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ABSTRACT

The sodium salts of the 6'-sulfate 12, the 4'-sulfate 15 and the 4',¢'-disulfate 17 of benzyl 4-O-(f-D-
galactopyranosyl)-f-D-glucopyranosiduronate 10 have been synthesized. Methyl [benzyl 2,3-di-O-benzoyl-
4-0-(2,3-di-O-benzoyl-f-D-galactopyranosyl)-f-pD-glucopyranosiduronate (9) has been prepared as a key
intermediate from benzyl 4',6'-O-benzylidene-f-D-lactopyranoside (2). Protection of 2 at C-6 with the
tert-butyldimethylsilyl group, followed by O-perbenzoylation and disilylation, gave benzyl 2,3-di-O-
benzoyl-4-0-(2,3-di-O-benzoyl-4,6-O-benzylidene- -p-galactopyranosyl)-f-p-glucopyranoside (7). Oxida-
tion of the 6-position of 7 proved to be difficult. However, 7 could be converted into the terz-butyl
glucuronate 8 using chromium trioxide-pyridine and terz-butanol. Simultaneous hydrolysis of the ben-
zylidene acetal and the rert-butyl ester groups, followed by esterification of the resulting free acid with
diazomethane, yielded 9. Compound 9 was directly sulfated with sulfur trioxide—trimethylamine within 12 h
to give the 6'-sulfate 11. The 4',6-disuifate 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"?*. Heparin is, for example, involved in the blood
clotting cascade by interacting with antithrombin III and factor Xa'**, Furthermore, it
is involved in the release of lipids by interacting with lipoprotein lipase’. 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 glycolipids®. The interaction of sulfate groups with protein receptors
or their influence on the conformation of oligosaccharides has been the focus of recent
research’®. Some specific sulfate groups of the antithrombin I1I-binding pentasaccha-
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ride of heparin are involved in the interaction with the protein. while others are not”.

In recent years it was shown that the synthesis of oligosuccharndes related 1o
glycosaminoglycans can have advantages over the solation of fragments {from biclog-
ical material'’. Synthesis avoids the probiems created by microheterogenity wnd mod-
ifications introduced at the enzymatic or chemical-cleavage step ™ This fact was most
strikingly demonstrated by the svnthesis oi" the pentusaccharsde thut r;‘s;‘mns)blc far
binding to antithrombin i and factor Xa ™" The syntheses of the two repeating units
of dermatan sulfate’” and of oligosaccharide fragments of Keratan sulliate were pub-
lished. Furthermore, the syntheses of monosulfated olizosaccharides have heen pube
lished™

Several studies have focused on the influence of sultate groups on the conforma-
tion of oligosacchandes related to heparin’. [t was shown that the contormation of the
wduronic acid ring is dependent on the pattern of sulfation around that residue and
adopts conformations between the 'C,and the “N, conformations

Glycosaminoglycans often contain densely clustered. negatvelv charged groups.
ie.. sulfate and carboxvlaie groups. The interactions hetween negatively charged
groups that are located in close proximity within one madecule would normaliy resulton
a repulsive interaction between these groups. However, attractive inteructions swouthd

result if cations were complexed by the two negatively charged groups erencey i

the nuture of the interactions mav be observed between sulfate sulfateand carbons b

sulfate interactions because the ubility of a carboxylate to compiex eatic
Iy higher than that of a sulfate group. Thus, & carboxylate amnd 4

RATH I
exhibit attractive interactions, whereas two sulfate groups o fhe same relative posiiion

DT S

may exhibit repulsive f‘os'c% Fhe posivon of cabions relaniss to i

would determine the net effect of these charged substituents on the conformation of the
oligosaccharides.
Choadrowin sulfates form a family of polysaccharides that duffer only w the

position and degree of sulfution. Thus, they contan g «et of model disacchandes tor o
systematic study of the effects of charged groups on the *\:;zzm}rn’i:umn ot vhe alveosidie
bonds. Chondrottin-d-sulfaic, -6-sulfate and -4 o-disulfate il contnn borh sulture and

f JE— 5
i

carboxvlate groups in close proxiury. Furthermore, the conformuinon of the gheesyd

rings should not be affected by the charged groups. Thus, 1 w%‘\w‘ui«_‘; e possible (o dorne
general rules for conformanional changes mduced by these charged groups

