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ABSTRACT

The sodium salts of the 6-sulfate 7, the 4-sulfate 10, and the 4,6-disulfate 12 of benzyl 3-O-(§-bD-
glucopyranosyl uronate)-§-p-galactopyranoside (5) have been synthesized. Methyl (2,3,4-tri-O-acetyl-1-
bromo-1-deoxy-a-p-glucopyran)uronate (1) was coupled with benzyl 2-O-benzoyl-4,6-O-benzylidene-§-b-
galactopyranoside (2) to yield 3. The benzylidene acetal of 3 was hydrolyzed to give benzyl 2-O-benzoyl-3-O-
[methyl (2,3,4-tri-O-acetyl-f-D-glucopyranosylyuronate]-f-p-galactopyranoside (4). Compound 4 was uti-
lized as a key intermediate to prepare the sulfated disaccharides 7, 10, and 12. Direct sulfation of 4 with sulfur
trioxide-trimethylamine for 2 days yielded the 6-sulfate 6. The 4,6-disulfate 11 was accessible by running the
reaction under the same conditions for 14 days. The 4-sulfate 9 was obtained after protecting the 6-OH group
of 4 by reaction with benzoyl imidazole to give the 6-benzoate 8, followed by sulfation under vigorous
conditions. Treatment of the protected compounds 4, 6, 9, and 11 with aqueous sodium hydroxide in
tetrahydrofuran gave the unprotected 5, 7, 10, and 12, respectively.

INTRODUCTION

Sulfated oligo- and poly-saccharides like heparin or chondroitin sulfates exhibit a
number of physiological functions'®. The interaction of sulfate groups with protein
receptors or their influence on the conformation of oligosaccharides has been the focus
of recent research™. To avoid the problems created by isolation of the oligosaccharides
from natural sources™'™!", synthetic strategies have been used'"*. The syntheses of the
two repeating units of dermatansulfate’ and of oligosaccharide fragments of keratan
sulfate'® and, recently, chondroitin sulfates'’ have been published.

Several studies have focused on the influence of sulfate groups on the conforma-
tion of oligosaccharides related to heparin®. It has been shown that the conformation of
the iduronic acid ring is dependent on the pattern of sulfation on that residue and that it
adopts conformations between the 'C, and the °S, conformations®.

In the preceding paper, we have reported the synthesis of sulfated disaccharides
that contain the disaccharide f-p-Gal-(1 —»4)--b-GlcA as a common structural ele-
ment'®. These compounds carry a uronic acid group and one or two sulfate groups in
proximity to the glycosidic bond. The positions that are occupied by charged groups
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would be on opposite sides of the molecule if it were in the energeticully favored
conformation of an uncharged §-(1--4)-linked disaccharide” Heremn we present the
synthesis of sulfated disaccharides with a common S-D-GleA-( ] -+ 3)-f-p-Gal structural
element which serve as madels for the complementary repeating unit in chondroitin
sulfates. In these cases the positions which carry the L‘Hargcd groups should be located
on the same side of the molecule as deduced from the conformation of uncharged
f-(1-3)-linked disaccharides™. These two sets of tonic disacchuarides were used for un
analysis of the conformational influences of charged groups™

DISCUSSION

We synthesized the sulfated derivatives 7. 10, and 12 of f-0-GleA-( 1 - 3)-f-p-Gal.
as well as the unsulfated derivative 5, in order to study the conformational changes of
oligosaccharides induced by sulfate groups’™. We svnthesized 5.7, 10, and 12 as the
benzyl fi-p-glycosides in order to anchor the reducing end in the equatorial position. The
key mntermediate is benzy! 2-02-benzoyl-3-O-[methyt (234 (ri- O-zcetvl-f-p-glucopyra-
nosvhuronate]-f-p-galactopyranoside (4). From 4. the stumicd disacchandes 7. 10, 12
and the unsulfated 5 can be synthesized in a few steps. The monosaccharide building
biockﬁ used 1n the glycoside synthesis are the !)-w!ucopvmnuwi uronate bromide 1 (ret

2) and the 3-OH (unpretected) benzyl f-p-galuctoside X (refs. 23 24y Benyvt 320
[me{hyi (2.3 4-tri-O-acervl-f-p-glucopyranosyhuronate - 24 hcmioyﬁw-—'i».h»()-%“wcn?;ii~
dene-f-p-galactopyranoside (3) could be obtained 1w reasonable vield of 799 by the
silver carbonate-catalyzed glyveosylation under activation in sine with iodine . Only the

f-linked disaccharide 31s formed. and no products with arc z-limkage could be detected.

