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Figure 26A:



U.S. Patent Jul. 17, 2018 Sheet 56 of 92 US RE46,955 E

Figure 268:



US RE46,955 E

Sheet 57 of 92

Jul. 17, 2018

U.S. Patent

YL sanByy



US RE46,955 E

Sheet 58 of 92

Jul. 17, 2018

U.S. Patent

‘QLT ey



US RE46,955 E

Sheet 59 of 92

Jul. 17, 2018

U.S. Patent

ENFOSO

7

347 sanByg



US RE46,955 E

Sheet 60 of 92

Jul. 17, 2018

U.S. Patent

gy sandig



Sheet 61 of 92

Jul. 17, 2018

p
e, \ "

=NOSQ

os® QmZo.. ,.,......

\\\\\\ J/./li

i
N 0S8 MOME

gy JnBLg



US RE46,955 E

Sheet 62 of 92

Jul. 17, 2018

U.S. Patent

68
ooy N, 0
o

ﬁ.\
3,
o
Al
/ O VO
0oy

J

Y

WO,

6T 3AnBLY

NG

68

oy



US RE46,955 E

Sheet 63 of 92

Jul. 17, 2018

U.S. Patent

o0
A ‘\\\\\wﬂ‘) SO
- AN et . e
P Ny o M hY R O NN
N ST e
| w ", o\\ﬂ:i, = 06
PE R
\M//\ S oy v
ol

g6y aandig



US RE46,955 E

Sheet 64 of 92

Jul. 17, 2018

U.S. Patent

ENEOSC

osigen N\ T 0gt0mN
e /O xu\/l

BNEOSO
ENEQS ()

76

1367 2an81g



US RE46,955 E

Sheet 65 of 92

Jul. 17, 2018

U.S. Patent

Vg 3amBLg



U.S. Patent Jul. 17, 2018 Sheet 66 of 92 US RE46,955 E

un
O™

Figure 30R8:



US RE46,955 E

Sheet 67 of 92

Jul. 17, 2018

U.S. Patent

B S —

:30€ 2481



US RE46,955 E

Sheet 68 of 92

Jul. 17, 2018

U.S. Patent

66

1y g oAnBEA



U.S. Patent Jul. 17, 2018 Sheet 69 of 92 US RE46,955 E

Figure 31B:
100



US RE46,955 E

Sheet 70 of 92

Jul. 17, 2018

U.S. Patent

01

‘ BNEGISO
H N

H L o}

/M o w A —IENE
A TR
N N o //

M\ I ostoeN
7
m %
S

10T

231¢ sandg



US RE46,955 E

Sheet 71 of 92

Jul. 17, 2018

U.S. Patent

ﬁo

Ox\\
J\ ).\

vz 2andig



U.S. Patent Jul. 17, 2018 Sheet 72 of 92 US RE46,955 E

Figure 32B:
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Figure 38A:
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SULFATED OLIGOSACCHARIDE
DERIVATIVES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The invention described herein relates to compounds
having activity as inhibitors of heparan sulfate-binding
proteins, including the enzyme heparanase. In particular, the
invention is directed to sulfated oligosaccharide derivatives,
although the scope of the invention is not necessarily limited
thereto. Specifically, the invention relates to polysulfated
oligosaccharides modified with specific, highly lipophilic
groups. The invention also relates to methods for the prepa-
ration of the compounds, compositions comprising the com-
pounds, and use of the compounds and compositions thereof
for the antiangiogenic, antimetastatic, antiinflammatory,
antimicrobial, anticoagulant and/or antithrombotic treatment
of a mammalian subject. The compounds additionally have
utility in the prevention of the foregoing disorders when
administered to a mammalian subject.

BACKGROUND ART

The sulfated oligosaccharide agent known as PI-88'% is a
promising inhibitor of tumour growth and metastasis™*"* and
has undergone clinical trials in cancer patients>*S. PI-88 is a
mixture of highly sulfated, monophosphorylated mannose
oligosaccharides ranging in size from di- to hexasaccharide”
s. PI-88 exerts antiangiogenic effects by inhibiting the
interactions of angiogenic growth factors (principally FGF-
1, FGF-2 and VEGF) and their receptors with heparan
sulfate®!. In addition, PI-88 is a potent inhibitor of the
enzyme heparanase, a glycosidase that cleaves the heparan
sulfate side chains of proteoglycans that are a major con-
stituent of the extracellular matrix (ECM) and basement
membranes surrounding tumour cells'. Heparanase has
been strongly implicated in angiogenesis: it is able to
liberate active heparan sulfate-bound angiogenic growth
factors from the ECM and is involved in the degradation of
the ECM and subsequent tissue remodeling associated with
the sprouting of new blood vessels'®. The degradation of the
ECM by heparanase is also crucial in the spread of tumour
cells (metastasis) by allowing them to pass into the blood
stream and lodge in remote sites where they can form
secondary tumours*!»°,

In addition to its antiangiogenic effects, PI-88 inhibits the
blood coagulation cascade by (i) inhibiting proteases in the
intrinsic pathway, (ii) stimulating the release of tissue factor
pathway inhibitor (TFPI), and (iii) activating the heparin
cofactor II-mediated inhibition of thrombin. However, PI-88
does not interact with AT III and thus shows no anti-Xa or
AT II-mediated anti-Ila activityl*'®. In vivo studies in
monkeys have shown that low doses of PI-88 stimulate
release of all heparan sulfate bound TFPI from the vascular
cell wall'?. Apart from its effect on coagulation, TFPI is also
an antiangiogenic agent'* and an inhibitor of metastasis®>.
PI-88 has also been shown to block vascular smooth muscle
cell proliferation and intimal thickening', to inhibit herpes
simplex virus (HSV) infection of cells and the cell-to-cell
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spread of HSV-1 and HSV-2'7, to inhibit infectivity and
improve survival in murine models of dengue and encepha-
litic flaviviruses,'® to inhibit proteinuria in passive Heymann
nephritis’® and to display in vitro antimalarial activity
against Plasmodium falciparum°.

Various other polysulfated oligo- and polysaccharides and
their derivatives are well known to exhibit similar types of
biological activities to PI-88'-2°, These biological activities
are attributed to the inhibition of various heparan sulfate
(HS)-binding proteins. Recently, some sulfated oligosaccha-
ride derivatives were disclosed with improved pharmacoki-
netic and/or ADME (absorption, distribution, metabolism,
excretion) profiles*>”*®. The compounds comprised a single
carbon skeleton and thus also provide synthesis and char-
acterization advantages over mixtures such as PI-88.

The object of the present invention is the creation of
HS-mimetics with even greater potency, improved pharma-
cokinetic properties and a reduced side effect profile.

SUMMARY OF THE INVENTION

According to a first embodiment of the invention, there is
provided a compound of the general formula:

[X],—Y—ZR!R? I

wherein:

X and Y are each a monosaccharide unit wherein each
hydroxyl group not involved in a glycosidic linkage is
substituted independently by a group SO;M or H, where M
is any pharmaceutically acceptable cation;

X and Y are any - or r-hexose or pentose;

Y is in a cyclic or ring opened form;

Z is O, N, S or C or their higher oxidation states, or a
bond, and is linked to the anomeric carbon when Y is a
reducing monosaccharide;

R! is a linker selected from the group including alkyl,
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, acyl, aroyl,
alkylamido, alkylthioamido, triazolyl, or is a bond;

R? is a lipophilic moiety selected from the group includ-
ing cholesteryl, cholestanyl, cholate, deoxycholate, straight
chain alkyl, branched alkyl, substituted alkyl, straight chain
acyl, branched acyl, substituted acyl;

n is an integer from 0-6;

the level of sulfation of each compound is between 70 and
100% of the total hydroxyl groups, wherein

When R is a bond, then R? is not glycyrrhetinic acid or
derivatives thereof;

When R' is a bond, and n=0 or 1, and Z is S, then R is
not C8 or C18 straight chain alkyl group;

When n is 3-6, and R' is a bond, and X and Y are
a(1—4)-linked glucose, then R* is not a C12 to C18 straight
chain alkyl group;

When n is 3-5, and R' is a bond, and X and Y are
B(1—3)-linked glucose, then R? is not a C4 to C12 straight
chain alkyl group or cholesteryl group; and

When X and Y are ribose, and R! is a bond, then R? is not
a C18 group.

According to a second embodiment of the invention, there
is provided a pharmaceutical or veterinary composition for
the prevention or treatment in a mammalian subject of a
disorder resulting from angiogenesis, metastasis, inflamma-
tion, coagulation/thrombosis, raised blood triglyceride lev-
els, microbial infection and/or cardiovascular disease, which
composition comprises at least one compound according to
the first embodiment together with a pharmaceutically or
veterinarially acceptable carrier or diluent for at least one
said compound.
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A third embodiment of the invention comprises the use of
a compound according to Formula II in the manufacture of
a medicament for the prevention or treatment in a mamma-
lian subject of a disorder resulting from angiogenesis,
metastasis, inflammation, coagulation/thrombosis, raised
blood triglyceride levels, microbial infection and/or cardio-
vascular disease:

[X],—Y—ZR'R? I

wherein:

X and Y are each a monosaccharide unit wherein each
hydroxyl group not involved in a glycosidic linkage is
substituted independently by a group SO;M or H, where M
is any pharmaceutically acceptable cation;

X and Y are any p- or L-hexose or pentose;

Y is in a cyclic or ring opened form;

Z is O, N, S or C or their higher oxidation states, or a
bond, and is linked to the anomeric carbon when Y is a
reducing monosaccharide;

R! is a linker selected from the group including alkyl,
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, acyl, aroyl,
alkylamido, alkylthioamido, triazolyl, or is a bond;

R? is a lipophilic moiety selected from the group includ-
ing cholesteryl, cholestanyl, cholate, deoxycholate, straight
chain alkyl, branched alkyl, substituted alkyl, straight chain
acyl, branched acyl, substituted acyl;

n is an integer from 0-6; and

the level of sulfation of each compound is between 70 and
100% of the total hydroxyl groups.

According to a fourth embodiment of the invention there
is provided a method for the prevention or treatment in a
mammalian subject of a disorder resulting from angiogen-
esis, metastasis, inflammation, coagulation/thrombosis,
raised blood triglyceride levels, microbial infection and/or
cardiovascular disease, which method comprises adminis-
tering to the subject an effective amount of at least one
compound according to Formula II, or a composition com-
prising said at least one compound.

In order that the invention may be more readily under-
stood and put into practice, one or more preferred embodi-
ments thereof will now be described, by way of example
only, with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows examples of the extent of angiogenic
sprouting in the rat aortic angiogenesis assay used to dem-
onstrate the antiangiogenic activity of the compounds.

FIG. 2 shows the data for aortic cultures treated with
media (for untreated control group) or test compounds every
48 days from day O for 7 days. On day 7, VEGF (10 mg/m[.)
was added to cultures every 2-3 days for a further 7 days and
the extent of angiogenesis was then scored, thus demon-
strating that the compounds exert their inhibitory effects via
an antiangiogenic mechanism as opposed to the induction of
a toxic effect on the tissue. All three compounds potently
inhibited angiogenesis (see Table 4).

FIG. 3 shows median tumour volumes of untreated con-
trol mice and of mice treated with selected test compounds
in the B16 mouse melanoma model. Despite dose levels
being reduced for the compounds of the invention, or limited
duration of exposure, anti-tumour activity was still increased
in comparison to PI-88 or non-lipophilic analogues. Bid=bis
in die (twice daily), sid=semel in die (once daily),
qd=quaque die (each day).

FIG. 4 shows the percentage of tumour growth inhibition
(% TGI) data from tumour bearing mice treated with
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selected test compounds in the B16 mouse melanoma
model. Despite dose levels being reduced for the compounds
of the invention, % TGI values were still improved in
comparison to PI-88 or non-lipophilic analogues. bid=his in
die (twice daily), sid=semel in die (once daily).

FIG. 5 shows examples of the test compounds blocking
the formation of lung colonies of B16F1 melanoma cells in
mice. Compounds and doses administered are described
below each image.

FIG. 6 shows the number of lung metastatic nodules as a
percentage compared to the saline control with selected test
compounds in the B16 lung metastases model. Mice treated
with PI-88 and the selected compounds displayed fewer lung
metastatic nodules when compared to saline control. Despite
dose levels being reduced in most instances for the com-
pounds of the invention, inhibition of metastases was still
similar to that observed with higher dosages of PI-88.
bid=his in die (twice daily), sid=semel in die (once daily).

FIG. 7 shows the percentage of tumour growth inhibition
(% TGI) data from tumour bearing mice treated with
selected test compounds in the colorectal cancer HT29
xenograft model. Despite dose levels being reduced for the
compounds of the invention, % TGI values were still
improved in comparison to PI-88 or non-lipophilic ana-
logues. bid=bis in die (twice daily), sid=semel in die (once
daily).

FIG. 8 shows the effect of test compounds on the cell-
to-cell transmission of HSV. The cells were infected with
~200 PFU of either HSV-1 or HSV-2, and then overlaid with
EMEM supplemented with 1% methylcellulose and 10
ng/ml of test compound. The results are expressed as a
percentage of the average area of viral plaques developed in
drug-treated cells relative to mock-treated controls. Images
of twenty viral plaques were captured and subjected to area
determinations using the IM500 software.

FIG. 9 shows the effect of test compounds on the binding
of HSV virions to cells. Test compounds at specific concen-
trations were incubated at 4° C. with methyl-[*H]thymidine
labeled HSV-1 or HSV-2 during a 2 h period of virus
adsorption to GMK AH1 cells. The results are expressed as
a percentage of attached viral cpm found with compound-
treated virions relative to mock-treated controls. In experi-
ments with compound 4, the mean number of attached cpm
of mock-treated virus that attached to cells at 4° C. was 4263
for HSV-1 and 1742 for HSV-2. Values shown are means of
four determinations from two separate experiments.

