyl 3, I'ugtb 2 |-Qﬁ|_
i dopvr anosyTuronate)- osvl) -
(1-4)- ( etyl-3- —2-deoxv-2 I(benzvloxv)carbonvl]amlno @ D m@m (No

3- 0- bepa vl 45) L- |dopvranosvluronate) (1->4)-(2-azi do-3-0-benzyl- 2-deoxv-a- De
Iucopyranosvl)

>4
3- 0- benzyl - M%'%B?y pé!pgﬂléﬂdeijg g1£)0 ﬂg (3§ %{E?la n %Jchloromethane (1 mL) are
0- benzyl- Zadt&dxytywna @il pic opynalarneqiiyalgrits pnd setdnd-generation Grubbs catalyst

3-0-benzv' @k CAUPRANIBIMY! 088 iarl duivtlent). AridP Rétking 18P KYur dHcPRER V! 0%V

) car bonvl I m_no- g 0Si
stirring overnight at 35°C, the reagents are optionally added, if necessary. The mixture
25  is then concentrated under high vacuum and then purified by chromatography on silica
gel (toluene-ethyl acetate) to give the desired product 45 (38 mg, 37%).

Rf = 0.25 (toluene-EtOAc 7/3).

Preparation of (Z/E) undec-4-enyl (methyl 3.4-di-O-benzyl-o-L-idopyranosyi-

30  uronate)-(1—4)-(2-azido-3-0O-benzyi-2-deoxy-a-D-glucopyranosyi)-(1—4)-(methyl  3-O-
benzyl-a-1 -idopyranosyluronate)-{(1—4)-(2-azido-3-O-benzyi-2-deoxy-a-D-gluco-

pyranosvi)-(1-—4)-(methyl 3-O-benzyl-a-L-idopyrangsyluronate)-(1—-4)-(2-azido-3-O-

benzyi-2-deoxy-a-bD-glucopyranosyl}-(1—-4)-(methvi 3-0O-benzyi-o-L-idopyranosyi-
uronate)-(1—4)-3-0-benzyl-2-deoxy-2-[(benzyloxy)carbonyllamino-8-D-glucopyranoside
35 (No. 46)

To a solution of 44 (152mg, 0.052mmol) in a 3/2 mixture of
methanol/dichloromethane (15 mL}) is added, at 0°C, a 1M a methanolic solution of
sodium methoxide (154 pL), in the presence of 3 A molecular sieves. After stirring at



15(No. 47) To a solution of 45 (229 ng, 0.078 mml) in a 3/2 mxture
of net hanol /di chl oronethane (23 nlL) is added, at 0C, a 1M a nethanolic

sol ution of sodi um net hoxi de (232 pL), in t he presence of 3 A nol ecul ar
sieves. AftWP2H191858% at OC for 1 hour and at room t enpRGR/ER0INIS1IB
hours, the m xture is neutralized wth K8 20 Dowex 50WK4 resin. After
filtering and partially concentrating, the reaction mxture is purified on
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concentr at ﬂﬂy\’eefrﬁﬂ?é’v X4 awm rﬁ\ﬁetr Hidterirgs old @aitially vondentratingn tieé réactiony ah:xtw:et B a

di chl
G009 . ooy o e (g ol B udhehe Al plnd of RefRIRR el ™

(Z/ E) unde@S£enH 2pdretfify) Popling dhe @aﬁwﬁyqorﬁatomg rthetmwmdu eamcentrating
sul f onafo- antleri daguuaN BV residurA e )putified D SRicaZddlowith G SNl actSRPty16- 0- t

oty 2R LR R0 B Rl B RRELAT 28 Y8 b e ). (U V! 3O benaviz2- 0t

suI fonato a- L- i GoFr2in@$3/0 drtolnenafycetdnetBiH)2- azi do- 3- 0- benzv1- 2- deoxv- 6-
O-triethvl anmoni um sul f onat o- a- D- el ucopvranosvl) (1->4) - (net hyl
3-0-benzv1-2-0- triet th anmoni um

sul f onat 0- a- L- i damiers

geSX\t/) 60 01iddpeﬁgiﬁyé\mifﬁﬁét}wm54ﬂ-@%ﬁioos-® tEérﬁleLzleé‘&Wﬁfaﬁikbb&rénééy1)(("f§my !
enzy

sul f onat o- -thl 2 Y2
J(benzvl oxgucapyrameyl) 4 ir-Ad- rﬁem ft_13-@thley t -rmu)idb Bnos iuronate 1—4)- 2 a2|do 3-

| t Q 011/ 0 /Fl 2010 05 703
s (gga 0,@:% 4131808 -@B ',(ath L,4 Soo8ehR Lot Lhaddan 50

from | i ght 98 2 19Xy )canbrafianino FeDwlucopwanadide
stirring a(N@QTqmd "t hen 2 5 hours at roomtenperature, the reaction nedium
is purified by ans Ofﬁl 22@& h(ggal/l/Olmxture of

met hanol / di chl of 9t hSAEHRY NQEI t 9#19 B BReY) el . SEhemixiget i ¥ns
cont ai ni ngnetfenpl/dichictontiearteh@3 mioniseaddeat @d 0a0dar 1Mi 4 nategHole sofutigh Vet t he

(I;te glb\(r:/e ger?gm H?Ac@i? é%%?ﬁgplé)gar i %%S%QC% ﬁ%léé‘éﬁéﬂ(/i'eﬁespéﬂeéWT””@rﬁi‘t hyl

3, 4-di - O b8z -12hcmrtand@(£ Fgam termuqatmqunﬂﬁ hours, the mixture is neutralized with H*

sul f ongg o- aowex@gwx@mawlmeemémgérﬂd péﬁ.aﬁﬁc&@e at?hg tr%e%xﬂ?r?nﬁﬁ%é
O-triethyl armoni um SLLFl');BnatO a- Dal uco ranos

3- 0- benzy 1Py @%I%qrblt SXREsiPR gelumn us g ai/ m| ure of methanolldlchloromethane
sul f onat o- as leluesho patich redtey | poolmatie) fradtiof)- do’ﬁt@rﬁhgmh&p&:dn@ﬂémé o%ncentratmg

geSX%eG 0- Eﬁde‘;t gé’éuﬂmg?tﬁbumsﬁfdlef i m@lﬂrﬂ"eﬁ B AitGoRYf ARSY! Amtglorome)thénn?etw

sul fonato aca_atemﬂwwhm@lyed@ givaceinpound47 (1#1aug,E99%3- 0- benzyl - 15

2-deoxys 6-0-tri thml@r(mym 4 31SéHS gl ucopvranosyl ) - (1--4)-(nethyl
3-0- benzyl-2-0-triethyl anmoni umlé&ﬁ)tn@ao%

sul f onat o- a- L- |dopyranosyl uronate)-(1-4)-3-0-benzyl-2-

delo]>c<y- 2- f t benzyP@paiation oo (B/E aiit‘:ie:afdﬂt!r-@rz1 ml:lé_tih ol 11y de Do rlZ-O-trieth?glammOﬂium

sul f onat o- 0si de ri et hy e/sulTu rl €
conpl ex (3% fORé%' "" — = ~'." Qe 124k ST 'ﬂ%::" 'célﬁﬁl!ht ion in
N, N- di net h§ § ¢ meadioyid 4% OcHesdyiFgy O-hidthgrol ) .
After 4p hQMFrﬁmﬂlfn ”%Gﬁ&ﬁét&-qs -l'd s@'furm W)S(H_M)?ﬁ %gldg%og'ﬂe ‘

i s added
hour at r

LH ﬁo C?)} éﬁmmmum 1/ /1/30lfdndat@-&ILLIEil@]?Wénosvluronate) -(1—4)-(2- azudo-3 O- benzvl 2-
et hano 4é&d %%r Bqﬁétnqgr%rrdnw'm Isu onato-a-D- g_lucopq/ranosvl) (1—-4)-(methyl 3-O-benzyl-
2-O-triethylammonium suifonato-a-L-idopyranosyluronate)-{ 1-4)-3-0-benzyl-2-deoxy-2-

35 [(benzyloxy)carbonyllamino-6-O-triethviammonium _sulfonato-B-D-glucopyranoside (No.
48)

Triethylamine/sulfur trioxide complex (225 mg, 5 mol per hydroxyl function) is
added fo a solution in N,N-dimethylformamide (2.8 mL, 90 L/mol) of compound 46



25as eluent. The fractions containing the product are then concentrated
under high vacuumto give the desired conpound 49 (194 ng, 92% . Rf = 0.35
(11/7/1.6/4 EtOAc/ pyridi ne/ AcOH H20) . Preparation of (Z/ E)
undec- 4- enWO 201HHB/® 3, 4- di - 0- benzyl-2-0-1ithium PCT/FR2010/051703

sul f onat 030a- L-i dopyr anosyl uronat e) - (1- 29- ( 2- azi do- 3- 0- benzyl- 2- deoxv- 6- 0- |

I thi um sul fonato-a-D ql ucopyranosvl) (1-4)-(lithium 3-0-benzyl-2-0-1ithium

chi um sul 7 Gar8: 2 b AN BRBAGH o gy St aived o SpaNEIsA 1R MR C
sul f onat o- mhambpyadmds@tl QflCoﬁhZ e'y.-) (@bd>afler (35 minutes of stiming at 0°C and then
azi do- 3- 0- beiaihs &t r%%ﬁ'?‘fén@be%thr' { Me%‘(uf on medium is purified by meags of an LH-20

sul f onat o- a- Dql ucopyr ano é}/
sul f onat o- QKT EPPY éhé/s"{ﬂ ur‘@ﬁt&f%? ("@Ihﬁﬁ)m@d'ehlﬁré’ﬁﬂflaf@”& d;uyle@ylformamlde

J( benzvj oxu,é»° cauémnyhé aracn@qéﬁcentbintdgl tHa gwdhenatwﬂ&r BofdentraRay G shige ( No.
29 prol) ina 1/1 mxture

50)
of net hanoV?‘f%ﬂ@@@r%?@PﬂW{%ﬁ 4621 'Hgd 0C, a nol ar aqueous Li CH
solution WO ZORII#OI%E(SWGWIFFHQQG/O#MA&)BD-IZQ 18 mL). After stirring for
1 hour at OC and then for 19.5 hours at roomtenperature, the reaction
mediumis purified by means of an LH 20 col um, using ao4 1 mxture of

met hanol / N, N- di REePRIALPD ofaté/ElL Stheaylf-pentenyi

pr 0dUC1(()jar5§mHUhihn$0r9Q|ﬁw

conpoun Z

of (Z/E) 5—p¥%l€~ ' : Al 2 |

sul f onat o- HﬁmwlaﬂmnwmrmosvlsquMﬂ)L— tdpyrdioslyRraraiteld 1 3-40- Daridy-B-Q-hadegWy- 6- 0- |

hium  Sublenal erifeyhmiftRi 3RS alotatddskdsl) wﬁszrrP&ﬁWslo?b@nit hi-um

sul f onat o- &-

10i dopyranngcLlﬂMﬁlEQm&ﬂ_ﬁllfﬂnatOﬁM-mnwano HORE - b
at 0- a- {5  ObLRERYE VRIHYIanimoridh- (|du+&hé463a30 emewaﬂos%nIPTLm hhétﬁw 3-0-

sul fonat 0- a- - ur.onat e) ) -(,2- azi do- 3- enzyl-2- deoxy 6- 0-1i
t hi um su|f§%¥gﬁ%@l¥%&mfﬂfa“" R 1

“t hi um
sul f onat o- dedxyi Hdisnzglorgvdrbooyairtno-6-O-trigihyvBnfmonium sulfonato-B-D-giuco-

benzyl-2-d oxy) car bonyl | am no- 6-0-11ithi um
sul f onat o- @géﬁcﬁ%@(ﬁ){%ﬂ ranosi de (No. 51) To a sol ution of
conmpound 49 ( 19‘®'rlet’gylamme{a%mo trioxida coimplen £38Prrag.ob mabtpes ytiroxg: fuaktie)ds ur an

(7.4 g | gddddefla sHiutldh: lnaNWHﬁ{etlﬂ%ﬁﬁélrﬁldb' a ﬁle '3b! Ofhol) 1018§0rﬁgadunda‘f4?er
stirring rr&daisl ho at O&Qn@t hen for 16 hours at roomte ure he

reaction dﬂg hoErnQl BYPgBSiiq RirBRg @b 15nn, shek rﬁ@ fgorg:light,

m xt ur e of methanol is added at 0°C (0.35 mL) and after 30 minutes of stirring at 0°C and then
1 hour at room temperature, the reaction medium is purified by means of an LH-20
column, using a 1/1/0.1 mixture of methanol/dichloromethane/N, N-dimethylformamide

25 as eluent. The fractions containing the product are then concentrated under high
vacuum to give the desired compound 49 (194 mg, 92%).
Rf = 0.35 (11/7/1.6/4 EtOAc/pyridine/AcOH/H,0).

Preparation of (Z/E) undec-4-enyi_(lithium 3.4-di-O-benzyl-2-O-lithium sulfonato-

30 g-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium_suifonato-a-D-

glucopyranosyl}-(1—4)-(lithium __ 3-O-benzyl-2-O-lithium___sulfonato-g-L-idopyranosyi-

uronate)-(1—4}-(2-azido-3-0-benzyl-2-deoxy-6-0-lithium_sulfonato-a-D-glucopyranosyl)-

{(1—4)-(lithium __3-O-benzyl-2-O-lithium _sulfonato-a-L-idopyranosyiuronate)-(1—-4)-(2-

-azido-3-0O-benzyl-2-deoxy-6-O-lithium__sulfonato-a-D-glucopyranosyl)-(1—4)-(lithium 3-

35  O-benzyl-2-O-lithium _sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-deoxy-2-
[{(benzyloxy)carbonyllamino-6-O-lithium sulfonato-B-D-glucopyranoside (No. 50)

To a solution of compound 48 (119mg, 28 pmol) in a 1/1 mixture of

methanol/tetrahydrofuran (4.7 mL) is added, at 0°C, a molar aqueous LiOH solution




20met hanol / N, N-di met hyl f ormami de as el uent. The fractions containing the
product are then concentrated under high vacuumto give the desired
conpound 51. Rf = 0.44 (11/7/1.6/4 EtO0Ac/pyridi ne/ AcOH H20).

Prepar ati owoOROLIMH8888 (sodi um 2- 0- sodi um PCT/FR2010/051703
sul f onat 0- a- L-i dopyr anosyl uronate) - 25(3g>4)-(2-am no-2- deoxy- 6-0-sodi um
sul f onat o- a- Dol ucopyranosyl)-(1-4)-(sodium 2- 0-sodi um

Sl onat o- 415 BLDCHI PRSP 1 02t (G s dhers o 19Gchaues & oo tamperatirs,
su: ]1: onat o- mfeadﬁqmymaanoﬁyiswm|ﬂad ez melan%)(;ahz_man mwgwrd@ghg -D430dixeure of
t 0
Sul fonat o- DL alEAPARBIRrharite i abed) THE e Slrtibiss dne sued e
sul f onat o- I@ncoptantEisd entes high vatkum BRJivatheaesivedicoropoind 8. 1/ 1 ni xture of
tert-buganol / wvaget o(f ("F”r??/Pé/ﬂEi@ﬁ@/‘é?ﬁh ﬁ’%AQ@Hﬁ-'lf@?_d previously are
g, 4.

successi vel y added amoni um f or nat e nmol ) and then 10% Pd/ C
(672 ng). After 4 hours 5 mnutes of vigorous stirring at roomtenperature,

the reaction megigpardtion§ of (BEd5-pRchvpalHehinkly (mmtlﬁﬁrstﬂat@@e@@grommmm 35
and the sol UIEI og_q_ ?ohen agﬁlgedtes_g!_q;ﬁﬁpnageé@ g 25| ga m16§ !H!te wth 0.2

M sodi um ¢ ~g-{)- r at ed
and desal i guléat -ékl:thltl’rlne solfmriatond -
cont ai i NG ideiGraF o Jive the
desi red cofpound s

steps)). dlucopyranosyi (1—>4 (I[thlum

3-O-benzvl-2 O lithium sulfonato a-L-ldopvranosvl-
uronate)-(1—4)-(2-azido-3-O-benzyt-2-deoxy-6-O-lithium sulfonato-a-D-glucopyranosvi)-
(1—4)-(lithium 3-O-benzyl-2-O-lithium__sulfonato-a-L-idopyranosyluronate)-(1-+4)-3-0-
benzyl-2-deoxy-2-[(benzyloxy)carbonyllamino-6-O-lithium sulfonato-B-b-gluco-
15  pyranoside (No. 51)

To a solution of compound 49 (190 mg, 47 umol} in a 1/1 mixture of
methanol/tetrahydrofuran (7.4 mL) is added, at 0°C, a molar aqueous LiOH solution
(1.88 mL). After stirring for 1 hour at 0°C and then for 16 hours at room temperature,
the reaction medium is purified by means of an LH-20 column, using a 9:1 mixture of

20  methanol/N,N-dimethylformamide as eluent. The fractions containing the product are

then concentrated under high vacuum to give the desired compound 51.
Rf = 0.44 (11/7/1.6/4 EtOAc/pyridine/AcOH/H,0).

Preparation of undecyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyviuronate)-

25  (1—=4)-(2-amino-2-deoxy-6-O-sodium__sulfonato-a-D-glucopyranosvl)-(1—4)-(sodium 2-

O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-amino-2-deoxy-6-O-sodium
sulfonato-g-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-g-L-idopyranosvl-
uronate}-(1—4)-(2-amino-2-deoxy-6-0O-sodium____sulfonato-a-D-glucopyranosyl}-(1—4)-
(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-amino-2-deoxy-6-0O-

30  sodium suifonato-B-D-glucopyranoside (No. 52}
To a solution in a 1/1 mixture of ferf-butanol/water (6 mL) of compound 50

obtained previously are successively added ammonium formate (260 mg, 4.1 mmo})
and then 10% Pd/C (672 mg). After 4 hours 5 minutes of vigorous stirring at room
temperature, the reaction medium is filtered and partially concentrated under vacuum,
35 and the solution is then applied to a Sephadex® G-25 column eluted with 0.2 M sodium
chloride. The fractions containing the product are concentrated and desalified using the
same column eluted with water. The fractions containing the product are then
concentrated under high vacuum to give the desired compound 52 (34 mg, 49%



Mass: "ESI" nethod, negative node: theoretical mass = 2337.81; experinental
mass: 2337.27 0.06 a.mu. [MA4Na+4Fl]. SPreparation of 5-phenyloentvl
(sodi um 2-0-sodi um sul f onat o- a- L-i dopyr anosyl -

uronat e) - (YV(M?l](’ﬂZBéﬁﬁ no- 2- deoxy- 6- 0- sodi um PCT/FR2010/051703

sul f onat 0- a- D- gl ucopyranosvl)-(1-,4)- (8bdi um 2-0-sodi um

sul f onat 0- a- L-i dopyr anosyl ur onat e) -(1->4)-(2-am no- 2- deoxy-6-0- sodi um

sul f onat o-zz%g Ljyicopyranosvl) - (1-4)-(sodi um 2-0-sodi um

sul f onat o- NEyranosyl uronate)-(1-)4)-(2-am no-2-deoxy- 6-0-sodi um

sul f onat o- a- D- qMag®-"ESGpyethndsyagativel mogp:- tngomtlgahma:@e@a%ﬁi experimental

sul f onat o- %agsigygpwq_r@gghyﬁgn?j @NaMH]‘l) - am no- 2-dem 6- 0- sodi um

sul f onat o- O D- gl ucopyr anosi de To a solution ina 1/1

m xture of tert-butanol/water (9. 2 rrL) of conpound 51 obtai ned previously
are sucgessi vel prepdeion amephenyideatymedodivi Q/0adium dulfomam)-g-Ladsbytareiayil 0%
Pd/ C (1.05 Hz)n !
terrperatur,
under vacu(gediughd

el uted Wt Bofun MsgiRfaly) —BrHIt%dDQI%no%e(1—[4QQE6c{ﬂﬁ_ﬁ CQ@% brﬂg l'ﬂﬁ)ngfooﬁi Ct are
concent r at éd and_desal [TT et ST Y The same T t
ww&aﬂ%um 0

fractions I o -

give the dmn@@lﬁ@%@%ﬁﬂnﬁﬁ (22£8-g®”liuny 2%|I?&faﬂ)-§1!_€i§§ anosyluronate \fBLs4)7€t hod,
negative e _15r ed 1on deoﬁgb q {4 Z 9441- - (acid
form. 25 oo esP shfiug, BlicpBloag bl Bbtrancaive (No.

2-0-acetyl- 3-0- EﬁerazydjumarOml a\/lM mxtute—aﬁted—butanol/water (9.2 mL) of compound 51

i dopyr anos)ﬁbﬁéfﬂ%@ rg\)lo é)e %I)y édo?eooamﬁ'[%ﬁ'n ?orh%‘i@{id?rwgaé h9 Wijngip? dno 2

- deoxy- a- uco yran ution

(23.5 g, Senenioen 0% 864%/&1 &) RAFeraf dwurs §eminutess 9t Vigorops)stirting at room
di chl ownewnwatﬁfeo%eme)acﬁéren@dm is fferddCarng ar‘ﬂ@ﬂﬁéon%@nirét@d und&lelarparher e,

ot/ 0185 BRI A ol o SRR 25 Bl pRH R B MY ki o 5o

mml ) and Etlonde. Aihe frctichs(@naimihg tHEOprodmdt are écbrtoentrsltad rand rtdgsélmed lﬁmgam s at
" 00m LempeLghur &y hRCaiioft Wil el i cfadich! Sl ORE! ARl by o The

organi ¢ phase i s wash successi vel ssium
sul f at e soFengeshated unsdendtigh vagiym tgaglue athedd@aad mﬁnmwndg%’n @mrmnat e
sol utigm apdstbpen with water, dried over sodium sul fate filtered and then

evaporated to dryness, The residue is i fi b fIa C raphy on a
ol bam of st 11 cE Qo etpPonedaig marien aBthoed ft dates Sl g Ra 0L b g 58
(22.6 g). McidfomB7, silica gel, 1/3 cycl ohexane/ethyl acetate
10Preparation of nethyl (methyl 2-0-acetyles3-0-benzyl-4-0- Ievuli@é\a L-

OBn o MeO,G

é :OE MeD,C

MEOZC OBn o = e 2 N [s] —_—

. (8] OMe BnO
Q M BnO

" Ba0 iy OMe LevO ZHN Le“'o

a0 o4 AcO 55

OTBOPS

OTBDPS
o]

OBn
OBn o]

o) MeQ,C
Me0,0 0 — ) BrO OMe
~ n
= O BnQ OMe HO ZHN
LevO ZHN

AcQ

AC 57 58

25 Preparation of methyl (methyl _2-O-acetyl-3-O-benzyl-4-O-levulinoyl-g-L-

idopyranosyluronate)-{ 1-—4)-6-O-acetyl-3-O-benzyl-2-benzyloxycarbonvlamino-2-deoxy-

a-D-glucopyranoside {No. 55)

To a solution of compound 54 (23.5 g, 30 mmol; Carbohydrate Research (1987),
167, 67-75) in dichloromethane (600 mL) are added, at 0°C and under an inert
30 atmosphere, 4-dimethylaminopyridine (733 mg, 6 mmol), 1-(3-dimethylaminopropyl)-3-



| dopyr anosyl uronat e) - (1->4) - 3-0- benzyl- 2- benzyl oxycar bonyl am no- 2- deoxy-a-D
- ol uco- pyranosi de (No. 56) To a solution of conmpound 55 (20.2 g, 23
mmol) in a 1/ 1 tetrahydrofuran/ nethanol m xture (140 nlL) is added, under an
inert at mosYee2IO1&88 [t Bu2SnCl (OH) ]2 (226 mg, 0. 79 nmol )PQI/BR2010051703
according to AL Oita et al., Chem Eur.3ad. (2001) 7, 3321. The reaction
mediumis stirred for 38 hours at 35C. After concentrating, the residue
(20.8 g) i sethmestoddibiRittydrsthidridedt 81y 6D s & leOWiPadid 8 n?rn
silica gel, WB cy(*lI (I)hexyane/ rLy% ace atengﬁh epaer atron o rrflith P gl?hyl
2-0-acetyl _Ajtey. 5ting 1fon- 46| gw. Abyloog: [temperature, the mixture is dlluted with

| dopyr anosyGRMEgkné It Pk bgy! rt - bu
tyl -di phenyIlS| d éng% %H,% rhgﬁ%g %ME% ety M@SQ%QE% uti on
of the cr ud@tmmﬂdrossn(&ﬁatﬂmpwtwm mthhvaierormtm@a@ra@twoaqdw)n dnerauided,

at 0C agd undein ANl A TR ORA Swatdr 4- 25
di met hyl am nopynral dls%gt% 2 4 q, 1%@ nﬁml )d%é%kl?ﬁb{)}ﬁ% %epﬁlgt%rgpn%‘%ykhen
chloride (pgmpgrateqi@o@rmegq; )T.henwelduea%pwrdwdrbgdlnaammhr@mamgraw droa co@minoafr s at
room t enper r ' ' | S di | | ghl or onet hane. The
organic pha@%glg%l gg{ﬁ@@%ﬁ%@@%@ﬂ%%@ﬁﬁ ﬁi@gﬁé@ﬁﬂg‘éﬁi@# i chl oride

sol uti on and t hd¥f =d.8F silisa gel, 1 ¢yebbhexae/aindaceteeul fate, filtered and then
evaporated. The residue is purified by flash 30chronmat ography on a col umm
of si lica gel (2/1 cycl ohexane/ ethyl acetate) to give conpound 57 (24.4 g).
Rf 0192, sili cﬂe@aﬂonﬂ df cyoetbile x émethelt hg#o-acat/!a:i-@-béfﬂ/l-é&-o-levulinov!-a-L-
2011/ 01858%) %/ .

sol ution of 7 ;

m xture (2. @@sid (ﬂdctﬁj hydra2| ne acetate (9 21 g, 100 0 nmol ) . The
reaction nmediumis stirred for 30 mnutes at roomtenperature. After
concentrating, 11 e ResFWHON sOhucPMPRENG h PO | B8 Ik ordit BEORPHY oA al/dol um

of silica gedrar(@fo?urﬁwﬁ{éﬂmﬂnﬁ&ﬁﬁr@yd14@ﬁﬁ.t) 5 e3ddeR, %ﬁﬂ%r 127n et SkmbSERALINd
58. Rf = 0.40, sili 2/ 1 cycl ohexane/ et hyl acet
15 [tBUZSnCI OH)}Z (%26 mg, 0.79 mmol) prepared according to A. Ortta et al.,, Chem. Eur.
J. (2001) 7, 3321. The reaction medium is stirred for 38 hours at 35°C. After

concentrating, the residue (20.8 g) is used without purification in the following step.

..........

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

20 Preparation of methyl (methyl g-O-acetvl—S-O-bensz-4-O-IevuIinovl—d—L—

idopyranosyluronate)-(1-»4)-3-O-benzyl-2-benzyloxycarbonylamino-6-O-fert-butyi-

diphenylsilyl-2-deoxy-a-D-glucopyranoside (No. 57)

To a solution of the crude compound 56 (23 mmol} in dichloromethane (190 mL)
are added, at 0°C and under an inert atmosphere, triethylamine (8 mL, 57.5 mmol), 4-
25  dimethylaminopyridine (1.4 g, 11.5 mmol) and ferf-butyldiphenylsilyl 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 sodium chloride 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 57 (24.4 g).
Rf = 0.42, silica gel, 2/1 cyclohexane/ethyl acetate

Preparation of methyl (methyl 2-O-acetyl-3-O-benzyl-g-L-idopyranosyluronate)-

35  (1—24)-3-O-benzyl-2-benzyloxycarbonylamino-6-O-terf-butyldiphenyisilyl-2-deoxy-a-D-




Chem cal shifts of anonmeric protons (500 MHz, CDCI3) 6 5.19 IdoUAII, 4.63
Adcl LGMS mz 978.5 [(Mhin. TR =12.29 mn Preparation of (nethyl
2-0-acetyl-3-0-benzyl-4-0-1evuhnoyl - a-L-i dopyranosyl -

ur onat e) - ( W@)2011/01888%:t y| - 2- azi do- 3- 0- benzy1- 2- deoxy- a- DPEIIVIIRIN AAALH3 ( No.
60) To a solution of 59 (11 g, 13.7 mml3g (C. Tabeur, et at, Carbohydr.
Res., 281 15 (1996) 253-276) in a 1/1 m xture of nethanol/tetrahydrofuran
(80 L) isgmﬁﬂaﬁgm%gpﬂ )]2 (0.55 g, 0.14 nol ar equival ent) prepared
according to A ita et al., Chem Eur. J. (2001) 7, 3321. After stirring
at 35C for 5.5 Heud solutipre of nompeonsl tSdnfrertgu28.Ofromol)6n o Ur3 telurnerétbandgai n

Then purt {T0Ry o Rebed g o0l 21 TR angPeR ol B3R &\

i nk 780. 2 [ig $iirngskfor IRminutesiat ragm temperature. Afer eqreoeatriiing, e residudid purified

ctyi 221 B30 Ao ¥ PR e Y LT R BN e O e

ol ucopyr angse (Mg obdgmpound 58. Conpound 60 (5.97 g, 7.88 mml) is dissolved
i n dichloronet hape Az D hyl api.n ridine (0.481 g, 0.5 nolar
equi valent), tr ?ﬁt ho(y@%%%g?'z?’? § %E%@%@Wyﬁ?&t

2g|11/ 9585?3P§LT’ IElﬁEﬁﬂc?l %W&;hr&fwa?@r&aheﬁﬂ@MHamG!?rﬁt&%tngéi’,phoﬁcihﬂic(éj ilyl
chl ori de VR [ s) ar uccessi vel y added a under
argon. After mé’ﬁe@?&?ﬁ#i[@f%r} -ﬁR ﬁag}zé,"%f'he reaction mediumis diluted
wi t h di chl or onet hane,, washed wi th aqueous 14)% pot assi um hydrogen subfat e

solution, with wa ,:,dried(Na oef | | tlered and cong roat ed.

5r esi due i "Red- if”r“eﬁ"oﬁég & OE% acetate - \gi ve
61 (7 g, 99 \EE i,x1018. 3 L M an. TRY%°12. 33 win s
Preparati on qfs (et hyl AcO
2-0-acetyl-3-0-benzyl-4-0-1evulinovl-a-hisidopyranosyl uronate)-g41-4) - 2- azi do
- 3-0- benzyl- 6- 0- PRrt - but yl di phenyl si |yl-2-deoxy-a, 13-D-o | ucol

N,
AcO

OTBDPS

OTBOPS o

OBn

MeO,C— OBN 0 - VO o é;%ﬁ
. 0 (o] BrO OH
0— Bro , OCHICCL Leve M,
LevO 3

AcO
AcO
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10 63

Preparation of {methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyl-

uronate)-(1—4)-1-0O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranose (No. 60)
To a solution of 59 (11 g, 13.7 mmol) (C. Tabeur, et al., Carbohydr. Res., 281
15 (1996) 253-276) in a 1/1 mixture of methanol/tetrahydrofuran (80 mL) is added
[tBu,SnCI(OH)]. (0.55 g, 0.14 molar equivalent) prepared according to A. Orita et al.,
Chem. Eur. J. (2001) 7, 3321. After stiming at 35°C for 5.5 hours, then at room
temperature for 16 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 60
20 (5.97 g, 57%).
LC-MS m/z 780.2 [(M + Na)']. Tr = 9.14 min

Preparation of (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-idopyranosyi-
uronate}-{1—4)-1-0O-acetyl-2-azido-3-0O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-a-D-
25  glucopyranose (No. 61)
Compound 60 (5.97 g, 7.88 mmol) is dissolved in dichloromethane (63 mL). 4-
Dimethylaminopyridine (0.481 g, 0.5 molar equivalent), triethylamine (2.7 mL, 2.5 molar




10 pvranose (No. 62) To a solution of conpound 61 (7 g, 7.03 mmol)
in diethyl ether (70 nL) is added, at 0C, benzylam ne (BnNH2) (29 niL, 38
nol ar equi valents). After 15 mnutes of stirring at OC and then 6 hours at
room t enpeVeOA0E1/0185388 r eaction m xture is diluted with ePiGi/FRIADASEI0OIaNd
then neutralized with cold 1IN HCl (0-4C34 washed with water, dried
15(Na2SM4), filtered and concentrated, and purified on silica gel (ethyl

- 1 0 = .
A s 27, SOIVERR) " Ond' KRR Rhan T T tnolarCedubdibned) Mg T
2-0- acet yl sBe@sbiaalx;aﬁdad 8t 0°€wuriden agdonaAften rdagnatia stising 2614 boas ghe (dactidn - 2- az

 do-3-0- ety - URlka Al | eA0ERlapk Y RN F IS Sbiolt HECioiaose

trichloroacetim dat i on
6. 81 nmol ) hy#rogee tﬂ“ﬁ@’f@rﬁ@!qﬂahew(ﬁlwtm}i”%(ﬂNaz$Q4he°I1t§F9éis@md:eoraﬁenbatﬁdeffbel 4 A

nol ecul gr %motﬁtamga is pusifi@fgiediica! a@ét&emh dpfeh Wi éb@ﬂ%@) é)f.?52003)
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ﬁi’ﬂ'ar equi val ents). After
stirring for 15 mnutes OC and then for 5 hours at room tenperature, the

reaction mxtur hf:nr_jg“)als purified
onS|I|cageI ‘ _ SR e o gt e 63
(6.33 g, 89% S 1ty ) (M- ©- 1)) phenyigilyl-2-deony-8(B-D-
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(8.80 g5 9¢ lQQﬁ@I?'fl}tereH@ng%Bﬁce@l%a%@é ?@ urifRed Y %lg}?{@@ég‘g%%@r Q&uéné Onder

nmol ecul ar sj eves g indc thane stirre
an argon aQW\gss&Hé & 87 hour at 25C. The reaction m xture is cooled to

-20C and a 1 M s£GlMSinoR9D6.3 (@1 + Nayy yi ot peblwyisiinyl triflate in

di chl oronet hane (900 pL) is added. After 1 hour 20 mnutes, the reaction
mediumis neutrali zed by addl t| on of soI id SOdI um hydrogen car bonat e. After
filtering through it Bty i i B

i s chragmt ggya «m 2 zﬁ%pﬁ@%ﬁ% iR 0 1% Reozy-6B 1
di chl oronethaner e VE 3. 20 O . :
pyranose trichloroacetimidate (No. 63)

To a solution of compound 62 (6.5 g, 6.81 mmol) in dichloromethane (140 mL.)

and in the presence of powdered 4 A molecular sieves (7 g), is added, under argon,

caesium carbonate (Cs,CO;) (3.5 g, 1.6 molar equivalents), followed by addition, at

25 0°C, of trichloroacetonitrile (CCI:CN) (3.4 mL, 5.0 molar equivalents). After stirring for

15 minutes 0°C and then for 5 hours at room temperature, the reaction mixture is

filtered and then concentrated. The residue is purified on silica gel (1/4 ethyl

acetate/toluene + 0.1% triethylamine) to give 63 (6.33 g, 85%).