Cleavage of the 4.6-O-benzylidene group of 3 with 90% trifluoroacetic neid in dichloro-
methane led to the formation of 4 in 9295 yield,

Sulfation of 4 with the trimethylamine: sulfur trioxide complex in N ¥ dmuti ap
formamide at room temperature led to the 6-sulfate 6 which was obtained 1in 75%
4.6-Disulfate 11 was obtained as a byproduct in 79 vield. The selectivity of g-sulfation
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forming 6 vs. 4,6-di-sulfation forming 11 s 1111, significantly lower than that observed
in the monosulfation of f}’»i)v:zaiactopwanoxyl—(‘w%)q’?-n«ui wapyriunosyl uronate,
which led to the exclusive formation of the 6'-sulfate™ A prolonged reaction time of 14
days gave the 4,6-disulfate 11 in almost quantitative vicld, Monosulfation of the
4-position is only possible with prior protection of the 6-OH group. The 6-benzoate 8
was obtained by regioselective benzoylation of d with AV-benzovivmdazole. Sulfation of

8 at the d-position was achieved a1 607 (o give 9in 87% vield The sultated compounds 6.
9. and 11 were easily purtfied alter conversion into the tricthyvlammonimm salis, The

tricthylammonium salts can be chromatographed on sibica peb with o triethyloune-
containing eluent™

Sulfates 6.9, and 11 were identified by characteristic 'H- and 'C-nm v, chemical
shifts relative to the unsulfuted precursors 4 and & xc\podful} The H-tu and H-6b
signals of the &-monosulfate 6 and the 4.6-disulfate T are shifted 0.4 0.5 popom. to lower

ficld compared to the analogous signals for 4 (Table 11 1 éw H-Ssgnals ot éand 11 are

shifted downfield by 0.3 and 0.4 p.pan., respectively. The 4-sulfite groups of the
4.6-disulfate 11 and of the 4-sulfate 9 cause downfield shifts of the H-dsignals of 0.7 008
p.pam., while H-3and H-3 of 9 and H-2 of 11 experience only o small down
0.1 p.pm.
The "C-n.m.r.spectra of the 6-sulfated 6 and 11 show a downfield shifi of the C-6
signal of 3.9 and 4.9 p.p.am. {Table ). The deshielding x-effect ol the desulfate group is
st

dshaf{tof

stronger than the x-effect of the 6-sulfate group, asindicated by the downfield shify ol the
C-dsignal of 9und 1 of S.7and 6.5 p.pom. ,Hf‘xpi,(t‘\tl\ The primary <ulldte proupin é
causes an upficld shift of {ha, C-Ssignal of - 2.0 popams, whereas the 4-sulfate groupin 9
unexpectedly causes a downfield shift of the -3
the disulfate THis shifted upfield only by - Ld p.p.m. Obviously, the combined effects of
the primary and secondary sulfate groups are additive. In the presence of
group the C-3 signal of 9 and 11 is shifted by — 3.0 32 p.p.m. 1o higher field

The deprotection of 4. 6. 9, and 1 was expectedly difficult because 4-O-acyl-ix-
glucuronic acids show an increased sensitivity to A4-4 % chiminstion reactions ™ Deacy-
lation under Zemplén conditions, with tricthylamine in waice methanol with sodium
carbonate-methanol. or with potassium carbonate methanol gave considerable

signal of (.7 popom. The -3 signat of

Gosulfate

amounts of 4-4" 5-elimination products. The best results were obtained when deacylat-
mg4, 6,9 and 11 with aq. sodium hvdroxide in tetrahydrofuran to produce 3.7, 1. and
12 in 76-94% yield. The disaccharides 4, 6.9, and 1 thet carny o 4-O-aevbo-glucur-
onate residuc turned out to be more base labile than the corresponding disuccharides
which carry a 4-O-glycosyl residue™. The charged disacchurides &7, 1, and 12 were
purified using ion-exchunge chromatography on S-Sepharose. fullowed by size-exolu-
sion chromatography on Fractogel }-i\’\:‘iﬁ

