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ABSTRACT 

The sodium salts of the 6’sulfate 12, the 4’-sulfate 15 and the 4’,6’-disulfate 17 of benzyl 4-0-(8-D- 

gatactopyranosyJ)-p-D-gtucopyranosiduronate 10 have been synthesized. Methyl [benzyl2,3-di-O-benzoyl- 

4-0-(2,3-di-O-benzoy~~~-D-gaiactopyranosy~)-~-~-glucopyranosid]uronate (9) has been prepared as a key 

intermediate from benzyl 4’,6’-0-benzylidene-/I-o-lactopyranoside (2). Protection of 2 at C-6 with the 

[err-butyldimethylsilyl group, followed by 0-perbenzoylation and disilylation. gave benzyl 2.3-di-O- 

benzoyl-4-0-(2,3-di-O-benzoyl-4,6-O-benzylidene-~-I~-galactopyranosyl)-~-D-glucopyranoside (7). Oxida- 

tion of the Gposition of 7 proved to be difficult. However, 7 could be converted into the tert-butyl 

glucuronate 8 using chromium trioxideepyridine and terf-butanol. Simultaneous hydrolysis of the ben- 

zylidene acetal and the [err-butyl ester groups, followed by esterification of the resulting free acid with 

diazomethane. yielded 9. Compound9 was directly sulfated with sulfur trioxideetrimethylamine within 12 h 

to give the 6’.sulfate 11. The 4’,6’-disulfate 16 was accessible by running the reaction under the same 

conditions for 14 days. The 4’-sulfate 14 was obtained after protecting the 6’-OH group of 9 with benzoyl 

cyanide to give the 6’-benzoate 13 followed by sulfation under more vigorous reaction conditions. Deester- 

ification of 9.11.14, and 16 was achieved by treatment with aqueous sodium hydroxide in tetrahydrofuran 

to give 10, 12, 15, and 17, respectively. 

INTRODUCTION 

Sulfated oligo- and poly-saccharides like heparin or chondroitin sulfates exhibit a 
number of physiological functions ‘JJ Heparin is, for example, involved in the blood . 

clotting cascade by interacting with antithrombin III and factor Xa’.‘,4. Furthermore, it 
is involved in the release of lipids by interacting with lipoprotein lipase2. A similar 

activity is found for other sulfated oligosaccharides like dermatan sulfate and heparan 
sulfate’. Sulfate groups are also found in many oligosaccharides that are constituents of 
glycoproteins and glycolipid@. The interaction of sulfate groups with protein receptors 

or their influence on the conformation of oligosaccharides has been the focus of recent 
research7,8. Some specific sulfate groups of the antithrombin III-binding pentasaccha- 
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The analogous sulfated oligosaccharides derived from P-D-GlcA-( 1+3)-/LD-Gal have 
been prepared by using a glycoside synthesis to build the key intermediate2’. 

2 R’ = R’ z H 
3 R’ = tBuPh,Sl, R’ = H 

4 R’ = tBuPh,SI, R’ q SZ 

5 R’ = tSuMe,Sl, R= = H 

6 R’ = tBuMe,SI, R2 = BZ 

7 R’ = H, R’ = Sz 

Ph 

0 9 

Benzylidenation of benzyl j&D-lactoside (1) yields the 4’,6’-0-benzylidene$-D- 
lactopyranoside (2) whose yield could be improved by 21% compared to earlier results” 
using a modified work-up procedure. Protection of the 6-OH group with the tert- 

butyldiphenylsilyl group, using the procedure described by Hanessian”, proceeded very 
slowly, and a yield of only 46% of 3 could be obtained. 2,3,2’,3’-Tetra-O-benzoylation 

of 3 gave 4 in 94% yield. Cleavage of the silyl ether of 4 gave 7 in only 53% yield. The 
yields of this silylationAesilylation step could be improved by using the sterically less 

demanding tert-butyldimethylsilyl protecting group. Under proper reaction control, 5 
could be obtained in 93% yield. Immediate quenching of the reaction after complete 
monosilylation was necessary to avoid oversilylation. 0-Perbenzoylation of 5 gave 6 