LC-MS m/z 1119.1 [(M + Na)*]. T = 31.2 min

30



Rf = 0.30, silica gel, 2/1 cycl ohexane/ et hyl acetate Preparation of

met hyl (methyl 2-0- acetyl 0- benzyl - a- L-i dopyr anosyl uronat e) -
(1->4)-(2-azi do- 3-0- benzyl 6 O-tett-butyldi phenvlsilyl-2-deoxy-a-D-qi ucopyr
anosyl)- WO 2011/018588 PCT/FR2010/051703

20(1->4) - (net hyl 2- 0- acet yl - 3- 0- benzyl - a-35 i dopyr anosyl uronate) - (1->4)-3-0-b
enzyl-2- WD 2011/ 018588PCT/ FR2010/ 051703 36

benzyl oxycar bonvl anm no- 6-0-tert-butyl di phenyl silyl-2- §era- D- pl ucopyr anos
i de (No. 65) Compound 64y£Rs 26 g, 1 mml) i1 ¢ nverted into
conmpound 65 (6.41 Q) accordlng Othe sane p dur descri bed for
the synthesis of 58%.% Q Hgﬁel W”@ exahd™eét hyl acetate
Ac065 OTBDPS h BTV (et f

2-0-acetyl- 3-0- benz9y2-4- -1 eyul i novi -a L| dopyr anosyl uronate)-(1->4
) - (2-azi do- 3- 0- benzy1- 6°0- teéé but yI di phenII silyl- zsgzleoxy a-
h I

10D- ci | ucopyranosyl)-(14) - (net hyl 2- 0- acet yl - 3- 0- benzyl - a- L-i dopyr anosyl uron
ate) - OTBDPS

(1->4) - (2- azi do- 3- 0- benzy1-6-0-tert-b ?Tﬁ?“ﬁbghelgynl &%ﬁi%xy-&[)pl ucopyr
anosvl) - MeO.C—p OBN

(1- >4) (et hyl 2- 0- acet y1- 3- ‘EMVP t - (1->4) - 3- 0- ben
Zyl LevO N

benzyl oxycar bonyl am no- 6- 0- t emto- but yl di phejy| & % y1l-2- deoxy a- D-ci | ucopyr ano
side (No. 66)

l OTBDPS
OTBDPS

0 MBO C
MeQ,C
BnO
BnO

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

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-a-

5  D-glucopyranosyl}-(1—4)-{methyl 2-O-acetyl-3-0O-benzyl-a-L-idopyranosyluronate)-

(1—4)-3-O-benzyl-2-benzyloxycarbonylamino-6-0O-tert-butyldiphenylsilyl-2-deoxy-g-D-

glucopyranoside (No. 64)

A mixture of the glycosyl acceptor 58 (8.80 g, 9.00 mmol), imidate 63 (6.58 g,

.00 mmol} and powdered 4 A molecular sieves (4.50 g) in dichloromethane (210 miL) is

10  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 terf-butyidimethylsilyl triflate in dichloromethane (900 pL) is
added. After 1 hour 20 minutes, the reaction medium is neutralized by addition of solid
sodium hydrogen carbonate. After filtering through Celite® and concentrating, the

residue obtained is chromatographed on a Sephadex® LH-20 column (190 x 3.2 cm,
15 1/1 dichioromethane/ethanol) to give 8.26 g of compound 64.
Rf = 0.30, silica gel, 2/1 cyclohexane/ethyl acetate

Preparation of methyl (methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-

{(1—4)-(2-azido-3-O-benzyl-6-O-fert-butyidiphenylsilyl-2-deoxy-a-D-glucopyranosyi)-

20 {(1—=4)-(methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-3-O-benzyi-2-




15A m xture of the glycosyl acceptor 65 (7.42 g, 4.09 mmol ), imdate 63
(6.73 g, 6.1 mol ), and powdered 4 A nol ecul ar sieves (4.60 g) in

di chl oronet hane (215 nl) is stirred under an argon atnosphere for 1 hour at
25C. The r 3400000018588 ure is cooled to -20C and a 1 M solpgT/ER2020/051703
tert-butyldinethylsilyltriflate in dichlzgromethane (920 pL) is added. After
1 hour 30 m nutes, the reaction nediumis neutral ized by addition of solid
WO 2011/ 01§ LER .

filtering E TE v
di chl or one6bhne (800 m_) The organi c phase i s washed successively with 2%

sodi um hydr ogen car bon tio wat er then drie Y ium
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silica gel, 4/1 toluene/ethyl acetate 10Preparati ons@k net hyl (et hyI

2- 0-acetyl - 3-0-benzvl - a- L- |dopvra BSUiSur oneage) 0
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0- AcO

benzvl -6-0-tert-butyl di phgnyl silyl-2- XV-a- o- pl ucopvranosvl)-(1->4)-(neth
yl 2- 0-

acetyl - 3- 0-Mem Bna- L= ranosvl uronate) - (1->4) - 3- 0- benzvl - 2- benzvl oxvcar
bonvi 15ani no- F€:4-e I°pHEFREI si | y1- 2- deoxv- a- 0- ol ucopvranosi de ( No.
67) Compedand (7.14 g 2.59 mol) |is converted into compound 67 (6.07
g) accordi ng toarhe 8&ne procedure as yhat described for tdigrpreparati on of
conmpound 58. Rf = 0.37, silica gel, 2/1 c @ﬂBl@?hexane/ et hyl/ aget at e
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Preparation _of methyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L -

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-6-O-fert-butyldiphenylsilyl-2-deoxy-a-

10  D-glucopyranosvl)-{(1—4)-(methyl 2-0-acetyl-3-0-benzyl-a-L -idopyranosyluronate)-

(1—4)-(2-azido-3-0O-benzyl-6-O-fert-butyldiphenylsilyl-2-deoxy-g-D-glucopyranosyl)-

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

benzvioxycarbonylamino-6-O-teri-butyldiphenyisilyl-2-deoxy-a-D-glucopyranoside  {No.
66)

15 A mixture of the glycosyl acceptor 65 (7.42 g, 4.09 mmol), imidate 63 (6.73 g,

6.1 mmol), and powdered 4 A molecular sieves (4.60 g) in dichloromethane (215 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 fert-butyldimethylsilyl triflate in dichloromethane (920 L) is
added. After 1 hour 30 minutes, the reaction medium is neutralized by addition of solid



To a solution of 36 (5.05 g, 6.3 mol) in a 1/1 m xture of

nmet hanol /tetrahydrofuran (76 nL) is added [tBu2SnCl(OH)]2 (0.25 g, 0.14
nol ar equi val ent) prepared according to A, Oita et al., Chem Eur. J.
(2001) 7, 220114918888 25stirring at room tenperature for PCI/FR2NI6/051702
reaction m xture i s concentrated under \Bacuum and then purified by
chromat ography to give conpound 68 (2.89 g, 64%. LGCMS mz 772.4 [(M+
Na)J. TR 3 0 @;ld{l/ ©3438
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Na)i. TR = 13.10 min Preparation of (nmethyl

2-0-acetyl -3, 4-di - O benzyl - a- L-i dopyr anosyl uronat e) -

hours at T bemayi-8sertbutyidiohd u HEORVHED 41w4t)immem|w| 2D0-

acetate, and.t
dried '**i‘-

(et hylwcewre/s-meﬁw Is déb e Z:eo ar%%uﬁ, N%lﬁﬁf) LG M5 iz 963.6
[(M+ NH4) reparation o (rrethl

2-0-acet y1-3, 4- Gpm@w&wﬁﬁﬂaﬂgq ao?%/mmwa tayRded )into comgound 67 (6.07 g)
(1-4)-2- azéé&r&ngtcpﬁ@%éﬁ]egr&etdﬁfeta%)ﬂﬁrayaégcﬂbé‘d"%\'ﬁie'\érgpéjrﬁf?&‘ﬁ’o@cojrﬁbo?lnﬁflsﬂcor)yra

neutrall ( th water,
rAN0s ; ylo

I_ L-
s

nose trichloroaCeti
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20 Preparation of (methyl _2-O-acetyl-3.4-di-O-benzyl-a-L-idopyranosyluronate)-

{1—-4)-1-O-acetyl-2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranose (No. 68)

To a soluton of 36 (5.05 g, 63mmol) in a 1/1 mixture of
methanol/tetrahydrofuran (76 mL) is added [tBu,SnCI{OH)]. (0.25 g, 0.14 molar
equivalent} prepared according to A. Orita et al., Chem. Eur. J. (2001) 7, 3321. After

25  stirring at room temperature for 72 hours, the reaction mixture is concentrated under
vacuum and then purified by chromatography to give compound 68 (2.89 g, 64%).
LC-MS m/z 772.4 [(M + Na)']. Tr = 10.23 min




To a solution of conmpound 70 (2.99 g, 3.16 nmmol) in dichloronmethane (60 niL)
and in the presence of powdered 4 A nolecular sieves (3 g), are added, at
OC under 30 argon, caesium carbonate (Cs2C33) (1.6 g, 1.6 nolar

equi val ent $yO2f /98888 t ri chl or oacetonitrile (CCl3CN) (1. BGHFRIDIYOREI0Ar

equi valents). After 20 mnutes of stirrid@8g at 0C, and 7 hours at room
tenperature, storing at -18C for 16 hours, and then magnetic stirring for 8

h o
m‘;;rnzt ?tc ;'?ﬂnr ;[ %L rﬁ?otjr ﬁ{f)u?ﬁﬁgfh\/rg%ﬁ—?%%ggy iq Ojb%n%_\ﬂ l&rLS-rdo@E gnééﬂﬁ“a}{ez- S
filtered 3Sanf)-fitdAcetdri-as > ot PR PR ! gel

(15/ 85 et hgifraﬂééﬁ @lagycl ohexane + 0.1%tri et hyl am ne) to g| ve 71(2 69 g,
789 . LC In + Na) '] R = 14,58 mn %2011/0185 8 WO

2011/018588PCT/ E@@?B?@%&%@%@Tﬁlﬁ@@ﬁf@)%@ﬁ@@“@g in dighlgromeiitang. 631 MreDPS

5 Triethylamine (1.3 mlL, 2.5 molar equivalents), 4-dimethylaminopyridine (0.235 g,

0.5 molar equivalent), and fert-butyldiphenylsilyl chloride (2 mL, 2 molar equivalents) are

successively added at 0°C under argon. 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

10  residue obtained is purified on silica {(ethyl acetate/cyclohexane) to give 69 (3.4 g, 90%).
LC-MS nm/z 1010.6 [(M + Na)’]. Tr = 13.10 min

Preparation of (methyl 2-O-acetyl-3,4-di-O-benzyl-a-L-idopyranosyluronate)-
(1—4)-2-azido-3-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-a.B-D-glucopyranose (No.
15 70)

To a solution of compound 69 (3.44 g, 3.48 mmol) in diethyl ether (35 mL) is
added, at 0°C, benzylamine (BnNH;) (14.5 mL, 38 molar equivalents). 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
20 acetate, and then neutralized with cold 1N HCl (0-4°C), washed with water, dried
{Na,SO,), filtered and concentrated, and purified on silica gel {ethyl acetate/cyclohexane
15/85) to give 70 (3.83 g, 91%).
LC-MS m/z 963.6 [(M + NH,)']. Tr = 12.37, 12.47 min

25 Preparation of (methyl 2-O-acetyl-3.4-di-O-benzyl-a-L-idopyranosyluronate)-
(1—4)-2-azido-3-0O-benzyl-6-O-tert-butyldiphenvisilyl-2-deoxy-a.3-D-glucopyranose
trichloroacetimidate (No. 71)

To a solution of compound 70 (2.99 g, 3.16 mmol) in dichloromethane (60 mL)
and in the presence of powdered 4 A molecular sieves (3 g), are added, at 0°C under

30 argon, caesium carbonate (Cs,CO;) (1.6 g, 1.6 molar equivalents) and then
trichloroacetonitrile (CCI;CN) (1.6 mL, 5.0 molar equivalents). After 20 minutes of
stirring at 0°C, and 7 hours at room temperature, storing at -18°C for 16 hours, and then
magnetic stirring for 8 hours at room temperature, storing at -18°C for 16 hours, and

finally magnetic stirring for 1 hour at room temperature, the reaction mixture is filtered
35  and then concentrated. The residue is purified on silica gel (15/85 ethyl acetate/cyclohexane

+ 0.1% triethylamine) to give 71 (2.69 g, 78%).

LC-MS m/z 1113.4 [(M + Na)']. Tr = 14.58 min
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0OSO, Li 0s33L1 Na03S077 WO 2011/ 018588PCT/ FR2010/ 051703 40 Preparation
of nmethyl (nmethyl 2-0-acetyl-3,4-di-0O benzyl-a-L-idopyranosyl -
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- gl uco- pyraith2811j018388>4) - 1( net hyl 2- 0- acet y1- 3- 0- benzyl - aPCTIFRIPYG/651G8% | ur on
ate)-(1 -4)-(2- 5azido-3-0-benzyl-6-0-tggt-butyl di phenyl si
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i mdate 71 Mo —and powWder ea 4 Aot ecurar st eves (1. 8 g) in
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addition of solid sodi Ué’nh dro?n carbonate ATter riltering through

Cel i te(r) Oxved i =1 UM . i GRYhHs) r{EO( l&) n'L)
The organic A mixture of the glycosyl acceptor 67 (3 50 g, 1.32 mmol), imidate 71 (2.16 g,

1.98 mmol) and powdered 4 A molecular sieves (1.48 g) in dichloromethane (69 mL) is
10 stired under an argon atmosphere for 1 hour at room temperature. The reaction
mixture is cooled to -20°C and a 1 M solution of ferf-butyldimethylsilyl triflate in
dichloromethane (297 uL) is added. After 2 hours 30 minutes, the reaction medium is
neutralized by addition of solid sodium hydrogen carbonate. After filtering through
Celite®, the reaction medium is diluted with dichloromethane (400 mL). The organic
15 phase is washed successively with 2% 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 Sephadex® £H-20 column {190 x
3.2 cm, 1/1 dichloromethane/ethanol), followed by chromatography on a column of silica
gel (cyclohexane/ethyl acetate 4/1) to give 3.04 g of compound 72.

20 Rf = 0.30, silica gel, 3/1 cyclohexane/ethyl acetate

Preparation of methyli (methyl 3,4-di-O-benzyl-a-L-idopyranosyluronate)-(1—4)-

(2-azido-3- O-benzyi-6-O-tert-butyldiphenylsilvi-2-deoxy-a-D-glucopyranosyl}-(1—4)-

[(methyi 3-0-benzyil-a-L-idopyrangsyluronate)-(1—4)-(2-azido-3-0-benzyl-8-O-fert-

25  butyldiphenylsilyl-2-deoxy-0-D-glucopyranosyi}-(1—4)]-(methyl 3-0O-benzyl-g-L-

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

butyldiphenylsilyl-2-deoxy-g-D-glucopyranoside {No. 73)

To a solution of compound 72 (223 g, 0623mmol) in a 2/3
dichloromethane/methanol mixture (187 mL) containing 3A sieves (78 mg) is added,

30 under an argon atmosphere and at 0°C, a 1 M solution of sodium methoxide in
methanol (99.7 uL). 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 Sephadex® LH-20 column (120 x 3 cm, 1M1
dichloromethane/ethanol), followed by flash chromatography on a coiumn of silica gel
35 (1/0--66/34 cyclohexanefethyl acetate) to give 1.80 g of compound 73.



15 phase i s washed successively with 2% sodi um hydrogen carbonate sol ution,
with water and then dried over sodiumsulfate, filtered and then evaporated
to dryness. The residue obtained is purified by chronmatography on a
Sephadex(r WQMHA@PIEH8 UM (190 x 3.2 cm 1/ 1 dichl or onet hBEE/FRAGLGOF1703
fol |l omed by chromat ography on a colum af silica gel (cyclohexane/ethyl
acetate 4/1) to give 3.04 g of conmpound 72. 20Rf = 0.30, silica gel, 3/1
cycl ohexane/ et higt = acst g gel, 3/1 cyd?ér%&aﬁabth?nadétatémt hyl (et hyl

3, 4-di - O benzyl - a- L- i dopyr anosyl ur onat e) -

(2-azi do- 3-0-benzyl -6-0-tert-butyl di phenyl S|Iy1 2- deoxy-a-D-ci | ucopyr anosyl
)-(1-41) - 1(mephyb3nBn RENRYthvamstind CPYHRAARY byi-a-L-idopyranosyluronate)-(1—4)-
uronate) - (1->4)-(2-azi do- 3- U- benzyl- 6- U- tert-

25but yl di preagdic e i
-L- .
i dopyr ahos SPRYraRgsvL : BERZyT= 2 Btz 0%y Car BoH Fert-bu
tyl di pheny{rséthyil- 2-@@@»1 a-uado luacmse ¢ 4 foBazlzbenz [a' carbsayiut i on
of conpound 72 2 23 @ I n_a 2/ 3 dichl oronet hane/ net hanol

mi xture (1850Qr4-deoxy:asD-QlUGODWANGS @B ny) is added, 30 under an argon
at rosphere and ¢4 aogblut%nlof'\&o%@ddélhu% @h(ﬁ@nﬁ U'ﬂi"lmrhél)(irﬂﬁae'tr{bnﬁphhﬁﬁﬂ.' id 99. 7
pL). After 24 hours at room tenperature, e reaction mediumis neutral i zed
wi t h Dowexadgsdsamuppenium. flueriden (3843 Ftnar 1fq3|m@pl) n@ﬂ%'na‘lctbwérﬁfrséwnﬂgat fqean

i ol oRbral MR Ben A erctoy T BRe B 51 e h SRSy 2Ry CBm @50 B of

silica gel 185d:¢mémm&@n§!bthaml pfwm&mﬁbgtﬂbyh camatamg!éphyoorglamlljlmﬁ(bf gilicd

d 73. CT/ FR2010 = 0. 38, | |, 3/1
gsgpgﬁgxangﬂéﬁlﬁ%ﬁ %Z/?(é%]t %&?o glveﬁplgagyrécf‘?%égﬁfm%t hyI irot hyISI ica ge

3, 4-di - O benzyl Rb=D:460 sifyd §¢105Y talienpdceionel- 44) -

(2-azi do- 3- 0- benzyl- 2- deoxy- a- D-ci | ucopyr anosyl ) - (1- >4) 4( et hyl 3- 0- benzyl -
-L- 5idopyranosyl uronate)-(1-44

) - (2- arg do- 3- 0- Pfﬂ-ﬂ@oa dﬂe@etuvﬁrda:rdmempmr@-lb@ﬁm 2-@-iettfhlakAmonium sulfonato-
(met hyl 3- 0- benzvl - a- L-1 dop ranos

ur onat e) - ( @=Ldgpvianpsyiuronaie)-$1y : ' oirig 2 8ll
ucopyr anosgen&fdon-pk
mol )
Af ter
applied to
dlchlorone"*" : .

si i cazel anﬁw&io&udn@lsuﬁa@dt ﬂawrarﬁosv@rom@qm%ebBéniM-bfénMxvobeonvlo 46,

silica gel /2 toluene/ac
g am%o-z deoxv—é1 % t?iet%vlammonlum sulfonato-a-D-glucopyranoside (No. 75)

Compound 74 (242mg, 9.96 pmol) is dried by codistilation of N,N-
dimethylformamide (3 x 1.0mL) and is then dissolved in N,N-dimethylformamide
(1,0mL). To this solution is added triethylamine-sulfur trioxide complex (72.2 mg,

25 0.4 mmol). The mixture is stirred for 16 hours at 55°C sheitered from iight and the
excess reagent is then destroyed with methanol (16.2 pL). The reaction medium is
applied to a Sephadex® LH-20 column (120 x 3 cm) eluted with a 1/1 mixture of
dichloromethane/ethanol to give compound 75 (29.0 mg).

Rf = 0.26, silica gel, ethyl acetate/pyridine/acetic acid/water 28/16/3.8/9.

30

- Preparation of methyli (lithium 34-di-O-benzyl-2-O-lithium sulfonato-a-{ -

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

glucopyranosy-[(1—4)-(lithium __ 3-O-benzyl-2-O-lithium __sulfonato-a-L-idopyranosyl-

uronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-O-lithium sulfonato-a-D-gluco-

35 pyranosybl-(1—4)-(lithium 3-O-benzyi-2-O-lithium sulfonato-a-t -idopyranosyiuronate)-




15Preparati on of methyl (nmethyl 3,4-di-0O benzyl-2-0-triethylamoni um

sul f onat o-

a- L-i dopyranosyl uronate) - (1->4)-(2-azi do- 3- 0- benzyl- 2- deoxy-6-0-tri et hyl amm
oni um WO 2011/018588 PCT/FR2010/051703

sul f onat o- a- D- gl ucopyr anosyl | - F(1- 4) - (mgbhyl 3- 0- benzy1-2-0-tri et hyl amoni um
sul f onat 0- a- L-i dowanosyl ur onat e) - (1 4) - (2-azi do- 3-0- benzyl - 2- deoxy-6-0-trie
ghzl grggg;'l %}&ﬁlhé} %ﬁﬂ-}'} SRR sulfonato-a- -D-gluco-
sul f onat o- M_@Q@War?@yl uronat e) - (14) - 3- 0- benzy1- 2- benzyl oxycar bony!l -

am no- 2- deoxy- 6 -tri ogat o o-ci | pyra OSIde ( 75)
Compound 74 (24 2 %bméér?gﬁgl )GH'%S@H Zg y(ngcW%t |#fgt [ 8?9 of " ’\91

N, Ndi net hykétmhyﬂnmfdenlﬁibthenﬂ)l ixtdrg (BBanll)Ss takdded, dit §30) a0 Mrsolution of lithium
N, N- di ngt hy| { or.mam d ) this utjon is,adde

triethyfa %rgé'g? WSEef f‘g&"@é %fi?ﬁ&h@k"' ?@%awﬁerﬁg hﬁurﬁﬁgﬁom PR e i s
stirred fo r repeept is
t hen dest r({)t;/egdb]%% I§?rg%“e§§§a%%?héﬁx®lc}ﬁ-@9r%iur eact I on &n@ Iﬁén&?@ﬁgppl | eg to a
Sephadexe mqh@mre@thammema@/wa g r@ﬁ';lree iestcampaung 76/(G0. %m)ur e of

di chl or onet hanefgt 5] compound 75 (29.0 ng). Rf = 0.26, silica
gel, ethyl acet Lcﬁ ?%;% di’ n ge?:g% ic acid/ water 28/16/3.8/09. 30

Preparation of nethyl (lithium 3,4-di-0O benzyl-2-0-1lithium

sul fonato-a-Lid LA ad A A2l @193 o

0- benz@q 5. deoxﬁ- dsé rﬁzsh%ha?’oaudo
gl ucopyr anwz&mm@-dédm{md}mmana@-cﬁa@dccbham_gmlﬂlﬂmqeediurln -3-dopyr a

nosyl -

uronat e) - ( ¥4 - 4 ‘ 2 3tiabatinect o &
35pyranosy&mﬂo&a(oléb Ihd:dranﬁs ANDHbe: S!éduZm(?bl Hiumulfonato a-L-idopyranosyl-
sul fonat o-a-L- | dopyr anosyl ur onat e) - VWO 20 0 8588F R2010/0 03 42

(1) - 3- 0- beHRpete)-(haidramine-2rdeexy, b-Orsedium. sulfenajo-g-malucenyraneside (No. 77)
sul f ongg 0- a- D- q1h d€fution of compound 76 (19.3 mg, 6.16 pmol) in a 1/1 fert-butanoliwater
mixture (1.2 mL) are successively added ammaonium formate (50.8 mg) and Pd/C 10%
(125 mg). After 4 hours at room temperature, the reaction mixture is filtered (Millipore®
LSWP 5 pm filter) and then applied to a column of fine Sephadex® G-25gel (95 x2 cm)
eluted with aqueous 0.2 M NaCl solution. The fractions containing the expected product
20 are pooled and applied to a column of fine Sephadex® G-25 (95 x 2 cm) eluted with
water, to give 11.2 mg of compound 77.
Mass: “ESI" method, negative mode: theoretical mass = 2285.47; experimental
mass: 2197.20 £ 0.34 a.m.u. {iduronic acids observed in COOH form)



pYranoside (No. 76) To a solution of conmpound 75 (78.5 ng, 30.1 prmol) in a
1/ 1 tetrahydrofuran/ methanol m xture (3.2 nL) is added, at 0C, a 0.7 M
solution of lithiumb5 hydroxide in water (440 pL). After 1 hour at OC and
then 16 hoW®2@Kk1/018888 t enperature, the solution is appli BATHR201Bemp7a8ex(r)
LH 20 colum (3 x 120 cm eluted with a430/50/1
di chl or onet hane/ et hanol /water m xture to give conpound 76 (60.3 ng). [alp
13.1 (c 1.0; MeOH) 10Preparation of methyl (sodium 2-@rgegi um
sul f onat 0- a- L-i dopyr anosyl uronat e) - ofders4) - (2- am no/2- geoxy- 6- 0- sodi um

n

sul f onat 0- a- u- al ucopyranosyl ) 4( 1- >4{ - ( e 8eR: B 0g '
sul f onat 0- a- L- i dopyr ano'spt nat - 0+-H @ eox\omb- 0- sodi um
sul f onat o- a- D- ducopyr anos A Bn - ('go0di um ¥~ 0- sodi

sul f onat 0- a- L- i dopyr anosi?l ur oftat e) - ( 1- >4 - 2- aem no- 2- deoxy- 6- 0- sodi um

sul f onat 0- a- 0- el ucopyr anosi & (No. 77) 1855 To a sol ution of conpound 76
(19.3 ng, 6.16 pnol) in achdl tert-butanol/water mxture (1.2 nlL) are
successi vel y added anmmonyun,formate (50.8jnmg) and Pd/ C 10% (125 ng). After
4 hours at M foes e reaction|mxture is filtered (MIIlipore(r)
LSWP 5 pmfilt . ek p|°.°£é3‘a’c?'b a cplum of fine Sephadex(r) G 25 gel
(95 x 2 cmleputed’w th aqueous 0.2 M NaCl solution. The fractions

contai ning the exgect28 product 20 are popl ed and applied to agmeeisunm of
fine Sephadex(r) G 25 (95 x 2 cm eluted w t howarser, toBng veAl.2 ng of

conmpound 77. Mass: "ESM netho . negaf i yeM P hey mass =
2285. 47; experj, t alogdmass: 2 . 3b-a [ @G a6y S ser ved
in COOH form WOZQ11/ 02 510 3 OTBDNS BnO AcG'78
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Preparation of methyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-

5 idopyranosvyiuronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-gluco-

pvranosyi)-(1—4)-(methvl 2-0O-acetyl-3-O-benzyl-g-L-idopyranosyluronate)-(1—-4)-(2-

azido-3-0-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyi)-(1—43)-(methyl

2-O-acetyl-3-0O-benzyl-o-L-idopyranosyluronate)-(1-—»4}-3-0-benzyl-2-benzyloxy-

carbonylamine-6-0O-terf-butyldiphenylsilyl-2-deoxy-a-D-glucopyranoside {No. 78)

10 A mixture of the glycosyl acceptor 65 (1.82 g, 1.00 mmaol), imidate 27 (1.35 g,
1.50 mmol) and powdered 4 A molecular sieves (1.12 g) in dichloromethane (52 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 soiution of fert-butyldimethyisilyl triflate in dichloromethane (224 L) is
then added. After 50 minutes, the reaction medium is neutralized'by addition of solid

16  sodium hydrogen carbonate. After filtering through Celite®, the reaction medium is
diluted with dichloromethane (500 mL). The organic phase is washed successively with
aqueous 2% sodium hydrogen carbonate solution, with water and then dried over
sodium sulfate, filtered and then evaporated fo dryness. The residue obtained is



Preparation of nmethyl (nethyl 2-0-acetyl-3-0-benzyl-4-0-1evulinoyl-a-L-

5i dopyr anosyl uronate) - (1->4)-(6-0-acetyl - 2-azi do- 3-0- benzyl- 2- deoxy-a-o-qlu
co-

pVr anosyl) WQ-2001/q1888%y| 2- 0- acet yl - 3- 0- benzyl - a- L- i dopyr CTEERIM 0081703 - ( 1
4) - (2- azi do-3-0-benzyl-6- O-tert-butyl d4phenyl si

Iy1-2-deoxy a- n gl ucopyranosyl) - (1->4) - (et hyl

2-0-acetyl ¢ a- p S e) - 4) Oz b y zyl ox
ycarbonylanlno 6- §¥k¥% gutqfd%% 9 ¥§? @%ﬁ% dé%ﬁ%fa Eﬁh ucggirgﬁﬁngg ( No.
78) 10 A mchlocm@etban&/wéagmlyo‘olmedahycfashmhr@rsamra@nyg:n d colommms| Silicai gel dat e
27 (1.35 ¢ sieves (1.12 g) in
dichlorone %ﬁ§@1@gﬁh%a%&%ngf%gﬁfSpgﬁ%QFagﬁ&%#ggm at nrosphere for 1 hour at
25C. The react i Bh=Mi4, siliea gsl, 8ddbleeha/acet@®C and a 1 M sol uti on of
tert-butyldinethylsilyi triflate in dichloromethane (224 pL) is then added.
After 50 mnutes, the reaction nediumis neutralized by addition of solid
15 sodi um hydr oaeamacmnobomfan'ethvﬁfmethvlf 2{Q-aedtyicB- Okbeom#m-mbpwreﬁms)v[urbmum)-
reaction . Io onethan- phase
is washed $ i X :

to dryness.

chr omat ogr SipAsay!s
di chl oy neh_,p; ol um of
silica gel 8. Rf =

0. 47, Preparatlon of nethyl

(et hyl 2- 0 ace anosyl ur.onat e)

(s (60 aceFX’T@ci ek néze'%%l)déox iR L euRaRa D (14490 - (m
et hyl 2-0- amﬂlydtﬁtha-éam’ezmbea}ute asitpy destabyd for dnaprepartfion of| cdnipouda-58-

0- benzyl- 6- 0- teh% g

di phenyi si | y1-2 ¥$y§“ﬁﬂa?bé%ﬁvPﬁﬁ%@ﬁﬁsnﬁxl >4) - (et hyl 2- 0- acet yl - 3- 0- benz
yl -a-L45

10i dopyr anosyl uronate)-(1-)4)-3-0-benzyl-2-benzyl oxycar bonyl am no-6-0-tert -
butyl - di phenyl sil yl-2-deoxy-a-o-qi ucopyranosi de (No. 79) Compound 78
(1.56 g, 0.61 nmml ) is converted into conpound 79 (1.44 g) according to the
sanme procedure as that described for the preparation of conpound 58. Rf =
0.52, silica gel, 1/1 toluene/acetone 15



OQAc OH WD 2011/ 018588PCT/ FR2010/ 051703 46 Preparation of methyl

(et hyl

2-0-acetyl -3, 4-di - O benzyl -a-L-i dopyranosvl uronate)-(1)-(6-0-acetyl -2-azido
- 3- 0- benzy WQ-20H3M$588 D- q | ucopyranosyl)-(1-44 (methyl 2PCT/FR2010/051703
0-acetyl - 3-0-benzyl -a- L-i dopyranosyl u raggate)-(1->4)-(6-

0- acetyl - 2-azi do- 3-

50- benzyl- 2- deoxy- a- o- gl ucopyr anosyl ) - (1- >4) - (et hyl 2- 0- a@eﬁ#l-s 0- benzyl -a

-L- OTBDPS

i dopyr anosyl uronate) - (14) (27azi o&-ben er o |§henv|5|ly1 2

- deoxy- a- Me0,C 'S%? Ba0 ZHN

D-d Iucopyranosyl) -ac tyl 3- Of%en -a-L-idopyranosyl ur onat
e) -

AcO

(1->4)-3-0-benzyl- 2- benzyloxycarbonylanlno 6-0-tert-butyl di phenylsilyl-2-de

oxy-a- ogl ucopyranosi de ( No. 10A m xture of the glycosyl acceptor 79
(1.0 g, 0.41 mmol), |n1date 4543 ng, 0.61 nmmol) and powdered 4 A

nol ecul ar si eves ew d konethane (21 mL) is stirred under an
argon at nosphere fo n%?ehp rature. The reaction mxture is
cooled to -20C an&“h 1 utlon of terf-butyldinethylsilyl triflate in

di chl oronet hane (91.0 pL) added. Aft 1 hour 1@mesnutes, the/ regaction
medi um i s 15neutrallzagcby addltlon 8 soli dpsodi eig \ﬁ te.
ré NNo) ' jA Bip

Afterfllterlngtrwo o@ﬂc v ), Ok
di chl or onmeth X
aqueous 2%_s! a™N og P car

) WeishedwSucggssi vel y with
onat e soé tiaan, With water and then dried
over sodlun1suk£ate filtered®and then €vaporated to dryness. The residue
obtained is purified by chromatography Ob a Sephadex(r) LH 20 col ynm 20(190

X 3.2 cm 1/1 dichl oronethane/ ethanol), followed b m&hash chr ography on
a colum of S|I|ca gelmxllo--*0/1 t Phene/quyl age ound
80 (822.4 ny). Rf 7 A4 Mec: ., OMe
Pr epar at i o¥o85~ et
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25(2- azi do- 3- 0- benzyl- 2- deoxy- ci - 0- ol ucopyr anosyl ) - (1->4) - (et hyl 3- 0- benzyl
-a L- idopyranosyl uronate)-(1->4

-(2-azido: - 2- deoxy- a- D- gl ucopyr anosyl 1- >4)
0 benzyl - Vﬁ32ﬁ@§ﬁé osyl uronate)-(1->4 )-(2-azido-3-0 gﬁiﬁ%@§1@M§%w§
butyl di phenyl si | v1l- 2- deoxy- a- o- qlucopyf&nosyl
)-(1->4)-(net hyl 3-0- benzyl -a-L- | dopyranosyl uronate)-(1->4
) - 3- 0- benzy1- 2- benzyloxycarbonylan1no 6-0-tert-
30but yl di phenyi ound
80 (820 ng, O. t he
pr epar at i ogroofit O%Ratvi-p- MQQBOh@n o MBO arfds93-(8-y) after
flash chropmatpgra

i et hyl ammok
O-triethyl 3
) - (2- a2|do - 0- O-
sul f onat o- [82}b6 datbor{viantihgy-B-3-t&t-betpiriphe@yiSiyl-Miedvpl-g-panmoni um

sul f onat o- a] - doEé r}&?y%}ronat e)-(14)-(2-azi do-3-0-benzvl-6-0-tertbutyldi

phenyl sily copyranosvl)-(14)-(nmet hyl 3-0-benzyl-2-0-

tri et hyg anmoni URmixture of the glycosyl acceptor 79 (1 0 g, 0.41 mmoi) imidate 38 (543 mg,

sul fonato-a-L-i dogyranosvl uro% if'é - benzy - benzyl oxycar bonyl am
#1418 olesiizy s {2t

no- 6- 0- t er P-ShRmPly PRt EAYFRP Sl&\'%‘z Hﬁé@aﬂ)w aﬁalgrqa@t s (28pL) is
10Conpoundsitfed( 48dernEh afdor aBABdpheteS fSFONMRIF & ﬂoeirptmfaaaum B2 tdfiod D)

accordi ng to t he, sane procedure as that descri bed ggaratlon of
conpound 78XYEs'S: coqiy) 1o mePHoAndnd ghi¥veolufisne of 1‘%6‘#@'@1%‘[‘“ kdriflatg 424, 90;

exper i ment abhlﬂﬁﬁr%théi"%z(‘b1 Jcﬁﬁt)e@ado@bu ORsté 1 WBLMYO nintbs) ythe ZeRBATRENIU is
sul fonat o- 3, 4-di - O benz ranosyl uronate)-(1->4 )-(6-0-amoni um

sul f onkt o- QGL&%\ *6961 By oaclsgtm ot éoweés@wa'oh fee%bﬁﬁ%m’aés&i YAfier -filigning rfarongh
2- 0- ammoni Uil HoNALYS: QredRIFH otk 9B SRS HARALRL T AL dganic
sul f onat o- phadeas iwiehad @ubwséyély Zviheadealisl 2o ¥ @ Hidlogenh -cafbonafee bbidion,

2- 0- amoni \%@ %%{Jr%ﬂg tf?eﬂSdl?ecP over sodlumLsquate filtered and then evaporated to dryness.

The residue obtained is purified by chromatography on a Sephadex® LH-20 column
20 (190 x 3.2 cm, 1/1 dichloromethane/ethanol), followed by flash chromatography on a
column of silica gel (1/0—0/1 toluene/ethyl acetate) to give compound 80 (822.4 mg).
Rf = 0.44, silica gel, 3/1 toluene/ethyl acetate

Preparation of methyl {(methyl 3,4-di-O-benzyl-a-L-idopyranosyluronate)-(1—4)-

25  (2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1-—4)-(methyi 3-0O-benzyl-g-L-

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

(methyl 3-0O-benzyl-a-L -idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-6-O-tert-
butyldiphenvisilyl-2-deoxy-a-D-glucopyranosyl}-(1—4)-(methyl 3-O-benzyl-a-t-

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

30  butyldiphenvisilyl-2-deoxy-a-D-giucopyranoside (No. 81)

Compound 80 (820 mg, 0.257 mmol) is saponified according to the method used
for the preparation of compound 73, to give the octasaccharide 81 (593.8 mg) after
flash chromatography on a column of silica gel (1/0—0/1 toluene/acetone).

Rf = 0.57, silica gel, 2/1 toluene/acetone

35



20i dopyr anosyl uronate)-(1)-(2-azi do- 3-0-benzyl- 2-deoxy-a- D gl ucopyranosvl) -
(1->4 )- (nethyl 2-0-ammonium _

sul f onat o- 3- 0- benzyl - a- L-i dopyr anosyl uronat e) - (1->4) - 3- 0-

benzyl- 2- bW POKIIBaA3HoNY| am no- 2- deoxy- a- D- ql ucopyr anos PAI/FRRO1083) 703

To a solution of conmpound 82 (91.8 ng, 22.8 pnol) in methanol (3.0 nmL) is
added ammonium fluoride (67.6 ng, 1.82 movl). After 48 hours of stirring at

55C, the 25 repedd-palioRi oftrHESYI Isuﬁe. @-Q)eﬁz dem’& ér)wmbhi’ug‘psﬁlﬁ:!n‘é (120
or one ane e ano " s ﬁ‘ |

R = 0.32, e
30Prepar at sI'fArla dau% '

i dopyr anosEummue)ldcﬁplﬁam\ﬁvlo&nabl)-dbaa)-@-wu-sD Berﬁt@DXﬁery@S-lO—tri&tmrsul f onat
o-a-D (l
) - (14) -€1 i SRR
uronat e) - ( hrpfomidrg - 22 isdfondtdaa

sul f onat o- a-'D-al ucopyr anosVv
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4) - 3-0-benzyl- 2- benz bonyl a-D-el uc r i de ( No.
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t et r ahydr olgécraing®d ﬂ@@ahd@r&ééﬂuee éé3tl'%t Bbdcribsd astdeslprephralién ofconpdumalzst i on
of lithium hydroxide in water g . After 1 hour at O0C and then 16

hours at room tM?ﬁ%r"gt%"r@ethPFle ﬁgﬁt'ﬁ ingdle; &heepslicalmass =4026819haxRrimental
Sephadex(r ndskr Z8»4gel (95 x 2 cn) eluted wth a 95/5 net hanol /water m xture
to give conpound 84 (65.3 ng). Rf = 0.27, silica gel, 17/9/2.2/5 ethyl

acet at e/ pyridi ne/acetic acid/ water. 10

15 Preparation of methyl {(methyl 2-O-ammonium sulfonato-3.4-di-O-benzyl-a-L-

idopyranosyluronate)-{1—4)-(6-O-ammonium _sulfonato-2-azido-3-0-benzyl-2-deoxy-a-

D-glucopyranosyi)-(1—4}-(methyl 2-O-ammonium sulfonato-3-O-benzyi-g-L-

idopyranosyluronate)-(1-—4)-( 6-O-ammonium_sulionato-a-2-azido-3-0-benzyi-2-deoxy-

D-glucopyranosvi)-(1—-4)-(methyl 2-0O-ammonium sulfonato-3-O-benzyl-g-L-

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

(methyl 2-C-ammonium___ sulfonato-3-O-benzyl-a-L-idopyranosyluronate)-{1—-4)-3-0-

benzyl-2-benzyloxycarbonylamino-2-deoxy-a-D-glucopyranoside {No. 83)

To a solution of compound 82 (91.8 mg, 22.8 pymol) in methano! (3.0 mL) is
added ammonium fluoride (67.6 mg, 1.82 mmol). After 48 hours of stirring at 55°C, the

25 reaction mixture is applied to a Sephadex® LH-20 column (120 x 3 cm, M
dichloromethane/ethanol), followed by flash chromatography on a column of silica gel
(95/5 methanol/water) to give compound 83 (62.7 mg).
Rf = 0.32, silica gel, 17/9/2.2/5 ethyl acetate/pyridine/acetic acid/water.

30 Preparation of methyl (lithium 3.,4-di-O-benzyl-2-O-lithium sulfonato-a-L-

idopyranosyluronate)-(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-idopyranosyl-
uronate)-(1—-4)-(2-azido-3-0O-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)-(2-
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Compound 84 (95.0 mg, 32.3 ymol) is treated according to the same procedure

ri ethv

20  as that described for the preparation of compound 77, o give compound 85 (47.3 mg).
Mass: “ESI” method, negative mode: theoretical mass = 2081.38; experimental
mass: 1993.15 £ 0.11 a.m.u. (iduronic acids observed in COCH form).