The 'H-and P"C-rum.rospectra of 8.7, 10, and 12 could be assigned completely by
2D ('H'H) COSY n.m.r. spectra, by D decnup!mg experiments, and by ?I)( CUHY
COSY n.m.r. spectra. Generally, the shift effects caused by sulfiation are stro wmger i the
unprotected sulfates 8. 7. and 12 than in their protecied precursors 6. 9. and %it The
signals of the z-protons are shifted downfield 0,45 0 535 popm by 4 primary sulfate
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group{7 and 12) and 0.6 p.p.m. by a secondary sulfate group (10 and 12) (Table 111). The
H-5 signal of the 6-sulfate 7 is shifted downfield 0.2 p.p.m.. and the H-5 stgnal of the
4-sulfate 10 1s shifted downfield 0.1 p.p.m. The f-effect of u primary sulfate group on
H-3 is stronger than the fl-effect of a secondary sulfate group. An additve downfield
shift of the H-5signal of 6.4 p.p.m. is observed in the 4,6-disulfate 12. The H-3 signals of
10 and 12 are shifted downfield by 0.25 p.p.m. The presence of the d-sulfate groups is
also noticeable across the glyeosidic bond. The H-1"signat of d.6-disulfate 12, as well as
that of the 4-sulfate 10, are shifted downfield by 0.1 popan

In the "C-numur, spectra. sulfate groups cause a downfield shift of the x-carbon of
6.7-70 p.pom. at C-6 (7 and I12)and of 8.8 9.1 p.p.m. at O34 (10 and 12) (Table IVy
6-Sulfation causes a fl-effect of 2.2 p.opm. at C-5{7), whereas d-sulfation causes a
p-effecton C-3 of only - 0.4 p.pon (190, 4,6-Disulfation feads 1o the additive effect on
C-5of — 2.5 p.pan. (12). In contrast to the relatrvely small high-field shift on C-5 thatis
observed upon 4-sulfation. -3 exhibits an extremely large ffooffect of - 57 ppom. (10
and 12). A similar effect was already observed for the protected compounds 9 and 11
(¢f.. above)., The f-cffect of a4 secondary sulfate group 1y reporied to be typcally
~0.6- 1.0 p.p.m. . Also, unexpectedly, the 4-sulfate group causes a shift effect on
both C-2and C-1" of 16 and 12, with -2 being shitted downtfield by ~ 0.8 p.p.m. and

C-1" being shifted upticld by ~0.7 p.pm.

TABLE IV

PC-Nom.r. chemical shifts [p.p.m.] of' 5.7, 10, and 12 and shift differences {p.p m.jof the sulfated compounds
7.10. and 12 with the unsulfated §. measured in DO

(7; ’(7

s 7 i 12 7 -5 12 -5
-1 101.53 014 T 70 101.46 t1s (00
-2 70.04 70,014 70,93 708K AR 184
-3 K295 82.74 1724 0.2 37
-4 68 35 68,29 TR 3436 XN
-5 75.09 729 72.61 220 28
C-6 6017 67,86 68 16 fr a6l (]
[ 10383 16310 Has 072
-2 7336 7333 RSN .03
-3 TS50 T4 A4 s Uiy
-4 7147 T 16 (1IN
-5 76, 37 76,34 1 SRR