DISCUSSION

We synthesized the sulfated derivatives of f-0-Gal-{1 —4}-/-0-GleA 12, 15, and
17. as well as the unsulfated derivative 10,1 order to study the conformational changes
of oligosaccharides induced by sulfate groups'™ These disaccharnides are s‘zoscl}\ el
ta disaccharide fragments of chondroitin sulfates. We svathesized 10012 18 and 17 us
the benzyl f-p-glveosides in vrder 1o anchor the reducing end

Our synthetie strategy was rased on the modification o

glycosylation of the extremely vnreactive 4-OH group of w wlucaron acid dersanse
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The analogous sulfated oligosaccharides derived from §-D-GlcA-(1 - 3)--D-Gal have
been prepared by using a glycoside synthesis to build the key intermediate™.

Ph
o
HO o
- OH OR?
o HO oen . o R% oBn
HO o o — = R o E
OH OH A2 OR1

1 2R'=R¥=H
3 R' = tBuPh,SI, R2z=H
4 R' = tBuPh,Si, R? = Bz
5 R' = tBuMe,SI, R2 = H
6 R' = tBuMe,Si, R? = Bz
7R'=H, R? = Bz

[o] HO
OBz OH OBz
O B0 OBn O  Bz0 oBn
— Bz0 o o -—=  B20 o o

OBz COOtBu 0Bz COOMe

8 9

Benzylidenation of benzyl f-D-lactoside (1) yields the 4',6’-O-benzylidene-g-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 rert-
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 silylation—desilylation step could be improved by using the sterically less
demanding rert-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. O-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 reagent® or
pyridinium dichromate®, while it decomposed with pyridinium chlorochromate-based
reagents> . However, oxidation could be achieved by using the Corey—Samuelsson
procedure”’. 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 fert-butylester 8 in a total
vield of 46%. Cleavage of both the benzylidene acetal and the ferr-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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The 6-OH function of 9 could be selectively sulfated wuh sulfur trioxsde
trimethylamine in & N-dimethyiformamide to give 11, The rate of the reaction was
strongly dependent on the concentration of the sugar, Compound THwas punfied as the
tricthvlammenium satt. which could msxij he Lhmmdlw'mrm donsesibcn gel column

with o triethylamine-contaimng eluent™ o give a vield of 537,
hedisulfation of 9 pry
axiaiii'—(f)H group . However, disulfation at both 4-OH and

»dd 1o be more difficult iwc:znm o the tow reactivity of the

be 6 -0 groups could be
zmhic\““i by a proflonged resction tme of 1 davs, The 3 6 -disulfawe 16 wus olued o
83%% wield. The 6-sultate 11 way obtamed ws a byproduct m M"‘u vicld. Photehvt
decomposition of the solvent NV N-dimethylformamide was found 1o

tron. Thus, excluston of Hght was important o ohtan & high vigld

P

reaction. The twe sulfates 11 and 16 wore casilv soparated and
chromatography on silicy gel

Howas necessary 1o protect the 6-OH group of in or

sulfation at the 4-posttion. Reaction of 9 with benzoyl cvanu

6'-benzoyvlated 13 10 nearly quantitative vield, As oxpected. monosulinten ot the

secondary F-OH group was steruficantly slower than that observed fov the m

6'-OH group. Ruzmmh with sulfur trioxtde trimethyvlar

Fesutfited ester B 97% viokd,

Compounds T B aad 16 were characterized by the :
{Tables Fand 15 The "Heonmor. spectrum of the 6-sulfaie 11 shows the
and H-6'b shifted downfield by 0d popom A much stroneer downfi |
~dmaftate 160 The 4 -salfaw
group cuuses o downfickd =hift of the sn:nal of H-d oty
4sulfuie M and the 4.6 -disallate 16, The "Canmr spectn

15 observed for the signads of both H-6" protons of the 4.6

16 show thuat the 6 -sulfute group has a dcghicldh'xg z-offect of
shielding f-effect ol 1 ‘4 ppm tef Table T The 4 esulfue 14
ol 4.8 p.opom. on the signal of

=4 commarad to the unsuliate
the disulfate 16 15 shitied 6.0 p pom. downfield comps
shift effects of the 4sulfate group scem Lo be more mousanosd 1
&-sulfate.