which was desilylated by tetrabutylammonium fluoride in almost quantitative yield to 

give 7. 
Oxidation of 7 requires essentially neutral conditions, because the benzylidene 

acetal is labile with acids. Compound 7 was stable against Fetizon’s reagent13 or 
pyridinium dichromateZ4, while it decomposed with pyridinium chlorochromate-based 
reagents’5.‘h. However, oxidation could be achieved by using the Corey-Samuelsson 

procedureZ7. Under these conditions, oxidation with chromium trioxide-pyridine in 
N,N-dimethylformamide leads initially to an aldehyde group at C-6 that is converted in 
situ to the tert-butyl hemiacetal. Further oxidation yielded the tert-butyl ester 8 in a total 
yield of 46%. Cleavage of both the benzylidene acetal and the tert-butyl ester function 
was achieved with 90% trifluoroacetic acid in dichloromethane after a reaction time of 
several hours. The hydrolysis product was directly esterified with diazomethane to give 

the methyl ester 9. 
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TABLE II 

“C-N.m.r. chemical shifts (p.p.m.) of 9, 11, 16, 13, and 14 and shift differences (p.p.m.) of the sulfated 

compounds 11, 16, and 14 relative to the unsulfated 9 or 13, respectively” 

6 (p.p.m.) AS 

9 11 16 13 14 11-9 16-9 14-13 

C-l 

c-2 

c-3 

c-4 
c-5 

C-l’ 

C-2’ 

C-3’ 
C-4’ 

C-5’ 

C-6’ 

99.43 99.56 99.67 99.73 99.62 

71.27 71.67 72.19 71.37 71.59h 

72.52 72.40 72.33 72.30’ 72.29 

76.53 76.08 75.92 76.44 76.25 
73.96 74.08 74.61 74.04 74.29 

101.28 100.93 100.59 101.03 100.84 

69.90 69.82 70.08 69.78 69.99 

74.22 13.53 72.46 73.80 72.29 
67.80 65.67 71.89 66.90 71.79h 

74.30 72.51 12.96 72.35h 72.70 

61.97 63.41 65.16 61.56 62.85 

0.13 0.24 -0.1 I 
0.40 0.82 0.22 

-0.12 -0.19 0.01 

-0.45 -0.61 -0.19 

0.12 0.65 0.25 

-0.35 -0.69 -0.19 

-0.08 0.18 0.21 

-0.69 -1.76 -1.51 

-2.13 4.09 1.89 

- 1.79 - I .34 0.35 

1.50 3.19 I .29 

’ Measured in CDCI,. h Assignments uncertain 

decoupling experiments. Comparison of the ‘H-n.m.r. chemical shifts of the sulfated 

disaccharides 12, 15, and 17 with those of the corresponding unsulfated reference 

compound 10 shows the influence of deshielding by a sulfate group on the geminal and 

vicinal protons (c$ Table III). The signals of the a-protons of the 6’-sulfate 12 show a 

downfield shift of 0.4-0.5 p.p.m. The 4’-sulfate 15 causes a larger downfield shift of the 

signal of the cc-proton H-4’ of 0.8 p.p_m. However, the deshielding b-effect of the 

primary sulfate group in 12 appears to be stronger than that of the secondary sulfate 

group in 15. The H-5’ signal of 12 is shifted downfield by 0.3 p.p.m., whereas the H-3’ 

and H-5’ signals of 15 are shifted downfield by approximately 0.15 p.p.m. Interestingly, 

the disulfated 17 exhibits a downfield shift at H-5’ of 0.5 p.p.m., which appears to be the 

sum cf the effects observed for the two monosulfated disaccharides 12 and 15. This 

chemical shift would seem to indicate that there is no strong interaction between the two 

sulfate groups. 

