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CARBOHYDRATE DERIVATIVES 

·nu~ im1uutiou relates to a carbohydrate derivative having antithrombotic activity, a 

pba111111cm1tical composition co11taining the same, as well as the use or said carbohydrate 

derivative lhr die manufacture uf a medicament. 

Carbohydrate derivntives having antithrombotic activity are known,, Cot example the sulfated 

glycus111ninoglycan derivatives disclosed in EP 84,999. Other sulfated glyccisaminogtycan-relaled 

carbuhydrnte dematives are disclosed in EP S29,71S, having improved pharmacological 

prupertiei. 'l'bese cafbohydtate derivatives are deVoid of the characteristic functional gi'oups of 

glycosnminoglycans, being tJee hydfOXyl groups, N-suifate and N-8.CetJf groups. 

n bu now bce1\ found that the c;l\fbohydcate deri\'atives ot this invention having the formula I, 

(I) 

whereit1 R.1 is U or CILOS03-; R2 al'ld .n.:i 11re independently~ (l-6C)alkyl or saa-; a• is oso,­
or NHSOi; 11 is !> or 1; p is 1 or 2; or a phannace1.1ticaJJy .cceprable salt tber'eof. have an anti-Xa 

aetivity which i$ substantially higher than that of saccharides not having tho glycercil~like or 

gJyool~llkc grou1) at die 4-position of the non-reduci11g end. 

Factor Xa plays an important role in the blood coagulation cascade. It catalyze$ the fo111lation of -

thrombin which regulates the la.st Step in the coagulation C8$Cade. The prime function Of 

thrombiit is tl1e cleavage of fibrinogen to generate fibrin monomers. whic:h fonn an irtsolubJe gel. 

a fibrin dot, by crnss-linldng. 

the compounds of tlie present invention are useful for treating and preventing thrombin-

1nediated and lhrombin-associated diseases. This includes a number or thrombotic and 

prothronibotic states in which the coagulation cascade is activated . which include. but arc not 

limited to, deep vc:i11 thrombosis. pulmonary embolism, thrombophlebitis, arterial occlusion from 

thrombosis or embolism. ..-cerial reocclusion ;~ilrin~ or' after 1tngiaplasty or thronibolysis, 
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restcuosis thllowing arterial h~jury or invasive cardiologicnl procedures. postoperative venous 

tbrou1bosiu m embolism, ucute or chrQnic atherosclerosis. stroke, myocardial infarction.. cancer 

and metastnsis, nnd neurodegcnerative diseases. The carbohydrate derivatives of the invention 

may lllso be used as inhibitors of smooth muscle cell proliferation and for the treatment of 

angi<Jgcnesis, 4!8ncer !llld retrovirus infections. Jike mv. 
Further, tl1e compounds of the invention may be used as anticoagulantl and anticoagulant 

coatingu in cx.trac:orpor:eal blood circuits. as necessary in dialysis and surge.sy. 

The compounds of the invention may also be used as in Vitro or ex vivo ancicoagulams. 

Pre&m.-d etfrhCJbydrate derivatives according to the invention have the formula I, whetein &1 is 

(l-6C)alkyl, R' is SOi, lt~ is OSOi, and It!, n and p· are as previously defined; or a phanna· 

ceutically acr.eptable salt thereof. 

More pret'crrcd carbobydrate derivatives have fonnula I wherein R.1 is methyl. ParticuJarly 

prefbrred Clll'hohydrate derivatives have f'otmula I, wherein n is J and p is 1. Most preterred are 

carbobydrutc dc(ivatives of formula I, wherein R.1 is CH20so;· 

The tcmt (1-6L'}alkyl means a branclled or unbranched alkyl sroup having 1 to 6 carbon atoms. 

such as inc.."tlly1, ethy~ isopropyl, t-bllty1, isopentyl, hexyl, and the like. Prefened alkyl group• are 

(1-4C)alkyl groups. such as methy~ ethyl, (iso)propyl, n-butyl and t·butyl. The inost preferred 

alkyl gou11 Is methyl. 

the counter~io11s which compensate tJte charged moieties are pharmaceutically acceptable 

countcr~ious, like hydrogen, or more prektably alkali or earth-alkali metal ions, like sodium, 

calcium. ot magnesium. 