Conmpound 86 (94 ny, 34.8 pnol) is treated according to the sanme procedure
as 20t hat descri bed for the preparation of conmpound 75, to give conpound 87
(131.9 ng). R 0.37, silica gel, 17/9/2.2/5 ethyl acetate/pyridinel/acetic
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sul f onat o- 3, 4-di - O benzyl - a- Li dopyr anosy#Bur onat €) - ( 1- >4) - ( 6- 0- anmoni um
sul f onat o- 2- azi do- 3- 0- benzyl - 2- dem a-

25D-ci | ucopyranosyl ) - (1- >4) - (met hyl 2- 0- ammoni umsul fonato 3- 0- bengwirs a- t -

i dopyr anosvl uronat e) - (1- >4) - ( 2- azi dos3- 0- benzvi - @g}g ang} ql ranosyl )
-(1 -4)-(methyl 2-0-a

Bno OMe

sul f onat o- §OQ baﬂzg (A _aNad ZHN
3- 0- benzvl - 242 ) (nethyl§ 0- benzvl - a- L-i doovr an
osvl - BnO

HGC
uronat e) - (1- >4)#06- 0- ammoni unsul f onat o- 3- 0 benzv1l- 2- benzvi oxvcar bonvi am no- 2
- 30 deoxv-a-o-ducopyranosi de (No. 88) Conpoundy, 8% (130 ny, 32'8 pm)l)

is treated according to the same pr @red re as th descr. sed
preparation of corrpou ﬁ t&nglm K%ﬁ?&
silica gel;meoj; |CN i d/ fvat er .
2011/ 018588P

idopyranos?l’c’uro at e) (1- >4) -azi do- 3- Qabenzyl 2- deoxy-6-0-11it hi unsul f onat

0- a- 0-
ol ucopyranosyl)-(1->4)-(lithiunB-0-benz 1 2-0-1ithiunsul fonat 0-agds: i dopyran

osyl - uronate)-(1-4)-(2-azido- 3 0 benzy -2- deoxy- 0T6PP$|th| %fm é

sul f onat o0- a- D- 0 | ucopy#sgnosy! ’)M (gg | 'behl um ium su
| f onat 0- a- L- |dog¥r an onMecaC %"e zin M
5azi do- 3- 0¥5ErAY 1- auac 0s ->453 054

) (| i thi Urﬁ% - 0N|C| t hl 0,80 triethytammonium salt
sul f onat o- a- L-dgdopyr anosy| ur'énat e) (1- >Qf 3- 0- benzyl-2- benzyl oxycar bonyl ami
I

no- 2- deoxy- 6- 0-1ithium sul fonat 0-a-D- 0 ucopyranosgjde (No 89) 08
o

0s0; o MeO,C Bn o
080, MeQ,C Bn N
0 MeO,C~—. OBn N s p o Bro gy OMe
MeO,c—» OB" ~. P O~ Bno . ©
;Zg/c, y N, © C

BnQ

O BnO N, [s] @ 0,80
BnO ‘0,80 88 ammenium salt
0,80
OSO
‘ 030 o LicoG
OS0Li o Liooc
p Licoc OBn Bno
. OBn . 0 BnO
LioOC o ° N,
o BnQ N, LiQ,s0
BnC n, © £IO,50
BnO Li0,S0
LiO,SC
OSONa
0S0,Na oNaOOC
0SO,Na NaQOG
QNaODC— OH oS NHOMe
Na0OC— o O o
> HO HO NaC,SO
HO NHE Na0,80
HO NaQ,S0
NaQ,80
a0

Preparation of methyl {methyl 3,4-di-O-benzyl-a-L-idopyranosyluronate)-{(1—4)-

(2-azido-3-0-benzyl-2-deoxy-a-D-giucopyranosyil-(1—4)-(methyl 3-0-benzyl-g-L-

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

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

butyldiphenyisilyl-2-deoxy-a-D-giucopyranosyl)-(1—4)-(methyi 3-O-benzyi-g-L-

idopyranosyluronate)-(1—4)-3-O-benzyl-2-benzyloxycarbonylamino-2-deoxy-a-D-gluco-

pyranoside {(No. 86)




Conmpound 88 (100 ng, 26.8 pnol) is treated according to the sane procedure
as that described for the preparation of compound 76, to give crude
conmpound 89, 10which is used wi thout further purification in the follow ng
step. Rf = WO 2011/818588%: 5 gel, 17/9/2.2/5 ethyl acetat e/ pyRd/FRI0I0HF1793

aci d/ wat er. Preparati on of nethyl50(sodi um 2-0-sodi um

sul f onat 0- a- L-i doovranosyl uronate) - (1->4)-(2-am no-2-deoxy-6-0-sodi um
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"ESI" methgd, negative node: theoretical mass = 2183.42; experinental nass:
2095.07 0.24 a.mu. (iduronic acids observed in COON forn) 25 WO

2011/ 018588PCT/ RRZAL 17, 64¢7 08, 815 toluene/metepaniati on of methyl (nethyl
2-0-acetyl -3-0-benzyl-4-0-1evulinovl -a-L-idopyranosyl uronate)-(1->4)-(6-0-a
cetyl - 2-azi do- 3- 0- benzyl 2- deox -a- 0- ol uco- pyranosvl) (1->4) - (et hyl

2- 0- acéPyl - 3- 0- rsepayatio iy (et \d.4-di- OdenzvkP-Q-4rictylargmonium sulfonato-
benzyl-6-0-te ' ' Q no-a-D
“ol Uuco- 5 o Eldbi Yefiz @%ﬁgé?@-_@eﬂw rln??hi]u I'silyl

triflate i rsummrcdw-a@gatdm_ remobviM 1-84)i(natdl per rmbeberfzvll-mem)/lam@ﬁlﬁﬁd
under argon

mol ) and SH Egd)-67-adqs3-COrbelagyls 2ot -

di chl or onetamﬁm&r& 15 mfbnataat&g[ueb%&%mﬁ ))91‘44? (ﬁgéfﬁ&lec U3s@ béigﬁl\l% {n%ﬂ_'rgl )
After 1 hodr . m nut es a sol I d sodi um hydr ogen car bonate
i s addéd. AMmmBeniy o sulfpnatons< Hi epyranasklvEaRaie 494 2~A 'd@r&@rpelmzygﬁf{)—tert-
carbonat e ;@%@%ﬁgs;ﬁaEz*beﬂggsfﬂégﬁ;lgéﬁgzr%@ghor#g@e%@: “Ité@‘berfzgf é-@-@% tngbl
drying (Na

silica gel aptrbniamnesuforstone)-idooyranusyl@dihate)s@—e1)-3BBUWenzyl-2-benzyloxycarbonyl-

amino-2-deoxy-6-O-triethylammonium sulfonato-a-D-glucopyranoside {No. 87)

Compound 86 (94 mg, 34.8 ymol) is treated according to the same procedure as
20 that described for the preparation of compound 75, to give compound 87 (131.9 mg).
Rf = 0.37, silica gel, 17/9/2.2/5 ethyl acetate/pyridine/acetic acid/water.

Preparation of methyl {methyl 2-O-ammonium sulfonato-3 4-di-O-benzyl-g-L-

idopyranosyiuronate)-{1—4)-(6-O-ammonium __sulfonato-2-azido-3-O-benzyl-2-deoxy-a-

25  p-glucopvranosyl-(1—4)-(methyl 2-0-ammonium sulfonato-3-0O-benzyl-a-L-

idopyranosyluronate)-{1—>4)-(2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyl }-( 1—4)-

{methyl 2-0-ammonium_sulfonato-3-0O-benzyi-g-L-idopyranosyluronate)-(1—4)-(2-azido-

3-0O-benzyl-2-deoxy-0-D-glucopyranosyl)-{1—>4}-(methyl  3-O-benzvl-a-L-idopyranosyl-

uronate}-(1—4)-6-O-ammonium sulfonato-3-O-benzyl-2-benzyloxycarbonylaming-2-

30  deoxy-a-D-glucopyranoside (No. 88)
' Compound 87 (130 mg, 32.8 umal} is treated according to the same procedure
as that described for the preparation of compound 74, to give compound 88 (102.0 mg).
Rf = 0.33, silica gel, 17/9/2.2/5 ethyl acetate/pyridine/acetic acid/water.

35 Preparation of methyt  (lithium 3 4-di-O-benzyi-2-O-lithium  sulfonato-a-L-




Rf = 0.49 (7/3 toluene/acetone). 15 Preparation of methyl (nethyl

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

(1-4)-(6-0-acetyl - 2-azi do- 3- 0- benzyl- 2- deoxy- a- 0- ol ucopyranosyl )-(1->4)-(ne
thyl 2-0- WO 2011/018588 PCT/FR2010/051703
acetyl - 3-0- benzyl - a- L-i dopyr anosyl ur onats) - ( 1- >4) - 3- 0- benzy1-6-0-tert-butyl
di PhenVl si | y1-2- deoxy- 2- 1Thenzyl oxy) car bonyl | am no- a- o- ol ucopyr anosi de ( No.
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2011/ 018588+€] SeHH HEKe

evapor i n@-&@mdrhy ne%ﬁlfoﬁd?@-queﬁb

acetate).

2- 0- acet vyl » ._c
(1-4)- (6yo-”“%“
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acetyl - 3- 0 enz I-a- @% i‘)(raanosyl uronate)-(1-4)-(6-0-acetyl -2-azi do- 3-0- be
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ut yl di phenvl si | eoxy- 24( benleoxy car bonyl | -

procedﬁre as that déscribed for the préparation of ‘compound 77 to give compound 90
(48.2 mg).
Mass: “ESI" method, negative mode: theoretical mass = 2183.42; experimental

mass: 2095.07 = 0.24 a.m.u. (iduronic acids observed in COOHM form}

25



10am no- a- D- gl ucopyr anosi de (No. 94) To a solution of conpound 93

(3.36 g, 1.42 mol) in a 1/2 m xture of toluene/ethanol (280 nlL) is added

hydr azi ne Q%;drate (0.645 g, 4.93 nolar equivalents). After 2.5 hours of
magneti ¢ stWP20AYO1858% i xture is concentrated under vac REHERDIONEHT03

purified on silica gel to give conmpound 524 (3.01 g, 96% . 15Rf = 0.43 (4/1

tol uene/ acetone). Preparation of nethyl (nethyl

2-0-acetyl - 3, 4-di - O benzyl - @aslL-i dopyr anosvl - oTEDPS

uronate)-(1-4)- (NZ? azigp- 3- Q- benzyl-6-0-tett -Mlgoug yldi ph‘i%c;i\l y1l-2-deoxy-a- D
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2-0-acetyl - 3- 0- benzyl - a- L-i dopyr ang uronagse) (¥ 4)-
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triflate in dichloronethade (Y ni) is %addegd under argon and at -20C, to a

solution of the imdate 71(0¥29 g, 0.3 %mol) and of the glycosyl acceptor
94 (3.01 g, 1.33 mml) in dichl ororreth:Ie (60 mL) in the presence of 4 A

nol ecul ar sieves (0.93 g). After magnetic stirring for 10 m nutes at -20C
(TLC), imdate 71 is again added at ti i nt erval stobs bet ween 10 m nut es
and 30 2.5 hours, up to a total a ﬁ°nh;309f & 19 d. After 20 hours at -20C
(TLO), solid sodium hydr Bar [ det Jalize, and after
filtering, washing wth%ﬁﬁ/ odj ¥m h rogenztt"ar onate sol ution, with
aqueous sodi um chl ori de $Bl ut Yon, dryi rlI%C(NaZSM) and evaporating to
dryness the residue is purk?fﬁ ed on sil¥“ca gel to give 95 (2.58 g, 61%.
35Rf 0. 45 (4/ JM;COI ng,ne/ agetgne). WO 2011/ 018588PCT/ FR2010/ 051703 55
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t ol uene/ acetone m xture to give conpound 96 (773 ng, 77%. Rf = 0.51 (4/1

t ol uene/ acetone). OH WD 2011/ 018588PCT/ FR2010/ 051703 56 Preparati on of
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a- L-i dopyr MO2PIULOIAIES ) - (1- >4) - (2- azi do- 3- 0- benzyl- 6- O0- (PEIVFR2MIPIOSL T eny| s
I 1yl-2- deoxy-a-D ol ucopyranosyl) - (1-4)s3(net hyl
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Ul Tondlo- 3. 0- b8, § SAUon gF, sompeund) 91 (486.8. A T1,mmell i, 8, A DS, 1 (1
enzyl ooncam}wwtaﬁmoié%zI@thrsmddpqmmagma@cem (198Y. 5 molar equivalents). After
magnetic stirring for 2 hours, the same amount of reagent is added and after 2 hours,
the mixture is concentrated under vacuum and then purified on silica gel (toluene-
acetone) to give compound 92 (3.83 g, 87%).

25 Rf = 0.42 (3/1 foluene-acetone).

Preparation _of methyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyi-o-L-
idopyranosyluronate)-(1—4)-(6-0O-acetyl-2-azido-3-O-benzyl-2-deoxy-0-D-gluco-
pyranosyl)-(1—4)-(methyl 2-O-acetvi-3-0-benzyl-a-L-idopyranosvluronate)-(1—4)-(6-O-

30 acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 2-O-acetyl-3-O-
benzyl-a-L-idopyranosyluronate)-(1—4)-3-0-benzyl-6-O-tert-butyldiphenyisilyl-2-deoxy-
2-[{benzyloxy)carbonyllamino-a-D-glucopyranoside (No. 93)
A solution of tert-butyldimethylsilyl triflate in dichloromethane (1M, 0.15 mol per
mole of imidate) is added, under argon and at -20°C; to a solution of the imidate 27
35 (329, 3.55mmol) and of the glycosyl acceptor 92 (3.83 g, 2.36 mmol) in
dichloromethane (106 mL) in the presence of 4 A molecular sieves (1.8 g). After
2.5 hours at -20°C (TLC), solid sodium hydrogen carbonate is added. After filtering,
washing with aqueous 2% sodium hydrogen carbonate solution, with aqueous sodium




To a solution of conpound 97 obtained previously in nethanol (16 nmL) is
added 30 ammonium fluoride (361 ng, 80 nolar equivalents). After magnetic
stirring at 55C for 48 hours, the reaction mxture is purified with the aid
of an LH 28VQ3PLI4L8588i ng a 75/ 20/ 5 mi xture of PCT/FR2016/051703

met hanol / N, N- di et hyl f or mami de/ wat er as 54l uent. The fractions contai ning
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sul f onat o- puiifieddopsilicargss to giveoccanpdund 94 (3.01 g, 96%).
(1-4)-4g-am no- Tde)o‘ggv,; tBIu%é'/%B g%%nosvl)-(l-@-(l ithium 2-0-1ithium

sul f onat o- a- Li dopvr anosvl uronate >4) - (2- am no- 2- deoxv-6-0-1ithium su
| f onat 0- a- 0- gl ucoeranova) (1->4)-(lithium 2-0-1ithium

Su: ;Onazo a-L- If%b\aramﬁswfu it e méthy4) 2-O2aceRiL3 4881 O Berz i8Nt ifioyrhhddh-um
sul fonato-a-o- 2 - i am

Sulfonate- oI AEA3e 310 henayts-0 jart Bl iemisind TES-oo0-gluces 0.+ anosi d
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sanme col unpyrehmleei(ﬂo.tsls) vvat er. The fract I ons cont a| ni ng the pr oduct are
then o5 A 0.1 M solution of tert-butyidimethylsilyl triflate in dichloromethane (1 mL) is
added, under argon and at -20°C, to a solution of the imidate 71 (0.29 g, 0.3 mmol) and
of the glycosyl acceptor 94 (3.01 g, 1.33 mmol) in dichloromethane (60 mL) in the
presence of 4 A molecular sieves (0.93 g). After magnetic stirring for 10 minutes at
-20°C (TLC), imidate 71 is again added at time intervals of between 10 minutes and
30 2.5 hours, up to a total amount of 3.19 g. After 20 hours at -20°C (TLC), solid sodium
hydrogen carbonate is added to neutralize, and after filtering, washing with aqueous 2%
sodium hydrogen carbonate solution, with agueous sodium chloride solution, drying
{Na;S0O,) and evaporating to dryness, the residue is purified on silica gel to give 95
(2.58 g, 61%). '
35 Rf = 0.45 (4/1 toluene/acetone).

Preparation of methyl (methyl 3,4-di-O-benzyl-o-L-idopyranosyluronate)-(1—4)-
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30 concentrated under high vacuumto give the desired conpound 100 (78 ny,
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Triethylam ne/sul fur trioxide conplex (376 ng, 5 nol per hydroxyl function)
Is added to a solution in N, Ndinethylformamde (5.3 nL, 90 L/ nol) of
conmpound 101 20 (160 ng, 59 pnol). After 17 hours of nagnetic stirring at
55C shel t eMed 20110028588 ht , net hanol is added at OC and, a®CE/FRIO1I0MASHH3T or
30 mnutes at 0OC and then for 30 m nuteggat roomtenperature, the reaction
mediumis diluted with methanol and then purified by means of an LH 20
columm, using a 1/1 mxt yre Of et anI et hane .as el uent
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3, 4-di - 0- b@&idéhtrat&i' Lihddti High Srldd:ﬂctmlﬂéﬁrﬂ # hecessary, reacted again under the same
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benzvl,y@- deoxv-6-0-1ithi um sul fonato-o-D-cil ucopvranosvl)-(1->4)-(lithium
3-0-benzv1-2- O-lithium

sul f onat 0- a- L- i d62REAS

lithium SUﬁcfS@%fﬁnés%lu@nQﬂeEFﬂpﬁ@w 3 c( EeM)-E-Glad)ivtu uralucopvranosvn (1—4)-
3-0-benzvil ethy ! t2 (I) amrgounlum suﬁ’onato 3-0-benzyl-a-L-idopyranosyviuronate)-{1—4)-(6-O-

ammeonium sulfonato-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 2-

PSR

25 O-ammonium___ sulfonato-3-0-benzyi-a-L-idopyranosyluronate)-(1—4)-{6-O-ammonium

sulfonato-2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyi)-(1—4)-(methyl 2-0-
amrmonium __sulfonato-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-deoxy-
2-[{benzvioxy)carbonyllamino-a-D-giucopyranoside (No. 98)

To a solution of compound 97 obtained previously in methanol (16 mL) is added
30 ammonium fluoride (361 mg, 80 molar equivalents). After magnetic stirring at 55°C for
48 hours, the reaction mixture is purified with the aid of an LH-20 column, using a
75/20/5 mixture of methanoi/N,N-dimethylformamide/water as eluent. The fractions
containing the product are then concentrated under high vacuum to give compound 98
{410 mg, 25%, 2 steps).
35 Rf = 0.28 (57/29/7.2/16 EtOAc/pyridine/AcOH/H,0).

Preparation of methyl (lithium 3,4-di-O-benzyl-2-O-lithium  sulfonaic-a-L-

idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-
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sul f onat o- 82 @qrﬁépi%gngg\ﬁ%f 8‘?&65@}’&(‘!' Qﬁqerztm a%l b @eﬂé‘w‘og doro bew 3d°C.

sul f ontll 0- andbilendop1B bows etleoNempé@i)re, the reactibn neediumh it puoified by anebnd of

m xt ure of t I t are
successi vef"ji EHGZ(SP %’%ﬂm%%“@ ae?sd!?(%%{pﬂ )dtj %%ﬁ-ﬂ%gﬁ&%ﬁ%é%ﬁlp%@gm;d?ﬁwﬁﬁﬁ %0%
Pd/ C (715 ﬁ'g?nt Ahe dractionsoeantaining tﬁmmpdgctcﬁre\ﬁm@mmentsﬂted thegy kigh veouum

t egper aturg.g Nré;ﬁlerdééﬁédl SdpaAL'98) Which 'r'fJ %%rdetfkg nmgéfgg%.a%ew)ceg r2 gt gg urm
under vacuum

eluted with 0. 2%@0%@242%%?65 C?FN@ g&“@@h’ Lont ai ni ng the product are
concenty ated and desalified using the WO 2011/018588PCT/ FR2010/ 051703 61

same col umm el Ub &,
oF]
t hen concent ratec

, 9. A T, Ahe. Sl ! ) VX
2011/ 01858R4¥52R95¥PA drfidiEhiugg  2-O-lithium Y sulfonatoya-L-idopvranosvluronate) ( 1-»4) (2-
20  amino-2-deoxy-6-O-lithium sulfonato-o-b-glucopyranosyl)-(1—4)-(lithium __ 2-O-lithium
sulfonato-a-L-idopyranosyluronate)-(1—4)-2-amino-2-deoxy-a-D-glucopyranoside  {No.
100)

To a solution in a 1/1 mixture of terf-butanol/water (13 mL} of compound 99
obtained previously are successively added ammonium formate (529 mg, 8.4 mmol)
25 and then 10% Pd/C (1.24 g). After 4 hours 15 minutes of vigorous stirring at room
temperature, the reaction medium is filtered and partially concentrated under vacuum,
and the solution is then applied to a Sephadex® -25 column eluted with 0.2 M sodium
chloride. The fractions containing the product are concentrated and desalified using the
same column eluted with water. The fractions containing the product are then
30 concentrated under high vacuum to give the desired compound 100 (78 mg, 66%,
2 steps).
Mass: “ESI” method, negative mode: theoretical mass = 1892.8; experimental
mass [M ~ Na — H]: 1971.03 £ 0.10 a.m.u. (iduronic acids observed in COOH form).

35
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tert-butyldinmethylsilyl triflate in dychl oronetaane (1M 1 é After 1

6
2-0-
0- 3-
(me
(1-
th

hour 10 m nutes at - 156 TLC), solfd s0di 4m hy r (s added to
neutralize After fétenep g ;d% ) e @gen

car bonat e "SIt 0 evapor“act to dryness
resi due i sggurl é'?fl" y m€ang/of an LI—1— 20Heol um, using a 1/1

et hanol / di chl orconet hane mxture as ell@ént. The fractions containi ng the
product are then concentrated under hijgh vacuum and the residue is then

puri fied on silica gel (ethyl acetateftoluene) {q.give 10 %9 g, 759%.

Rf 0.16 (9/1 tol uene/ acetone) @o, ep o (et hyl
2-0- acetyl 3- 0- benzv)? 1,0 depvr SWP ?‘?at% él\' “owe
(1-)4)-(2- he |5|Ivl "&- p- ol ucopyr

Bn3
anosvl) - j 20)7’ BnO 080 friethylammonium salt
(1-4)- (net?tvlgSO -acetyl - 3 Gaf‘cbenzvl -1Q2| dopvranosvl uronate)-(1->4)-(6-0-ace

tvl-2- azido-3-0- benzvl 2- deoxv- a- D- oljucopvr anosvl) - (1- 4) - (et hvi
2-0-acetyl - 3-0- benzvl -
25L- |dopyranosyluronate) (1-4)-3-0-beNzvl-6-0-tg ol - butV|d|p PVl si |l vl- 2-deo

Xv-2-1(benzvl - oxv)car bonV| I am no- @oao qlucopvr nQJsu To a
sol ution of corrpo e\ Obwe
t ol uene/ et/ ™ ( %eta 54 g, 2.76 nol ar

equi val ents 19rs 0 m nut ?—f's @Iso magneti c stl rr| n@mot"H'éS?ﬁ xture is
concentr at ed der vacuum 8&and then gyrified on silica gel to give
conpound 107 (1 15 g, 85%. R = é %9/1 t ol uene/ acet one) .

Preparation of methyl (rnethyl

2-0-acetyl -3, 4-di - O benzvl - a- L-i dopvr gnosvl urongge) - (1->4) - B acetyl -2-az
i do- 3- 0- benzv1-2- deoxy- a- o- gl ucop anosvlc) (1- &) - 10354 pret 0
2-0- acet yl - 3- 0- benzv - gubed vr'aggg’fz na =)/~ 2o~ §-Pebenzvl - 2-
Li0,C ‘o~ oo y 0 BrQ h, © o
BrO N Bno N © LO,S0 " LIGsS0 -

1i0,30

080,Na

3
0O50,Na g NaO,C OH 0
OH o Na0,C— OH N
o Na0,G~— OH P o~ Ho WO
NaOC— OM 9 O~ Ho o] 2
. HO !

HG W NHZO NaQ,5C
NaOJSO 1 0 5
NaC,S0

Preparation of methvl (methyt 3,4-di-O-benzyi-a-L-idopyranosyiuronate)-(1—4)-
(2-azido-3-0-benzyl-6-O-terf-butyldiphenyisilyl-2-deoxy-o-D-glucopyranosyi)-(1—4)-

5 (methyl 3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-

glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-a-L-idopyranosyiuronate)-(1—4)-(2-azido-3-

O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 3-0O-benzyi-a-L-idopyranosyl-




deoxv-6-0-tert-butvldi phenvlsilvl-a-D ol ucopvranosvl)-(1-4)-(nethyl 2-0-acet
vl - 3- 0-
benzvl - a- L-i dopvr anosvl uronate) - (1->4) - (6-0-acet yl - 2- azi do- 3- 0- benzv1l- 2- deo
XV- a- Dol uc ¥ 28HAEBI88 (1- 4) - (et hvi PCT/FR2010/051703
2-0-acetvl- 3-0-benzvl -a-L-idopvranosvl usenate)-(1-4)- WO
2011/ 018588PCT/ FR2010/ 051703 63

D 2V RRERAIN A no-

3-0-benzyl- Po

- 0- pl ucopyre 58" :

tert-butyl aﬂmmw si | yI tr|flate in d| chI ororrethane (1 1 n) is added,
under argon andrgt, so%ﬂﬁn othoI% pS e (E'?o% t1'92 ﬁ)ﬁ@iqﬁ?ﬁet%o( %&%Lﬁs Ladd

mmol ) 5 and of the P cos% accegtor

di chl or omeEREBIYM ITURTige (7% Me. B éﬁ‘éﬁrcéq%b'f’alﬁntﬁ) rﬂﬁeédn%neﬂ@.%lvw gbrapm g) |
After I155 tmngegata]ge fomf@rl(oTtsClhe @atioh mxeirge bc)fd:éﬁ%@d Qﬁﬂ&&%@h@n@wd&ﬁd@d to
neutralize nd after, fi

ueous ogen
carbonat e B8 [ﬁd B C?JFE'/]P &)S' '?\% e§aa°ﬁgaq'@$%°p%?’% rﬂﬁo%ngzl(éoﬂjg@s B%(g’ resi due
is purified by REafs37of7/Stoluere2Getomd)urm, using a 1/1
et hanol / di chl or onet hane 10m xture as eluent. The fractions containing the
product are then concentrat ed under high vacuum and the residue is then
purified on sil Praparation: of raethd (mgd e lamn nlllm[ suifonato-

cycl ohwanalLaa DAy (AL IO Qi.ddsretdnolenﬁviretdwén-butvld:phenvlsnv[ 2.

:(3248.2: d(())g O a_ ofu Iolpl- y 4 I‘Ol‘l t -gg 2014 4-270 -trigthylamme jum_sulfonato-

3- 0- benzyl aa.—lljem\da_rmavm N

| di pheny! axy- 3
yrdi Eeﬁ% §s{ %f- i

u000yr anos M@M}A@g@ﬂgﬁsywmnaﬂte) ~( 1—>4) { -azido-3-O- benzvl—2-deoxv-6 O- trlethvl-

3-0- bemsyl aATHoTiR DY ISAFESb DL
ylsilyl-2 i
109) %
met hanol / doghié arbomm]ahMimB((lﬁisthvla)nnnmuadc%etﬂormtdMmqitmddvmmbhe (Nol mz)on of

sodi um net hoxi d?nétﬂy[gmrn'e){%ﬂfkp tr ogeaepé ?B‘f%f mg ?ur e l#é/af%xi[ ﬁ%gﬁoréélig 8

ng). After stirri
neutral i ze@ddgd Ip B- &dUtmme%mth%@‘ﬂwmIQ@AﬁﬁeﬁLfW ﬂ-émlhgf gaapound 101

Conreﬂﬁﬁ aty @trﬂ §hsg ﬁﬁ?dl}j‘ﬁtérﬂm\‘éﬁfsf bEFhaRRefid Liififg %‘?'fag‘é@ts*ﬁeﬁered frorg %ght .

8yg4o( ??gng}ﬂe@ﬁb acegg&é’tn‘e} >é) af?erglstlrrlné:?gp?iblnmlnutes gt g°C m‘?ﬂd then’ for -
30 minutes at room temperature, the reaction medium is diluted with methanol and then
purified by means of an LH-20 column, using a 1/1 mixture of ethanol/dichloromethane

as eluent. The fractions containing the product are then concentrated under high
25  vacuum. The compound obtained is then used directly in the following step.
Rf = 0.52 (11/7/1.6/4 EtOAc/pyridine/AcOH/H;0).

Preparation of methyl (methyl 2-O-ammonium_sulfonato-3,4-di-O-benzyl-g-1 -
idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-

30 (methyl 2-O-ammonium __sulfonato-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(6-O-

ammonium sulfonato-2-azido-3-0O-benzyl-2-deoxy-a-b-glucopyranosyl)-( 1 —4)-(methyl 2-

O-ammonium __ sulfonato-3-0-benzyi-a-L-idopyranosyluronate)-(1—4)-(6-O-ammonium
sulfonato-2-azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4}-(methvi 2-0-
ammonium sulfonato-3-0O-benzyl-a-L-idopyranosyluronate)-(1—4)-6-O-ammonium

35  sulfonato-3-0O-benzyl-2-deoxy-2-[(benzyloxy)carbonyilamino-a-D-glucopyranoside  (No.
103)

To a solution of compound 102 obtained previously in methanol (2.5mL) is
added ammonium fluoride (42 mg, 60 molar equivalents). Affer magnetic stirring at



Preparation of methyl (nethyl 3,4-di-O benzyl-2-0-triethylamoni um
sul fonato- 5
a- L-i dopyranosyl uronate)-(1-4)-(2-azido-3-0-benzyl-2-deoxy-6-0-triet hg/l anmo
ni um WO 2011/018588 P T/FRZOIO/OSI’TB
sul f onat 0- a- n- pl ucopyr anosyl ) - (1-4) - (nebflyl 3- 0- benzyl- 2-0-tri et hyl ammoni um
sul f onat 0- a- L-i dopyr anosyl uronate) - (1-->4)-(2-azi do- 3- 0- benzyl-6-0-tert-but
yl di phenyl I r in) -4 - I o
3 0- benzyl%fJ"% t?rﬁP(QrfaﬁJ %g%nr%@%ss%ldié@é fé 1@%&1@' and then at 55°C for 4 hours,
L-i dopyr aném%ﬁ*@hélyéﬁld% {14mg( 20a[BO‘ébBQU'@mB@tﬁ)zFlaga'ﬂ@é{@dﬁamﬂ the e2asfiemmoni
:l;mo %0 Suhﬁm@iﬁqs %nr{i’ed)fd#%ﬂiﬁu?é@ts.’)d C-dnb-tAdn 6fRIoRY{emperature for 60 hours. The

enzy hy,

SulT e b EEACtony B TP RUSHER BY Meens 2§ 27 L-30u0mn 1SS S29BIBIHIDE oxy) ¢
ar bonyl § anohonéthndi@s N-dimethlltbrpbeidel\eatery |asa elueot. uTiop raatios chen(amng 160)

IT;' :ggggang%%{uéf%rgltﬂe édn‘aém%‘ig&ﬁ’ﬁﬂ%'rﬁ@h(\%ﬁ dgﬁi?g%p@@{d d} 5“4@”}Ct on)
conpound 109 15RLA4.-Sy 11461 @HTE@ACM!U@IW%GOH&&@ of magnetic st| rring at
55C sheltered fromlight, WO 2011/018588PCT/ FR2010/051703 65 net hanol is
added at 0C and ) , | d.t hen for 30
m nutes at room-ERREE ANERE L o RN ‘ : = \nol
and théd pidol
met hanol /diI IJ
are then 5

< ’ "ﬁ 1{)5) azi do- 3- 0- benzyl a- D- gl ucopyr ano
syl)-(1->4)- (rreﬂ'hya @Iutonbefnzqmpcmr@- AG30ibGmg, 41.6 umol) in a 1/1 mixture of
sul f onat o- [ o
%ekhérgmyrgméfﬂ% gf‘ﬂ_ﬂs %&d@dl)dr()ﬁwﬁ@é 4R 3 9 ciueous 1N LiOH

benzyl- 2- deoxh/ ni-um onat 0- a- ranos thyI
3-0- 15bensyletion GL4 mke §i4iguivalents/methyl aster functlon) After stlrnng of 1 hdur at 0°C

Zzl( L onafglo an&theahqawsiipmlawmtempefdtué) tt%r@a&mzuém@n@ ted by means of
enzyl ox am no- a- o5 pluco no

sol ut1on opteraBglMilmRs BRehn nalls AERERALRe! Ttk af ofidens. Fe fFEoRages
amoni um f komteinthg thé3IBodust 286 tmapi amr}ceqiuated!tmdesplghﬂfabmum rtagmeet the desiredi ng
at 55C for 48 Q&yﬂ.ﬁmgg%g{gggyl on mxture is purified with the aid of an

LH 20 col um SI ng a t hanol /water m xture as eluent. The

fractions cont aRhFRed Ha/ 7t Q/dd%tpAﬁfPé”@'ﬁ%’ﬁc@bWé@it rated under high vacuum

| f necgssary, the crude reactlon product IS used and treated agai n under
i 0,

the same condit ‘D(r)enp%ré[t%ngclnf met In?% ﬂ‘-:l()l-scgd1 um srlrl%bna gé L-%o%{!ragogviuronate)-

{1 —»4)-(2-3m|no-2-deoxv-a-D-uncopvranosvl)—( 1—-4)-(sodium 2-O-sodium sulfonato-a-

L-idopyranosviuronate)-(1—4)-(2-amino-2-deoxy-6-0O-sodium sulfonato-a-D-giuco-

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

30 amino-2-deoxy-6-Q-sodium suifonato-g-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium

sulfonato-a-L-idopyranosyluronate)-(1—4)-2-amino-2-deoxy-6-O-sodium__sulfonato-a-D-

glucopyranoside {(No. 105)
To a solution in a 1/1 mixture of tert-butanol/water (8 mL) of compound 104

(110 mg, 36 pmoi) are successively added ammonium formate (298 mg, 4.72 mmol)
35 and then 10% Pd/C (715 mg). After 4 hours 15 minutes of vigorous stirring at room
temperature, the reaction medium is filtered and partially concenirated under vacuum,
and the solution is then applied to a Sephadex® (-25 column eluted with 0.2 M sodium
chloride. The fractions containing the product are concentrated and desalified using the



Rf = 0.31 (57/29/7.2/16 EtOAc/ pyridi ne/ AcOH H20). 25Preparati on of nethyl
(lithium3, 4-di - O benzyl-2-0-1ithium sul fonato-a-L-

i dopyr anosyl uronate) - (1->4)-(2-azi do- 3-0-benzyl- 2-deoxy-6-0-1ithiunsul f onat
0- a- o- WO 2011/018588 PCT/FR2010/051703

ol ucopyranosyl )-(1->4)-(lithiunB-0-benzwl-2-0-1ithiunmsul fonato-a-L-idopyran
osyl -

lﬁlranmage)o (%amé) ctglgm%Z'eftjft)eos W|thben éfl'r%edﬁac}i/ong Eor%ler:] p%réagpo%)é l) ag'e tﬁ4p1 (it
benzy1- 2- 0cbngemiratesinindenbigh vasuum waive hadegired comaaeid (105 £88 mg28@%).do- 3- 0- be

1-2- 30d I | Ri
gz% benzyl. g?{éycﬁeﬁ’udaﬂ SRS ¥ $4¢ drinadR- pﬁ‘otBnQ (SERPINZ DSV 5 08 FagdA | l5idgki um

sul f onat o- @Q-’lﬁi%wyﬁds?ﬁ&r Gifat 214 [dOUAL) 524b Glren5y4 J9ee ody3 81d . (benzyl oxy
) car bongl | am no*arte-fignutomay 8 aaérdRarddia. 112) To a sol ution of
conpound 111 (80 ny, 22.3 pnol) in a 1/1 m xture of

met hanol / t et rahydrofuran (3.6 nL) is added, dropw se and at O0C, aasueous IN

LiOH 35 solution (0.7 ni, 7. T@Efw val ent s/ methyl ester functio DRiter 2

hours 45 ninutes Ofogt] pui n and,, % engl7.5 oy '

tenperature, the rea §NH;@ rifi 0b o 20, soPEm,
re

using a 75/2015 i ktcu f rret hakol / N, Nd|1| F8r mamkde/ yAt er as el uent.

The fractions contai ni ffg hg product are th&n WO 92

2011/ 018588PCT/ FR2010/ 051703 66 concentnated under high vacuumto give the
desired conpound 112 (64 ng, 98% . R =|0.25 (56/32/7.6/18

Et OAc/ pyri di ne/ AcOH H20) Pgeparati on of met Ia;ggps(sodi um

2- 0-sodi um sul fonat 0-a-L-1i dopgr anosyl ur onagaey -

5(1- 4) - (2- am no- 2- deoxy 6 0- N
sul f onat 0- a- 0- duc #» zhn @
sul f onat o- a- L- |dopyra Blan’ ha (2 a?‘n N0z deoxy a- o- aI ucopVr anosV

1) -(1->4) - (sodi umX 0-,s00di um sul fon&?o1§ L-i dopyranosyl uronate) - (1->4)-( 2-
am no- 2- deoxv- 6- 0- sodi um sul f onat o- a- o- ?ucopyranosyl)-(1-4)-(sodi um

2- 0-sodi um

sul f onat o- a- L- i dopyr anosyl uronate) - (1-. ;i) 2- am no- 2- deoxy- a- D- al ucopyr anosi

de (No. 10113) To a solution in 1/1 m xture of tert-butanol/water
(4.3 nm.) of conpound 112 (64 ny, 21.7 p I)OA@re successi By added ammoni um
formate (178 ng, 2.8 nml) @FBftPﬁen 390% ) o 4 hours 30

m nut es of vi gor ows, osnrl n e%béanb Jjom mediumis
filtered and parti aI d&F vaculim
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15 and the solution is then applied to a Sephadex(r) G 25 colum el uted

with 0.2 Msodiumchloride. The fractions containing the product are

concentrated and desalified using the sane columm eluted with wate

fracti ons ALAHIEBY he product are then concentrated uﬁ@gmﬁﬂoéwo§]e7@éumto

gi ve the desired conpound 113 (29.5 ng, 685% . Chenical shifts of the

anoneri c protons (600 MHz, D20) 8 5.18 IdoUAvill, 5.43 20d en, 5.24

| doUAVI, 5. 45 Godpargt; #-3L A P |-4-c§-1é%|ir% bt

OSO, Na Pr epar at i

3, 4- di - O bEREYIANGSY : Slad=4

5(L 2- azi do- adn:da»@wamés@ﬂdemwmtm ol ucwawwb)beﬁiv:wmeméﬁwv&r&d@@nzyI a

I dopyr anosy . € ' -

- 2- deoxy- aﬂdﬁ%@&ﬂobvwame%rema’tﬂ (H»LM) 3-0- benzvl 6-O-tert- butvldlphenvl-
Hy/t- l".' '. H

goglyggéég i 10X n_oio Sharhitiodte- (u%o bilRside (m 106}
3-0- benzyl- 2- deﬁxﬁﬁlléDI}lefeG@ﬁMdém@tolﬁljyl triflady (M. Bymd-mer vegle wf imidate)dopyr an

osyl - d[chloromethane is added, under argon and at -15°C, to a solution of the |midate 63

T T e ot bl e

met hant (ﬂiﬁhlntc)metbarwld%lmw lanﬂmnpreserideuof iddd (ricdsutag, sn&bsrr(ﬂ zarg) After
equi val ent s} miflibeht [BSETHC) Rihel Inidai@'es! 898 YRSRALHTCaddl Raliglapy and

t hen at action

vacuum andaeditien ol fartputdiorethylsiiyl tfiete dn dighlaremethene (EMel ddello AP flchasir ve
compound 13¢ rﬁlﬁateggat 450 (TL@) soIQJ %Hllﬁrﬁ ﬁy’dﬁi@%ﬁ r&rrtﬂfﬁ%fél |s8§:{d%§)to ndtralize.

