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Abstract. Synthesis of ~-~~doAf2=So3)-fCl~3)-~-D-calNAc(4-S~)-II~)-a-t~oA~2~S03)-f2-(1~3)- 
D-G~NAc~4-SG3), was carried out for the fust time in a regio- and stereoconrmlled manner by use of the 
~c~~~~~ technology for the carbohydrate chain extension. 

Heparin cofator II (HCE) and ~~~rn~~ mt (ATEE) are present in plasma at rn~~rn~~ ~~~n~ti~ 

and inhibit serine proteases involved in blood tabulation. Al~ough A’lYlB inhibits factors Ma, Xa and 

thrombin, HCII inhibits only thrombin. Dermatan sulfate spe&icalIy increases the rate of~hibition of thrombin 

by HCII about lff3 f&d but not the rate of inh~bitiou by ATKIIZ. 

HO- 

In 1990, Maimone and Tokfsen qortcd3 a hexasaccbaride 1 derived fm pig skin dermatan sulfate as a 

minimum required sequence that binds HCll with high affinity and increases the rate of tbrombin inhibition by 

about 102 fold. According to the w&on sequence taken by Maimone and Tollefsen3 far the partial degrsdation 

of pig skin dermatan sulfate, the natmxd sequence of ~~~h~~ that corresponds to 1 can be deduced as 2. 

As part of our projecvif on the synthesis of fustier domains of p~t~glyc~s, we chased 2 as a synthetic 

target. lr is to be noted that be&es our approach elegant sy~t~~c approaches to the ~~s~~og~~~ chains 

f~c~~itiu and denwan sulfate have recently been qorted by Sinajr and co-wokem~. Retrosynthetic 

analysis of 2 is depicted in scheme-l. A ~rnple~~y pn%ected p rwnrrsorof2canbedesignedas3,thatintum 

may be obtainable from 4 through oxidation and replacement of functional groups. The central tetrasaccharide 

part of 4 may be constructed by the repeated use of imidate 6, while the non-mducing and the reducing 
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5 6 

Scheme-l (MP=&MeOPh, Piv=tBuCO, L.w=C~CH~CI-I&DCH-& 

end monosa~~h~des of 4 can be designed as S and 7, respectively. Since 7 was already know&, we first 

describe the p~p~a~~ of two glycosyl donors 5 and 6. 

Readily obtainable L-Id0 derivative 87 was converted to 98 in 4 steps: I) Bu3SnOCH2CH=CH2, SnCQ in 

(ClCH2)2 at O-20”; 2) NaGMe in MeOH; 3) PhCH(GMe)2, p-TsOH*H20 in IHI? 4) tBuCOC1, DMAP in 

pyridine (Py); 54% overall. Treatment of 9 with 90% aq.CF3COOH gave 90% of dial which was then 

submitted to Mitsunobu reaction (p-MeOPhOH, PPh3, DEAD in CH2Cl29) to give 108 (48%) and 118 (42%). 

Compound 10 was converted into a I:1 mixture of a and S-trichloroacetimidate 5 in 2 steps; I) 

[Ir(COD)(Ph2MeP)2JPP& H2, ‘HIP, then I2 in H20 lo; 2) Cl3CCNl1, DBU in CH2Cl2; 88% overall 

Glycobiosyl glycosyl donor 6 was prepared starting from a readiiy available compound 1212. 

Conversion of 12 into 138 was carried out in 3 steps: I) (Levf20 in Py; 2) ~~COD)(Ph2MeP)z~P~~ H2. THP, 

then I2-H2O-N~CO3; 3) C13CCN, DI3U in CH2Clz 89% overall. TMSOTf promoted glycosylation of 10 

with 1.4 equivalents of 13 in the presence of powdered molecuiar sieves 4A (MS4A) in PhMe at -75~-2S0 



A dermatan sulfate hexasaccharide 621 

afforded 148 in 83% along with 10% of the a-anomerl(. Compound 14 was then transformed into 68 in two 

steps as described above. 

8 

Scheme2 

Ph 9 10 R”=All, R*=H 11 

S R’=CNHCCl~, R*=Bn 
C&B = l/l) 

Having the designed glycosyl donors 5 and 6 as weli as a gIycosy1 acceptor 7 in our hands, we now carried 

out the coup&s between these synthons. The glycan chain extension was started from the reducing end. Thus 

TMSOTf promoted coupling of 7 with one equivalent of 6 in ~~2~12 at -25’ gave 86% of 158. rev group of 

15 was removed by treatment with NH2NH2*AcOHI3 in 15 PhMe-EtOH to afford 95% of 168 which was then 

glycosylated with 1.5 equivalents of 6 in the presence of tBuMe2SiOTf in CH2CI2 for 2.5 h at -23’ to give 87% 

of pentasaccharide derivative 178. Addition of the non-reducing end L-Id0 residue was achieved by use of the 

glycosyl donor 5. Treatment of 17 with NI-I2NH2*AcOH in 15 PhMe-EtOH gave 99% of 18 that was 

glycosylated with 2.5 equivalents of 5 in the presence of tBuMe2SiOTf in CH2C12 to yield 99% of 

hexasaccharide derivative 19. Regioseleetive ring opening of ~nzyli~ne group of 19 and subsequent 

acetylation was cat&d out in 3 steps to give 208: Z) N~H3CN-MS4A in THFHCII4; 2) NaOMe in 1: 1 THP- 

MeOH 3) Ac20, DMAP in Py; 64% overall. Transformation of 20 into 21 was achieved in two steps: I) AcSH 

and Py 24h at 25OI5; 2) CANI~ in 4:l CH3CN-H20 30min at O”; 63% overall. Oxidation of the primary 

hydroxyl groups of 21 into carboxylic acids was carried out in two steps and purification of the product was 

Ph Ph 

5 
L 0 12 R’=MI@), R2=H 

RZO 
NS 

OR1 W R’=CNHC(&(a), Rkev 

15 R=Uw 17 R&s 
16 R=H 18 R=H 

Scheme-3 
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achieved after esterification to give 22% I) (COCl)2-DMSO in CH2C12 lh at -78”, then iR$Zw, 2) NaClO217, 

NaH2PO402H20 in 1:2 2-methyl-2-butene and tBuOH, 3) CH2N2 in 1:2 MeOH-EtOAc; 39% overall. De-O- 

acetylation and saponification of methyl esters of 22 was carried out by treatment with NaOH in CHCl3-MeOH- 

H20 as described by Petitou et a118 to give 88% of a key intermediate 238 which gave 84% of free 

hexasaccharide 248 by hydrogenolysis of benzyl groups in the presence of 10% Pd-C followed by purification 

through Sephadex G-10 in H20. Finally 23 was converted into target hexasaccharide 28 via 38 in two steps: I) 

Et3N*S03 in DMF at 50“, then Dowex 5OW-X8 (Na+) in 8: 1 MeOH-H20,2) 10% W-C, H2 in 4: 1 MeOH-H20 

20h at 25’, then in 1:3 MeOH-H20 19h at 25“, then Sephadex G-10 in H20,50% overall. 

R’ R2 R3 R4 R5 

N3 CHPh MP Piv 

N3 Bn AC MP Ac 

NHAc Bn AC H AC 

R’ R2 

t 

22 Ac Me 
23 H Na 

Scheme-4 
24 
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In summary, a hexasaccharide 2 that is a minimum sequence 19 of dermatan sulfate necessary for the 

binding to HCII was synthesized for the first time in a regio- and stemocontrollcd manner by employing the 

glycobiosyl donor 6 as a key synthetic block for the carbohydrate chain extension. 
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