{
i

EXPERIMENTAL

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

Column chromatography was carried out on Silica Gel 60 (£, Merck). 'H- and “C-
n.m.r. spectra were recorded with a Bruker AM 300 spectrometer operating at 300 MHz
or 75.5 MHz, respectively. Mass spectra were recorded on a MAT 212 mstrament.
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Benzyt 2-O-benzoyi-4,6-0-benzylidene-3-O-fmethyl (2,3,4-tri-O-acetyl-f--glu-
copyranosyl juronate |-p-D-galactopyranoside (3). — Silver carbonate (2.76 g) and fresh-
ly powdered activated molecular sieves 4A (3—5 g) were added to a solution of benzyl
2-0-benzoyl-4,6-0-benzylidene-$-n-galactopyranoside™ (2, 590 mg, 1.28 mmol) in
dichloromethane (20 mL). After stirring for 1 h at room temperature with the exclusion
of light, iodine (450 mg, 3.5 mmol) was added. A solution of methyl (2,3,4-tri-O-
acetyl-1-bromo-1-deoxy-a-D-glucopyranosyl)uronate (1, 1.46 g, 3.7 mmol) in dichlo-
romethane (20 mL) was added dropwise over 2 h to the reaction mixture. The mixture
was stirred in the dark for 3 days. Dilution with dichloromethane and filtration over
Celite, followed by evaporation of the filtrate, gave a residue which was chroma-
tographed on silica gel (5:1 dichloromethane—ethyl acetate). The educt 2 (106 mg, 18%
was recovered as the first fraction. Further elution gave 3 (790 mg, 79%) as colorless
crystals: m.p. 252-253%; [a]** —~3.6° (¢ 0.7, CH,CL); m.s. (d.c.i.—ammonia): m/z 796 (M
+ NH)*: 736 (M — HOAc + NH,)"; 'H-n.m.r. (300 MHz, CDCl,): § 1.502, 1.908,
1.980 (3 s, CH,CO), 3.457 (m, H-5), 3.675 (s, CO,CHy,), 3.943 (d, H-5"), 3.970 (dd, H-3),
4.098 (dd, H-6a), 4.365 (dd, H-4), 4.381 (dd, H-6b), 4.557 (d, H-1), 4.641 [d, Ha(Bn)},
4,737 (d, H-1"), 4.853 [d, Hb(Bn)}], 4.927 (dd. H-2), 5.018 (dd, H-3'}, 5.151 (dd, H-4),
5.570 (s, PhCH), 5.666 (dd, H-2),7.0-7.6,7.95(2m, Ar); J,,8.0,J,,10.2,J,,3.5,J,5 1.2,
Joga 1.6, Jsgp 2.1, Joun —12.3, J0 7.5, Jo5 9.1, T3y 9.2, Jy s 9.8, Jyymny —12.6 Hz;
BC-n.m.r, (75.5 MHz, CDCL): 6 19.93, 20.38, 20.51 3 x CH,CO), 52.80 (CO,CH)),
66.77 (C-5), 68.88 {C-6), 69.29 (C-4"), 69.55 [CH,(Bn}], 70.56 (C-2), 70.96 (C-2), 72.09
(C-39, 72.34 (C-5), 75.81 (C-4), 77.98 (C-3), 99.23 (C-1), 101.00 [CH(Bn)], 101.24
(C-1), 126.32, 127.54, 127.80, 128.03, 128.15, 128.41, 128.76, 129.71, 133.15, 137.10
(Ar), 167.08,2 x 168.99,2 x 169.22 (4 x C=0 and C-6').

Anal. Cale. for C, H,,0,: C, 61.69; H. 5.44. Found: C, 61.46; H, 5.49.

Benzyl 2-O-benzoyl-3-O-fmethyl (2,3 4-tri-O-acetyl-B-D-glucopyranosyl)urona-
te ]-B-D-galactopyranoside (4). — Aq. trifluoroacetic acid (90%, 2.5 mL) was added at 0°
to a stirred solution of 3 (510 mg, 0.65 mmol) in dichloromethane (25 mL). After stirring
for 30 min, the reaction was quenched with satd. sodium hydrogencarbonate (20 mL).
The layers were separated, and the aq. layer was repeatedly extracted with dichloro-
methane. The combined organic phases were evaporated in vacyo. Column chromatog-
raphy (2:1 ethyl acetate-petroleum ether) and subsequent crystallization from dichloro-
methane-hexane yielded colorless crystals of 4 (415 mg, 92%): m.p. 175° (dec.); [o]
—24.1° (¢ 0.6, CH,CL); m.s. (d.c.i.—ammonia): m/z 708 (M + NH,)*; 648 (M — HOAc
+ NHp"; '"H-n.m.r. (300 MHz, CDCl,): § 1.510, 1.889, 1.954 (3 s, CH,C0), 2.950, 3.232
(2 s, OH-4, OH-6), 3.613 (ddd, H-5), 3.705 (s, CO,CH,), 3.832 (dd, H-6a), 3.847 (dd,
H-3), 3.981 (dd, H-6b), 4.042 (d, H-5), 4.185 (dd, H-4), 4.534 (d, H-1), 4.617 [d,
Ha(Bn)], 4.702 (d, H-1), 4.799 [d, Hb(Bn)}, 4.954 (dd, H-2'), 5.068 (dd, H-3"), 5.154 (dd,
H-4'), 5.528 (dd, H-2), 7.0~7.15 (m, Bn), 7.4-8.0 (m, Bz); J,, 8.1, J,,9.8,/,,3.4,J,, 1.2,
Jseo 3.8, Jsp 675, Jougo —11.6, J15 7.7, S0y 9.2, Sy 9.2, S5 9.5, Jypa, —12.8 Hz;
BC-n.m.r. (75.5 MHz, CDCL): é 19.68, 20.33, 20.36 (3 x CH,CO), 52.97 (CO,CH,),
61.82 (C-6), 68.66 (C-4), 69.12 (C-4'), 69.91 [CH,(Bn)], 70.62 (C-2"), 70.86 (C-2), 71.77
(C-3), 71.97 (C-5'), 74.40 (C-5), 80.89 (C-3), 99.27 (C-1), 101.11 (C-1"), 127.11, 127.53,
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127.75, 12838, 129.60. 133,16, 137.00 (Ary. 16495, 167.07. 16918, 16927 169.91 (4 =
C=0 and C-61.