The tome targer compounds 100 120 15, and 17 e aveesabt
esters 90 1E 4 and 16 by wmom!i(‘;ﬁtmn, By usmg agaoons =
tetrahydrofuran, we were uble to avord f-climmation reactions in %
restdue. The deesterification rouction of the protected compounds »as virtualiv quani
tative. Complete exchange of methviaommonnsng
achieved by chromarography on S-Sephurose (Na”
disacchanides were punificd from accompanying salis by wize-ong 1o !
graphy. The tsolated viekls of anadyvtically pure samples were roduced 1o 600 X670 Iy

fosses i the final wr”mu S 'ix; The ronie discecharides B2 15 and 17 hanve hoen
wuthcm/cd mooverall vields of 5 7% starting rony ctose

Complete assignments of {i‘n‘: Henonorospectra of B2 R and 17 were possible
by 20 (LD COSY nopr apectra 20 0O TR COIRY o e spevtrn, and
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TABLE 11

BC-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*

S (p.p.m.) 49

9 11 16 13 14 11-9 16-9 14-13
C-1 99.43 99.56 99.67 99.73 99.62 0.13 0.24 —0.11
C-2 71.27 71.67 72.19 71.37 71.59 0.40 0.82 0.22
C-3 72.52 72.40 7233 72.30° 72.29 ~0.12 —0.19 0.01
C-4 76.53 76.08 75.92 76.44 76.25 —0.45 —0.61 —-0.19
C-5 73.96 74.08 74.61 74.04 74.29 0.12 0.65 0.25
C-1 101.28 100.93 100.59 101.03 100.84 —0.35 —0.69 —0.19
C-2 69.90 69.82 70.08 69.78 69.99 —0.08 0.18 0.21
C-3 74.22 73.53 72.46 73.80 72.29 —0.69 —-1.76 —1.51
c-4' 67.80 65.67 71.89 66.90 71.79* —2.13 4.09 1.89
C-5 74.30 72.51 72.96 72.35" 72.70 —-1.79 —1.34 0.35
C-¢ 61.97 63.47 65.16 61.56 62.85 1.50 3.19 1.29

“ Measured in CDCl,. * 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 (¢f. Table 111). The signals of the a-protons of the ¢'-sulfate 12 show a
downfield shift 0of 0.4-0.5 p.p.m. The 4’-sulfate 15 causes a larger downfield shift of the
signal of the a-proton H-4' of 0.8 p.p.m. However, the deshielding f-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 (43) 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 B-effects of —0.7 p.p.m. on the signal of C-5" and of —1.0
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-1"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™ of the
glycosidic linkage, which is also supported by the downfield shift of the C-4 signalsin 12
and 17 of 1.4 and 2.1 p.p.m. respectively. In contrast, the signals of C-1', C-2', and C-4 of
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TABLE 111

H-Nomir data of the f-0-Gal-(1 -~ 4)-3-D-GleA-linked compounds 16, 12, 15, and 17. Chemicul shifts
{p.p.m.), coupling constants (Hz) and shift differences {p.p.m.} of the sulfated compounds relative 1o 107

A ippni. b b

10 12 15 17 210 iS50 17 10
H-1 4.433(7.9) 4.447 (8.0 4.444 (8.0 4457 (8.0} EOE IR 1004
H-2 3288 (9.4) 3.303(9.2) 3288 1(9.3) 3304 (9.0 (v (L0 [SRSINS
H-3 3494 (8.6) 3.507 (8.7 3508 (8.5) A58 (9.0 0013 AU
H-4 3.647 (9.8) 3.605(9.6) 361149.%) 60T (3 [SRIRI
H-3 379 3746 3,73 3750 (RIS EREDS
H-17 4.336(7.7) 4356 (7.7) 4.396 (7.8) 340078 ARV 1 D6
H-2 3417 (9.9 3446 (104 3436 (101 3465 (10 IR TS
H-3 3537 (3.4 3874 (3.4 3687 (3.1 3721 (34 (310t (1N
H-4 (T SR

