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SYNTHESIS OF A HEPARIN PENTASACCHARIDE FRAGMENT WITH A HIGH AFFINITY FOR ANTITHROMBIN III 

EMPLOYING CELLOBIOSE AS A KEY STARTING MATERIAL 

Yoshitaka Ichikawa, Ryuji Monden, and Hiroyoshi Kusuhara* 

RIKEN (The Institute of Physical and Chemical Research), Wako-shi, Saitama 351-01, Japan 

Abstract: The methodology for regio- and stereoselective modifications and transformations 
of cellobiose was established, and applied to the total synthesis of a heparin penta- 
saccharide fragment having a high affinity for antithrombin III. 

Our recent findings LtL about the regioselective modifications of cellobiose, a disaccha- 

ride readily obtainable by ensymic or chemical degradation of cellulose, prompted us to uti- 

lize them for the preparation of complex mucopolysaccharides. Heparin is a sulfated mucopoly- 

saccharide with potent anticoagulant activities that have been thought to be mediated by the 

plasma protein, antithrombin III (AT III). 
3 

4. 

The pentasaccharide ; (R=Ac) was proposed by 

Lindahl et al. in 1982 as the AT III-binding sequence of heparin. In 1984, Sinaij et al. 
5 

performed the total synthesis of 5 (R=SOi), using five monosaccharide derivatives as building 

blocks and found that the association constant between $ (R=SOi) and AT III was the same order 

of magnitude as that of high-affinity heparin. 
6 

This communication describes the second total synthesis of 2 (R=SO;), employing cello- 

biose as a common starting material for preparation of two key synthons (3 and 12). The pen- 

tasaccharide Amight be regarded as a synthetic equivalent of A because a wide variety of 

functional groups in !, was all present in sas suitably protected forms (-OSO, + -0Ac or -OBs, 

-OH + -OBn, -COO- -+ -COOMe) or a corresponding precursor (-NHSO; + -N3)_ Two disaccharide 

segments, A and B, were derived from 2,1 and 12, respectively, 
_ 

and segment C from 2 prepared 

by Paulsen et al.' We have succeeded in the derivation of cellobiose to the versatile inter- 

mediate kaand its 2',3'-di-O-bensyl ether 5. 
1 

Furthermore, 

has been prepared from 3iin several steps of reactions.2 

suitably protected aside sugar 3 

For preparation of the synthon l-4, 

9 underwent acetolysis (CF3C02H-Ac20) 
7 8 

to give a 70% yield of a acetate 12, mp. 139', [ali 

+38O; 6 (CDC13, 400 MHz) ppm: 2.04 (s, AC), 2.22 (s, 2xAc), 3.54 (dd, J=3.66 and 10.74 Hz, H- 

21, 3.71 (s, co*c~3T3" 4.33 (d, ~=7.81 Hz, H-l'), 5.45 (dd, J=8.79 and 10.74 Hz, H-31, 6.23 

(d, J=3.66 Hz, H-l). The glycosyl bromide 13 was prepared from 12 by treatment with TiBr4 in 

CH2C12-EtOAc and used for the coupling reaction without characterization. 

Preparation of the other synthon 2,1 from $required (i) an efficient discrimination bet- 

ween the 2'- and 3'-hydroxyl groups and (ii) the configurational inversion at C-5' position 
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i R'=R'=H 

Jj, R'=R'=Bn 

k R1,R2=Bu2Sn< 

2 R'=H. R2=Bn 

i R'=Bz, R'=Bn 

COOMe ,OAc 

a 

2 R'=Ac, R'=Bn, R3=ClCH2C0, R4=C02Me 

l,O R'=Bn, R'=Bz, R3=H, R4=CH20H 

11 R'=Bn, R'=Bz, R3=H, R4=CH20Ts 
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lJ R =Bn, R'=Bz. R3=H, R4=CH21 
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H-2). 0-Dechloroacetylation of the S anomer of 22 with thiourea afforded a 96% yield of g, a 

Ial? -229; 6 4.05 (br d, J=10.74 Hz, H-4'), 5.12 (br s, H-2'). 5.26 (s, H-l'). 

Glycosidation of 2,1 with 12 was conducted in the presence of AgOTf, molecular sieves 4A, 

and 2,4,6-collidine5 in C1CH2CH2C1, giving a coupled compound (segment A-B), 6 5.10 (d, J=3.42 

Hz H-l") , , in 37% yield. After removal of the chloroacetyl group from the tetrasaccharide 
23 

with thiourea, the resulting glycosyl acceptor, Ial, +12O, 

sence of AgGTf, molecular sieves 4A, and 2,4,6-collidine5 

was condensed with Jin the pre- 

in C1CH2CH2C1 for 2 days at room 

temperature to afford a 70% yield of fully protected pentasaccharide 2, [aID 23 +210; 6 2.01, 

2.03, 2.04, and 2.08 (4xAc), 3.22 (dd, J=3.66 and 10.70 Hz, H-2"), 3.26 (dd, J=3.66 and 10.50 

Hz, H-2"") , 3.33 (t, J=9.53 Hz, H-21, 3.69 and 3.74 (~xCO~CH_~~), 4.27 (d, J=9.53 Hz, H-l), 4.34 

(d J=7 81 Hz H-l"' ) , . I , 5.10 (d, J=3.66 HZ, H-l"), 5.19 (br t, J=6.34 Hz, H-2'), 5.36 (t, J= 

10.50 Hz, H-3"). 5.50 (d, J=3.67 Hz, H-l""), 5.60 (d, J=5.86 HZ, H-l'). 

Deprotections and O- and N-sulfations of Lwere performed stepwise in the same way as the 

case of trisaccharide hornologs reported, 2 giving a sodium salt of 2 (R=SO;), S(D,O, 35 or 600): 

3.30 (br d, ~=7.56 Hz, H-2""), 3.33-3.45 (m, H-2,2",2"' ), 3.51 (t, J=8.79 Hz, H-4'"'), 3.58 (t, 

J=8.78 HZ, H-3'*"); 4.59 (d, J=7.57 HZ, H-l"') , 4.69 (s, H-5'), 4.94 (br s, H-l@), 5.23 (d, J= 

3.42 Hz, H-l'), 5.47-5.53 (m, H-la, l"), 5.60 (br s H-l""), , which strongly binds to AT III 

(human). The observed association constant 
11 

between them was 5.2 x 10 
6 -1 
M , which was in 

good coincidence with the value reported by SinaY et al. 
6 

This total synthesis of &exemplified the usefulness and versatility of 1,6-anhydro 

cellobiose. The experimental details will be reported elsewhere in near future. 
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