Anal. Cale. for C,H, O, €, §7.39: H. .55, Found: (', 5697 H, 551

Benzyvl 2-O-benzovl-3-O-fmethyl (2,3, 4u!rew()wzc‘ﬂ;‘/-/s- D-glucopyranosyl lurond-
te J-6-O-sulfo-fi-D-galactopyranoside, triethyvliammonion salt (65, - - Trimethylamine
sulfur trioxide (139 me. 1.0 mmol) was added to a solution ol 4 (1T me. 16 mmioh in
N N-dimethylformamide (2 mL ). The solution was stirred at room temperature under
the exclusion of light. After 2 Jdays Llc controt rovealed complete conversion of the
educt 4. The solution was diluted with triethvlamine (1 mib) and toluene 5 mby and
subsequently filtered. The filtrate was evaporated i vacuo, and the residue was purified
by column chromatography {6:4:0. Y toluene cthanol trethyvianmne) w vield 6 as Ars
fraction and 11 as sccond fraction. Evaporavon of the appropriate fractions vielkded
colorless syrups which were
small amount of water. Filtration over a filter paper. éé::%hmc@ by x‘xf;‘whizm with
“atand 6 (104 me.

dissolved in dichloromethune and oxtructed once with a

dichloromethanc and evaporation in vacuo, vielded 11 (12 myp
75% ). respectivelv. Compound 11 was identified by 1is nomvy spectra and by Di\}-stt.df
data (¢f.. below). Physical data of 6 [z} - 139 {0 L0 CH.CLy Henom o 1300 MHy,
CDCI): 3 1326 [t N(CHCH )L 1503 1,899 1908 (3 . :‘.’H,\('()L R
N(C H COH L 3738 6, COLCH L 3RS (dd, H-3y, 3909 rddd. -5 3.007 (do .
4.241 {dd. H-4 _,4,290 dd, Fi-6ai 4357 (dd, H-6by, 4.5319 14, §§~s§ G601 [d, HatBoy
4688 (d. H-1. 4814 [d. | i‘nBﬂ} 4921 (dd. H-2'). *ﬂ«% fdd, H-3 523 qddL g
5.508 (dd. H—”s 70 735874 76379 R0 éj?,m Brp, 94ie NBE 3 K1 99
VAT NV S UR SRV O A AU im, 09,7, T ST S
12.6 Hzx ‘Conrar, (755 ’\/’iH? CDCLY: o R hk) [’\J(( U ( H . ‘-) 6820047, 20,59 (3
x CH,CO). 46.59 IN(CH.OH )L 3298 (COCH L 6573 ~~{w GR.O6 (C-d) 0914
(C-40 6995 [CH(BML 7061 (C-20 7O TS (C-2y, TURT (U3 7203080 T2 4580075
8064 (C-3). 9940 (C-13 101 1D (C-171, 127,54, 128,04, 128,42, 128 57 12945 13326,
13699 (Ary 164.85. 165, }"}u I66. K7, 16927 16983 (4 » C=COand {467
Anal. Cale. for C B NG S CoS3 70 H 6 AN L6 Pound: 5393 HoA 00
N, 172,
Benzvi 2-O-benzoyvt-3-O-fmethyi 123 4etri-O-acervl-f-D-glucopyranosyl  urona-
te J-4,6-di-O~sulfo-fi-D-galucropyrancside, !m{!mvf/,r) lammoniver . salt (1), Trime-
thylamine -sulfur trixode complex (180 mg. 1 26 mmol) was added to asolution ol 4 (100
mg. 0. 145 mmol) in N NV-dimethylormamide (0.3 mL 1L The seluton was stirred at room
temperature with the exclusion of light. After 14 davs Llc control revealed completw
conversion of 4 to 1. Punfication as deseribed for 6 viclded o svrup which was

crystalized from dichoromwcthane carbon tetrachloride to give colorless 1 (147 mg.
96% ) mup. 107 108 [x]" - 292 (0.5 CH.CLy "Heommur, (200 Mz, CDCLY 6 1330
{LNICHCIL ] o4, TR 1840 (3 s, CHLCO) m%‘;"% b NOOMLOH L 2T (s
CO.CH. L 3916 (dd, H-30 3 ")"Md" -5 4,062 ¢ddd, Hos 4 Ses ndd Meoan 4 473 (dd
H-6b). 4 526 (d. H-1}, 4.607 f CHu Bl 4624 (4 M- »i\ d. BB 4908 (dd.
H-43, 4.931 (dd. H-2 497 i LoH- 50090 Gdd, Hedhy 8 . H-20 T T o
Brj, 7.4 8.0 (m. Bry v 3o mH IR ST S P £ 70 IO UL S S T PRI SO SO




