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Long-chain alkyl ether derivatives of sulfated oligosaccharides were semisynthesized as follows: two
naturally occurring red seaweed galactans (neutral agarose@artlageenan) were submitted to partial
reductive hydrolysis to give neutral and sulfated oligosaccharide alditols. The neutral disaccharide alditol
(1) and its trityl ether §) were sulfated and/or alkylated through formation of their dibutylstannylene or
(bis)dibutylstannylene acetals. In these reactions, the dibutylstannylene acetals of the terminal 1,2-diols
in the alditol units were more reactive than those formed origrdiols of the galactopyranosidic units.

This property allowed the regioselective monoalkylation of a neutral tetrasaccharide &jitwh{ch
contained eleven free hydroxyl groups, the highest selectivity ever observed with dibutylstannylene acetals.
An alkylated/sulfated derivativel {) was also obtained through the regioselective alkylation of a naturally
sulfated disaccharide alditol @, a x-carrageenan derivative).

Introduction Sulfated polysaccharides have been shown to have antiviral
Sulfated polysaccharides are involved in a wide range of activity against several enveloped virus, such as HSV-1, HSV-

biological process such as neuronal developrhamor growth 2714 HIV-1, HIV-2, cytomegalovirus>*"influenza A;%9and

and metastasis® inflammation, viral invasion, nerve tissue

growth, and plague formatiff It is now recognized that the -, _{0) 0%, o 2 Buyin o [ GOt i GRde P it Chem,

regiochemistry and stereochemistry of the positions of the i, 006 2 467-473.

sulfates are highly significant for their recognition, the “sulfation (8) Mikami, T.; Sugahara, KTrends Glycosci. Glycotechn@006 18,
code.® 8 165-183.
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dengue virug®22 The level of antiviral activity increases with  galactose or glucos&.More importantly, alkyl glycosides of
increase in both molecular mass and degree of sulfation of thesesulfated oligosaccharides containing hydrophobic groups present
macromolecule$®1923High-MW heparins, dextran sulfate and high anti-HIV-1 activity, while molecules lacking the hydro-
some highly sulfated algal polysaccharides are known to be thephobic moiety are practically inactivé This data suggests that
most active antiviral polysaccharides. On the other hand, low- the introduction of the hydrophobic groups may overcome the
MW sulfated polysaccharides and oligosaccharides are normallyabsence of polymeric characteristics, turning inactive small
inactive. Exceptions have been reported in relation to HIV-2, sulfated carbohydrates into highly active compounds.
which is susceptible to low-MW heparins and sucralfate (sucrose There are a few examples of the preparation of sulfated
octasulfate}19The inhibitory effect on virus entry shown by  oligosaccharides bearing hydrophobic glycosides as potential
these compounds is based mainly on their ability to interfere antivirals. Katsuraya and co-workétd® prepared dodecyl,
with the initial attachment of the virus to the target délFor fluoroalkyl, and oligoethyleneoxo glycosides of penta and hexa
example, the initial step of HSVI entry consists of the binding  5-(1 — 3)-glucans, followed by nonselective sulfation. The two
of the viral glycoprotein C (gC) to the host cell-surface heparan former hydrophobic types of glycosides were active against the
sulfate (HS)*6-20 polysulfates appear to compete with HS, thus HIV-1 virus, while the latter was inactive. Even though the
preventing its interaction with g&' 28 glycosides having hydrophobic aglycones were active against
In addition to the aforementioned polyanionic characteristics, HIV-1 virus, they were tested as mixtures, being separated as
it has been reported that the presence of hydrophobic moieties2 function of their degree of sulfatich.

may be also involved in the antiviral activity of sulfated
carbohydrated? This is consistent with the gC N-terminal motif

Obtaining antiviral derivatives that are both specifically
sulfated and have a variety of locations for hydrophobic groups

structure: a cluster of basic and hydrophobic amino acids, which is necessary if the relationship between structure and activity

has been identified as the major HS-binding don?&#s.

is to be understood. In this context, naturally sulfated galactans

Furthermore, all the retroviruses and myxoviruses sensitive to extra(_:t_ed fr(_)m some s_elect_ed red seaweed species present highly
polysulfates share a tripeptide (Phe-Leu-Gly) in the external repetitive disaccharidic units that can be used as synthons, for

glycoprotein, while other nonsusceptible viruses of the same
family lack this sequenc®. Molecular models of the ionic
minimal binding zones of HS and some active sulfated polysac-

example Kappaphycus afarezii produces-carrageenan, which
has a (1— 3)4-p-Galp-4-SG-(1 — 4)-a-p-Galp-3,6-An-
repeating unié*~41 Partial hydrolysis is an efficient method to

charides show surfaces with hydrophobic characteristics whenobtain specifically sulfated galactose-containing oligosaccharides
their sulfate groups are orientated to the same side of thefrom galactans that contain 3,6-anhydrogalactopyranosyl resi-

molecule!l30 The sulfated polysaccharide-viral glycoprotein

dues in reasonable yiel#s*® because the glycosidic bonds of

complex is then stabilized through the simultaneous use of boththe 3,6-anhydrogalactopyranosyl units are significantly more

ionic and hydrophobic forc€d.This fact is consistent with the
higher antiviral activity of sulfated fucans compared to carra-

geenans or dextran sulfate, possibly due to the hydrophobic

character of the fucose (C-6 methyl group) when compared with
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128.
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SCHEME 1. Partial Reductive Hydrolysis of Agarose

HO OH 0
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/N By HO O\A\ OH
-B-H ~OH
HO OHO 0 o NI o e
O 50 H,0, 8 h, 65°C 1(36%)
agarose n HO OH o] OHOH o]
0 0
OH  HO® OH &
2 (16%)