Preparatio trie anmoni um
Cul T onat 0aAtS: BB HESTTG aaiPots 25 Sqiahahyicten. e bRl SOBUeB LY. o- t 1
i et hyl mm(Naﬁm) and evaporating to dryness, the residue is purified by means of an LH-20
sul f onat o- § | et N um
sul f onat o- gc-)@-“ﬂ y‘fér?c?)'g éé%ﬁgfb Oﬁgrf"gltﬁ%g%fgam %e’lg%é @ggrac 2 %Yr#t%ly{]g but yl
di phenyl - the product are then concentrated under high vacuum and the re5|due is then purified

on silica gel (ethyl acetate/toluene) to give 106 (0.69 g, 75%).

Rf = 0.16 (9/1 toluene/acetone).

20

Preparation of methyl (methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-
(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-tert-butyldiphenylsilyl-a-D-glucopyranosyl)-
(1—-4)-(methyl  2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(6-O-acetyl-2-
azido-3-0-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-a-

25  L-idopyranosyluronate)-(1—4)-3-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-2-[(benzyl-
oxy)carbonvilamino-a-D-glucopyranoside (No. 107}
To a solution of compound 106 (1.41 g, 0.552 mmol) in a 1/2 mixture of

toluene/ethanol (110 mL) is added hydrazine acetate (0.254 g, 2.76 molar equivalents).
After 2 hours 40 minutes of magnetic stirring, the mixture is concentrated under vacuum
30  and then purified on silica gel to give compound 107 (1.15 g, 85%).
Rf = 0.16 (9/1 toluene/acetone).

Preparation of methyl (methvi 2-O-acetyl-3,4-di-O-benzyl-a-L-idopyranosyl-
uronate)-(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyh-(1—4)-

35 (methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-
deoxy-6-O-fert-butyldiphenyisilyl-a-D-glucopyranosyl)-(1—4)-(methyl 2-O-acetyl-3-0-
benzyi-a-L-idopyranosyluronate)-(1—4)-(6-O-acetyl-2-azido-3-0O-benzyl-2-deoxy-a-D-
dlucopyranosyl)-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyiuronate)-(1—4)-




15si | y1- 2- deoxy- a- 0- gl ucopyr anosyl ) - (1-4) - (et hyl 3-0-benzyl-2-0-triethyl anm
oni um sul fonat o-a-L-idopyranosyl uronate) - (
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ammoni unsuMWQ28t1NIE588 ducopyr anosyl ) - ( 1- 4) - (et hyl 3- 0- be RETIER2000/081 88 hy | -
anmmoni um 63
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arbonyl | a b6 Qs LI L Ita] No. 115)
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hi gh vacuuhydrGgerpcarhohatd & {dded topeutBBive, ard dftee filtebigaivasiing With aqlied® 2%

(2 58/ 2%n% c}ﬁﬁsﬁrﬂ@ﬁ%}ﬁ rdﬁ%ﬁ%@%ﬂg‘dﬂzgp ng’ (N, €82 BHd SpBlatifg 18 UhyncE Y

i dopyr anosy’qﬁﬂt)@ﬁgtpéylﬁqdlbysmeapsoba@hﬂrﬁq ¢atymn, using a 1/1 ethanol/dichloromethane
sul f on#g 0- Ariadiedss am@nbw&a&mﬁg%mamgq{h%cmnﬁarméwhén ConcamiratiBlkbey 2- 0- a

nmoni unsul ato

i dopyr anosb\gﬂ VBH‘&F‘&?”?%%‘%‘QSPEE észthﬁ%pg'f@d%'rﬁiﬁ 92! 9¥8/ 108 8. L &83%r anosyl ) -
( 1->4)- (et hRf =224 @8wytiohexane/acetone).

sul f onat o- 3- 0- benzyl - a- L-i dopyr anosyl uronat e) - (1- - 44) - (6- 0- 35 anmoni um
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After filtering and concentrating, the residue is purified on silica gel with a
cyclohexane/ethyl acetate mixture to give compound 109 (680 mg, 69%).
Rf = 0.34 (7/3 toluene/acetone).
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Preparation of methyl (methyl 3.4-di-O-benzyl-2-O-triethylammonium sulfonato-
5  g-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-triethvlammonium
sulfonato-a-D-giucopyranoswl)-(1--4)-(methyl 3-O-benzyl-2-O-triethylammonium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-Q-benzyl-6-O-tert-butyldiphenyl-
silyl-a-D-glucopyranosyl)-{1—4)-{methvi 3-O-benzyl-2-O-triethylammonium sulfonato-a-
L-idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-O-triethylammonium
10  sulfonato-a-D-glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-2-O-friethylammonium
sulfonato-g-L-idopyranosyluronate)-(1—4)-3-0O-benzyl-2-deoxy-2-[(benzyioxy)carbonyl}-
amino-6-O-tert-butyldiphenyisityl-a-D-glucopyranoside (No. 110)
Triethylamine/sulfur frioxide complex (267 mg, 5 mol per hydroxyl function) is
added to a solution in N,N-dimethylformamide (4.4 mL, 90 L/mol) of compound 109
15 (144 mg, 49 pmol). After 16 hours of magnetic stiring at 55°C sheltered from light,
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added, and stirring is continued hour. The solution is filtered,

washed with aquibd 4?%@@8”%@%@6@{@WW&%% $ol ution, with saturated

aqueous sodi um chl ori de solution, dried (Na2SO4) and evapor at ed to dryness.
mar 1 T1cati on onpRloatin 98! nflitd Siretiv £ 4-d Pherdyi-d-0-smmbnium  Sultonato ot
10  idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-ammonium__sulfonato-a-
D-glucopyranosyl)-(1—4)-(methyl 3-O-benzyl-2-0O-ammonium sulfonato-g-L-
idopyranosyluronate)-(1—4)-{2-azido-3-O-benzyl-a-D-glucopyranosyl}-(1—4)-{methyl 3-
O-benzyl-2-O-ammonium sulfonato-a-L-idopyranosyluronate)-{1—-4)-(2-azido-3-O-
benzyl-2-deoxy-6-O-ammonium __sulfonato-a-D-glucopyranosyl)-(1—4)-(methyl __ 3-O-
15 benzyl-2-O-ammonium _sulfonato-o-i-idopyranosyiuronate)-(1—4)-3-O-benzyl-2-deoxy-
2-[(benzyloxy)carbonyilamino-g-D-giucopyrangside (No. 111)
To a solution of compound 110 obtained previously in methanol (5 mL) is added
ammonium fluoride (133 mg, 80 molar equivalents). After magnetic stirring at 55°C for
48 hours, the reaction mixture is purified with the aid of an LH-20 column using a 95/5
20  methanol/water mixture as eluent. The fractions containing the product are then

concentrated under high vacuum. If necessary, the crude reaction product is used and
treated again under the same conditions to give compound 111 (117 mg, 85%, 2 steps).
Rf = 0.31 (67/29/7.2/16 EtOAc/pyridine/AcOH/H,0).

25 Preparation of methyl (lithium 3.4-di-O-benzyl-2-O-ithium _sulfonato-g-L-
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-o-L-idopyranosyi-
uronate)-(1—-4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-{1—4)-{lithium _ 3-O-
benzyl-2-O-lithium sulfonato-a-L -idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-

30  deoxy-6-O-lithium suifonato-a-D-glucopyranosyl)-(1—4)-(lithium 3-O-benzyi-2-O-lithium
suffonato-a-L-idopyranosyluronate)-(1—4}-3-O-benzyl-2-deoxy-2-[(benzyloxy)carbonyl}-
amino-a-D-glucopyranoside (No. 112)

To a solution of compound 111 (80mg, 22.3 pmol) in a 1/1 mixture of
methanol/tetrahydrofuran (3.6 mL) is added, dropwise and at 0°C, aqueous 1N LiOH

35  solution (0.7 mL, 7.8 equivalents/methyl ester function). After 2 hours 45 minutes of
stirring at 0°C, and then 17.5 hours at room temperature, the reaction medium is
purified by means of an LH-20 column, using a 75/20/5 mixture of methanol/N,N-
dimethylformamide/water as eluent. The fractions containing the product are then
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15  and the solution is then appilied to a Sephadex® G-25 column eluted with 0.2 M sodium

chloride. The fractions containing the product are concentrated and desalified using the
same column eluted with water. The fractions containing the product are then
concentrated under high vacuum to give the desired compound 113 (29.5 mg, 65%).
Chemical shifts of the anomeric protons (600 MHz, D,0) § 5.18 IdoUA™, 5.43
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Preparation_of methyl (methyl 3.4-di-O-benzyl-a-L-idopyranosyluronate)-(1—4)-
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idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-a-

-glucopyranosyl}-(1—4)-(methyl 3-O-benzyl-g-L-idopyranosyluronate)-(1—4)-(2-azido-
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the reacti an-:mmramsvmrmakat(e@mwz bzduekmmemtzmgv- lahibniagueous
0 -

10% pot assi e hydr agen. sul
carbonate St of—aira 2
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3,3-dip enylpropy acet
dded 1 a solut:on in N,N-dimethyl formamlde (4 5mlL, 90 L!mo! of compound 114
{135 mg, 50 pymol). After 16 hours of magnetic stirring at 55°C sheltered from light,

methanol is added al 0°C and, after stirring for 30 minutes at 0°C and then for

30 minutes at room temperaiure, the reaction medium is diluted with methanol and then
25  purified by means of an LH-20 column, using a 1/1 mixture of ethanol/dichloromethane
as eluent. The fractions containing the product are then concentrated under high
vacuum. Compound 115 (168 mg, 86%) is then obtained.
Rf = 0.29 (56/32/7.6/18 EtOAc/pyridine/AcOH/H,0).

30 Preparation of methyl (methyl 2-O-ammonium sulfonato-3.4-di-O-benzyl-a-L-
idopyranosyluronate)-(1—4)-(6-O-ammonium __sulfonato-2-azido-3-O-benzyl-2-deoxy-a-

D-glucopyranosyl)-{1—4)-(methyl 2-0O-ammonium sulfonato-3-O-benzyl-a-L-

idopyranosyluronate)-{1 —>_4)—(2-azid0-3—O—ben'zvl-2-de0xv~c-D-qIucopvranosvl)—( 1—-4)-

(methyl 2-O-ammonium _sulfonaio-3-O-benzyl-a-L-idopyranosyluronate)-(1-—4)-(6-O-
35 ammonium sulfonato-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-{1—4)-(methyl 2-

O-ammonium ___sulfonato-3-O-benzyl-g-L-idopyranosyluronate)-(1—4)-6-O-ammonium
sulfonato-3-O-benzyl-2-deoxy-2-{(benzyloxy)carbonvilamino-a-D-glucopyranoside  (No.
116)
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net hod, posgirdriays (1A (2-bAESBED-beRyl-IRRESxv=a-b0dlGcopgrPos X PEs4)NRIRLAY NBRES!
1098. 5109 I’t;enzl\\lf’f‘ J2 O-lithium sulfonato-a-L-idopyranosyluronate}-(1—4)-(2-azido-3-O-benzyl-2-
15 deoxy-6-C-ithium suifonato-a-D-giucopyranosyl}-(1—4)-(lithium 3-O-benzyl-2-O-lithium
sulfonato-a-L-idopyranosyluronate)-(1—4}-3-O-benzyl-2-deoxy-2-[(benzyloxy)carbonyij-

amino-6-O-lithium sulfonato-g-D-glucopyranoside (No. 117)

To a solution of compound 116 (89 mg, 28.5 umol) in a 1/1 mixture of
methanol/tetrahydrofuran (3.8 mL) is added, dropwise and at 0°C, aqueous 1N LiOH

20  solution (0.7 mL). After stirring for 3 hours at 0°C, and then for 19 hours at room
temperature, the reaction medium is purified by means of an LH-20 column, using a

75/20/5 mixture of methanol/N, N-dimethylformamide/water as eluent. The fractions

containing the product are then concentrated under high vacuum and if necessary, the
reaction is repeated and then worked up in the same manner fo give the desired
25 compound 117 (70 mg, 81%).
Rf = 0.12 (56/32/7.6/18 EtOAc/pyridine/AcOH/H,0).

Preparation_of methyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyiuronate)-

(1—4)-(2-amino-2-deoxy-6-0O-sodium _sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium_2-

30 O-sodium sulfonato-a-L-idopyranosyiuronate)-(1—4)-(2-amino-2-deoxy-a-D-gluco-

pyranosyi)-(1—4)-(sodium 2-O-sodium sulfonato-g-L-idopyranosyiuronate)}-(1—4)-(2-
amino-2-deoxy-6-0-sodium_sulfonato-g-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium

sulfonato-a-L-idopyranosyluronate)-(1—4)-2-amino-2-deoxy-6-0O-sodium _sulfonato-a-D-
glucopyranoside (No. 118)

35 To a solution in a 1/1 mixture of fert-butanol/water (2.3 mL) of compound 117
(35 mg, 11.6 pmol) are successively added ammonium formate (95 mg, 1.51 mmol) and
then 10% Pd/C (229 mg). After 4 hours 30 minutes of vigorous stirring at room
temperature, the reaction medium is filtered and partially concentrated under vacuum,
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Preparation of 5-phenyipentyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-g-L-

idopyranosyluronate}-{1—4)-6-O-acetyl-3-0O-benzyl-2-deoxy-2-[{benzvloxyicarbonyi]-

amino-B-D-glucopyranoside (No. 119}
tert-Butyldimethylsilyl triflate (1.13mL, 0.2 mol per mole of imidate) in
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Preparation of 3-cyclohexvipropyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-
a-L-idopyranosyluronate)-(1—4)-6-O-acetyl-3-O-benzyl-2-deoxy-2-[(benzyloxy)-
25  carbonyllamino-B-D-glucopyranoside (No. 121)

Compound 24 (1.2 g, 1.19 mmol) is treated according to a protocol similar to that
described for the synthesis of 120 to give compound 121 (1.09 g, 91%).
LC-MS m/z 1012.3 [(M + Na)']. Tz = 1.88 min

30 Preparation of 3,3-diphenylpropyl {(methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyi-
a-L-idopyranosyluronate)-(1—4)-6-0-acetyi-3-O-benzyl-2-deoxy-2-[(benzyloxy)-
carbonyllamino-B-D-glucopyranoside (No. 122)

Compound 24 (1.2 g, 1.19 mmol} is treated according to a protocol similar to that
described for the synthesis of 120 to give compound 122 (1.02 g, 82%).
35 Rf = 0.34 (7/3 cyclohexane/acetone).

Preparation of 5-phenvlpentyl {methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-
idopyranosyluronate)-(1—4)-3-O-benzyl-2-deoxy-2-[(benzyloxy)carbonyllamino-B-D-
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20 a- L—|dopvranosvluronate) (1—-4)-3-0O-benzyl-2- deoxv—2 [(benzv!oxv)carbonvl]amlno-B_-_l:_):
glucopyranoside (No. 125)

Compound 121 {1.09 g, 1.10 mmol) is treated according to a protocol similar to

that described for the synthesis of 124 to give compound 125, which is used directly in

the following step.
25 LC-MS m/z 970.3 [(M + Na)']. Tr = 10.75 min

Preparation of 3.3-diphenyipropyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-
a-L-idopyranosyluronate)-(1—4)-3-O-benzyl-2-deoxy-2-{(benzyloxy)carbonyllamino--b-
glucopyranoside (No. 126)

30 Compound 122 (0.844 g, 0.80 mmol) is treated according to a protocol similar to
that described for the synthesis of 124. In the event of the reaction being incomplete,

the same amount of reagent may optionally be added again. After workup, compound
126 is used directly in the following step.
Rf = 0.41 (3/2 cyclohexane/acetone).
35

Preparation of 5-phenylpentyl {methyl 2-O-acetyl-3-0O-benzyl-4-0O-levuiinoyl-g-1 -
idopyranosyluronate)-(1—4)-3-O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-2-[(benzyl-
oxy)carbonyllamino-B-D-glucopyrancside (No. 127}
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Compound 124 obtained previously is dissolved in dichloromethane (7.4 mL). 4-
15  Dimethylaminopyridine (57 mg, 0.5 molar equivalent), triethylamine (0.32 mL, 2.5 molar
equivalents), and terf-butyldiphenylsilyl chloride (0.48 mL, 2.0 molar equivalents) are
successively added at 0°C under argon. After 18 hours of magnetic stirring, the reaction
medium is diluted with dichloromethane, washed with aqueous 10% potassium
hydrogen sulfate solution, with aqueous 2% sodium hydrogen carbonate solution and
20 then with saturated aqueous sodium chloride solution, dried (Na,SO,), filtered and
concentrated. The residue obtained is purified on silica (acetone — cyclohexane) to give
128 (962 mg, 88% (2 steps)).
Rf = 0.46 (3/2 cyclohexanefacetone).

25 Preparation_of 3-cyclohexylpropyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-
d-L-idopyranosyluronate)-(1—4)-3-O-benzyl-6-O-teri-butyldiphenylsilyl-2-deoxy-2-
[(benzyloxy)carbonyllamino-B-D-glucopyranoside (No. 129)

Compound 125 obtained previously is treated according fo a protocol similar to
that described for the synthesis of 128, to give compound 129 (1.12 g, 86% (2 steps)).
30 LC-MS m/z 1208.4 [(M + Na)]. Tk = 13.01 min

Preparation of 3.3-diphenvipropyl (methyl 2-O-acetyl-3-O-benzyl-4-0O-levulinoyl-

a-L-idopyranosyluronate)-( 1-—4)-3-O-benzyl-6-O-fert-butyldiphenylsiivi-2-deoxy-2-
[(benzyloxy)carbonyllamino-B-D-glucopyranoside (No. 130)
35 Compound 126 obtained previousily is treated according tc a protocol similar to
that described for the synthesis of 128, to give compound 130 (0.87 g, 81% (2 steps)).
LC-MS m/z 1278.3 [(M + Na)'}. Tk = 12.72 min
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25 Preparation of  3-cvclohexylpropyli  (methvi  2-O-acetyl-3-O-benzyl-a-L-
idopyranosyluronate)-(1—4)-3-O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-2-[(benzyl-
oxy)carbonvilamino-B-D-glucopyrancside (No. 133)

Compound 129 (1.12 g, 0.94 mmol) is treated according to a protocol similar to
that described for the synthesis of 132, to give compound 133 (1.03 g, 98%).
30 LC-MS m/z 1110.4 [(M + Na)']. Tr = 13.05 min
Chemical shifts of the anomeric protons (500 MHz, CDCls) &
5.22 IdoUA", 4.64 GIc'

Preparation of 3 3-diphenylpropyl _ (methyl 2-O-acetyl-3-O-benzyl-g-L-
35  idopyranosyluronate}-(1—4)-3-O-benzyl-6-O-fert-butyldiphenylsilyl-2-deoxy-2-[(benzyl-
oxylcarbonyllamino-B-D-glucopyranoside {No. 134)
Compound 130 (0.96 g, 0.77 mmol) is treated according to a protocol similar to
that described for the synthesis of 132, to give compound 134 (833 mg, 94%).
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cycl ohexaneﬁcﬁmcbndvrmevlat‘le}zn-(methvl 2 O-acetvi 3 O-benzvl -0- L-|dopvranosvluronate)-
25  (1-4)-3-O-benzyl-6-O-ferf-butyldiphenylsilyl-2-deoxy-2-[(benzyloxy)carbonyllamino-§-D-
glucopyranoside (No. 136)
A 0.1 M solution of fert-butyldimethylsilyl triflate in dichloromethane (1.1 mL,
0.15 mol per mole of imidate) is added, under argon and at -20°C, to a solution of the
imidate 63 (0.81 g, 0.73 mmol) and of the glycosyl acceptor 132 (0.84 g, 0.78 mmol} in
30  dichloromethane (26 mL) in the presence of 4 A molecular sieves (0.55 g). After 2 hours
30 minutes at -20°C (TL.C), solid sodium hydrogen carbonate is added. After filtering,
washing with aqueous 2% sodium hydrogen carbonate solution and with saturated
aqueous sodium chloride solution, followed by drying (Na,SQ,) and evaporating to
dryness, the residue is purified on silica gel to give 136 (0.66 g, 47%).
35 Rf = 0.23 (4/1 cyclohexane/acetone).
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triethyl amgyrﬁ%osvﬂ (9 4? (m hv 2%)5-acgetvif%-6 benzyl-a-L-idopyranosyluronate}-(1—4)-3-O-
benzyl-6-O-terf-butyldiphenyisilyl-2-deoxy-2-[(benzyloxy)carbonyllamino-B-D-gluco-
pyranoside (No. 139)
To a solution of compound 135 (20.6 g, 10.0 mmo!} in a 1/2 mixture of
25  toluene/ethanol (500 mL} is added hydrazine acetate (4.6 g, 5 molar equivalents). After
1 hour 20 minutes of magnetic stirring, the mixture is concentrated under vacuum and
then purified on silica gel to give compound 139 (16.8 g, 86%).
Rf = 0.37 (9/1 toluene/acetone).

30 Preparation of 2-propyipentyl (methyl 2-O-acetyl-3-O-benzyl-a-L-idopyranosyl-
uronate)-{1—4)-(2-azido-3-O-benzyi-6-O-tert-butyldiphenvisilyl-2-deoxy-a-D-gluco-
pyranosyl-(1—4)-(methyl _2-O-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1—4)-3-0-
benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-2-[(benzyloxy)carbonyllamino-B-b-gluco-
pyranoside (No. 140)

35 To a solution of compound 136 (20.6 g, 10.0mmol) in a 1/2 mixture of
toluene/ethanol (500 mL} is added hydrazine acetate (4.6 g, 5 molar equivalents). After

1 hour 20 minutes of magnetic stirring, the mixture is concentrated under vacuum and
then purified on silica gel to give compound 140 (16.8 g, 86%).
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Preparation of 5-phenylpentyl (methyl 2-O-acetyl-3-O-benzyl-4-O-levulinoyl-a-L-
idopyranosyiuronate)-(1—4)-(6-0O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-gluco-
5 pyranosyl}-(1—4)-(methyl  2-O-acetyl-3-O-benzyi-a-L-idopyranosyluronate)-(1-—4)-(2-
azido-3-0O-benzyl-6-O-tert-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl}-(1—4)-(methyl
2-0-acetyl-3-O-benzyl-a-L-idopyranosyluronate)-{1—4)-3-O-benzyl-6-O-tert-butyl-

diphenvlsilyl-2-deoxy-2-[(benzyloxy)carbonyi]lamino-B-D-glucopyranoside (No. 143)
tert-Butyldimethylsilyl triflate (0.42mL, 0.15 mol per mole of imidate) in
10 dichloromethane is added, under argon and at -20°C, to a solution of the imidate 27
{111 g, 12.3 mmol) and of the glycosyl acceptor 139 (16.8 g, 8.6 mmol) in
dichloromethane (430 mL) in the presence of 4 A molecular sieves (10.4 g). After
3 hours of magnetic stirring at -20°C (TLC), solid sodium hydrogen carbonate is added.



Preparati on of 5-phenyl pentyl (nethyl

3, 4-di - O benzyl - a- L-i dopyr anosyl uronat e) -

(1->4)-(2-azi do- 3-0-benzyl- 2- deoxy- a- D- ol ucopyr anosyl)-(1-4)-(nethyl

3- 0- benzyl| Vé& 2011/9186%8/r anosyl uronat e) - (1->4 PCT/FR2010/051703

) - (2- azi do- 3- 0- benzyl - 2- deoxy- a- D- ol ucopggr anosyl )-( 1->4)- 5 (nethyl

3-0- benzyl - a- Li dopyr anosyl uronate)-(1-4)-(2-azi do-3-0-benzyl-6-0-tert-butyl

di phenyl si | y1-2-deow a- Dql ranosyl 1-> I , ,

3 b beney! A5 By MEsT0N WiF SRUPER T SabTuAiGhodat A beate salvionend Wk pheny
| si |l yl- 2- deetuyatéd 1a8quenny | sodijroachiorgd |sohutiono-fohdwel by o ppyiran qBlassO ) Nand 155)
To a sol utiy ). X1t 10,4

met hanol /d| c ogétgw#é? dé}?‘%gfsgge {%d]:%%s 'tr’ﬁmebroés%lelﬁgy ?‘Praﬁ\?é H’ﬁ& g% Igagd'é eves
(230 mg) is addBH=0a11 (36/154olupnefesdientd! i c sol uti on of sodi um net hoxi de
(0.427 gl). After stirring at OC for 3 hours and at roomtenperature for 15
hours, the m xtuyr. . alized at OCvmth H+Dcl)wex 50V\X4Lre3|n After

fllterlng and c : S CHS 30 gF -840 Wt h a
t ol uene/ et qudnamjéiamuaaﬂf@am}l -2raZitdou3-©- tsengwaemm@wn@ogﬁ&nd@n« M)ﬂg

80% . Rf zrget% 8 (4153 -L—u 48 b‘ﬁ-a-t- ACSLR Oea_nl_) -a7ido-3.0:b Pre%ratlon

of 2-propy F A=Of = O enzyT —a- L= T aopyra
(1- >4) - ( 2- &xledbutyidibbeityis] 1-DdenxpaD -5 s-fu a1 hrds(n ’thl ‘-‘ J-pestilyd-O-

3- 0- bengyl t_aaln_é@ La@opvranoswuronate) (1—4)-3-0-benzyl-6- O-tent butyldiphenylsilyl-2-deo

id Z2- a benzyl- - a- v}LU'CO'py)'?!a |
I_(if)zr? ?Osé—p@gr Oﬁ;,n M bonvl zam(no Bal%-IQIU%ODVI'anOS?C ze& aeox nosyl)
3- 0- benzyl - a- L- Tdopysohntiony bl compbeid 143 >AB: 5(12§ za@imna:l)owb%nmlnﬁxtaré ®ft - but

510 benoyl BUHRABP L 0P)  HEREINGRERY hatste 2255 108 Bier pauivalsntsh pheny
I silyl-2- déﬂﬁ!y?@m(lthiesnpj’lmﬁgﬁ)ehalsmngl theamixhwe 18 cpnaentraied pyndanvacwhen Gid.
156) 28EommepsintErol 4 1o Gb SBmBHHld 14l FGR%)2cCOrdi ng Lo a prot ocol

simlar to that _descrihb esis o to give conmpound 156

(178 ny, 46%. Ri=0.18 @é”@’?tf‘"ﬂe %‘FQS‘H@ane/ acet one) . Prepar ati on

of 3-cyclohexyl propyl (nethyl 3,4-di-O benzyl-a-L-idopyranosyl -
. 1

30uronate)-(1->4)- -d ox - a- Dgl ucop ranosyl ) -
et hyl 3-0- benzj epargtio acetyl-3,4-di-O-benz

)-(2-azi d0maﬁabmbnaeﬁﬁmﬂa)-(B-@abetcléﬁhaZEdo-B O-benzyl-2-deoxy-a-D-gluco- _
Pyranogy! ) p&rangéa) fe = '?Pﬁ ﬁa p- %%zm 3 &bwzw 8GR ¥ardsR n%tns?e)-?u%.zé.%: azi do

benzyl 6- 0 (uedipyetnvd sHO-a¢dty3D- (net h

(3o -(m

yl 3-0- benz I-a L-idopyranosyluronate)-{1—4)- 2—a2|do-3 O-benz -6 O-tert~but Idlh n fAsilyl-
benzyl - a- L1 dopyranqQsyl uronat e ->4) - 3-0-penzyl-o-0-T¢€ DUty ptienyl si |
y1- 2- deoxy29e88- AGa0VEAnO ) Ao(metnl o 216-a0eh-B2 benavkenbIdoRyrangsyl 157)
Corpound 15@nat0-21-54)- 3®—bél2zle¥BIIb-}erﬂ-l$uW|dQ bilgIcT Gy [(mzalom@m@ﬁm-

siml aésto %t e L?r (Ii 4§%nt hesi s of 155, to glve conpound 157
(276 ngy exane/ acet one).

A 0.1 M solution of tert-butyldlmethylsﬂyl triflate (7.2 mL, 0.15 mol per mole of

imidate) in dichloromethane is added, under argon, at -20°C, to a solution of the imidate

38 (4.29 g, 4.8 mmol) and of the glycosyl acceptor 144 (10.33 g, 4.0 mmol) in

dichloromethane (170 mL) in the presence of 4 A molecular sieves (3.7 g). After

30 19 hours 45 minutes at -20°C (TLC), solid sodium hydrogen carbonate is added. After

filtering, washing with aqueous 2% sodium hydrogen carbonate solution, with saturated

aqueous sodium chloride solution, followed by drying (Na,SO,) and evaporating to
dryness, the residue is purified on silica gel to give 145 (7.74 g, 58%).

Rf=0.4 (85/15 toluenelacétone).
35



WO 2011/ 018588PCT/ FR2010/ 051703 86 Preparati on of 3 3-di phenyl propyl
(et hyl

3, 4-di - O benzyl -a-L-i dopyranosyl uronate)-(1->4)-(2-azi do-3-0-benzyl-2- deoxy
- a- 0- qlucopYOaHdP18588 1- >4) - (net hyl 3-0- PCT/FR2010/051703
benzyl - a- L-i dopyr anosvl uronate) - (1-4) - (28(zi do- 3- 0- benzy1- 2- deoxy-a-D-ql
uco-

5pyranosvl) - (1->4) - (wmet hyl 3- 0- benzyl -i dopyranosyl uronat e) - (1->4) - ( 2- azi

dO 3-0- HO,C~—n OBnR o MeOC QBn
benzyl- 6- Oxte “« g phenyl y-a- p-al ucopyr of§yl) (1->4)-(meth
yl 3-0- benzyl~&- L-idopyr anosyl| ur@ at e) 1 >4) - geoﬁ y&ﬁl—og &rt-butyld
i phenvlsil yl-2-¢goxy2-ftbenzyl oxv) cgrbo

I | ami Y ucopyrandsi de” ( No.
158) Compound 154 (315 ngy, 0.Q93 mmI)Acq'se,great ed according to
a protocol simlar 10 to that descri bed for~ghe synthesis of 155, to give
conpound 158 (244 ng, 84% . K 0.13 (7/3 cyrl ohexane/ acet one).

Preparati on of 5-phenyl pentyl (rmt hyI 3,4-di-0-benzyl;2-0-triet hyI anmoni um

sul fonat 0-a- L- |dop P"ageg o8 Meo o o Me0,C—> OB
ur onat e) - feds %9@ /Zgy /Z(Q"\@
sul f onat o- & nosyt )-(1- $‘4) (rret hasd OBn_-0

3-0- benzyi 2-@- t ri et hyjqamtbni um sul f onat o- a- L"‘Pdopyq@osyl uronate)-(1->4
) - ( 2- azi do- 3- 0- benzy1- 2- deoxy- 6- O-tri et hyl anmoni um
sul f onat o- a- 0- al ucopyr anosyl )-(1->4)-(nmet hyl 3-0-benzyl-2-0-

triethyl amoni um Ong '

sul f onat o- a- L- |dopyranosyl uronatcﬁc) (1->4)-(2- a2| d 0‘3 Q bepzyl - acmHeo,
tert-butyl di phenyl aeox el ucrma 1%@&%

3- 0- benzy ' ‘&\/%7/ B0 N

20tri et hylagg ul nghat d- a- L |cf0pyranosyl onate) - (1 ’%4) - 3- 0- benzy1- 6- 0-
tert- 151

but ylI di phenvl silyl-2- deoxy 2- ft benzyl oxv) car bonyl | am no- 13- o- al ucopyranosi d
e (No. 159) Triethylam ne/sul fur trioxide conplex (775 ng, 5 nol per

hydr oxyl functi _gparatmdd:édrnem\m ZSOLambt\d)G Obemt@mtdwdsﬁlumdm@m 8
m., 90 L/rm{ oTol} hour s of
magneti c st is added at 0OC

and, af®er stirr |0nQ ﬁ@itlfm) qmﬂmr@yn@ﬂ@c(hhamm@h (WQ\cﬁﬂﬂﬁ@erﬁzﬁh in N,N-
t enper at ur Q:hméfh?lfdrﬁ\%ﬁ{ldié"wm b WNaliged!| étua«@d aMli tdﬁd@ieb@%ﬂobotégguhhﬁ%r%ﬁ'd fied

B e O ais (or G & ol b Rlenia Dok by Ssfion, s et i 2 b

product ar el melar eqmoelahﬂsatﬁeftbr urdeurdoiomay@eticinrmng, teveabdtts desi beddded

£ ORol pyr i cieE PREEagtecen- e e fegio S borBedTEC), the reaction meslrn

3, 4- di -16- beaengantated vndert yaouamie gmude reaction product is diluted with ethyl acetate,

sul fonat o- aydshio Uit RANEP khd AR séttratdd aﬁg’wgﬁ éae.u?n & &%ﬁ%ﬂé]sgg.ugﬂﬁoéﬁeafs_ o0

ri et hyl ammoni u onat o- a- 0- gl ucopyr.anosy --->4
-triethyl - %w%@nd concentrated. The residue obtained is used in the following S’tep

sul f onat o- amithoudmpmr;aumﬁyl uronate)-(1->4)-(2-azi do- 3-0-benzyl- 2- deoxy- 6-

O-triethyl arrrmniLtlerIM% mmﬁ ?#Igm ]ui:op%rgamosyl )-(1-4)-(nethyl

3-0- benzyl-2-0-
sul f ondo- a- L- idopyranosyl uronate)-(1->4)-(2-azi do- 3-0-benzyl- 6-0-

fert butyl di pherbbsdriich 2ol Ciiing- B-0lUEQRY kaReRKonsvid1 3dds\FaRE Ritonate)-
(1—4)-(6-O-acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—-4)-{methyl  2-

O-acetyl-3-O-benzyl-a-i_-idopyranosyiuronate)-(1—4)-1,6-anhydro-2-azido-3-O-benzyl-
2-deoxy-B-D-glucopyranose (No. 148)

20 A 1 M solution of tert-butyldimethylsilyl triflate (0.95 mL, 0.15 mol per mole of
imidate) in dichloromethane is added, under argon and at -20°C, to a solution of the
imidate 38 (5.68 g, 6.35 mmol) and of the glycosyl acceptor 147 (4.2 g, 7 mmol) in
dichloromethane (222 mL) in the presence of 4 A molecular sieves (4.8 g). After
1.5 hours at -20°C (TLC), catalyst is optionally added until the reaction is complete




WD 2011/ 018588PCT/ FR2010/ 051703 87 tri et hyl ammoni um

sul f onat 0- a- L-i dopyr anosyl uronate)-(1-4)-3-0-benzyl-6-0-tert-butyl -

di phenyl si |l y1-2-dem 2-[ (benzyl oxy) car bonyl | am no- 0- n- gl ucopyr anosi de ( No.
160) WO ehyI8se8 156 (178 ng, 0.054 mmol) is treat e@BCAARRADBF WD a
protocol simlar to that descri bed for ghe synthesis of 159, to give
conpound 160 (196 ngy, 75%. S5Rf 0 48 (57/29/7.2/16

Et 2'_6‘3{ E)ér 13 ! Aw(ap Ispﬁq ﬁ?/ciluérn gyﬂrogﬁp cgrrb%}ul:\t%r}s gdded %\¥t%||' Pl eeri>l('|6 \Plaé?'P r¥g wu({ et hyl
sul f onat o- aqledus 3% rsadiosy hydrogeat egrbériatd jsoluBemand ovith- tdreterysbdRind ebboyid&- O0- t r
't ﬁ;{‘}" Ao WhANG, S0, AEABHNERE¥rb g o Hrid dEE! ¥ s iR MekhedaR 1! @
sul f onat o- &llica gefdpgivald8y3.ap andk%)-- ( 1- 4) - (2- azi do- 3- 0- benzy1- 2- deoxy- 6-
0-tri etdiyl ammonResosHl BaNG/cRnexdhefirRaysargsyl ) - (1- 4) - (net hyl
3-0-benzv1-2-0- triethyl anmmoni um

sul f onat 0- a- L-i dopyranosyl uronate) - (1-4) - (2- azi do- 3- 0- benzy1- 6- 0-

t2 eg but yl di phenvr@erq@n 2n¢1e«mgthar 2-al-atemaresiodYehz\-b-14HobVahdiiutokidenzy 1-
tri et hyl antrer BT ‘ ; C 5 /

t- O-acetvl—S—O~benzvl-a-L-|dogvranosvluronate) -( 1--)4) 1 6- ds O-acetvl 2- az:do 3-0-

15but yi i ?g,%ﬂ g d'exéigﬁqﬁggh—é{iééfé‘&%%é ﬁg\é) car bonyl I am no- 13- o-ci | ucopyrano

side ( Is treated accordlngtoa
prot ocol sini| afhe gesitkig obtsinadi Wether piecediag ﬁﬁm Hie§15§°"(ﬁd i gceticoaghygeide

conpound 1 rﬁﬁﬁ&ol‘l@veﬂ@%&ddiﬂ&n =at00%48 ovbr/ hB%fﬁu@sl@f trifluoroacetic acid TFA
gt gAg{ Pyr! gt%%j‘%lqg Eefaptz%qqﬂ,l, ! epas?tﬁ‘%d%r 28 minited HPP R PP RY holi T2k gom

sul f onat 0- tentperatapey ramdosythen covatentrafed, @&é\&p&t@ﬁmﬁlh Ooloeng, yand pdditedy of- O- t r

nggglr mg % (%m?ﬁeq?‘g/ Qag%{&.t% to give onnboq[ nd 1 '[48 )ﬁ 99 g, 88 88%

sul f onat o- a- L- i HoPM? a1e349.0 HMat é‘)‘:l) il'ﬂ>-4) 9¢ mimzi do- 3- 0- benzyl 2- deoxy- 6-

O-triet hyI anmoni um sul f onat o- a- n- al ucopyranosyl) - (1- 44) - (net hyl

To a solution of compound 149 (2.99 g, 2.09 mmol) in diethyl ether (42 mL) is
added, at 0°C, benzylamine (BnNH;) (8.2 ml, 36 molar equivalents). After 1.5 hours of
stirring at 0°C, and then 4.5 hours at room temperature, the reaction mixture is

25 neutralized with cold (0-4°C) 1N HCI, washed with water, dried (Na;SO,), filtered and
concentrated, and purified on silica gel (heptane/ethyl acetate) to give 150 (2.6 g, 90%).
Rf = 0.21 (3/2 cyclohexane/ethyl acetate).