The carbohydrate derivatives according to this invention may be prepared by coupling of a 

protected glycerol-like or glycol-like moiety to the 4-hydroxy group of the non-reducing end or 

a fin ther j)mlected tctrasaccharide. which may be produced according to the method descn"bed 

by Westel'duin P .• Bioorg. and Med. Chem., ~. 1267-1280, 1994. Hereafter. rhc protecting 
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groups are renttlVt~I. followed by sulfation of the compound, resulting in a catbohydrate 

derivative of formula I. 

For the trellt.ment of venous thro1nbosis or for the inhibition of smooth muscle cell proliferation 

the compounds of the invention may be administered entemlly ot parenteraUy, and tor hmnans 

preferably iu a daily dosage of 0,001 .. 10 mg p~ kg body weight. Mixed with pltamw:eutjcally 

suitable 011xiliari~. e.g. as dcsc1ibecl in the stancbrd refi:rence, Gennafo et al.. Remington's 

Pbannaceutical Sciences. (18th ed., Made Pub~ishiog Company, 1990, see especially Part B: 

Pharmaceutical Pre1laratiom and Tlieir Manutilcture). the compounds, when o&-ally, buc:cally or 

sublingually active, may be compressed into solid dosage Udirs, such as pills, tablets. or be 

processed into C:\J)SUles or suppositories. By means of phannaceutically suitable liquids the 

compounds can also be applied u an injection preparation in the fonn of a solution, suspension. 

emulsion, or as a spray, e.g. a nasal spray. 

For :making dos.i1ge units. e.g. tablets, the use of c;:om1cmtional eddi.tives such as fideis,. colcnnts, 

poJymeric binders imd the like is contemplated. In general any pharmaceutically acceptable 

additive wlaich docs not interfere with the function of the active compounds can be used. 

Suitable canief"(l with which dtc compositions can be administered Utclude lactose, starch. 

cellulose derivatives and the like, or mixtures thereof, used in suitable amounts. 

The invention is ftuther illustrated by the following exM\ples. 

(In the tDCam1>lcs 1-efe:rence is rnade to flow sheets 1 and 2. The intennediates and end-products 

are indicated by rr!rt:rc11ce to the corresponding number on tbe flow sheets) 

EXAMPLU .. l 
Pn;paration of oo•nnound 7 and 8 

Preparation of 2 

To a cooled (O"C) solution or 2-benzyloxyethanol 1 (2.84 ml) and chloromethyl methyl sulfide 

(1.59 ml) in ethylene glycol dimethyl ether (25 ml) was added sodium hydride. 600/0 disperSion in 
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mineral oil (1.1 ti\) mider nitrogen atmosphere and the mixrure was stimd for 20 h al room 

tempcruturc. Methanol Wll!I added to the: reacdon mixture 11nd stirring wa.s contiilued for IS min. 

The mi..i;turc was diluted wllh ethyl acr..iatc (100 ml), subsequently washed with aqueo1JS socfiuni 

hydrogen cnrbouatc and water and the organic layer was dried over magnesium sulfiue and 

concentrated in ~c110. Tite crude product was purified by silica gel i;oJumn cbromatography to 
• 

aive2.S g ofl. 

Preparation of J 

The synthesis ot J ba.t been described in Bioorgaaic and Medicinal Chemistry, vol 2, no. 11, pp 
1267~1280, 1994 (P. Westerduin .rt 41.). 

Preparation of 4 

A mixture of 3 (125 mS). 2 (64 mg) and powdered molecular sieves (4A) in dichJoromc:tbanc 

(1.S ml) was stirred under a nitrogen atmosphere Car 15 min. The solution was cooled (S0C) and 

a freshly prepared .solution containing N-iodosuccinimide (68 mg) and triftuoromethanesulphonic 

11cid (2. 7µ1) in l.5 ml of 1,2-dichloroctbane • dimcane (1/l, v/v) was mtmduced. After 10 - the 

red reaction mbnu1 e WtlS filtered. diluted with dichJoromethlUle, washed successhrely with 

· nqucou.<1 sodium tbim.illfllle and aqueous sodium hydrogen carbonate. The Otpnic fayer was 

dried over 111ag11csinm sulfate and concentrated in llClCUD. The residue was purified by size 

exclusion chromatugraphy 011 a Sephadex LH-20 suspended in dichloromethane--methanol (211. 

,,Jv) to furnish ton lllg of 4. 