seaweed galactans, when carried out in the presence of boraneagarose. These oligosaccharides were then activated through
4-methylmorpholine complex (4-MMB an acid stable reducing  formation of dibutylstannylene or (bis)dibutylstannylene acetals
agent), yield oligosaccharides having an even number of for both sulfation and long-chain alkylation reactions. This
monosaccharide units with 3,6-AnGalOH residues as terminal strategy was defined based on the fact that the neutral disac-
units (oligosaccharide alditols). The sulfate groups are substan-charide alditol {) presents two potential sites for the formation
tially retained?0-55 of dibutylstannylene acetals: tlés-diol on the galactopyranose
The availability of these synthons presented an opportunity (at O- and O-4) and 1,2-diol in the 3,6-AnGalOH unit (at
to better define the effects of the locations of hydrophobic and O-1! and O-2). In these reactions, the dibutylstannylene acetals
sulfate groups in both regiochemical and stereochemical sensesormed on the 1,2-diols in the alditol units were more reactive
on the antiviral activities of sulfated oligosaccharides. Dibu- than the ones formed on tleés-diols of the galactopyranosidic
tylstannylene acetal intermediates can provide regioselectiveunits, leading to the preferential formation ©f1!-substituted
substitution of diols and polyols using a wide variety of andO-1,10-3%-disubstituted derivatives. Selecti@3? substitu-
electrophiles$? including alkyl groups, and we have recently tions were achieved by previous blocking of the primary
demonstrated that long alkyl chains can be regioselectively hydroxyl groups with trityl groups as previousiyA tetrasac-
introduced onto galactopyranosides as ethém.these reac- charide alditol 2), which contained eleven free hydroxyl groups,
tions, one of two or more oxygen atoms of hydroxyl groups was regioselectively monoalkylated at G-A.naturally sulfated
reacts preferentially. Dibutylstannylene acetals derived from compound {2, x-carrageenan disaccharide alditol derivative)
primary-secondary diols react with electrophiles to give much was also regioselectively alkylated. These short semisynthetic
higher regioselectivity for reaction at the primary oxygen atoms routes allowed the preparation of long-chain alkyl ether deriva-
than does direct reaction of the parent df§i&8In reactions of tives of sulfated oligosaccharides in order to evaluate antiviral
electrophiles with the dibutylstannylene acetal derived from an activity.
equatorial-axial pair of oxygen atoms o€&-diol on a pyranose
rings, the equatorial oxygen reacts preferentigif{? The most Results and Discussion
spectacular examples known to date are the regioselective
reactions at O-3 of alkyp-lactosides, which have seven free Alkylation of the Agarose-Derivative Oligosaccharide
hydroxyl groups, including two primary hydroxy#8:62 We Alditols. For the preparation of neutral oligosaccharide alditols,
have previously employed trityl protecting groups to allow type 1 agarose (3-linke-p-Galp and 4-linked 3,6-Ara-L-
exposure of only secondary hydroxyls on agarobiitol which Galp) was submitted to partial reductive hydrolys®> The
allowed selective reaction at the equatorial oxygen atom of the hydrolyzate was worked up by sequential steps involving
dibutystannylene acetal of itis-diol.53 precipitation with organic solvents, as previously descriffed,
Here, we utilized partial reductive hydrolysis to produce to give an oligosaccharide mixture as a precipitate. The
neutral and sulfated oligosaccharide alditols from two naturally precipitate was chromatographed on a silica gel column,
occurring red seaweed galactans:carrageenan and neutral rendering two fractions, the disaccharide and tetrasaccharide
alditols, agarobiitol 1, 36%) and agarotetraitol2( 16%),

(51) Falshaw, R.; Furneaux, R. iarbohydr. Res1995 276, 155- respectively (Scheme 1). Agarobiitol has been isolated previ-
155-2 - Elashuil . cheskava Khimivag97 23 ously from hydrolyzates of some red seaweed galactans during
505(-)5_5)1%.50"’ A.1.; Elashvili, M. Y Bioorganicheskaya Khimiya997, 23 their structural characterizatiGf5254 Because most of the

(53) Falshaw, R.; Furneaux, R. i.arbohydr. Res1998 307, 325— studied polysaccharides were highly or partially sulfated, this
331 neutral disaccharide was the product obtained from nonsulfated

b (ngzb%ﬂ;lc“';‘r"’e;e' sAzbgé; ,0?3“7“52;1?_';4583'; Duarte, M. E. R.; Noseda, M. p|ncks within the polysaccharide structli®®or as a result of

(55) Gonalves, A. G.; Ducatti, D. R. B.; Paranha, R. G.; Duarte, M. E. desulfation during hydrolysi® Chromatographic steps of anion

R.; Noseda, M. DCarbohydr. Res2005 340, 2123-2134. exchange followed by gel filtration chromatography are usually
L 4&56) Grindley, T. B.Adv. Carbohydr. Chem. Biocherd998 53, 17— performed for the separation of the mixtures of neutral and acidic
(57) Gonalves, A. G.; Noseda, M. D.; Duarte, M. E. R.; Grindley, T.  ©ligosaccharide alditols. For these reasons, the yields are always
B. Carbohydr. Res2005 340, 2245-2250. very low and the amount of material produced is normally
gggg BUN;%U("L Q-:APOKald M.; Delf:ezgyh Jd(’s%nlegltglﬁ%gizﬁg-z sufficient only for the structural characterization of the oli-
asned, M. A.; Anderson, ICarbonyar. Re s X . : H N
(60) Alais, J.; Maranduba, A.; Veyries, A.Tetrahedron Lett1983 24, gosaCCha”d_e prOdU(_:ed' TO_C_’btam enough _agarOb"tOI for the
2383-2386. present semisynthesis, we utilized a preparative process that was
(61) Ekberg, T.; Magnusson, @arbohydr. Res1993 246, 119-136. developed recentl§2 By employing a completely neutral red

(62) Ferdadez, P.; Jimeez-Barbero, J.; MdrtLomas, M.Carbohydr. ; ; i
Res. 1994 254, 61-79. seaweed galactan as the starting material and by utilizing

(63) Gonalves, A. G.; Noseda, M. D.; Duarte, M. E. R.; Grindley, T. precipitation with organic solvents and flash chromatography
B. Carbohydr. Res2006 341, 1753-1757. for purification, we achieved much higher yields than the
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SCHEME 2. Alkylation Reactions of Compound 1

a)Bu,SnO(1.1eq)/MeoH  QOH - §
b) CH3(CH,),3Br, OH O?'H

CsF / DMF
S 3 (25%)
o}
¢) Bu,SnO (2.03 eq) / MeOH C@&/ N
3(38%) + CH,(CH,),;0 Oﬂ\ 0—(CH,);5CH,
d) CH,(CHy),Br, (38%) (CHz)is OH o
CsF / DMF

4(18%)

traditional preparative process. Agarotetrai®)l\yas obtained byproducts were evident. Because of limited solubility in single
from this process also because the hydrolysis was inconflete. deuterated solvents, NMR experiments fwere performed
The agarotetraitol isolated contained 11% (from integration of in a mixture of CDC§:CD3;OD (2:1). The location of th®-alkyl
anomeric proton signals) of an impurity with a slightly more substituent was demonstrated unambiguously by means of an
deshielded anomeric proton than that Z)f probably due to HMBC experiment, which showed correlations between the
agarohexaitol. Some 3,6-anhydrogalactosidic bonds were leftprotons attached to the O-linked carbon of the alkyl chain with
unbroken, yielding tetrasaccharides, and to a lesser extent, highethe C-1 of the alditol unit. Formation of the (bis)dibutylstan-
oligosaccharides having even numbers of monosaccharide unitsnylene acetal by reaction dfwith 2 equiv of dibutyltin oxide