DISACCHARIDES WITH SULFATE GROUPS 289

Joagp —11.5, 01271, 0559.2, 054, 9.3, 1,5 10.0, Jyg,, —12.7 Hz; "C-n.m.r. (75.5 MHz,
CDCl,): ¢ 14.97 [N(CH,CH,),], 52.71 (CO,CH,), 63.59 [N(CH,CH,),], 66.75 (C-6),
68.89 (C-4'), 70.09 [CH,(Bn)], 71.08 (C-2"), 71.24 (C-2), 71.90 (C-5"), 72.53 (C-3'), 73.04
(C-5),75.12(C-4),77.65(C-3),99.33(C-1), 101.49(C-1"), 127.54,129.49,128.06, 128.44,
128.87,129.49,133.26, 136.93 (Ar), 165.08, 166.90, 2 x 169.10, 170.00 (4 x C=0Oand
C-6").

Anal. Calc. for C, ,H:N,0,,S,: C, 51.32; H, 6.51; N, 2.66. Found: C, 50.98; H,
6.46; N, 2.58.

Benzyl = 2,6-di-O-benzoyl-3-O-[methyl  (2,3,4-tri-O-acetyl-B-D-glucopyrano-
syljuronate J-B-D-galactopyranoside (8). — A 0.04M solution of freshly prepared N-
benzoylimidazole in dichloromethane (0.46 mL, 18 umol) was added to a stirred
solution of 4 (116 mg, 16.8 umol) in dichloromethane (3 mL). After stirring at room
temperature for 10 days, the solution was diluted with dichloromethane and washed
with satd. sodium hydrogencarbonate and water. The organic layer was dried over
sodium sulfate, concentrated under reduced pressure, adsorbed on silica gel, and
purified by column chromatography (1:1 ethyl acetate—petroleum ether). Evaporation
and crystallization from dichloromethane—carbon tetrachloride yielded colorless 8 (96
mg, 72%): m.p. 168-172°; [«]2’ —24.0° (¢ 0.7, CH,CL); m s, (d.c.i.—ammonia): m/z 812
(M + NH)*; 752 (M - HOAc + NH,)"; 'H-n.m.r. (300 MHz, CDCl,): 6 1.58, 1.95,
1.98 (35,3 x CH,CO),2.79 (s, OH-4), 3.660 (s, CO,CH,), 3.841 (dd, H-3), 3.843 (ddd,
H-5),3.956 (d, H-5),4.181(dd, H-4),4.472 (d, H-1),4.621 [d, Ha(Bn)), 4.650 (dd, H-6a),
4.660 (d, H-1"), 4.690 (dd, H-6b), 4.813 [d, Hb(Bn)], 4.935 (dd, H-2'), 5.047 (dd, H-3"),
5.139 (dd. H-4), 5.562 (dd, H-2), 7.0-7.12 (m, Bn), 7.4-8.1 (m, Bz); J,, 8.1, J,,9.8, J;,
32, J351.2,J56,6.5, J56, 6.2, Jup, —12.0, 0,5, 7.5, 05,391,054 9.2, 7, 59.5, Ty, —12.6
Hz; "C-n.m.r.(75.5 MHz, CDCl,): 6 19.78, 20.04,20.45 (3 x CH,CO), 52.94(CO,CH,),
63.43 (C-6), 68.51 (C-4), 69.14 (C-4"), 69.63 [CH,(Bn)], 70.67 (C-2), 70.73 (C-2"), 71.64
(C-3), 72.07 (C-5), 72.28 (C-5"), 80.67 (C-3), 98.73 (C-1), 101.22 (C-1"), 127.59, 127 .81,
128.11, 128.37, 128.86, 129.56, 129.65, 130.20, 130.76, 133.11, 133.18, 133.49, 136.67,
138.11 (Ar), 164.76, 166.38, 166.78, 169.10, 169.22, 169.96 (5 x C=0 and C-6').

Anal. Calc. for C,,H,,0,,: C, 60.45; H, 5.33. Found: C, 60.01; H, 5.28.