The “C-n.m.r. chemical shifts of 10, 12, 15, and 17 were assigned by 2D (‘“C,‘H)- 

correlated spectra. The differences of the chemical shifts (Ad) between the sulfated 

disaccharides 12, 15, and 17 and the unsulfated reference compound 10 are shown in 

Table IV. The presence of a 6’-sulfate group causes a downfield shift of the C-6’ signal of 

6.2 p.p_m. and an upfield shift of the C-5’ signal of 2.5 p.p.m. The 4’-monosulfate 15 has 

an a-effect of 7.9 p.p.m. and p-effects of -0.7 p.p.m. on the signal of C-5’ and of - 1 .O 

p.p.m. on the signal of C-3’, respectively. The 4’,6’-disulfate 17 shows downfield shifts of 

the C-6’ signal of 6.8 p.p.m. and of the C-4’ signal of 7.6 p.p.m. The C-l’ signals of 12 and 

17 show a shift of 0.7 to 0.8 p.p.m. to lower field, whereas the signal of C-2’ is shifted 

upfield by 0.15 p.p.m. These effects indicate a change of the conformation’i of the 

glycosidic linkage, which is also supported by the downfield shift of the C-4 signals in 12 

and 17 of 1.4 and 2.1 p.p.m. respectively. In contrast, the signals of C-l’, C-2’, and C-4 of 
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EXPERIMENTAL 

General methods. --- All reagents and solvents used in reactions were anhydrous. 

Column chromatography was carried out on Silica Gel 60 (E. Merck). ‘I-I-n.m.r. spectra 
were recorded with a Bruker WP 80 (80 MHz) or AM 300 (300 MHz) spectrometer, and 
all “C-n.m.r. spectra were recorded with a Bruker AM 300 (“C 75.5 MHz) spectro- 
meter, Mass spectra were recorded on an MAT 212 instrument. 

Bcn~~l4’,6’-O-hen~~/idene-~-fac~o~~ra~osi (2) (ref. 21). - Benzyl P-D-lactopy- 

ranoside”” {l, 4.0 g, 9.3 mmol) was added in one portion to a stirred solution of dry zinc 
chloride (1.8 g> in benzaldehyde (25 mt). After 2 days a hot saturated solution of 

sodium carbonate was added under vigorous stirring. After filtration and repeated 
washing with methanol, the combined organic solutions were evaporated to dryness. 
Dissolving the residue in methanol, followed by filtration over silica gel, removed 
residual zinc salts. The eluate was evaporated and chromatographed on silica gel (9: 1 

dichlorolnethane-methanol) to yield 3.20 gof 2 (66%; lit.“: 45%) as crystals: m.p. 187” 
[lit.“: 167”]: [x]: -47.6” (L’ 0.7, MeOH) [lit.“: -51” in pyridine]. 

Benzyf 4’,6’-0-bm~~~fide~e-6-O-tert-hu~~idiphet~~~l,s~f~/-~-fac~op~~rcxnoside (3). - 
Imidazole (0.27 g, 4 mmol) was added to a stirred solution of 2 (1 .OO g, 1.9 mmol) in 

NJ-dimethylformamide (10 mL), followed by addition of terr-butyldiphenylsilyl chlo- 
ride (0.6 mL, 2.1 mmol). After 20 h at room temperature, a new portion of the silyl 
chloride (0.5 mL, 1.7 mmol) was added, and stirring was continued for additiona 24 h. 
The solution was hydrolyzed in ice-water, and the aq. phase was repeatedly extracted 

with dichloromethane. The combined organic phases were washed with saturated aq. 
ammonium sulfate and water, dried with sodium sulfate. and the solvent was evaporat- 
ed. Column chromatography ofthe resultingcolorless syrup with 9: 1 dichloromethane- 

methanol gave pure 3, which was crystallized from toluene to yield 3 (680 mg, 46%): 
m.p. 9’1-92”: [x]: -32.7,‘ (c. 0.8, CH,Cl,); ‘H-n.m.r. data (80 MHz, CDCl,): 6 1.07 [s, 

C(CH,),], 3.434.28 (m, 12 H), 4.38, 4.46 (2d, H-l and H-l’), 4.58 [d, Ha(Bn)], 4.92 [d, 
Hb(Bn)], 5.49 (s, PhCtjr). 6968.05 (m, 20 H, Ar); J,.? = J,.,. 8.0, J,j,Bn, -1 I.5 Hz. 