7813 REECNS IS 4.543 (1.3 488201 Y
H-5 3583 (4.4, 893853 (8.0, 453718 (4.7, 8214008 (=5

H-6'a 31600 (107 40u5¢ 1,698 -y EIR R N A A FEI
H-6'h 3.660 4.093 605 4191 IR {8 550

7 Measured in D,0. 7 Coupling constants (Hz. i parenthesesy wers determined by Bosfeorder anabisis
Couphing constants could not be determined.

TABLE IV

PC-Nomr chemical shifts (popomr of 10, 120 15, and 17 and shift differences (p.p.m.y ol the sulfated
compounds compared to .

0 e

10 12 is 17 12 --10

C-1 101.62 101.08

C-2 72.88 7274

-2 74.69 7489

-4 §t).49 §1.92

C-5 7599 75.68 TR
-1 103.02 [03.6% 304 103.83
- 71.25 71 11,27 T
C-¥ 7277 72.49 THERD 7150
-4 68.78 68.45 7670 76.34
-5 75.61 7343 7488 72.68
-6

61.24 67 46 61.24 68.01

|
1

“Measured in D.O.

the 4'-sulfate 15 have chemical shifts similar to the unsulfated 10. The changes of the
chemical shifts observed for the monosulfated 12 and 15 are in agreement with those
observed for monosulfated galactose derivatives™,
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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). 'H-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.

Benzyl 4 ,6'-O-benzylidene-f-lactopyranoside (2) (ref. 21). — Benzyl f-D-lactopy-
ranoside™ (1, 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 mL). 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
dichloromethane-methanol) to vield 3.20 g of 2 (66%; lit.”!: 45%) as crystals: m.p. 187°
flit>": 167°); [2] —47.6° (¢ 0.7, MeOH) [lit.*": —51° in pyridine].

Benzyt 4,6'-O-benzylidene-6-O-tert-butyldiphenylsilyl-f-lactopyranoside (3). —
Imidazole (0.27 g, 4 mmol) was added to a stirred solution of 2 (1.00 g, 1.9 mmol) in
N, N-dimethylformamide (10 mL), followed by addition of rert-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 additional 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 of the resulting colorless syrup with 9:1 dichloromethane—
methanol gave pure 3, which was crystallized from toluene to yield 3 (680 mg, 46%):
m.p. 91-92°; [«]2 —32.7° (¢ 0.8, CH,CL,); '"H-n.m.r. data (80 MHz. CDCL,): § 1.07 [s,
C(CH,),), 3.43-4.28 (m, 12 H), 4.38, 4.46 (2d, H-! and H-1"), 4.58 [d, Ha(Bn)], 4.92 [d,
Hb(Bn)], 5.49 (s, PhACH), 6.90-8.05 (m. 20 H, Ar); J,, = J, 5 8.0, J,,5, —11.5 Hz,

Anal. Cale. for C,H,,O,,Si: C, 66.47; H, 6.64. Found: C, 66.76; H, 6.58.

Benzyl 2.2,3,3'-tetra-O-benzoyl-4' ,6'-O-benzylidene-6-O-tert-butyildiphenylsilyl-
B-lactopyranoside {(4). — Compound 3 (0.77 g, | mmol) was dissolved in pyridine (S5mL),
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 resuilting 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%; [x]%
+14.4° (¢ 1.0, CH,CL); 'H-n.m.r. data (80 MHz, CDCL,): 6 1.15[s, C(CH,),}. 3.26-3.43
(m,2H, H-5,H-5),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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H H-2. H-33.5.72(dd. H-2'). 6. K(v%ﬁ 15 (45 H Aryd, . 7.6 LAL00T RO
1.2 70, 35,0 V30 Ty, 1200 Hee "Conumors data (1755 MBz CDCLY ¢ 1953
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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=0).