FIGS. 10 to 40 show reaction schemes and chemical
structures of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The sulfated oligosaccharide derivatives described in WO
2005/085264 are good inhibitors of angiogenesis and other
processes mediated by HS-binding proteins. Such com-
pounds have utility in the prevention or treatment in mam-
malian subjects of a disorder resulting from angiogenesis,
metastasis, inflammation, coagulation, thrombosis, elevated
blood triglyceride levels, microbial infection and/or cardio-
vascular disease. This utility results from the ability of the
compounds to inhibit the activity of HS-binding proteins
such as the growth factors FGF-2 and VEGF, and the
enzyme heparanase. The inventors have found that if sul-
fated oligosaccharides are modified with highly lipophilic
groups, e.g., cholestanol or stearic acid, said groups being
attached to carbohydrate directly or via a linker, then the
new compounds generated have significantly increased
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potency as antiangiogenic agents and improved pharmacoki-
netic properties. This is demonstrated by their activity in
various in vitro and ex vivo angiogenesis assays such as
growth factor-induced endothelial cell proliferation and
migration assays, the endothelial tube formation assay on
Matrigel™ and the rat aorta assay. This increased potency is
also manifested in animal models of tumour growth. Of
particular note is the fact that smaller sulfated saccharides
(e.g., mono- to trisaccharides), which generally are inactive
or have only mild antiangiogenic activity (or other HS-
mimetic activity) compared with longer homologues, once
modified have significantly increased activity similar to or
better than their longer but unmodified congeners.

Some of the compounds also display increased potency as
antiviral agents. For example, lipophilic modification
resulted in enhanced capability to inhibit the infection of
cells and the cell-to-cell transmission of herpes simplex
virus (HSV), respiratory syncytial virus (RSV), or HIV. In
addition, the modifications provided some compounds with
the ability to completely inactivate the virus particles thus
making them more potent antivirals than unmodified sul-
fated oligosaccharides (such as PI-88) which can inhibit
virus binding/entry steps without inactivating the virions.

One of the side effects of unmodified sulfated oligosac-
charides is anticoagulant activity. The lipophilic modifica-
tions described here result in new compounds with signifi-
cantly reduced anticoagulant activity compared with PI-88,
which may result in broader therapeutic windows. The
injection site bruising commonly seen in animals treated
with PI-88 is also eliminated, thus potentially improving
patient compliance.

The sulfated oligosaccharide derivatives described in this
specification can be synthesised using a number of different
strategies as broadly described below and as illustrated in
the examples.

With regard to the subject compounds of Formula I and
Formula II, the monosaccharide units X and Y can be, for
example, any hexose or pentose and can be either a D or LL
isomer. Such hexoses include glucose, mannose, altrose,
allose, talose, galactose, idose and gulose. Such pentoses
include ribose, arabinose, xylose and lyxose. The glycosidic
linkages of the monosaccharide units can be exclusively of
one type or of different types in terms of configuration and
linkage.

The pharmaceutically acceptable cation M can be any
such cation, but is preferably sodium.

With regard to integer n, n is an integer from 0-6,
preferably 2, 3 or 4, so as to provide a compound which is
a tri-, tetra- or pentasaccharide.

The R? group can be any suitable lipophilic moiety, but is
preferably cholestanyl or propyl stearamide.

The anomeric configuration, where applicable, at ZR* of
compounds of formula I can be either o or  or an anomeric
o/f mixture.

With regard to the substituents given above in the defi-
nition of compounds of Formula I and Formula 11, the term
“alkyl”, when used alone or in compound words such as
“arylalkyl” refers to a straight chain, branched or cyclic
hydrocarbon group.

The term “aryl”, when used alone or in compound words
such as “arylalkyl”, denotes single, polynuclear, conjugated
or fused residues of aromatic hydrocarbons. An aryl group
may be optionally substituted by one or more optional
substituents.

The term “acyl” refers to a group —C(O)—R wherein R
is an alkyl or aryl group. Since the R group may be
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optionally substituted as described above, “acyl” is taken to
refer to optionally substituted acyl.

Optional substituents for alkyl, aryl or acyl include halo
(bromo, fluoro, chloro, iodo), hydroxy, C, salkyl (e.g.
methyl, ethyl, propyl (n- and i-isomers)), C,_salkoxy (e.g.
methoxy, ethoxy, propoxy (n- and i-isomers), butoxy (n-,
sec- and t-isomers), nitro, amino, C, calkylamino (e.g.
methyl amino, ethyl amino, propyl (n- and i-isomers)
amino), C, (dialkylamino (e.g. dimethylamino, diethyl-
amino, diisopropylamino), halomethyl (e.g. trifluoromethyl,
tribromomethyl, trichloromethyl), halomethoxy (eg trifluo-
romethoxy, tribromomethoxy, trichloromethoxy) and acetyl.

The degree of sulfation of compounds according to the
invention is typically at least 70%. That is, at least 70% of
the hydroxyl groups of an oligosaccharide derivative not
involved in a glycosidic linkage are substituted by SO;M.
The degree of sulfation is typically from 70 to 100% and
preferably is at least as high as 90%.

The compounds of Formula I and Formula II can be made
via a stepwise synthetic route from carbohydrate building
blocks or by starting with an oligosaccharide of the appro-
priate length and making the desired modifications thereto.
Monosaccharides of formula I can be made directly from the
monosaccharide starting material. The lipophilic modifica-
tions can be introduced to the saccharide by a number of
different methods, as will be apparent to those skilled in the
art. For example, lipophilic groups can be introduced at the
anomeric position of the reducing end sugar via an O-, N-,
S- or C-glycosidic linkage and the said group can be directly
linked to the anomeric position or may be attached via a
linker. Those skilled in the art will recognize that there are
numerous types of suitable linkers.

It should be noted that all the derivatives made as describe
above are then subject to deprotection (typically, deacety-
lation with NaOMe) and the resulting polyol sulfonated with
a sulfonating reagent such as sulfur trioxide pyridine com-
plex or sulfur trioxide trimethylamine complex.

As indicated above, the compounds according to the
invention have utility in the prevention or treatment in
mammalian subjects of a disorder resulting from angiogen-
esis, metastasis, inflammation, coagulation, thrombosis,
elevated blood triglyceride levels, microbial infection or
cardiovascular disease. The compounds have particular util-
ity in the treatment of the foregoing disorders in humans.
The compounds are typically administered as a component
of'a pharmaceutical composition as described in the follow-
ing paragraphs.

Pharmaceutical compositions for oral administration can
be in tablet, capsule, powder or liquid form. A tablet can
include a solid carrier such as gelatine or an adjuvant or an
inert diluent. Liquid pharmaceutical compositions generally
include a liquid carrier such as water, petroleum, animal or
vegetable oils, a mineral oil or a synthetic oil. Physiological
saline solution, or glycols such as ethylene glycol, propylene
glycol or polyethylene glycol may be included. Such com-
positions and preparations will generally contain at least 0.1
wt % of the compound.

Parenteral administration includes administration by the
following routes: intravenously, cutaneously or subcutane-
ously, nasally, intramuscularly, intraocularly, transepitheli-
ally, intraperitoneally and topically. Topical administration
includes dermal, ocular, rectal, nasal, as well as administra-
tion by inhalation or by aerosol means. For intravenous,
cutaneous or subcutaneous injection, or injection at a site
where treatment is desired, the active ingredient will be in
the form of a parenterally acceptable aqueous solution which
is pyrogen-free and has suitable pH, isotonicity and stability.
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Those of skill in the art will be well able to prepare suitable
solutions using, for example, solutions of the subject com-
pounds or derivatives thereof.

In addition to the at least one compound and a carrier or
diluent, compositions according to the invention can further
include a pharmaceutically or veterinarially acceptable
excipient, buffer, stabiliser, isotonicising agent, preservative
or anti-oxidant or any other material known to those of skill
in the art. It will be appreciated by the person of skill that
such materials should be non-toxic and should not interfere
with the efficacy of the compound(s). The precise nature of
any additive may depend on the route of administration of
the composition: that is, whether the composition is to be
administered orally or parenterally. With regard to buffers,
aqueous compositions typically include such substances so
as to maintain the composition at a close to physiological pH
or at least within a range of about pH 5.0 to 8.0.

Compositions according to the invention can also include
active ingredients in addition to the at least one compound.
Such ingredients will be principally chosen for their efficacy
as anti-angiogenic, anti-metastatic, anti-inflammatory, anti-
coagulant, antimicrobial and anti-thrombotic agents, and
agents effective against elevated blood triglyceride levels
and cardiovascular disease, but can be chosen for their
efficacy against any associated condition.

A pharmaceutical or veterinary composition according to
the invention will be administered to a subject in either a
prophylactically effective or a therapeutically effective
amount as necessary for the particular situation under con-
sideration. The actual amount of at least one compound
administered by way of a composition, and rate and time-
course of administration, will depend on the nature and
severity of the condition being treated or the prophylaxis
required. Prescription of treatment such as decisions on
dosage and the like will be within the skill of the medical
practitioner or veterinarian responsible for the care of the
subject. Typically however, compositions for administration
to a human subject will include between about 0.01 and 100
mg of the compound per kg of body weight and more
preferably between about 0.1 and 10 mg/kg of body weight.

The compounds can be included in compositions as
pharmaceutically or veterinarially acceptable derivatives
thereof. As used herein “derivatives” of the compounds
includes salts, coordination complexes with metal ions such
as Mn®* and Zn**, esters such as in vivo hydrolysable esters,
free acids or bases, hydrates, or prodrugs. Compounds
having acidic groups such as phosphates or sulfates can form
salts with alkaline or alkaline earth metals such as Na, K, Mg
and Ca, and with organic amines such as triethylamine and
Tris(2-hydroxyethyl)amine. Salts can also be formed
between compounds with basic groups, such as amines, with
inorganic acids such as hydrochloric acid, phosphoric acid
or sulfuric acid, or organic acids such as acetic acid, citric
acid, benzoic acid, fumaric acid, or tartaric acid. Compounds
having both acidic and basic groups can form internal salts.

Esters can be formed between hydroxyl or carboxylic acid
groups present in the compound and an appropriate carbox-
ylic acid or alcohol reaction partner, using techniques that
will be well known to those of skill in the art.

Prodrug derivatives of the compounds of the invention
can be transformed in vivo or in vitro into the parent
compounds. Typically, at least one of the biological activi-
ties of a parent compound may be suppressed in the prodrug
form of the compound, and can be activated by conversion
of the prodrug to the parent compound or a metabolite
thereof. Prodrugs of compounds of the invention include the
use of protecting groups which may be removed in vivo to
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release the active compound or serve to inhibit clearance of
the drug. Suitable protecting groups will be known to those
of skill in the art.

As also indicated above, compounds according to the
invention have utility in the manufacture of a medicament
for the prevention or treatment in a mammalian subject of a
disorder resulting from angiogenesis, metastasis, inflamma-
tion, coagulation/thrombosis, microbial infection, elevated
blood triglyceride levels and/or cardiovascular disease. Pro-
cesses for the manufacture of such medicaments will be
known to those of skill in the art and include the processes
used to manufacture the pharmaceutical compositions
described above.

A general description of the synthetic routes to the com-
pounds according to the invention will now be given.
General Procedures
General Procedure for Deacetylation

A solution of the peracetate in anhydrous MeOH (0.1 M)
(or MeOH-THF) was treated with a solution of NaOMe in
MeOH (1.35 M, 0.2-0.6 eq). The mixture was stirred at room
temperature for 1-3 h (monitored by TLC). Acidic resin
AG®-50W-X8 (H* form) was added to adjust pH=6-7, the
mixture was filtered and the resin was rinsed with MeOH.
The combined filtrate and washings were concentrated in
vacuo and thoroughly dried to give the polyol product.
General Procedure for Sulfonation

A mixture of the polyol and SOj;.trimethylamine or
SO,.pyridine complex (2 eq. per alcohol) in DMF was
heated (60° C., o/n). The cooled (r.t.) reaction mixture was
treated with MeOH and then made basic (to pH>10) by the
addition of Na,CO; (10% w/w). The mixture was filtered
and the filtrate evaporated and co-evaporated (H,O). The
crude polysulfated material was dissolved in H,O and
subjected to size exclusion chromatography (see below) to
yield the sulfated product. When required, after lyophilisa-
tion the product was passed through an ion-exchange resin
column (AG®-50W-X8, Na* form, 1x4 cm, deionized H,O,
15 mL) in order to transfer the product uniformly into the
sodium salt form. The solution collected was evaporated and
lyophilised to give the final product.

Size Exclusion Chromatography

Size exclusion chromatography (SEC) was performed
over Bio-Gel P-2 in a 5x100 cm column and a flow rate of
2.8 mL/min of 0.1 M NH,**HCO;", collecting 2.8 min (7.8
ml) fractions. Fractions were analysed for carbohydrate
content by spotting onto silica gel plates and visualisation by
charring, and/or analysed for poly-charged species by the
dimethyl methylene blue (DMB) test.** Finally, fractions
were checked for purity by CE® and those deemed to be free
of salt were pooled and lyophilised.

Example 1

Dodecyl 2,3,4,6-tetra-O-acetyl-c.-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-
(1-3)-2,4,6-tri-O-acetyl-a-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-acetyl-a-p-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a-p-mannopyranoside (2)

To a solution of the trichloroacetimidate 1°® (0.469 g,
0.285 mmol) in DCM (15 mL) was added 1-dodecanol
(0.849 mmol, 3 eq) and 3 A MS (50 mg). The mixture was
stirred at —20° C. for 20 min. TMSOTT (103 pL, 0.57 mmol,
2 eq) was added and the mixture stirred at -20° C. for 50 min
before quenching with Et;N (38 pl, 0.285 mmol, 1 eq).
After warming to room temperature, the mixture was filtered
and the solid washed with DCM. The combined filtrate and
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washings were evaporated onto silica gel and purified by
column chromatography (silica 2x20 cm, gradient elution
with CHCl;, CHCI;-MeOH 99:1 to 98:2) to give the gly-
coside 2 as colourless gum. Two fractions were obtained
each containing the byproduct BnNHAc (76 mg, 2:
BnNHAc=5:3; 179 mg, 2:BnNHAc=5:11). 'H NMR
(CDCl,, 400 MHz): 5.30-5.16 (m, 8H), 4.99-4.87 (m, 8H),
4.31-3.77 (m, 19H), 3.68-3.61 (m, 1H, OCH,), 3.44-3.36
(m, 1H, OCH,), 2.18,2.17,2.15,2.11, 2.10, 2.09, 2.07, 2.06,
2.05,2.02,2.01,1.97,1.95 (each s, total 48H, 16xAc), 1.58
(quintet, 2H, J=6.7, CH,), 1.33-1.22 (m, 18H, 9xCH,), 0.86
(t, 3H, J=6.7, CH,).

