e3eTTTt60Th - '~ MAY Z002 The invention relates to a carbohydrate
deri'vative, a pharmaceutical conposition containing the sanmes SMM Izgﬂ?
"the use of said carbohydrate derivative for the manufacture of a

medi canen 1 a comonly used anticoagul ant from bi ol ogi cal

sour ces sﬂlmmmmwwml nal mucosa. In thelpresence of heparin, the

i nactivation Qsdshr onbi n by apji } ) is greatly

accel erated, involving changegAEz%éE?)tQﬁEf{Eebggmlﬁﬂrg%|§on of heparin and
AT-111 conpl exation. Thr oqr%i n regul at.es tFR\% | ast .saieg in.the bl ood
coagul at | rin¥edioadelater i afarhaby it dariyative. aMBERICHITA comBotiiemenainty the
{1 Drinogamel & WANS @k isd bOLAdcFBINRARES derMAliGHrr AEMARLALSA Y FediBlmerf
fibrin clot) by cross-linking. The structural features of heparin that are
required for interacting with AT-111 have been subject to various

investigations. There are parts in the heparin polynmer which show only | ow
af fi ni t JI$R3FINAsTa Fpmmqn%vev%a§n6%mplaah§9@ RiRlpgicisgHises suaheasripeatinal Frico$an dn
for bindj T- St ad] . i [ k |.1,ed
i the ThEdrsEndot hipaoh HY BRelaubh RATRICH, BERALAARIE 1 (010 IpHbF
m ni mal det@érated] inyoRirgucHatiges ih bath dhe BesfofMatAh dfl Heplsie ende AT -1IP6Y SoMplegatival
Reviews, 71 (2), 488/09, 1991%. In this high-affinity fragnment eijf%:]lt )

sul fate HF@@E@ egenlatgsethentast sispringthet Haod gopgilatioly stssadeclhe pomgdfupetione of

essent i for  hindi . V. b0 r. &t ],S:

Bi oc hem'q*s"tor y ;m %ot FQ k%g‘,ég%d@ -ﬁbhhége(@? &g g%gl%&b?ﬂoqﬁé'gﬁmglﬁ 'al @ﬁr:g ct)] uﬁdﬂﬁg gglé
Jovanoviafitrin®lot, Bastos§-iakiag. 51- 127), paragraph 6), whereas the others
further attribute to higher affinity. This finding was confirned in

synt het i hestacwigal deatases of bepasia thatare Feguired farinigraskng patdeA - lghava bgensubgse m

32 (12 - 1818, . j tifi j . Lgh-am. & Y. oo
oont as al ARG il Prdre akliacts 1€ e Hep SR beImal whilh S BRR ol fftinity for
t her eof .ABIH| Wheieas betler pataveANOURA LS bEPERE ithpsrtant fotsingihy €6 2aAMIDOSHuliesof
type were found to be potent and selective anti-Xa inhibitors See for

i nst ancdragmesisdahengein dinve ginalfggesyligdcip the| identiiigation of /a pentassechapge i fragmeshs
showed t 1 i . . (™ V] (Wolp
et vi ¢8R toY Bie AHiRaChieh 3RERRLEEM S WM & Rryf] (B0% EUARRiquie
gl ycosarReviegtsy a2y, e488v% di 99d ). biahthisr kigle-atfimity \fedgmens eight shifise groups Hre pdentl 5
and EP 454, 220. These carbohydrate derivatives are devoid of the .
char act diougtaf the yHateograupy Maup dowid & peosasntiabder bigding tor Ad-Hi dAdxgces in
groups, : Vhi RS t her I f pent harides
i sol os tFulvpke Oenipiep Gl bichoRy, SHL 15" Bdf, RS, TiEn PR HBRER PLES
gr oups. Hdrcéure Bracel ldvahovidtt, iR, [Casulfpides Sal 129 sparadraph de wiereasahe wesers furthes

t hus gener,gl ly as Sst. seven sul fate .groups are require

umed that at .| east in
pent asaddfiarieddo cg’ﬁggfuﬁgg“iyn B‘t“ﬂegf‘dﬁ‘@g oesj Gonfirmed dn ?WP@é‘EeﬁTaA‘H S| ﬁgék'g
of antit i VA - e dl however, a
cl ass of&é@%gégmeﬁgg "iéé‘g s-eﬁglgatAé]éecar ﬁ%ﬂ‘%ﬁ@?gqﬁ?i vFéalf%f \l/%%)has now been
f ound haRhenglentificatiboust the high-affinifyapentasaochasidanthgntene inspired | theli rppaytion of
significant clinically effective antithronbotic activity. In addition, the

y
conpound¥nthetig pnaloguss dhereeh Semhynhrgie carbabydrpteempleculps,of dhesglyrosamiaglyfan g
ri sks ar . {
i ve ri S22 SRS bl AU LALEE oD ahicibys, S8 R TRRARE Sa0Ean Watens
ef fect, 84@%h Laey filed phentsayseenvfapplivatidessitowed thatpabnyenirjanFuof these molecules
conpounds of, this invention have a biological half life which allows

once- a- diye similar gachevendigher aciviyjes FfURBPR iIMPEYY e ABTRGOIRGIGH] PIQPEHE S niich as

f avour a r - a- \week- I f }1GK
haaptat e LRl REnEXAHAE] ORORAMEE R MERS TR0, LB AN IS and, B
so Al so 41asyp0t alhebegarbbhgisatarderiembies rarsVvidevoid Rf eha clayctérigiat fimetionabgroups of

conpl ex dosing schenes are required for the treatnment of the_s gati ents.
Thus, t relyeosapinestysanss frerchydrmrrheramwsdNspilfate and Nraoeiyd eretpsaFurthen jal Afethg

bal anced Q . cal profi The. . in [ t r t

car bony IR B AR SR8 tashPu R Sl AR SRR R s
R~O O RAnQhé flRid-ofantithtortiboié oligo3éckdndd-deH3ative0 % whd thub genétalihegstined Rhati &t
(1-40C) al koxy; Rz, R3 and R4 are each indpendently (1-4C) al koxy or OSC3-;

t he t ot aleastigensarsulfite goodnstase taquiipd in pentpsagherideszompeyndsia ardgrdo abtain glénically
represent bonds, either ove, ..or .below the plane of the six-nenbered ring
to whi chactcﬁ%tﬁaﬁrleevekt(’?ﬁeﬁg‘ ibgtic.actiXilY. raceut i cal |y accept abl .
The conmpounds of the present invention are useful for treatmmmmwmunmmwj
preventing thronbinnedrated and thronbin-associ ated di seases Thizgdf1Cl udes
a nunber of thronmbotic and prothronbotic states in which the coagul ation
cascade is activated which include) but are not limted to, deep vein



- 7 MAY 2002 3 and netastasis, and neurodegenerative di seases. The
carbohydrate derivatives of the invention may al so be used as inhibitors of
"snooth nmuscle cell proliferation and for the treatnent of agguﬂ%gnggnﬁﬁ
cancer and retrovirus infections, |like H'V. Further, the co S he
invention may be used as anticoagul ants.,and anticoagul ant coatings in
extracorporeal blood circuits, as necessary in dialysis and surgery. The
conpounds of the invention nay al so be used as in vitro or ex vivo
anti coagul ants. Preferred carbohydrate derivatives according to the
i nventi ownb:qaéetetilyeh(ﬁxomulaaclhss dﬂ’ge)l’cei;dm:ﬁckg@cﬁh-ldﬂitéd basoltydeats terrativech@sdsy 0
R R~ Q i s"methoxy; and R2, R3 and R4 are independent|y nethoxy or
0s03' . wafe@ ﬁ@rdeq' SRYIRY oe%{rfeahw'at%““aférarwl apd svhyse stilh disaxysigpiicant pdinjcally
met hoxy. ¢ &UQ@ thﬁl‘ﬁn?t{ou}f aQ{nﬁ Ff"lﬁ SEdiGAH, Qﬁ’é‘b’(ﬂﬁ@&uﬁdggf {hysahbéf\‘?ién RRow FeWBL HQXY -
The nost preferred carboh derivative i's the one wherein Ris nethoxy.
In the teffenty fm@ahﬁdgxla}reetdh@ risks 4G) eedigad agd dbplomssudfatsr comtne af Bre eompoandhed

bty R EOP ik N8 e RERAR Ao HER BF Ty Ml ! SQEREX.

preferre is ne
count er - ivara mWMhe&amnﬂ‘ahedéalﬂeoﬂk\aatgﬁq ﬁmmlaﬁnp@nedspdfahimmuﬁbmaideya
accept abl e, counter-ions, |jke hydrogen, more preferably alk

oar t h- al REI9EGHhEalf-ite gHich 3llops ety teament Hnogp- %@m&fé@%}h{naﬁe considered
car bohydyat&nfded ENBhia¥RSIhAL GO SlaRfpld Bnédli- sueemvr@znme alwngnaui@k%a;st@don of
according to well known met hods described and used for the synt hesis of

oli gosactiham@@é tr eatmenhufgher eqr|dition, of| mpq@lanttre@turoarwréfserhem@l logistregleretegsiehe
previ ous nti one pean pat.en f t he
pr epar at ?’V}(;tﬁ Q%‘F 1 ng’c?r cfr are ET r]%xv(gtsinges éfe g)f'i }edat%ll geg f]arﬁg% erflqéeed

- 7 MNAY p4iRdts4 by a process wher ei n protected nDnosaccharldes havi ng

dlfferen&hstr ctures are ¢ uRIed to g Mqﬂgrotected di mﬁh%r'd

ter
whi ch e compounds o inventio an unexpecte

ehcate?y baianced

pharmacological profile.

The invention therefore relates to a carbohydrate derivative having formula 1

(L)

wherein R' is (1-4C)alkoxy; R?, R® and R* are each indpendently (1-4C)alkoxy or OSO;; the
total number of sulfate groups is 4, 5 or 6; and the twisted lines represent bonds either above
_ or below the plane of the six-membered ring to which they are attached; or a pharmaceutically

acceptable salt thereof,

The compounds of the present invention are useful for treating and preventing thrombin-
mediated and thrombin-associated diseases This includes a number of thrombotic and
prothrombotic states in which the coagulation cascade 1s activated which include, but are not
himited to, deep ven thrombosts, pulmonary embolism, thrombophlebitis, arterial occlusion from
thrombaosts or embolism, arterial reocclusion during or after anuvioplasty or thrombolysis,
restenosts following arterial mjury or invasive cardiological procedures, postoperative venous

thrambosts or embolism, acute or chrome atherosclerosis, sttoke, mvocardial infarction, cancer



(a) protected disaccharides of one type are coupled to protected

- di sacchari des of another type to give protected tetrasacchari? S%SMB(ﬁh
"tetrasaccharides are coupled to a protected nonosaccharide to éﬂ U
protected pentasaccharides; or (b) protected nonosaccharides are coupled to
_protected disaccharides to give protected trisaccharides, which are further
coupled to protected disaccharides to gi%e prot ect ed pentasacchari des;

after which the protective groups are cleaved and free hydroxy groups are
sul fated, after which the conpound obtained is optionally converted into a

pharmaceutjcal ly .acceptable salt. The nonasacchari de re | ucgse .