Preparation__of (methyl 2-O-acetyl-3.4-di-O-benzyl-a-L-idopyranosyluronate)-
30 {1-—4)-(6-O-acetyl-2-azido-3-O-benzyi-2-deoxy-a-D-glucopyranosyl)-(1—4)}-(methyl 2-O-
acetyl-3-O-benzyl-a-L-idopyranosyluronate)-(1-—4)-6-0O-acetyl-2-azido-3-O-benzyl-2-
deoxy-a.B-D-glucopyranose trichloroacetimidate (No. 151)
To a solution of compound 150 (2.6 g, 1.9 mmol) in dichloromethane (36 mL) is
added, under argon and at 0°C, caesium carbonate (Cs,CO;) (0.97 'g, 1.6 molar
35 equivalents), followed by addition of trichloroacetonitrile (CCI:CN) (0.94 mL, 5.0 molar
equivalents). After stirring for 1 hour at room temperature, the reaction mixture is fittered
and then concenirated. The residue is purified on silica gel (ethyl acetate/cyciohexane +
0.1% triethylamine) to give 151 (2.25 g, 80%).




but yl di phenyl si | y1-2-deoxy-2-1(benzyl oxy) car bonyl i am no-13-0-q |
ucopyranosi de (No. 162) Conpound 158 (300 ng, 0.096 nmmol) is treated
according to a protocol simlar 30 to that described for the synthesis of
159. If ned¥Q28IY)1858% ni xt ure obtai ned may be purified PCTARINRODS1703
rever se- phase col umm using a rret hanol / wagper m xture as eluent, to give
conmpound 162 (211 ny, 52% . Kf 0.47 (29/13/3.4/7

Et OAc/ pyri di ne/ Pr epar,at i on o 5- phenyl pentyl (et hyl
3, adi obenzyﬁoﬂﬁ%?@h&aﬁ%ﬁmm

a-L-idopyranosyl uronate)-(1-4)-(2- a2| denau?&so benzyl 2= eoxy-mig@g— {m

sul f onat 0- a- p- ci | ucopyr anosy,d( 3e4) Q—%f 2- @41alpam@;_p 1

sul f onat 0- a- Li dopyr anosyl uron?%&p d?ﬂQ - Owbhenzyds. ?@(.d@gp(ypﬁ D-am
moni um sul fonat o-a- VIO 2011/618988BCT/ FE20104051703 88

o- ol ucopyr anosyl ) - (1- >4) - (net hyl*3- 0- benzy1- 2- 0- ammoni unsul f onat o- a- L-
i dopyr anosyl uronate) - (1 4) - (2- azigo- 3- 0- bepzyl- 2- deoxy- a- 0- ol ucopyr anosyl ) -

(1-4)- (methyl 3-0,Bepzyl-&s0-

sul f onat oepe QQ)% Y, 1- 4) - 3} 0-

benzyl- 2- dedx g eng )y oxy) car bonyl | am np- 13- 0-ci | ucopyranosi de (No. 163)
5 To a sol Uti of corrpoun'ﬂ 159 (520 ng, 1B5 pnol) in nethanol (1§,pd) is

added amoni um fl uori de'¥870 ng, 80 mol gr equi val ent ST}DFS Af togr net i g
stirring at 55C for 24 hours- and then ormea@ bee t he
reaction m Xt ur eyh& [ i f| O'W nﬁb LF%‘? ng Bﬁz 9/ 1

m xture of methano FFP e a:s el yent. The fl"&‘ttl ons

cont ai ni ng the pIB"@dUC are thén AébO concentrat'ed under hi gq # the
residue is purified®™n silica gel with an ethyl acetate/pyré e

acid/water m xture as eluent. The fractions containing the é’ 1t hen
partially concentrated and the residue is purified by meand®% "LZH?QZO

colum, using a 9/1 mxture of nmethanol /N, N-di methyl formanm de as el uent.
The fractl ons cgQnt ai nj ng t rodu t arle t hep congentrat d un

vacuum to give ISHEIHP Sccstet fpeth 34 '

Et OAc/ pJri dﬁ_gpev‘aﬁoﬁlﬁrbﬁélb) (1—4)-(6- O—ﬁé@%ﬁﬂﬂb@@ﬁen&lﬂtmﬂtﬂmﬁgmbo-( met hyl

3, 4-di - Obigr@c‘és@ﬁ - aN
sul f onat oa~t= :

sul f onado- Qfdnath)ﬂymm-GS@JbEhmat@—)erf ﬂxut‘élﬂhahéﬂvlﬁlm MeBX\@ J} @yb_x@)@ !ﬂ-a D- ol

ucopyr anos nzyl-2-0-amoni um
sul f onat o- "’30(' o "&Lr@ eBQ 1- 4) - 3-0-

25benzyl- 2- eleox»}h(zi mbeﬁlzwrong/yeﬂabwyjdlmenwlwlyidnﬂaecﬂO 66 mio Bytoamok perempoof 164)
Conpound 1@9@6&?2%2%”0&3@&&@13 Adde?l hh&éli &ﬂoﬁ%ﬁrﬁ' Qﬂ“d %3 MG the

simlar to that or the esi s of eaction tine

opt i onal | y ipigatenttt (898, Q&Q)Wmoﬁg'?‘“ﬁ@flth?e@ﬂoéylrﬁﬂ?PP'@F 14y 0 b9.bd ke mmol) in'
r ever se5 phagplopshéthase 110AL Y heprrEendetof IcA rRtaefR sleves (D2TE). Afier 8 Bbarisn

conmpound 164 2(018‘h[’<9) solgd/%odlum hydrogen carbonate is added. After filtering, washing with
aqueous 2% sodium hydrogen carbonate solution and with saturated aqueous sodium
chloride solution, followed by drying (Na,SO,4) and evaporating to dryness, the residue is
purified on silica gel to give 152 (0.82 g, 82%).
20 Rf = 0.32 (7/3 cyclohexanefacetone).

Preparation of 3-cyclohexylpropyl (methyl 2-O-acetyl-3 4-di-O-benzyl-g-L-
idopyranosyluronate)-{1—4)-{6-0O-acetyl-2-azido-3-O-benzyl-2-deoxy-g-D-gluco-
pyranosyl}-(1—4)-(methyl 2-O-acetyl-3-O-benzyl-o-L-idopyranosyluronate)-(1--4)-(6-O-

25  acetyl-2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl}-(1—4)-(methyl 2-O-acetyl-3-O-
benzyl-a-L-idopyranosyluronate)-{ 1—4)-(2-azido-3-O-benzyl-6-O-terf-butyldiphenvyisilyl-




30Rf = 0.32 (57/29/7.2/16 EtO0Ac/ pyridi ne/ AcOH H20). Preparation of
3-cycl ohexyl propyl (nethyl 3,4-di-0O benzyl-2-0-ammoni um

sul fonat 0- a- L-i dopyr anosyl uronate) - (1- >4) - (2- azi do- 3- 0- benzy1l- 2- deoxy- 6-0-a
moni um  SWD®R$1/01858%- ol ucopyr anosyl ) - (1-4) - (et hyl PCT/FR2010/051703

3- 0- benzyl- 2- 0- ammoni um sul f onat o-a-L- g3

35i dopyr anosyl uronate) - (1->4) - (2- azi do- 3- 0- benzy1- 2- deoxy- 6- 0- ammoni um

sul f onat o- a-

0- ol ucopyr ant AL 28 99 ]
i dopyr anos )drmam)am &)4-)(31@48%@2 mltd@bﬁtv@:dv@ﬁwy -2 11@6%2 -f (@eﬁz%bxv)carbonvﬂ—
I ucopyranos%% th Q 0; hgnzyl- 2- 0- anmoni um

sul f onat o- & r‘ e)-(1-4)-3-0- WO

2011/ 018588PCT/ FlRe0gigea3yil do3ora st (0 56 g, 0.36 mmol) and the glycosyl acceptor 141
benzyl-2-d 9)835 O[ﬁ%ﬂé%la?%f’l/rle%ﬂ%ﬂ&mn@ea gpéﬁfo@apé'xgﬁé}%ﬁﬁél%ls&?oe@ﬂei tht65)

Corrpound 1 0 mE:; according to a protoco
simlar toscyﬂ sige5 292, E%E'VPGPWNPHQ’%W@Q&@ é8%164, to gi ve conpound 165

(115 ng, 56% . MR =0.96 B2 ColdrdXbre/adekéndit OAC/ pyri di ne/ AcOH/ H20) . 5
Preparation of 3, 3-di phenvlpropvl (nethyl 3,4-di-0O benzyl-2-0-amoni um
sul f onat 0- a- L-i dopvr anosvl uronat e) - (1- >4) - ( 2- azi do- 3- 0- benzyl - 2- deoxv- 6-0- a

nmoni um - sul f ondreparational UICOB\BFQMQ}odVIL fagthiime 210hcetyl-3,4-di-O-benzyi-a- -

ul Bﬁﬁf’“ﬁ%&%

i dopvr anosv UT Onat e) -
(1 >41- ( RSNEY G-!d

taewano%vm@mnhm;u I 9%%&1-9-é.

- U- DENZVI - Z- JEOXY- a- p- al, ucopvranosvl)
i{Zrazido-3-O-benzy| —6 O-teﬂ-butvldlphenvlsﬂvl-

benzvlﬁg d
Conpou Feat e T Cof oo v : <
to 15t hat duxine-Rikd Si ;(Nphﬁﬁ)s of 163 to give corrpound 166 Rf =
0.32 (29/13/3. 4/T?.e ly&%éfpﬁgﬁ% @g \g‘z@ﬁ%n‘mol and Fihspg?yc%‘éyloébc%tor 142

5- phenvl pentvl (LithfunTt3
sul f onat o- 49BRdB\ZBAREN &R Hﬁa&ee)aseqrdwp temremetgméamrtlzande@cmformeo it

hi umsul f onaiypthasiPof 152, to give compound 154 (635 mg, 73%).
20 Rf = 0.25 (7/3 cyclohexane/acetone).




20 al ucopvranosvl)-(1->4)-(lithium 3-0-benzvl-2-0-1ithium

sul f onat 0- a- L-i dopyr anosvl uronat e) - (1- >4) - (2- azi do- 3- 0- benzvl - 2- deoxv- 6- 0- |
i thi um sul fonat o-a-D-al ucopvranosvl)- (1->4)-(lithium

3- 0- benzy1-WWOQ0IL1/618588n sul f onat 0- a- L- i dopvr anosvl ur onat e)PCTIFR2010(081703

azi do- 3- 0- benzvl - 2- deoxv- a- D- el ucopvranggvl) - (1->4)-(1i t hi um 3-0- benzvl- 2-
O-lithium sul fonato-a-L-idopyranosvluronate)-(1->4

) - 3- 0- benzv1- 2- deoxv- 2- 1( benzvl oxv) carbonv1ll- 25 am no- 8- D-ogbddCcoOpvr anosi de

(No. 167) To a solution of gpnmpound 163 0632?& M3s, 91 )i N

met hanol (3.59 nlL) are- addedcﬂg at Meg) f i de sol ution
(2.23 nl), aved ’% aa, e 6H sofution (1.46
m.). After s%@ $4t 0€° fof 16 hours effo roomEt Brp€HagRir e and
then for 27%houps at 45, tﬁlere reaction 30 rmediumis neutr &z RedCIAJCHPE, by

addi tion of 3N“hydrochloric acid, and then purified by neanss:af= @m LEHR0
columm, using a 9/1 m xture of net han | /' N, N-di net hyl fornamsteRasc@iHra-gt
The fractions contai ni ng the product are then concentrated under hi’ gh

vacuumto give the desired conmpound 1 7 (267 rrg),rBDF%S% Rf EO(TD‘?S

(57/29/7.2/16 EtOAc/ pyridine/ AcOH EHZOQJ UMe
2- prorw pent vl I|t U gheds-4-ceh -0p
sul f onat o- ¥°£} %&%&% do-8°0- gg nzvl|552Rd_e&>ﬁv G 0-lit
hi umsul f onaf06-
al ucopvr anosvl)m(l >4) (I i t B unB- 0- benzy1-2-0-1ithi unsul fo?%etg lHq'@aovr an
osvl- WD 2011/ 018588PCT/ FR2010/ 051703 90 7: R =(CH,)q o
uronate)-(1-4)-(2-azido-3-0-benzvl-2-deoxv-6-0-1ithium 158: R = (CH,),P
sul f onat 0- a- D-ci l uconvranosyl)- ()-(MMithiu m 3- 0-benzvl-2-0-lith u m

sul f onat 0- a- L-i dopvr anosvl ur onat e) (1->4)-(2- mpps OTBDPS

azi do- 3- 0- benzv1- 2 deoxv a-o-a qixvranosvl) 5 o¢n|th| of)- benzvl- 2-
O-1 ith ium °Sg’MBO OME°2° Bno

| f onat 0- a- ¥of '\/r0 Bf@nszMQ d XV- 2- 1(Benzyl oxy) car
bonVl1l- 5ani 6 .QQI’]VI‘ n05|de I‘(Ncmasol68) rrpowmiRJ:B&]-{Q)’L.m ny,
0.029 mol )" |§,S reat ed accofdi ng to a protocol simi I ar to Y4m|R denmHed

Et OAc/ pyri di ne/ AcOH H20) . 10Preparati pn of 3-cycl ohexvl propyd p(d ddl—h

for the synt hesi Srie@flamb@dum $a@  gi ve conpound 168. Rf = 0.28 6@74;2;9(0742)261.2@1
3,4-di - O benzv1l-2-0-1ithium sul fonat:f

. 0505 DMeogc
080, oMe0,C
oMe0,C—, OBn BnO
MeQ,C—;- PBN o ‘o 0 BnO
. BnO
/%’Bno d 0,50 163 R (CH,)sPh

BnG M7 osd 164: R = CH,CHPr

osd 2 2
’ ammonium salt 165: R = (CH,),CgHy4
l 166: R = (CH,),Ph,
OH
o g )
oso . oszaLliJozc § o Log ?z o OR
Li0,C—» OB o o Jof . o /287/ BrO o Nz

‘oo NS O~ Bno N, w5 N LID3SO 167: R = (CH,);Ph

Bno * Lioso 168: R = CH,CHPr,

110,80

169: R = (CHy),CqM,
170: R = (CH,),Ph,

| o,,

OH o
OS0O;Na o Na0,C-— OH OR
050 Na o Na0,C— OH o
o Na0,C OH . G O HO NH
NaQ,C-— OH o ‘5 o 0" Ho NHO 2
/Zg/ Ho d T e NeOSO 471: R = (CH,),Ph
N : 25

HO : Na0,50
Na0Sd NSO 172: R = CH,CHPr,
173: R = (CH,),CeHy4
174: R = (CH,),Ph,



a- L-idopvranosvl uronate)-(1->4)-(2-azi do- 3-0-benzvl - 2- deoxv-6-0-1ithium

sul f onat o- a- npl ucopvranosvl)-(1-4)-(lithium 3-0-benzyl-2-0-1ithium

sul f onat 0- a- L-i donvranosvl uronate) - (1-4)-(2-azi do- 3-0-benzvl-2-deoxv-6-0-1

t hi um sul f Wat201E818588 | ucopyranosvl)- (1-4)-(lithium 3- @CTFR2016D50708i t hi u
m sul f onat 0- a- L-i dopvranosvl u ronate) - ( gg-44)42- 15

azi do- 3- 0- benzv1- 2- dem a- o- ol ucopyranosvl)-(21-4)-(lithium 3-0-benzvl- 2-
O-lithium

sul f onat 0- a- L-i dopvr anosvl uronate) - (1- >4) - 3- 0- benzvl - 2- deoxv- 2- 1( benzvl oxv)
carbonv1l- arr} n@réﬁfaralmﬁldﬂmgn@m@ﬁﬂvﬂﬁnéth@ 3, 41-6&)) benzvl -O-L- @Wﬁh‘cﬁ@h&&%té}l 10

mg, 0. 030
descrlbed L- J0Rf

-3 C)- > D2 A

= 0.20 (57Acﬁ@htﬁnﬁé\ﬂlﬁoEﬂt@)ﬁtﬂ/—WF(QdazW:AO&#W@deoxv—a D qmtepaamwbﬂ 16§4)-
3, 3-di p enyLBiOP S0l héJ‘nLLmdémf}ar‘?dj S@JA
Sul f onaf oa- |_- OpVT alnosvi ur orrat

uronate) - ( 7V L 2-deoxv-6-0-TT Chrum

sul f onat o- 2 S YOS 1155) (I|th|um30benzv120I|th|um

sul f onat 0- a- L-i (Topvsr aﬁmaudmr@mauﬁ (6B9g,- (R192mmol) in a 3/2 mixture of
gzbdgei(% 1?54]%3’40&/& ﬁﬁgr%)Fn STy (g'f?\‘ﬂﬁyﬁ %Oﬁrg&e;ncg]of 344& n“olléctugI Yves (230 mg) is

sul f onat o- @dded,db Ve an dhvmethancliceplution of podurp-rikihexide O.4R%0m00). Aftef Istming| nl ca
rbonvil- amge fo- %%H%H‘éﬁ%&ﬁ't%{)ﬁ%re 3905 ﬁ&ﬁ%”fﬁ@‘r‘fﬂﬂuﬁeﬁi@ He%tr%(z%ﬂt d

according to a prqtocol simlar describ hesis_of 167.

| f necessatoyC "‘f"ﬁé" R ROV @Sﬁb&‘ﬁﬁﬁ teé'égﬁﬁ@&c"ﬂﬁﬁﬂgﬁt'ﬁ%@’%@ﬁguedﬁ1EHrtf'P6ns to
gi ve cowpoundsumaéJ gePwithga BKkneRisl eib‘éialeletﬁfanél ixd@e( b/ lgRQ/ éodpdénd 155

Et OAc/ 24{49/ H20) 35Preparati on of 5-phenvbentvl (sodium 2-0-sodi um
sulfon anosvl

uronate) - (1 >4) WE-OaZ‘ﬂ {163/2.3 dedusve/éthgl-apetiiteletbandlpnat o- a- D- ol ucopyr anosyl ) - (1
-4)- (sodium 2-0-sodi um

sul f onat o- a- L- |dopvranosvl uronalt e)-(1 >4)I (2 am no- 2I deoxv 6 0- sod|tum

| e A A7ROPYIDE N

sul f onat o- a- D- alPIRRS agiayl, Ay e S
2011/ 018588PCH)- FB@ﬁd&QBQﬁE}@ I-@-Heox -a-D-glucopyranosyl)- 1—»4 meth I 3 O-benzyl-a-L-

'dOpvr%osmzroﬁéefﬁﬁ Y azacE)- UL AN0SY A 1Ly 4) - (so

di um 2 3 % beenzv!-z 8eoxv-a -D-g ucopvranosvil)
sul f onat o- égmkethivd de+ben PLudo 2} i Hrazido-deObend demrbatylsr anos
ide (No. 1¢hhedo 1 50 EH)E &’B did b0t l:la{nﬂas t—% m%ih e':’ifolﬁ%l(al f@ Ghnd fs-l ﬁm

m.) of conpound o
format e (6 sonate)-(1er4) -.u_’ r_..-.-‘zl-’-' "". 1m 'd QxXvad-[(benhz 'zA_= honyl}

vi gor ousl y sfmio- aDh@w@;vfgnoglg@méefmr ature, the reaction nmediumis filtered

o " Shhadex( r opound 458 ARRG, A2 o braatt araiieg o p Rioc s far °
fractions d:@thaadesmged foe ther Dethesisaof d 56 o aivet coaipedndn 86 (E8ahgf463€). usi ng t he
same Rf = 0.20 (7/3 cyclohexane/acetone).

Preparation of 3-cyclohexyipropyl (methyl 3.4-di-O-benzyl-a-L-idopyranosyl-

30  uronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4}-(methyl  3-O-
benzyi-a-L -idopyranosyluronate}-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-gluco-

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

benzyl-6-O-tert-butyldiphenylsilvl-2-deoxy-g-D-glucopyranosy)-(1—4)-(methyl 3-0-
benzyl-a-L-idopyranosyluronate)-(1—4)-3-O-benzyi-6-O-teri-butyidiphenylsilyl-2-deoxy-
35  2-[(benzyioxy)carbonyllamino-B-D-glucopyrancside (No. 157)
Compound 153 (402 mg, 0.122 mmol) is treated according to a protocol similar
to that described for the synthesis of 155, to give compound 157 (276 mg, 75%).

Rf = 0.40 (7/3 cyclohexane/acetone).



10colum eluted with water. The fractions containing the product are then
concentrated under high vacuumto give the desired conpound 171 (109 ng,
629 . ~"ESI" method, negative node: nulticharged ion detected mz

663. 08 [ M XO|2B11/0E85B8 form) . 15Preparati on of 2-propvl p@ANVFRIHOMSUTHS

2- 0- sodi um sul f onat 0- a- L-i dopvranosvl - 8s

uronate)-(1->4)-(2-am no-2-deoxv- 6-0-sodi unsul f onat o- a- D- al ucopvranosvl)-(1
->4)- (sodium 2-0-sodi um

sul f onat 0- a- L- i dopvr anosvl uronat e) - (1- 04) - ( 2- am no- 2- deoxv- 6-0- sodi um

sul f onat o- a- D- alRrepmationn axv B)3-difherd)prémd dimeth - 3.4diedbenzyiHaticidap\wasedyt-

| dopvr anos QoA ‘2)4)1(% wz1d3L8 b%H}\P% c?eoQWZBéq@c@p\f?é&b%%’Y{ 3RPfNekhy( L3 2d) - (S0

di um 2-
200- sodi uneXs gri-Qilielroxv- 13- D- al

uco- pVFan%F%sﬁlmﬁiﬂ(ﬁ'}ethvl 3—@9&’&‘9!1&1- |éd§$rdn§s¢lur%ﬁét%§1(mﬂip@déﬂﬂa t@-a
Compound ié@%ﬂﬁ%ﬁﬁé@m&ﬂ%& SCatioobyraotl ot e s ot S
anoneri c prehayis-i(- Hﬁﬁvrbﬁﬁsvluﬁﬁﬁle)a 15»@-%*04%&11%6@ terﬁbﬁiﬁ)iﬂi‘ph@ﬁﬁsn%z dedojJAvi ,
5.48** dc d 4.78** dcl * and
**: The si \génﬁasﬁ%%}h S lamte-o. blnenosly fhcl)n o? 3- cycl ohexvl pent vl

( sodi um 2- 0- sodiGampaynéd J24t(31mmg, 0. 093 mmol) is treated according to a protocol similar

i dopvr gposvh H’Y&Q'&@&&ﬂ)@& ore éﬁl‘t%sﬂﬂ 155080 &rtbcind 188%44 gadap- n- el uco-

30 I 1- -0-
sur);lgﬁg?zva) L( i (ﬁfmﬁ i%&&pyﬁl%@%?'aqepw) (2- am no- 2- deoxv- 6- 0- sodi um

sul f onat 0- a- o- ci | ucopvranosvl)-(1-4)-(sodi um 2-0-sodi um

sul fonato-a-L- 'Cﬁ’Bé’a{r%tﬁ‘o%s‘é'f U5 SRl entvt - thethvi 30 1S.BeliSRA 6. freBi AnRSANHANOSY

1) -
(1-4) - (sodisunPna hdfsytipanatel-(1 —dadédraridordsVibanzddtdepxy-6-C-etv-ani no- 2-

deoxv- 43- D HERAM' a“ﬁﬁhﬂ&o%—m&wranosvn (1—4)-(methyl __3-O-benzyl-2-O-triethyi-

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

O-triethylammonium ___sulfonato-a-D-glucopyranosyl)-(1—4)-{methyl  3-O-benzyl-2-O-
triethylammonium __sulfonato-a-L-idopyranosviuronate)-(1—4)-(2-azido-3-0O-benzyl-6-0O-
terf-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-(methyl 3-0-benzyl-2-0O-

20  triethylammonium sulfonato-a-L-idopyranosyluronate)-(1—4)-3-0-benzyl-6-O-teri-
butyldiphenylsilyl-2-deoxy-2-[(benzyloxy)carbonyllamino-8-D-glucopyranoside (No. 159)
Triethylamine/suliur trioxide complex (775 mg, 5 mol per hydroxyl function) is

added fo a solution in N,N-dimethylformamide (12.8 mL, 90 L/mol) of compound 155

(438 mg, 142 pmol). After 17 hours of magnetic stirring at 50°C sheltered from light,

25 methanol is added at 0°C and, after stirring for 30 minutes at 0°C and then 1 hour at

room temperature, the reaction medium is diluted with methanol and then purified by
means of an LH-20 column, using a 9{1 mixture of methanol/N, N-dimethylformamide as

eluent. The fractions containing the product are then concentrated under high vacuum
to give the desired compound 159 (571 mg, 96%).
30 Rf = 0.48 (29/13/3.4/7 EtOAc/pyridine/AcOH/H.O).

Preparation of 2-propylpentyl (methyl _3,4-di-O-benzyl-2-O-triethylammonium
sulfonato-o-1 -idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-O-triethyl-
ammonium ___sulfonato-a-D-glucopyranosyl)-(1—4)-(methyl _ 3-O-benzyl-2-O-friethvl-

35 ammonium _suifonato-a-i-idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-

O-triethylammonium___sulfonato-a-D-glucopyranosyl}-(1—4)-(methyl  3-O-benzyl-2-O-
triethylammonium __ sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-6-O-
tert-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyt)-(1—4)-(methyl 3-0O-benzyi-2-O-




35Conmpound 169 (88 ng, 29 pnol) is treated according to a protocol simlar
to that described for the synthesis of 171, to give conpound 173 (63 ng,
9999 . Chem cal shifts of the anomeric protons (500 MHz, D20) 8 5.29*
| doUAVI | |, VEOB0X0I@B88 5. 29* | doUAvi, 5.48** dcv, 5.29* PCAABAN0/05L/83 *
Gcl 5.22* IdoUAII, 4.78** A G WO 20187018588PCT/ FR2010/ 051703 92 * and

**: The signals may be interchanged. Preparati on of
3, 3-di phen lentvl ohi
sul f onat 0- &=L GOPVraAnoS onat o

-a-D-ol UC0_E.MMMBWVFZ:HMZWOS‘DMW\EWHKB&McoDvranoszde (No. 160
sul fonat o-a- L-i ane Vs

sul fonat 0-a- D alégcl?1 E)vr azgésvﬁr}ﬂqed Déimﬁdd)(é *re%ﬁ@gdn&ggfﬂ%% roro%?@irME}
sul f onat o- & tha FWE%@&WWBW&?'@)OW 9,40 give compound 160 (196 mg, 75%).

) - (2- ang no- 2- de@f ¥-48SEA2G0NY6 Emﬁdé?ndlr(emé@ﬂl%@ pd i
un®- 0- sodi unsul f onat o- a- L-i donvranosvl uronate)-(1-4)-2-am no-2-

deoxv- 13- 0-ol uconvranosi de (No. 174) 10Conpound 170 (17.4 ny, 5.6 pnol) is

treated accordi R tenmf tayvclohe ' methyit i-@dzaunrz'lkﬁe@-tfieth ieimenceiumh hesi s
of 171, tosglfdﬂzat&en’gqup’\}in%g Bt — —Q— ido-3-Q-be < @)L @ it Pf th?
anoneric protons (ouu \ 3 doUAvi ,
5.40 G cv, 28mal 2 m. { Enzy-2t Q-tagthiin| es

of corm@undmn@cﬁmﬁ dl Mohékoluh_eldbﬁ%ﬁﬁéévﬁﬂonate) (1—>4¥¥2\MEHE-310 H%ﬂﬂ&zszLdéo%v@L um
2- 0-sodi um uI onat o- a L- |dl§1 ] 0nosvl uroonate

(1->4) - (2-
sul f onat o- #igthylerompriumn osufbhatbl-tiop(eadsyluronat)-A--04)s@dizidn-3-0-benzyl-6-O-

sulfonat o- gkpLORRALARIONS ULARA Blylcbbihad - ACRN IEADr 2~ 480 Filro BRI UM

sul f onat o- a=0- 4 OpVT a

sul f onat o- & ity .ih\ PRI aufonaio-g-1 -idopyranpsydenaiel-iih-2)-SEnkenzgl-8-Ox teiil um
sul f ongs 0- BuididHeGAB; mayvli T(ﬁén%xv(oa&synwmn%n&saﬁéme@awanosude (No. 161)

sul fonat o-a-L-1 do vra nat e i% (t: ch -denr 6- 0-sodj'um
sul f onat o- 8- o- a % blS “treated accor Ing to a protocol similar

to that described for the syntheS|s of 159, to give compound 161 (332 mg, 70%).
Rf = 0.48 (57/29/7.2/16 EtOAc/pyridine/AcOH/H,0).

20 Preparation of 3,3-diphenylpropyl {methyl 3.4-di-O-benzyl-2-O-triethylammonium
sulfonato-a-L-idopyranosyluronate}-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-triethyl-
ammonium ___ sulfonato-g-D-glucopyranosyl}-(1—4)-(methyl _ 3-O-benzyl-2-O-triethyl-
ammonium __sulfonato-a-L-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-
25  triethylammonium _sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-6-0O-
tert-butyldiphenylsilyl-2-deoxy-a-D-glucopyranosyl}-(1—4)-(methvi 3-0O-benzyl-2-0O-
triethylammonium sulfonaio-o-L-idopyranosyiuronate)}-(1—4)-3-0O-benzvi-6-0-fert-
butyldiphenylsilyl-2-deoxy-2-[(benzyloxy)carbonyllamino-B-D-glucopyranocside {No. 162)
Compound 158 (300 mg, 0.096 mmol) is treated according to a protocol similar
30 to that described for the synthesis of 159. If necessary, the mixture obtained may be
purified on an RP-18 reverse-phase column using a methanol/water mixture as eluent,
to give compound 162 (211 mg, 52%).
Rf = 0.47 (29/13/3.4/7 EtOAc/pyridinef/AcOH/H,0).

35 Preparation of 5-phenvipentyt (methyi 3.4-di-O-benzyl-2-O-ammonium sulfonato-
a-L-idopyranosyiuronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-0O-ammonium
sulfonato-a-D-glucopyranosyl)-(1—4)-(methyl 3-0O-benzyl-2-O-ammonium sulfonato-g-L-
idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-O-ammonium _sulfonato-a-




050, Na To a saturated aqueous sodi um hydrogen carbonate sol ution
(2.1 m.). of conmpound 43 (39 ny, 16.6 pnol) is added sodi um hydrogen
carbonate (223 ng, 2.66 mmol), followed by dropw se addition, at 0C, of
aceti c anhydoidel/g1B288 pL, 30 1.33 nmol). After stirring POJOFRUWEDPSTH08 3
hours at OC and then for 15 hours at rogm tenperature, the reaction nmedium
Is applied to a Sephadex(r) G 25 colum eluted with 0.2 M sodi um chl ori de.
The fraction t n rated and desa |f|ed usi ng
the same c8 £ A - Sid-amganiry HyEdet are
t hen concerrttdbmtaadsmﬂeatehd 1qh4)wacazwm3 O-Iginvg- zuhmaxdesmmzrtomam;vnd 14»4)\/\0

2011/ 018588PC |Fo 50 ‘,l s i ﬁ, N ,,!j % hsyl b,ﬁgtg qf Ao

anoneric pro DAV 0 got/Av]
5.13 A e", b8 ‘hu 24t 'A:u \"a." o0& '&‘uu\ HNING- 5 rits uul ra tl;‘J‘ (Np&’]mSS "ESI"

net hod, snegat i V%”&%muéﬁl%@rc%léﬂ 6@.'1d %@S (820 %ﬁo%z%?pmsmﬁ%éfﬁéﬁcﬁ'(1énﬂ§$§i
2508.82 0. 3 (sodi um_2-0- sodi. um

sul f onat o- & qj_eq @Wg‘ypm%ﬁ%{p@g, 80 moEar equivalents). After magnetic stirring at

(1->4) - (2- 6 Yor24 ﬁom@bwttwéri amicoa fenthedgtdielior 16 hours, the reaction mixture is
sul fonat 0-a-0=al u odlu 2-.0-s0

SUl fona o Buftidtl SABPied BOT H kit P20l SathttR, Bsita 6 it it i meghanglgu -
anmi no- 6- 0- slmnmhyifosmlammeatas» lgsndl uﬁ@pyfr@hmlt)on@ainiﬂg) tl’(%qﬂbduntZam sthdhum

sul F0nd% 02 chndARBKLAIREY hih ek Eh 4l B redidurRPAned R CARHIGH] MATRCsifiy O- sod

i um sul f onat 0-ao- ql ucopyranosvl |um
sul f onat o- acgtatq{]aﬁtgmgmggm m\&@tgg mtxture as eluent. The fractlons containing the

(1->4)-2- dgﬂ?@(rcﬂaréjth@?(@éméw'&ﬂ&lﬂm&f Shcbmeiredidiseib banmddobyomean efemayH-aposi de
( Compound column, using a 9/1 mixture of methanol/N,N-dimethylformamide as eluent. The
fractions containing the product are then concentrated under high vacuum to give
16  compound 163 (295 mg, 74%).
Rf = 0.45 (29/13/3.4/7 EtOAc/pyridine/AcOH/H,0).

Preparation of 2-propylpentyl (methyl 3.4-di-O-benzyl-2-O-ammonium sulfonato-
a-L-idopyranosyluronate)-(1-—4)-(2-azido-3-0-benzyi-2-deoxy-6-0O-ammonium
20 sulfonato-a-D-glucopyranosyl)-{1—4)-(methyl 3-0O-benzyi-2-C-ammonium_ sulfonato-a-| -
idopyranosyluronate)-(1-»4)-(2-azido-3-O-benzyl-2-deoxy-6-O-ammonium __suifonato-o-
D-glucopyranosyl)-{1—4)-{methyl 3-0-benzyl-2-O-ammonium suifonato-a-L -
idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-a-D-glucopyranosyl)-{1-»4)-
(methyl 3-O-benzyl-2-O-ammonium___sulfonato-a-L-idopyranosyluronate)}-(1—4)-3-0-
25  benzyl-2-deoxy-2-[(benzyloxy)carbonyllamino-8-D-glucopyranoside (No. 164)
Compound 160 (196 mg, 0.048 mmol} is treated according to a protocol similar
fo that described for the synthesis of 163. The reaction time may optionally be
shortened according to the TLC monitoring. Moreover, reverse-phase purification may
prove to be necessary in order to obtain compound 164 (104 mg, 59%).
30 Rf = 0.32 (57/29/7.2/16 EtOAc/pyridine/AcOH/H,0).

Preparation of 3-cyclohexylpropyl (methyl _3.4-di-O-benzyl-2-O-ammonium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-C-ammonium
sulfonato-a-D-glucopyranosyl}-(1—4)-(methyl 3-O-benzyl-2-O-ammonium sulfonato-a-L-

35 idopyrancsylurgnate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-0O-ammonium __sulfonato-o-
D-glucopyranosvyl)-(1-+4)-(methyi 3-0-benzyl-2-O-ammonium sulfonato-a-| -
idopyranosyluronate)-(1—4)-(2-azido-3-0Q-benzyl-2-deoxy-a-D-glucopyranosyl)-(1—4)-
{methyl 3-O-benzyl-2-O-ammonium _sulfonato-a-L-idopyranosyluronate)-(1—4)-3-O-




15NaC, SO To a solution of conpound 43 (26 ng, 11.1 pnol) in a 7/3

m xture of N, Ndi net hyl formam de/water (2.9 nlL) are added dropw se, at 0C,
di i sopropyl et hyl am ne (33 pL, 17 nol ar equival ents) dissolved in

N, N- di mret h/W® @aHt¢hi8888 ( 100 pL) and N 20 hydr oxysucci ni mPEI/ERANG/ESE0827. 4
ng, 13 nol ar equival ents) dissolved in NHoNdi net hyl formam de (100 pL).
Stirring is continued at roomtenperature for 4 hours, and the same anmpunt
of reagent bl o??s After a
total of 18%# ' ' : = M9:1%8n nediumis
applied to a Seﬁbaqhem@d)lsﬂ{zzm mg,l (nmﬁs mnnm)ers tmatehﬂ @:.czrdin@t(uja protoddl simitde. The

fractions ﬁft’ﬁ%f"a&"cﬂﬁe@%rEl-[éﬁsyﬂfh%gﬁé%rf_}ﬁ& ecg?;%%%ﬁ-f?%ﬁﬁc?‘??ﬂ‘ﬂs% gbd) ed using

the sane co ning thé product are

t hen concent r at Bi=@detd? G218 Eidhe/pridine/ac@iiddbsi red conpound 2 (26 ny,

89% . 5 Chem cal shifts of the anorrerl c protons (600 MHz, D20) 8 5.14
| doUAvVI I I, 5.12* de : : 5. 4 |doUAl v, 5.10* GO
5.15 | doUAl |, 4PERpar : | EP7ys4-O-ammonium gg -

nmet hod, neqafonaé:-omdéopvraﬂobviuﬁmaamw +>cm mlemmsa:dbmm 5880)3\9&5) Hrivindblium (aci d

fZo(r)rr)sodl um-ép O&%S §g) : [e’r:w St \}I’-E—Oq’-anfn?&% SRS, -

(1->4) - ( 2- itlopyte et rdeoameﬁarmmmomium eguifonato-a-

UcCooVr gfos kslgmdrgby@ﬁbsvn (1—>4) (methyl

(sodi unk-0-s0 |umsulronato a- Id
oxohexy! ) aEoR¥E808YIUrgRAIE 1 1o @
2- 0- sodi um{methyl
5sul f onat oz.a- 10
- sodi um 58-%11%41%
sul fonat o-a- L-i @omnoambgez (43 mg, 10.2 |.1mol) is treated according to a protocol similar fo

uronat 63« { inafbedarlanyiRe 6/aResRls16s! AERPcinfasadiggul f onat o- 8- D-of uco-
P f=0.32 229/13!3 4/7 EtOAc/pyridine/AcOH/H,0).