Benzyl 2,6-di-O-benzoyl-3-O-fmethyl (2,3,4-tri-O-acetyl-f-p-glucopyranosyl )-
uronate [-4-O-sulfo-f-D-galactopyranoside, triethylammonium salt (9). — Trimethyl-
amine—sulfur trioxide (70 mg, 710 umol) was added to a solution of 8 (32 mg, 40 xmol) in
N,N-dimethylformamide (0.3 mL). The suspension was stirred at 60-70° for 7 days
under the exclusion of light. Purification as described for 6 yielded a syrup which was
crystallized from dichloromethane—carbon tetrachloride to give colorless 9 (34 mg,
87%): m.p. 102°; [¢]** —30.0° (¢ 2.0, CH,CL,); 'H-n.m.1. (300 MHz, CDCl,): 6 1.392[t,
N(CH,CH,),], 1.614, 1.895, 1.939 (3 5, 3 x CH,CO), 3.20 [q, N(CH,CH,);}, 3.694 (s,
CO,CH,), 3.932 (dd, H-3), 3.940 (m, H-5), 3.956 (d, H-5'), 4.436 (d, H-1), 4.560 [d,
Ha(Bn)], 4.697 (d, H-1"),4.734 [d, Hb(Bn)], 4.747 (dd, H-6a), 4.844 (dd, H-6b), 4.970 (m,
H-2’, H-3'), 5.004 (dd, H-4), 5.262 (dd, H-4), 5.434 (dd, H-2), 7.00-7.09 (m, Bn),
7.40-7.62,7.95,8.10(3m, Bz),9.69 (s, NH*); J,,7.6,J,,9.7,J,,3.1,J,5 1.2, 754, 7.5, J5 5,
42, Jooo —12.1, J,, 8.0, J34 9.9, J45 99, Jye, —12.5 Hz; BC-n.m.r. (75.5 MHz,
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CDCL): 0 8.63[N(CH,CH 1.}, 46.21 [N(CH,CH,},}, 52.93 ((*()ﬁ(,"}-l}). 64.33{(C-6). 68.85
(C-4, 6952 [CHL(Bn)], 71.29(C-2), 71.29 (C-21, 'f"‘ {w (-39, 7206 f('—-ﬁ"; 7280 (C-5).
PP (C-4), 7772 4C-3), 9839 (C-1) H0RAT (C-1), 127,69 12798, 12819, 12R.33,

[28.53, 129,67, 12977, 33(},40« 13289, 133.36, h(yh%s (A 16308 166 35, 16697
169,12, 169,31, 17013 {‘? W 0= ;md -84,

Anal. Cale, for O H.. “w()m SOUAAG ML SRGUND TAd Found: Cms, 56.48; H,
593N 147

Benzyl 3-O-f ffrp-glucopyranasy! wronate 3-6-O-sulfo-fi-v-gaiactapvranoside, di-
sodivm salt (T - A v aq. solution of sodium hydroxide (138 gby was added at 07100
solution of 6 {20 mg, 23 gmol in etrahvdrofuran (0.6 mL 1 After stirring overnight at
07, the solution was neutralized with dilute acetic acid {109 andd Ivophilized, The crude
mixture was purified by ion-cxchange chromatography with S-Sepharose [ Na ") using
water as eluent. Concentration of the eluate and two subsequent rans ona size-exelusion
gel (Fractogel HWa0 with water aseluent vielded after vophilization 7 {1 0meg, 76%s ) as
an amorphous solid: [2]7 164 10 00 H.OY Honomy {’ﬂ'%f? M, D0y 8 1297 (dd
H-273 3,402 (o H-37 H-27y, 0504 (dd, H-20 3607 0d, H-5 0 L ael wdd, P L3 ROS ddd.
H-33 4110 (m, H-6a, H-6hi 4 113 ¢dd. H-dy, 4, “?‘}m Hv:,a i
Ha(Bnjl 4.839 [d. Hb(Bu}, 725 740 (m. An) AT
o TIA TN “3.3,"7, 8.7y Bm E' ’wa #
(C-6), 68.29(("-4), 70.01 {4 HASCH Byl 720840
TEAS (-3, U638 (-5, K2 74 s(--w P40 (-1
128,96, !2‘3.2}. P39 (AN 176,15 (067