B mannoctid FEieASE. T3 B CTREB T £ R Geoa (LM GBI ik R vaDtrh Bpihy hvention
functi onghy 266 ¥é Lied Be ifiterd 88 sAlobi nIEQE RS Prol¥rakiBAPRLAr | the RieRinRTk i ofe
groups. Sultable protective groups are well known in the art. Preferred

pr ot ect i angiageoess canuet antbreronirys infactionss bkg HIVor hydr oxy groups, and benzyl
for the garboxyl ate groups of uronic acids. Qther protective groups, suych
ns. bens dOHeratis P POUTAR R HERGION CHrh i aitety §5, BRiFGorg ants 1, HEchpRiiay
be used é’UaEihg_@ﬂl&{raé&B&"eﬁﬁblo&PHP&dit@,gasq{e_césgﬁg?@8& fslaHE sdlr?_e erformed in a
manner known i n the art, e.g. deprotection of the 1-position of the

gl ycosy| Throcmonpoundsl bHthe anmvention imay alsd be nsad asogivifr@or éxevigo aftticoagilants) a

brom de, pentenyl, fluoride, thioglycoside, or trichloroacetimde
derivative) and coupling the activated glycosyl-donor with an optionally
protect %e@_rﬁéﬁ%ﬁﬂoh%ﬁﬁ%e‘ﬁ%tife@ racéd?ﬁm% & M TRMntiBh NGO HeSofIL TOORdr .HQ{I]G por
thé inhibition of shooth nuscle cel roliferation the conpounds of the

i nvent i amiteg thestadtami stered enterally or parenterally, and for humans
preferably in a dq&k¥-dosage of 0,001-10 ng per kg body weight. Mxed with
pharmaceuti cal | yfy suitable auxiliaries, e.g. as described in the standard
reference, Genn et al,, Rem ngton's Pharmaceutical Sciences ( 18th ed.,
Mack Publ i shi )$ 1990, see especially Part 8: Pharnmaceuti cal
Preparations nuf acture), the conpounds may be conpressed into
solid dosage units,gsuch as pills, tablets, or be processed into capsul es
or suppositoriesqp By neans of pharnmaceutically suitable |liquids the
conpounds can al So be applied as an injection preparation in the formof a
sol uti orR! i§m§rlwkewlaﬁuRﬁa;&ﬁd@%n&na?mo@-&-omﬁasal spray. ~ 7
MAY 2002 5 For making dosage units, e.g. tablets, the use of conventional
addi t i védoruprefersed icetbohydratwodenivatives, apsotaserwherbinnBeris methoxyhelnl paéiculgrly
contenpl ated. ,In neral , any.phasmaceutical.ly acceptable additive which.
doos noitarss e BRI (PRI TOREkT o m i Bk AR SRl dk St b gs
Sui t abl ehg 3¢ WhkRidR1iE mMd¥dgxy. t he conpositions can be administered include
| act ose, starch, cellulose derivatives and the |ike, or m xtures thereof)
used in suitable anbunts. The invention is further illustrated by the

synt nesi 3 4f P (a1 CIRANE e G-SRoTRENE"S Syt atiulort RRET B Rro0 paging,
comer Ciaid ¥ caibdhladdthe)sudiRas ﬂieﬁ%‘lﬂéﬂ%ﬂ, isGpropPk elbuwt, hinkifte MREN TR 1 8Erefedred
together with benzyl bromde (SO S m). After cooling to +10 C a 20 %

aqueous Akl groupns gfetkybdi um hydr oxi de was added dropwi se. After stirring for
1 hour the tenperature was raised to 20C and the m xture was stirred

anot her 20 hours. The solution was then poured into a m xture of icewater
and t ol uERe caiiteitnk awhiel - cohifRnsit@ané Cchhipédr moRSies ARE Phbmtdcesticaly M%)t@lﬁlé‘de
product purified by cristallysation to g]i ve 30.0 g of conpound 2. TLC:

RO. 60, tesunEfdpns: ﬂiiéf: hydeogan.cor mpre3prefgrgblrathaduerdeasthcikab metnl 2onsp dike sgiliumas
di ssol ved, i.n N, N-di net hyl formam de (211 m) and cooled in ice. Sodium

hydri de C(af'u% %f)mW?'H ded under nitrogen atnosphere. Then 4-net hoxy benzyl
chl ori de

The carbohydrate derivatives according to this invention may be prepared according to well
known methods described and used for the synthesis of oligosaccharides. In this respect, in
particular reference is made to the previously mentioned European patent EP 529,715. A

suitable process for the preparation of the carbohydrate derivatives of formula I is characterized



( 13.3 g) was added dropwi se and the mixture was stirred for 1 hour at room
“tenperature. The - 7 MAY 2002 6 mxture was then diluted with ethyl
acetate) washed with water (2x) and concentrated to give 40. Zﬁh?
conmpound 3. TLC. | Zf=0.80, toluene/ethyl acetate : 7/3) vlv Cbﬂdgé%ﬁ

. Compound 3 (34.9 g) was dissolved in 60%aq. acetic acid and stirred for 4
hours at 60C. The m xture was diluted with toluene and concentr at ed.
Purification by silicagel chromatography gave 26.4 g of conpound 4. TLC

Rf =0. 07, toluene/ethyl acetate : 7/3, v/v Conpound 5 Conpound 4 (26.4 Q)
was di SSPJ' X?ﬁode& hehln ngrB{E%Ee'aarﬂgndsZ&'ﬁ fe Héoﬂgrdlﬂ?érteﬁtosgr%@uﬁémQBGﬁl@d to give
Tri met hyl'oxoni um tetrafl uoroborate % g

2, 6- di - t pivtecydd disaveharidepafied whech( 17 4 g) mere added at roomtenperature.

After 4 hours the xture was _poured into e wat er d extracted wi.th
di chl oro(ﬁﬁt h%rﬁéﬂct SHGF'&&HP%Of &yﬂ‘e&yp%@e GRAB aomtﬁctgﬁgisa?ﬁ ﬁy sRfretieh bipst e

d t t
hr omar bgr antyByE rolch R IMlsndlis "R QEAGElarilts Bke (BHHEY 1o 2 prptected
acetate : 7/donoshvchandpaugide i’rcﬁ‘éumbpm\dasﬁcchandes or

(3-nethyl-1,2,4,6-tetraacety] -i dose) was dj ssol ved in toluene (175
m). Unde mrpteﬁbeénm@nﬁwﬁwé&des @fm«?eplﬁd oqo pmsefrwq dissachasiden torgive ywptegied

di ethyl eth | uen d f t

hour aqueou?hg% |hzt(er y roc(ﬂegﬁ}gagl h%'gtégu l%gﬁfrﬁ‘??t%géﬁ gis c%ﬂdeg t%) h lwgpr{)t%te&
was stirred ﬁeﬂfasﬁ’d’cﬁhﬂ'ﬁﬂ’s hour The m xture was then poured i nto ethyl
acetate. The qrganic er was washed twice with water and concentrated,
Purifi catffesvhigh §16|nret§@ Ye giouBhatesdaph ¢pnd) o hydrogy graps asmdfaed. afterrwhich
Rf =0. 45, (t‘ﬁmp

Conpoun dth&%%fﬁ?&l?é{?&%ﬁﬁhe n%gﬂtrm"%é%r&%{ éto pt\'ﬂ%‘?{%& Ex:g%gzacZe ?M{]uene (525
m ) under nitrogen at m)sphere Af ter addltl on of powdered m)l SI eves (4 A

the reaction was cooled to 20C. A freshly prepared 0.1 M sql ution of
N-i odos ukkg mpResaecharides are D-glugese; Prmprngs deidesn ddwlysHEnmicacid ph Leidurpgicacd,

ni £ ogort i TRFBAARRE wichthe Kalired B AR GBS Bl I CIcHATRINE 1 g
washed sSuimbRsprotchivepiodpaarecnelskssch inncht AitoPrdfgrhal ;&omdvagtte@sl@mmnzyl

hydr ogencar bonat e. The organic | ayer was concentrated in vacuo .and, 30,0
of conpotiddacstyl fer Bydsaxy zmypsmndzx enza,rl £91) the saehorylatey efayps 050%9'&?@0*‘158%3’

viv Co &@tn?e gg{ﬁg?%ﬂgh ﬂ{hg i at %igﬁdéﬁ?f’ chidré Bty tri t,.tmrm ké’i‘n%

(/1 ,v/ and gsium b or saponi‘t’icdt’lion. Arter

m nut es lid’\xﬁsemmthjecmamcassut]oabin@df umtshcdﬁamme(m&@m&md froa mmmek known in the
concentrated ip vacup. fuw ficatijon st abl | shed g/y sili

chr omat oa(jT e e[pg)tgqt{pé\ 9t-thg gpqﬂtlo(p ﬁ cgsyl-donor, and/or actlvatlo of this position

(e.g. by making a bromide, pentenyl, fluoride, thioglycoside, or trichloroacetimide derivative)

and coupling the activated glycosyl-donor with an optionally protected glycosyl-acceptor.

For the treatment of venous thrombosis or for the inhibition of smooth muscle cell proliferation
the compounds of the invention may be administered enterally or parenterally, and for humans
preferably in a daily dosage of 0,001-10 mg per kg body weight. Mixed with pharmaceutically
suitable auxiliaries, e.g. as described in the standard reference, Gennaro et al., Remington's
Pharmaceutical Sciences (18th ed., Mack Publishing Company, 1990, see especially Part 8:
Pharmaceutical Preparations and Their Manufacture), the compounds may be compressed into
solid dosage units, such as pills, tablets, or be processed into capsules or suppositories. By
means of pharmaceutically suitable liquids the compounds can also be applied as an injection

preparation in the form of a solution, suspension, emulsion, or as a spray, e.g. a nasal spray.



TLC: RO. 25) dichloronet hane/ nmethanol : 95/5, v/v Conpound 10 Under nitrogen
~at nosphere conpound 9 ( 17.49g) was dissolved in N, N-dinethyl- formam de (77
m ). 1,2-di net hoxypropane (26 m) and p-tol uenesul phoni c acid mﬁ&&f 2&ﬂ§d

and the m xture was stirred for 30 mnutes. Diluting the ni%er t

_aqueous sodi um hydrogencar bonat e and extgacting it with ethyl acetate gave
19.7 g of conpound 10 after evaporation of the solvent. TLC RO.45,

di chl or onet hane/ net hanol : 95/5, v/v Conpound 11 Conpound 10 ( 18. S g) was

di ssolved in N, N-dinethylformam de (24 4 mM) and cooled to OC. Under

» " ) ! 47 o h Co . .
odonst Nt THaR, 86 g8 RS Bantibient Snede e Iy ithel RRHG) Albn'a} eets) o BFones
of sodi ymlynetid Bmdemsartietter bkd e dontbhplatdX Thirgeneval faag tphdratdcetitically acceptable

di chl or onet hane and concentrated to g%ve 20.0 g of conmpound 11. TLC
Rf =0. 85, additbkIvdrighdedsankinestaianih the Bimetion of the @gtinsemporndambsursed. 11 (

18.4 g) i ssolved.in di or onet hane (83,8 . 8 ro.168 m).

230 ohi SRa0E' Bt s bR DoRTREs (57 0%, BRIl Rt o
was st i rdefiglobederhAtiéuing thé likeéCor MdGures Xielédt, WA iPOWMIfaBRk dnidudtsaqueous sodi um
hydr ogencar bonate and extracted wi th dichl oronet hane. Concentration of the

organic | ayer gave 12.7 g of conpound 12. TLC. RO. 40,

di chl or onet hane/ net hanol : 9515, v/v Conpound 13 Conpound 12 was converted
to the title conpound accordi ng the same procedures described for the
prepar atTHerin@nti6® iREAE ifldstralddby fRE Follobdng badnyere/ et hyl acetate : 1/1, v/v
Conmpound 14 After dissolving conpound 13 %2.5 g) in acetic acid ( 14.6 nl)
and water (6.1 m) the m xture was stirred overni ght at roontenperature.
Coevaporation with toluene and purification by silicagel chromatography
gave 1.9 g of conmpound 14. TLC: Rf=0.31, ethyl acetate, v/v Conpound 15 To
a sol ut ippANPIENPOUNd 14 ( 1.79) in dichloronethane (9 m) were added
2,2,6, 6-tetranet hyl 1-pi peri di nyl oxy (Sng), saturated sodi um hydrogen
carbonate solution (5.8 m), potassium brom de (32ng) and

t et r abut i Ik ). The m xt.ure was cooled to OC and a
mxturem@eﬁr@gﬁmﬁ?i(wg%wmgbn (6, 5 mM) saturated sodi um

hydr ogen carbonate

Synthesis of GH disaccharide 16 (scheme 1+2)

Compound 2

Compound 1 (60 g; commercially available) was dissolved in N,N-dimethylformamide (858 ml)
together with benzyl bromide (50.5 ml). After cooling to +10 °C a 20 % aqueous solution of
sodium hydroxide was added dropwise. After stirring for 1 hour the temperature was raised to
20°C and the mixture was stirred another 20 hours. The solution was then poured into a mixture
of icewater and toluene and extracted. The organic layer was concentrated and the crude

product purified by cristallysation to give 30.0 g of compound 2.