Preparation of 5-phenylpentyl (lithium 3.4-di-O-benzyl-2-O-lithium sulfonato-a-L-
idopyranosyluronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-a-D-
20  glucopyranosyl)-(1—4)-(lithium _ 3-O-benzyl-2-O-lithium ___sulfonato-g-L-idopyranosyi-

uronate)-(1—4)-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonato-o-D-glucopyranosyl}-

(1—=4)-(lithium _3-O-benzyl-2-O-lithium___sulfonato-a-L-idopyranosviuronate)-(1—4)-(2-

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

sulfonato-a-L-idopyranosyiuronate)-(1—4)-3-O-benzyl-2-deoxy-2-{{benzyioxy)carbonyl]-
25  amino-B-D-glucopyranoside (No. 167)

To a solution of compound 163 (289 mg, 91 ymol) in methanol (3.59 mL) are
added, at 0°C, aqueous 30% hydrogen peroxide solution (2.23 mL), followed by
dropwise addition of aqueous SN LiOH solution (1.46 mL). After stirring for 3 hours at
0°C, for 16 hours at room temperature and then for 27 hours at 45°C, the reaction

30 medium is neutralized at 0°C by addition of 3N hydrochloric acid, and then purified by
means of an LH-20 column, using a 9/1 mixture of methanol/N, N-dimethylformamide as

eluent. The fractions containing the product are then concentrated under high vacuum
to give the desired compound 167 (267 mg, 95%).
Rf = 0.25 (57/29/7.2/16 EtOAc/pyridine/AcOH/H;0).
35
Preparation of 2-propyipentyl {lithium 3.4-di-O-benzyl-2-O-lithium_sulfonato-g-L-
idopyranosviuronate)-{1-—4)-{2-azido-3-0O-benzyl-2-deoxy-6-O-lithium sulfonato-a-p-

glucopyranosyl)-(1—4)-{lithium  3-O-benzyl-2-O-lithium sulfonato-a-L-idopyranosyl-




OSO, Na OH 0 NaO COH 0 OH NaOG2COHO OOHOOH3C( CH2) 4CONH Na(G3S0
HOOH3C( CH2) , , CONH Nal : 73SO HOH3C( CH2) 4CONH Naosso Na03SO0 10 To a
sol ution of conpound 43 (10 ng, 4.27 pnol) in water (0.3 nL) are added

dropwi se, aVOQRU11/d18588pr opyl et hyl ami ne (20 pL, 26.8 nol arPEGHERIGH051FH)3

di ssolved in N, N-di net hyl formam de (200 gg.) and N-hydroxysuccini m de
hexanoate (18.2 ng, 20 nolar equival ents) dissolved in

N, N- di net hyl f or, i d 500 pL)... Sti,rring i.s .continu?d at 0OCfor 1

m nutes anet EHee%A ELRF & e Sulenale-gDeqIUeapVRNgsl, |

then appl i ¢ti-to-(lghiSephadebenayl-SREhiuot ursulfenait-ad.-idodvnar@sZutdnsih( dimd)-(2-

chloride. The i4 AcSd-O0S.6000H-H £ fhium
“asT g

desalified
cont ai ni ng stliengie-gdui 20} 1130 hgnzyid-deony-ai(benzyies »Ivi]

desi r edscomgpg -FRall no3f¥)(No2 em cal shifts of the anomeric protons
[dol 16, 5. 20 COCHRENE dHATpS o il el per 3 propniamiy
node: nul t ite et gestribed folahesyrdiibsia of W27 tbgiddcdrivbotini468( aci d forn).
25EXAMPLE 4: Pergyl ?gggﬁlméﬁgQBQCWBQIH%%)%?%@Q@SL| doovr anosvl ur onat e) -

(1->4)-(24(cycl ooen am no odi unsul f onat 0- a- D- ol uco

10 Preparation of 3-cyclohexyipropyl (lithium 3,4-di-O-benzyl-2-O-lithium sulfonato-
g-L-idopyranosyluronate)-(1—4)-(2-azido-3-0O-benzyl-2-deoxy-6-O-lithium sulfonato-a-b-
glucopyranosyl}-(1—4)-(lithium _ 3-O-benzyl-2-O-lithium __sulfonato-o-i -idopyranosyl-

uronate)-(1—4)}-(2-azido-3-O-benzyl-2-deoxy-6-O-lithium sulfonate-a-D-glucopyranosyl)-

(1—4)-(lithium 3-O-benzyl-2-O-lithium sulfonato-a-t-idopyranosyluronate)-(1—4)-(2-

azido-3-0O-benzyl-2-deo 1—=4)-(lithium___3-O-benzyl-2-O-lithium
sulfonato-a-1L-idopyranosyluronate}-{ 1 —4)-3-0-benzyl-2-deoxy-2-[{(benzyloxy)carbonyl]-
amino-B-D-glucopyranoside (No. 169)

Compound 165 (110 mg, 0.030 mmol) is treated according to a protocol similar
to that described for the synthesis of 167, to give compound 169 (76 mg, 83%).
20 Rf = 0.20 (57/29/7.2/16 EtOAc/pyridine/AcOH/H,0).

15 -g-D-glucopyranosyl)-

Preparation of 3,3-diphenvipropyl (lithium 3,4-di-O-benzyl-2-O-lithium sulfonato-
o-L-idopyranosyluronate)-(1—4)-(2-azido-3-0-benzyl-2-deoxy-6-O-ithium_sulfonato-a-b-
glucopyranosyl)-{1—4)-(lithium  3-O-benzyi-2-O-lithium _ sulfonato-o-1-idopyranosyi-

25  uronate)-(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-o-L-idopyranosyluronate)-(1—4)-(2-

azido-3-0-benzyl-2-deoxy-a-D-glucopyranosvl)-(1-+4)-(lithium ___3-O-benzyl-2-O-lithium
sulfonato-o-i -idopyranosyluronate)-(1—4)-3-O-benzyl-2-deoxy-2-[(benzyloxy)carbonyll-

amino-B-D-giucopyranoside (No. 170)

30 Compound 166 is treated according to a protocol similar to that described for the

synthesis of 167. If necessary, the residue obtained may be used under the same
conditions to give compound 170 (27 mg, 87% (2 steps)).
Rf = 0.39 (57/29/7.2/16 EtOAc/pyridine/AcOH/H.0).

35 Preparation_of 5-phenvlpentyl (sodium 2-O-sodium_sulfonato-g-L-idopyranosyl-
uronate)-(1—4)-(2-amino-2-deoxy-6-O-sodium____sulfonato-a-D-glucopyranosyi)-(1—4)-
{sodium 2-O-sodium _sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-amino-2-deoxy-6-0-

sodium___suifonato-g-D-glucopyranosyl}-(1—4)-(sodium  2-O-sodium___sulfonato-a-L-




pVranosvl)-(14)-(sodi um 2-0-sodi um

sul f onat 0- a- L-i doovr anosvl uronate)-(1->4)-(2-

J(cycl opent vl car bonvf | am nol - 2- deoxv- 6- 0- sodi um

sul f onat o- E2HIHEH’K anosvl) - (1->4) - PCT/FR2010/051703

(sodi unk- 0- sodi unsul f onat o- a- L-i doovran@gvl uronate)-(1)-(2-1(cyclocientvl-
30 carbonyl)am ndl - 2- deoxv- 6- O sodi um

sul f onat 0- &
sul f onat o- 4

sol ut!on OE!;FQQ (Njo§39 ny, 3 84 pm)l) |n vvater (0 3 n) are added

dr opwi se, t hyl f or.mam de ( di i sopropyl et hyl am ne (7

pL, 5 2.6 nol arT@@tﬁqttéuoerm@ Hérm't‘tﬁé%f’fatﬁ”n@—)taftﬂl water 4217 ) of compound 167
N, N- di rget hybthpedesredeudip radblccassivdly Budlé@émb?ﬁlnﬁllféﬁtﬁ@e (658 mg, 10.4 mmol)

I t b f
0 sso ved Pt e TSRS (787 slanek TRegerolaly I AP e st KRS oom
t enper at ur thef oraciom goediym aie dfiltehas aadeparhaiiyncor@bmrﬂa@emder sratinen, addete f our
ti {
o e | eSS c i IR £ S8 0050 A Sbuhl Akl UL Bty 11 0
G 25 col unfhe[fi@ctiens\Fatiaining the §&ﬁu@hﬁ'@n$§@‘rqeﬂ@ate¢t?@dfq%éhfleé’n%s"éﬂ)H’t%ﬁamﬁg t he

produc{g ar golGMAcshited Mitdwateel THeSRAdtibhe GohtBiniy thBeré@iB =f@kheMcdticehestedi t h
wat er. The fc[a tions co tal m@(gdthe product g_;é 1b§ (jentrat ed under

hi gh vacuuth4s @W‘@CHH@ Qaved A¥poynd m%%%)/ In the event of
an i nconpl et e r &Rt method, megatr\(edmode omummmgedrmn Hetetedrraizsess.ot fi-3Hhe
sane condlél Eﬂ% 1f necessary, it may be purified by ion-exchange

chr omat ogr ap usi’ng a sem -preparative D onex CarboPac(r) PA100 columm (9
x 250 mm with a gradient starting froman eluent A to an eluent B, eluent

A consigting of proiflih/ GCebolbbht e (dBait220(bhibin Sulndi/ePliadhyiald _ie

sul foxi de, and Eruent B con
sol uti on a%aw_bn‘_ﬂ" -aRing2-480 '--"’ WE | ...7'1c' '14 '.7: !!nn OB -hyotlact

areht hen cgadrn ?@%d@ﬂd sdﬁ;ﬁnatd-attaabnwarf&vleao'i@wmt rz-aﬁrﬁﬁz-e@d:moel uted
W t wat er .,

under hi gh®%} he
anomeri ¢ pidopyasogwl

| doUAv4 A ran el
25* ani I(I’l 0 |ch

EXANVPLE 5: byiaeesida (Nasdd2Lim 2- 0- sodi um sul f onat o- a- L-i doovr anosvl ur onat e) -
( 1| f>4) 5 2- acet gﬁbﬁ@o@ndjwlMtr%a%d%%)@bWﬁg to a protocol smt(l)ar to éhat described for the
sul f onat o- a LC oSV sodi um
sul f onat o- ayqrjhefs(% SQ)Y‘?J %ﬁ?ﬁ“@é 1(7%?%2"19293&(25% P§Y: 2- deoxv- 6-0- sodi um
sul f onat 0- a- D- oChemmtmftfscvatme Grderics prodtans (00 Mstzd Dy®) 5 5.29* [doUA™", 5.50*
sul T onat o- g GoRKNANGRV 5 45*’08%"63 ?dlgétlg@zs gg&?} §0222190W'V4 SatkgRdi um

sul fonat o- a- D- ol ucopvraﬁosvl -(1-
sul f onat o- a- L- i 4@ r"ahbe sio0#is mayde-ifterdwnged. acet ani do- 2- deoxv- 6- 0- sodi um
sul f onat 0- 13- 0- ol ucoovr an03| de (Conmpound 5) WO

2011/ 01 P R201 17
011/018588PCT/ grepgra%)(r?S 3 cyclohexyipentyl (sodium 2-O-sodium __sulfonato-a-L-

idopyranosyluronate)-(1—4)-(2-amino-2-deoxy-6-0-sodium sulfonato-a-D-gluco-
30 pyranosvi)-(1—4)-(sodium _2-O-sodium__sulfonaio-g-L-idopyranosyluronate)-(1—4)-(2-
amino-2-deoxy-6-O-sodium sulfonato-a-b-glucopyranosyl)-(1—4)-{sodium 2-O-sodium

sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-amino-2-deoxy-a-D-glucopyranosyl)-
(1—4)-(sodium __ 2-O-sodium _sulfonato-a-L-idopyrancsyluronate)-(1—4)-2-amino-2-
deoxy-B-D-glucapyranoside (No. 173)
35 Compound 169 (88 mg, 29 umol} is treated according to a protocol similar to that
described for the synthesis of 171, to give compound 173 (63 mg, 99%).
Chemical shifts of the anomeric protons (500 MHz, D;0) § 5.29* IdoUA'™, 5.50**
Glc", 5.29* IdoUA", 5.48* Glc", 5.29% IdoUA", 5.48" GIc", 5.22* IdoUA", 4.78** GIc




96 OSO, Na To a saturated aqueous sodi um hydrogen carbonate sol ution
(2.3 m.) of conmpound 52 (32 ny, 13.2 pnol) is added sodi um hydrogen
carbonate (174 ng, 5 2.08 mmol), followed by dropw se addition, at 0C, of
acetic anhydP28H/q18688 pL, 1.05 nmol). After stirring vi g®CIUERINID®S1DIS
hours at OC and then for 15 hours at ro@m tenperature, the reaction nmedium
is applied to a Sephadex(r) G 25 colum eluted with 0.2 M sodium chloride.
The fractions contain t he pro uct,k are concentrated and desalified using
the same col um @T‘{i}t eﬁﬂ%stgﬂa\m e HHFECHANGRYi ons cont ai ni ng the 10 product
are then concentrated under hi gh vacuumto gi ve the desired conmpound 5 (31
ng, 91% . Chem g )

| doUAvi | |, 5.13*%X
A cm 5. 16I Yergnps 1 ; i e ; 1y b D
15[a]) 48. fylaody).(200). sodlum 2.6 -5" Bilf f&tt?-ﬂ‘fdl i u(' ﬂQﬂe- 2»4 godi um
sul f onat 0- a- -1 dOOVT anQsVv onare)- am 0~ 7~ deoxv:B-0= sodi um
sul f onat o- &8 ll..l'. g".‘“s“". 4'«.;. _syifpnatg (1— i .n""n' osyl el Aricnhs sodium_2- O'SOdlum

sul f onat o- éulMadﬂ@éLﬂldm&é{ﬂldﬂmﬂﬁb@) {(-‘I»ﬂ-@-a(rﬁmaz;aé@mdionﬁ:copvranosvn-
20deoxv- 6- O sod} U D al HCO(’t)VI‘nOSV sqdi

sul f onat 0- *&=—t+ U OHat St A 2 aE e ‘

sul f onat o- d 'e(Np A2%} (sodi um 2- 0- SOdI um

sul f on oaLlég Bﬁﬂ@% { i um
sul fonat 046- D- ol uc ovranogl fﬁﬁ@bbb(%mgﬂé tr@%&%a@cﬁ&ﬂ%a% %@f&ﬁ%ﬁ@gﬂg
that described for the synthesus of 171 to glve compound 174 (5.5 mg, 44 %).
Chemical shifts of the anomeric protons (600 MHz, D;O) & 5.15 IdoUA"", 5.42
Glc”" 5.23 IdoUAY, 5.40 GlcY, 5.23 IdoUA", 5.38 Glc", 5.19 IdoUA", 4.39 GIc'

15
Examples of compounds according to the invention:

EXAMPLE 1: Pentyl (sodium 2-O-sodium sulfonatg-a-L-idopyranosyluronate)-

(1—4)-(2-acetamido-2-deoxy-6-O-sodium_sulfonato-a-D-glucopyranosyl}-(1—4)-(sodium
20 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—-4)-(2-acetamido-2-deoxy-6-0-

sodium __sulfonato-g-D-glucopyranosyh)-(1—4}-(sodium  2-O-sodium _ suifonato-o-L-

idopyranosvluronate)-(1-s4)-(2-acetamido-2-deoxy-6-O-sodium sulfonato-a-D-giuco-
pyranosyl)-(1—4)-(sodium__2-O-sodium __sulfonato-a-L-idopyranosyluronate)-(1-4)-2-

acetamido-2-deoxy-6-O-sodium sulfonato-B-b-glucopyranogside (Compound 1)
OS0,Na

0S0,Na

. 0303::0 o ot o Na0,C—5 OH o § ; F LO(CH,),CH,
o NaO,C—, OH O " 24 o 0~ Ho
oH 2 o o H,CCONH
NaQ,C . HO Q
2 o o= 1o o H,CCONH
N H,CCONH Na0,50

0
e HO™ b .coconmn® NaO,SO0
Na0,S0
Na0,80
25 :

To a saturated aqueous sodium hydrogen carbonate soiution (2.1 mL) of

compound 43 (39 mg, 16.6 pmol) is added sodium hydrogen carbonate {223 mg,

2.66 mmol), followed by dropwise addition, at 0°C, of acetic anhydride (126 pL,

30 1.33 mmol). After stirring vigorously for 3 hours at 0°C and then for 15 hours at room
temperature, the reaction medium is applied to a Sephadex® G-25 column eluted with

0.2 M sodium chloride. The fractions containing the product are concentrated and
desalified using the same column eluted with water. The fractions containing the
product are then concentrated under high vacuum to give the desired compound 1



AcNH O To a saturated aqueous sodi um hydrogen carbonate solution (2.7 nL)
of conpound 53 (36 ng, 14.8 pnol) is added sodi um hydrogen carbonate (199
ng, 2.38 nmmol), followed by dropwi se addition, at 0OC, of acetic anhydride
(112 pL, 1WID201I$588After stirring vigorously for 2.5 hBUGTEAROIQEKHAY t hen
for 15 hours at room 30 tenperature, the3reaction nediumis applied to a
Sephadex(r) G 25 colum eluted with WD 2011/018588PCT/ FR2010/ 051703 97 0.2
M sodi um ¢ |00I’I o The fractions containing the product are concentrated
and desal i ¥Pége: ??g the sane colum eluted with water. The fractions

cont ai ni ng the @hemlmaltsrmﬁtaeoﬁﬂhemnoﬂmer;ﬂrmtanseéﬁﬂmnlbllalz RIS GeldudatAd" . 1@ t he
desited cogpouaddabgr”, W@Glcﬁ%sgc‘ JUAICEOREY, 5.1 1BBKLDS Pl 1 ed by

i on- exchange c¢hroma o raph sem - preparative Car boPac(r)
PA100 col umm (9MRs258 Imcpetiﬁprﬂ mesa@‘feaﬂlpéﬂtth%rﬁ‘?ﬁ'rf@aslsr'oﬁfﬁ%7%lQ?@ﬁ['"l@”iab an

el uent 88, ghienbodsoanshshimg. of a water/acetonitrile mxture (4/1) + 0.01%
of dimethyl sul foxide, and eluent B consisting of a mxture of a 2N sodi um
chl oride solutiaon and acetonltrl | e (4/ 1). The fractlons conta| nj ng t e
product are theBXoMReEA SAIURG £ gifonato, "

col um el Ug% -ox&lght [Rnithd- @féJsQGlﬁmCQtﬁﬁc?ath-&lg dIL%DWaﬁQé\ﬂT-Ha&ﬁ-t hen
concentr at nder vacuumto give the desi red co ound 6. Chém cal

shifts of ﬁm_ammmmm&ﬂﬂ

sulfonato a- L |dop ra osyl 1 Jo-,2- deoxv 6- 0- sodi um
3-ghicg dopyranosyluronate)-

sul f onat o- Mﬁﬂ@%ﬁ@%&d&bﬁ%%% é érél:)m&ﬁ acet a%lfé)ﬁat% @@Qfﬁ)ﬁbpvranosme

{Compound 2)
OSO,Na
0SO,Na o
050;Na o Na0,C— OH O(CH,),CH,
0SONa o NaO,C—- OH o P
o Na0,C—, OH R 07" Ho
NaQ,C—- OH : . 0—" 1o o H,C{CH,3,CONH
« 0 0~ Ho o HCICHLCONH g od
O HO o] HG(CH,),CONH a0 50
HO H,C(CH;1CONH a0 50
NaO,S0
15 .

To a solution of compound 43 (26 mg, 11.1 pmol) in a 7/3 mixture of N,N-
dimethylformamide/water (2.9 mL} are added dropwise, at 0°C, diisopropylethylamine
(33 uL, 17 molar equivalents) dissolved in N,N-dimethylformamide (100 pL) and N-
20  hydroxysuccinimide butyrate (27.4mg, 13 molar equivalents) dissolved in N,N-
dimethylformamide (100 uL). Stirring is continued at room temperature for 4 hours, and
 the same amount of reagent is then added twice more under the same conditions. After
a total of 18 hours of stirring at room temperature, the reaction medium is applied to a
Sephadex® G-25 column eluted with 0.2 M sodium chloride. The fractions containing
25 the product are concentrated and desalified using the same column eluted with water.
The fractions containing the product are then concentrated under high vacuum to give
the desired compound 2 (26 mg, 89%).
Chemical shifts of the anomeric protons (600 MHz, D;0) & 5.14 IdoUAY", 5.12*
Glc"", 5.14 IdoUA", 5.11% GIc", 5.14 IdoUA", 5.10* Glc", 5.15 IdoUA", 4.50 Gic'
30 *: The signals may be interchanged.
“ESI” method, negative mode: multicharged ion detected m/z 588.1095 [M-4H]*
(acid form).



20 6-0-sodi um sul fonato-a-D uco anos |1-4 sodi um 2-0-sodi um sul f onat o- a- L-
| dopyr anosyl uronate) - (14) - 2- acet am do- 2- deoxy- 6- 0- sodi um

sul f onat o- a- D- al ucopvr anosi de (Conmpound 7) 25To a sol ution of conmpound 77
(10.8 ng, MAWO20pHMASH88 n sat ur at ed sodi um hydrogen car bonRCA/ER2010/06K703472
pL) are successively added, at OC and umder an inert atnosphere, solid
sodi um hydr ogen carbonate (64 ng) and acetic anhydride (36 pL). After
stirringfor 18 hq eacti aqn. mxturelsfl

(M1lipore LSWe : suifanato-ol,-idon cnate)-
Sephadex(rX.__E%ixy%(dl-mtobdxmamm (Desnmurﬁ) SsalfionaaGID-slot rams | 4)-
fc(r)fiﬁﬁn'qogfs Yh N ”92 U ect afbd&-?_t-u 2 RRQLAD IS 38R -89k ‘s -

jraneey)-dg>4)-(sodium 2-O-sodium 1 H
NVR (DZQ) %umna&&l@-La.a@ﬂsmém&svm&iafm‘l—ﬁ)@de&v@ RodhexyPamind-81d-sodiukb;

5. 15; ) Dpm MVRSS: .|ve de: the retlcal
- 2453 62 S, -0=D-aileo syl m_sglfonato-o-1-i

Met hyl (sodmnat@-(mmslm»dﬂwwuﬂmah@@unoeﬁaﬁwodmmvl ur onatifnato-B- D—Qluco~
(1->4)-(2- - 0- sodi um
sul f onat omgcgmgﬁgig -(14) - (sodi um 2-0-sodi um

sul f onat 0- a- L-i dopyr anosyl uronat e) - 31 >4) - ( 2- acet@om=do- 2- deox -60 "0- sodi um
sul f onat o- a- D- ducopyr aagsyl ) - (1- >4 Qﬁ:@gl umz 0- ol f FHoHCH,
10i dopyr anos Ilg,[‘onat ) (o Q g X Li py( ng yl)-(1->4
) - (sodi um" ¥z H,C(CH,),CONH a0, 50 B
| f onat 0- a- Lgi d réﬁl&g@y&,@? OdS% ”f‘i“ﬁ)ﬁ?‘“zh%@et ami do- 2- deoxy- 6- 0- sodi um

(

sul f onat o- a-d,61 ucopyr anosi Compound 8) OSO3Na
10

mass

To a solution of compound 43 (10 mg, 4.27 pymol) in water (0.3 mL) are added
dropwise, at 0°C, diisopropylethylamine (20 ubL, 26.8 molar equivalents) dissclved in
N,N-dimethyiformamide (200 yL) “and N-hydroxysuccinimide hexanoate (18.2 mg,
20 molar equivalents) dissolved in N,N-dimethylformamide (500 pL). Stirring is

15  continued at 0°C for 15 minutes and then at room temperature for 16 hours. The
reaction medium is then applied to a Sephadex® G-25 column eluted with 0.2 M sodium
chloride. The fractions containing the product are concenirated and desalified using the
same column eluted with water. The fractions coniaining the product are then
concentrated under high vacuum to give the desired compound 3 (4 mg, 34%).

20 Chemical shifts of the anomeric protons (600 MHz, D,0) § 5.11 IdoUA"", 5.08
Gic™, 5.14 IdoUA", 5.00 GIc", 5.13 IdoUAY, 5.10 Glc", 5.14 |doUA', 4.47 GIc

“ESI” method, negative mode: multicharged ion detected m/z 627.6120 [M-4H]*

{acid form).
25 EXAMPLE 4: Pentyl (sodium_2-O-sodium_sulfonaio-a-L-idopyranosyluronate)-
{1—4)-(2-{{cyciopentylcarbonyl}amino]-2-deoxy-6-O-sodium sulfonato-a-D-gluco-

pyranosyl)-(1—4)-(sodium__2-O-sodium__sulfonato-g-L-idopyranosyluronate)-( 1-—4)-(2-

[{cyclopentylcarbonyl}aminol-2-deoxy-6-O-sodium sulfonato-a-D-glucopyranosyl)-{1-—4)-

(sodium 2-O-sodium sulfonato-g-L-idopyranosyluronate)-{1—4)-(2-{{cyclopentyl-

30 carbonyl)lamino}-2-deoxy-6-0O-sodium _sulfonato-g-D-glucopyranosyl)-(1—4)-(sodium 2-
QO-sodium__sulfonato-a-L-idopyranosyluronate)-{1—4)-2-{(cyclopentylcarbonyl)aminol-2-
deoxy-6-O-sodium sulfonato-B-D-glucopyranoside (Compound 4)




15Conmpound 85 (23.0 ng, 11.1 pnol) is treated according to the sane

procedure as that described for the preparation of conmpound 7, to give
conmpound 8‘& n%) 1H NMR (D20) 8 of the anoneric
pr ot ons: ‘320151/‘211 #% H); 5.22; 5.21; 5.20; 5.18; 5.03 BEHFR2010/051703

Mass: "ESI" nethod, negative node: t heo8t i cal mass = 2249. 53; experinmental

20mass: 2249.19 0.18 a.mu. EXAMPLE 9: Met hyl (sodium 2-0-sodi um
sul f onat 0- a- L-i dopyranosyl uronate) - (1-44) -(2-acoesgam do- 2- deorserd- 0- sodi um
sul fonat 0-a- D-q | ucopyranosyl)- (1 4o sodi um 2- -g’ﬁgh M O omycH,

sul fonat 0- a- L- |dopyr ?f&ﬁ;gl ugqonat ), >o(M44A OF - Q=2- - 6- 0-
sodi um sulnfog ( T ope2- 0¥odr ug ™

sul f onat o- a; ro té? (1 )* ,\(agso cet am=do- 2°dent - a- %ucopyranos
yl)-(1->4) " SOf D) - soebssum

sul f onat o- a-"E> dopyra 3yl uronat e) - (\t- >4) - 2- acet am do- 2- deoxy- a- D- el ucopyra
nosi de (Conpound 9) Compound 90 (52.1 ng, 23.9 pnol) is treated
according to the same procedure as that described for the preparation of

rotons: 5. 15; 1B SIRA BEodtyboil e Rimg o3 s U ﬁ’?%fe?;ﬁéﬂw 8.
met hod, ne@§EPWEe, n8ldd°Ci hidd\-dimetwiformasnide: @%mi—mdnm etfiaraine mi& sil.,
2350. 885 02 )malafe u:vél@ﬁwlﬁrﬁe Ja%lnéyt?ﬁsféblveﬁ%?w NiirdetRylSRAAMBe (50 pL) and

| t d
(1) 20 o Br e, SloRPa eIt (6.6 /0. B Mess RNt 8t fist:
sul f onat o- arrima)dd)ﬁgd@dowwmmnaétwfo('rﬂ:amrh)e— (50 pERt Biniog -2 -cdatngedcabréadi um

Sl  onat o Led Pe“?%ﬂ%%??‘wéﬁééﬁ“saﬁ 4ty e 3B hines. andsd, oy B um

sul f onat o- #mes oHiied pihea Awg| gonditions}) Aftern@i totall 5D- 1@ bgmuaﬁ stirring at room

sul f ongg o- gerhpdr, Ré’ﬁﬁé‘?éédnéﬁﬂ%&ﬁ) rs(éppﬁéat@a ZZSj@cﬁ&rgn@@é&W\h{ﬁO'
pyr anosi de n H‘%H-g? sat urated aq ueous so Ium rogen
car bonat e Seﬁuznsd?'o g’é“%ﬁp‘?ﬂ.l"ltﬁi”"ﬂ@dh? OGSt 2ty cﬁﬁﬁ@f)trat%d #0ded

sodi um hydldemﬂeat ashen #ie sé#n%?ccmgnn Sel@éd nmﬂ )\Natél’O"ﬂl"@V\ﬁ’dCﬂOYis deopipaihing the
Vi gor ousi y Pres bt bR g, B Vbemote aVE N gsfeErmBau 87 ¢ e
reacti on médb g, iS%aphh ithal eventa:fsepnmmete) re@eth®, dlod praduel obvteidedi may be2 M
sodi umghl adiisdg-undBe tid 85tk UBRABAR & REHIsARE itRhAF BE o Afifd BYNGRRLERHGE and
chromatography using a semi-preparative Dionex CarboPac® PA100 column (9 x
250 mm) with a gradient starting from an eluent A to an eluent B, eluent A consisting of
a water/acetonitrile mixture (4/1) + 0.01% of dimethyl sulfoxide, and eluent B consisting
of a mixture of a 2N sodium chioride solution and acetonifrile (4/1). The fractions
20  containing the product are then concentrated and desalified using a Sephadex® G-25
column eluted with water. The fractions containing the product are then concentrated
under high vacuum to give the desired compound 4.
Chemical shifts of the anomeric protons (600 MHz, D,0) & 5.06* IdoUA"", 5.05**
Glc", 5.08* IdoUAY, 5.03* Glc", 5.06* idoUA", 5.05** GIc", 5.08* IdoUA", 4.44** GI¢'
25 * and **: The signals may be interchanged.
[alp 15.4° (c 0.25; H.0).

EXAMPLE 5: Undecyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyluronate)-
(1—4)-(2-acetamido-2-deoxy-6-0-sodium_sulfonato-a-D-glugopyranosvl)-(1—4)-(sodium
30  2-O-sodium sulfonato-a-L-idopyranosyluronate)-{1—4)-(2-acetamido-2-deoxy-6-O-

sodium__sulfonato-a-D-glucopyranosyi)}-(1—4)-(sodium _ 2-O-sodium _ sulfonato-g-L-
idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-6-O-sodium sulfonato-a-D-gluco-
pyranosyl)-(1-—>4)-(sodium 2-O-sodium__sulfonato-a-L-idopyranosyluronate)-(1—4)-2-
acetamido-2-deoxy-6-O-sodium suifonato-B-b-glucopyranoside (Compound 5)




25 desalified using the same colum eluted wth water. The fractions
contai ning the product are then concentrated under high vacuumto give the

desired conpound 10 (61 ng, 73%. Chem cal shifts of the anomeric
protons (630ORBIA/0IBEEY 8 5.13 | doUAvIII, 5.13 Geo, 5.15 PEFIRA010M31783d cv,
5.16 IdoUAlv, 5.10 Acill, 5.16 IdoUAIl g4.75 A G WO

2011/ 018588PCT/ FR2010/ 051703 100 Mass: "ESI" nethod, negative node:

t heoretical mass = 2249.53; experinental nmass: 2249.02 0.35 acsdnl. EXAMPLE
11: Methyl (sodium 2-0-sodi um sul f qpat o-a- L-i dogyt ocs loHr onag e)o: OéH

(1->4)-(2-acet am do- 2edgm a- Dql u (yura il di :
sul f onat 04a-L- |oﬁjopyr 1° 'has ﬁgg aN) eo- Nedky- 6=0- SOdI um
sul f onat oa- -4%0di urh 2- 0- sodi ump;so

sul f onat 0- & L- | opyran@f§'§/rw nat e)- (14)¥¢2- acet am do- 2- deoxy- 6- 0- sodi um
sul f onat o- a-"B~%l ucopyranosyl )-(1->4)-(sodi um 2-0-sodi um

sul f onat 0- a- L-i dopyr anosyl uronat e) - (1- >4) - 2- acet am do- 2- deoxy- 6- 0 1OSOdi um
sul f onat 0- a- D- gl ucopyr anosi de (Conpound 11) OSCG3Na OSC3Na

saturat ed agqueolis 8ohturieiad, Gaoers sedionaydogen rarkanale? selulien (g3 '(f'b}nﬂﬁund

#33 ( 56f g?fgﬁggw'sﬁ {32 \,ngw 23%@\?%% W@egﬁa.&ﬁrm@&@bﬁ &éﬂaﬁige 115

2.05 }mﬁn ) 2 %'T"é’PPS ??'Pﬁweﬁg ¥/|‘g?>?"8ﬁ%|%¢df"8? &t rR)Gr o a?ce%e %[ﬂ’égﬁ'%rﬁ (M

g)grS S alt r dcﬁﬁ] mmnp%ﬁénrftlg;ngﬂgbrbwtdr Qb has 0t G aag fHenefdr mhaurSemhem‘iﬁxet ]
col um u . e

o oduet ar eristhEfe the Redtuey MRk KRMIEEH ASephdfel %% Allimf alhal IS, |

wat er . The 02 M spding cintidd.nThey frabt@nsow‘tbalmng the epredish ads@rt@amnt@tt@ﬂ aodder

hi gh vacuugbigiigd w&]ﬁ&%éﬂ%ﬁmﬁeeomm&@é \a,.ih (wa'ierrrgrhem%uongmwmh?smbf ts
of the anoner)c protons (60 doUAvi ||, 5.12 dcv 5.16

| douavilO 5 Pproglugd ate t@“lBOf]C&B*LﬁiP‘& Unéerl 'gbo'acswmtol ARG deareﬂzcwewn% Ss:
"ESI" met hegh m ggﬁz,) ve node: theoretical mass = 2351.57; experinmental

25mass: 2351. 13 0. 00, 8niflk Y the anomeric protons (500 MHz, D;0O) & 5.14 IdoUAY", 5.13*
Gic”™, 5.14** IdoUA", 5.13* GIc", 5.15** IdoUA", 5.13* GIc", 5.16 1doUA", 4.50 GIc'
* and **: The signals may be interchanged.
15 [alp 18.6° {c 1; H:0).

EXAMPLE 6: 5-phenylpentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyl-
uronate)-(1—4)-(2-acetamido-2-deoxy-6-O-sodium sulfonato-a-D-glucopyranosyl)-
{1—>4)-(sodium 2-O-sodium sulfonato-a-L -idopyranosyiuronate)-(1—4)-(2-acetamido-2-

20  deoxy-6-O-sodium sulfonato-o-D-glucopyranosvi}-(1—4)-(sodium 2-O-sodium sulfonato-

a-L-idopyranosviuronate)-(1—4)-(2-acefamido-2-deoxy-6-0-sodium sulfonato-a-D-

glucopyranosyl)-(1—4)-(sodium_2-O-sodium_suifonato-a-L-idopyranosyiuronate)-(1—4)-

2-acetamido-2-deoxy-6-O-sodium sulfonato-B-D-glucopyranocside (Compound 6}
0S0,Na

DSO,Na

o

0SO,Na o Na0,C—5 OH OI[CH,}CsH;
0SO,Na o NaQ,C—> OH P
o MNa0,C— OH N o7 Ho ACNH
O . o O HO ¢]
NaD,C o o AcNH
o HO AchH o NaC.;80
HO PRV Na0,50
HO NaC,S0

25

To a saturated aqueous sodium hydrogen carbonate solution (2.7 mL) of

compound 53 (36 mg, 14.8 ymol} is added sodium hydrogen carbonate (199 mg,

2.38 mmol), followed by dropwise addition, at 0°C, of acetic anhydride (112 pL,

1.19 mmol). After stirring vigorously for 2.5 hours at 0°C and then for 15 hours at room

30 temperature, the reaction medium is applied to a Sephade)d® G-25 column eluted with



EXAMPLE 12: Met hyl (sodi um 2-0-sodi um sul f onat o- a-L-i dopyranosyl uronate) -
(1->4)-(2-acetam do- 2- deoxy- 6- 0- sodi um

sul f onat o- a- D- gl ucopyranosyl ) - (1->4)-(sodi um 2-0- sodi um

sul f onat o- Y@ 20HIPPPEosy| ur onat e) - (1- >4) - (2- acet am do- ZPG@W@/@Y/@@

gl ucopyr anosyl ) -(14)-(sodi um 2- 0- sodi um@7

sul f onat 0- a- L-i dopyr anosyl uronate)-(14)- (2-acetam do-2-deoxy-6-0-sodi um

| f _ Ao | _ ) . .
Sul f onat o B2 M SETORRARGRY, Ve facibhs SR TP piaRit 3R concenirated and oo
nosi de ( Conpealified L@mg the same Teplum slulecitvith suglasodbeshsatitions iwmab'glam the

car bonate $pldubi 812 {h@n‘]ccmc ntpjte&eﬁa&umgh %gu&rggcgu%l\@thelf}eé&réﬁléon'aﬁo@@d@d

sodi um hydrogen car bonat e ny, dropw se
addi tion, 459mg B8%XJERERessRIMyiLimEYEe PYGERdRY ion-Exohangs cfiromgieeAPRY HFiRg ng

vi go: _ousl y af ﬁmlibré'pwatﬁleaDloﬂ& mebsdﬁmeﬁ FAOI00 1colirom (8 x|aiz50f @mm ?&rgme tedﬁiane,z }VI he
reacti on ne 0, a e X col.um u W X .