Dodecyl a-p-mannopyranosyl-(1—3)-a-p-mannopy-
ranosyl-(1—3)-a-p-mannopyranosyl-(1—3)-c.-p-
mannopyranosyl-(12)-a-p-mannopyranoside (3)

Following the general procedure for deacetylation, gly-
coside 2 (72 mg, 0.043 mmol) in MeOH (3 mL) was treated
with NaOMe (11 M in MeOH, 5 pL, 0.055 pimp. The
mixture was stirred at room temperature for 20 h, neutralized
by addition of AG50WXS8 resin (H* form), filtered and
rinsed with water. The solution was extracted with EtOAc
(x2) in order to remove BnNHAc. The aqueous phase was
evaporated to dryness and the residue freeze-dried to give
polyol 3 as an amorphous solid, used directly for the next
step. 'H NMR (D,0, 400 MHz, internal DOH at 4.60 ppm)
8 4.97-4.83 (m, 5SH), 4.06-3.21 (m, 32H), 1.41 (br s, 2H),
1.11 (br s, 18H), 0.71 (t, 3H, J=6.7, CH,).

Dodecyl 2,3,4,6-tetra-O-sodium sulfonato-c.-p-man-
nopyranosyl-(1—3)-2.4,6-tri-O-sodium sulfonato-o.-
D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—+3)-2.4,6-tri-O-
sodium sulfonato-a-pD-mannopyranosyl-(1—2)-3.4,
6-tri-O-sodium sulfonato-c.-pD-mannopyranoside (4)

Following the standard procedure for sulfonation, polyol
3 (0.43 mmol) was sulfonated and purified by SEC to give
the product 4 as white powder (77 mg). "H NMR (D,0, 400
MHz, internal DOH at 4.60 ppm) 8 5.19 (s, 1H), 5.15 (d, 1H,
J=1.9), 5.10 (d, 1H, J=1.9), 5.07 (d, 1H, J=1.9), 4.89 (m,
1H), 3.77-3.64 (m, 30H, sugar), 3.48-3.41 (m, 1H, OCH,),
3.33-3.27 (m, 1H, OCH,), 1.30 (m, 2H, CH,), 1.10-0.90 (m,
18H, 9xCH,), 0.54 (1, 3H, J=6.7, CH,).

Example 2

12-Azido-1-dodecanol

A mixture of 12-bromo-1-dodecanol (246 mg, 0.927
mmol) in t-butanol (1.8 mL,, 0.5 M) was treated with sodium
azide (121 mg, 1.855 mmol, 2 eq), tetrabutylammonium
iodide (17 mg, 0.0464 mmol, 0.05 eq) and sat. aq. sodium
bicarbonate solution (0.9 mL) in that order. The mixture was
stirred at room temperature for 4 days. The mixture was
filtered through a plug of celite and the cake rinsed with
ethyl acetate (20 mL). The combined filtrate and washings
were evaporated onto silica gel and purified by flash column
(2.5x18 cm, gradient elution with hexane-ethyl acetate 6:1,
4:1 to 2:1) to give 12-Azido-1-dodecanol as a colourless oil
(193 mg, 92%). '"H NMR (CDCl,, 400 MHz): 3.62 (t, 2H,
J=7.0,0CH,), 3.24 (t, 2H, J=7.0, NCH,), 1.61-1.51 (m, 4H),
1.35-1.25 (m, 16H).
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10
12-Azidododecyl 2,3,4,6-tetra-O-acetyl-a-pD-mann-
opyranosyl-(1—+3)-2.4,6-tri-O-acetyl-a-D-mannopy-
ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a-p-mannopyranoside (5)

To a solution of the trichloroacetimidate 1 (0.325 g, 0.197
mmol) in DCM (15 mL) was added 12-azidododecanol (1.5
eq) and 3 A MS (50 mg). The mixture was stirred at —20° C.
for 20 min. TMSOTT (54 pL, 0.296 mmol, 1.5 eq) was added
and the mixture stirred at -20° C. for 30 min before
quenching with Et;N (1 eq). After warming to room tem-
perature, the mixture was filtered and the solid washed with
DCM. The combined filtrate and washings were evaporated
onto silica gel and purified by column chromatography
(silica 2x20 cm, gradient elution with CHCl;, CHCl;-MeOH
99:1 to 98:2) to give the glycoside 5 as a colourless gum
containing the byproduct BaNHAc (71.1 mg, 5:BnNHAc=1:
1). '"H NMR (CDCl,, 400 MHz) § 5.29-5.14 (m, 8H),
5.01-4.86 (m, 8H), 4.28-3.75 (m, 19H), 3.64 (dt, 1H, J=9.5,
7.0, OCH,), 3.39 (dt, 1H, J=9.5, 7.0, OCH,), 3.22 (t, 2H,
J=7.0, NCH,), 2.16, 2.15, 2.11, 2.10, 2.09, 2.09, 2.09, 2.09,
2.07,2.06, 2.04,2.04,2.01, 1.95 (each s, total 48H, 16xAc),
1.57 (m, 4H, 2xCH,), 1.36-1.22 (m, 16H, 8xCH,).

12-(4-Phenyl-[1,2,3]triazol-1-yl)dodecyl 2,3,4,6-
tetra-O-acetyl-o-D-mannopyranosyl-(1—3)-2,4,6-tri-
O-acetyl-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-
acetyl-a-p-mannopyranosyl-(1—3)-2.4,6-tri-O-
acetyl-a-p-mannopyranosyl-(1—2)-3.4,6-tri-O-
acetyl-a-p-mannopyranoside (6)

In a 1 mL HPLC sample vial was loaded the azide 5 (71
mg, 41.5 umol), t-butanol (100 pL,, 0.4 M), phenylacetylene
(83 umol, 2 eq), copper sulfate solution (0.3 M in water, 14
ul, 4.2 umol, 10 mol %) and sodium ascorbate solution (1M
in water, 12.4 pl, 12.4 pmol, 30 mol %) in that order. The
mixture was stirred at room temperature for 2 days. The
mixture was then evaporated onto silica gel and purified by
flash column chromatography (1x18 cm, gradient elution
with hexane-ethyl acetate 6:1, 4:1, 2:1, 1:1, 1:2 to 1:3) to
give the phenyltriazole 6 as a colourless gum (46.3 mg,
62%). 'H NMR (CDCl,, 400 MHz) § 7.82 (d, 2H, J=7.2,
Ph), 7.75 (s, 1H, triazole), 7.41 (t, 2H, J=7.2, Ph), 7.31 (t,
1H, J=7.2, Ph), 5.30-5.15 (m, 8H), 5.03-4.87 (m, 8H), 4.38
(t, 2H, 1=7.2, NCH,), 4.29-3.77 (m, 19H), 3.64 (dt, 1H,
J=9.6, 6.8, OCH,), 3.40 (dt, 1H, J=9.6, 6.8, OCH,), 2.17,
2.16,2.16,2.13,2.11,2.11, 2.11, 2.10, 2.09, 2.07, 2.05, 2.05,
2.02, 2.00, 1.96 (each s, total 48H, 16xAc), 1.93 (m, 2H,
CH,), 1.57 (m, 2H, CH,), 1.34-1.24 (m, 16H, 8xCH,).

12-(4-Phenyl-[1,2,3]triazol-1-yl)dodecyl 2,3,4,6-
tetra-O-sodium sulfonato-o-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-sodium sulfonato-c.-pD-mannopy-
ranosyl-(1—3)-2,4,6-tri-O-sodium sulfonato-c.-p-
mannopyranosyl-(1—+3)-2,4,6-tri-O-sodium
sulfonato-ca-p-mannopyranosyl-(1—2)-3.4,6-tri-O-
sodium sulfonato-a.-pD-mannopyranoside (8)

(a) Following the general procedure for deacetylation,
peracetate 6 (46 mg, 0.0254 mmol) in MeOH (4.5 mL) was
treated with NaOMe (11 M in MeOH, 50 pl, 0.55 pmol).
The mixture was stirred at room temperature for 18 h,
neutralised by addition of AG50WX8 resin (H* form),
filtered and rinsed with MeOH. The filtrate was evaporated
and the residue was dried in vacuum desiccators under P,O5
and used without further purification or characterization. (b)
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Following the standard procedure for sulfonation, the above
polyol 7 was sulfonated and purified by SEC to give the
product 8 as white powder (45 mg). "H NMR (D,O, 400
MHz, internal DOH at 4.60 ppm) 8 7.88 (s, 1H, triazole-
CH), 7.47-7.44 (m, 2H), 7.21-7.10 (m, 3H), 5.23 (br s, 1H),
5.19 (d, 1H, J=1.5), 5.12 (d, 1H, J=1.8), 5.10 (d, 1H, J=1.5),
491 (m, 1H), 4.76-3.72 (m, 32H, sugar and NCH,), 3.37-
3.30 (m, 1H, OCH,), 3.23-3.17 (m, 1H, OCH,), 1.51 (m, 2H,
CH,), 1.12 (m, 2H, CH,), 0.90-0.63 (m, 16H, 8xCH,).

Example 3

12-(4-Naphthalen-1-yl-[1,2,3]triazol-1-yl)dodecyl
2,3.4,6-tetra-O-acetyl-a-pD-mannopyranosyl-(1—3)-
2,4,6-tri-O-acetyl-a-p-mannopyranosyl-(1—=3)-2,4,
6-tri-O-acetyl-a-p-mannopyranosyl-(1—3)-2.4,6-tri-
O-acetyl-a-p-mannopyranosyl-(1—+2)-3,4,6-tri-O-
acetyl-a-pD-mannopyranoside (9)

In a 1 mLL HPLC sample vial was loaded the azide 5 (86
mg, 50.3 umol), t-butanol (100 uL, 0.4 M), 1-ethynylnaph-
thalene (83 umol, 2 eq), copper sulfate solution (0.3 M in
water, 14 pl, 4.2 pmol, 10 mol %) and sodium ascorbate
solution (1 M in water, 12.4 ul, 12.4 umol, 30 mol %) in that
order. The mixture was stirred at room temperature for 11
days. The mixture was then evaporated onto silica gel and
purified by flash column chromatography (1x18 cm, gradi-
ent elution with hexane-ethyl acetate 6:1, 4:1, 2:1, 1:1, 1:2
to 1:3) to give the naphthyltriazole 9 as a colourless gum
(24.2 mg, 26%). '"H NMR (CDCl,, 400 MHz) 8 8.38-8.33
(m, 1H), 7.92-7.86 (m, 2H), 7.80 (s, 1H, triazole-CH), 7.72
(dd, 1H, J=7.3, 1.5), 7.54-7.48 (m, 3H), 5.31-5.15 (m, 8H),
5.03-4.87 (m, 8H), 4.47 (1, 2H, J=7.3, N—CH,), 4.30-3.77
(m, 19H), 3.64 (dt, 1H, J=9.7, 6.8, OCH2), 3.40 (dt, 1H,
J=9.7, 6.8, OCH,), 2.17, 2.16, 2.16, 2.13, 2.12, 2.11, 2.11,
2.10,2.09,2.07, 2.06, 2.05, 2.02, 2.00, 1.97, 1.57 (15 s, each
3H, except 2.100 (6H), 16xAc), 2.07-1.95 (m, overlapped
with Ac singlets, 2H, CH,), 1.57 (m, 1H, CH,), 1.42-1.23
(m, 16H, 8xCH,).

12-(4-Naphthalen-1-yl-[1,2,3]triazol-1-yl)dodecyl
2,3.4,6-tetra-O-sodium sulfonato-c.-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-sodium sulfonato-a-p-mann-
opyranosyl-(1—+3)-2,4,6-tri-O-sodium sulfonato-o.-
D-mannopyranosyl-(1—3)-2.4,6-tri-O-sodium
sulfonato-ca-p-mannopyranosyl-(1—2)-3,4,6-tri-O-
sodium sulfonato-a-pD-mannopyranoside (11)

(a) Following the general procedure for deacetylation,
glycoside 9 (39.6 mg, 0.0213 mmol) in MeOH (3 mL) was
treated with NaOMe (11 M in MeOH, 40 ul, 0.44 pmol).
The mixture was stirred at r.t. for 24 h, neutralized by
addition of AG50WXS resin (H* form), filtered and rinsed
with MeOH. The filtrate was evaporated and the residue was
dried in a vacuum desiccator under P,Os. (b) Following the
standard procedure for sulfonation, the above polyol 10 was
sulfonated and purified by SEC to give the product 11 as
white powder (40 mg, 68%). 'H NMR (D,O, 400 MHz,
internal DOH at 4.60 ppm) 0 8.05 (s, 1H, triazole-CH), 7.97
(d, 1H, J=8.3), 7.90 (d, 2H, J=7.8), 7.55-7.40 (m, 4H),
5.44-5.22 (m, 4H), 5.09-3.82 (m, 33H, sugar and NCH,),
3.41-3.33 (m, 1H, OCH,), 3.25-3.16 (m, 1H, OCH,), 1.78
(quintet, 2H, CH,), 1.14-0.79 (m, 18H, 9xCH,).
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Example 4

2,3.4,6-tetra-O-acetyl-a-pD-mannopyranosyl-(1—3)-

2,4,6-tri-O-acetyl-a-p-mannopyranosyl-(1—=3)-2.4,

6-tri-O-acetyl-a-pD-mannopyranosyl-(1—2)-2,3.4,6-
tetra-O-acetyl-pD-mannopyranose (13)

The tetrasaccharide 12°° was peracetylated (Ac,O, pyri-
dine, DMAP, r.t., 4 days) and purified by flash chromatog-
raphy (silica gel, hexane-EtOAc gradient) to give the per-
acetate 13 as an oil. 'H NMR (400 MHz, CDCl,) § 6.20 (d,
1H, 1, ,=1.8, H-1), 5.35-5.15 (m, 7H), 5.05-4.92 (m, 5H),
4.30-3.85 (m, 15H), 2.18 (s, 6H, OAc), 2.14 (s, 6H, OAc),
2.12 (s, 6H, OAc), 2.10 (s, 3H, OAc), 2.08 (s, 6H, OAc),
2.06 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.02 (s, 6H, OAc),
1.97 (s, 3H, OAc).