TLC: Rf=0.60, toluene/ethyl acetate : 7/3, v/v

Compound 3
Compound 2 (26.4 g) was dissolved in N,N-dimethylformamide (211 ml) and cooled in ice.
_ Sodium hydride (2.5 g) was added under nitrogen atmosphere. Then 4-methoxy benzyl chloride

(13.3 g) was added dropwise and the mixture was stirred for 1 hour at room temperature. The



- 7 MAY 2002 9 solution (3.2 m) and sodi um hypochlorite ( 1.3 M 7.3 m)

was ‘added during 15 mnutes. After 1 hour stirring the m xture_was di] uted

"with water and extracted (3 tinmes) with dichloronmethane. The -or?gM'Nf Zaﬂir

was washed with brine, dried on magnesium sulfate, filtered and evaporated

to dryness to give 1.74 g of crude conpound 15. TLC. Rf=0. 14,

di chl or onet hane/ net hanol : 9/1, v/v Met h9l O (benzyl

2,3-Di - D net hyl -a-L-i dopyranosyl uronate)-(1-~4)-2-0 benzyl -3, 6-Di - Onet hyl -a
-D-gl ucopyranoside 16. To a solution of 1.74 g of conpound 15 in

N, N-di net hyl f i de. d d it t 1.68 ,
Dot e SR B3 B LR SRR LE e iellud] s giene
sol utiongd 97 SR Uohpou@Ber was added and the m xture extracted with

et hyl acetate. After evapofation of the organic |layer and purification by
silicagel chromatography 1.64 g of conpound 16 was isolated. TLC. Rf=0.50)

t ol uene/ cetate : 111, v/v t hesis of EF-disaccharide 25 (schene
2+3) Conﬁ‘igﬁg‘f_’?)ﬁ ﬂlﬂﬁnﬁﬂl‘é?cftiff.:g%g)v%vas di ssolved in dry

N, N-di met hyl formami de (178 m ), cooled to OC under nitrogen atnosphere.
Sodi um hydride (1.91 g; 60%dispersion in oil) was added after which
benryl brGompeud 43 m ) was added dropwi se. After 30 minutes the reaction

was co ete and.t he excess, sodi um hydri de was neutralised. Water added
and threm Jﬁ?wﬁw@ %&%ﬁ-%&f@f&s digsluedyin 0% @Ay fcelic afidiand SEVS%%‘?'a‘l hewrs 3t \ggusﬁe he

sol vent E&Y&el\gasgd%gc’icoﬁpm%% anft cc-)rr{cgltrﬁgd.5puriﬁéi{iﬁtz rb?{ é{?{l&.&lﬁl @fﬁ@ﬁ\%ﬁ?‘zgréphy

1/ 1) v/v Conpoun ound 17 was converted to t e conpoun

accor di ngavel26.saotcqmpmmdu es descri bed for the preparation of conpound 14,
r - 7 MAY 2002 10 TLC. Rf=0.68, dichloronethane/ nethanol : 9/1, v/v
Compound 19 Conpound 18 was converted to the title conpound according the

sane pr UR LS ] e rati on of conpound 15. TLC. RO. 14,
di chl or gpngghane/%?ﬁ%‘%ﬂb;l%ﬁ%&W@’%ound 20

Compound §

Compound 4 (26.4 g) was dissolved in dichloromethane (263 ml) under nitrogen atmosphere.
Trimethyloxonium tetrafluoroborate (11.6 g) and 2,6-di-t-butyl-4-methylpyridine (17.4 g) were
added at room temperature. After 4 hours the mixture was poured into ice-water and extracted
with dichloromethane. The organic layer was washed with sodium hydrogencarbonate and
evaporated. Purification of the crude product by silicagel chromatography gave 18.5 g of

compound 5.
TLC: Rf=0.25, toluene/ethyl acetate : 7/3, v/v

Compound 7

Compound 6 (3-methyl-1,2,4,6-tetraacetyl-idose) (48.4 g) was dissolved in toluene (175 ml).
Under nitrogen atmosphere ethanethiol (20 ml) and boron trifluoride diethyl etherate (1M in
toluene; 134 ml) were added. After stirring for 1 hour aqueous sodium hydrogencarbonate (400
ml) was added and the mixture was stirred for another hour. The mixture was then poured into
ethyl acetate. The organic layer was washed twice with water and concentrated. Purification by

silicagel chromatography gave 29.6 g of compound 7.

TLC: Rf=0.45, toluene/ethyl acetate . 6/4, v/v



Compound 19 was converted to the title conpound according the sanme

- procedures described for the preparation of conpound 16. TLC. RO. 38,

" di chl or onet hane/ met hanol : 85/15, v/v Conpound 21 Conpound 20 _(2. mg\k 2@@
di ssolved in 300 mM methanol (dry) and refl uxed under nitrogen at h 2
A 1 Msolution of sodium nmethoxide (65.2_nm) was added dropw se and stirred
" for 3 hours. The tenperature was then codled to roomtenperature and 1N
sodi um hydroxide (22.2 nm) was added and stirred for 90 m nutes.
Neutralisation with Dowex50WK8H+ form and evaporation of the solvents gave
the cr ud?@r esi dﬁe N, N-di met hyl formam de ( 192 m) and powdered nol si eves
(4~ ) we deer ni trogen atnosphere. Potassi um hydrogencar bonate
(3.2 9 r70471 4 n 1 X hET 5
hour s ar CoPRRrE e BISeY Bt eotubd "L B erd Mlssol e T olleBp T2 5 R
wat er . Ewndmgeattroospbéret Afes additon ofipdwpened malsieves(4oX) theeeadtioe wasomhoted toy-

silicagel ghropat ography gave 6. 19 of , conpound. 21 and 1. 88 g recover ed
conpoundzgé'] C:f“ﬁF‘li‘O. W&Parﬂﬁ?c i br &gtstsﬁ&‘rﬁ’@l‘ne?phaNde‘?SUQ?‘T‘,m‘S? v (?;-4 B\ g

2002 m Cgtmp : ); i j j
Levulinic ac?@q?tg%ie gj &H?g“;c 6&2?(;2”1 gclgwgéﬂeﬁ@ég%%%‘%ngg(lgﬁnﬂ ) Vel e
4- di met hdiapwiseomder domtmubis Ritrogemflex. eA fiatdddmmnckstthe red nehetion mixture evchsffiter<d
hours under nitrogen atnpsphere. Ether (95 m ) was added and the .
preci pi CaRG Piashed cRIcEssIvelyavigh g&AVEOUS ayeriufih s thipstrtigten a1 aadneous sodium
pot assi u l.p r i.stalli i r i I
e hor 1 hom ASREREBANEEDRTE SrPBl RORTGRY b8 caleh 0 L) SR 58D ' BhipBLRY g
di chl or oisetabaine/ acet one : 9S/5, v/v Conpound 23 Conpound 22 (6.1 g) was

di ssolved in acetic anhydride (256 m ) under nitrogen atnosphere and cool ed
to -20C. A m xture of sulphuric acid (4.9 m) in acetic anhydride (49 ml)

was addeq\Lﬁr: ?\%é@gﬁ ﬁ?ﬁ‘%m‘eﬁ%%ﬁgf fc%tatéd‘f g/grv/go m nut es sodi um acet at e was

added unt| he mx was neuttal. Ethyl acetate and water
where added and the organic | ayer concentrated. Purification by silicagel
chroma- tography gave 4.2 g of conpound 23. TLC. RO. 63,

di chl oroﬁ:éf'}%\'@fia‘getone : 9/1, v/v Conpound 24 Conpound 23 (4.2 g) was

di ssol veg.j fe@ n g pi L A § 3/
oy e ookl BB 80 al SR 100 BN A5 ) B G
added anbutahalatei whaédedafiresdpoaifitationb Aftehyidr mirhitey the mixtare Whe newtgised with

| ayer was concentrated and the residue purified by silicagel, ¢hr t QQr aphy
to gi ve Bowey AWXBHsdomy and copcentrated 4 vagla: rﬂ%»ﬁeﬁ%mmé/eé&ah&»qhegrc@t %\'?Cég?-l

1/1, vl/v .
2,3-di- &%ﬁﬁﬁgaﬂh&?&vﬁl l|7r'ldb§Ioffc'ép—‘E(fug'\du?c':opyr anosyl uronate)-(1-~4)-3-0O acety
| 2- O benzyl - 6- O net hyl - D- gl ucopyranosyl trichl oroaceti m date 25 Conpound 24

Tri chi or SKECREH £ idicHiorpmet s Mot Gim ar bonat e (73 7). wer & added and
the m xture stirred - 7 MAY 2002 12
Compound 10
Under nitrogen atmosphere compound 9 (17.4g) was dissolved in N,N-dimethyl- formamide (77
ml). 1,2-dimethoxypropane (26 ml) and p-toluenesulphonic acid where added and the mixture
was stirred for 30 minutes. Diluting the mixture with aqueous sodium hydrogencarbonate and

extracting it with ethyl acetate gave 19.7 g of compound 10 after evaporation of the solvent.
TLC: Rf=0.45, dichloromethane/methanol : 95/5, v/v
Compound 11

Compound 10 (18.5 g) was dissolved in N,N-dimethylformamide (24 4 ml) and cooled to 0°C.

Under nitrogen atmosphere sodium hydride (1.47 g, 60% dispersion in oil) and iodomethane



for 1 hour. The cesium carbonate was filtered off and the filtrate
“concdentrated. Purification by silicagel chromatography gave 1.57 g of

' conpound 25. TLC: Rf=0.60, toluene/ethyl acetate : 3/7, v/v SymthididY (200(7_
EFGFl -t etrasacchari de 27 (schenme 4) Conpound 26 A m xture of compound 16

. 0.530 ng) and compound 25 (0.598 ng) was,dried by coevaporation wth dry
tol uene and dissolved in 8.2 nL of dry drchl oronethane. Powdered nol si eves
(4~ ) was added and the m xture was cool ed to -20C under nitrogen

at nosphere and stirred for 30 mnutes. To the resulting suspension was
added trj i i | I %, atj on.
corrpoundhigfg W%%\%hg%’é E(Helfi r fA‘lr#é=F 19 gﬁé@g&ﬁ%u&;% ihgﬁﬁ e)’/EJBr%l %gﬁglﬁ{gglﬁ%g’nadee&\l/%%e
added, t Bgrattedt witie dishidrdrhéthfecmdanacenarard taigiledioohg of oorepdiaidel lver e added.
The organic | ayer was then extracted, concentrated and the crude product
purified by silicagel chromatoraphy to give 0.62 g of conpound 26. TLC

21’ SRR MRt B © 878 (s 0 acecyt 20 bemsy

| - 6- O et hyl - a- D- gl ucopyr anosyl )-(1--~4) -0 (benzyl
2,3-di -Onethyl-a-1,idopyranosyl uronate)-(1-~4)-2-0 benzyl -3, 6-di - O net hyl -
a- D- gl ucepmpanndilde 27 To a sol ution of conmpound 26 (0.S8 g) in pyridine

dd i f 2.76 1y i c.acid, 0. 32 h ine h i
555 ot oEpPabalf LSl & v MiselVeR i ibfmethate @os BT AR eV Stam R g
the or gaDicﬁldra-xs,es-dmgﬁdr?fﬁ,4foeh£quid8ne>(9l.r19g)h¢v9§ h&dedCird MBMiRAKE WL stipfdd BTt 18

hydr ogencar bonat e. | fication by silicagel chromatography gave 0.27 g of
conpoundh@rs atrfi€. Fewixqme was paned étdpquenistsetiam hyirpgengasbonate andnexteacd02