Coa um ot SN tmaRP el e BRAR B SEnb A PRt & WeRaftbtit
desal i fi ed mgunmeg4tine Qe oédlmﬁﬂnyl elilfrixile, and dluekitconsitieg bf actixiomsof a 2N

cont al 1 g shAGmIARLE dkjiof ﬁdtaEggnm@@ﬁw b Soiorbighy HRmY ve
anomeri ¢ pinosancesied/ard @2 ieg Uﬁmﬂza Beplasexy, C2o0eplume wluted with pvatefo UAvi |

5.11 Gi@, Thd3IractibsidAlontaiting e plodudt- aké thetoddNcbntrated anddriighlackdin & §ive 0. 3;
H20). 15 Met hyl (sodi um 2-0-sodi um

sul fonato q_d?SHS‘E??'HH%@'ﬁ?Jronat e)- (1 4)-(2-acetam do-2-deoxy- 6-0-sodi um
sul f onat 0- a- D- gChemijwal shitis pi the( dvbmdrsquibions 2500 Mbtt, Da0) & 5.14 IdoUAY", 5.12

sul f onat o- %l%“'sdfﬁom%ﬂ“s '19@36‘%%1@0&“‘)5{% 0&4 27| fiRad-Aso%ys a- Dgl ucopyra
nosyl)-(1-- m sul fondt o- a- -| dop ranosyl uronate)-(1-4)-
20( 2- acet ani do- ‘E3emethay., segRtiysmode: multicharged ion detected m/z579.0867 [M-4

sul f onag o- aadi Mg opyr anosyl ) - (1->4) - (sodi um 2- 0-

sodi unsul f onat o- a- L-i dopyr anosyl uronat e) - (1->4) - 2- acet am do- 2- deoxy- 6- 0- sod

i um sul f onat o- a- Dql uc l7Eﬂyranom de (Conmpound 13) 0503Na OSC3Na 25To a
saturat ed aqueobBXAMPLE byl dspdiung A:OQrsedivum sa;zlf@nat@-ﬂrl.-ndwpwanoavtur@nateh mpound

118 (27 nmgyq 12 @ gga.umém ;i .
mol ), fol Fowe (95 pL,
1.01 mmol ) {solliurep- Qﬂsmdmm lfom dulsib riams Blrcbn:ate 1a§4 Eaaetdmidmefh-de -16

hour s g¢] r , reactlo d| _apl dexe
G 25 cbf unh SIS & e THE T T Bret o fteeni ng
t he productidopy@ nﬁﬁmﬁ'@lﬁﬁtéﬁﬁeﬂtl)a@dcetamldo-Z deoxv—6 O—sodlum sulfonato-a- D-qluco-
pyranoside {Compound 7)
OS0,Na
0S0,Na o
0S0,Na 5 oNa0,c— OH
O80;Na oH o Na0,C OH o .0 OH’O%OMB
NaO,C OH o NaD,C ; o /%/ HO A\ AcNH
/Z§7/0 o~ o Aok © Na0,80
HO AchHC Na0,S0
HO NaO,S0
Nal,S0
25 To a solution of compound 77 (10.8 mg, 4.73 pmol) in saturated sodium

hydrogen carbonate solution (472 plL) are successively added, at 0°C and under an
inert atmosphere, solid sodium hydrogen carbonate (64 mg) and acetic anhydride
(36 pL). After stirring for 18 hours at room temperature, the reaction mixture is filtered
(Millipore® LSWP 5 um filter) and then applied to a column of fine Sephadex® G-25 gel

30 eluted with aqueous 0.2 M NaCl solution. The fractions containing the expected product
are pooled and applied to a column of fine Sephadex® G-25 (95 x 2 cm) eluted with
water, to give 6.7 mg of compound 7.



WO 2011/ 018588PCT/ FR2010/ 051703 102 desalified using the sane colum el uted
with water. The fractions containing the product are then concentrated
under high vacuumto give the desired conpound 13 (26.5 ng, 89% . Chem cal
shifts of ™W@28HIBP8X protons (600 MHz, D20) 8 5.12 ' doPCAFR21085HE@B en,
5.13 I doUe, 5.10 dcw, 5.13 IdoUe, 5.109€¢el, 5. 14 'dolLig, 4.72 A G Mass.
"ESI" nethod, negative node: theoretical nmass = 2351.57; experinental nass:
2350.96  0.20 almNwR @g@%t#tﬁéanoﬁn&r&eﬂwtbﬁgwd dﬁ@&'ﬂ%%ﬂzﬁp@wﬂsw

sul f onat 0- a- L-i dopyr anosyl -

ur onat e) - (ﬂ,Tﬁzgpn(z deoxv- 2- (1- oxobutyl ) ami no- 6- 0- sodi um

sul f onat 0-a- D'QQHQQRWS"I’M'\@%E ﬁégégnve% ﬁﬁ@bug?e%r&céméégn' 2453.62; experimental

sul f onat 0- a- L-i dopyr anosyl uroha

deoxy- 2- ( 1r@sehifdgant 647 &-rdusodi um

sul f onat 0- a- o- ducopyr anosvl) - (1->4)-(sodi um 2-0-sodi um

sul f onat o- a- L-i dopyr anosyl uronat e) - (14) - ( 2- deoxy- 2- ( 1- oxobut yl ) am no-aD-el u
copyr anosyl ) - (1EXAN§’(hﬁ Bmivstify saliium 2 0Fdaniiven cuberiato-depidoayrasydyluronme )_e_) 15
(1->4)-2-d b 4

To a sol ut b7 ; i

N, Ndi net hylzfcorsammnde/ W%h%ne(td—& Lﬁudab\)ramwluaﬂm (dmeo&%eetamtdoogdeoxv-e O-
di i sopropyl et hyl am Ine 20 148 pL 14 9 o ar eqU| vaI ents) di sslol ved In

.11 ol 36 eV AhEEisbnalk! ‘ id f : _Ph)sodibin M1 N9

i's continues JSYILL D} : St ~QUCT —5 )

reagent isz2 Lle-ga jed t$u sdapyrhE b etiacetoms £@

of 23 hours Qf Stilrri at. roomte at.ur e,n e reaction msdl umis applied
Tt dSEeR e o oA 8 M sodi um chl oride. The

fractions containing the product are concentrated and desalified 7

sanme colum eluted with water. The fraghi ons contaj A, heupr odgctoar e
t hen concentrat ed undegrso.ts %h vacuu toorgm @*hem
"sh
AchN

ng, 939 . NaO,C
D20) 5.07 ~|Oe ’Ho A@el e,y 5. 04 GOV, dao, | doUAw, 5 01
Acill, 5.9 ARC 4. @8+°q<gs al p 50.5 (&°F0 H20). EXAVPLE 15:
2- propyl pentlyabs sodi um 2- 0- s3di um

sul f onat 0- a- L-i dopyr anosVl uronat e) - ( 1- >4) - ( 2- deoxy- 2- ( 1- oxobut vl | am no- 6- 0-

sodi unsul f onat o-a-D-el uco- WO 2011/ 018588PCT/ F' R2010/ 051703
15 Compound 85 (23.0 mg, 11.1 pmol) is treated according to the same procedure

as that described for the preparation of compound 7, to give compound 8 (25.2 mg).
'H NMR (D»O) & of the anomeric protons: 5.45; 5.42 (2 H); 5.22; 5.21; 5.20;
5.18; 5.03 ppm.
Mass: “ESI" method, negative mode: theoretical mass = 2249.53; experimental
20 mass: 2249.19 + 0.18 a.m.u.

EXAMPLE 9: Methyl (sodium 2-O-sodium sulfonato-g-L-idopyranosyluronaie)-
{1-—-4)-(2-acetamido-2-deoxy-6-0O-sodium_sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium
2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1-—4)-(2-acetamido-2-deaxy-6-O-

25 sodium _sulfonato-o-D-glucopyranosyl)-(1—>4)-(sodium __ 2-O-sodium  sulfonato-a-L-

idopyranosyluronate}-(1—4)-(2-acetamido-2-deoxy-g-D-glucopyranosyl)-(1—4)-(sodium

2-O-sodium sulfonato-a-L-idopyranosyluronate)-{ 1 —4)-2-acetamido-2-deoxy-a-b-gluco-

pyranoside {Compound 9)




103 pVranosvl)-(14)-(sodi um 2-0-sodi um

sul f onat 0- a- L-i dopvranosyl uronate) - (14) - ( 2-

deoxv- 2- ( 1- oxobut vf| am no- 6- 0- sodi um sul f onat o- a- n- al

ucoovr anos W 201018588 sodi um 2- 0- sodi um sul f onat 0- a- L- i d @GR 010517703

ronate) - (1->4)-(2-deoxv-2-(1-oxobutyl)amge

no- abD-ci | ucopvranosyl )-(1->4)-(sodi um 2-0-sodi um

sul fonat o- a- L-i dopvranosvl u ronate)- 5(1->4)-2-deoxv-2-(1-oxobut wh

)am no- (3-D-o | ucopvranosi de (Conpou, 9N315) @onEouanHNZ 470y, 22
¥ | ar

prmol) is treated accoro@bnag to a pr ogQJoc r the
synthesis of 14, to g—%g\ | "SI 48 Gf t he
anoneric pré 33 cdoU I, 5. , 5.35 I doUAvi ,
5.24 Ae, 536 v, 827 @ cul, 5.32 NSl JAI L, 4.63 Gcl [a],) 600 (c

1; H20). EXAMPB) 16 3- cycl ohexvl propvl (sodi um 2-0- sodi um sul f onat o- a- L-
15 idopyranosvl uronate)-(14)-(2-deoxv-2-acet am do- 6- 0- sodi um

sul f onat o- a- 0- gl ucopvranosvl)-(14)-(sodi um 2-0-sodi um

sul f onat o- a- L- i §6Wweumb8Q (9. ém853%umeu)awqate@é@swdiggé&&lemp'@c@dtg@du um

sul fonat o- g5 G A HEGIANFATRS bk &5 @eﬁaj@a%gn}f%%c GRS

sul fonat 0- a oovranosv -acet anqsgo a- o al ucopvr
anosvl)s(1- >4) (1s MR (DD) G- of dlok: amomeric protons: 5.18; 5.16 (2H); 5.14; 5.15; 5.13; 5.09;

sul f onat o- 2*& | dopvranosvl uronat e) - (14) - 2-

20deoxv- 2- ¢t do- 13- o- al ucoovr anosi de (Conpound 16) OH Compound 172
(10 ng, 4.56 pmMaesi ‘€N methed, acgativeinngiet thedrgticek masd =s135M 153y exmerinfattal

described for t synt is of 13, to give conpound 16 (8.8 ng, 82%.
25Cheni cal Wf%@"cﬁ%#ﬁgaﬁwbm c protons (600 MHz, D20) 8 5.15 |doUAvIII,

5.08 Gel, 5.17 IdoUAvl, 5.13 Get, 5.17 IdoUAlv, 5.11 Gel, 5.16 IdollAll,
4.50 dd J[al, +40.9 (c O0.88; H20).
10 EXAMPLE 10: Methyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyluronate)-

{1—=4)-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-6-0-sodium_sulfonato-
a-D-glucopyranosyl)-(1—4)-(sodium__2-O-sodium __sulfonato-a-L-idopyranosyluronate)-
(1—4)-(2-acetamido-2-deoxy-6-O-sodium_sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium
15  2-O-sodium sulfonato-a-L-idopyranosyluronate}-(1—4)-2-acetamido-2-deoxy-a-D-gluco-

pyranoside (Compound 10)

OH

030,Na o
OSONa o Na0,C
OH o Na0,C— OH o« P
o NaD,C~— OH s o~ Ho AGNHOME
NaC.C OH . o o HO Aok ©
: .0 i) o N Nao.sa
o o ACNH a0,
HO AcNH NaQ,50
HO NaD,S0
Na0,SO

To a saturated aqueous sodium hydrogen carbonate solution (3.7 mL) of
20 compound 100 (76 mg, 37 pmol} is added sodium hydrogen carbonaie (497 mg,
5.92 mmol), followed by dropwise addition, at 0°C, of acetic anhydride (283 uL,
3.0 mmol). After stirring vigorously for 3 hours at 0°C and then for 15 hours at room
temperature, the reaction medium is applied to a Sephadex® G-25 column eluted with
0.2 M sodium chioride. The fractions containing the product are concentrated and
25 desalified using the same column eluted with water. The fractions containing the
product are then concentrated under high vacuum to give the desired compound 10
(61 mg, 73%).
Chemical shifts of the anomeric protons (600 MHz, D,0) 8 5.13 ldoUA"", 5.13
Glc™, 5.15 IdoUA", 5.13 GIc", 5.16 IdoUA", 5.10 Glic", 5.16 IdoUA'", 4.75 Gic'



WD 2011/ 018588PCT/ FR2010/ 051703 104 al ucopyranosyl)-(14)-(sodi um 2-0-sodi um
sul f onat 0- a- L-i dopyr anosyl uronate) - (14) -

(2- deoxy- 2- (1- oxobut yl ) am no- 6- 0- sodi um

sul f onat o- A¥V0O-281J&IGP8/ anosyl )-(1-g-)- (sod i u m 2- 0- sodiPGT/FR2010/051703

sul f onat 0- a- L-i dopyr anosyl uronat e) - ( 1- >4pp ( 2- deoxy- 2- ( 1- oxobuty1l) -

am no- a- D- al ucopyranosyl )-(14) - (sodi um 2-0- sodi um

sul fonat 0-a-L-i

Sur onatey - ( 1+ o4 EBEESS, Maihedoneslvs Mo HEORiEaLTaRy5,724R53 P E R und
17) OH OH 6&esNAMAIR2CIH3eE@Na0 NaO, C o Na02COH HO C, H, CONH o Conpound 173
(10 nyg, 4.56 pnol) is treated according to a protocol simlar to that
described for the synthesis of 14, to ve conpound 17 (7.7 nmy, 69%

10Cheni cal shi fmaqﬂ AMethwdr sadlufrhil-%h@mtﬂnmumtomwoavmnosvlurﬁmﬂm| I,
5.20 A gVl i1—2)-BBadeithidio-dedxie AY- d@lm17 CI emZ@ gc?dlum
| doUAI |, 4. a +53. (A

3, 3- di phen A Lridopyranasyly

sul f onat o- a-mmmcdmmoaws%ar-manm QD sddlurﬁZ -stigforato-2ri(- wogwﬁbwwurbmteno 6- 0

-sodi um SU'Q{SI Ei[ga&t%dé'zul :
sul f onat o-

( 2- deoxy- 2210sedibim ynanduylie

(sodi unp 2- Qo&aRH dilfbnato-o-D-glucopyranoside (Compound 11)
sul f onat o-a“lﬁ_—ﬁ_m_ﬁ_(‘l- -rdopyranosyTuronat €)-(1-4)-(2-deoxy-241- oxobutvl)- oson

QSO Na

OS0ONa g Ne0,C

OH o Na0,C— OH .0
o Na0,C—, OH : 0 J HO PRV
NaOC— OH S o7 Ho AcnH ©
o 0 HO AcNH o Na0,S0
HO achH © Na0,50
HO Na0,S0
Na0,80

To a saturated agueous sodium hydrogen carbonate solution (2.6 mL) of
compound 105 (66 mg, 26 pmol) is added sodium hydrogen carbonate (349 myg,
15  4.16 mmol}, followed by dropwise addition, at 0°C, of acetic anhydride (194 L,
2.05 mmol}. After stirring vigorously for 3 hours at 0°C and then for 15 hours at room
temperature, the reaction medium is applied to a Sephadex® G-25 column eluted with
0.2 M sodium chloride. The fractions containing the product are concentrated and
desalified using the same column eluted with water. The fractions containing the
20  product are then concentrated under high vacuum to give the desired compound 11
(45 mg, 74%).
Chemical shifts of the anomeric protons (600 MHz, D;0) & 5.13 IdoUA™, 5.12
Glc", 5.16 IdoUAY, 5.12 GIc, 5.15 IdoUAY, 5.13 GIc", 5.17 IdoUA", 4.72 GIc'
Mass: “ESI" method, negative mode: theoretical mass = 2351.57; experimental
25 mass: 2351.13+ 0.06 a.m.u.

EXAMPLE 12: Methyl (sodium 2-O-sodium_sulfonato-g-L-idopyranosyluronate)-
(1—4)-(2-acetamido-2-deoxy-68-O-sodium sulfonato-a-D-glucopyranosyl)-(1->4)-(sodium
2-0O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-a-D-

30  glucopyranosyl}-{1—4}-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
{2-acetamido-2-deoxy-6-O-sodium _sulfonato-a-p-glucopyranosyl)-(1-s4}-(sodium 2-O-

sodium
pyranoside (Compound 12)




am no- a- o- el ucopyranosyl )-(1->4)-(sodi um 2-0-sodi um

sul f onat 0- a- L-i dopyr anosyl 20ur onat e) - ( 1- >4) - 2- deoxy- 2- ( 1- oxobut yl ) am no- ( 3-
0- al ucopyr anosi de (Conpound 18) To a solution of conpound 174 (5.5
my, 2.4 pmNQ 208381 ni xture of N, Ndi net hyl f or mani de/ WBCEFR201€/0547P3 ar e
added dropwi se, at OC, diisopropylethyl aodne 25 (63 pL, 15 nol ar

equi val ents) dissolved in N, N-di net hyl formam de (43 pL), and

Nhydr oxysucci ni m de butyrate (49 ng, 11 nolar equival ents) dissolwed in

N, Ndi met hyl f ormami de (43 pL). Stirrigg is continuedS&? room,tenp€rasure for
3 hours, and the sanmecsmmunt of reagenindstdien a At oL r the
sanme condifjonsu Aft PH of, r E£Qb-st t n't enpewdtur e,
the reacti oh i oHeer™305gphad¥&(r) G 25 adgdm el uted with
0.2 M sodi . e fractions cont¥Pft ng WO

2011/ 018588R&d£4+R2010/ 05170%*105 the product are concentrated and
desalified using the sane colum eluted with water. The fractions

contai ning the product are then concentrated under high vacuumto give the

desired E:grrpountuol@ s(ajﬁna@g gaﬁoiogsUsAoqiTT hydr@mmlg S'Ccfnionatgi f;glati%ﬁ (uA.h{ana);@gri c
protons . oUAVI . . e . oUAvI .

Ge, 5. 23 ?@B% P‘?iﬁ@lﬁ'ﬁ“, s, 2R ?edumgf%ag&n[garﬁm o (88 Bidag
H20) . EXAMRIZE mieol),5fqipeey | e drapwiges adilition,2 20 086 diofimacetic anhydride (105 uL,

sul f onat o- g-b-h@8RY, XV { o° 4 then for 1
uronat e) - ( 1':14) - é‘%ﬁ@;ﬁ%@gﬁ? RL;;T'Y ‘10_r03xg ey ha °C and then for 15 hours at room

m
sul f onat o- ERErES Heategsian medium) is@ppligdiia 2 SepRrextnE-25 column eluted with
?gl L onat o—2 a.—z;m’ d@cﬁ&rjhaéllﬂ@idegﬁ?ﬁ?ﬁ@&tioﬁi-oghg\inin% the product are concentrated and
- deoxy- 2-( 3. - 1; oxobut yl }am ng- 6 0-.sodi um . .
sul f onat o- Séﬁ?-"ﬁ%é%&%a%s%’?? ”-rﬁfh)e?‘(tg%d’i"ﬁhMa%-ro-TQSdﬁr%ﬁ%"“S containing the
sul f onHl o- praducidarpytham cepdantratesl andef high) vid@udetx giva-th8-desired compound 12
nmet hyl - 1- ogég}ﬂbym. no- a- D- ql ucopyranosyl ) - (14) - (sodi um 2-0- sodi um
sul fonato-a- ~' : _ _ vil
15L- i dopyr anosyfhemigak &yitg of thp_gnomesie\protops (GRG: Mz, PGk 8.it3/ I8ek¥no-B08- al uc
0- pyranosGi¥ GCanmBeuRd, 519 GidM Sz (RNa s@@BR@H4 1doUA", 4.73 GIc'

[a]o 115.3° (c 0.3; H.0).

15
EXAMPLE 13: Methyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyiuronate)-
{1—-4)-(2-acetamido-2-deoxy-6-0O-sodium_sulfonato-a-D-glucopyranosyl)-{1—4)-(sodium
2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-a-D-
glucopyranosyi}-(1—4)-(sodium 2-O-sodium_sulfonato-a-L-idopyranosyluronate)-(1—4)-
20  (2-acetamido-2-deoxy-6-O-sodium _suifonato-a-D-glucopyranosyl)-(1—4)-(sodium__2-O-
sodium _sulfonato-a-L-idopyranosviuronate)-(1—4)-2-acetamido-2-deoxy-6-O-sodium
sulfonato-a-D-glucopyranoside (Compound 13)

0S0;Na
0S0,Na o
OH o Na0,C OH
Q80O Na o NaD,C OH . o
o Na0,C—, OH R 0—" Ho adOMe
OH o] Q HO o cNH
NaG,C > AcNH
5 o O Ho AcNH @ NaC,S0
HO AchH© Na0,50
HO Na0,S0
Na0,S0
25 To a saturated aqueous sodium hydrogen carbonate solution (1.26 mL) of

compound 118 (27 mg, 12.6 pmol) is added sodium hydrogen carbonate (169 mg,
2.02 mmol), followed by dropwise addition, at 0°C, of acetic anhydride (95 L,
1.01 mmol). After stirring vigorously for 3 hours at 0°C and then for 16 hours at room
temperature, the reaction medium is applied to a Sephadex® G-25 column eluted with
30 0.2 M sodium chloride. The fractions containing the product are concentrated and



0 NaO2COHO Na0O2C OHO Na02COHOO( CH3) 2CHCH2C6NH 00( CH3) 2CHCH2CONH Na03S0
HOO( CH3) 2CHCH2CONH Na03S0 HOQ( CH3) 2CHCH200NH Na03s0 NaO SO A sol ution of
conpound 171 (84 ng, 37.8 pnol) in a 7/3 mxture of N,N- 20

di met hyl f orWWen2Ma/Mei88r (8.4 nl) is treated with 1-[(3- meRCHFBAGHMASE K Y]
pyrrolidine2, 5-dione according to a procH#®s simlar to the synthesis of
conpound 14, to gi ve the desired conpound 19 (41 8 nmg, 43%. If necessary,

it may be p n- exchange ch Si senm -preparative
i onex. Car BOFSALSE uita 0BF B Ao g Sher i e T Hkaferky S BRBAG® « om
an el uent Apmwtamreltlumfnmrlaenteataénmdér bigh siastitmdodjive the desivetlerotrgoenoridtri | e
m xture (4/(%; @ %1:}? of dinethyl sulfoxide, and eluent B consisting of a

m xt ure of N chloride solution and acetonitrile (4/1). T

fractions cont ai fiawmjcaltsbiftsradhe enamerie REtOREEOB HYIFAL RP)ha 1A ddalyAt {1&951& ng
a Sgphft@ex(egz‘r’]'%aé I@&JAY?E 1?! @arc%dm fdaunét 8o GIEe 5fuagsuANg. 7oamEal N :j ng t he
product are then,cong rated under v, esire

D 0. | oS0l ety VROl e G MRS b e oS bl el ©

5. 23 | doUAvhbss: 235096 &&B0 &m24 | doUAvi, 5.13 Ge, 5.25 IdoUAlv, 5.17 -
Gcill, 5.22 I1doUAIl, 4.55 dcl "ESI" nethod, negative rmde:
mJItlcharged I on detected m z 581. 3517 5M41 1]1. (aC|d for )
2011/ 018588PCT/ HrAMBLIBA4:76phemdpentyl 2AnsQuiim BBulig

I nvent i1@n undgateen ZRb G

effect on : . ’ 0 on
post - i schaew-@—ci“ﬁé‘%ﬁ_c’g : 200 : ' -IAPRYTIRCRVIY iRl

speci fi c acddoxiy2y 1tammwl$anﬁ1'$-3 O sodlum Ebﬁona&o—mﬂ- Ioc b4$)-fsodiam
corresponds2 s Ridi§3 ] ' ‘

bi ol ogi cal T® 1 !
&g_!ucopvranosvl)—( 1—>4)-(sod|u_m 2- O-sodlum sgIfonato-a-L-idogyranosyluronate)-

15 (1-4)-2-deoxy-2-(1-oxobutyl)amino-f-D-glucopyranoside (Compound 14)

OH
OH

0OSO,Na NaQ,G—» OH O(CH,}Ph
0SO,Na o NaD,C—» OH O ? . o e
NaO,C—, OH . @ 0—" Ho
Na0,C—p OH ot/ 0 0= Ho d CH,CONH
E o o—" Ho X C4H,CONH
0— Ho g C,H,CONH Na0,50
C,H,CONH Na0gS0
HO Na0,S0
Na0,80

To a solution of compound 171 (126 mg, 56.9 pymol) in a 7/3 mixture of N,N-
dimethylformamide/water {12.6 mL) are added dropwise, at 0°C, diisopropylethylamine
20 (148 pL, 14.9 molar equivalents) dissolved in N,N-dimethyiformamide (100 pL}), and N-
hydroxysuccinimide butyrate (116 mg, 11 molar equivalents) dissolved in NN-
dimethylformamide (100 pl). Stirring is continued at room temperature for 3 hours, and
the same amount of reagent is then added three times under the same conditions. After
a total of 23 hours of stirring at room temperature, the reaction medium is applied to a
25  Sephadex® G-25 column eluted with 0.2 M sodium chloride. The fractions containing
the product are concentrated and desalified using the same column eluted with water.
The fractions containing the product are then concentrated under high vacuum to give
the desired compound 14 (133 mg, 93%).
Chemical shifts of the anomeric protons (600 MHz, D-0) & 5.07 IdoUA™, 4.99
30 Gle", 5.09 IdoUAY, 5.04 Gic”, 5.10 IdoUAY, 5.01 Gle", 5.06 idoUA", 4.38 GIc'
[alp 50.5° (¢ 1; H.O).

EXAMPLE 15: 2-propylpentyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyl-
uronate)-(1-—4)-(2-deoxy-2-(1-oxgbutyl)amino-6-O-sodium suifonato-a-D-gluco-




each well of a 96-well plate (Becton D ckinson 353872), 60 pl of
Matrigel (r) diluted to 1/3 (Gowth factor reduced MatrigelC): Becton

Di cki nson 356230) in collagen (rat tail 10col |l agen, type |I: Becton

Di cki nson 3%02491/01888% bi ol ogi cal matri x hardens after 1 PIUFRIQI0PBCI03IHUMEN
venous endothelial cells (HUVEC ref: C 12300 - Pronocell) are seeded onto
the biological matrix at 7800 cells/well in 120 pl of EBMr) medium

(Endot hel i al Bas FCS.(f oet al

Lonza) + hER R EPRE RS, :
pg/ m . The deeky-8-( Eotxﬁvl)larmimi- -mduhmFGEﬂf %Em aopgrahoAB4(1 sed]u 60) 10
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2000 20software). In this test of 1n vitro angi ogenesi s OHt he
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10-12M For exanpl e, osmgmpounds I Ba ofcy | (Ll
u?@%? i di wfcosthe nodel
/Z<\?’ ar Reseafch, 18@d, 54, 253-61) for

| agat
testing phasnmac og‘?éﬁf""br,&g&g& ts capabl d°%¥ activati ng the onset of
angi ogenesi s¥oFhe ani nmal s (Whl te consangui neous BALB/c J nice) are
anaest hetized with a 30 xyl azine (Ronmpun(c), 10 ng/ kg)/ketam ne
(I'mal gene(r) 1000, 100 ng/kg) mxture intraperitoneally. The aninal's back
i s shaved and diGamrospd 4d2 £ Mg HeX betl isfegatyd agmerding top pregacol gimiarctettea

subcut aneouskyiiRia fbNfie BRMAGSIS oPRE o Bive oBinB6ird S @ s%gczfscyaterlle air. An

i nci si f ab t th t
ntroddBe a st Sﬁnemaélsﬁhs@i’@q SRoReC bt (GO0 A Do T TG b g  ©
Cel | spon(r)GIe¥f 5.39dUAY, 5.24 Gic”, 5.36 IdoUAY, 5.27 GIc", 5.32 IdoUA", 4.63 GIc'

falo 60° (¢ 1; H,0).
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EXAMPLE 16; __ 3-cyclohexylpropyl  (sodium  2-O-sodium _ sulfonato-a-L-

15  idopyranosyluronate)-(1—4)-(2-deoxy-2-acetamido-6-O-sodium sulfonato-a-D-gluco-
pyranosyl)-(1—4)-(sodium _2-O-sodium__suifonato-a-L-idopyranosyluronate}-(1—4)-(2-

deoxy-2-acetamido-6-O-sodium___sulfonato-a-D-glucopyranosy)-(1—4)-(sodium __ 2-O-
sodium sulfonato-g-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-acetamido-a-D-gluco-

pyranosyl}-(1—4)-(sodium _2-O-sodium__sulfonato-a-L-idopyranosyiuronate)-(1-—4)-2-
20  deoxy-2-acetamido-B-D-glucopyranoside (Compound 16}

OH
OH -

0S0,Na NaOC-p OH O(GH,),C,H
0SO,Na OaNaozc oM o Nab: o 2):CaHyy
o Na0,C— OH s o HO™H cconn
Na0,C— OH o PO 07 HOY ceonn© ?
z ~ 0 O HO (o] 3 Na0.50
o= Ho X H,CCONH a
H,CGONH Na0,50

3
HO Na0;S0
Na0,80

Compound 172 (10 mg, 4.56 umol) is freated according to a protocol similar to
that described for the synthesis of 13, to give compound 16 (8.8 mg, 82%).
25 Chemical shifts of the anomeric protons (600 MHz, D,0) & 5.15 IdoUA™", 5.08
Glc"", 5.17 IdoUAY, 5.13 Gic", 5.17 ldoUA", 5.11 Glc", 5.16 IdoUA", 4.50 GIc'
[a]p +40.9° (c 0.88; H.0).

EXAMPLE 17:  3-cyciohexylpropyl  (sodium __ 2-O-sodium __ sulfonato-g-L-
30  idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl}amino-6-O-sodium __ sulfonato-g-p-




WO 2011/ 018588PCT/ F112010/ 051703 107 i npregnated wth 50 pl of sterile
solution containing the test product. The incision is then sutured and
cl eaned with Hexomedi ne(r). . On the days followi ng the insertion of
t he i npl anWWO2AEL/9%8888 can recei ve the product into the i RHITAR20EMESEN3
i njection through the skin (50 pl/inpl antdday) under 5gaseous anaesthesi a

(5% isoflurane (Aerrane , Baxter)). Seven days after inserting the
sponge, the mce are onds n o‘ bi t al
sodi um ( CEV# S S O i SOOI ; Tt T apertronear Hy. e SKi -0 S

to rel ease §tﬂﬁJrﬁ§' -saalﬁmts!aﬁoéa%aqerdoav nERRRSHEtd 1 -z%&x 2 2 er al
pi eces and*ptraced Tn R pol yser g -
Deat h Det e@m'mﬂﬂﬂ'@' 1

conseculi vefohatd)qn A0 2sReendy1 oa@bdtmeﬁﬂnés méluétg:vaar@@idb (chpoﬁﬁaatrPr epe FP
120). The tubes are then centrituged for 10 mnutes at 2000xg at« 20C and

t he supernatants are frozen at -20C il the ti f theGHhae bi

assay. On the day of t:dm@:aassa% th Oétéc,unreIS he %?f b%g*‘w"
t hawi ng ang, ¢ hQJHhae ne Q Y tﬁ“eCsE;FCabkl n
reagent (Si ) oV n9chyonk@adi hg on B speedmoophotorreter at 405
nm agai nst dar ¢"FAngg.f bovine ha’@?ﬁ?gl obin (Sigma). The
haenogl obi n r@mﬁﬁ:entrat ion in each sanple is expressed in ng/m fromthe

pol ynom al regression produced fromthe range. The results are expressed as
a nean 20 value ( senm) for each group. The differences between the groups
are tested w thCompanaiA73 ¢10 oaed. S6ytraolDisntrrated aecsrdiog te Bepraigoelrsimitarde  of

the val ues that describeliforlthé §¥dtﬁb§{é Y914, ?&@.vet;&ﬁ &mpntms gf sdohp i nvention
reveal ed a specific actiyi

compoun@s | and GerRycal sbifts @b the aWW{ﬁ?gﬁq%‘sr}gﬂQiWﬂ?E?;§ siggédc’i@\ | véagt 15

ng/site. 2%5ef, spsmuall s45mBIcHaD6Ido@AALS. VRGIH, 522 omqualnd 5aiGat ogous t o
conpound 7 accor 9,1 ntion, but in which all the -NH acyl groups
are repl aced WI Lﬂ Qﬂ?—écﬁc&a d_ll}ég conpound 7 according to the invention has
in this test an activity of greater than 21%relative to the said fully

sul fated anal Ogﬁnecmﬂaﬁ’ﬁs“%%% d.#?@m}[dmwﬁa%%m P BbdtH!  GuRsREo Ll -t he

conpounds accor
15  idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium __sulfonato-a-D-

glucopyranosvi)-(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1-—-4)-
(2-deoxy-2-{1-oxobutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosvl)-(1—4)-

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

amino-a-D-glucopyranosyi}-(1—4)-(sodium  2-O-sodium __sulfonato-a-L-idopyranosyl-

20  uronate)-(1-—4)-2-deoxy-2-(1-oxobutyl}amino-B8-D-glucopyranoside (Compound 18)
OH

OH

030,Na o NeQ,C—» OH © O(CH,),CHPh,
0OS0,Na o Na0,C OH o o O
OH . HO
o o Nao,C o o— o X CH,CONH
Na0,C o ‘5 C,H,CONH
\ HO=E H,conn © Na0;50
O0—=" Ho 0 al s
C,H,GONH Na0,S0
HO NaD,50

To a soiution of compound 174 (5.5mg, 2.4 pmol) in a 2/1 mixture of N,N-
dimethylformamide/water (4.8 mL) are added dropwise, at 0°C, diisopropylethylamine

25 (63 pL, 15 molar equivalents) dissolved in N,N-dimethylformamide (43 uL), and N-
hydroxysuccinimide butyrate (49 mg, 11 molar equivalents) dissolved in NN-
dimethylformamide {43 uL). Stirring is continued at room temperature for 3 hours, and

the same amount of reagent is then added three times under the same conditions. After

a total of 24 hours of stirring at room temperature, the reaction medium is applied to a

30 Sephadex® G-25 column eluted with 0.2 M sodium chloride. The fractions containing



Phar macoki neti cs The pharnmacokinetic profile of the conpounds
according to the invention is evaluated after cutaneous admnistration, to
OF1 or C57/BL6 mice, at a concentration of 30 ng/kg. The systeni c exposure
of the conpo@RAEl/#18588/al uated after a single 35adm ni st r &CTHR2000/05K70ANI mal
anaest heti zed beforehand wi th pentobarbiipgl. The blood is WO

2011/ 018588PCT/ FR2010/ 051703 108 col | ected fromthe vena cava and then

transferregd int | astic t bes CO l.ithium heparin.

centr1 fugatoRoguBBs Goreaa AT A A g erfarmts SR /e Wb etere
conpounds The tfrraetsqn-laammmxsg theaprot betete thyenl cdnvEnthied Lndardgh adcuuthis diest
conpounds T cgmpgq%dwo@%w@/ﬁl netic profile 5 (especially hi gher AUC

and plasmatic concent I'on er half-lives) relative to W
Hp.19

sul fat ed anal og&b@”@@hﬁmﬁmafstf(er%’mnéﬁf@rm'ﬁtonaf(ﬁfimﬁll‘m Beq)) 4 Prd[sioU

- NH- S035 gt}wb@ 23 %Y)uwﬂys 98 GR¥agPhedoliAe SEGERBCNK) RRUAE La¢ afet ers of
conpounds 1, ﬁﬂ " gp%ordi_wg}to the invention are described in the table
| e

that foll ows, h a fully sulfated anal ogue No. 175 havi ng
the follow ng fornula: OSG3Na Conpound 175 Conpound AUC (0-C ast) (ng.h/nl)
T112 (h) Plasma conc., t = 4h (ng/nm) No. 1 18 000

EXAMPLE 19: 5-phenylpentyl (sodium 2-O-sodium_sulfonato-a-L-idopyranosyi-
10  uronate)-{1—4)-(2-deoxy-2-(3-methyl-1-oxobutyl)amino-6-O-sodium sulfonato-g-D-

glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-2-{3-methyl-1-oxobutyhamino-6-O-sodium sulfonato-a-b-glucopyranosyl}-
{(1-+4)-(sodium 2-O-sodium _sulfonato-a-L -idopyranosyviuronate)-(1—4)-(2-deoxy-2-(3-
methyl-1-oxobutyl)amino-g-D-glucopyranosyl)-{1—4)-(sodium 2-O-sodium_sulfonato-a-

16  L-idopyranosyluronate)-(1—4)-2-deoxy-2-(3-methyl-1-oxcbutyl)amino-3-D-gluco-
pyranoside (Compound 19)

OH
OH

0S0,Na o Nag,C— AH © O(CH,)Ph
0SC,Na o NaQ,C—,. OH . o
o Na0,C P 0~ HO
NaO,C-— OH . 8 0—" Ho o] {CH,),CHCH,CONH
N 0~ Ho o (CHy),CHCH,CONH 1y o]
O HO o] {CH,),CHCH,CONH o &3 3
HO (CHy),CHCH,CONH 130,50 g
Na0,50

A solution of compound 171 (84 mg, 37.8 pmol) in a 7/3 mixture of N,N-
20  dimethylformamide/water (8.4 mL) is treated with 1-[(3-methylbutanoyl)oxy] pyrrolidine-
2,5-dione according to a process similar to the synthesis of compound 14, to give the
desired compound 19 (41.8 mg, 43%). If necessary, it may be purified by ion-exchange
chromatography using a semi-preparative Dionex CarboPac® PA100 column (9 x
250 mm) with a gradient starting from an eluent A to an eluent B, eluent A consisting of
25  a water/acetonitrile mixture (4/1) + 0.01% of dimethyl sulfoxide, and eluent B consisting
of a mixture of a 2N sodium chloride solution and acetonitrile (4/1). The fractions
containing the product are then concentrated and desalified using a Sephadex® G-25
column eiuted with water. The fractions containing the product are then concentrated
under high vacuum to give the desired pure compound 19.
30 Chemical shifts of the anomeric protons (600 MHz, D,0O) § 5.23 IdoUAV"', 5.19
Gic"", 5.24 IdoUA", 5.13 GIc", 5.25 IdoUA", 5.17 Glc", 5.22 IdoUA", 4.55 GIc
“ESI” method, negative mode: multicharged ion detected m/z 581.3517 [M-4H]*
(acid form).



1 924 No. 6 95 000 0.46 5740 No. 7 22 000 0.40 425 No. 175 15 000 0.33 20
AUC (0O-tlast): Area under the curve between tinme 0 (conpound

adm nistration start tine) and tlast (the time of the | ast nmeasurenent).

15. 1112 (AYO2051/018588 e tine . Plasma conc., t = 4h: Pl adfdvFR2010/051703

concentration at 4 hours Thesd0Besul ts show the inportance of the

N-acyl groups in the conpounds according to the invention, which make them

particul arly sumhaQompbfidsisorfingfd tRedheehiBR uBderwent pharmacolegical trials to
determine their agonist effect on the FGF receptors and their activity on angiogenesis

and also on post-ischaemic revascularization.

5 Model of in vitro angiogenesis: specific activity towards FGF2
The in vitro angiogenesis model corresponds to a rearrangement of 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 ul of Matrigel® diluted to 1/3

(Growth factor reduced Matrigel®: Becton Dickinson 356230) in collagen (rat tail

10  collagen, type 1: Becton Dickinson 354249 ). The biological matrix hardens after 1 hour
at 37°C.