Anal. Calc. for C,,H,,O,,Si: C, 66.47; H, 6.64. Found: C, 66.76; H, 6.58. 
Benzyf 2,2’,3,3’-tetra-O-henzqIlk4’,6*-O-~en=~i~den~-6-O-tert-~ut~fdi~~er~~~fs~f~~I- 

8-fucr~~~~ranoside(4). -- Compound3 (0.77 g. 1 mmol) was dissolved in pyridine (5 mL), 
cooled in an ice-bath and treated with benzoyl chloride (0.4 mL. 5.5 mmol). After 

stirring overnight at room temperature, the solution was poured into ice-water, and the 
aq. layer was extracted five times with dichloromethane. The combined organic phases 
were washed with a saturated solution of sodium hydrogencarbonate and evaporated to 
dryness after the addition of toluene. The resulting yellow syrup was dissolved in 

dichloromethane and evaporated in the presence of silica gel (5 g). Column chromato- 
graphy with 1: 1 ethyl acetate-petroleum ether and subsequent crystallization with ethyl 

acetate--petroleum ether yielded 4 as colorless crystals ( 1.12 g, 94%): m.p. 116.5”; [xl:’ 
+ 14.4” (c 1 .O, CH$l,); ‘H-n.m.r. data (80 MHz, CDCl,): S 1.15 [s. C(CH,),], 3.263.43 
(m, 2 H, H-5, H-S), 3.68-4.10 (m, 4 H, H-6, H-6’). 4.37 (dd, H-4’), 4.45 (dd, H-4), 4.61 [d, 

Ha(Bn)],4.86[d,Hb(Bn)], 5.07(d, H-1’),5.19(dd, H-3’), 5.29(s, PhCH),5.44-5.77(m,2 
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129.41, 129.58, 129.66, 129.75, 129.86, 132.72, 132.94, 133.19, 133.27, 136.87, 137.50 
(Ar), 164.74, 165.19, 165.36, 166.14 (4 x C=O). 

Anal. Calc. for C,,,H,,O,,Si: C, 68.55; H, 5.95. Found: C, 68.49; H, 6.04. 

BenzyI2,2’,3,3’-terra-O-henzoyl-4’,6’-0-henz)i (7). -- A M 

solution of anhydrous tetrabutylammonium fluoride in tetrahydrofuran (2.9 mL) was 

added to crystalline 6 (1.50 g, 1.43 mmol) under an argon atmosphere. After stirring at 

room temperature for 30 min, dichloromethane (50 mL) was added to the solution. The 

organic phase was shaken immediately with a saturated aq. ammonium sulfate solution, 

separated, washed with water, and dried over sodium sulfate. After evaporation to 

dryness, the crude product was purified by column chromatography with 19: 1 dichloro- 

methane-methanol to yield 7 (1.27 g, 95%) as crystals: m.p. 247”; [r]: + 51 .O” (c 0.8, 

CH,Cl,); m.s. (d.c.i.-ammonia): m/z 954, (M + NH,)‘; ‘H-n.m.r. data (300 MHz, 

CDCl,): 6 1.716 (s, OH-6) 3.019 (m, H-5’), 3.426 (ddd, H-5), 3.520 (dd, H-6’a), 3.589 

(dd, H-6a), 3.660 (dd, H-6’b), 3.674 (dd, H-6b), 4.140 (dd, H-4), 4.252 (dd, H-4’). 4.522 

[d,Ha(Bn)],4.630(d,H-l),4.736[d,Hb(Bn)],4.813(d,H-l’),5.117(dd,H-3’),5.209(~, 

PhCH), 5.293 (dd, H-2). 5.653 (dd, H-3), 5.676 (dd, H-2’). 7.05-8.00 (m. Ar); J,.z 8.0, J2,) 

9.6,53,49.0, J,,,9.5, JS.ea 3.4, J,,,,2.4, Jha,hh - 12.1, J,,,?.7.9, J2.,3. 10.4, J,.,,. 3.6, J4..5.0.8, J5.,6.a 