13 Synt hegj s. DEF t asaccharide 32 (schene 4 : \VPLE | nmpound
25 A m xVab BeBlortBREt & SO ARRN Rl eI NG B LT AP RS U

Bi oorgani ¢ & Medicinal Chemstry, vol 2, no 11, 1267- | 280, 1994) was
dried by coevaporation with dry toluene and dissolved in 7.5 m of dry

di chl or ohe€hBfD. 40 dikblorainethanmethanals (P, @/powder ed nol si eves (4A) was
added and the m xture cooled to -20C. After stirring for 20 m nutes
trimethylsilyl trifluoronethanesul phonate ( 15 nol%in relation to conpound
28) was egfpdundfiBer stirnng for 30 m nutes aqueous sodi um hydrogen-
carbonate was added. The m xture was filtered and the organic |ayer was
washed vEempeorndel2 wWasneommentest foothe ditletcompound eascorgiingethe [same rpoedpresdigsqribed
whi ch urified.b ilica chromat ography to give 136 ng of conpound
29. TL\g?t% .%,epzlr?ﬁ‘?]g?é‘?o&pﬁ)‘}ﬁguet ate : 4/6, v/v Conmpound 30 Conpound 29
was diluted in a mxture of t-butanol (8 m) and water ( 1 m). To the
solution 122 ng of 10% pal | adi um on charcoal was added and the m xture was
stirred Bler RFPAS, tioluene/athylaeeate :df hodphere. The pal | adi um on charcoal was
filtered and the solution was concentrated to give 84.5 ng of conpound 30.
TLC. RO.49, ethyl acetate/pyridine/acetic acid/water : 13/7/1.6/4, vi/v
Conmpoundcghpear@qynd 30 (84.5 ng) was dissolved in 5 m of 0.3 N sodium
hydroxide and stirred for 3 hours. The reaction m xture was then _
neut r al i 48er dissdiviog Soniphyntt % 162.6rd)dn acets agidi (b4 pul) anddvatate. | ad) the mixdure
desal ted on Sephadex &5 col.um with ter/acetonitri] : 9/ 1 (v/v) and
basced  NFDSOEE GRUVEN o) ATETPESIS: SPHRBRETo oo ety o apifichiof ¥
75.6 ny Qﬁcafgelrm@&nﬂogﬁapﬂﬁgwespbgtcﬁr@om béad RP- 43, ethyl

acet ate/ pyridine/acefic acid/water : 8/7/176/4, vlv - ? MAY 2002 14

TLC: Rf=0.31, ethyl acetate, v/v

Compound 15

To a solution of compound 14 (1.7g) in dichloromethane (9 ml) were added 2,2,6,6-tetramethyl-
1-piperidinyloxy (5mg), saturated sodium hydrogen carbonate solution (5.8 ml), potassium
bromide (32mg) and tetrabutylammonium chloride (42mg). The mixture was cooled to 0°Cand a

mixture of saturated sodium chloride solution (6.5 ml) saturated sodium hydrogen carbonate



Met hyl

- O(2,3,4-tri-0-nethyl-6-D sul fo-a-Dglucopyranosyl)-(1-~4)-0(2, 3-di - th
" yl[i-Dglucopyranosyluronic acid)-(1-~4)-0-(6-0 nethyl - MA?i ZU%TE
2, 3-di -0-sul fo-a-Dgl ucopyranosyl )-(1~4)-0 (2, 3-di - O net hyl -a-L-1 dopyr anosyl
uroni c acid)-(1-~4)-3, 6-di-QOret hyl -2-0 sul f o-a-D gl ucopyr anosi de,

" hexasodium salt 32 Conpound 31 (30.6 ng)9 was dissolved in 2.1 S ni

N, N- di met hyl f ormam de (destined; dry) and triethylam ne sul furtrioxide
conplex ( 120 ng) was added under nitrogen atnosphere. The m xture was

vas aadaaioeng dmf e prei B M B8 KRR SR ues AR

sol vent h%anE’cﬁFi%% miktre W& ARt iveiel MRdedackatl@ rtmﬁe%z With ABHlofbarAhdngd
on a Sephadex 5-colum wth water/ acetonitril : 9/ 1 {v/v). The isolated

product Thasrginit legerovasavddbedwitBOvKE Miried cml magnesiutmhsulfateefilt¢red gnd evapoeatéd®tds
ng of pent asacchaqug C(%rrﬂgjund 32'?%%2[) = +56.8 (c=1, H20) Anoneric

pr ot ons IEHESR Ve hi'f gotcrudecompound 134 97, 4. 89 and 4.24 ppm PREPARATI ON
OF EXAMPLE Il (conpound 38) Synthesis of EFGFI-tetrasaccharide 34 (schene
4) Compound 33 Conpound 25 and conpound 20 were coupled to give the title
conpound 14t Re=adil Agdithieronstianemostkahol e9/1descri bed for the preparation of
conmpound 26. TLC. Rf=0.47, toluene/ethyl acetate : 3/7) vl/v

Met hyl - O ( Benzyl

6 O Ot FON AT 2 B AR R i) 472 0 BekMs £ Bl

2, 3-di - QndiﬁyltuJD-g}dcbﬂWoaid@S |uronate)-(1-~4)-2,3-di - O benzyl -6-O nethyl -a
- D- gl ucopyranosi de_34 Cogoun 33 was converted to the title conmpound
accor di 1§ & salutiemel b8 eeeflueampanad A5 ipdY N-dimetindfopmapide avasadded usderputingen 7.

of DErcRIRP SR bLenaBBRARHE n 11eg of esagshine Py et SRl ANBAERIL o

34 and geuniide f389MmiiRuteOWater vasaddéd/ end the riikfur€ etedvpsdnilh aehsDacbtarg. Afier
sane procedures described for the preparation of conmpound 29. TLC. RO.60
t ol uenereaneyationc ef dhe orgayiq layeryando putifieationebycowiseeel dclmamatpgranbsy bt e ol

the titl I“%O*H”Id ing the same procedures described for the
pr epar af:glaﬁg% m%%@ﬁ‘g{ego TLC. RO.39, ethyl acetate/pyridine/acetic

acid/ water : 13/7/1.6/4, v/v Conmpound 37 Conpound 36 was converted to the

title conpound according the sane Procedures descri bed for the preparation
of conpdi4td RET0.50, toluene/ethyl acetate : 1/1, v/iv

Synthesis of EF-disaccharide 25 (scheme 2+3)

Compound 17

Compound 12 (10.5 g) was dissolved in dry N,N-dimethylformamide (178 ml), cooled to 0°C
under nitrogen atmosphere. Sodium hydride (1.91 g; 60% dispersion in oil) was added after
which benzylbromide (3.3 ml) was added dropwise. After 30 minutes the reaction was complete
and the excess sodium hydride was neutralised. Water was added and the mixture extracted

twice with ethyl acetate. Evaporation of the solvent gave 13.6 g of compound 17,
TLC: Rf=0.50, toluene/ethyl acetate : 1/1, v/v

Compound 18
Compound 17 was converted to the title compound according the same procedures described for

the preparation of compound 14,



TLC: RO.32, ethyl acetate/pyridine/acetic acid/water : 13!7/1.6/4, viv
. Met hyl
"0 (2,3,4-tri-Onethyl -6-0sul fo-a-D- gl ucopyranosyl ) -(1~4) -0 (2-.37 g

| ~3- D- gl ucopyr anosyl uronic 37 CMAS?[ W
acid)-(1--~4)-0 (6- O net hyl -2, 3-di -OsuMo-a-DgI ucopyranosyl)-(1~4)-0 (2, 3-
© di - O net hyl -a-L-idopyranosyl uronic
acid)-(1--~4)-6-QOrethyl -2, 3-di - D-sul f o- a- D- gl ucopyr anosi de, hept asodi um
salt 38 Conpound 37 was converted to the title conpound accordi ng the sane
procedures described for the preparation of conmpound 32. [a] zo=+S3.6 (c=1,
H20) Anoneric protons chemcal shift : S 32, 5.23) 4.99, 4.9 and 4. 23 ppm

? MAY Z0@2 RFe0,BRERAROntdth 4/ n¥dvBE Eo/ll | v/v( conpound 56) Synt hesis of
GH di saccharide 50 (scheme 1+2) Conpound 39 Conpound 2 was converted to the

title conpound accordi ng the sanme procedures described for the preparation
of corrpgtj?nd 11.. 11.C. Rf=0.52, dichloronethane/acetone : 98/ 2 v/v Conpound
40 Conp I'I'H’%’é‘d( .0 g) was dissolved in nmethanol (538 nl).

p- Tol ueaRaipoliRdiL§ wAS icHn{eked fo Sl tRScANRAD 38¢hraig thE e R oVRiBresidesdrddd fror

1.5 hour at roomtenperature. After neutralization wth triethylamne the
m Xt ur e thwagepaatcemof angebun@®gfi f i cati on by silicagel chromatography gave
11.9 g of conmpound 40. TLC. RO.56, dichl oromethane/ nethanol : 9/1, v/v
Compound 41 Conpound 40 was converted to the title conpound according the

same pr qEedwrss, 14eAeIbRRk b/ ndifanBl &9¥ar i1 on of conpound 5. TLC Rf=0.18,
tol uene/ ethyl acetate : 7/3, v/v Conpound 42 Conpound 6 was converted to

the title conmpound accordi ng the same procedures described for conpound 24.
4
Conmpou r]%om?’pound 20
Compound 19 was converted to the title compound according the same procedures described for

the preparation of compound 16.
TLC: Rf=0.38, dichloromethane/methanol : 85/15, v/v

Compound 21

Compound 20 (9.9 g) was dissolved in 300 ml methanol (dry) and refluxed under nitrogen
atmosphere. A 1 M solution of sodium methoxide (65.2 ml) was added dropwise and stirred for
3 hours. The temperature was then cooled to room temperature and 1N sodium hydroxide (22.2
ml) was added and stirred for 90 minutes. Neutralisation with Dowex5SO0WX8H" form and
evaporation of the solvents gave the crude residue.

N,N-dimethylformamide (192 ml) and powdered molsieves (4A ) were added under nitrogen
atmosphere. Potassium hydrogencarbonate (3.2 g) and benzylbromide (4.8 ml) were added and
the mixture stirred for 5 hours after which ethyl acetate was added and the mixture washed with
water. Evaporation of the solvent and purification of the rude product by silicagel

chromatography gave 6.19 g of compound 21 and 1.88 g of recovered compound 20.

TLC: Rf=0.74, dichloromethane/methanol : 9/1, v/v



Conpound 42 was converted to the title conpound according the sane

- procedures described for the preparation of conpound 25. - 7 M~Y 2002
Compound 44 The coupling reaction of conpound 43 with conpound 41 was
performed under the same conditions as described for conpound 26/ MIAY 2002
- Rf=0.28, toluene/ethyl acetate : 6/4, v/\v Conmpound 45 Conpound 44 was
converted to the title conpound accordi r'}d‘the sane procedures described for
the preparation of conpound 9. TLC. RO.09, toluene/ethyl acetate : 317, v/v
Compound 46 Conpound 45 was converted to the title conpound according the
sane progﬁg\%rgs %gscri bed for the preparation of conpound 10. TLC. Ri =0.52)
et hyl aceta e Eg ound 47 Conpound 46 ( 10.4 g) was dissolved in pyridine

(dry) ( @&6spsitind DR )i WS IIINRATNRT 8f didxahe tIEvaLIME adidef2l £ gRnhidHdHdRyl
(34 m) and pyridine (dry) (. 102 ml) and 10Eﬁrrg of 4 di nmet hyl am nopyri di ne

was addeeprbogiimade 64.7% g) pd #skimathylaminogyridios (A-Z @pders added tand thembxtierstirred

m xture concentrated and coevapgr.at wth dr ol wene to give. 11.9

of “compoldhd MEp et RaftaR ahmSPEYALRIRL T e adish Bnd PRCori o B Tubliot s
After dispObidanit ROEPONMSAdvakied with Bqukbul PofBEANRYdro&hsilbhate 14 OBhcedtrated.

p-t ol uenesul phoni c"acid was added and the m xture was stirred overni ght at
room t enpastallisation fixme diethyl ather/beptangi gaue 6@ gwf ¢omepoupt 23cet at e, washed with

wat er (2x) and concentrated. Purification of the crude product by silicagel
chr omat ogr aphy gave 6.2 g of compound 48. - 7 MAY 2002 18

TLC: Rf=0.26, dichloromethane/acetone : 95/5, v/v

Compound 23

Compound 22 (6.1 g) was dissolved in acetic anhydride (256 ml) under nitrogen atmosphere and
cooled to -20°C. A mixture of sulphuric acid (4.9 ml) in acetic anhydride (49 ml) was added
dropwise during 30 minutes. After 60 minutes sodium acetate was added until the pH of the
mixture was neutral. Ethyl acetate and water where added and the organic layer concentrated.