Human venous endothelial cells (HUVEC ref: C-12200 - Promocell) are seeded

onto the biological matrix at 7800 cells/well in 120 pi of EBM® medium {Endothelial
Basal Medium, Lonza C3121) + 2% FCS (foetal calf serum - Lonza) + hEGF
15  (Recombinant Human Epidermal Growth Factor - Lonza) 10 yg/ml. The cells are
stimulated with FGF2 (R&D Systems / 234 - FSE - 0 50) 10 ng/ml or with the products of
the invention for 18 hours at 37°C in the presence of 5% CO.. 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
20  software).
In this test of in vitro angiogenesis, the compounds of the inveniion have a
specific activity of between 10° M and 10™M. For example, compounds 1 and 2 are
active at 107" M.

25 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 {esting pharmacological products
capable of activating the onset of angiogenesis.

The animals (white consanguineous BALB/c J mice) are anaesthetized with a
30 xylazine (Rompun®, 10 mg/kg)/ketamine (Imaigene® 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 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 cm in diameter, 2 mm thick, Cellspon® ref. 0501)



It energes fromthe foregoing that the conpounds according to the invention
“have agoni st activity on the FG- receptors and activity on angi ogenesi s,
and al so on post-ischaem c revascul ari zati on. The conpounds according to

t he i nvent M0 26E0X8A8® 25 be used for the preparation of PEHFRZIBHSE03
especially nmedi canents that are useful figr treating di seases that require
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activation of angi ogenesis post-isch aem c revascul ari zati on.
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graft in the case of diabetics, treatnment for ipproving the
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retinal 2 I et |
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treatng Kk I ng
bones, Tor e PN pRICEERE Sl he hoGRLABHL SPEolRth ik HHedifed Wi PAE
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In this in vivo test, the compounds of the invention revealed a specific activity of

between 5 and 45 ng/site. For example, compounds 1 and 2 are active at 45 ng/site,
and compound 7 is active at 15 ng/site.
25 For comparative purposes relative to a compound analogous to compound 7
according to the invention, but in which all the —NH-acyl groups are replaced with —NH-
S0;- groups, compound 7 according to the invention has in this test an activity of
greater than 21% relative to the said fully sulfated analogue, which shows the
importance of the N-acyl groups in the compounds according to the invention.
30
Pharmacokinetics
The pharmacokinetic profile of the compounds according to the invention is
evaluated after cutaneous administration, to OF1 or C57/BL6 mice, at a concentration of
30 mg/kg. The systemic exposure of the compounds is evaluated after a single
35 administration to the animal anaesthetized beforehand with pentobarbital. The blood is
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2001). Thus, FGF2 and its receptors repres8ent very pertinent targets for
therapies directed towards induci ng angi ogenesis WO
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These results show the importance of the N-acyl groups in the compounds
according to the invention, which make them particularly suitable for use as
20  medicaments.

It emerges from the foregoing that the compounds according to the invention
have agonist activity on the FGF receptors and activity on angiogenesis, and also on
post-ischaemic revascularization. The compounds according to the invention may thus

25  be used for the preparation of medicaments, especially medicaments that are useful for
treating diseases that require activation of the FGF receptors, or of medicaments that
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Angiogenesis is the process of generating new blood capillaries from pre-existing

30  vessels. Arteriogenesis contributes towards the development (increase in size and
calibre) of the coliateral vessels around the ischaemic or avascular area.

Among the growth factors involved in these revascularization processes, the

FGF family and especially FGF-2 has been the most widely described (Post, M. J.,

Laham, R., Sellke, F. W. & Simons, M. Therapeutic angiogenesis in cardiology using

35  protein formulations. Cardiovasc. Res. 49, §22-31, 2001). Thus, FGF2 and its receptors

represent very pertinent targets for therapies directed towards inducing angiogenesis
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Diseases of the distal arteries and especially arteritis of the lower limbs are

caused by chronic obstruction of the arterioles that irrigate the extremities. These

35 pathologies mainly affect the lower limbs. In a phase | clinical trial, patients with
peripheral artery pathologies leading to claudication received injections of FGF2
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35 dementia.
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t opi cal aplﬁGF%’EﬁFﬁhndx iglecmrigolimite. Mot el Biplt23, tSBQT#ﬁyEOﬁa)oFGﬁﬁwnbehelsed
in creans, g5l ind®! &t RNLSd Chvdrtibh O%id be exploited in order to promote cardiac
30  regeneration. They would thus improve the perfusion of the myocardium after ischaemia
(Hendel, R. C. et al. Effect of intracoronary recombinant human vascular endothelial
growth factor on myocardial perfusion: evidence for a dose-dependent effect.
Circulation 101, 118-21, 2000) and also the survival and progress of transplanted
myoblasts, especially in Duchenne’s muscular dystrophy.
35

Angiogenesis is an essential phenomenon during cutaneous cicatrization. The
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( : al |y
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chosen fr onhatihtn@ine of di6atAZAtEN in BEaMPSr diab&te ptiBr@SENt S either a group

0S03- or a hydroxyl group,
Bioartificial pancreas fransplantation is a very promising technique for the
10 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
15 Device Improves the Cell Survival of a Bioartificial Pancreas. Pancreas. 28(3).e70-e79,
April 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
20 and more generally in improving the revascularization of grafts and consequently the
survival of the grafis.

Pigmentary retinitis is a pathology involving progressive degeneration of the
retina characterized by degeneration of the photoreceptors and obliteration of the retinal
25 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
30 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

35  therapy in retinal degeneration and especially in pigmentary retinitis.



- R3 represents an al kyl, cycloal kyl or al kyl -cycl oal kyl group, and -
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In the field of osteoarthritis, many studies have been performed for restoring
destroyed articular cartilage. In this context, it has been reported that the proliferation
and differentiation of chondrocytes were stimulated by FGF2 in 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 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, 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.

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 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 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, 1-13, 2001). These vascularization
defects are thought to be due {o an angiogenesis defect and lead fo 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.

In addition to angiogenesis-inducing effects, growth factors such as VEGF or
FGF2 protect endothelial celis against intrinsic and extrinsic apoptosis inducers. The
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neuropsychiatric problems. In the context of the cardiovascular problems, the patients
present major vascular lesions and especially a high induction of apoptosis of

10  endothelial cells. Recently, Hamacher et al. have demonstrated that the
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

15  Sep. 1;166(5):651-6. Hamacher J., Lucas 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.

20

The endogenous overregulation of FGF7 (or KGF) and of FGF18 appears to be

an important mechanism for promoting the proliferation, migration and protection of hair
follicles in pathological cases or after a tumoral treatment (Comprehensive Analysis of
FGF and FGFR Expression in Skin: FGF18 |s Highly Expressed in Hair Follicles and

25  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 invention might be a treatment of choice for repairing and protecting hair
follicles and for protecting and regulating hair growth.

30

According to another of its aspects, the present invention relates to

pharmaceutical composiﬁons comprising, as active principle, a compound according to
the invention. These pharmaceutical compositions contain an effective dose of at least
one compound according to the invention, or a pharmaceutically acceptable salt of the

35 said compound, and also at [east one pharmaceutically acceptable excipienf. The said
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The injectable administration forms are particularly advantageous, conventionally

comprising the active compound dissolved in water for injection, in the presence of
20 sodium chioride. 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.

According to another of its aspects, the present invention also relates to a

method for treating the pathologies indicated above, which comprises the administration

25 to patients of an effective dose of a compound according to the invention or a
pharmaceutically acceptable salt thereof.
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sul f onat 0- a- L-i dopyr anosyl He)

)-(2-[ (cycl opentyl car bonyl )a & ﬁg - sodi urfl

sul f onat 0- a- n- gl ucopyr anosyt) - ( 1- ¥y~ ( sodi ﬁﬁ‘?"?ic di um sul f onat o-

a- L-i dopyr anosyl uronat e) -1 4) - 2- ddegycl opent yl gar bonyl ) ami no] - 2- deoxy- 6- 0- s
odi um sul f onat o- | 3- 0- gl ucopyr anosi de (No. 4); - - Undecyl (sodium

2- 0- sod§ um sul f;p,rwm@,-a L-i dopyranosyl uronate)-(1-44)- (2-

acet am do- 2- deoxy- 6- 0- sodi um sul f onat 0- a- n- gl ucopyr anosy (1->4)-(sodi um
20- 1 0 sodi unihsavawrinecdenofes Abpyd Msateg I%IVGHQP%)N ?rlabyxe the plane of the

) - (2- acet apjrdRost GHYBf thSglcsRiveunit,
sul f onat o- a- o- gl ucopyranosyl) (1->4)-(sodi um 2-0-sodi um

sul f onat 0- a- L- i dBp{RPAPRESNA IQH?HPt@)a"(VlJ&WLC{TZh%é@'PaﬁWWGEOEP(F@B}PJ)‘S%S fosoti um
sul f onat o- %‘%éﬁrH&P%ﬁ%@ﬂMébptdﬂJ&ﬂf@mﬁﬁM With éndosMbteifoups, which may be

sul fonat o- a- L-i dop %ranosyl ur onat e) ryi; - 2-acet am do- eoxy- 6- SOdI um
sul f ont o- {sleptical acifisienh 68ewes fae aryband WoaﬁﬁYbW@HW pentyl ( sodi um

2- 0- sodi um sul T oRpieprelehts! By & BRABOSOLBRA Rarbiyl Yo,

(2-acet am do- 2- deoxy- 6- 0- sodi um

sul f onat o- a- n- gt Be@piasaRAN gikyl. 1cysiantylws @ikyheyelaglkyserae and

sul fonat 0- a- L- i dgpyhy @éégﬁ&léj@gg&hgﬁ e(:?{‘fc? méa acet am do- 2- deoxy- 6- 0- sodi um
sul f onat o- a- n- gl ucopyr anosyl) ‘3 |um 0-sodi um

sul fonat 0- a- L-i dopyr anosyl -
uronate)-(1-44)-(2-acetam do- %Ogeox(yHG 0-s d|
y 20(1 4)-(sodium 2-0-sodi um . O

sul f onat 0- a- L- i dopyr anosyl urongfe 7>4)G '%% '_Eﬁn do-

ul f onat 0- a- a- gl ucopyr anosyl

15 in which:
- Rz is as defined above,
- Rs represents either a group OSO; or a hydroxyl group, and
- Rs represents a disaccharide of formula (l11):

RT
O
N
0 o
R&%/ HO™ "R coNH

20 in which:
- Rs is as defined above,
- R; represents either a group OS0O;’ or a hydroxyl group, and
- Rg represents a disaccharide of formula (IV):



deoxy- 6- 0- sodi um sul f onat 0- 6- n- gl ucopyr anosi de (No. 6); - Met hyl
(sodi um 2-0-sodi um sul f onat o- a- L-i dopyr anosyl uronate) - (1->4)-(2-

acet am do- 2- deox -6-0-sodiunsulfonato-a-o-glucopyranosyl)kh(1->4)- sodi ung-
0- WO 2011/018588 PCT/FR2010/051703

sodi unsul f onat o- a- L- i dopyr anosyl ur onat e)81- 44) - ( 2- acet ani do- 2- deoxy- 6- 0- so
di um 25sul f onat 0- a- n- gl ucopyranosyl | - (1->4) - (sodi um 2- 0- sodi um

sul fonat 0- a- L-i dopyranosyl - uronate)-(1->&)-2-acet am do- 2- deoxy- 6- 0- sodi um

sul f onat o- a- o0- gl ucopyr anosi_de ( - 7); o. - Methyl (sodium 2-0-sodium
sul f onat o- a- L- i dopyr anosyl uPdnzee)- (b - acet am do- 2- deoxy- 6- 0- sodi um
sul f onat o- a- o- gl ucopyr anosy|,) 94}/ (,5oM UM 208- séM um
sul f onat 0- a- L-i dopyr anosyl uronat e} ( 1- >4) -Récf’-Ngcet am do- 2- deoxy- 6- 0- sodi um
30 sul fonat 0- a- a- gl ucopyr anosyl )adgl- >4) - (sodi um 2- 0- sodi um

sul f onat 0- a- L-i dopyr anosyl uronate) - (1->4) - (2- acet am do- 2- deoxy- a- n- gl ucopyr
anosyl ) - (1- >4) - (eWithim 2- 0- sodi um

sul fonato-a-L-id r ANQS: te)-(1-4)-2-acetam do- 2-deoxy- 6-0-sodi um

sul f onat oa- o- gl ugg)éyr ano'ﬁ%éc*i_lég . 8); WD 2011/018588PCT/ FR2010/ 051703 121

- Met hyl (sodi unRarapressataeiihenh igon @SQs lor e dygprdaoeyd, ur onat e) - ( 14) - ( 2-

acetam go- 2- deoiysdy fi o i b Tl 8y braraclHEARHCBLIM6 bat eretk (Sod! UM
sul fonat o- a- L-i dopyranosyl uronat e) - (14) - (2- acet am do- 2- deoxy- 6- 0- sodi um

sul fonat o-a- 0- gbUeQRYE AIRSELd iy 13 Bl H WALA RO rRElarRe

sul f onat 0- a- L-i dopyr anosyl -

ur onat e) - ( 14) - ( 2-eikast 2 gralp- Q-alleh Xy -vehich thieusaid pikpingreyp cotfpdses Sami Himo 16
2-0-sodi UMy a0, toms

sul f onat 0- a- L-'1 dopyranosyl uronat e) - (1->4) - 2- acet am do- 2- deoxy- 6- 0- sodi um su
| f onat ¥@- o- gl ucepyaanmpi alkiyhdn whjch the said alkyl deuhydonr(psioel from2t ©- 8 oalibom

sul f onat 0- gz | - | v T te)s(1->4)-(2- — .

cet am do- S SPK DS WA, 61 UL AL maY b icenged giicfRrent, chosen

sul f onat o- &reln ar¥itand cycloalkyt groups.

i dopyranosyl uronate) - (1->4)-(2-acetam do- 2- deoxy- 6-0-sodi um

sul f onat o- a- 0- gl ucopyr anosyl ) - (1-44)-(sodi um 2-0- sodi um

sul f onat o- a- L- i Gofympmasis| accorndirigefp-ClainP4 or Claimal; ét auichR 2refessntsGr roapdi um
sul fonat o- a: o- gl Uc ranosyl)-(14)-(sodi.um.2-0- .sqQdi u

sul f oni'ft o- ?‘%kﬂdﬁﬁgﬁ%‘r{ %??'ﬁra@h}'g?'ﬁpﬁ@ﬁ?ﬁ%%étt%ﬂ?&awfﬂ&éwy a- D-gl ucopyra
nosi de (No. 10); 15- Methyl (sodium 2-0-sodium

sul f onat 0- a- L-i dopyranosyl uronate) - (14) - (2-, . . :

Scet am do- 2. deody CHPBRHHE ARG AT TF S 5lamecliia i 5. WhiguBy thpresents a

su: ;onat o- grmpd?@myamwibunmaieywngragb c()rﬂpﬂsﬁstf&fjm dood cepory atontd srdisum
sul f onat 0- a- 0-. 4l ucopyr.an 1)-(14).- (sodium, 2-0-sodi.um

sul f onat o SugssT BRKTSRP drobi, it Y e Sitcal ST dtant shons,ere AbeRMai um
sul f on20 o- and cydloatiopyroapesyl) - (14) - (sodi um 2- 0-

20sodi unsul f onat 0- a- L-i dopyr anosyl uronat e) - (1->4) - 2- acet am do- 2- deoxy- 6-0-s
odi um sul f onat 0- a- 0- gl ucopyranosi de (No. 11); - Methyl (sodium

2- 0- sodi um sul f 6n@bmpaundsi SRy s Mhy 608 aF Elaihd- P 4( #fr which R, represents

acet am do- 2- deoxy- 6- 0- sodi um.sul f onat 0- a- 0- gl ucopyr anosyl ) - (1->4)-(sodi um
2.0- either a)ﬁyalkyl group clorllj1pr|5|gg fromai to éle carbgn gton}ujs),/ ora cyéioc)aikﬁ group. ( '
25 6. Compounds according to any one of Claims 1 to 5, in which at least one of the

groups Ry, Rs, Ry and Ry represents a hydroxyl group.

7. Compounds according to any one of Claims 1 to 6, in which at least one of the
groups R, Rs, Ry and Rg represents a hydroxyl group and at least one of the groups R,,
30 Rs, Ry and Rg represents a group 0SOs5.



sodi
unsul f onat o- a- L-i dopyranosyl uronat e) - (1- >4) - ( 2- acet am do- 2- deoxy- a- o- gl uco-
25pyranosyl‘2v (1->4 sodi um 2- 0- sodi um _

sul f onat o- ¥ Y iﬁsg Bosyl uronat e) - (1->4) - (2- acet ami do- 2EEFRIOW/ELIISH| um
sul f onat 0- a- D- gl ucopyr anosyl ) - (1- >4) - (soti?um 2-0- sod ium
sul f onat 0- a- L-i dopyr anosyl uronat e) - (14) - 2- acet am do- 2- deoxy- a- 0- gl ucopyr ano

si de (No. 12) -8 I’Qbﬂﬁpphnoﬂeﬁ@@bdddﬁ@tcﬁa@pdhwm Claims 1 to 7, characterized in that they
sul f onat o- a- nat e

30acet ani do o§r 88 gor@“g%ﬂr O'Hl“%'ﬂ%r? %r}raﬁ??ghé '%ﬁ- 5 @08 Reraih 68 Wefingdi i any<@i um

2-0- sod ofClaims 1o 7:
i unsul f onat o- a- L-i dopyranosyl uronate)-(1-44)-(2-acetam do- 2- deoxy- a- 0- gl uco
- pyranosyl)-(1-4)-(sodi um 2- 0- sodi um R, R

sul fonat o- a- L-i dopyr aposyl uronate) - ( Ri>4) O((Z OF{Jtceta \%y-gﬁ:%aﬂi,w{n
sul f onat o- a- o- Iucop r & 0sat-).-aH1 - >4 - 0o o 0 1
R,CONH

% HO™"R cony
2011/ 01858% 3 0 HO
sodi unmsul § Z bo- r anos uronaf%cé’)‘"*(l >80 2- acet ani do- £5%eoxy- 6- 0- sod
I um sul fonato gI ucopyrano Sge& (No. 13); - 5-phenyl pentyl (sodium
2- 0- sodi um sul ori‘ato a- L-i dopyranosyl uronate)-(14) -
(2-deoxy- 2- (1- oxobut yl ) am no-6-0-sod i (gnsul fonato-a-D-g | ucopyranosyl)-(1
->4) - 56sodi unk- 0- sodi unsul f onat o- a- L- idopyranosyl uronate)-( 1 4
- (2-deoxy-2-(1- obut
)sul( f onat o}/a- D( g% SWPH%%%%CP cﬁrig o 7”3/(@1?&'?&4?@301 BBighgpen from the following

sul f onat o- aolmpotdngy r anosyl uronate) - ( I1 2 i
4) - (2- deoxy- 2- (1- gxoput yl ),anm n uc ranos > (so
2) 0(sodi umysul 1£ dnﬁeagg %’O%j'él‘ﬂbyf Qnﬁ%@l‘ﬁ'ﬂréw O-Q-L-lﬁg;%yjénosyluronate) 1“*4) (2-

deoxy- 2- (1‘é&é%§db)d@8ky3@-d§bdﬂ]rﬁ | stifRBRABYRIByaNBsylA )4 X 85dium  2-0-
2- propyl pentyl (sodi um'2-0-sodi um

sul f ondPo- #oditim o psuifaRdewt-kideruraspsylurosate)-(1-4 )d@meptamidd-2aleoky:byPpadinin no- 6
- 0- sodi ums ul fronak 8- 25 Resbyk BN AL WMol -226-shdium sulfonato-a-L-idopyranosyl-

uronate)-(1—4)-(2-acetamido-2-deoxy-6-O-sodium sulfonato-a-D-glucopyranosyl)-

(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-
deoxy-6-0-sodium sulfonato-§-D-glucopyranoside (No. 1);

15 - Pentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-
deoxy-2-(1-oxobutyf)amino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium
2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-6-
O-sodium  sulfonato-a-D-glucopyranosyl)-(1—-4)-{sodium 2-O-sodium sulfonato-a-L-
idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium  sulfonato-a-D-

20  glucopyranosyl)-(1—4)-(scdium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
2-deoxy-2-(1-oxobutyl)amino-6-O-sodium sulfonato-3-D-giucopyranoside (No. 2);

- Pentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-
deoxy-2-(1-oxohexyljamino-6-O-sodium  suifonato-a-D-glucopyranosyl)-(1—4)-(sodium
- 2-0O-sodium sulfonato-a-L-idopyranosyiuronate)-(1—4)-(2-deoxy-2-(1-oxohexyl)amino-6-

256  O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-
idopyranosyluronate)-(1--»4)-(2-deoxy-2-(1-oxohexyl)amino-6-O-sodium  sulfonato-a-D-
glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
2-deoxy-2-(1-oxohexyl)amino-6-O-sodium sulfonato-B-D-glucopyranoside (No. 3);

- Pentyl (sodium 2-O-godium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-



(sodi um 2-0-sodi um sul f onat o- a- L-i dopyr anosyl uronate) - (1->4) - (2- deoxy- 2- ( 1-
oxobut yl ) am no- 6- 0- sodi um sul f onat o- a- D- gl ucopyr anosyl )-(1->4)-(sodi um

2- 0- sodi um

sul f onat o- aY L2048 0yl ur onat e) - (14) - (22 deoxy- 2- ( 1- oxdSHERIUYMHI03- D-
| uco- 15pyranosyl)-(14)- (sodi um 2- 0- sodic

sul f onat 0- a- L-i dopyr anosyl uronate) - (1-44) - 2- deoxy- 2-(

1- oxobut y| J@y¢lopertBsdtbanyl)ammimp}-2 ajeogy-6e)-¢ddum15) ;  sulfonato-a-D- glucopyranosyl)

3- szl) OPEXXL%:???%J%&? %{%ﬁmgsﬁ%gaEﬁ-cb-frﬁdgp%a%togylurona e??P Bf)a&o[?é/yc orpggt?/ (
sul f onat o- @amylmﬁmt@a@ﬁwalo(sbdm -duFesHtsLEL @c@ﬂ%ﬁ&y[ (1-4) (sodlum 2,

sul f onat 0- a- L- i dopyr anosyl ur onat e)-(ll >4) - éZ deox 2- acet)a m do- 6- 0-

sodi um suI ﬁbﬁ%ﬁl%aﬁ[ﬁﬂ@@@@bﬁaﬂ%ﬁ@@m urpnatg)yl-p4lodlinyeiepentyearioanyl)amino]-2-
sul fon > glﬁbiqu? §@d\9ﬁ¥gl?g&%g%é@u$nééopy@nogﬁf HeOXY s 6aittS- BNt sihdHaucopyr a

nosyl ) - sod

sul f onat o- a(-lLIdwwpvvanhm@}dtw(dHﬁ)érﬂttybbpéwty@arﬂbnw)&nﬂﬂﬂé‘éﬁww@@%d&t@ﬂl ucopyra
nosi de ( No. g) ohexyl propyl (sodi um 2-0-sodi um

sul f onat o- SU@OF}%BW %H%?ﬁ%l"ﬁ'ﬂﬁi’gﬁ’
25(1->4) - (2- deoxyURddcyt Qacaiuith y2-rE6dNSM Bsifon il dlMiddpyfaMoayiGronated) &1 —4)-(2-

| ucopyr anosy

| ) -
(sodi un@- 0 ag%famﬁ%%ﬂfa@fvaﬁ Q-sedium dopyfPargsyP-glusaBXTayosyR=(44)fsagiiy - 2-0¢ 1-
gxobut v6) agbianp- Gufigite Bl Subb ARSI FoMRG). (LU 22888 Hdo- ecd e Q8

2- 0-sodi um
sul f onat o- aulforiagepyrginepytanosylptler4 X (Sodidn- 20-dediny- Eulfmatoeahmﬁgm&ammka- D-g

I | )61 5 ' | f t I
uronat &) - ( Mo SRR SeiRE P 5. oSO ebEyPASPIBTORS: 17):
- 3, 3-di phenykp(somiin (2so%buimn2 -sOtfEielb-40 - ﬁjubmn@éwn@ndteygamrm%wb@at e)-
(1->4)- (Zg X);f -(1 oxob amn06050|umsu f onat 0- a- D

| ucopyr ano adiym syl étctlﬁnDZg weapyengside (No.

| L-idg SUhah
2011/ gﬁssgsgpcﬁ oo 1”*73% 123%9%%3}%’9]( %‘“iﬁqﬁ%gsﬁaeb‘{oi’&?m%m”ate) (1-4)-
sul f onat o- &-@C@Bmwp%fdmtﬁy‘l))w@mzsmwBatmmmmwﬁp)saubaym(1—>4) -(sodium 2-O-
lsﬂl:];g;?;g Ogc;,%l 2%& %{]ag(g}ﬁh%dg n)%%ﬁ%sdﬁh?ﬂaté 2(1 ae84y- adetamidas) % X)P e IB-SOdIUfTI

sul f onat o- aultonach;w@mydanbm)a(ﬁe-)z#)((&édmra 2dBeydiud clifonsePulLYiBemIrasosyB- D- 9

| ucopyr anosi de . ( pentyl (sodium 2-0-sodi um

sul f onat o- 4rqnae]; ﬁ%&%eﬁtwﬁﬁﬁéﬁ phengs sodium sulfonato-a-b-glucopyranosyl)-
(2- deoyy- ZEiﬁa%BMH %@éBEMFrV%%%ﬁ%Ro 810108 PPtaHEBMI RS Q=) - SldigRRy2NOSY |

)- (1 4)-(sodium 2-0-sodi um
sul f onat o- QGQXM-%‘@MQWQH&W@U@WWPSIQQ(M@cﬁ)y 2- (3-

net hyl - 1- oxobut yl ). § el L-
sul f onat o- a- D- gi ucopy]a;losypf ?P@éﬂmrps éllf rlyﬁt(}a L-idopyranosyluronate)-(1—-4)-(2-

acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-[(1—4)-(sodium  2-O-

sodium sulfonato-a-L-idopyranosyluronate)-(1—+4)-(2-acetamido-2-deoxy-6-O-sodium

25  sulfonato-o-D-glucopyranosyi)l-(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyi-

uronate)-(1—4)-2-acetamido-2-deoxy-6-0O-sodium sulfonato-a-D-glucopyranoside (No. 7);

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

acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium  2-O-

sodium  sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-6-0O-sodium

30  sulfonato-a-b-glucopyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyl-

uronate)-(1—4)-(2-acetamido-2-deoxy-a-D-glucopyranosyl)-(1—4}-(sodium 2-O-sodium

sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-deoxy-6-O-sodium sulfonato-
a-D-glucopyranocside (No. 8); |



0-sodi unsu | fonat o-a-L-idopyranosyl uronate)-(1->4 )-(2-deoxy-2-(3-nethyl-1-
10oxobut ypam no- a- D- gl ucopyranosyl ) - (1->4) - (sodi unR- 0- sodi unsul f onat o- a- L-

i dopyr anosyl uronat e 8( 1->4) - 2- deoxy- 2- ( 3- met hyl - 1- oxobut ypamn no- 13- D- gl uco-
pyr anosi de %.011_‘(@1)8?58 10. Medi canent, char act &CT/AERROIR/OSKHE | ¢t
conprises a conpound according to any 198he of Clains 1 to 9, or a

phar maceutical ly acceptable salt thereof. 11. Pharnaceuti cal
conposi tion, char detist i Eedumn 2-Oatodivim CMhét@&ﬁL@ddpgfﬂh@smm'oﬁﬁt@P(ﬂME(Zo any
one of Clains 1 to or a pharmaceutically acceptable salt thereof, and

9, .
al so at | e8SHtaBIRO-RaPHER-BrRadim | ysulfepaipabrolicenangsyii T—db(sodium — 2-05
Conpound agg@iiA n%u’if@na%lﬁ-LQiﬁspﬁéncgyﬁirtg@atéj-(ﬁ%@g%-fa?%tghﬁl':og-:ﬂago - HSodium

treatment of pathol ogies requiting activation receptors.
13. Conpousdferateoadi-glacapyraghsying1124)-(sodiumt 8-Qrsedium  shifonatcead Heopyrafosyl-

pat hol ogi e | I i Si tivation p -isch | C_ .
revascul ar ?Eﬁéﬁeﬁﬁw—“‘)'@a&qg?@g'e‘gﬁ?ﬁs@ﬁﬂﬁ%@éﬁ?%gﬁg6—%?%%09{%a%"B‘%ﬁdA‘f% 13,
for its useulfondtdia-Litesiramsyiudhateghaailacetuidob-23e6r-6iGsodisa hag@fsnatand
arterial ischaema of the |lower |inbs, the treatnent of di seases associ ated
wi th narr ofigUGPPYHYSIdEdNPOW: of the arteries or 30 arterites, the

treatment of angi RRHILCEBEILS L&A %ﬁa@fq—Emmﬁag&&h&eﬂﬂl)ﬁ?—{zans’

the treatment of athérosclerosis, the treatment of inhibition of restenosis
af ter angi 8petaside-ddearydvadiusopyroesy))-{fl et ){sastime n2-Gsodiumat silfenatea;L-

nmuscl esf e i bl [ rvival .of ohl gsts, the
treat rr%(?lt gg#’%gltaaabPg)ﬂlérrroé&g)%gﬁ%@éﬁﬁ%@ﬁ'ﬁ%bfoﬁegﬁ'ﬁb%?gﬁ mpos?qlféﬁg{%?"lg\?@u??ér ve
damage, t heytanesylpErid)qiodhen va-O\MBdidMHL 16088 SRCTddphRnbeY I Gondte B (1L.34)-(2-
deficiencies suc s, Parkinson's di sease, Al zheiner's disease, prion

di sease an8°HEUIYRareR¥ R BN Hoarieshslucepyraresyh(tatitspdium  2-O-
dementi as, shdigat MentyfcRbtoldIRiMHyRoS ﬁroﬁ!d{eﬂ1’—%)-Q-facé%aﬁiid@%tejé&ﬁd-%l-gl9683Cr eas

graft in the case of diabetics, 'treatnent for inproving t
revascul ar PY@npeide lo.d0%ft s and the survival of grafts, the treatnent of 5

o Lntsceoen oLy | Bhabneol bl SURRENLA oSk bl g ™"

vascul ar | esetamideeRrdeaiy-aoglieoprapdsydt(dr)dsciiure s s 2 y-sotione, stlferaitoadnl- f or

{roat ment. (BPRERRIPRSRH o BB EEE T RAeP Rt Bt Pl o B B ng

A K T B e B o oo e b B ™

4, and Pg, afgamiged2-peoxy-GrRiseriumy %on@t@mwmoowamswééi@ﬁﬁ-(sqdm esefr

Pr ot echd NI GRS sRfofatola) -idopyranosyiuronate)-(1—4)-2-acetamido-2-deoxy-6-O-sodium
sulfonato-a-D-glucopyranoside (No. 11);

- Methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-
acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-{sodium 2-O-
sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-a-D-gluco-

25  pyranosyl)}-(1—4)-(sodium 2-O-sodium suifonato-a-L-idopyranosyluronate)-(1—4)-(2-
acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—=4)-(sodium  2-O-
sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-acetamido-2-deoxy-a-D-gluco-
pyranoside {No. 12);

- Methyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1-4)-(2-

30  acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-
sodium sulfonato-a-l.-idopyranosyluronate)-(1—4)-(2-acetamido-2-deoxy-a-b-gluco-
pyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-

acetamido-2-deoxy-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium  2-O-



NHCOOPg 16. Compound according to Caim15, in which Pg, Pg and
Pg" represent, respectively, benzyl, tBDPS and acetyl groups, Alk

represents oup and Rl is as defined in any one of Clains Ito 4.
2017. Oorrpéﬁﬂ(%i\@@&s% ng to Claim 15 or 16, in which Pg, Pod/FRHH 0651703

represent, respectively, benzyl, tBDPS d@d acetyl groups, Alk represents a
nmet hyl group and RI is chosen fromthe foll ow ng groups: -0-nethyl,
- 0- (CH2) 5- shdinog , sﬂfcﬁé&»@tl@dﬁiﬂﬁérﬁsylu&na(eﬂ‘ﬂ%&) Labbtamiitd2-deoxy-6-O-sodium

-0-(CH2) 2 nY02 2518 und of formula (VI), in which Ak
representsq_&grﬁ\ %0 %}F?ﬁ%m‘é\’ﬁﬂ' g’gﬁ % and Pg", which may be identical or

different, represeiMen édd’t@n@@%@&un@ﬁﬂl‘on&o%&ﬂi raBosW¥ronate
2011/ 018588PCT/ FRZq{)HfO?% 8 Conpound og cor d\?(ﬁh? ) gl ai m 18,

in which N(%d?@ﬁfr%éb%@w[)ﬂ@tﬂ@y@ OgﬁQﬁUtﬂnand PguIfaPgteaadd- g?gconyamoeﬂbm—w

respect s velyqignzylo ol Suigh ny! s&qulaf’oc—&-ﬁ_ybop%a%%gﬁlUronate)- (1—4)-(2-deoxy-2-(1-
oxobutyljamino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-~(1-oxobutyl)amino-a-D-gluco-
pyranosyl)-(1-»4)-(sodium 2-O-sodium  sulfonato-a-L-idopyranosyluronate)-(1—4)-2-
deoxy-2-(1-oxobutyl)amino-B-D-glucopyranoside (No. 14);

10 - 2-propylpentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-
{sodium 2-0O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)~(2-deoxy-2-(1-
oxobutyl)amino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1-»4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4 )-(2-deoxy-2-(1-oxobutyl)amino-a-D-gluco-

15 pyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1-4)-2-
deoxy-2-(1-oxcbutyl)amino-g-D-glucopyranoside (No. 15);

- 3-cyclohexylpropyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—4)-(2-deoxy-2-acetamido-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1-4)~(sodium
2-O-sodium sulionato-a-L-idopyranosyluronate)-(1—4)~(2-deoxy-2-acetamido-6-O-

20 sodium sulfonato-a-D-glucopyranosyl)-(1—-4)-(sodium 2-O-sodium sulfonato-g-L-
idopyranosyluronate)-(1—4)-(2-deoxy-2-acetamido-a-D-glucopyranosyl)-(1—4)-(sodium
2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-2-deoxy-2-acetamido-B-D-gluco-
pyranoside (No. 16);

- 3-cyclohexylpropyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-

25  (1-4)-(2-deoxy-2-(1-oxobutyl)amino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1-4)-
(sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-
oxobutyljamino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-a-D-gluco-
pyranosyl)-(1—4)-(sodium 2-O-sodium sulfonato-o-L-idopyranosyluronate)-(1—4)-2-

30  deoxy-2-(1-oxobutylyamino-B-D-glucopyranoside (No. 17);

- 3,3-diphenylpropyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-
(1—4)-(2-deoxy-2-(1-oxcbutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosyl)-(1—4)-
(sodium 2-0O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-
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oxobutyl}amino-6-O-sodium  sulfonato-o-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium
sulfonato-o-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(1-oxobutyl)amino-a-b-gluco-
pyranosyl)-(1—4)-(sodium 2-O-sodium suifonato-a-L-idopyranosyluronate)-(1—4)-2-
deoxy-2-(1-oxobutyl)amino-B-D-glucopyranoside (No. 18); and

- 5-phenylpentyl (sodium 2-O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-
(2-deoxy-2-(3-methyl-1-oxobutyl)amino-6-O-sodium sulfonato-a-D-glucopyranosyl)-
(1—4)-(sodium  2-O-sodium  sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(3-
methyl-1-oxobutyl)amino-6-O-sodium  sulfonato-a-D-glucopyranosyl)-(1—4)-(sodium 2-
O-sodium sulfonato-a-L-idopyranosyluronate)-(1—4)-(2-deoxy-2-(3-methyl-1-
oxobutyl)amino-a-D-glucopyranosyl)-(1—4)-(sodium 2-O-sodium suifonato-a-L-
idopyranosyluronate)-(1—4)-2-deoxy-2-(3-methyl-1-oxobutyl)amino-B-b-gluco-
pyranoside (No. 19).

10. Medicament, characterized in that it comprises a compound according to any
one of Claims 1 to 9, or a pharmaceutically acceptable salt thereof.

11. Pharmaceutical composition, characterized in that it comprises a compound
according to any one of Claims 1 to 9, or a pharmaceutically acceptable salt thereof,
and also at least one pharmaceutically acceptable excipient.

12. Compound according to any one of Claims 1 to 9, for its use in the treatment
of pathologies requiring activation of the FGF receptors.

13. Compound according to Claim 12, for its use in the treatment of pathologies
requiring angiogenesis activation and post-ischaemic revascularization.

14. Compound according fo Claim 12 or Claim 13, 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
arterites, the treatment of angina pectoris, the treatment of thromboangitis obliterans,
the treatment of atherosclerosis, the freatment of inhibition of restenosis after
angioplasty or endoarterectomy, the treatment of cicatrization, muscle regeneration
treatment, treatment for the survival of myoblasts, the treatment of peripheral
neuropathy, the treatment of post-operative nerve damage, the treatment of nerve
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deficiencies such as Parkinson’s disease, Alzheimer's disease, prion disease and
neuronal degeneration in alcoholics, the freatment 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, freatment for repairing and protecting hair follicles and
for protecting and regulating hair growth.

15. Compound of formula (V), in which Alk represents an alkyl group, R, is as
defined in any one of Claims 1 to 4, and Pg, Pg’ and Pg”, which may be identical or
different, represent protecting groups:

OPg’

O R
AlkO,C—> OPg 0 1 (V)

O7Pg0
HO g NHCOOPg
Pg"0

16. Compound according to Claim 15, in which Pg, Pg' and Pg” represent,
respectively, benzyl, tBDPS and acetyl groups, Alk represents a methyl group and R, is
as defined in any one of Claims 1 to 4.

17. Compound according to Claim 15 or 16, in which Pg, Pg’ and Pg” represent,
respectively, benzyl, tBDPS and acetyl groups, Alk represents a methyl group and R, is
chosen from the following groups: -O-methyl, -O-(CHz)s-phenyl, -O-CH,-CH(C3Hy),, -O-
(CHz)3-CgH11 and -O-(CH.),-CH(phenyl)s.

18. Compound of formula (Vi), in which Alk represents an alkyl group and Pg,
Pg’ and Pg", which may be identical or different, represent protecting groups:
OPg"

AkO,C— OPg | 0
O>Pg0 OC(NH)CCI, (V1)

Pg'o NHCOOP
Pg"0 9
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19. Compound according to Claim 18, in which Alk represents a methy! group
and Pg, Pg’ and Pg” represent, respectively, benzyl, levuiinyl and acetyl groups.