1.7, J,.,,., 1.3, Jh.a.6’b - 12.4. JHo,, - 12.5 Hz; “C-n.m.r. data (75.5 MHz. CDCl,): 6 60.83 

(C-6), 66.40 (C-5’), 68.02 (C-6’). 69.60 (C-2’), 70.93 [CH,(Bn)], 72.28 (C-2). 72.76 (C-3’) 

73.15 (C-4’). 73.81 (C-3), 74.89 (C-5), 76.01 (C-4), 99.49 (C-l), 100.61 (PhCH), 101.41 

(C-l’), 126.38, 127.61, 127.87, 128.25, 128.32. 128.43. 128.72. 129.03, 129.38, 129.70, 

129.88, 132.94, 133.05. 133.29, 133.30. 136.68, 137.51 (Ar),2 x 164.96, 165.31, 166.10 

(4 x C=O). 

Anal. Calc. for C,,H,,O,,: C, 69.22; H, 5.16. Found: C, 68.78: H, 5.08. 

tert-But,,1 [henzyl 2,3-di-O-henzoyl-4-0-(4,6-O-henzylidene-2,3-di-O-henzoyl_P- 

D-galuctopyranosyl)-P-D-ylucopyranosidjurorlate (8). ~ Pyridine (0.65 mL, 8.0 mmol) 

and chromium(V1) oxide (400 mg, 4.00 mmol) were added sequentially to a mixture of 

dichloromethane and N,N-dimethylformamide (4: 1, IO mL). After stirring the dark 

mixture for 15 min at room temperature, a solution of 7 (830 mg, 0.9 mmol) in 

dichloromethane-N,N-dimethylformamide (4: 1, 2 mL) was added, and stirring was 

continued for an additional 10 min. Acetic anhydride (0.75 mL, 8.0 mmol) and molten 

tert-butanol (1.9 mL, 20 mmol) were added. After 18 h the reaction was quenched with 

ethanol (0.5 mL), and after further 10 min, ethyl acetate (50 mL) was added under 

vigorous stirring. Immediate filtration over a short silica gel column with ethyl acetate 

as eluent, followed by evaporation, yielded a black syrup. Column chromatography 

with I: 1 ethyl acetate-hexane, followed by coevaporation with toluene, yielded color- 

less crystals of 8 (413 mg, 46%): m.p. 81’ ; [cc],?f t-28.0’ (c 1.0, CH,C12); m.s. (d.c.i.- 

ammonia): m/z 1024, (M + NH,)‘; 968, (M - C,H, + NH4)+; ‘H-n.m.r data (300 

MHz, CDCI,): 6 1.355 [s, C(CH,),], 3.300 (m, H-5’), 3.778 (dd, H-6’a), 3.980 (d, H-5), 

4.013 (dd, H-6’b), 4.394 (dd, H-4’), 4.570 (dd, H-4), 4.618 [d, Ha(Bn)], 4.747 ((I, H-l), 

4.857 [d, Hb(Bn)], 5.013 (d, H-l’), 5.179 (dd, H-3’), 5.328 (s, PhCH),5.413 (dd, H-2), 

5.700 (dd, H-2’), 5.734(dd, H-3), 7.0887.55,7.8888.05 (2m. Ar); J,,? 7.4, JZ,3 8.8, J3,48.8, 

J4,5 9.0, J,,,? 8.0, J,.,,. 10.5, Jx.,4’ 3.7, J4.,5. 0.6, J’l,,h.d 2.3. Jc,hhl.l. Jh.a,vh - 12.4. JHcenl - 12.4 
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evaporation, yielded 11 (29 mg, 83%) as colorless syrup: [cc]: +OS” fc 1.6, CH,ClJ; 
‘H-n.m.r. data (300 MHz, CDCl,): 6 1.391 [t. N(CH,CHJ,], 3.104 [q, N(CH,CH,),], 