2,3.4,6-tetra-O-acetyl-a-pD-mannopyranosyl-(1—3)-
2,4,6-tri-O-acetyl-a-p-mannopyranosyl-(1—=3)-2.4,
6-tri-O-acetyl-a-p-mannopyranosyl-(1—2)-3,4,6-tri-
O-acetyl-a-p-mannopyranosyl trichloroacetimidate

(14)

Peracetate 13 (500 mg, 398 pmol) in diethyl ether (3.0
ml) and THF (750 pul.) was treated with benzylamine (0.137
g, 1.3 mmol, 139 L)) at 0° C. The mixture was allowed to
warm slowly to room temperature and react overnight. The
solvent was evaporated and the residue taken up in DCM
and washed with cold 0.5 M HCl (x3), followed by brine and
the organic solution was dried (Na,SO,), filtered and evapo-
rated. The residue was taken up in dry DCM and molecular
sieves (3 A, 30 mg), anhydrous cesium carbonate (12.9 mg,
39.8 umol) and potassium carbonate (110 mg, 796 pmol)
were added. The mixture was stirred at 0° C. before trichlo-
roacetonitrile (115 mg, 80 plL., 796 umol) was added. The
mixture was stirred for 5 hours at room temperature until
complete conversion by TLC. The mixture was filtered and
the solvent was evaporated to give the crude product which
was subjected to column chromatography (SiO,, 6:1 Hex:
EtOAc to 1:3 Hex:EtOAc, product eluted with 1:2 Hex:
EtOAc) to yield the trichloroacetimidate 14 (307.5 mg,
57%) as a clear oil which solidified on standing in the fridge.
'H NMR (400 MHz, CDCl;) & 6.40 (d, 0.7H, J, ,=1.5,
H-1'a), 6.22 (d, 0.3H, ], ,=1.5, H-1’B), 5.40-5.14 (m, 7H),
5.05-4.89 (m, 5H), 4.31-3.84 (m, 15H), 2.19-1.98 (m, 39H,
OAc).

3p-Cholesteryl 2,3,4,6-tetra-O-acetyl-o-p-mannopy-
ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-

syl-(1—3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a.-D-mannopyranoside (15)

A solution of 14 (90 mg, 0.0663 mmol) and cholesterol
(39.8 mg, 0.0995 mmol, 1.5 eq) in DCE (dried over 3 A MS,
0.7 mL, 0.094M) was stirred with 3 A MS (~50 mg) at —20°
C. while TMSOT{ (18 mL, 0.0995 mmol, 1.5 eq) was added
via a syringe. The temperature (external) was warmed up to
-5° C. during a period of 40 min. The yellow colour slowly
turned to orange (reddish). Et;N (50 pl.) was added. The
colour disappeared immediately. The mixture was diluted
with DCM (20 mL) and washed with sat. Na,CO,-brine,
dried (Na,SO,) and filtered. The filtrate was evaporated onto
silica gel and purified by column chromatography (silica
1x18 cm, gradient elution with hexane-EtOAc 4:1, 2:1, 1:1,
1:2 to 1:3) to give the glycoside 15 as a colourless gum (58
mg, 55%). 'H NMR (CDCl,, 400 MHz): 5.34-5.14 (m, 8H,
sugar and cholesterol-H6), 5.05-4.90 (m, 6H, sugar), 4.30-
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3.84 (m, 15H, sugar), 2.34-0.80 (m, 30H, cholesterol), 2.17,
2.16, 2.13, 2.06, 2.05, 2.02, 2.01, 2.01, 1.96 (each s, each
3H, 9%xAc), 2.11, 2.10 (each s, each 6H, 4xAc), 0.98 (s, 3H,
Me), 0.90 (d, 3H, J=6.4, Me), 0.85 (d, 3H, J=6.4, Me), 0.84
(d, 3H, J=6.4, Me), 0.66 (s, 3H, Me); ESMS: m/z 1604
([M+Na]™").

3p-Cholesteryl a-p-mannopyranosyl-(1—3)-a.-p-
mannopyranosyl-(1—3)-a-p-mannopyranosyl-
(1-2)-o-p-mannopyranoside (16)

A solution of 15 (56 mg, 0.0354 mmol) in MeOH (dried
over 3 A MS, 3 mL) was stirred with 11M NaOMe in MeOH
(50 pL) for 40 min. A white precipitate was formed. THF (1
ml) was added without success to improve the solubility.
DMF (4 mL) was added. Some precipitate dissolved. The
mixture was stirred for a total of 6 h. Water (0.8 mL) was
added to make a clear solution. The pH was adjusted to 6-7
with addition of AG50W-X8 resin (H* form). The mixture
was filtered and the resin washed with MeOH (1 mL).
Attempted evaporation on a rotary evaporator was stopped
as serious foaming occurred. The mixture was evaporated by
air-flow and lyophilized for 8 h to give the polyol 16 as a
white solid which was dried in a vacuum desiccator under
P,O5 overnight and used directly for the next step.

3p-Cholesteryl 2,3,4,6-tetra-O-sodium sulfonato-a.-
D-mannopyranosyl-(1—3)-2,4,6-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-c.-p-mannopyranosyl-(1—2)-3,4,6-
tri-O-sodium sulfonato-a-pD-mannopyranoside (17)

Following the standard procedure for sulfonation, polyol
16 (0.0354 mmol) was sulfonated. The cooled crude mixture
was basified by addition of 5 M NaOH (561 pL., 2.81 mmol,
2.05 eq based on SO, pyridine complex). After evaporation,
the residue was dissolved in water (3 mL) and purified by
SEC. Pure fractions were combined and dialysed using a
Slide-A-Lyser® Cassette 2K (0.5-3 mL) in purified water
with addition with 1M Na,CO; overnight. Another load of
IM Na,CO, was added and fresh purified water was
changed. Dialysis was continued overnight. The yellow
solution was removed and lyophilised to give the product 17
as an offwhite powder (34.8 mg, 42%). '"H NMR (D, 0, 400
MHz) 6 6.41-6.26 (m, 4H, sugar and cholesteryl-H6), 5.09
(s, 1H), 5.03 (d, 1H, J=2.2), 4.86 (s, 1H), 4.73-3.94 (m,
22H), 3.51 (m, 1H, cholesteryl-H3), 2.35 (dm, 1H, J=11.7,
cholesteryl-H4), 2.24 (dm, 1H, J=11.7, cholesteryl-H4),
1.90-0.51 (m, including 0.869 [s, 3H], 0.766 [d, 3H, J=6.6],
0.689 [d, 3H, J=6.6], 0.686 [d, 3H, J=6.6], and 0.533 [s, 3H],
43H, cholesteryl).

Example 5

Cholestanol

Cholesterol (500 mg) was taken up in ethyl acetate. 10%
Palladium on carbon (cat.) was added and the mixture was
stirred overnight under a balloon of hydrogen. The mixture
was filtered and the solvent evaporated to give the product
as a white solid in quantitative yield. 'H NMR (400 MHz,
CDCl;) &: 3.58 (m, 1H, CHOH), 2.44 (broad, 1H, OH),
1.97-0.83 (m, 31H), 0.88 (d, 3H, J=6.6, CH,), 0.85 (dd, 6H,
J=1.5, J=6.6, CH,), 0.79 (s, 3H, CH,), 0.64 (s, 3H, CH,).
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3p-Cholestanyl 2,3,4,6-tetra-O-acetyl-a-D-mannopy-

ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-

(1-2)-3,4,6-tri-O-acetyl-a.-D-mannopyranoside (18)

To a solution of 14 (600 mg, 4.42x10* moles) in DCM
(32 mL) under argon, was added cholestanol (300 mg). The
mixture was stirred at —20° C. for 20 min. TMSOTT (40 pL)
was added. The mixture was stirred at —=20° C. for 40 min,
then warmed to —10° C. for 20 min. Triethylamine (70 pL)
was added to the mixture and it was warmed to room
temperature. The solvent was evaporated. The crude product
was purified using column chromatography (SiO,: 3:1 Hex:
EtOAc to 1:2 Hex:EtOAc) to yield the glycoside 18 (220
mg, 31%) as a clear oil. '"H NMR (400 MHz, CDCl,) &:
5.35-5.15 (m, 7H), 5.03-4.91 (m, 6H), 4.31-3.85 (m, 15H),
3.51 (m, 1H, C-3), 2.18 (s, 311, OAc), 2.17 (s, 3H, OAc),
2.14 (s, 3H, OAc), 2.12 (s, 6H, OAc), 2.11 (s, 3H, OAc),
2.10 (s, 3H, OAc), 2.07 (s, 3H, OAc), 2.06 (s, 3H, OAc),
2.05 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.00 (s, 3H, OAc),
1.97-0.78 (m, 31H, cholestanol), 1.97 (s, 31-1, OAc), 0.88
(d, 3H, J=6.6, CH,), 0.85 (dd, 6H, J=1.5, J=6.6, CH,), 0.79
(s, 3H, CH,), 0.63 (s, 3H, CH,).

3p-Cholestanyl o-p-mannopyranosyl-(1—3)-a.-p-
mannopyranosyl-(1—3)-a-p-mannopyranosyl-
(1—2)-a.-p-mannopyranoside (19)

The glycoside 18 (43.1 mg) was deacetylated according to
the general procedure to give the polyol 19 as a white solid
(21 mg, 74%) which was reacted on without further purifi-
cation or characterisation.

3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-a-
D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-c-p-mannopyranosyl-(1—+2)-3,4,6-
tri-O-sodium sulfonato-a-pD-mannopyranoside (20)

The polyol 19 (19 mg, 18.3 umol) was dissolved in DMF
(1.3 mL, 0.015 M). SO;.pyridine (6 equiv./OH, 1.43 mmol,
227 mg) was added and the mixture was stirred overnight at
60° C. The mixture was cooled in ice-water before SM
NaOH (613 pl) was added all at once to neutralise the
solution. The solvent was evaporated. The residue was
decolourized with a C18 SPE cartridge and desalted by
dialysis, using a 2000 MWCO dialysis cartridge over 48
hours with three water changes, followed by lyophilisation
to yield the product 20 as a white solid (19.2 mg, 44%). 'H
NMR (400 MHz, D,0) 8 5.52-5.46 (m, 3H), 5.26-5.20 (m,
2H), 5.04 (m, 1H), 4.88 (m, 1H), 4.84-4.15 (m, 21H), 3.76
(m, 1H, C-3), 2.00-0.81 (m, 31H, cholestanol), 0.91 (d, 3H,
CH,), 0.86 (d, 6H, J=6.2, CHy,), 0.81 (s, 3H, CH,), 0.66 (s,
3H, CH,).

Example 6

3-Azidoprop-1-yl 2,3,4,6-tetra-O-acetyl-a-pD-mann-

opyranosyl-(1—+3)-2.4,6-tri-O-acetyl-a-D-mannopy-

ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-

syl-(1—+2)-3,4,6-tri-O-acetyl-a-pD-mannopyranoside
@D

BF;-Et,O (78 mg, 550 pmol) was added to a solution of
peracetate 13 (276 mg, 220 umol) and 3-azidopropan-1-o01°*
(67 mg, 660 pmol) in anhydrous DCE (8 mL). The solution
was stirred at 60° C. in a sealed vessel for 2 h, before a
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further portion of BF;-Et,O (115 mg, 810 umol) was added
and the solution was heated for a further 3 h. The solution
was cooled to r.t. and poured into a mixture of crushed ice,
NaHCO; (sat. aq.) and brine. The mixture was extracted
with EtOAc and the organic layer was further washed with
1:1 brine:NaHCO; (sat. aq.), and then dried (Na,SO,),
evaporated and co-distilled with anhydrous toluene. Anhy-
drous DCM (5 mL), acetic anhydride (66 mg, 648 pmol),
Et;N (89 mg, 875 umol) and DMAP (crystal) were added
and the solution was stored at -20° C. overnight. The
solution was applied directly to a prepared flash chroma-
tography column (17x2 cm silica gel, gradient elution 60:40
to 75:25 EtOAc:Hx) to give the glycoside 21 (176 mg, 61%)
as an oil. ESMS: m/z 1319.69 ([M+Na]*). 'H NMR (400
MHz, CDCl;) § 5.31-5.12 (m, 7H), 5.00-4.87 (m, 6H),
4.26-3.94 (m, 11H), 3.90-3.81 (m, 2H), 3.77 (dt, 1H, J=9.9,
6.0), 3.47 (dt, 1H, J=9.9, 6.0), 3.42-3.32 (m, 2H), 2.14(1),
2.13(5), 2.10, 2.08x2, 2.06x2, 2.05, 2.03(2), 2.02(5), 1.99,
1.98, 1.93 (13xs, 13x3H, OAcx13), 1.84 (quintet, 1H,
J=6.2). >C NMR (100 MHz, CDCl,) 8: 170.6, 170.5, 170.4,
170.3, 170.1(4), 170.0 (9), 169.9(2), 169.8 (8), 169.7, 169.6,
169.5(4), 169.4(5), 169.3, 99.4, 98.9, 98.8, 98.1, 76.8,
75.1(5), 75.1 (1), 70.9, 70.8, 70.1, 69.6, 69.5, 69.4, 69.2,
68.5,68.3,67.3,66.6,66.1,65.5,64.7,62.5,61.9,61.7,48.0,
28.5, 20.8(4), 20.7(6), 20.7, 20.6, 20.5(4), 20.5(2), 20.4(9),
20.4(7).