Anal. Calc. for C(H,,0,,Si: C, 68.55; H, 5.95. Found: C, 68.49; H, 6.04.

Benzyl 22" 3,3'-tetra-O-benzoyl-4' 6'-O-benzylidene-f-lactopyranoside (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°; [«] +51.0° (¢ 0.8,
CH,Cl,); m.s. (d.c.i.—ammonia): m/z 954, (M + NH,)"; 'H-n.m.r. data (300 MHz,
CDCL,): 4 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'D), 3.674 (dd, H-6b), 4.140 (dd, H-4), 4.252 (dd, H-4'). 4.522
[d, Ha(Bn)], 4.630(d, H-1),4.736 [d, Hb(Bn)], 4.813 (d, H-1"), 5.117 (dd, H-3"), 5.209 (s,
PhCH), 5.293 (dd, H-2). 5.653 (dd, H-3), 5.676 (dd, H-2"), 7.05-8.00 (m, Ar); J,, 8.0, J,,
9.6,J,,9.0,J,59.5, /0,34, 0,24, Juop —12.1, 7,5, 79,7, , 104,75, 3.6,J, 0.8, J5 ¢,
L7 Jg o 1.3, Doy — 124, Jypm — 12.5 Hz; "C-n.m.r. data (75.5 MHz, CDCI,): § 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-1), 100.61 (PhCH), 101.41
(C-1), 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=0).

Anal. Calc. for C;,,H,,0,.: C, 69.22; H. 5.16. Found: C, 68.78; H, 5.08.

tert-Butyl [benzyl 2,3-di-O-benzoyl-4-O-(4,6-O-benzylidene-2,3-di-O-benzoyl-f3-
D-galactopyranosy! )-f-D-glucopyranosid Juronate (8). — Pyridine (0.65 mL, 8.0 mmol)
and chromium(VI) oxide (400 mg, 4.00 mmol) were added sequentially to a mixture of
dichloromethane and N,N-dimethylformamide (4:1, 10 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 1:1 ethyl acetate—hexane, followed by coevaporation with toluene, yielded color-
less crystals of 8 (413 mg, 46%): m.p. 817; (] +28.0° (¢ 1.0, CH,Cl,); m.s. (d.c.i—
ammonia): m/z 1024, (M + NH,)*; 968, (M — C,H, + NH,)"; 'H-n.m.r data (300
MHz, CDCL): 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 (d, H-1),
4.857 [d, Hb(Bn)], 5.013 (d, H-1"), 5.179 (dd, H-3", 5.328 (s, PhCH),5.413 (dd, H-2),
5.700 (dd, H-2"), 5.734 (dd, H-3), 7.08-7.55, 7.88-8.05 (2m, Ar); J,, 7.4, J.; 8.8, J,, 8.8,
J459.0,J,5 80,75, 105, ., 3.7, 7,5 0.6, Jo ¢, 2.3, Js oo W Jon —12.4 Ty, —12.4
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evaporation, yielded 11 (29 mg, 83%) as colorless syrup: [o]’ +0.5° (¢ 1.6, CH,CL);
'H-n.m.r. data (300 MHz, CDCL,): § 1.391 [t. N(CH,CH,),], 3.104 [q, N(CH,CH,),],
3.407 (s, CO,CH,), 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-1), 4.793 [d, Hb(Bn)], 4.805 (d, H-1"), 5.115 (dd,
H-37), 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),
941 (s, NH") J,,7.3,7,,9.1,/,,9.0,7,59.2, .., 7.8, /55 10.5, /5.4 3.3, Ji 5 1.0, Jyga
—12.6 Hz; "C-n.mur. data (75.5 MHz, CDClL): ¢ 8.61 [N(CH,CH)),], 46.51
[N(CH,CH,),], 52.42 (CO,CH,), 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-1), 100.93 (C-17), 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).

