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Abstract. The qmtksis of a ~~~-g~~os~.~~g~ca~ courtterpart (i.e. compound 10 of a M~all~ 

occurring dematart m&ate hemmccharide that bina with high q@nity to heparin cofactor N is 

described. 

Dermatan sulphate (DS) exerts part of its ~tic~~~t activity by sweating the heparin cofactor II 

(HOII) mediated inactivation of thrombin. Although the chemical structure of dermatan sulphate is 

heterogeneous it mainly consists of repeating disaccharide sequences of O-B-D-GalNAc- 

(4Sod)-( l-+4@L-&A( l--+3), which are not sulphated at iduronic acid. 

I 

Compound I : 

Co~~nd II: 

Chemical structure of the high affinity detmatan sulphate hexasaccharide. 

The reducing terminal ATalr(4-S04) is a product of the deaminative 

cleavage reaction and corresponds to GalNAc(4-S04). 

“Non-gl~~o”glycan counterpart of I. 

Recently* the chemical structure of a unique hexasaccharide fra8ment (i.e. compound I) in DS was reported 

representing the minimal sequence for high affinity binding to heparin-cofactor II. An important structural 

feature of this sequence is the presence of extra 0-sulphate groups at the 2 position of the idumnic acid 

moieties. During our studies towards simplified heparin-like fia8ments we demonstrated* that substitution 
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of various functional groups ( i.e. replacement of N-sulphate groups by 0-sulphate esters and alkylation of 

free hydroxyl groups) in the naturally occurring antithrombin binding pentasaccharide fragment did not 

result in a decrease of the antithrombotic activity. These results prompted us to investigate the effect of 

similar modifications in DS fragments closely resembling the high affinity dermatan sulphate 

hexasaccharide I. As part of our research program on the design and preparation of such “non-glycos- 

amino”glycan derivatives we now report3 on the synthesis of hexasaccharide II, in which acetamido4 and 

hydroxyl groups are replaced by ethoxy groups. 

Since the required hexasaccharide II consists of three repeating disaccharide sequences we devised a 

strategy that is based on the multiple application of one Galp(l+4)IdoA building block. In order to 

introduce the P-interglycosidic bond of this disaccharide, various galactosyl donors (e.g. 1) were coupled 

with iduronic acid acceptor Z5 (displaying the lC4 conformation) under various conditions (Scheme 1). 

Unexpectedly, in all these attempts mainly the undesired a-coupled product was formed6. The formation of 

the a-coupled product has been explained by unfavourable steric interaction of donor l7 with acceptor 2 in 

the transition state leading to the S-coupled product. 
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Scheme 1. i) NIS, TfOH, CH2C12, MS 4A, OOC (41%, alp=4.5/1). ii) NIS, ‘HOH, CH2Cl2, MS 4A, PC 
PO%,P). 

We previously confirmed this assumption by studying double stereodifferentiation8. Moreover we found that 

the unfavourable steric interaction between donor and acceptor could be diminished by changing the 

conformation of the acceptorsg. This was also found to be the case in the synthesis of the Galp(l-4)IdoA 

disaccharide. Thus, coupling of 1 with 1.6~anhydro-idose 36 (displaying the 4C, conformation) in the 

presence of N-iodocuccinimide (MS) and a catalytic amount of trifluotomethanesulphonic acid (TYOH)7 

afforded exclusively the ~-coupled disaccharide 5 in 90% yield (Scheme 1). Disaccharide 5 was converted 

into 6 in an excellent yield by successively removal of the benzoate esters, introduction of the 

3’,4’-0-isopropylidene protective gro~p’~, alkylation of the remaining 2’,6’ hydroxyl functions and 

subsequent removal of the isopropylidene group (Scheme 2). For the introduction of the 1,2-trans 
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interglycosidic bonds between the individual Gal8( l-r4)Ido disaccharides a participating benzoate ester at 

position 2 of the idose moiety is desired. Therefore we first removed the 2-0-benzyl group in compound 6 

by 
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Scheme 2. i) KOtBu. MeOH. dioxane, 2h, r.t. (100%); ii) Dimethoxypropane, pTosOH (93%); iii) C2H51, 
NaH, DMP, 3h, r.t. (100%); iv) 70% HOAc, WC, 4h (98%); v) Pd on charcoal, H2. MeOH, lh (100%); vi) 
Bu2Sn0, MeOH, A, then BnBr, TBAB, DMP (70%); vii) Benzoyl chloride, pyridme. 20h, r.t. (99%); viii) 
HOAc/Ac2OP’PA 1/25/3.5,2Oh at 20°C (95%). 