To define the strategy for long-chain alkylation and sulfation followed by alkylation with excess 1-bromotetradecane gave
reactions, we observed that the oligosaccharide alditols obtainedcompound3 (38%) and a dialkylated produc#,(18%). With
were structurally unique since they had 3,6-AnGalOH units in the introduction of an additional long-chain alkyl group,
place of reducing ends in their structures. Because of the compound4 was hydrophobic enough to be soluble in CBCI
presence of the 3,6-anhydro ring and the O-4 glycosidic for NMR experiments. The deshielded positions of the C-3
substitution, the terminal alditol unit presented only OH-5 and signal of the Gaj unit in the *3C NMR spectrum, as well as
a primary-secondary diol (OH-1 and OH-2) as free hydroxyl the C-1 signal from the alditol unit, indicated that compodnd
groups. This latter structural feature matches the regioselectivitywas the ;3?-di-O-alkylated derivative.
of dibutylstannylene-mediated reactions, which gives high  These observations (and others to follow) are consistent with
regioselectivity at primary oxygen atoms of terminal 1,2- the dibutylstannylene acetal formed from the 1,2-diol being
diols 3658 This property could be useful because these oligosac- considerably more reactive than the dibutylstannylene acetal
charide alditols also present at least one more primary hydroxyl formed from thecis-diol. Under the extended reaction times at
group (OH-6) in the Ga unit. However, there is another 65°C in DMF, the dibutylstannylene units migrate freely among
preferred site for the formation of dibutylstannylene acetals in all available diol site§%68 The products of alkylation, the
these oligosaccharide alditol structures: the OH-3/OtisA dibutylbromostannylethet$are ineffective as alkylation cata-
diol of the terminal galactopyranosidic units. In the dibutyl- lysts. The conditions and reaction times for these two reactions
stannylene acetal derived from an equater@lial pair of were very similar, except that two equiv of dibutyltin oxide
oxygen atoms of &is-diol on a pyranose ring, the equatorial were used in the second reaction. The conditions selected were
oxygen reacts preferentially; therefore, O-3 in a galactopyra- based on preliminary experiments published previobisly.
nosidic ring is the most reactive oxygen at&f§* Thus, Considering that the amount of tetradecyl bromid® quiv)
agarobiitol and agarotetraitol present two reactive positions was about the same for both dibutylstannylene and (bis)-
under these conditions: O-1 of the 3,6-AnGalOH unit and O-3 dibutylstannylene acetal alkylations, the higher yield of the'1-O
of the terminalB-p-Galp unit. alkyl product obtained in the reaction using 2 equiv of the

For long-chain alkylation, compouridwas first reacted with dibutyltin oxide suggests that the rate of reaction at the'1-O
1.1 equiv of dibutyltin oxide under reflux in dry methanol for ~ site is slowed by distribution of dibutylstannyl groups among
3 h, and then the methanol and any traces of water were removedhe four possible sites for dibutylstannylene acetal formation
by azeotropic distillation with toluene for 2 h. The dibutylstan- in agarobiitol.
nylene acetal was alkylated under the conditions of Danishefsky Regioselective monoalkylation of compoutdat O-3 was
and Hungat® and of Nagashima and Ohi¥¢”in DMF with achieved as depicted in Scheme 3. The primary hydroxyl groups
added cesium fluoride. It has been found previously that of 1 were protected with trityl groups by reaction with 2.2 equiv
alkylation with long-chain alkyl bromides gives the best yields of trityl chloride to give the 26?-di-O-trityl product 6, 40%)%3
(although still moderate) when alkylations are conducted for Compound5 was then alkylated through formation of its
extended times at moderate temperature85°C).>” The use dibutylstannylene acetal with 1.3 equiv of £nO, using the
of higher temperatures resulted in byproducts resulting from same conditions as for the previous alkylations. In this reaction,
degradatiort” As outlined in Scheme 2, reaction under these the alkylation occurred regioselectively@i3 of the Gap unit
conditions gave one product, a monoalkylated derivatBe ( to give the 3-O-tetradecyl-116%-di-O-trityl product @, 23%).
25%). TLC indicated that starting material remained but no The yield for this reaction was unexpectedly lower than those

ones obtained for the previously described O-3 long-chain

(64) Nashed, M. A.; Anderson, |Tetrahedron Lett1976 17, 3503- alkylation of methylf-p-galactopyranoside®, which ranged
3506. from 61 to 68%. The trityl groups were removed by treating

(65) Danishefsky, S. J.; Hungate, RAm. Chem. So&986 108 2486—
2487.

(66) Nagashima, N.; Ohno, MChem. Lett1987 141-144. (68) Bredenkamp, M. WS. Afr. J. Chem1999 52, 56—68.

(67) Nagashima, N.; Ohno, MChem. Pharm. Bull1991, 39, 1972~ (69) Bredenkamp, M. W.; Spies, H. S. C.; van der Merwe, M. J.
1982. Tetrahedron Lett200Q 41, 547—550.
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SCHEME 3. Semisynthesis of Compound 7
TrCl OHOT o] Q
e o a) Bu,SnO / MeOH QROTr
(2.2 eq)/ py ~—~ 2 0 ~
— = HO o oH OTF ——————— CH,(CH,),;0 o oH OTr
OH OF b) CHy(CH,),;Br, OH OF
5 (40%) CsF / DMF 6 (23%)
80% CH,COOH / H,0
c@w ]
WS
CH,(CH,),,0 O~ oH
OH OH
7 (81%)
SCHEME 4. Alkylation of Compound 2
OHO (o] OHOH
a) Bu,SnO (1.25 eq) / MeOH 0 %
2 Ho%o\ﬂ\\g\o 0 LA, 0(CH,),CH,
b) CH3(CH,),,Br, OH OH OH OH
CsF / DMF
8 (34%)
SCHEME 5. Sulfation of Compound 3
a) Bu,SnO / MeOH , OHOH o]
Na o mixture
b) Me;N-SO, (1.6 eq)/ THF 0,50 O\MO/(CHZ)L’!CHS +
rt, 30 h OH OH isomers

c) cation exchange resin, Na+ form

compoundé with 80% aqueous acetic acidrf@ h at 40°C to
give the O-3 alkylated compound7( 81%).

The O-11-monoalkylated derivative of the tetrasaccharide
(8, 34%) was obtained by reaction with 1.3 equiv of,BoO

9 (70%)

NMR analysis indicated that the components of the mixture were
isomers, all containing the alkyl group at G-bne sulfonato
group at O-Z and the other in different positions of the
agarobiitol structure. The relative percentages of the three

and then with excess tetradecyl bromide (Scheme 4). On thecomponents in the mixture were estimated from the peak heights
basis of the results for alkylation of the dibutylstannylene acetals of their anomeric signals being 104.0:103.0:102.9 ppm 19:37:

of compoundyl, it was expected that the G-position would

be preferred foR. However, a regioselective reaction in which

44%. The most abundant isomer was the &8 disulfated
isomer because in théC NMR spectrum of the mixture, the

one hydroxyl is selected from eleven free hydroxyls, of which tallest C-6 signal appeared at 67.2 ppm (assigned from the
three are primary, is remarkable. As far as we are aware, this isSDEPT experiment) while the other two appeared at 62.1 and
the greatest selectivity ever observed in reactions of dibutyl- 61.9 ppm, similar to the chemical shifts of the analogous carbon

stannylene acetals.
Sulfation of the Neutral Glycosides. For the sulfation
reactions, the dibutylstannylene acetals were formed with

atom of3. The other two isomers were probably the O6;3?
(37%), and O-2,0-3 (19%) disulfated isomers, because the
IH NMR spectrum of the mixture contained two signals that

equiv of BbSnO, following the same procedure utilized in the Wwere more_deshielded than those of the anomeric protons. Ol_ne,
intermediate formation for the alkylation reactions. Sulfation @ narrow signal at 4.91 ppm that appeared to be a pentet with
of the dibutylstannylene acetals was performed with the sulfur @ splitting of 2.4 Hz, was probably the signal of M-6ut this

trioxide-trimethylamine complex (1-21.9 equiv) in THF under

pattern probably was a doublet of triplets wittvalues of 4.8

an argon atmosphere. The sulfated products were converted intd1z for the doublet coupling and 2.4 Hz for the triplet coupling,
the sodium salt by cation replacement using a cationic exchangeconsistent with the presence 8 H vicinal to H-5 with

resin columrp?-63
Sulfation of the dibutylstannylene acetal of compoGrghve

restricted motion due to their presence in a tetrahydrofuran ring.
The second was a broadened doublet of doubttg (9.4 and

a monosulfated glycosid®,(70%) as the main product (Scheme 4.8 Hz), probably that of H-2which is also vicinal to 3H;