Anal. Cale, for € HL Ny J.)*fﬂf\,;: € 4001 HL 424 Found: O, 396 Ho 427,

Benzyl 3-0-{ f-vegliecopvranasyl urenate j-4-Chsiffo-f-

~galdctopvrasoside. diso-

divm salr (10, - A solunion of 9017 mg. 17 amoly in tetrabvdrofuran (025 mLy was
reated ‘Mth sesodium hydroxide (130 20 as deseribed for 7o vield amorphoys 18{9.0
me 90% ) [ - 250 (e 0 HLOY Hanom oy (300 MBS DLO 0 23 T80 (. H»'”’"‘: LANT

(dd. H-33 3.430(dd, H-47, AT d HAA 2624 idd. H 23309 om. H-5 Hesa, H-6by

FIE80{dd, H-3), 4423 (d. Hﬁ}n’%,i‘v-»@}{(i H-11, 4650 d, Hiby Mz i GENGdd§ x“
[d. HdéBﬂ}] T25 740 {m. Ary J, R0 MO, L Z TR

Jo 8, 12747, Conm xi{?i.“MH, DO ﬁ 611 i,
i( Bn)] FROTC-AY 730040 TRAS{( Ty R -w
O(C-4y, 10170 (-1, 41 IR 6K, 13."‘1 B2 02 1R A6 AT
J 76; P60
Anal. Cale. for C H Na.OLS €U 40010 HL 424 Found: € 0% ML 310

RN

Benzyl 3-0-( fi-v-glucopyranosvl wronate i-4,.6-di-O-silfo-fi-0-gatacropvranoside.
teisodivrr sl (12). - Treatment of a selution of 11 20 mg
{0.6 mL} with M sodium hyvd

;‘?;mméé i tct!‘sih'vydrm"m‘an

roxide (133 Ly as described for 7
1‘1'1g_i)4‘5’6): (] = 348 (e 0.6, HLOYR Hemmr, (300 MHZ. .00 6 2
{dd. 11-37, 3 432 (dd. H-4"y, NEdd, -5 3040

H-5), 4105 (dd. H-6uy. 4205 (dd. H-a6h), 4
Ha(Bn i i (dd, H-4y 4 151 {d  HB( B L LI
YU KRV AU S SRR S L SV B S AN SR SRS

i

3 (S5
RN {Lisi

RS2 (dd.

$.063 1d,
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BC-n.m.r. (75.5 MHz, D,0): 3 68.16 (C-6), 70.88 (C-2), 71.81 [CH,(Bn)], 72.10 (C-4'),
72.61 (C-5), 73.33 (C-2), 75.59 (C-3"), 76.39 (C-5), 77.13 (C-4), 77.24 (C-3), 101.46
(C-1), 103.10 (C-1"), 128.53, 128.73, 128.96, 129.01, 131.47 (Ar), 176.10 (C-6").

Anal. Cale. for C,;H,;Na,0,,S,: C, 33.94; H, 3.45. Found: C, 34.22; H, 3.51.

Benzyl 3-O-( B-D-glucopyranosyl uronate )-f-D-galactopyranoside, sodium salt (5).
— A solution of 4 (20 mg, 29 ymol) in tetrahydrofuran (0.3 mL) was treated with M
sodium hydroxide (145 uL) as described for 7 to yield amorphous 5 (11 mg, 81%): [2]2
—41.5° (¢ 0.3, H,0); 'H-n.m.r. (300 MHz, D,0): 4 3.295 (dd, H-2"), 3.409 (m, H-3',
H-4%),3.567(ddd, H-5), 3.587 (dd, H-2), 3.604 (d, H-5"), 3.636 (dd, H-3), 3.650 (m, H-6a,
H-6b), 4.061 (dd, H-4), 4.381 (d, H-1), 4.538 (d, H-1"), 4.644 [d, Hb(Bn)], 4.834 [d,
Ha(Bn)), 7.25-7.40 (m, Ar); J,,7.3,J,,9.8,J,,2.4,J,50.5,J5, 4.2, Js .78, 0,2 7.7, Iy
9.6, Jy5 9.7, Jupn —11.6 Hz; "C-n.m.r. (75.5 MHz, D,0): 6 61.17 (C-6), 68.35 (C-4),
70.04 (C-2), 71.52 [CH,(Bn)], 71.97 (C-4), 73.36 (C-2"), 75.09 (C-5), 75.50 (C-3"), 76.37
(C-5"), 82.95 (C-3), 101.55 (C-1), 103.83 (C-1"), 128.53, 128.67, 128.93, 129.00, 131.54
(Ar), 176.13 (C-6').

Anal. Calc. for C H)\NaO,,: C, 48.72; H, 5.38. Found: C, 48.45; H, 5.43.
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