3-Stearamidopropyl 2,3,4,6-tetra-O-acetyl-c.-p-man-
nopyranosyl-(1—3)-2.4,6-tri-O-acetyl-a-pD-mann-
opyranosyl-(1—+3)-2.4,6-tri-O-acetyl-a.-p-mannopy-
ranosyl-(1—+2)-3,4,6-tri-O-acetyl-o-p-
mannopyranoside (22)

(a) The glycoside 21 (500 mg, 386 umol) was dissolved
in THF (10 mL). Triphenylphosphine, polymer bound (725
mg) was added and the mixture was stirred at room tem-
perature for 1 hour. Water (210 ul.) was added, and the
mixture was stirred at 50° C. for 4 hours. The mixture was
cooled, filtered, and the solvent evaporated to give a white
solid which was used without further purification or char-
acterisation in the next step.

(b) The above amine (250 mg, 197 umol) was dissolved
in DCM (6 mL). Stearoyl chloride (2 equivalents, 394 umol,
119 mg, 133 ul) was added, followed by triethylamine, and
the mixture was stirred at room temperature for 5 hours. The
solvent was evaporated, and the residue was taken up in
DCM, before being washed with NaHCO, (sat.), dried
(Na,S0,), and the solvent evaporated. The crude product
was purified by column chromatography (Si0,: DCM—4%
MeOH/DCM) to give the amide 22 as a clear oil (102 mg,
33%). '"H NMR (400 MHz, CDCl,) 8 5.86 (broad m, 1H,
NH), 5.32-5.12 (m, 7H), 5.02-4.88 (m, 6H), 4.28-3.96 (m,
15H), 3.73 (m, 1H, CH,0), 3.45 (m, 1H, CH,0), 3.32 (m,
2H, CH,N), 2.15 (s, 3H, OAc), 2.15 (s, 3H, OAc), 2.12 (m,
2H, CH,CO), 2.11 (s, 3H, OAc), 2.10 (s, 6H, OAc), 2.08 (s,
6H, OAc), 2.06 (s, 3H, OAc), 2.04 (s, 6H, OAc), 2.00 (s, 3H,
OAc), 1.99 (s, 3H, OAc), 1.95 (s, 3H, OAc), 1.79 (m, 2H,
CH,), 1.58 (m, 2H, CH,), 1.28-1.20 (m, 28H, CH,), 0.84 (t,
3H, CH,).

3-Stearamidopropyl a-p-mannopyranosyl-(1—3)-a-
D-mannopyranosyl-(1—3)-a.-p-mannopyranosyl-
(1-2)-o-p-mannopyranoside (23)

The amide 22 (101.6 mg) was deacetylated according to
the general procedure to give the polyol 23 (61 mg, 93%) as
a white solid that was reacted on without further purification
or characterization.
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3-Stearamidopropyl 2,3,4,6-tetra-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-c-p-mannopyranosyl-(1—+3)-2,4,6-
tri-O-sodium sulfonato-a.-p-mannopyranosyl-
(1—+2)-3,4,6-tri-O-sodium sulfonato-o-p-
mannopyranoside (24)

The polyol 23 (60.9 mg, 62 umol) was dissolved in DMF
(0.02 M, 3.1 mL). SO,.pyridine (3 equiv/OH, 2.42 mmol,
385 mg) was added and the solution was stirred at 60° C.
overnight. The mixture was cooled in ice-water and 5M
NaOH (2.1 equiv/SOj;.pyridine, 5.08 mmol, 1.02 m[) was
added all at once before the solvent was evaporated. The
compound was taken up in 1% MeOH in water and purified
on a C18 SPE cartridge. The compound was then dialysed
over two nights using a 2000 MWCO dialysis cartridge,
before being lyophilised to yield the product 24 (113 mg,
79%) as a white solid. 'H NMR (400 MHz, D,0) d 5.56 (m,
1H), 5.48 (m, 2H), 5.28 (m, 1H), 5.11 (m, 1H), 5.06 (m, 1H),
4.91-4.13 (m, 22H), 3.87 (m, 1H, CH,0), 3.70 (m, 1H,
CH,0), 3.32 (m, 2H, CH,N), 2.29 (t, 2H, CH,CO), 1.88 (m,
2H, CH,), 1.62 (m, 2H, CH,), 1.33-1.28 (m, 28H, CH,),
0.90 (t, 3H, CH,).

Example 7

3p-Cholestanyl 2,3,4,6-tetra-O-acetyl-a-D-mannopy-
ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-
(1-3)-2,4,6-tri-O-acetyl-a-p-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a-D-mannopyranoside (25)

The trichloroacetimidate 1 (165 mg, 0.1 mmol), choles-
tanol (78 mg, 2 eq, 0.2 mmol) and 3 A molecular sieves (100
mg) were stirred in dry DCM for 2 h. A solution TMS-triflate
in dry DCM (0.4 M, 0.075 mL, 0.03 mmol, 0.3 eq) was
added dropwise at 0° C. and stirring continued for 40 min at
the same temperature. The reaction was quenched by adding
Et;N (5 pL), diluted with EtOAc (100 mL), sonicated (3
min) and decanted. The organic solution was washed with
satd. NaHCO,-solution (3x20 mL), the organic phase was
re-extracted with EtOAc (3x20 mlL), washed with brine
(1x20 mL), dried (Na,SO,) and concentrated in vacuo to
afford the glycoside as colourless foam. The product was
purified on a column of silica gel (20x2 cm, toluene:EtOAc,
1:2). The purification gave 2 fractions (A, B) whereby
fraction A (90 mg, 48% yield) contained pure product but
fraction B was a mixture of pure product and a deacetylated
product (1:1, 74 mg). In order to improve the yield of the
desired glycoside, the dried fraction B and DMAP (cat) was
dissolved in dry pyridine (2 mL) and acetylated by adding
dropwise Ac,O (0.1 mL) at 0° C. and stirring continued at
r.t. for 2 h. The mixture was quenched by adding dry MeOH
(5 mL) at 0° C. and stirring continued for 30 min. The
solution was concentrated in vacuo and co-evaporated with
toluene (3x20 mL) to afford pure glycoside 25 (71 mg, 38%
yield) to give a total yield of 86%. 'H NMR (400 MHz,
CDCl,): § 5.14-5.32 (m, 9H, 5H-4, 2H-3, H-2'"), 4.90-5.05
(m, 8H, SH-1, 3H-3), 3.90-4.31 (m, 19H, H-2, H-3, H-3",
H-3", 5H-5, 5H-6%, 5H-6"), 3.80 (ddd, 1H, H-5), 3.52 (m,
1H, H-3 Chol.), 2.18,2.17,2.14, 2.12, 2.11, 2.10, 2.08, 2.07,
2.06, 2.03, 2.01, 1.98, (s, 48H, 16xAc), 0.55-1.82 (m, 33H,
12CH,, 9CH), 0.89 (d, 3H, J=6.8, cholestanyl-CH;), 0.857
(d, 3H, J=6.8, cholestanyl-CH,), 0.853 (d, 3H, J=6.6, choles-
tanyl-CHy;), 0.79 (s, 3H, cholestanyl-CH;), 0.64 (s, 3H,
cholestanyl-CHj).
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3p-Cholestanyl a-p-mannopyranosyl-(1—3)-a-n-
mannopyranosyl-(1—3)-a-p-mannopyranosyl-
(1-3)-a-p-mannopyranosyl-(1—=2)-o-p-mannopy-
ranoside (26)

The glycoside 25 (181 mg, 0.097 mmol) was deacetylated
according to the general procedure to give white crystalline
polyol 26 (116 mg, 100%), used without further purification
or characterization in the next step.

3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-o.-
D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-c.-p-mannopyranosyl-(1—3)-2,4,6-
tri-O-sodium sulfonato-ca-p-mannopyranosyl-
(1-2)-3,4,6-tri-O-sodium sulfonato-c.-n-
mannopyranoside (27)

The dry polyol 26 (40 mg, 0.033 mmol) was dissolved in
dry DMF (0.83 mLl) and freshly washed and dried
SO,.pyridine (250 mg, 3 eq per OH-group, 1.85 mmol) was
added and stirred for 16 h at 60° C. The reaction was
quenched by adding dropwise an aqueous NaOH solution (5
M, 2.1 eq SO;, 0.66 mmol) at 0° C. (pH 12) and concen-
tration in vacuo at 40° C. to afford a yellow powder. The
powder was dissolved in water (HPLC quality, 12 mL) and
dialysed in a 2K cartridge against purified water for 36 h.
After 16 h a solution an aqueous solution of NH,HCO; (0.1
M, 0.5 mL) was added to the cartridge to ensure pH is higher
than 7. The product was purified by reverse phase HPLC
using a gradient of 10% MeCN-water—35 MeCN-water and
flowrate of 5 ml/min with detection by ELS. Fractions
containing pure product were combined and lyophilized to
afford 27 as white fluffy powder (23.8 mg, 25% yield). 'H
NMR (400 MHz, D,0): '"H NMR (400 MHz, CDCl,) §
5.48-5.57 (m, 4H, 4H-2), 5.29, 5.23 (bs, 4H, H-1', H-1",
H-1", H-1""), 4.35-4.90 (m, 23H, H-1, 5H-3, 5H-4, 2H-5,
5H-6%, SH-6%, 4.28 (1, 1H, H-2), 4.15-4.24 (m, 3H, 3H-5),
3.81 (m, 1H, H-3 Chol.), 0.66-2.05 (m, 33H, 12CH,, 9CH),
0.96, 0.94, 0.90, 0.88, 0.85, 0.70 (s, 15H, CH3). 0.85 (d, 3H,
J=6.8, cholestanyl-CHj;), 0.88 (d, 6H, J=6.8, 2xcholestanyl-
CH,), 0.85 (s, 3H, cholestanyl-CHy;), 0.70 (s, 3H, choles-
tanyl-CH,).

Example 8

Benzyl 2,3,4,6-tetra-O-benzoyl-a-pD-mannopyrano-
syl-(1—2)-3,4,6-tri-O-benzoyl-a-pD-mannopyrano-
side (28)

2,3,4,6-Tetra-O-benzoyl-c.-p-mannopyranosyl trichloro-
acetimidate®® (0.609 g, 0.822 mmol, 1.1 eq) and benzyl
3,4,6-tri-O-benzoyl-a-p-mannopyranoside®> (0.435 g, 0.747
mmol) was dissolved in anhydrous DCM (6 mL). Powdered
MS 3 A (80 mg freshly activated) were added. The mixture
was stirred at 0° C. for 40 min. A solution of TMSOTT (0.027
ml, 0.149 mmol, 0.2 eq) in DCM (1.5 mL) was added
dropwise. The mixture was stirred at 0° C. while the reaction
was monitored by TLC (hexane-EtOAc=65:35). After 40
min, the reaction was complete and Et;N (0.3 mL, 2.15
mmol) was added. The crude mixture was combined with
the crude from another batch (TCA: 1.42 g, 2.098 mmol;
2-alcohol: 1.22 g, 2.098 mmol, TMSOTT: 0.114 mL, 0.629
mmol, 0.3 eq, 0° C., 40 min). The mixture was filtered
through a plug of Celite and rinsed with DCM (3x1 mL). To
the combined filtrate and washings were added pyridine
(0.121 mL, 1.494 mmol, 2 eq) and benzoyl chloride (0.130
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ml, 1.212 mmol, 1.5 eq). The mixture was stirred at r.t. o/n,
evaporated onto silica gel and purified by column chroma-
tography (silica gel 3x20 cm, gradient elution with hexane-
EtOAc 200:20, 400:80, 200:50, 240:80, 200:90, 200:100) to
give the disaccharide 28 as a colourless gum (594 mg, 68%).
'H NMR (CDCl,, 400 MHz) & 8.15-7.88 (m, 14H, Ph),
7.59-7.25 (m, 26H, Ph), 6.16-5.94 (m, SH), 5.30-5.27 (m,
2H), 4.82 (d, 1H, I=11.7), 4.68-4.39 (m, 8H).

2,3,4,6-tetra-O-benzoyl-a-p-mannopyranosyl-
(1—2)-3,4,6-tri-O-benzoyl-p-mannopyranose (29)

The disaccharide 28 (670 mg, 0.577 mmol) was dissolved
in MeOH (3 ml) and EtOAc (30 mL). Palladium on
charcoal (5%, 80 mg) was added. The mixture was stirred
under 50 psi of hydrogen at r.t. o/n. TLC indicated ~60%
conversion. More palladium on charcoal (5%, 80 mg) was
added. Stirring was continued at 50 psi for 3 days. TLC
indicated complete conversion. The mixture was filtered
through a plug of Celite and rinsed with EtOAc (5x1 mL).
The combined filtrate and washings were evaporated to
dryness to give the title compound 29 as a colourless foam
(609 mg, 99%). The product was used directly for the next
step without purification.

2,3,4,6-Tetra-O-benzoyl-a.-pD-mannopyranosyl-
(1-2)-3,4,6-tri-O-benzoyl-pD-mannopyranosyl
trichloroacetimidate (30)

To a pre-cooled (0° C.) solution of 29 (609 mg, 0.569
mmol) in anhydrous DCM (2.8 mL, 0.2 M) was added
trichloroacetonitrile (114 pl., 1.138 mmol, 2 eq). A solution
of DBU (4.3 uL, 0.05 eq, 0.0285 mmol) in anhydrous DCM
(0.3 mL) was added. The mixture was stirred at 0° C. for 4
h and TLC (hexane-EtOAc=65:35) indicated complete con-
version. The crude mixture was evaporated onto silica gel
and purified by silica column chromatography (2.5x14 cm,
gradient elution with hexane-EtOAc-Et;N 210:20:0.5, 200:
50:0.5, 180:60:0.5, 150:70:0.5). The product fractions were
combined, evaporated and dried in a vacuum desiccator over
P,O5 o/n to give the trichloroacetimidate 30 as white foam
(530 mg, 77%), used without further purification in the next
step.