5). For the NMR experiments, a mixture of CQ@Ds;OD/
D,O (2:2:1) provided better solubility for the sulfated alkyl

however, the acyclic nature of the ¢-C-2! bond allows one
H-1! to be close to anti to H-2 (see Supporting Information).

derivative than any single solvent. NMR analysis indicated that The appearances of the proton signals on the other secondary

sulfation occurred at O-3, as expected, to give thaBfate-

carbon atoms that could bear sulfates would have been differ-

11-O-tetradecyl product. The key observations were that the €nt: H-Z would be a triplet J values~9 Hz) that would be

chemical shift of H-3 changed from 3.65 ppm in tHél NMR
spectrum of3%3 to 4.26 ppm in that o® and that the chemical
shift of C-& changed from 72.5 ppm in tHéC NMR spectrum
of 3%3to 81.5 ppm in that of. This reaction also produced a

more shielded; H4in galactose derivatives is always a doublet
of doublets withJ values of about 3.4 and 1 Hz. The chemical
shift of H-2! in the compound sulfated at G-& similar to that
reported for agarobiitol derivatives monosulfated at that posi-

mixture of three products that could not be resolved. Negative- tion.%°

ion mode ESI MS analysis of the mixture gave a clean spectrum

presenting two peaks withwz 340 and 703, corresponding to

In the reaction of the 132-di-O-alkylated agarobiitol4) with
dibutyltin oxide, a five-membered ring dibutylstannylene acetal

the ions expected for a disulfated/monoalkylated compound, [M cannot be forme&€ In this case, it is expected that the6¥;
— 2NaP~ and [M — Na]~. The mass spectral data with the O-dibutylstannylene acetal would be preferred. Guilbert éf al.
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SCHEME 6. Semisynthesis of Compound 11
- 0.5MTFA, H SO, Na’
/505 Na - o _OH
o _OH o N H 0 o
“o%o o7 T Me Ho OHO on
—_—
OH T H,0, 8 h, 65 °C OH
0,
K-carrageenan n 10 (1 0 A))
a) Bu,SnO/ MeOH
b) CH,(CH,),,Br,
CsF / DMF
c) cation exchange resin,
Na* form
/SO; Na
o ,OH
NS &
HO OHO OC14H29
OH
11 (36%)

demonstrated that in sulfation reactionsflactosides, using
conditions similar to those utilized in the present work, the main
product (3-O-sulfonato) is normally accompanied by minor
amounts of the 3,6-db-sulfonato derivative. Furthermore, the
previously described 4,8-dibutylstannylene-mediated sulfation
of the methyl 3©-tetradecylg-b-galactopyranoside gave the
6-O-sulfonato derivative in very high yield (96%)j.These
results led us to expect that OH-@ould be the most reactive
position in compound! under these conditions. However, the
sulfation reaction of the dibutylstannylene intermediaté gave

a mixture of products that could not be resolved by chroma-
tography. NMR and negative-ion mode ESI MS analysaz (
798 [M — Na]") indicated that two isomeric monosulfated/
dialkylated derivatives (15%) were formed in a 3:2 ratio from
peak heights of the anomeric carbon signals ini@&NMR
spectrum. Attempts to perform the reaction with different

Utilization of a sulfate-containing carbohydrate as a starting
material in synthetic steps is always a challenge. The presence
of a highly acidic group results in low solubility in most
common organic solvents and, for this reason, its introduction
is normally performed in the final steps of the synthesis.
Desulfation processes as well as sulfate-mediated degradation
may also be problems. However, one of our main objectives
was the utilization of the specificity of the sulfation of algal
polysaccharides to obtain rapid and facile preparation of antiviral
derivatives. In accordance with this aim, the same procedures
utilized for the neutral oligosaccharide alditols were employed
to perform long-chain alkylation of the naturally sulfated
compound 10). The O-4 sulfation provided natural protection
for O-3? alkylation by preventing formation of the 232-O-
dibutylstannylene acetal. Since compouf@hresented just one
available position for alkylation, a larger excess of both

amounts of sulfation reagent and different temperatures alsodibutyltin oxide (1.85 equiv) and tetradecyl bromide (9.7 equiv)

yielded mixtures. Thé3C NMR spectrum indicated that the

were used to achieve more efficient monosubstitution atO-1.

major product had the expected structure because the signal offhis reaction gave the?4ulfate-1-O-tetradecyl productl(1)
C-6? had been deshielded to 64.4 ppm, compared to the valuein a yield of 36% (Scheme 6), contaminated by small amounts

of 60.0 ppm for the other isomer, consistent with substitution
by sulfate on O-8.The minor product appears to be the -5

of unidentified byproducts. Despite the fact that this yield is
modest, the abundance afcarrageenan sources and the

sulfate because a deshielded pentet (4.62 ppm) was present isimplicity of the ether preparation process make this semisyn-

the IH NMR spectrum with splittings similar to that observed
for the components sulfated at @-8btained in the mixture

thesis route attractive and practicable, and it can be utilized for
other algal sulfated polysaccharides.

discussed above. Apparently reactions of the seven-membered Compounds3, 4, 7, 8, 9, 11, the isomeric mixtures obtained

ring dibutylstannylene acetal ring involving G-and O-3
compete with those of the anticipated six-membered ring

in the sulfation reactions of compoun@sand 4, and some
compounds prepared during previous work of our research

intermediate. These results and the fact that the second sulfatiorgroup®%3 have been tested against some strains of herpes

of compound3 did not occur predominantly at O-6 are
unexpected. Even though the agarobiitol derivatigzar(d4)
containf-bp-galactopyranosyl units, they do not give the same
regioselective dibutyltin-mediated sulfation at O-6 previously
observed foiB-b-galactopyranoside angp-lactoside deriva-
tives.

Alkylation of the x-Carrageenan-Derivative Disaccharide
Alditol. «-Carrageenan—+3)-3-p-Galp-4-sulfate-(1— 4)-3,6-
An-a-p-Galp-(1— ] from Kappaphycus aiareziiwas subjected
to partial reductive hydrolysis, and the hydrolyzate was directly
chromatographed on a anion exchange DEAE-SephadeX (Cl
column. The main NaCl-gradient oligosaccharidic fraction was
desalted and freeze-dried to give carrabiit@tsdlfate (0,
10%)355

(70) Guilbert, B.; Davis, N. J.; Pearce, M.; Aplin, R. T.; Flitsch, S. L.
Tetrahedron: Asymmetry994 5, 2163-2178.

simplex virus (HSV). Their antiviral activities as well as a
detailed structureactivity relationship determination will be
reported shortly.