hydrogenolysis to give 7. Moreover this replacement now allows the use of a temporary 3’-0-benzyl 

protective group. Regioselectlve benzylation of 7 was effected by reaction of the stannylidene complex” of 

7 with benzyl bromide in the presence of tetrabutylammonium bromide (TBAB) to give 8 in a yield of 70%. 
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Scheme 3. i) Ethanethiol, toluene, BF3.Et20, 2.5h, r.t. (70%); ii) Ally1 alcohol, BF3.Et20, CH$l2,O”C, 4h 
(62%); iii) HCl in MeOH, CHp212, 5h, r.t. (95%); iv) CrO3, H 
CH3I, DMF, 3h, r.t.; vi) Pd on charcoal, Hz, MeOH, 3h (66 

0, H2SO4, acetone, 3h, r.t.; v) KHCO3, 
2 

CH2U2, MS 4A, -15OC, lh (90%). 
, step iv - vi); vii) NIS, TfOH, toluene, 
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Treatment of compound 8 with benzoyl chloride in pyridine followed by ring opening of the l,danhydro 

functionality under acetolysis conditions gave key-intermediate 9 in an overall yield of 70% (based on 

6).This intermediate could be used for the preparation of glycosyl donor 10 as well as for glycosyl acceptor 

13 (Scheme 3).Treatment of 9 with ethanethiol in the presence of BF3.Et20 gave donor 10 in 70% yield (alp 

= 7/3). On the other hand the anomeric centre of 9 was blocked by condensation with ally1 alcohol in the 

presence of BF3.EtzO to give the reducing end building block 11. Besides the formation of the desired 

a-O-ally1 derivative 11 (62% yield) a small quantity (3%) of the p-coupled product was isolated. In order to 

convert the idose moiety into the iduronic acid derivative the 6-0-acetyl protective group in 11 was 

saponified selectively in quantitative yield by the action of hydrogen chloride in methanol12. Jones oxidation 
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Scheme 4. i) HCl in MeOH, CH2C12, 24h, r.t. (92%); ii) CIGJ, H20, H2SO4, acetone, 3h; iii) KHC03, 
H2, MeOH. 30 min. (8056, step ii - iv); v) NIS, TfOH, toluene, 

vi) HCl m MeOH, CH2Cl2,48h, r.t. (100%); vii) 
I, DMF, 3h, r.t. (7096, step vii 
H, MeOH, 16h, r.t. (78%); xi) 
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followed by esterification of the obtained carboxylic acid with methyl iodide and RHCQ gave compound 

12 in 68% yield13. Removal of the benzyl group and concomitant reduction of the ally1 group provided 

compound 13 in 95% yield. Glycosylation of acceptor 13 with donor 10 in the presence of NIS and a 

catalytic amount of ~u~~~~esulpho~c acid at -WC afforded exclusively the a-coupled 

tetrasaccharide 14 in high yield (90%). This tetrasaccharide was now subjected to the earlier mentioned 

deacetylation, oxidation, methylation and hydrogenolysis steps to give glycosyl acceptor 15 in an overall 

yield of 74% (see Scheme 4). Hexasaccharide 16 was pmpared in the same way as described for the 

synthesis of tetrasaccharide 15. Thus tycoon of compound 15 with ~io~y~de 10 followed by 

deacetylation, oxidation and methylation afforded the fully protected hexasaccharide 16 in 62% yield (based 

on U). This protected hexasaccharide was successively hydrogenolyzed. saponified and sulphated to give 

the required target molecule II, Desalting of the crude product was then performed on a Sephadex G-2s 

colurnu to give 60% of hexasaccharide H, the structure of which was corroborated by NMR speetros~opy’~ 

and FAR Mass spectmmeuy. An excellent purity of >97% was confirmed by capillary electrophoresis using 

indirect U.V. detection*5 (see Fig. 1). 

Preliminary ~~10~ showed that compound Ii binds and activates HC II indeed. 
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Fig. 1: HPCE electropherogram of hexasaccharide I1 
5 mM SSA pH=3, Rev.-W, 5 kV, Rev. Polarity, 2 see inj. 
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