3p-Cholestanyl 2,3,4,6-tetra-O-benzoyl-a-p-mann-
opyranosyl-(1—+2)-3,4,6-tri-O-benzoyl-a.-p-mann-
opyranoside (31)

To a solution of the trichloroacetimidate 30 (260 mg,
0.214 mmol) and 3p-cholestanol (166 mg, 0.428 mmol, 2
eq) in anhydrous DCM (3.8 mL) was added freshly acti-
vated, powdered molecular sieves 3 A (50 mg). The mixture
was stirred at 0° C. for 0.5 h and a solution of TMSOTT (7.7
ul, 0.0428 mmol, 0.2 eq) in anhydrous DCM (0.3 mL) was
added dropwise at 0° C. The mixture was stirred at 0° C. for
1.5h and TLC indicated the completion of the reaction. Et;N
(150 pL) was added and the mixture was evaporated onto
silica gel and purified by silica column chromatography
(2x15 cm, gradient elution with hexane-EtOAc 210:20,
200:50, 180:60, 180:90) to give the glycoside 31 as white
foam (301 mg, 98%). 'H NMR (CDCl,, 400 MHz) §
8.11-7.28 (m, 35H, Bz), 6.09 (dd or t, 1H, J 731y pracry=10.3,
JH4;,,)_H5(,,):9.6, H4%), 5.97-5.87 (m, 3H, H2”, H3’ and
H4%), 5.28 (d, 1H, 1. ;n=2.2, H1), 5.28 (d, 1H, T ;»=1.5,
H1), 4.69-4.44 (m, 6H, H5", H5”, H6" and H6™), 4.33 (br s,
1H, H2Y), 3.59 (m, 1H, OCH-chel), 3.02 (dd, 1H, Jy .3
a=2.9, H3"), 1.99-0.47 (m, 31H, cholestanyl), 0.91 (d, 3H,
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J=6.6, cholestanyl-CH;), 0.872 (d, 3H, J=6.6, cholestanyl-
CH,), 0.867 (d, 3H, J=6.6, cholestanyl-CHy,), 0.75 (s, 3H,
cholestanyl-CHy;), 0.65 (s, 3H, cholestanyl-CH;).

3p-Cholestanyl a-p-mannopyranosyl-(1—2)-a-n-
mannopyranoside (32)

A solution of 31 (293 mg, 0.203 mmol) in anhydrous THF
(4 mL)) and MeOH (6 mL) was treated with a solution of 11
M NaOMe in MeOH (0.1 mL, 1.1 mmol, 5.4 eq). The
mixture was stirred at r.t. o/n. The suspension was treated
with AcOH (50 pl) to give an instant clear solution.
AG50WXS8 resin (H* form) was added to adjust the pH to 6.
The mixture was filtered and the resin washed with MeOH
(2x2 mL). The combined filtrate and washings were evapo-
rated to dryness and dried in vacuum dessicator o/n to give
the polyol 32 as a pale-yellow powder (171 mg, 118%), used
without further purification in the next step.

3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-o.-
D-mannopyranosyl-(1—2)-3,4,6-tri-O-sodium sul-
fonato-ai-p-mannopyranoside (33)

The polyol 32 (96 mg, 0.135 mmol) was dissolved in
anhydrous DMF (3.4 mL, 0.04 M). Sulfur trioxide-pyridine
complex (451 mg, 2.835 mmol, 3 eq per hydroxyl, freshly
washed with water, toluene, EtOH, DCM and dried under
P,O; in a vacuum dessicator for 1 h) was added. The mixture
was stirred at 60° C. o/n and cooled to 0° C. 5 M NaOH (794
ul, 3.969 mmol, 1.4 eq based on SO;) and sat. Na,CO; (2.5
M, 690 mL, 1.701 mmol, 0.6 eq based on SO,) was added.
The colour turned slightly darker (yellow-orange). The
mixture was evaporated to dryness. The residue was dis-
solved in 4 mL of water (pH>9) and purified by Bio-Gel P-2
column chromatography (eluted with 0.1 M NH,HCO; at
196 mL/h, 6 min per collection). The product fractions were
identified by MBT and CE. Lyophilisation gave the product
33 as pale-yellow powder (33 mg, 20% for two steps). ‘H
NMR (D,0, 300 MHz) 8 5.27 (s, 1H), 4.98 (s, 1H), 4.81 (s,
1H), 4.64-4.48 (m, 4H), 4.38-4.18 (m, 4H), 4.08-3.85 (m,
4H), 3.50 (m, 1H, OCH), 1.75-0.49 (m, 46H, cholestanyl).

Example 9

2,3.4,6-tetra-O-acetyl-a-pD-mannopyranosyl-(1—3)-
2,4,6-tri-O-acetyl-a-p-mannopyranosyl-(1—2)-3,4,
6-tri-O-acetyl-a-D-mannopyranosyl trichloroacetimi-
date (36)

The trisaccharide 34°° was peracetylated (Ac,O, pyridine,
DMAP, rt., 4 days) and purified by flash chromatography
(silica gel, hexane-EtOAc gradient) to give the peracetate 35
as an oil. Glacial acetic acid (0.65 mmol, 0.038 mL) was
added dropwise to a solution of ethylendiamine (1.2 mmol,
0.08 mL) in dry THF (15 mL) at 0° C., resulting in
immediate formation of a precipitate, which remains present
until aqueous work-up. The peracetate 35 (500 mg, 0.52
mmol) was added at 0° C. and the mixture was stirred 2.5 h
at r.t. and stored overnight at —20° C. TLC (toluene/EtOAc,
1:2) then showed the absence of the starting material and the
presence of a slower moving product, which appears mostly
as an anomeric mixture. The solution was neutralized by
adding acetic acid (0.12 mL) to reach pH 6. The solvent was
evaporated under a stream of air, the residue was dissolved
in EtOAc (100 mL), washed with satd. NaHCO;-solution
(3x50 mL), water (3x10 mL), brine (30 mL), dried
(Na,SO,) and concentrated in vacuo to obtain the hemiac-
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etal as yellow foam (500 mg), used without further purifi-
cation. The hemiacetal (500 mg, ~0.54 mmol)) was dis-
solved in dry DCM (4 mL), K,CO; (0.95 g, 6.81 mmol) and
trichloroacetonitrile (0.67 mL, 6.63 mmol) was added at 0°
C. and stirring continued at r.t. for 120 min. The mixture was
directly purified on a column of silicagel (30x2.5 cm,
toluene—FEtOAc, 1:1—=1:2—EtOAc) and the trichloro-
acetimidate 36 was obtained as white fluffy powder (300 mg,
65%). The compound was dried over P,O; overnight at
stored at —-20° C.

3p-Cholestanyl 2,3,4,6-tetra-O-acetyl-a-D-mannopy-

ranosyl-(1—3)-2,4,6-tri-O-acetyl-a.-pD-mannopyrano-

syl-(1—+2)-3,4,6-tri-O-acetyl-a-pD-mannopyranoside
G7

The imidate 36 (295 mg, 0.28 mmol), cholestanol (210
mg, 2 eq, 0.56 mmol) and 3 A molecular sieves (100 mg)
were stirred in dry DCM for 0.5 h. A solution of TMS-triflate
in dry DCM (0.4 M, 0.21 ml, 0.084 mmol, 0.3 eq) was
added dropwise at 0° C. and stirring continued for 30 min at
r.t. The reaction was quenched by adding Et,N (0.02 mL) at
0° C. (pH 5), diluted with DCM (25 mL), sonicated (3 min)
and decanted. The organic solution was washed with satd.
NaHCO;-solution (3x20 mL), the aqueous phase was re-
extracted with EtOAc (50 mL), washed with brine (20 mL),
dried (Na,SO,) and concentrated in vacuo to afford the
crude glycoside as white solid (564 mg). The product was
purified on a column of silica gel (20x2 cm, toluene:EtOAc
3:2—1:1—+1:2). The purification gave a mixture fraction A
(56 mg, ~80% glycoside) and fraction B containing pure
glycoside 37 as a white solid (170 mg, 58% yield). '"H NMR
(CDCl;, 400 MHz) d 5.26-5.34 (m, 3H, 2xH4, H3), 5.17-
5.24 (m, 3H, H2!, H3”, H4), 5.28 (dd, 1H, I,;; ;,=2.0, H27),
5.05 (d, 1H, I 7,=2.0, H1), 5.02 (d, 1H, H17), 4.93 (4, 1H,
Lo o=2.0, H19), 430 (dd, 1H, T, sr65=—12.7, Tiys.225=3-9,
Héa), 3.97-4.22 (m, 9H, 2xH6a, 3xH6b, H3’, 3xHS5, 3.95
(dd, 1H, H2), 3.53 (m, 1H, cholestanyl-H3), 2.19, 2.15, 2.14,
2.11,2.10,2.08,2.07,2.03,2.03,2.02, 1.99 (s, 30H, 10xAc),
0.55-1.85 (m, 33H, 12CH,, 9CH), 0.89 (d, 3H, J=6.8,
cholestanyl-CH;), 0.860 (d, 3H, J=6.8, cholestanyl-CHj;),
0.854 (d, 3H, J=6.6, cholestanyl-CH,), 0.80 (s, 3H, choles-
tanyl-CHy), 0.64 (s, 3H, cholestanyl-CH,).

3p-Cholestanyl o-p-mannopyranosyl-(1—3)-a.-p-
mannopyranosyl-(1—2)-a-pD-mannopyranoside (38)

The peracetate 37 (165 mg, 0.127 mmol) was deacety-
lated according to the general procedure to yield white
crystalline polyol 38 (107 mg, 96% yield), used without
further purification or characterization in the next step.

3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-a-
D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—2)-3,4,6-tri-O-so-
dium sulfonato-a.-pD-mannopyranoside (39)

Dry polyol 38 (50 mg, 0.058 mmol) was dissolved in dry
DMF (2.9 mL, 0.02 M) and freshly washed and dried
SO;.pyridine (1:1, 277 mg, 3 eq per OH-group, 1.74 mmol)
added. The mixture was stirred for 16 h at 60° C. and then
was cooled to 0° C. for 15 min and neutralized by adding
ice-cold aqueous NaOH-solution (5 M, 2.1 eq/SO,, 0.731
ml, 3.65 mmol) at 0° C. in one portion (to pH 12). The
suspension was stirred for 15 min at 0° C., diluted with water
(10 mL) transferred into a 500 mL-round bottom flask and
concentrated in vacuo at 40° C. A pale yellow powder was
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afforded, which was dissolved in water (10 mL) obtaining a
solution with pH 10. The solution was set to pH 12 by
adding an aqueous solution of NaOH (5 M, 5 drops),
dialysed against water (4 L) using a Slide-A-Lyzer® cassette
(2000 MWCO, 4-12 mL) for 16 h at r.t. The dialysis was
continued at 0° C. against water (4 L) for 3 d, whereby after
each 24 h an aqueous solution of NH,HCO; (3 M, 0.6 mL)
was added to the water to set the pH to ~6.5. The desalted
solution was then lyophilized to afford the persulfate 39 as
a white fluffy powder (91 mg, 83%). 'H NMR (400 MHz,
D,0) 8 5.50 (m, 2H, H1 or H2), 5.23, 5 (m, 2H, H1 or H2),
4.12-4.92 (m, 17H, H1, 1x1H, 3xH-3, 3xH-4, 3xH-5,
3H-6%, 3H-6°) 3.80 (m, 1H, H-3 Chol.), 0.66-2.04 (m, 33H,
12CH,, 9CH), 0.95 (d, 3H, J=6.8, cholestanyl-CHy,), 0.887
(d, 3H, J=6.8, cholestanyl-CH,), 0.882 (d, 3H, J=6.8, choles-
tanyl-CH,;), 0.85 (s, 3H, cholestanyl-CH;), 0.70 (s, 3H,
cholestanyl-CH;).

Example 10

3-Azidopropyl 2,3,4,6-tetra-O-acetyl-o-p-mannopy-
ranosyl-(1-—+3)-2.4,6-tri-O-acetyl-o-pD-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a.-D-mannopyranosyl-
(1-3)-2,4,6-tri-O-acetyl-a-pD-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a-p-mannopyranoside (41)

BF;-Et,O (115 mg, 810 umol was added to a solution of
pentasaccharide peracetate 40°® (500 mg, 324 umol) and
3-azidopropan-1-ol (98 mg, 972 umol) in anh. DCE (8 mL).
The solution was stirred at 60° C. in a sealed vessel for 2 h,
before a further portion of BF,-Et,O (115 mg, 810 umol)
was added and the solution was heated for a further 3 h. The
solution was cooled to r.t. and poured into a mixture of
crushed ice, NaHCO; (sat. aq.) and brine. The mixture was
extracted with EtOAc and the organic layer was further
washed with 1:1 brine:NaHCO, (sat. aq.), and then dried
(Na,S0,), evaporated and co-distilled with anh. toluene.
Anh. DCM (5 mL), acetic anhydride (66 mg, 648 pumol),
Et;N (89 mg, 875 umol) and DMAP (crystal) were added
and the solution was stored at -20° C. overnight. The
solution was applied directly to a prepared flash chroma-
tography column (17x2 cm silica gel, gradient elution 60:40
to 75:25 EtOAc:Hx) to give the glycoside 41 (387 mg, 75%)
as an oil. ESMS: 1601.81, [M+NH,]*. 'H NMR (400 MHz,
CDCl,) §: 5.30-5.13 (m, 8H), 5.02-4.88 (m, 8H), 4.28-3.75
(m, 20H), 3.49 (dt, 1H, J=9.8, 6.1, OCH,CH,B), 3.42-3.35
(m, 2H, CH,Ny,), 2.16, 2.14(9), 2.14 (7), 2.11, 2.10, 2.09(2),
2.08 (8), 2.08 (7), 2.08, 2.07, 2.06, 2.05, 2.04, 2.00, 1.99,
1.95 (16 s, 16x3H, AcOx16), 1.89-1.84 (m, 2H, CCH,C).
13C NMR (100 MHz, CDCl,) &: 170.4, 170.3, 170.2, 170.1,
169.9, 169.8(2), 169.7 (7), 169.6, 169.5, 169.4, 169.3, 169.2,
99.1(2), 99.1(0), 98.8 (4), 98.7(7), 98.1, 76.7, 75.0, 74.9,
74.7,71.0,70.8,70.7,70.0, 69.5, 69.3, 69.2, 68.5, 68.2, 67.2,
66.7,66.6, 66.0, 65.4,64.6,62.4,62.3,61.9,61.5,47.9, 28.5,
20.7(4), 20.7(2), 20.6(9), 20.6, 20.4(9), 20.4(6), 20.4.