:Preparntio11 et5 

To ac::ooled (-S0 C) sol\1tion of 4 (lOS mg) in tetrahydrofuran (7.3 ml) a 30% aqueous solution of 

hydrogert pcmxidc (:J.8 ntl) was added artd after 10 min stirring a lithium hydroxide solution 

(l.25 M, 1.7 Ml) was added. The mixture was stirred for 2 h at -S°C. after which the 

temperature WaA rnim:d to 0°C. Af\er 10 h Stirling the temperature WBS raised to 20°C and 

stirring was contint1cd for 24 h. The reaction mixture was cooled (O"C), subsc:qllently methanol 

(7.0 ml) and aqueous sodium hydroxide (4 M, 2.0 ml) were added. After stirrins for I h the 

temperature was raist:d ag11in to 20°C and stirring was conlinued for another 20 h. The mixture 

was cooled (CJ0 C}, n.cidified to pH J with hydrochloric acid (2 N) and extracted wilh 

This Sheet Has Been Replaced 
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dichloromctl1ane.Tlm 01·ganic layer was washed with aqueous sodiurn sulfite (S%). dried over 

11111gnesium sulft\tc and concentrated i11 vacuo. The crude product was purified by silica gel 

column chmmato3ra1,hy to give 80 mg of S. 

Preparatio11 of Ci 

Tu a solution of 6 (80 rns) in a mixture of water (7 ml) and 2-methyl-2-propanol (1 ml) 80 mg o£ 

palladium on clUU'(.'ORl (10 %) was added. The reaction mixhJre was placed under a hydrogen 

atniosplierc for 16 lt. The catalyst was removed by filtration and rinsed with 2-methyl-2· 

propanoJ/wnter aubtltires. The filtrate and washings were concentrated in 1't1CllO and lyophilized 

to give 38 mu of6. 

PreparatiOH or 7 AIHI s 
A solution uf 6 (JU mg) in water (0.8 ml) was eluted with water over a Dowex. SOWX&Ir 

column alld tbe 1moled iactions were evaporated to dryness. After evaporation with N,N­

dbuethylfom1a111ide the residue was dissolved in N,N-dimethylfoonamide (2..S ml), placed under 

an ni1r0gen atmos1>l11.-re and triethylauiine sulfbrtrioxide complex {287 mg) was added. The 

mixture was stirrecl ()vemight D1 S0°C. cooled to O°C and an aqueous solution ot sodium 

hydrogen c:atbonatc (533 mg} was added. The mixture was stirred for l hat 200C. concentrated 

.to a smafJ voluane nnrl desalted on a Sephadex G-lS colunm suspended in_ water:a~tonitrile 9:1 

(v/v). The crude 1,roduct was eluted on a Dowex SOWX8Na• column and purified by anion 

exchange column chromatography (HPLC, Mano-Q SIS. sodium chloride gradient) to give 12 

mg of1.{[0tt°o= + 31.l (c=l; water)} and 18 ms of& {[a.]2°0 == 34.8 (ee=0.93; water)}. 

E?CAMPLE2 

Prepantiou ol' 10 

A solution of1Je11zoyl chloride (26,3 ml) in dry dlo.xane (26 ml) was added dropwise during I h 

lO 11. cooled (-20aC) mixture of glycerol (10 g) and pyriclinei (109 ml). The resulting mixture was 

stirred for 16 h at 0°C, after which water was added. After IS min stirring the mixmre was 
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......... ·.· .. ·· 
.. .-·.: .. 

. . ·. : .:: :.: .. .. 



·. ·.·.·.:· 

6 

concentrated to one fifth of ils volume, diluted with dichloromethane and washed with watet, 

aqueolls sodium hydrosen carbonate and water. The organic layer was dried over magnesium 

sulphate and c.·oncentrated in 11C1cuo. The resulting oil was purified by sllica gel column. 

chromntogmpl•y to give 21 8 or 10. 

Preparatiou of l t 

Methyl sultidc (l.45 ml) was added to a solution or 10 (600 mg) in acetonitrile:diddorometbane 

(1: 1, v/v; 8 ml). 1'he reaction mixrure wa.s cooled to OOC and a mixture or dry beJJZOylperoxide 

(3.6'.l g) in aootonitrile:.dichlorometltane (1:1, v/v-, 10 ml) was added dropwlse. After stirring for 

16 h at 2.0 °C the mixture was diluted wilh dichloromethane and washed with aqueous so~ 

hydrogen carbollate and water. The organic layer was dried over magnesiuni sultate and 

concentrated i11 vacuo. After pwi6cation by silica gel column chromatography 4001111 of'll was 

iso1atetl 

:Preparation ur 12 

Co111pom1d ll was prepared a21alogously to the procedures described by P. Westerduin et al. 