3.407 (s, CO&H,), 3.660 (m, H-5’; H-6’a,6’b), 3.967 (d, H-5), 4.228 (dd, H-4’), 4.409 (dd, 
H-4), 4.526 [d, Ha(Bn)], 4.712 (d, H-l), 4.793 [d, Hb(Bn)], 4.805 (d, H-l’), 5.115 (dd, 
H-3’), 5.332 (dd, H-2), 5.489 (dd, H-2’>, 5.577 (dd, H-3),7.10-7.55,7.85-7.98 (2m. Ar), 

9.41 (s, NH’); J,.2 7.3, & 9.1, & 9.0, JJ,5 9.2, J,.,? 7.8. JZ,.l. 10.5, J,,,< 3.3, J&,5. 1.0, JHtBnj 
-12.6 Hz; “C-n.m.r. data (75.5 MHz, CDCI,): S 8.61 [N(CH,CH,),], 46.51 

[N(CH&H,),], 52.42 (CO&H,), 63.47 (C-6’), 65.67 (C-4’), 69.82 (C-2’), 70.73 [CH, 
(Bn)], 71.67 (C-2), 72.40 (C-3), 72.51 (C-5’), 73.53 (C-3’), 74.08 (C-5), 76.08 (C-4), 99.56 
(C-l), 100.93 (C-l’), 127.61, 127.78, 128.15, 128.22, 128.42, 128.90, 129.22, 129.59. 
129.73, 132.92, 133.10. 133.35, 136.31 (Ar), 165.00, 165.08, 165.27, 165.63, 167.90(4 x 
C = 0 and C-6). 

Ancrl. Calc. for C,,H,,NO,,S: C, 61.30: H. 5.62: N, 1.32. Found: C, 61.04; H, 5.72: 
N, 1.42. 

Methyl fhenzJ>l 2,3-di-0-benzoyl-4-G { 2,3-di-0-heizzo~~l-4,6-di-0-sulfa-/l-D-ga- 

Inctopyra?zos.~fl-P-D-glucop~runosid~uronate, bis(triet~~.~lan?moniumj saft (16). - A 

solution of 9 (76 mg, 87 pmol) in N,N-dimethylformamide (1 .O mL) was reacted with 
Me,N-SO, (100 mg) for 14 days as described for 11 to yield the 6’-sulfate 11 (13 mg, 
14%) a~ a byproduct and the 4’,6’-di-sulfate 16 which was crystallized from dichloro- 
methane and toluene to yield 16 (89 mg, 83%): m.p. 105-106”; [z]: +2.3” (c 1.9, 

CH,ClJ; ‘H-n.m.r. data (300 MHz, CDCI,): 6 1.256 [t, N(CH,CN,),], 3.05 [q, 
N(CH,CH,),], 3.494 (s, CO&H,), 3.880 (dd. H#a), 3.956 (d, H-5), 3.988 (dd, H#b), 
4.181 (ddd, H-5’), 4.517 (dd, H-4), 4.541 [d, Ha(Bn)], 4.729 (d. H-l). 4.808 [d, Hb(Bn)], 
4.930 (d, H-l’), 4.989 (dd, H-4’), 5.209 (dd, H-3’), 5.306 (dd, H-2), 5.388 (dd, H-2’) 5.561 
(dd,H-3),7.05-7.58,7.83-8.10(2m,Ar),9.33,(s,NH+);J,,,7.1,~2~39.1,J1,~9.1,J4,59.2, 

J,,,? 7.9, JT,3. 10.5, J,,< 3.2, Jq,s 1.3, Js.,6.;, 5.7, JS.,h.b 6.2, fed.h.b - 1 L.5. JttiBnj - 12.5 Hz; 
“C-n.m.r. data (75.5 MHz, CDCl,): d’ 8.56 [N(CH,CH,),], 46.39 [N{~H~CH~)~]~, 52.57 
(CO&H,), 65.16 (C-6’), 70.08 (C-2’), 70.72 [C:H,(Bn)]. 71.89 (C-4’), 72.19 (C-2),, 72.33 
(C-3), 72.46 (C-3’), 72.96 (C-5’), 74.61 (C-5). 75.92 (C-4), 99.67 (C-l), 100.59 (C-l’), 
127.69, 127.78, 127.98, 128.27, 128.63, 129.67, 129.79, 129.86, 132.50, 133.06, 133.22, 
136SO(Ar), 165.00, 165.80, 166.98, 166.98. 167.77(4 x C=Oand C-6). 