3-Stearamidopropyl 2,3,4,6-tetra-p-acetyl-o-D-man-
nopyranosyl-(1—3)-2.4,6-tri-O-acetyl-a-pD-mann-
opyranosyl-(1—+3)-2.4,6-tri-O-acetyl-a.-p-mannopy-
ranosyl-(1—+3)-2.4,6-tri-O-acetyl-o-p-
mannopyranosyl-(1—+2)-3,4,6-tri-O-acetyl-a-p-
mannopyranoside (42)

The azide 41 (460.5 mg, 291 umol) was dissolved in THF
(10 mL). Triphenylphosphine, polymer bound (725 mg) was
added and the mixture was stirred at room temperature for
1 hour. Water (200 uL.) was added, and the mixture was
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stirred at 50° C. for 4 hours. The mixture was cooled,
filtered, and the solvent evaporated to give a white solid
(APCIMS: 1558.25 [M+H]*). The product was dissolved in
DCM (10 mL). Stearoyl chloride (2 equivalents, 580 umol,
176 mg, 196 pl.) was added, followed by triethylamine (2
equiv, 580 pmol, 80 pL.), and the mixture was stirred at room
temperature for 6 hours. The solvent was evaporated, and the
residue was taken up in DCM, before being washed with
NaHCO; (sat.), dried (Na,SO,), and the solvent evaporated.
The crude product was purified by column chromatography
(Si0,: DCM—2% MeOH/DCM) to yield the amide 42 as a
clear oil (232 mg, 44%, two steps). 'H NMR (400 MHz,
CDCl;) d 6.10 (broad m, 1H, NH), 5.24-5.09 (m, 8H),
4.96-4.83 (m, 8H), 4.22-3.71 (m, 19H), 3.68 (m, 1H, CH,0),
3.40 (m, 1H, CH,0), 3.26 (m, 2H, CH,NH), 2.12-2.09 (m,
2H, CH,CO), 2.11 (s, 3H, OAc), 2.10 (s, 6H, OAc), 2.06 (s,
3H, OAc), 2.04 (s, 3H, OAc), 2.03 (s, 12H, OAc), 2.02 (s,
3H, OAc), 2.01 (s, 3H, OAc), 1.99 (s, 6H, OAc), 1.95 (s, 3H,
OAc), 1.94 (s, 3H, OAc), 1.90 (s, 3H, OAc), 1.74 (m, 2H,
CH,CH,N), 1.53 (m, 2H, CH,CH,CO), 1.23-1.16 (m, 28H,
CH,), 0.79 (t, 3H, CH,).

3-Stearamidopropyl a-p-mannopyranosyl-(1—3)-a-
D-mannopyranosyl-(1—3)-a-p-mannopyranosyl-
(1-3)-a-p-mannopyranosyl-(1—=2)-o-p-mannopy-
ranoside (43)

The amide 42 (231.5 mg) was deacetylated according to
the general procedure to give the polyol 43 (140 mg, 96%)
as a white solid that was reacted on without further purifi-
cation or characterisation.

3-Stearamidopropyl 2,3,4,6-tetra-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-c-p-mannopyranosyl-(1—+3)-2,4,6-
tri-O-sodium sulfonato-a.-p-mannopyranosyl-
(1-—+3)-2,4,6-tri-O-sodium sulfonato-o-p-
mannopyranosyl-(1—+2)-3,4,6-tri-O-sodium
sulfonato-c.-pD-mannopyranoside (44)

The polyol 43 (140 mg, 122 umol) was dissolved in DMF
(0.02 M, 6.1 mL). SO,.pyridine (3 equiv/OH, 5.83 mmol,
928 mg) was added and the solution was stirred at 60° C.
overnight. The mixture was cooled in ice-water and 5M
NaOH (2.1 equiv/SO;.pyridine, 2.45 mL) was added all at
once before the solvent was evaporated. The compound was
taken up in 1% MeOH in water and purified on a C18 SPE
cartridge. The compound was then dialysed over two nights
using a 2000 MWCO dialysis cartridge, before being
lyophilised to yield the product 44 (220 mg, 65%) as a white
solid. "H NMR (400 MHz, D,0) § 5.55 (d, 1H, H-1), 5.53
(d, 1H, H-1), 5.50 (d, 1H, ], ,=1.8, H-1), 5.49 (d, 1H, H-1),
5.28 (m, 1H), 5.12 (m, 1H), 5.08 (m, 1H), 4.90-4.12 (m,
28H), 3.85 (ddd, 1H, J=6.2, J=7.0, J=10.5, CH,0), 3.68
(ddd, 1H, J=6.2, J=6.2, 1=9.7, CH,0), 3.31 (m, 2H, CH,N),
2.29 (t, 2H, J=7.0, CH,CO), 1.88 (t, 2H, I=6.2, CH,CH,N),
1.62 (m, 2H, CH,CH,CO), 1.31 (m, 28H, CH,), 0.90 (t, 3H,
J=7.0, CH,).

Example 11
3p-(Prop-2-ynyloxy)cholestanol
3p-cholestanol (1.23 g, 3.16 mmol) was completely dis-
solved in anhydrous toluene (7 mL, 0.45 M) at r.t. Powdered

potassium t-butoxide (1.06 g, 9.49 mmol, 3 eq) was added
in one portion. The mixture was stirred at r.t. for 3 h. A
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solution of propargyl bromide (80 wt % in toluene, 0.94 g,
6.32 mmol, 2 eq) was added. The mixture was stirred at r.t.
for 3 days. The mixture was diluted with hexane (30 m[.)
and EtOAc (10 mL), washed with water (2x60 mlL) and
brine (60 mL). The aqueous phase was extracted once with
EtOAc (20 mL). The combined organic phases were dried
(Na,S0,), filtered and the filtrate was evaporated onto silica
gel and purified by column chromatography (silica gel
2.5x24 cm, gradient elution with hexane 250 mlL., hexane-
EtOAc 125:5) to give the product as a yellow solid. Recrys-
tallization from EtOAc (3 mL) gave off-white crystals (736
mg, 55%). 'H NMR (CDCl,, 400 MHz) & 4.18 (d, 2H,
J=2.2), 345 (m, 1H), 2.38 (t, 1H, J=2.2), 1.99-0.57 (m,
31H), 0.89 (d, 3H, J=6.6), 0.86 (d, 3H, J=6.6), 0.86 (d, 3H,
J=6.6), 0.79 (s, 3H), 0.64 (s, 3H).

3-Azidopropyl 2,3,4,6-tetra-O-acetyl-o-p-mannopy-

ranosyl-(1-—+3)-2.4,6-tri-O-acetyl-o-pD-mannopyrano-

syl-(1—+2)-3,4,6-tri-O-acetyl-a.-D-mannopyranoside
(45)

The peracetate 35 (1000 mg, 1.03 mmol) and 3-azidopro-
panol (1.2 eq., 124 mg, 1.24 mmol) was dissolved in dry
DCM (5 mL) and then at 0° C. BF;-etherate (5 eq., 0.546
ml, 5.17 mmol) was added dropwise and the mixture stirred
for 3 h at 60° C. The reaction was stopped by adding Et;N
(2.2 mL, 15.5 mmol) at 0° C. The crude reaction mixture
was then acetylated by adding pyridine (1 mL), DMAP (cat.)
and Ac,0 (0.585 mL) at 0° C. and stirring continued o/n at
rt. The dark red solution was quenched by adding dry MeOH
(5mL)at 0° C. and stirred for 2 h at r.t. After co-evaporation
with toluene (50 mL), the residue was dissolved in EtOAc
(100 mL), washed with satd. NaHCO;-solution (3x20 mL),
water (50 mL), the aqueous phase was re-extracted with
EtOAc (3x20 mL), combined with the other organic extract,
washed with brine (20 mL), dried (Na,SO,) and concen-
trated in vacuo to afford the crude glycoside as a gum (~1 g).
The crude product was purified on a column of silica gel
(20%x2 cm, toluene—EtOAc, 2:1—=1:1—1:2) and the desired
glycoside 45 was obtained as an off-white foam (374 mg,
36%). 'H NMR (CDCl;, 400 MHz) 8 5.19-5.38 (m, 6H,
3xH4, H2”, H3’, H3™), 5.08 (dd 1H, I, z5=3.3, H2™), 5.04
(d, 1H, Ty zn=1.7, H17), 4.94 (m, 2H, H17, H-17), 4.31 (dd,
1H, Jyserer=12.5, Tye.s=4.2, Hba), 3.93-4.26 (m, 9H,
2xH6a, 3xH6b, H27, H3”, H5%, H5% or H5),3.93 (ddd, 1H,
H5" or H5"), 3.82 (dt, 1H, 1,,,,=10.0, ]=6.6, OCH,), 3.53
(dt, 1H, J=6.6, OCH,), 3.43 (t, 2H, J=6.6, CH,N,), 2.20,
2.161,2.157,2.12,2.11, 2.10, 2.19, 2.05, 2.04, 2.00 (s, 30H,
10xAc), 1.90 (quintet, 2H, J=6.6, CH,).

3-{4-(Cholestan-3-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl 2,3,4,6-tetra-O-acetyl-o.-p-mannopyrano-
syl-(1—3)-2,4,6-tri-O-acetyl-a.-D-mannopyranosyl-
(1-2)-3,4,6-tri-O-acetyl-a-p-mannopyranoside (46)

3p-(Prop-2-ynyloxy)cholestanol (156 mg, 2 eq., 0.367
mmol) and the azide 45 (185 mg, 0.183 mmol) were
dissolved in a mixture of DCM/t-BuOH (3:2, w/w, 0.4 M,
0.562 mL). To the mixture were added an aqueous solution
of CuSO, (0.3 M, 0.1 eq., 0.061 mL) and a aqueous solution
of sodium ascorbate (1 M, 0.3 eq., 0.055 mlL) and the
mixture was vigorously stirred without light for 48 h. TLC
analysis (toluene:EtOAc, 1:1) showed the end of the reac-
tion with the appearance of a more polar product than the
starting azide. The mixture was diluted with DCM (50 mL)
and washed with satd. NaHCO;-solution (3x30 mL). The
aqueous phase was re-extracted with EtOAc (3x20 mL),
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organic extracts were combined, washed with brine (20 mL),
dried (Na,SO,) and concentrated in vacuo to afford the
crude product as a yellow foam (475 mg). The crude product
was purified on a column of silica gel (25x2.5 cm, toluene—
EtOAc, 1:2—1:3—=1:4) to yield the triazole 46 as white
foam (214 mg, 81%). 'H NMR (CDCl,, 400 MHz) § 7.76 (s,
1H, =CH), 5.18-5.36 (m, 6H, 3xH4, H2”, H3’, H3"7), 5.06
(dd 1H, T, ;,=3.2, H2"), 5.02 (d, 1H, 1, ;,,=1.7, H1™),
4.94 (d, 2H, Jy z»=1.6, H-17), 4.92 (d, 1H, I ;»=1.6,
H1%), 4.71 (s, 2H, OCH,), 4.49 (t, 2H, J=6.6, CH,N), 4.30
(dd, 1H, Jye-rmer=11.9, Tpy6.1s=4.0, H6a), 3.96-4.26 (m,
9H, 2xH6a, 3xH6b, H2:, H3” H5, H5% or H5%), 3.92 (ddd,
1H, H5" or H5™), 3.43 (m, 2H, OCH,, H-3 Chol), 2.31 (m,
2H, CH,), 2.19, 2.145, 2.142, 2.11, 2.09, 2.08, 2.06, 2.04,
1.99 (s, 30H, 10xAc), 1.90 (quintet, 2H, J=6.6, CH.,),
0.56-2.04 (m, 33H, 12CH,, 9CH), 0.89 (d, 3H, J=6.8,
cholestanyl-CH;), 0.858 (d, 3H, J=6.8, cholestanyl-CHj;),
0.855 (d, 3H, J=6.8, cholestanyl-CH,), 0.79 (s, 3H, choles-
tanyl-CH,;), 0.64 (s, 3H, cholestanyl-CH;).

3-{4-(Cholestan-3-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl a-p-mannopyranosyl-(1—3)-c-p-mann-
opyranosyl-(1—2)-ca-p-mannopyranoside (47)

Dry peracetate 46 (202 mg, 0.141 mmol) was deacety-
lated according to the general procedure to yield the polyol
47 as a white crystalline solid (138 mg, 97%), used without
further purification or characterization in the next step.

3-{4-(Cholestan-3-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl 2.3,4,6-tetra-O-sodium sulfonato-c.-p-
mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—+2)-3,4,6-tri-O-
sodium sulfonato-a-p-mannopyranoside (48)

Dry polyol 47 (50 mg, 0.049 mmol) was dissolved in dry
DMF (2.45 mL, 0.02 M) and freshly washed and dried
SO;.pyridine complex (234 mg, 3 eq per OH-group, 1.47
mmol) was added and the mixture stirred for 16 h at 60° C.
The reaction mixture was cooled to 0° C. for 15 min, then
neutralized by adding ice-cold aqueous NaOH solution (5
M, 2.1 eq/SO;, 0.617 mL, 3.09 mmol) at 0° C. in one portion
(to pH 12). The suspension was stirred for 15 min at 0° C.,
diluted with water (10 mL) and co-evaporated with water
(3x20 mL) in vacuo at 40° C. The yellow solid was
dissolved in water (9 mL, —pH10.5), then the solution was
set to pH 12 by adding an aqueous solution of NaOH (5 M,
5 drops) and dialysed against water (4 L) for 16 h at r.t. using
a Slide-A-Lyzer® cassette (2000 MWCO, 4-12 mL). The
dialysis was continued at 0° C. against water (4 L) for 2 d,
whereby after each 24 h an aqueous solution NH,HCO; (3
M, 0.6 mL.) was added to the changed water (4 L) to set the
pH to 6-6.5. The desalted solution was then lyophilized to
afford the product 48 as a white fluffy powder (94 mg, 94%).
'H NMR (400 MHz, D,0) § 8.08 (s, 1H, =CH), 5.50 (m,
2H, H2”, H27%), 5.22, 5 (m, 1H, H1” or H1™), 5.07 (m, 1H,
H1%), 4.33-4.93 (m, 19H, H17 or H1%Z, 3xH3, 3xH4, 3xH4,
CHLN, 4H6, H2, OCH,), 4.15 (m, 4H, 2xH6, 2xH-5), 4.02
(m, 1H, H-5), 3.83 (m, 1H, OCH,), 3.71 (m, 1H, OCH,),
3.51 (m, 1H, H-3 Chol), 2.28 (m, 2H, CH,), 0.62-2.06 (m,
33H, 12CH,, 9CH), 0.94 (d, 3H, J=5.8, cholestanyl-CHy,),
0.86 (d, 9H, J=6.7, cholestanyl-CH,), 0.70 (s, 3H, choles-
tanyl-CH,).