Conclusion

We have demonstrated that abundant naturally occurring red
seaweed galactans can serve as convenient sources of synthons
for the semisynthesis of a variety of sulfated long-chain alkyl
ether derivatives of oligosaccharides. For this purpose, the
isolated polysaccharides were submitted to partial reductive
hydrolysis to produce neutral and sulfated oligosaccharide
alditols (compounds, 2, and10). Regioselective introduction
of long-chain alkyl and sulfate groups were performed via
dibutylstannylene-mediated reactions. The neutral oligosaccha-
ride alditols1 and2 presented both a 1,2-diol anctis-diol in
their structures. The dibutylstannylene acetal of the 1,2-diol was
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considerably more reactive than the one derived fromctse
diol on the galactopyranosyl ring. Tetrasaccharide ald2ol

Gongalves et al.

(C-4Y), 84.3 (C-3), 76.4 (C-B), 76.0 (C-8), 74.4 (C-3), 74.2 (C-
61), 72.6 (C-1), 72.4 (QCH,), 71.9 (C-2), 69.9 (C-2), 69.8 (C-

which contained eleven free hydroxyl groups, was regioselec- 49, 62.4 (C-6), 32.6 CH,CH,CHy), 30.4-29.4 (9x CHj), 26.7
tively monoalkylated, the highest regioselectivity ever observed (OCH,CHCH;), 23.3 CHCHy), 14.4 (CH). HR ESI MS: m/z

for dibutylstannylene acetals. We also prepared a sulfated long-

chain alkyl ether 11) from a naturally sulfated carbohydrate
through a very short semisynthetic route.

Experimental Section

calcd for GeHsgO10Na (M + Na), 545.3296; found, 545.330idvz

calcd for GH;0d020Na (2M + Na), 1067.6700; found, 1067.6702.
p-p-Galactopyranosyl-(1—4)-3,6-anhydro-1-O-tetradecyl-L-

galactitol (3) and 3-O-Tetradecyl-3-p-galactopyranosyl-(+=4)-

3,6-anhydro-1-O-tetradecyl-L-galactitol (4). CompoundLl (0.317

g, 0.971 mmol) was reacted with dibutyltin oxide (0.490 g, 1.97

mmol, 2.03 equiv) in dry methanol (8 mL) at reflux for 3 h,

For general experimental methods, see the Supporting informa-followed by removal of methanol and any traces of water by

tion.

p-p-Galactopyranosyl-(1—4)-3,6-anhydro+ -galactitol (1) and
p-D-Galactopyranosyl-(1—4)-3,6-anhydro-a-L-galactopyranosyl-
(1—3)-p-p-galactopyranosyl-(+-4)-3,6-anhydro+ -galactitol (2).

azeotropic distillation with toluene for 2 h. The reaction mixture
was concentrated, and then 1-bromotetradecane (1.4 mL, 5.4 mmol,
5.6 equiv), cesium fluoride (0.442 g, 2.912 mmol, 3.00 equiv), and
dry DMF (6 mL) were added. The reaction mixture was kept at

Commercial agarose type 1 was submitted to partial reductive 65 °C for 72 h and then concentrated to a residue that was
hydrolysis®® 1.000 g of the polysaccharide was dissolved in water fractionated on a silica gel column using solvent gradient from ethy!

(75 mL), the solution was heated to 8C, and borane 4-methyl-
morpholine complex (6.75 g) was added followed by 25 mL of 2
M CF;COOH aqueous solution (final concentration of 0.5 M;CF
COOH). The mixture was kept at 6& for 8 h and the acid was
then evaporated with the aid of added water{4.50 mL). The

acetate to ethyl acetate/methanelflH12:2:1) as eluent. Chroma-
tography gave two different fractions that corresponded to com-
pounds3 (0.192 g, 38%) and (0.126 g, 18%).

Compound 4.Colorless solid; mp 3234 °C; [a]?%, = —3.0 €
0.8, CHC}); Rr = 0.4 (ethyl acetate}H NMR ¢ (CDCl, 500.13

hydrolyzate was dissolved in water (50 mL), treated with ethanol MHz): 4.46 (d, 1H,J1,= 7.8 Hz, H-B), 4.31 (b, 1H, H-3), 4.29
(3 vol), and then filtered. The filtrate was concentrated, and the (b, 1H, H-5), 4.06 (b, 2H, H-Z H-3Y), 3.96 (b, 1H, H-3), 3.93
residue was resuspended in methanol (50 mL) followed by addition (m, 1-H, H-82), 3.91 (m, 1H, H-6), 3.86 (b, 1H, H-6), 3.72 (m,
of ethyl acetate (10 vol). The precipitate was collected by 1H, H-6), 3.67 (b, 1H, H-2), 3.64 (m, 1H, C-3 OCH'HCH,),
centrifugation, and the pellet was chromatographed by flash 3.56 (m, 1H, C-3 OCHHCH,, H-5,), 3.54 (m, 1H, H-1), 3.46
chromatography on silica gel using ethyl acetate/methanol/water (m, 3H, H-11 C-1 OCH'HCH,, OCHHCH,),), 3.29 (dd, 1HJ, 3

(8:2:1) as eluent to givé (0.3617 g, 36%) and (0.1630 g, 16%).
Compound 1. Colorless syrupd]?%, = —8.3 (€ 0.4, HO); R
= 0.29 (ethyl acetate/methanol®, 8:2:1).'H NMR and3C NMR
(D,0) data were consistent with those reported previoffsly.
Compound 2. Colorless syrupd]?% = —10.6 € 0.9, HO); R
= 0.17 (ethyl acetate/methanol®, 8:2:1).'H NMR (CD;OD,
500.13 MHz): 6 5.15 (d, 1H,J; >, = 2.0 Hz, H-B), 4.66 (b, 1H,
H-43), 4.46 (b, 2H, H-5 H-1?), 4.44 (b, 1H, H-8), 4.39 (b, 1H,
H-1%), 4.28 (b, 2H, H-4, H-5%), 4.12 (b, 1H, H-6), 4.04 (b, 1H,
H-6%), 4.00 (g, 1H, H-9), 3.93 (m, 2H, H-3, H-6'%), 3.87 (m, 2H,
H-4,4 H-2Y), 3.82 (b, 1H, H-8), 3.80-3.70 (m, 4H, H-62 H-6.2
H-6',4 H-6%), 3.67—3.61 (m, 4H, H-1* H-1,' H-2,2 H-3?), 3.58 (b,
2H, H-52 H-5%, 3.50 (d, 2H, H-2 H-3%. 13C NMR (CD;0D,
125.77 MHz): 6 104.4 (C-2), 104.3 (C-1), 99.5 (C-8), 87.4 (C-
41), 85.4 (C-3), 83.4 (C-3), 81.7 (C-3), 78.4 (C-4), 76.9 (C-5,
C-5%), 76.8 (C-B), 76.5 (C-3), 75.0 (C-3), 74.7 (C-8), 72.6 (C-
2, 72.4 (C-2), 71.7 (C-2), 71.5 (C-2), 70.5 (C-4? C-4%, 70.3
(C-6%, 64.6 (C-1), 62.7 (C-6% C6%). HR ESI MS: m/z calcd for
CasHio0O19Na (M + Na), 655.2056; found, 655.2009.
p-p-Galactopyranosyl-(1—4)-3,6-anhydro-1O-tetradecyl-L -
galactitol (3) Compoundl (0.1448 g, 0.4437 mmol) and dibutyltin