Annl. Calc. for C,H,N20,& C, 58.16; H, 6.02; N, 2.26. Found: C, 5X.17; H, 
5.95; N, 2.52. 

Metlz~sI [henzyi 2,3-di-O-hen~oyl-4-0-(2,3,6-tri-O-ben~o~I-~-~-galuctop~rano- 

sq’li-B-u-glucop?:runosic~~Mronate (13). -- A solution of 9 (20 mg, 23 pmol) in dichloro- 
methane (0.5 mL) was treated with pyridine (20 ,uL) and benzoyl cyanide (3.4 mg, 26 

pmol) and was stirred for 3 days at room temperature. After dilution with dichloro- 
methane, the organic phase was washed with saturated ay. sodium hydrogencar’bonate 
and water, filtered through a small filter paper, and concentrated in vacua. Crystalliza- 
tion from diethyl ether-petroleum ether yielded white platelets of 13 (2 1 mg, 94%): m.p. 

102-103”; [r]: + 15.9” (c 0.9, CH,Cl,); m.s. (d.c.i.-ammonia): m/z 998, (M + NH,)‘; 

‘H-n.m.r. data (300 MHz, CDCI,): is 3.401 (s, CO&H,). 3.58 i (dd, H-6’a), 3.786 (ddd, 

H-5’), 3.946 (dd, H-6’b), 4.020 (d, H-.5), 4.082 (dd, H-4’), 4.432 (dd, H-4), 4.582 [d, 
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Anal. Calc for C,,H,,Na,O, ,S: C, 40.00; H, 4.24. Found: C, 39.75; H, 4.33. 

Bemy (4-0-(4-O-su~fo-~-D-galactop~~ranosyC)-~-D-gZuco~_~ranosid]uronate, di- 
s#diu?n salt (15). - A solution of 14 (18 mg, 1.5 pmol) in tetrahydrofuran (0.3 mL) was 
de-esterified with M aq. sodium hydroxide (97 ,uL) and purified as described for 12. 

Lyophilization yielded colorless, amorphous 15 (7 mg, 79%): frz]: - 20.6” (c 0.7, HzO); 
‘H-n.m.r. data (300 MHz, D,O): 6 3.288 (dd. H-2), 3.436 (dd, H-2’). 3.508 (dd. H-3), 

3.611 (dd, H-4), 3.687 (dd, H-3’), 3.695 (m, H-6’a, H-6’b), 3,718 (ddd, H-S’), 3.734 (d, 
H-51, 4.396 (d, H-l’), 4.444 (d, H-l), 4.543 (dd, H-4’). 4.612 [d, Ha(Bn)]. 4.823 [d, 

Hb(Bn)~,7.25-7.40(m,Ar);J,,8.0,J,~,9.3,J,,,8.5,J,,,9.8,J,.,~7.8,J~,~~10.1,J~.,4.3.3,J4.~5 
1.3, J5’,wa 4.2, Js,6.b 8.2, JHISnt - 11.6 Hz; 13C-n.m.r. data (75.5 MHz, D,O): 6 61.24 (C-6’), 
71.27 (C-Z’), 71.65 [CH,(Bn>], 71.80 (C-3’), 72.85 (C-2), 74.7 1 (C-31, 74.88 (C-S), 75.95 

(C-5), 76.70 (C-4’), 80.78 (C-4), 101.14 (C-l), 103.04 (C-l’), 128.53, 128.70- 129.02, 
131.48 (Arj, 175.58 (C-6). 

Anal. Calc. for C,,H,,Na,O,,S: C, 40.00; H, 4.24. Found: C, 40.38; H, 4.35. 