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

Methy!l [benzyl 2,3-di-O-benzoyl-4-O-( 2,3-di-O-benzoyl-4,6-di-O-sulfo-p-pD-ga-
lactopyranosyl )-p-D-glucopyranosidJuronate, bis{triethylammonium) salt (16). — A
solution of 9 (76 mg, 87 umol) in N,N-dimethylformamide (1.0 mL) was reacted with
Me,N-50, (100 mg) for 14 days as described for 11 to yield the 6'-sulfate 11 (13 mg,
14%) as 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°; {2} +2.3° (¢ 1.9,
CH,Cl,); 'H-n.m.r. data (300 MHz, CDClL): 6 1.256 [t, N(CH,CH,),], 3.05 [q,
N(CH.,CH.),}, 3.494 (s, CO,CH,), 3.880 (dd, H-6'a), 3.956 (d, H-5). 3.988 (dd, H-6'b),
4.181 (ddd, H-5"), 4.517 (dd, H-4), 4.541 [d, Ha(Bn)], 4.729 (d. H-1), 4.808 [d, Hb(Bn)],
4.930(d, H-1"),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 (2 m, Ar),9.33, (s, NH*). J,, 7.1, J,,9.1, J,,9.1,/,59.2,
Jra 79,53 105, Jop 3.2, Jyo 1.3, s S7 Jogn 6.2, Jouen — 115, Jyypn —12.5 Hz;
“C-n.m.r. data (75.5 MHz, CDCl,): § 8.56 [N(CH,CH,),], 46.39 [N(CH,CH,),], 52.57
(CO,CH,), 65.16 (C-6"), 70.08 (C-2"), 70.72 [CHLBn)], 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-1), 100.59 (C-1"),
127.69, 127.78, 127.98, 128.27, 128.63, 129.67, 129.79, 129.86, 132.50, 133.06, 133.22,
136.50 (Ar), 165.00, 165.80, 166.98, 166.98. 167.77 (4 x C=0 and C-6).

Anal. Cale. for C H,,N,0,.8;: C, 58.16; H, 6.02; N, 2.26. Found: C, 58.17; H,
5.95; N, 2.52.

Methyl [benzyl 2 3-di-O-benzoyl-4-0-( 2,3 6-tri-O-benzoyl-f-D-galactopyrano-
syl )-p-p-glucopyranosid Juronate (13), — A solution of 9 (20 mg, 23 umol) in dichloro-
methane (0.5 mL) was treated with pyridine (20 zL) and benzoyl cyanide (3.4 mg, 26
umol) and was stirred for 3 days at room temperature. After dilution with dichloro-
methane, the organic phase was washed with saturated aq. sodium hydrogencarbonate
and water, filtered through a small filter paper, and concentrated in vacue. Crystalliza-
tion from diethyl ether—petroleum ether yielded white platelets of 13 (21 mg, 94%): m.p.
102-103%; [of2 +15.9° (¢ 0.9, CH,CL,); m.s. (d.c.i—ammonia): m/z 998, (M + NH)";
'H-n.m.r. data (300 MHz, CDCl,): 6 3.401 (s, CO,CH,). 3.581 (dd, H-6'a), 3.786 (ddd,
H-3), 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 CjH,;Na,0,,S: C, 40.00; H, 4.24. Found: C, 39.75; H, 4.33.

Benzyl [4-O-(4-O-sulfo-p-D-galactopyranosyl)-f-D-glucopyranosiduronate, di-
sodium salt (15). — A solution of 14 (18 mg, 15 gmol)in tetrahydrofuran (0.3 mL) was
de-esterified with M aq. sodium hydroxide (97 L) and purified as described for 12.
Lyophilization yielded colorless, amorphous 15 (7 mg, 79%): [«])’ —20.6° (¢ 0.7, H,0);
'H-n.m.r. data (300 MHz, D,0): & 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'), 3.718 (ddd, H-5), 3.734 (d,
H-5), 4.396 (d, H-1"), 4.444 (d, H-1), 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,/,,8.5,/,5,9.8,J,, 7.8, /., 10.1, 1, , 3.3, J . 5
1.3, 546,42, J5 4 8.2, Sy — 11.6 Hz; PC-n.m.1. data (75.5 MHz, D,0): 6 61.24 (C-6),
71.27(C-2'), 71.65 [CH,(Bn)], 71.80 (C-3"), 72.85 (C-2), 74.71 (C-3), 74.88 (C-5), 75.95
(C-5), 76.70 (C-4), 80.78 {C-4), 101.14 (C-1), 103.04 (C-1"), 128.53, 128.70, 129.02,
131.48 (Ar), 175.58 (C-6).