= 9.3 Hz,J34 = 3.1 Hz, H-3), 1.62 (m, 2H, C-3 OCH'HCH,,
OCHHCH,),), 1.57 (m, 2H, C-1OCH,CHy), 1.40-1.20 (br, 44H,
2 x (CHy)11CHjz), 0.88 (t, 6H, 2x CHjz). 13C NMR (CDCk, 125.8
MHz) 6 102.9 (C-2), 86.5 (C-4), 83.5 (C-3), 81.3 (C-3), 75.7
(C-5Y, 75.4 (C-5), 74.0 (C-8), 72.0 (C-1 OCHyp), 71.9 (C-D),
70.6 (C-3 OCH,), 70.3 (C-2), 69.3 (C-2), 66.8 (C-4), 62.2 (C-
6%), 32.0 (2x CH,CH,CHj), 30.1-29.5 (18 x CH2), 26.1-26.2
(2 x OCH,CH,CH,), 22.8 (2 x CH,CHs), 14.2 (2x CHj3). HR
ESI MS: m/z calcd for GoH7zgO10Na (M + Na), 741.5487; found,
741.5492.

3-O-Tetradecyl-6-O-trityl- #-p-galactopyranosyl-(1—4)-3,6-an-
hydro-1-O-trityl- L-galactitol (6). Compound5%® (0.201 g, 0.248
mmol) was alkylated as described ®rand4 using 1.3 equiv of
Bu,SnO (0.0800 g, 0.322 mmol) and then 4.37 equiv of tetradecyl
bromide (0.3 mL, 1.081 mmol) with added CsF (0.100 g, 0.659
mmol, 2.66 equiv) in dry DMF (4 mL). The resulting mixture was
concentrated under vacuum, and the residue was purified by flash
column chromatography using hexanes/ethyl acetate (3:1) as eluent
to give compound as a colorless syrup (0.0612 g, 23%9)]%, =
—8.7 (¢ 1.8, MeOH); R = 0.17 (hexanes/ethyl acetate, 3:1h
NMR: ¢ (acetoneds, 500.13 MHz) 7.53-7.20 (complex m, 30 H,

oxide (0.1213 g, 0.4873 mmol, 1.10 equiv) were reacted in dry Ar—H, Ar—H'), 4.46 (d, 1H,J;, = 7.8 Hz, H-B), 4.40 (b, 1H,
methanol (5 mL) at reflux for 3 h. The reaction mixture was H-4%), 4.18 (b, 1H, H-5), 4.15 (b, 1H, H-3), 4.07 (b, 1H, H-3),
concentrated then taken up in toluene (20 mL). The mixture was 4.05 (b, 1H, H-2), 3.86 (m, 1H, HE), 3.72 (m, 1H, H-6), 3.70
refluxed fa 2 h with azeotropic removal of water and methanol, (m, 1H, OGH'HCH,), 3.67 (m, 1H, H-8), 3.61 (b, 1H, H-2), 3.59
then concentrated. The residue was taken up in dry DMF (4 mL), (m, 1H, OCHHCH,), 3.46 (b, 1H, H-&), 3.35 (m, 1H, H-6), 3.
and then 6.5 equiv of tetradecyl bromide (0.80 mL, 3.1 mmol) and 10 (dd, 1H,J,5 = 9.3 Hz, J34 = 3.2 Hz, H-3), 1.58 (p, 2H,
CsF (0.2151 g, 1.416 mmol, 3.19 equiv) were added. The reaction OCH,CH,), 1.40-1.20 (br, 22H, 11x CH,), 0.88 (t, 3H, CH).
mixture was kept at 63C for 72 h, and then the concentrated **C NMR ¢ (CDCl;:CD;OD, 2:1, 125.77 MHz) 145.3 (3ArqC,
residue was loaded onto a silica gel column using solvent gradient 3ArqC'), 129.7 (6ArCH, 6ArCH), 128.7 (6ArCH, 6ArCH), 127.9

from ethyl acetate to ethyl acetate/methang@H12:2:1) as eluent
to give compound as a colorless solid: yield 0.0575 g, 25%; mp
57-59°C; [a]%%, = —19.0 € 0.5, CHC}); R = 0.2 (ethyl acetate/
methanol/HO, 12:2:1)."H NMR 6 (CDCl;: CD30D, 2:1, 500.13
MHz) 4.37 (d, 1H,J1,= 7.5 Hz, H-B), 4.25 (m, 2H, H-4 H-5%),
3.97 (m, 2H, H-Z H-3Y), 3.92 (dd, 1H, H-6), 3.81 (m, 3H, H-£
H-6,1 H-6'9), 3.69 (dd, 1H, H-8), 3.54-3.43 (complex m, 7H, H
H-1 H-22 H-32 H-52 OCH'HCH,, OCHHCH}),), 1.55 (p, 2H,
OCH,CHy), 1.26-1.24 (br, 22H, 11x CH,), 0.86 (t, 3H, CH);
13C NMR 6 (CDCl;:CD30D, 2:1, 125.77 MHz) 104.0 (C?}, 86.8
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(3ArCH, 3ArCH), 103.8 (C-3), 87.5 (OCPhst, OCPh?), 86.7 (C-

41), 85.2 (C-3), 82.9 (C-3), 75.7 (C-8), 75.2 (C-8), 75.0 (C-5),

71.3 (C-2), 71.2 (C-2), 70.7 (QCHy), 67.3 (C-4), 66.0 (C-1),

64.2 (C-8), 32.7 CH,CH,CHj3), 30.5-29.6 (9x CH,), 26.9 (OCH-

CH,CH,), 23.4 (CH,CHs), 14.4 (CH). HR ESI MS: m/z calcd for

CesH78010Na (M + Na), 1029.5487; found, 1029.5496.
3-O-Tetradecyl-f-p-galactopyranosyl-(1—4)-3,6-anhydro+ -