Purification by silicagel chroma- tography gave 4.2 g of compound 23.
TLC: Rf=0.63, dichioromethane/acetone : 9/1, v/v

Compound 24

Compound 23 (4.2 g) was dissolved in tetrahydrofuran ( 42 ml) and piperidine (4.1 ml) was
added. The mixture was stirred overnight at room temperature. Ethyl acetate was added and the
mixture washed with 0.5 N hydrochloric acid. The organic layer was concentrated and the

residue purified by silicagel chromatography to give 3.2 g of compound 24.
TLC: Rf=0.33, dichloromethane/ethyl acetate : 1/1, v/v

O-(benzyl 2,3-di-O-methyl-4-0O-levulinoyl-f-D-glucopyranosyluronate)-(1—4)-3-O-acetyl-
2-0-benzyl-6-O-methyl-D-glucopyranosyl trichloroacetimidate 25
Compound 24 (1.59 g) was dissolved in dichloromethane under nitrogen atmosphere.

Trichloroacetonitril (1.1 ml) and cesium carbonate (72 mg) were added and the mixture stirred



TLC. RO.28, toluene/ethyl acetate : 3/7, v/v Conpound 49 Conpound 48 was

- converted to the title conpound accordi ng the sane procedures ggscA&ped for
the preparation of conpound 15. TLC. Rf=0.24, dichl oronethanet $A OQUOZ
9/1, viv Methyl O (Benzyl

2- O acetyl -3-O net hyl -a-Lri dopyranosyl uronate)-(1~4)-2- 0O benzyl 3, 6-di - O net
~ hyl -a- D-gl ucopyranosi de 50 Conpound 49 ¢ converted to the title conpound
according the sane procedures described for the preparation of conpound 16.
TLC. RO. 37, dichloronethane/ nethanol : 9/1, v/v Synthesis of

EFGH-t et har.i.de 52 h 4 51 .Co d 25 d ] d 50
were couffielity ¢ e ?ﬁ??f@%ﬁ?ﬁﬁgﬁﬁ?égﬁsﬁm TRt Cnfen ites, dRRETcn By
descr i begitafel LRSI SRANIG!d:08 137 LHBAMIInSs TLC RI=0.52,

di chl or onet hane/ net hanol “:~ 98/ 2, t hyl 7O (Benzyl
2, 4-di - O-di net hyl - ~3- D- gl ucopyr anosyl uronate)-(1-~4)-0O (3-D acetyl -2

B2y ONIEN DY el PRGNS, (1) -0 (benzy

i dopyr anosyl uronat e) - (1- ~4) - 2- D- benzyl - 3, 6- di - O net hyl - a- D- gl ucopyr anosi de
52 Conpound 51 was converted to the title conmpound accordi ng the sane

pr ocedur 8gnthesis loff ERG Haetrakmechaddadi(scheme#d) conpound 27. - 7 MAY 2002 19
TLC. 8FO0. 26, dichl oronet hane/ nmethanol . 98/ 2, v/v Synthesis of

DEFGH pent asacchari de 56 (scheme 4+5) (EXAMPLE |1 n Conpound 53 Conpound 28
and corrp@d%o%dv%re coupled to give the title conpound according the sane

A mixture of compound 16 ( 0.530 mg) and compound 25 (0.598 mg) was dried by
coevaporation with dry toluene and dissolved in 8.2 ml of dry dichloromethane. Powdered
molsieves (4A ) was added and the mixture was cooled to -20°C under nitrogen atmosphere and
stirred for 30 minutes. To the resulting suspension was added trimethylsilyl
trifluoromethanesulphonate (15 mol% in relation to compound 25). After stirring for 10 minutes
sodium hydrogencarbonate was added, the mixture was filtered and water and dichloromethane
were added. The organic layer was then extracted, concentrated and the crude product purified

by silicagel chromatoraphy to give 0.62 g of compound 26.
TLC: Rf=0.47, toluene/ethyl acetate : 3/7, v/v

Methyl-O-(Benzyl 2,4-di-O-dimethyl-B-D-glucopyranosyluronate)-(1—4)-0-(3-O-acetyl-2-
O-benzyl-6-0-methyl-a-D-glucopyranosyl)-(1—-4)-0-(benzyl 2,3-di-O-methyl-a-L-
idopyranesyluronate)-(1—4)-2-0O-benzyl-3,6-di-O-methyl-a-D-glucopyranoside 27
To a solution of compound 26 (0.58 g) in pyridine was added a mixture of 2.76 ml acetic acid,
0.32 m! hydrazine hydrate in 2.1 ml pyridine. After 9 minutes, water and dichloromethane where
added and the organic layer washed with 1 N hydrochloric acid and aqueous sodium

hydrogencarbonate. Purification by silicagel chromatography gave 0.27 g of compound 27.

TLC: Rf=0.45, toluene/ethyl acetate : 3/7, v/v



procedures described for the preparati on of compound 29. TLC. Rf=0.63,

" di chl or onet hane/ met hanol : 98/2, v/v Conpound 54 Conpound 53 was converted
to the title conpound accordi ng the same procedures descri bed'f(_p’rMA]‘é ;002
preparation of conpound 30. TLC. Rf=0.51, dichloronethane/ nethanol : 8/2,
v/ v Conpound 55 Conpound 54 was convertgd to the title conpound according

t he sanme procedures described for the preparation of conmpound 31. TLC

RO. 32, ethyl acetate/pyridine/acetic acid/water : 10/7/1.6/4, v/v Methyl

O (2,3,4-tri-0Onethyl-6-0sul fo-a-D glucopyranosyl)-(1-~4)-0(2,3-di-Oneth

yl (i-D onj .

aci d) - ( ?"iﬁ@c‘i @%ﬁﬁ %3?'?"5?%9"3{ idg 32 (Fgneme e u EA B 1 ) - (1~4) - O (3-O'm
et hyl - 2- O sul f 0- a- L-i dopyr anosyl uronic

acid)-(1-~4)3,6-di-O nethyl-2-0sul fo-a-D gl ucopyranosi de, heptasodi um sal t
56 Conpdu®@Psundd? converted to the title conpound according the sanme

62t 05 A RtifReot g8t 2203 SERRRAATTS Wl G coiRAY 2 (Rer Bidialiic & MEliggnal
5. 29 andChenB8np el 2PRERARATETNREE, F94VREE driéd (80sqevEpstatiéh withndiasiugndfand

EF- di saccharide 66 (schenme 6) Conpound 58. Et3N (43 n, 0.3 nol), .
4- di et Hjssalyeddpyid miref dry1dichlprpmethagentinder ritraget anqsphergi povdeperd mslsjevgsr e

added t | ut 4 .36 28 op0l Pet r onj | ust . m
oo, 43R B8R B g pShied vd 2 ED Al R sl Ry Rlmetn SOF
successitdfhoronefanesulpionate’ 8 d$dSA4elatiBPio sovhpuat 28) adsdded. MardPQeErinddr
and dried (Na2S04). The evaporation g}ave crude 58: TLC, Rf 0.41) 3 :1

cycl ohex&remetesmguequsnodivm hidrogen nagioasienwquadsled) Themirues wps filtereddaddhe at

+4 0 t .Sol uti 1 2 in THE (2 Al
16t TGP b BaehEl i, e Boedburgion TR sbflorlar gt Jud pide Rt
64. 4 nmMdhichwaepaditdtbylbilitagel Theaatdgaphiet B0 lofcémpidde29. 16 h at room
tenperature, the solution was filtered and concentrated. Colum

chromat ography (4:1 cycl ohexane/ Et OAc) ai ~orded 59 in 79 %yield: TLC R f

0.49, lzﬁ&%B.lggf(%ﬁ]&énIez}e%‘f acetate : 4/6, v/v

Compound 30

Compound 29 was diluted in a mixture of t-butanol (8 ml) and water (1 ml). To the solution 122
mg of 10% palladium on charcoal was added and the mixture was stirred overnight under
hydrogen atmosphere. The palladium on charcoal was filtered and the solution was concentrated

to give 84.5 mg of compound 30.
TLC: Rf=0.49, ethyl acetate/pyridine/acetic acid/water : 13/7/1.6/4, viv

Compound 31

Compound 30 (84.5 mg) was dissolved in 5 ml of 0.3 N sodium hydroxide and stirred for 3
hours. The reaction mixture was then neutralised with 0.5 N hydrochloric acid and evaporated.
The residu was desalted on a Sephadex G25 column with water/acetonitril : 9/ 1 (v/v) and
passed through a short column of Dowex 50WX8H" -form. After evaporation 75.6 mg of

compound 31 was isolated.

TLC. Rf=0.43, ethyl acetate/pyridine/acetic acid/water : 8/7/1.6/4, v/v



Compound 61 A solution of trinethylsilyl triflate (0.04 Min CH2Cl2; 96 nl,
- 3.8 mmol) was added dropwi se, under argon) to a cool ed (-20C) soI ution of

"the donor imdate 59 ( 11.93 g, 25 nmol) and acceptor 60 (9.2 g, 19.8 mol)
(P.J. Garegg, H Hultberg Carbohydr. Res. 1961, 93, Cl0) in-CH y:A QQQO
~m) containing 4 ~, powdered nol ecul ar sieves. After 30 m nutes soli

NaHCO3 was i ntroduced, and the solutionlfas filtered, washed with water,
dried (Na2S04) and concentrated. The residue crystallized in Et20 gave 61
(82 %yield). np: 138 C ? MA ~ 2002 21 Conpound 62 Sodium (373 ng, 0.65

ot hanol VIEHEREED (3, ity Ot oot gk by an g (i A Or G- Ot .

i ford. or HEEhiBby AR ahiCRUBRPD ATD-E T, Ryl g 280, A GRRECTT 2t o o
porti on ﬁ@ﬁwaﬂo@%emw%)z ,3381-0Lh OthyRli- ELid6y radofyPiddd nrtgaa-dﬁ(tﬂ—» B 6(-@.—@-

m, 1.55 nmol) After 2 h at room tenperature,
introdudethhﬁﬁﬂtShHOm-l@bglneowmnpmdc,drtxamd@nmtz@ltﬂhe pr oduct vvas extract ed

hr ot SRR Gt Pediids P RRaR T 13rmd NS G panuRygeatisd P g
yield frtﬂ@?h?l%nune”ﬁ’ulml&nc(eEE&QNexC{QE@O&IE};v@ﬁ 40881 WdeP it g A atmckpidc O The

1.56 mml) in 1:3 0/ MeCH ated at in presence
of p-t ol uelnese:wasmmrechovetm(ghea iﬁgC A shi6pamsioh of s@dlumrhy@rdgenca:tbomte(mmaemms

tralized, with NaHCO3 d ted. Col h
Cyel one e ehetBRBYe oy ied Y ot gh esrp IBEHN G BE ST BN VR YA, The |
cycl Oh‘@ﬁi@@%éc&&%ﬂ%d iEh sl (& n(nl?ea'ﬂay&esalted on a Sephadex G25-column with water/

2, 3-di - O net hyl - ~1 - D-gl ucopyranosyl uronate)- (1
~4) 2, 3 aBetonitrlO- Yeh ty/v-Thegbalated \prados vas ebifed Tam aDDMextSQWX@NaE‘rdolgﬁﬁowmlg

1.3 in CH2C m) wer 2,2 et ranet hyl - 1pi peri di nyl oxy
(2. 3 aterd %Y"a‘ﬂisé%q‘?]&? Be'mé-ﬁ@g? 32“@1’%") d3%pr (13 .5 ng) and

t et r abutryhanoqnriy bse ( 18 ng). To the above cool ed (0 Csolution was
added t emn)xture f so2 ?I ons saturated aqueous NaCl (2.8 ml), saturated
aqueous NaHCO03 (1.4 m) and NaOCl ( 1.3 M 3.2 m). After I h, the mxture

was extracted with sh Wit Na2S04) and concentrated
to give WWLP&@OQ%'@SMS 3&?@1@ ﬁbﬁég %gf’ ‘?ﬁ(szlﬂ?”t/vas treated with
BnBr (1.6 m, 13 mmol) and KHCO3 (650 ng, 6.5 mmol ). After 16 h, the
product was extract ed with Et QAc, washed with H20, dried (Na2S04) and
concent rREREBARA THON OF6 EXA MPEGE/ Iglcompound 38VAY Z002 22 Synt hesi s of
DEF-tri saccharide 70 (schenme 7) Conpound 67 A solution of trimethylsilyl
triflate (0.04 Min CH2C12; 1.88 m, 0.075 mmmol) was added dropw se, under
argon, tsyn@hé‘seodmtv@ZQQasﬁeqhuH&m Qbcheme 4)