Bioorganic and Medicinal Chemistry 1994, vol 2, no. 11, pp. 1267-1280. 

During the reaclillH steps to afford 11 the uronic acids were protected by benzyl groups instead 

or methyl groups. 

Prep:aration or J:l 

Compound U was prepared in a manner similar as described for compound 4 by coupling 

compon'?d H lo compound 12. 

l1repnri,tio11 of t 4 

A suspension of sodium hydrogeucarbonate (142 mg) in water (2 ml) and PdlC (400 mg) were 

added to a solutio11 of 13 (4SO mg) in 2·methyl·2-propanol (60 rnf). The mixture was pl~ in 

an atmosphere or hydrogen for 16 h. The catalyst was removed by filtration an~ washed with 2-

methyl-2-JJropim~iVwoter mixtures. The combined filtrate and washings were concentrated In 

vacuo lo give :JI S 1ng of 14, which was used without further purification. 
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P'l'Cparniiou of 15 

Co.rnpnund 14 (315 1ng) was dissolved ~n 0.35 N aqueous sodium hydroxide· (10 ml). The 

reaction ntiirlun~ was stirrecl ov~rnigi1t after which the pH was adjusted to 8.5 with 1 N 

hydro~blorkl., ncid. The mixture was desalted on o. Sepltadex G-25 column swpended in a 

mixture· of wnter:acetouitriJ:trictlaylamine 90: l O;O. I (v/v/v). The appropriate: .tractions \Yete 

pooled and concentrated ;,, vacuo. The product was again subjected to ltydrogenolysis in a 

.similar mmuie1· as de&Ql"bcd fut comPound 14. After work up and concentration of the filtrate 

and waslti11g1,1, the mixture was desalted on Sephadex G·2S column suspended in a mixture ot 
water:am:tOJliuil:triethylamine 90;10:0.1 (v/v/v}. The appropriate &actions were pooled, 

concentn\too 111 vucuo> eluted on a. Dowex: SOWX8Na• colwnn with water and 6nady _tyophillsed 

. to give 16S mg oft5. 

Preparation or 1' 

A solution of 15 (165 mg) was twaporated with N,.N-dimethylfonnamid~ and dissolved in N,N­

dianethyltbmmmide {11.0 ml). Triediylamine suUiJrtrioxide complex (l.31 g) was added to dte 

renctiml mb.ttu·c. After stirring for 15 h at S0°C, the ntixtute was cooled {OOC) aqueous sodium 

liydi'ogcn cn1bonate {2.43 g) was added and stining was continued fOt I h at 20°C after-Mlich 

the solution was concentrated in vacuo. The residue was desalted on a Sephadex G-25 column 

suspended in water-acetonitrile 9; 1 (v/v) and the appropriate &actions were pooled and 

coneentratM in vacuo. After elution on a Dowex SOWX8Na· column the product was purified 

on a Q-Sepbarose High Load column using a sodium chloride gradient, to give 160 mg of Ui. 

{[a]20o = +24.0 (e=-0.17, :ff20)}. 

__,_ ________ 
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CLAIMS 

1. A carbohydmle tlerivative llaving the formula I 

wherc:iu .. 
R 1 is H or Ctl10SQi; 

ll2. and R' arc lndcpendeatly H, (l-6C)alkyl or SO,"; 

B.' is OS01- orNHSO.i; 

nisO or l; 

pislor2~ 

or a pharmaceutically acceptable salt thereo£ 

(I) 

2. Tiie t.11rbohydrate deri.\IJ\tive of' claim l wherein is R.1 is (1-6C)allc:yl. R.3 is SOi. ll4 is oso.·, 
and R 1, n and p are as previously defined. 

3. The carbohydrate derivative of claim 2, wherein R.l is methyl 

4. The carbohydrate derivative of claim 2 or 3, wherein n is 1 and p ia 1. 

S. n1e carbohydmtc deriV11tive of any one ofclain15 2- 4, wherein P! is CHiOSOi. 

. 
6. A pltarnmc1:u1ical composition comprising the carbohydrate derivative of 8d)' one of claims 

J-S and pluu maceulicaJly suitable auxiliaries. 

7. Tl1e car~ohydtate dertvative of any one ofclairns I· S for use in therapy. 

. ·.·. 
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8. Use of the cmbohydrntc derivative of any one or claims l - 5 for the manufacture ot a 

medicament for ti-eating ot pl"t.'Vendng thrombosis or inhibiting smooth muscle cell 

proliferation. 
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