galactitol (7). Compound5 (0.0193 g, 0.0191 mmol) was dissolved

in 80% aqueous acetic acid (3 mL), and the solution was kept at

40 °C for 2 h, then concentrated. The residue was loaded onto a
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silica gel column using ethyl acetate/methaneH(16:2:1) as
eluent to give the title compound,(0.0081 g, 81%) as a colorless
solid: mp 80-82 °C; [a]%%, = —14.1 € 0.2, MeOH);R; = 0.47
(ethyl acetate/methanolf®, 16:2:1).1H NMR: 6 (CDCly/CDs-
OD, 2:1, 500.13 MHz) 4.39 (d, 1H}; , = 7.8 Hz, H-B), 4.25 (b,
2H, H-41H-5Y), 3.98 (b, 2H, H-3, H-4?), 3.92 (dd, 1H, H-6),
3.87 (b, 1H, H-2), 3.79 (b, 2H, H-62 H-6'), 3.71 (dd, 1H, H-8),
3.66 (d, 1H, O®I'HCHy), 3.63 (d, 2H, H-1! H-1%), 3.58 (b, 1H,
H-22), 3.52 (d, 1H, OCHHCH,), 3.48 (q, 1H, H-8), 3.22 (dd, 1H,
J2’3= 9.6 HZ,ng4= 3.4 Hz, H-g), 1.61 (p, 2H, OC&Hz), 1.30-
1.20 (br, 22H, 11x CHy), 0.86 (t, 3H, CH). 13C NMR 6 (CDCls:
CD;0D, 2:1, 125.77 MHz) 104.1 (C<}, 86.9 (C-4), 84.5 (C-3),
82.4 (C-3), 76.2 (C-8), 76.3 (C-8), 74.2 (C-6), 71.9 (C-2), 71.0
(C-22 OCH,), 66.8 (C-4), 64.2 (C-1), 62.6 (C-8), 32.7 CH.-
CH,CHs), 30.6-29.6 (9% CHy), 26.8 (OCHCH,CHy), 23.4 (CH,-
CHs), 14.5 (CH). HR ESI MS: m/z calcd for GgHs0010Na (M +
Na), 545.3296; found, 545.3301; calcd fogB81000:0Na (2M +
Na), 1067.6700; found, 1067.6708.
p-D-Galactopyranosyl-(1—4)-3,6-anhydro-o.-L-galactopyrano-
syl-(1—3)-f-p-galactopyranosyl-(1—4)-3,6-anhydro-1O-tetrade-
cyl-L-galactitol (8). Compound2 (0.163 g, 0.258 mmol) was
alkylated as described f@ and 4 using 1.25 equiv of Bs5nO
(0.0800 g, 0.322 mmol) then 5.59 equiv of tetradecyl bromide (0.4
mL, 1.44 mmol) with added CsF (0.150 g, 0.773 mmol, 3.84 equiv)
in dry DMF (3 mL). Normal workup was followed by flash

chromatography on a silica gel column with ethyl acetate/methanol/

H,0 (8:2:1) as eluent. An additional chromatography step with ethyl
acetate/methanol4® (17:2:1) was necessary for the elimination
of minor impurities, giving compoun@as a colorless syrup (0.0716
0, 34%) ]?%% = —13.7 € 0.3, MeOH);R; = 0.46 (ethyl acetate/
methanol/HO, 8:2:1).'H NMR ¢ (CD3;OD, 500.13 MHz): 5.16
(d, 1H,3, 2= 2.0 Hz, H-%), 4.66 (d, 1H, H-4), 4.47 (d, 1H, H-3),
4.46 (s, 1H, H-5), 4.42 (d, 1H, H-%), 4.39 (b, 1H, H-8), 4.28 (b,
2H, H-4} H-5%), 4.12 (d, 1H, H-6), 4.03 (m, 1H, H-2), 4.01 (m,
1H, H-6), 4.00 (m, 1H, H-2), 3.91 (m, 3H, H-3, H-6'.1 H-42),
3.85 (b, 1H, H-4), 3.80 (b, 1H, H-6), 3.77 (complex m, 4H, H-¢
H-62 H-6',* H-6%, 3.65 (m, 2H, H-2ZH-3?), 3.58 (b, 1H, H-3),
3.57 (m, 1H, H-8), 3.50 (M, 2H, H-2 H-3%), 3.48 (complex m,
4H, H-2 1 H-1,' OCH'HCH,, OCHHCHj), 1.58 (p, 2H, OCHCH,),
1.40-1.20 (br, 22H, 11x CHjy), 0.90 (t, 3H, CH). °C NMR: o
(CDs0OD, 125.77 MHz) 104.4 (C24), 104.3 (C-1), 99.5 (C-%),
87.3 (C-4), 85.4 (C-3), 83.3 (C-3), 81.7 (C-3), 78.4 (C-4), 76.9
(C-5%), 76.8 (C-5! C-5%), 76.5 (C-B), 75.0 (C-3), 74.7 (C-8), 73.3
(C-1Y), 72.7 (ACHy), 72.4 (C-2), 71.7 (C-2), 71.5 (C-2), 70.6
(C-6%), 70.5 (C-4), 70.3 (C-2), 70.2 (C-4), 62.7-62.6 (C-6? C-6),
33.2 CH,CH,CHg), 31.1-29.6 (9x CHy), 27.4 (OCHCH,CH,),
23.8 (CH2CHa), 14.6 (CH). HR ESI MS: mv/z calcd for GgHg7O19
(M — H), 827.4282; found, 827.4265.

Sodium 3-O-Sulfonato5-p-galactopyranosyl-(++4)-3,6-an-
hydro-1-O-tetradecyl-L-galactitol (9). The dibutylstannylene acetal
of compound (0.0800 g, 0.153 mmol) was formed with 1.10 equiv
of Bu,SnO (0.0419 g, 0.168 mmol) as f@8rand 4. The dibutyl-
stannylene acetal was then reacted with 1.64 equiv ofNVEO;
complex (0.0350 g, 0.251 mmol) in dry THF (5 mL) for 15 h at
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3.48 (m, 2H, OGI'HCH,, OCHHCH,), 1.57 (p, 2H, OCHCH,),
1.34-1.20 (br, 22H, 11x CH,), 0.87 (t, 3H, CH). 13C NMR 6
(CDCIly/CD;0OD/D,0O, 2:1:1, 125.77 MHz) 103.6 (C?), 86.7 (C-
41), 84.4 (C-3), 81.5 (C-3), 76.2 (C-8), 76.0 (C-B), 74.1 (C-6),
72.9 (C-1), 72.7 (OCHy), 70.1 (C-2), 69.8 (C-2), 68.0 (C-4),
62.2 (C-8), 32.8 CH,CH,CH), 30.5-29.8 (9x CH,), 26.8 (OCH-
CH,CH,), 23.4 CH,CHj3), 14.4 (CHy). IR (KBr): 1240 cmt (S=
O stretch), 828 cn! (C—0O—S bend). HR ESI MS:m/z calcd for
CoeH49013S, (M — H), 601.2899; found, 601.2886.

The second fractiorR; = 0.10 (ethyl acetate/methanol®, 12:
2:1)] was a mixture containing three disulfated components (see
text) (0.0040 g, 4%), termed | (large), m (medium), and s (small)
from 13C NMR peak heights. PartidH NMR: 6 (CDCly/CD3;0D/
DO, 2:1:1, 500.13 MHz) 4.91 (symmetrical pentet, splitting
between lines 2.4 Hz, H5n m), 4.75 (br ddJ = 9.4, 4.8 Hz),
4.68 (d, = 7.9 Hz, H-Zin m), 4.59 (d, >, = 7.8 Hz, H-Zin
). 3C NMR: ¢ (CDCIy/CDsOD/D;0, 2:1:1, 125.77 MHz) 104.0
(C-12s), 103.0 (C-2m), 102.9 (C-%1), 87.2 (C-4 s), 86.1 (C-4
l), 84.5 (C-3 1), 84.3, 84.1, 83.3 (all m), 82.2, 81.1 (both s), 80.9
(), 76.8 (s), 75.9 (I), 75.8 (s), 75.7 (m), 74.2 (I either OLCbt
C-1Y), 73.3 (m), 72.7, 72.5, 72.4 (remaining Ogé&hd C-1), 69.8
(s), 69.6 (I), 69.3 (m), 69.3 (m), 67.9 (m), 67.5 (M), 67.2 @6
62.1 (C-6 s), 61.9 (C-6 m), 55.4 (MgNH), 32.6 CH,CH,CHz),
30.3-30.0 (remaining Ch), 26.6, 26.5 (OCKLCH,CH,), 23.3 CH_-
CHy), 14.5 (CH).