6- O acet yl tri | ucopyranose trichl oroacetim date 28 (290
ng, 0.711 mml) (P. Westerduin et al. Bioorg Med. Chem 1994, 2, 1267-83)
and acce tor é 00 ng, 0.4 mol) in CH2CI2 (20 m) containing 4 ~1
powder e ‘PfBP% sieves. After 30 minutes solid NaHC03 was i ntroduced,
and the 5\/\@@ C Qt -l
t ol uene/GEtﬁﬁC% ‘ﬂ"g?r eéédeés%ggz‘ogg\grg %&?e 6tE7) ‘geg%eg? %}%ﬁﬁ%ﬁ%@%&gf@gm:ﬁﬁge
t ol uene/pebéalares desgribad dorGBe peeparasioh wf compadnd@é. (201 ng, 0.20 mmol) in
acetic anhydride (7.6 m) at - 20 C a m xture of concentrated sulfuric acid
in acetic anhydride (1.5 m, 0.1:1 v/v) was added. After stirring 1 h

sodi um dyARg, M xture was diluted was Et OAc,
washed \;a\fitq%aflifg(ﬁg?(?ler%k/mggg and concentrat ed to give, after colum
chromat ography (1:1 tol uene/ Et CAc), 68 (82%yield): TLC Rf 0.32, 1:1

t ol uene/ Et QAc

Methyl-O-(Benzyl 2,4-di-O-dimethyl-B-D-glucopyranosyluronate)-(1—->4)-0-(3-O-acetyl-2-
0O-benzyl-6-0-methyl-a-D-glucopyranosyl)-(1—4)-0-(benzyl 2,3-di-O-methyl-a-L-
idopyranosyluronate)-(1->4)-2,3-di-O-benzyl-6-O-methyl-o-D-glucopyranoside 34
Compound 33 was converted to the title compound according the same procedures described for

the preparation of compound 27.

TLC: Rf=0.39, heptane/ethyl acetate : 3/7, v/v



Compound 69 Benzylamne (0.58 m, 5.26 mmol) was added to a solution of the
68 (125.4 ng) in THF (5 n). After 7 h at roomtenperature th?cﬁfkﬁ?ﬁﬂ

" was washed with 1 M aqueous HCI, H20, dried, and concentrated 2
chromat ography (3:2 toluene/ EtQAc) afforded pure 69 (75%yield): TLC R f
0.33, 2:3 toluene/EtQAc. O (6-0O acetyl - 2_L53 4-tri-O nethyl -oc-D gl ucopyran
osyl)-( 1->4)-0O (benzyl 2,3-d

i - O nethyl (i-Dglucopyranosyl uronate)-(1-->4)-3,6-di-0 acetyl -2-0 benzyl - D
gl ucopyranosyl trichloroacetimdate 70. Trichloroacetonitrile (69 ul, 0.675

sl Ut oS PRI ANyt iR 36 SRITR) PSRAPRERY 0%, T 1
solution was filtered and concentrated. Columm chromat ography of the

resi due &1: 1 toluene/ EtQCAc) afforded 70 (88%yield): TLC Rf0.44, 1:1
t ol uene/ Eo@pound 35 VAY 2002 23 Synthesis of GHdisaccharide 76 (scheme 2)

el O R B o e
1600- 160gpockdurds destBbducap Heftbpatation of ddimpoudd 2®r 2 h Dowex 50 H+ resin was

i ntroduced until neutralisation and filtered. After concentration, colum
chr onat o§k&pRY=( .69, 20lupnd/ethybaseteleEt WACYVof the resi due gave 72 ( 100%
yield): TLC R f 0.32, 2:1 cycl ohexane/ Et CAc. Compound 73 Mel (0.41 m, 6.61
mmol ) was added, at 0 C, to a solution of 72 (2 g, 3.3 nmmol), and NaH (0. 12
9) S MOChmpondtds (20 nl). After 2 h MeOH was introduced dropw se, and
after 15 mn the product was extracted with CH2Cl12. The sol ution was washed
Wi t h H20Couippent 3Nwasodnvertad tb thertitlersompound acordimgthelsamaprasgdansh deschibed for
cycl ohexane/ Et OAC ve pur 3 (89%yield): [a]D + 12 (c 1; CHzCl2).
Conpoundﬁl‘?zi’rﬂfff’élf{?s&%ﬁg‘p 70% 3 . | 4 mM) was added to a solution of
73 ( 1.76 g, 2.84 mol) in CH2A 2 ( 16 m). After 50 mn at room
tenperature the solution was diluted with CH2G 2, washed with cold

sat ur at eHLEqRESLII, NthybaGtatelpPridine/dceatici asdl/ WMaR SI3YY/1.6ML1wéYy concentrati on,

col um chr omat ogr aphy (11:2 CH2C 2/ acetone) of the residue yielded 74 in
88%yield): [a]D + 10 (c 1; CH2Cl12). Methyl O (benzyl

2, 3-di - %Hﬁ?ﬂﬁha%bi dopyranosyl uronate) - (1-~4) -2, 6-di - O benzyl - 3- Oret hyl - a
-D-gl ucopyranoside 76. To a solution of 74 ( 1.39 g, 2.4 mmol) in THF (8

m ) wer eCanigedhd23@w8s ortvetted hethiyitle tpimpeunndiaceptdingthe (s87e pravgilyres desgribed for
aqueous NaHCO3 (14.4 m)) %K‘ES (120 ng) and tetrabutyl ammoni um chl oride (
180 ny) . ¢RI RFCORBBIM3L 0 ) sol ution was added the mixture of

sol utions saturated aqueous NaCl (2.8 m ), saturated aqueous NaHCO03 (1.4
m) and NaCCl ( 1. 3 M 3 .2 m). After 1 h, the mxture was extracted with
CH2C12, WeEhBEBZ,ethy acetateipyddinplacetivacidiwater oh/érlta/4ted to gi ve the crude
acid 75. 2 4 - 7 MAY 2002 The above crude acid 75 in DVWF (31 m) was
treated with BnBr (2.84 m, 23.9 mvl) and ICHCO3 ( 1.2 g, 12 mmol ). After
16 h, th . i 11 i ‘e hvl-
(Na2S04) Me%] g(?-q(ﬁ:’g},]fgrl]g geﬁgﬂmgﬁlﬂ%ﬁ%@r@gﬁ’ ogr agﬂyd(%:“w (2,§-rd|-@imet y
cycl ohexp+»/ghidopgyamisyluienicasidj«(@—sHve@-(6-O)-pethyly2,aldd-O-sulfo-adD- [a]p + 7.3
(c 1 1, CH2C12). Synthesis of DEFGH pentasaccharide 80 (schene 8) (EXAMPLE
| ~ Conpoghgoryranesyh{ hypryio-(2,3-diH0-metlylia-Lzidopy rangsyysenigasid)-(had) 816z d

under argon t irred 09l ed (-20. i: f.igndate 70 (91 ny)
0. 097 m&e&y%ﬂ%d@?’f'&g‘?-?-rﬁ'rbg?uﬁ).paéaf?‘%n%n(% yﬁﬂélag&%&%t m) containing 4 ~
nol ecul ar sieves. After 30 min, solid NaHCO3 (0.1 g) was introduced, and

stirring was prol onged overnight. The solution was filtered, washed w th
H20, dri €empanad 3Dmassenvertad to ths titlercommound eesprdipg yhe(same procedures described for

cycl ohexgne/ acet one rovid t he pentasaccharide 77 (71.6%yield): TLC
R0, ) 2R RS L BT ROUPEHZ: Vet hy)

O(2,3,4-tri-0Onethyl-6-0 sul fo-a-D glucopyranosyl)-(1->4)-0(2,3-di-Oneth
yl [1-D gl ucopyranosyl uronic

aci d) - ( 1fedlf%G ¢23.8, @=1 y H,@) sul f o- a- D- gl ucopyr anosyl ) - (1~4) 0- (2, 3-di - O met hy
| -a-L-idopyranosyl uronic

acid)-(1->4)-3-0Onethyl -2, 6-di -0 sul fo-a-Dgl ucopyr anosi de, octasodi um sal t
80. A solyuti . Q.. | X gbn, was stirred during
16 h undé‘lrr%g‘%a/% LOtégsrée@ﬁ]“%?%tl‘-‘lg ?ﬁﬁf Eg@b%'egg’e‘h%&g@%gwpd/ C catal yst (50
ng). After filtration, the solution was concentrated to give 78.



Aqueous NaOH (5 M 0.46 m) was added to a solution of the above crude
'\corrpbund in MOH (26 m). After S h Dowex 50 H+ was i ntroduced until

neutral pH The solution was concentrated, and the residue was | ayered on
top of a Sephadex G 25 colum eluted with H20. Concentrati on-o? t}:?{ Zad
.fractions gave crude 79. Et3N S03 conpl exg( 174 ng) 0.96 mmol) was adted to
a solution of the above conpound in DM (6 m ), and the solution was heated
at 55 C for 20 h. NaHCO3 (0.33 ng dissolved in H20) was then introduced,
and the solution was | ayered on top of a sephadex G 25 colum ( 1.6 x 100
cm equi PREPARATIONOF BXNATPLEME (dohisdun@ss)Wer e pool ed, concentr at ed,
and dessalted - ? MAY 2002 25 on the sanme gel filtration col um,
equilibrated in H20. Lyophilisation then gave pentasaccharide 80 (95%yield

from77); ) . The biol ogi cal activity of the
conpoundSY hm"t’ﬁé’fﬁs‘éﬁ“l‘méﬁ%ﬁ)&sﬁ E@ determined in the anti-factor Xa
assay. Activated Factor X (Xa) is a factor in the coagul ati on cascade. The
anti-Xa activity of compounds of the present invention was assessed by
nmeasur i n@wpmumtb%otorretri cally the rate of hydrolysis of the chronpbgenic
substra S- 22%3 exerted Xa Thlls assay, for (fntl Xa achtg@i(g a, gffer
Syst em waSHRo &dN%fs%oeggﬁ o theditls sompoyd sqcarding thesams dipcpdurestdeseived for
conpoundip @Qﬁ &eco-ﬁﬁﬁ)tu §g4¢i um Tronet ham ne- NaCl - pol yet hyl ene gl ycol

6000 (TNP) er Vehicl'e: TNP buffer. Sol ubilisation can be assisted with
di et hyl sul phoxi de, nethanol, ethanol, acetonitrile or tert.-butyl alcohol

Wnich ar a rse effetsm centrations up to % (for DVBO and
. 5% (fo&lﬂnﬁaﬁéﬁggﬁPWé‘?ﬁ‘we aRetPpR: &Vﬁ aVreaction m xture. Techni que

Reagents* . Tronmet ham ne-NaCl (TN) buffer Conposition of the buffer:

Tr omet ham ne (Tris) 6.057 g (50 mol) NaCl 5.844 g (100 nmmol) Water to 1 1

The pH ofCobipowsd 4t i on is adjusted to 7.4 at 37 Cwith HO (10 mml ~f') 2.

TNP buffer Polyethyl ene glycol 6000 is, di oI ved in TN buffer to

concentr mPﬁ“B‘f 3B 8) Was §‘SS‘§V3212‘22“‘§B4'L9? S p-Tolyspesifgnic agt c357v$)a‘l"as

S-2222 ( addedhd di@Mixtr & WAOSHibrER fortS FoN) at Podih SaMleftrd A dlitralization with

triethylamine the mixture was concentrated. Purification by silicagel chromatography gave 11.9 g

of compound 40.

TLC: Rf=0.56, dichloromethane/methanol : 9/1, v/v

Compound 41
Compound 40 was converted to the title compound according the same procedures described for

the preparation of compound §.