&VU-~! 4-O-( (4,6-di-O-sulfo-P-D-ga~act#~~ra~zas~l~ -~-D-g~~capyranosid~~ro~ute, 
trisod~~~ salt (17). - Deesterification of a solution of 16 (13 mg, 10 pmol) in tetra- 

hydrofuran (0.4 mL) with M aq. sodium hydroxide (76 ,uL) as described for 12 yielded 
after lyophiiization colorless, amorphous 17 (5 mg, 71%): [c@ - 13.8” (c 0.3, H,O); 

‘H-n.m.r. data (300 MHz, D?O): 6 3.304 (dd, H-2), 3.465 (dd, H-2’), 3.518 (dd, H-31, 
3.611 (dd. H-41, 3.721 (dd, H-3’), 3.750 (dd, H-5), 4.008 (ddd, H-5’), 4.115 (dd, H-&a), 
4.191 (dd, H&b), 4.411 (d, H-l’), 4.457 (d, H-l), 4.582 (dd, H-4’), 4.617 [d, Ha(Bn)], 
4.830 [d, Hb(Bn)], 7.28-7.40 (m, Ar); J,,, 8.0, Jz,j 9.0, J1,J 9.0, J4,* 9.7. J,..? 7.8, Jz.,3’ 10.0, 
JYt4. 3.4, J4..j’ 1.3, Js.,6’a 8.5, Jf,,6s 3.5, Jh,a,b.b - 11.2, JIftRni - 11.6 Hz; ‘“C-n.m,r. data (75.5 
MHz, D,O): 6 68.01 (C-6’), 71.10 (C-2’), 71.56 (C-3’), 71.65 [CH,(Bn)J, 72.63 (C-5’), 
72.68 (C-2), 75.03 (C-3), 75.57 (C-5), 76.34 (C-4’), 82.59 (C-41, 101.03 (C-l), 103.83 

(C-l’), 128.68, 128.82, 129.11, 129.19, 131,59(Ar), 175,36(C-6). 
Anaf. Calc. for C,,H,,Na,O,,S,: C, 33.94; H, 3.45. Found: C, 34.35; H, 3.52. 
Benzyl (4-O- (~-v-gafactopyranosyI) -~-“-glucop?lrano.~iuroncrf4, sad~~~~~ salf 

(IO). --.- A solution of 9 (19 mg, 22 pmol) in tctrahydrofuran (0.3 mL) was treated with M 

sodium hydroxide (115 @L) as described for 12 to yield 10 (6 mg, 59O/) after lyophili- 
zation: [~];4” + 5.9” (~0.3, HzO); ‘H-n.m.r. data (300 MHz, D,O): 6 3.288 (dd, H-2),3.417 

(dd, H-2’), 3.494 (dd, H-3); 3.537 (dd, H-3’), 3.583 (ddd, H-5’). 3.600 (dd, H&a), 3.660 
(dd, H-b’b), 3.647 (dd, H-4), 3.729 (d, H-5),3.781 (dd, H-4’), 4.336 (d, H-l’), 4.433 (d, 

H-1),4.604[d, Ha(Bn)},4.816[d,Hb(En)],7.25-7.40(m, Ar);J,,,7.9, Jz,,9.4,J,.,8.6, J,,S 

9.8, J,.,z 7.7, J2.,3 9.9, J3..4. 3.4, J4.,s 1.3, Js,6.a 4.4, JYSvh 8.5, J6’a,6.b - 10.7, JHcBnl - 11.6 Hz; 
‘%-n.m.r. data (75.5 MHz, L&O): 6 61.24 (C-6’), 68.78 (C-4’), 71.25 (C-2’).. 71.67 
[CH,(Bn)], 72.77 (C-Y), 72.88 (C-2), 74.69 (C-3),75.61 (C-5’), 75.99 (C-5), 80.49 (C-41, 

101.62 (C-l), 103.02 (C-l’), 128.57, 128.70, 128.95, 129.09, 131.75 (Ar), 175.48 (C-6}. 
Anal. Calc. for C,,H,,NaO,,: C, 48.72; H, 5.38. Found: C, 49.01; H, 5.45. 
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