Anal. Cale. for C jH,,Na,0,8: C, 40.00; H, 4.24. Found: C, 40.38; H, 4.35.

Benzyl 4-O-[ (4,6-di-O-sulfo-f-p-galactopyranosyl }-f-p-glucopyranosid Juronate,
trisodium salt (17). — Deesterification of a solution of 16 (13 mg, 10 umol) in tetra-
hydrofuran (0.4 m1L) with M aq. sodium hydroxide (76 L) as described for 12 yielded
after lyophilization colorless, amorphous 17 (5 mg, 71%): [«]X —13.8° (¢ 0.3, H,0);
'H-n.m.r. data (300 MHz, D,0): 6 3.304 (dd, H-2), 3.465 (dd, H-2'), 3.518 (dd., H-3),
3.611 (dd, H-4), 3.721 (dd, H-3"), 3.750 (dd, H-5), 4.008 (ddd, H-5), 4.115(dd, H-6'a),
4.191 (dd, H-6'd), 4.411 (d, H-1"), 4.457 (d, H-1), 4.582 (dd, H-4"), 4.617 [d, Ha(Bn)],
4.830 [d, Hb(Bn)], 7.28-7.40 (m, Ar); J,,8.0,/,,9.0,J,,9.0,/,,9.7. J,, 7.8, J,; 10.0,
Jyu 34, s 1.3, Js 00 8.5, T 60 3.5, Jgun — 11.2, Jyany — 11.6 Hz; *C-n.m 1. data (75.5
MHz, D,0): 6 68.01 (C-6'), 71.10 (C-27), 71.56 (C-3"), 71.65 [CH,(Bn)], 72.68 (C-5"),
72.68 (C-2), 75.03 (C-3), 75.57 (C-5), 76.34 (C-4"), 82.59 (C-4), 101.03 (C-1), 103.83
(C-17), 128.68, 128.82, 129.11, 129.19, 131,59 (Ar), 175.36 (C-6).

Anal. Cale. for C,;H,;Na,0,,S,: C, 33.94; H, 3.45. Found: C, 34.35; H, 3.52.

Benzyl [4-O-(f-v-galactopyranosyl j-f-p-glucopyranosidJuronate, sodium salt
(10). — A solution of 9 (19 mg, 22 pmol) in tetrahydrofuran (0.3 mL) was treated with m
sodium hydroxide (115 uL.) as described for 12 to yield 10 (6 mg, 59%) after lyophili-
zation: [2]? +5.9°(c0.3, H,0); 'H-n.m.r. data (300 MHz, D,0O): 63.288 (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-6"a), 3.660
(dd, H-6'b), 3.647 (dd, H-4), 3.729 (d, H-5), 3.781 (dd, H-4"), 4.336 (d, H-1"), 4.433 (d,
H-1),4.604 [d, Ha(Bn)], 4.816 [d, Hb(Bn)], 7.25-7.40 (m, Ar); J,,7.9,J,,9.4,J,,8.6,J
9.8, 05 7.7,J,399, 03,34, 0,5 1.3, 054,44, J5,85, Jg 60 —10.7, Sy, —11.6 Hz;
PC-n.m.1. data (75.5 MHz, D,0): § 61.24 (C-6'), 68.78 (C-4"), 71.25 (C-2), 71.67
[CH,(Bn)], 72.77 (C-3), 72.88 (C-2), 74.69 (C-3), 75.61 (C-5"), 75.99 (C-5), 80.49 (C-4),
101.62 (C-1), 103.02 (C-1), 128.57, 128.70, 128.95, 129.09, 131.75 (Ar), 175.48 (C-6).

Anal. Cale. for CjH,\NaO,,: C, 48.72; H, 5.38. Found: C, 49.01; H, 5.45.
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