TLC: Rf=0.18, toluene/ethyl acetate : 7/3, v/v

Compound 42
Compound 6 was converted to the title compound according the same procedures described for

compound 24.

Compound 43
Compound 42 was converted to the title compound according the same procedures described

for the preparation of compound 25.



water to give a concentration of 1.5 mg~nf" (2 mmol ~l"'"). 4. Xa solution
" Bovine Factor Xa Human (71 nKat~vial'™; Kabi Diagnostica) is dissolved in
10 M TNP buffer and then further diluted with 30 mM TNP buffer to give a
concentration of 1.77 nKat~m' . The dilution has to be fresh.l_g Mﬁgagﬁﬂz *
.- Al ingredients used are of analytical,-grade - For aqueous sdl n
ultrapure water (MIli-Qquality) is used. Preparation, of test, and
ref erence. conpound sol utions The test and reference conpounds are
dissolved in MIli-Qwater to give stock concentrations of 10'2 noll"'".
Each conggpiyodhi®d i S stepwise diluted with the vehicle to give
concentrations of 10'3, 10'i and 10'5 nol~f". The dilutions, including the
st ock soThé icouplingr satté@d of rotipeusd 943ywith i coalpoand cidntvasitpedfommédi uhder the agairieon
m xture: 3 ~ 10'3; 10'3; 3 ~ 10'i; 10'i; 3 ~ 10'S; 10'5; 3 ~ 10'i and 10'i
moh f ‘,CQ@st}S@étaFd%ﬁcW‘?d for sempavad 26. roomtenperature 0.075 m and 0.025 ml
test conmpound or reference conpound solutions or vehicle are alternately
pipetted into the wells of a mcrotiter plate and these solutions are
di | ut ed WLChRE=013S; tolueneth().4edtate :1d/4 T bui ~er, respectively. An aliquot of
0.030 mM S-2222 solution is added to each well and the plate is pre-heated
and pre-incubated with shaking in an incubator (Arersham for 10 min. at 37
C. Fol | ow -dencubation the hydrolysis of S-2222 is started by addition
of 0. OBO&FA%QPE{‘Q#E n solution to each well. The plate is incubated (with
shaki ng Cmp&ﬂxdsgghaas cohvertedSioatht itiflg caimpetindladtbriiy theR&WMB PkdceBuret B&scribed for
absor bance of each sanple at 405 nmis nmeasured every 2 mn. for a period
of 90 nithe pieparagion ok comppend@.crotiter plate reader (Tw nreader plus, Flow
Laboratories). All data are collected in an I BM personal conmputer using
LOTUS- MEASURE. For each conpound concentration (expressed in noll""’

react i oNTMTXREH0E09, ddlGerfedthylaBetblearnsky ting absorbance is plotted versus the

reaction tinme in mn. - ? MAY 2002 27 Eval uation of responses: For each
final concentration the maxi num absorbance was cal cul ated fromthe assay
plot. T | CSO- kue (final concentration, expressed in ~nol~l-', causing
50% i nhi ?'PPSW’%? t he maxi num absor bance of the blank) was cal cul ated using

t he | ogi Cohpandl 4y Wik doRedstdoythe sitlaesmF)dLi_urwadcerdﬂag‘ hesarfé ]Pﬁicedures described for

(Arznei m - Forsch./Drug Res. 1977; 27(| 1871-3). Anti-factor Xa activity

Conpoundhg¢ prepatstion ofsempoung-10.° ) 32 (1) 2238 (2) 1256 (3)1280 (4)< 2 - ? MAY
2002 28 Abbreviations (Ph = phenyl; Me = nethyl; Ac = acetyl; Im=
trichloroacetimdyl; Bn = benzyl; Bz = benzoyl; Mn = 4-nethoxybenzyl; Lev
= | evul i TOg! RE=BCI2c BMylacetate

Compound 47

Compound 46 (10.4 g) was dissolved in pyridine (dry) (102 ml) under nitrogen atmosphere. A
mixture of acetic anhydride (34 ml) and pyridine (dry) (102 ml) and 10 mg of 4-
dimethylaminopyridine was added. After stirring for 1 hour at room temperature the reaction

mixture was concentrated and coevaporated with dry toluene to give 11.9 g of compound 47.
TLC: Rf=0.50, toluene/ethyl acetate : 1/1, v/v

Compound 48

After dissolving compound 47 (11.9 g) in methanol (90 ml), 180 mg of p-toluenesulphonic acid
was added and the mixture was stirred overnight at room temperature. The mixture was diluted
with ethyl acetate, washed with water (2x) and concentrated. Purification of the crude product

by silicagel chromatography gave 6.2 g of compound 48.



HOO0OOOPh OHd~Ph OHOCH7 p OCH7 OH OBrt 1 2 GH CH/0 AcO ~ OO ~H R i

© OR Ac~~ H ~H7 OAc OBn 6: R1=0Ac 5: R=MBn 7: RI=SEthyl 41: R=CH3 42: R-=CH
43: R-=Chn 7, 43 G H OCH7 AcO ~. Op ~H OR AcO ~OCCH7 QAc OBn 0 O_Ph OR O

OCH7 OBn 3: R=MBn 39: RECH3 HO O't--- OR H OCH7 OBn 4: R=MBn 40:/ IMANG 2802

~ R=MBn 4-t: R=CH3  :~ 7 MAY 20C 29 Schege 2

TLC: Rf=0.28, toluene/ethyl acetate : 3/7, v/v

Compound 49
Compound 48 was converted to the title compound according the same procedures described for

the preparation of compound 15.
TLC: Rf=0.24, dichloromethane/methanol : 9/1, v/v

Methyl O-(Benzyl 2-0-acetyl-3-O-methyl-a-L-idopyranosyluronate)-(1—>4)-2-O-benzyl-
3,6-di-O-methyl-a-D-glucopyranoside SO
Compound 49 was converted to the title compound according the same procedures described for

the preparation of compound 16.

TLC: Rf=0.37, dichloromethane/methanol : 9/1, v/v
Synthesis of EFGH-tetrasaccharide 52 (scheme 4)
Compound 51

Compound 25 and compound 50 were coupled to give the title compound according the same

procedures described for the preparation of compound 26.
TLC: Rf=0.52, dichloromethane/methanol : 98/2, v/v

Methyl-O-(Benzyl 2,4-di-O-dimethyl-B-D-glucopyranosyluronate)-(1—4)-0-(3-O-acetyl-2-
O-benzyl-6-0-methyl-a-D-glucopyranosyl)-(1-—>4)-0-(benzyl 2-O-acetyl-3-O-methyl-o-L-
idopyranosyluronate)-(1-—>4)-2-0O-benzyl-3,6-di-O-methyl-a-D-glucopyranoside 52

Compound 51 was converted to the title compound according the same procedures described for

the preparation of compound 27.



S

HO~- O O ocH3 oR~ 9: R =H) R2=CH3) R3=MBn HO OCH3 14: R =R2=R3=CH3
n 18: R =RZ=CH3) R3=Bn 45: R =H, RZ=R3=CH3 48: R-=Ac) R2=R3=CH3 74:
=CH3) R2=Bn OR2 O O O ~H3 oR3 10: Rl1=H, Rz=CH3, R3=MBn 0 ocH3 11:
=CH3, R3=MBn oR o0Bn 12: R~R2CH3R3H13R|RZR3CHB—1 MAY&D%Z
=CH3, R3=Bn 46: R-=H, R2=R3=CH3 47; R =Ac, RZ=R3=CH3 71: Ri n)
72: R~=H, Rz=Bn, R3=CH3 73: R~R§—CH3 RZ=Bn ORZ O O COON ORg 15:
=R3=CH3 OCH3 Ho oCH 19: R1=R2=CH3, R3=Bn oR OBn 3 49: Rl=Ac) RZ=R3=CHI
5: R =R3=CH3, RZ=Bn G H ORZ O O CooBn OR 16: R =R =R =CH HO OCHg 3 OCH 20:

Schenngwc °6"66§“°’"@€%“A 19% Il—?é' 8&34; Y?ﬁnmoaﬁ?:%n%:gn%?oo

OBn 22 LevO pCH3 OCH, OBn OCH CO0OBNn
Synthesis of DEFGH-pentasaccharide 56 (scheme 4+5) (EXAMPLE III)

I nomIT

ﬂzgzzﬁgo
agaaag

z
ﬁ

Compound 53
Compound 28 and compound 52 were coupled to give the title compound according the same

procedures described for the preparation of compound 29.

TLC: Rf=0.63, dichloromethane/methanol : 98/2, v/v

Compound 54
Compound 53 was converted to the title compound according the same procedures described for

the preparation of compound 30.

TLC: Rf=0.51, dichloromethane/methanol : 8/2, v/v

Compound 55
Compound 54 was converted to the title compound according the same procedures described for

the preparation of compound 31.

TLC: Rf=0.32, ethyl acetate/pyridine/acetic acid/water : 10/7/1.6/4, v/v

Methyl O-(2,3,4-tri-O-methyl-6-O-sulfo-a-D-glucopyranosyl)-(1—4)-0-(2,3-di-O-methyl-
B-D-glucopyranosyluronic acid)-(1->4)-0-(6-O-methyl-2,3-di-O-sulfo-o-D-
glucopyranosyl)-(1—4)-0-(3-O-methyl-2-O-sulfo-a-L-idopyranosyluronic acid)-(1—4)-
3,6-di-O-methyl-2-O-sulfo-a-D-glucopyranoside, heptasodium salt 56

Compound 55 was converted to the title compound according the same procedures described for

the preparation of compound 32.

[0]*p =+ 50 2 (c=1.05, H,0)
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Anomeric protons chemical shifts : 5.32, 5.29 and 4.89 ppm.
PREPARATION OF EXAMPLE IV (compound 80)
Synthesis of EF-disaccharide 66 (scheme 6)

Compound 58.

Et3N (43 ml, 0.3 mol), 4-dimethylaminopyridine (156 mg, 1.3 mmol) and AcpO (23 ml,
0.29 mol) were added to a solution of 57 (36.2 g, 0.128 mol) (Petroni ef al. Aust.J. Chem.
1988, 41, 91-102) in CHCl3 (360 ml). After 30 min. the mixture was successively washed with
5% aq KHSOy4, H7O, saturated aqueous NaHCO3, H>O and dried (NapSOy4). The evaporation
gave crude §8: TLC, Rr0.41, 3:1 cyclohexane/EtOAc.

Compound 59

Ethanolamine(4.9 mi, 80 mmol)) was added, at + 4 °C, to a solution of crude S8 (11.8 g, 32
mmol) in THF (220 m!). After 16 h at + 4 °C, trichloroacetonitrile (65 ml, 644 mmol) and
K2CO3 (8.3 g, 64.4 mmol) were added under argon to the above mixture. After 16 h at room
temperature, the solution was filtered and concentrated. Column chromatography (4:1
cyclohexane/EtOAc) afforded 59 in 79 % yield: TLC Rg0.49, 1:1 cyclohexane/EtOAc.

Compound 61

A solution of trimethylsilyl triflate (0.04 M in CH,Cly; 96 ml, 3.8 mmol) was added dropwise,
under argon, to a cooled (-20°C) solution of the donor imidate §9 (11.93 g, 25 mmol) and
acceptor 60 (9.2 g, 19.8 mmol) (P.J. Garegg, H. Hultberg Carbohydr. Res. 1961, 93, C10) in
CH,Cly (190 ml) containing 4 A powdered molecular sieves. After 30 minutes solid NaHCO;
was introduced, and the solution was filtered, washed with water, dried (Na;SO4) and

concentrated. The residue crystallized in Et7O gave 61 (82 % yield). mp: 138 °C.
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Compound 62
Sodium (373 mg, 0.65 mmol) was added to a solution of compound 61 (1 g, 1.3 mmol) in 2:1
methanol/CH7Cly (ml). The mixture was stirred for 1 h at room temperature, and then

neutralized with Dowex 50 H™ resin, filtered and concentrated to afford crude 62 .