Sulfation of Compound 4. Compound4 (0.0618 g, 0.0859
mmol) was reacted with B&nO (0.0235 g, 0.0944 mmol, 1.10
equiv) following the procedure described for the preparation of
compounds3 and4. The product was then stirred with the jie
SO; complex (0.0144 g, 0.1035 mmol, 1.20 equiv) in dry THF (4
mL) for 24 h at room temperature under an Ar atmosphere. The
solvent was removed under vacuum, and the residue was resus-
pended in methanol (2 mL) and loaded onto a cation exchange resin
column (Dowex 50x 2—100, N&, 1.5 x 7 cm in methanol). The
eluent was concentrated to a residue that was purified by flash
chromatography on silica gel using ethyl acetate/methapOI{24:

2:1) as eluent to give a mixture of two isomers that could not be
separated (0.0103 g, 15%;, = 0.18 (ethyl acetate/methanold,
24:2:1). From the peak heights of the two anomeric carbons, the
ratio of the two isomers was 2 to 3 (s to |). Parttal NMR: &
(DMSO-ds, 500.13 MHz) 4.62 (symmetrical pentet, splitting
between lines 2.4 Hz, H18n s), 4.32 (d, > = 7.8 Hz, H-Zin s),
4.29 (d, 3= 7.7 Hz, H-Zin I). 5C NMR: 6 (DMSO-dg, 125.77
MHz) 102.7 (C-%5s), 102.5 (C-11), 85.1 (C-4 s), 83.5 (C-41),
83.4 (s), 81.7 (s), 81.3 (I), 80.2 (s), 75.0 (s), 74.6 (I), 73.1 {@+1
OCH, s), 72.8 (1), 72.0 (C-or OCH,, s), 71.7 (C-1or OCH,, I),
71.0 (C-1 or OCH,, s), 71.5 (C-1 or OCH,, s and I), 69.4 (s),
69.1 (I), 68.9 (I), 68.8 (I), 68.7 (Clor OCH,, I), 64.44 (1), 64.40
(C-621), 60.0 (C-62s), 31.3 CH,CH,CHs), 29.5-29.7 (remaining
CHy), 25.7, 25.6 (OCHCH,CH,), 22.1 (CH,CHs), 14.0 (CH).

Sodium 4-O-Sulfonato#-p-galactopyranosyl-(++4)-3,6-an-
hydro-p-galactitol (10). Partial reductive hydrolysis of-carrag-
eenan (0.40 g), obtained as previously descriSedhs conducted
as described for the preparation baind2. The hydrolyzate was

room temperature under an argon atmosphere. The solvent wasvorked up as previousl?, acid was evaporated with the aid of
removed under vacuum, and the residue was resuspended iradded water; the residue was resuspended in watdrifiL) and
methanol (2 mL) and loaded onto a cation exchange resin column applied to a DEAE-Sephadex A-25 (Cl-) column (2.5 en12 cm

(Dowex 50x 2—100, N&, 1.5 x 7 cm in methanol). The eluent

was concentrated to a residue that was purified by flash chroma-

tography on silica gel using ethyl acetate/methangllH12:2:1)
as eluent to give two fractions.

The first fraction was compoun@ a colorless solid (0.0669 g,
70%), mp 123-125°C; [a]?3, = —10.2 £ 0.2, MeOH);R = 0.15
(ethyl acetate/methanolf®, 12:2:1);'H NMR: 6 (CDCly/CDs-
OD/D,0O, 2:1:1, 500.13 MHz) 4.55 (d, 1Hl; , = 7.8 Hz, H-P),
4.32 (b, 1H, H-%), 4.31 (b, 1H, H-4), 4.26 (b, 1H, H-3), 4.24 (b,
1H, H-#), 4.01 (m, 1H, H-2), 3.94 (dd, 1H, H-8), 3.92 (b, 1H,
H-3Y), 3.80 (b, 1H, H-6), 3.79 (b, 1H, H-&), 3.73 (b, 1H, H-8),
3.70 (b, 1H, H-2), 3.63 (g, 1H, H-3), 3.52 (b, 2H, H-1! H-11),

x 33 mL/h). Elutions were carried out with water and then with
NaCl continuous gradient {€0.15 M). Anion exchange chroma-
tography gave two fractions. The main fraction was desalted by
water elution on a BioGel P-2 column (1.5 crm 100 cm x 20
mL/h) to give the title productl(0) as a colorless syrup (0.0095 g,
10%): [0]%3%, = +9.8 € 1.0, HO); R = 0.34 (ethyl acetate/
methanol/HO, 6:3:1).'H NMR and 3C NMR (D,O) data were
consistent with those reported previou3ly.

Sodium 4-O-Sulfonato{#-p-galactopyranosyl-(1 — 4)-3,6-
anhydro-1-O-tetradecyl-p-galactitol (11). Compound10 (0.127
g, 0.296 mmol), dried under vacuum-a60 °C in the presence of
phosphorus pentoxide for 12 h, was reacted with 1.85 equiv gf Bu
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SnO (0.137 g, 0.547 mmol) then with 9.8 equiv of tetradecyl CH,), 22.1 CH,CHs), 14.0 (CH). HR ESI MS: m/z calcd for
bromide (0.80 mL, 2.9 mmol) and 3.83 equiv of CsF (0.173 g, CyeHsdO13S (M — H), 601.2899; found, 601.2916.
0.133 mmol) in dry DMF (3 mL) as described for the preparation

of 3 and4. The resulting mixture was concentrated; the residue Acknowledgment. T.B.G. thanks NSERC for support. MDN
was resuspended in methanol (2 mL) and loaded onto a cation 4 MRD are research members of the National Research
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purified by dry flash column chromatography using ethyl acetate/ from CNPq (Brazil) to spend ayear a_t Dthou3|e._ NMR spectra
methanol/HO (12:2:1) to give compountil as a colorless syrup ~ Were recorded at the Atlantic Region Magnetic Rgsonance
(0.0660 g, 36%),d]%2, = +2.4 (€ 0.5, MeOH);R = 0.15 (ethyl Centre. We thank Dr. Alessandra C. Ramalho, Central Aca]i
acetate/methanol4®, 12:2:1):'H NMR 6: (DMSO ds, 500.13 Instituto de QUmica, Universidade de"®aPaulo (Brazil), Dr.
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3.51 (m, 2H, H-62 H-6?), 3.42 (b, 1H, H-3), 3.39 (b, 1H, H-1),
3.61 (b, 2H, OGI'HCH,, OCHHCH_,), 3.33 (b, 1H, H-1), 3.20
(m, 1H, H-2), 1.47 (p, 2H, OCHCH,), 1.30-1.10 (br, 22H, 11x
CH,), 0.85 (t, 3H, CH). 13C NMR: ¢ (DMSO ds, 125.77 MHz)
103.1 (C-3), 86.6 (C-4), 83.2 (C-3), 75.3 (C-5), 74.0 (C-4 C-5),
72.8 (C-8), 72.5 (C-3), 71.9 (C-1), 71.5 (C-2), 70.6 (CCH,),
69.1 (C-2), 60.4 (C-6), 31.3 CH,CH,CH3), 29.2-25.7 (11 x JO701413Y
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