Compound 63

NaH (40.5 mg, 1.68 mmol) was added portionwise to a cooled (0°C) solution of crude 62
(950 mg,) and Mel (0.1 ml, 1.55 mmol) in DMF (9 ml). After 2 h at room temperature, MeOH
was introduced, and the mixture was poured into HyO. The product was extracted with EtOAc,
washed with HyO, dried (NapSO4) and concentrated. Column chromatography (3:1
cyclohexane/EtOAc) of the residue gave pure 63 (86% yield from 62): mp 137 °C (Et20).

Compound 64

A solution of 63 (1.16 g, 1.56 mmol) in 1:3 HoO/MeOH (40 ml) was heated at 80 °C in
presence of p-toluenesulfonic acid (230 mg, 1.56 mmol). After 3 h, the mixture was neutralized
with NaHCO3 and concentrated. Column chromatography (3:1 cyclohexane/acetone) of the
residue gave 64 (89% yield): TLC R 0.28, 2:1 . cyclohexane/acetone.

Methyl O-(benzyl 2,3-di-O-methyl-pB-D-glucopyranosyluronate)-(1-—4)-2,3,6-tri-O-benzyl-
a~D-glucopyranoside 66.

To a solution of 64 (860 mg, 1.3 mmol) in CHyCly (4 ml) were added 2,2,6,6-tetramethyl-1-
piperidinyl oxy (2.3 mg), saturated aqueous NaHCOj3 (2.5 ml), KBr (13.5 mg) and
tetrabutylammonium chloride (18 mg). To the above cooled (0 °C)solution was added the
mixture of solutions saturated aqueous NaCl (2.8 ml), saturated aqueous NaHCO3 (1.4 ml) and
NaOCl (1.3 M, 3.2 ml). After 1 h, the mixture was extracted with CHyCl,, washed with HpO,
dried (NapS0O4) and concentrated to give the crude acid 63.

The crude above acid in DMF was treated with BnBr (1.6 ml, 13 mmol) and KHCO3 (650 mg,
6.5 mmmol). After 16 h, the product was extracted with EtOAc, washed with HyO, dried
(Na3S0y4) and concentrated to give 66 in 77% yield.
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Synthesis of DEF-trisaccharide 70 (scheme 7)

Compound 67

A solution of trimethylsilyl triflate (0.04 M in CH»Cly; 1.88 ml, 0.075 mmol) was added
dropwise, under argon, to a cooled (-20°C) solution of 6-O-acetyl-2,3,4-tri-O-methyl-D-
glucopyranose trichloroacetimidate 28 (290 mg, 0.711 mmol) (P. Westerduin et al. Bioorg Med.
Chem. 1994, 2, 1267-83) and acceptor 66 (300 mg, 0.4 mmol) in CHyCly (20 ml) containing 4
A powdered molecular sieves. After 30 minutes solid NaHCO; was introduced, and the solution
was filtered and concentrated. Column chromatography (3:1 toluene/EtOAc) of the residue gave
pure_67 (56% yield): TLC Rg0.32, 3:2 toluene/EtOAc.

Compound 68

To a solution of 67 (201 mg, 0.20 mmol) in acetic anhydride (7.6 ml) at - 20 °C a mixture of
concentrated sulfuric acid in acetic anhydride (1.5 ml, 0.1:1 v/v) was added. After stirring 1 h
sodium acetate (780 mg) was added. The mixture was diluted was EtOAc, washed with H7O,
dried (NapSOy4) and concentrated to give, after column chromatography (1:1 toluene/EtOAc),
68 (82% yield): TLC Rg0.32, 1:1 toluene/EtOAc.

Compound 69

Benzylamine (0.58 ml, 5.26 mmol) was added to a solution of the 68 (125.4 mg) in THF (5 ml).
After 7 h at room temperature the solution was washed with 1 M aqueous HCI, H,O, dried, and
concentrated. Column chromatography (3:2 toluene/ EtOAc) afforded pure 69 (75% yield): TLC
R¢0.33, 2:3 toluene/EtOAc.

0-(6-0-acetyl-2,3,4-tri-O-methyl-a-D-glucopyranosyl)-(1—4)-0O-(benzyl 2,3-di-O-methyl-
B-D-glucopyranosyluronate)-(1-—>4)-3,6-di-O-acetyl-2-O-benzyl-D-glucopyranosyl
trichloroacetimidate 70.

Trichloroacetonitrile (69 ul, 0.675 mmol), and cesium carbonate (66 mg, 0.202 mmol), were
added under argon to a solution of 69 (89.2 mg, 0112 mmol) in CH,Cl, (2 ml). After 2 h the
solution was filtered and concentrated. Column chromatography of the residue (1:1 toluene/

EtOAc) afforded 70 (88% vyield): TLC Rf0.44, 1:1 toluene/EtOAc.
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Synthesis of GH-disaccharide 76 (scheme 2)

Compound 72

Sodium methoxide (570 mg, 106 mmol) was added to a solution of compound 71 (2.5 g,
3.53 mol) (M. Petitou er al. J. Med. Chem. 1997, 40, 1600-1607) in 1:1 methanol/CH,Cly (35
ml). After 2 h Dowex 50 H' resin was introduced until neutralisation and filtered. After
concentration, column chromatography (2:1 cyclohexane/EtOAc) of the residue gave 72 (100%
yield): TLC Rg0.32, 2:1 cyclohexane/EtOAc.

Compound 73

Mel (0.41ml, 6.61 mmol) was added, at 0 °C, to a solution of 72 (2 g, 3.3 mmol), and NaH
(0.12 g, S mmol), in THF (20 ml). After 2 h MeOH was introduced dropwise, and after 15 min
the product was extracted with CHCly. The solution was washed with HyO, dried (NapSOy),
and concentrated. Column chromatography (5:1 cyclohexane/EtOAc) gave pure 73 (89% yield):
[alp + 12 ° (¢ 1; CHClp).

Compound 74

Aqueous CF3COOH (70%, 3.14 ml) was added to a solution of_73 (1.76 g, 2.84 mmol) in
CH,Cly (16 ml). After 50 min at room temperature the solution was diluted with CH2Clp,
washed with cold saturated aqueous NaHCO3, H,O, and dried (NapSO4). After concentration,
column chromatography (11:2 CH;Cly/acetone) of the residue yielded 74 in 88% yield): [o]p +
10 ° (c 1; CH2Cly).

Methyl O-(benzyl 2,3-di-O-methyl-a-L-idopyranosyluronate)-(1—4)-2,6-di-O-benzyl-3-0-
methyl-a-D-glucopyranoside 76.

To a solution of 74 (1.39 g, 2.4 mmol) in THF (8 ml) were added 2,2,6,6-tetramethyl-1-
piperidinyl oxy (37.4 mg), saturated aqueous NaHCO3 (144 ml), KBr (120 mg) and
tetrabutylammonium chloride (180 mg). To the above cooled (0 °C) solution was added the
mixture of solutions saturated aqueous NaCl (2.8 ml), saturated aqueous NaHCO3 (1.4 ml) and
NaOCI (1.3 M, 3.2 ml). After 1 h, the mixture was extracted with CH,Cly, washed with HO,
dried (NapSQOy4) and concentrated to give the crude acid 75.
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The above crude acid 7S in DMF (31 ml) was treated with BnBr (2.84 ml, 23.9 mmol) and
KHCOj3 (1.2 g, 12 mmmol). After 16 h, the product was extracted with EtOAc, washed with
H7O, dried (NapSOy4). After concentration, column chromatography (3:2 cyclohexane/EtOAc)
of the residue gave 76 (78% yield from 74) [a]p + 7.3 °(c 1 1; CHyClp).

Synthesis of DEFGH-pentasaccharide 80 (scheme 8) (EXAMPLE 1IV)

Compound 77

Trimethylsilyl triflate (170 pL, 0.0068 mmol) was added under argon to a stirred, cooled (-20
°C) solution of imidate_70 (91 mg, 0.097 mmol), and 76 (66.2 mg, 0.097 mmol), in CH>Cls (2
ml) containing 4 A molecular sieves. After 30 min, solid NaHCO3 (0.1 g) was introduced, and
stirring was prolonged overnight. The solution was filtered, washed with H,0O, dried, and
concentrated. Column chromatography (2:1 cyclohexane/acetone) provided the pentasaccharide

77 (71.6% yield): TLC Rg0.4, 2:1 cyclohexane/acetone.

Methyl 0-(2,3,4-tri-O-methyl-6-O-sulfo-a-D-glucopyranosyl)-(1—4)-0-(2,3-di-O-methyl-
B-D-glucopyranosyluronic acid)-(1-54)-0-(2,3,6-tri-O-sulfo-a-D-glucopyranosyl)-(1-4)-
0-(2,3-di-O-methyl-a-L-idopyranosyluronic acid)-(1—4)-3-O-methyl-2,6-di-O-sulfo-o-D-
glucopyranoside, octasodium salt 80.

A solution of 77 (50 mg, 0.032 mmol) in DMF (5 ml) was stirred during 16 h under a weak
stream of Hy in the presence of 10% Pd/C catalyst (50 mg). After filtration, the solution was
concentrated to give 78.

Aqueous NaOH (5 M, 0.46 ml) was added to a solution of the above crude compound in MeOH
(26 ml). After 5 h Dowex 50 H' was introduced until neutral pH. The solution was
concentrated, and the residue was layered on top of a Sephadex G 25 column eluted with H,O.
Concentration of the pooled fractions gave crude 79.

Et3N/SO3 complex (174 mg, 0.96 mmol) was added to a solution of the above compound in
DMF (6 ml), and the solution was heated at 55 °C for 20 h. NaHCO3 (0.33 mg dissolved in
H70O) was then introduced, and the solution was layered on top of a sephadex G 25 column (1.6

x 100 cm) equilibrated in 0.2 M NaCl. The fractions were pooled, concentrated, and dessalted
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anti-factor Xa assay.

Activated Factor X (Xa) is a factor in the coagulation cascade. The anti-Xa activity of
compounds of the present invention was assessed by measuring spectrophotometrically the rate
of hydrolysis of the chromogenic substrate s-2222 exerted by Xa. This assay for anti-Xa activity

in a buffer system was used to assess the ICso-value of the test compound.

Reference compound: benzamidine

Test medium: Tromethamine-NaCl-polyethylene glycol 6000 (TNP) buffer

Yehicle: TNP buffer.
Solubilisation can be assisted with dimethylsulphoxide, methanol, ethanol,
acetonitrile or tert.-butyl alcohol which are without adverse effects in
concentrations up to 1% (for DMSO) and 2.5% (for the other solvents) in the
final reaction mixture.
1. Tromethamine-NaCl (TN) buffer

Composition of the buffer:

Tromethamine (Tris) 6.057 g (50 mmol)
NaCl 5.844 g (100 mmol)
Water to 1 1

The pH of the solution is adjusted to 7.4 at 37 °C with HC! (10 mmol1™").
2. TNP buffer
Polyethylene glycol 6000 is dissolved in TN buffer to give a concentration
of 3 gl
3. §-2222 solution
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Evaluation of responses: For each final concentration the maximum absorbance was

calculated from the assay plot. The ICs-value (final concentration, expressed in umol-I"'; causing
50% inhibition of the maximum absorbance of the blank) was calculated using the logit
transformation analysis according to Hafner et al. (Arzneim.-Forsch./Drug Res. 1977; 27(1l):
1871-3).

Anti-factor Xa activity

Compound (example) ICso (ng1™)
32(1) 22
38 (2) 12
56 (3) 12
80 (4) <2
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Abbreviations
(Ph = phenyl; Me = methyl; Ac = acetyl; Im = trichloroacetimidyl; Bn = benzyl, Bz = benzoyl,
Mbn = 4-methoxybenzyl; Lev = levulinoyl)
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2. The carbohydrate derivative of claim 1, wherein the D-unit of formula I has the structure

R! is methoxy; and R%, R® and R*are independently methoxy or OSO;".

3. The carbohydrate derivative of claim 2, wherein R? is methoxy

4 The carbohydrate derivative of claim 3, wherein R? is methoxy

5 The carbohydrate derivative of claim 4, wherein R'is methoxy

6 A pharmaceutical composition compnsing the carbohydrate derivative of any one of claims 1

to 5 and pharmaceutically su:table auxiharies
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of a medicament for treating or preventing thrombosis or inhibiting smooth muscle

cell proliferation.

9. A medicament manufactured by a use according to claim 8.