Example 12
Benzyl 3-O-allyl-2.4,6-tri-O-benzoyl-o-p-mannopy-

ranosyl-(1-—+3)-2.4,6-tri-O-benzoyl-a.-pD-mannopyra-
noside (49)

3-0O-allyl-2,4,6-tri-O-benzoyl-a-p-mannopyranosyl
trichloroacetimidate®* (0.504 g, 0.744 mmol, 1.05 eq) and
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benzyl 2,4,6-tri-O-benzoyl-a-p-mannopyranoside (0.413 g,
0.709 mmol) was dissolved in anhydrous DCM (6.4 mL,
0.11 M). Powdered MS 3 A (70 mg freshly activated) were
added. The mixture was stirred at 0° C. for 30 min. A
solution of TMSOTT (26 pL, 0.142 mmol, 0.2 eq) in DCM
(0.6 mL) was added dropwise (final concentration: 1 M).
The mixture was stirred at 0° C. while the reaction was
monitored by TLC (hexane-EtOAc=65:35). After 60 min,
the conversion was complete and Et;N (0.15 ml) was
added. The crude mixture was treated with pyridine (0.115
ml, 1.418 mmol, 2 eq) and benzoyl chloride (0.124 mlL,,
1.064 mmol, 1.5 eq). The mixture was stirred at r.t. o/n and
filtered. The solid was washed with DCM (6x1 mL). The
combined filtrate and washings were evaporated onto silica
gel and purified by column chromatography (silica gel
2.5x24 cm, gradient elution with hexane-EtOAc 200:20,
210:40, 200:50, 180:60, 170:85) to give pure product 49 as
a pale-yellow gum (0.738 g, 95%). '"H NMR (CDCl,, 400
MHz) § 8.20-8.06 (m, 8H, Ph), 7.90-7.80 (m, 4H, Ph),
7.67-7.23 (m, 23H, Ph), 5.98 (dd or t, 1H, Tz z7a™9-8,
Jary-rsy=9-8, HA), 5.75 (dd or t, 1H, Ty mraun=9-8,
Y ain-msan=9-8, H4™), 5.41 (m, 1H, allyl-2"), 5.23 (d, 1H,
J=2.0), 5.18-5.15 (m, 2H), 4.87-4.71 (m, 3H), 4.64-4.56 (m,
4H), 4.48 (dd or t, 1H, J=12.7, J=4.9), 4.34-4.27 (M, 2H),
4.22 (dd, 1H, J=12.7, J=3.9), 3.87 (dd, 1H, J=9.8, J=2.9),
3.74 (dd, 1H, J=12.7, J=5.9), 3.59 (dd, 1H, J=12.7, J=5.9).

Benzyl 2,4,6-tri-O-benzoyl-a-D-mannopyranosyl-
(1-3)-2,4,6-tri-O-benzoyl-a-pD-mannopyranoside
(50)

A solution of the allyl ether 49 (688 mg, 0.627 mmol) in
MeOH (6 mL) and 1,2-dichloroethane (6 mL) (0.05 M) was
treated with solid palladium chloride (25 mg). The mixture
was stirred at 70° C. (external oil bath) for 2 h. TLC
indicated complete conversion. The mixture was evaporated
onto silica and purified by column chromatography (silica
2.7x17 cm, gradient elution with hexane-EtOAc 200:20,
200:40, 200:50, 210:70, 200:100) to give the alcohol 50 as
a colourless gum (0.539 mg, 81%). 'H NMR (CDCl,, 400
MHz) § 8.18-8.03 (m, 8H, Ph), 7.85-7.81 (m, 4H, Ph),
7.68-7.25 (m, 23H, Ph), 5.97 (dd or t, 1H, Jpspemn™9-8,
Yo ms =98, H4), 568 (dd, 1H, T Il pmy=2.0,
V-3 n=2-9, H29), 5.60 (dd or t, 1H, T T ypy_prazr=9-8, 1
Y aian-msan=9-8, HA™), 5.28 (br s, 1H, H1%), 5.15 (d, 1H, J
Yenap-oan=20, HI), 505 (dd, 1H, Ty 0 man=2-0,
Yepan-rsan=2-9, H2), 4.77 (4, 1H, 1,,,,=11.7, CH,), 4.65-
4.56 (m, 4H, CH,, Hé6’eq, H3" and H6"), 4.44 (dd, 1H,
Joem=12.7, Tps oy moa=4.9, H6%X), 434 (m, 1H, H5™),
432 (dd, 1H, I, =10.7, Jys . gean=2-9, H6™), 4.28 (ddd,
1H, Jus-mowa=9 Tuswy-meme,~2-9, H5), 4.17 (dd, 1H,
H37).

Benzyl 2,3,4,6-tetra-O-benzoyl-a-pD-mannopyrano-

syl-(1—+3)-2,4,6-tri-O-benzoyl-a-pD-mannopyrano-

syl-(1—+3)-2,4,6-tri-O-benzoyl-a-pD-mannopyrano-
side (51)

A solution of the alcohol 50 (424 mg, 0.401 mmol) and
2,3.4,6-tetra-O-benzoyl-a-p-mannopyranosyl trichloro-
acetimidate (357 mg, 0.481 mmol, 1.2 eq) in anhydrous
DCM (7.5 mL) was stirred with powdered molecular sieves
3 A (50 mg) at 0° C. for 1 h. A solution of TMSOT (15 uL,
0.0802 mmol, 0.2 eq) in DCM (0.5 mL) was added dropwise
via a syringe. The mixture was stirred at 0° C. for 2 h and
TLC indicated complete conversion. Et;N (100 pl.) was
added. Pyridine (65 pL., 0.802 mmol) and benzoyl chloride
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(47 uL, 0.401 mmol) were added. The mixture was stirred at
room temperature o/n and evaporated onto silica gel. Puri-
fication by column chromatography (silica 2.5x17 cm, gra-
dient elution with hexane-EtOAc 210:30, 200:50, 180:60,
160:80 and 150:100) gave the trisaccharide 51 as a colour-
less gum (392 mg, 60%). "H NMR (CDCl,, 400 MHz) §
8.19-7.89 (m, 16H, Ph), 7.68-7.63 (m, 4H, Ph), 7.61-7.15
(m, 35H, Ph), 6.00 (dd or t, 1H, J,; ;7,=10.7, J 7. ;s=9.8,
H4), 598 (dd or t, 1H, J,5_;.=9.8, 1=9.8, H4), 5.92 (dd or
t, 1H, J=10.7, J=9.8, H4), 5.72 (dd, 1H, I, ;»=2.0,
Vi 15=3.9, H2), 5.56 (dd, 1H, J;;»_=2.9, H3), 5.33 (d, 1H,
J=2.0, H1), 5.26 (dd, 1H, J=2.0, H2), 5.19 (d, 1H, J=2.0,
J=3.9, H2), 5.16 (d, 1H, J=2.0, H1), 4.90 (d, 1H, H1), 4.78
and 4.62 (AB quartet, 2H, J_ =117, CH,), 4.65-4.56 (m,
3H),4.45 (dd, 1H, 1, =12.7, J ;75 zs=3.9, H6), 4.35 (dd, 1H,
H3), 4.34-4.28 (m, 2H), 4.24 (dd, 1H, J=12.7, T ;5 zs=2.9,
H6), 4.10 (dt or dm, 1H, HS5), 4.01 (dd, 1H, J=12.7, H6),
3.95 (dd, 1H, Js_s=2.0, H6).

2,3,4,6-tetra-O-benzoyl-a-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-benzoyl-a-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-benzoyl-p-mannopyranose (52)

The benzyl glycoside 51 (385 mg, 0.235 mmol) was
dissolved in MeOH (5 mL) and chloroform (5 mL). Palla-
dium on charcoal (5%, 538 mg) was added. The mixture was
stirred under hydrogen at 100 psi for 3 days. TLC indicated
complete conversion. The mixture was filtered through a
plug of Celite and rinsed with EtOAc (5x1 mL). The
combined filtrate and washings were evaporated to dryness,
co-evaporated with DCM (3 mL) to give the hemiacetal 52
as pale-yellow foam (338 mg, 93%), used without further
purification or characterization in the next step.

2,3,4,6-tetra-O-benzoyl-a-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-benzoyl-a-p-mannopyranosyl-
(1-3)-2,4,6-tri-O-benzoyl-pD-mannopyranosyl
trichloroacetimidate (53)

The hemiacetal 52 (330 mg, 0.214 mmol) was dissolved
in anhydrous DCM (1.1 mL, 0.2 M). To the solution was
added trichloroacetonitrile (43 pl, 0.427 mmol, 2 eq). The
mixture was stirred at 0° C. while a solution of DBU (1.6 L,
0.05 eq, 0.0107 mmol) in anhydrous DCM (0.15 mL) was
added. The mixture was stirred at 0° C. for 4 h and TLC
(hexane-EtOAc=65:35) indicated the complete conversion.
The crude was evaporated onto silica gel and purified by
silica column chromatography (2x14 cm, gradient elution
with hexane-EtOAc 200:20, 150:30, 120:30, 150:50 and
hexane-EtOAc-Et;N  140:70:0.3) to give the trichloro-
acetimidate 53 as white foam (261 mg, 72%) which was
used directly in the next step without further characteriza-
tion.

3p-Cholestanyl 2,3,4,6-tetra-O-benzoyl-a-p-mann-

opyranosyl-(1—+3)-2,4,6-tri-O-benzoyl-a.-p-mann-

opyranosyl-(1—+3)-2,4,6-tri-O-benzoyl-a.-p-mann-
opyranoside (54)

To a solution of the trichloroacetimidate 53 (128 mg,
0.0757 mmol) and 3f-cholestanol (59 mg, 0.151 mmol, 2
eq) in anhydrous DCM (2 mL.) was added freshly activated,
powdered molecular sieves 3 A (50 mg). The mixture was
stirred at 0° C. for 0.5 h and a solution of TMSOTT (2.7 uL,
0.0151 mmol, 0.2 eq) in anhydrous DCM (0.15 mL) was
added dropwise at 0° C. The mixture was stirred at 0° C. for
2 h and TLC indicated the completion of the reaction. Et;N
(150 uL.) was added. The mixture was evaporated onto silica
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gel and purified by silica column chromatography (2x14 cm,
gradient elution with hexane-EtOAc 180:20, 150:30, 120:
30, 120:40 and 120:60) to give the glycoside 54 as colour-
less gum (74 mg, 51%). '"H NMR (CDCl,, 300 MHz) §
8.21-7.15 (m, 50H, Bz), 6.00 (dd or t, 1H, J;737, praqzy=10.0,
Jain-msan=10.0, HA™), 5.93 (dd or t, 1H, Jy;_4,=10.0,
4 s=10.0, H4" and H4™), 5.61 (dd, 1H, Jp )3 =30,
Yenap-san=1-5, H29, 5.57 (dd, 1H, Ty n pracry=10.0,
JH2}III)-H3(III):3'05 H3IH)s 536 (d, 1H, Tman-man=1.5,
H1%),5.26 (dd, 1H, T 7). 73030, H2™), 5.21 (m, 2H, H1*
and H2), 491 (s, 1H, H1"), 4.68-3.90 (m, 11H), 3.62 (m,
1H, OCH-chol), 1.99-0.50 (m, 31H, cholestanyl), 0.90 (d,
3H, J=6.9, cholestanyl-CH;), 0.87 (d, 3H, J=6.9, choles-
tanyl-CH,;), 0.86 (d, 3H, J=6.9, cholestanyl-CH,), 0.80 (s,
3H, cholestanyl-CHj;), 0.65 (s, 3H, cholestanyl-CH,).

3p-Cholestanyl a-p-mannopyranosyl-(1—3)-a-n-
mannopyranosyl-(1—3)-a-pD-mannopyranoside (55)

The glycoside 54 (70 mg, 0.0365 mmol) was deacetylated
according to the general procedure to give the polyol 55 as
pale yellow powder, used directly in the next step.

3'-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-o.-

D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-

fonato-a-p-mannopyranosyl-(1—3)-3,4,6-tri-O-so-
dium sulfonato-a.-pD-mannopyranoside (56)

The above powder (55) was dissolved in anhydrous DMF
(1.8 mL, 0.02 M). SO;.pyridine complex (174 mg, 1.096
mmol, 3 eq per hydroxyl, freshly washed with water, tolu-
ene, EtOH, DCM and dried under P,O5 in vacuum dessica-
tor for 1 h) was added. The mixture was stirred at 60° C. o/n
(18 h) and cooled to 0° C. 5 M NaOH was added until
pH>10. EtOH (6 mL) was added and the mixture stirred at
0° C. for 20 min. The precipitate was isolated by centrifu-
gation and evaporated to dryness on a rotary evaporator. The
residue was redissolved in water (1.5 mL). The solution was
loaded into a Slide-A-Lyzer® dialysis cassette (2000
MWCO, 0.5-3.0 mL capacity). The flask was rinsed with
water (2x0.5 mL) and the washings were also loaded into the
cassette. Dialysis was carried out in 10 L of purified water
at room temperature for 4 h. The water was changed (10 L)
and dialysis was continued at 0° C. o/n. The water was
changed (4 L) and dialysis continued for another day. The
slightly yellow solution was removed and lyophilized to
give the persulfate 56 as a slightly orange powder (46.8 mg).
'"HNMR (D,0, 300 MHz) 8 5.28 (s, 1H), 5.21 (s, 1H), 5.16
(s, 1H), 5.05 (br s, 1H), 4.76 (br s, 1H), 4.67-3.88 (m, 16H),
3.53 (m, 1H, OCH), 1.82-0.44 (m, 31H, cholestanyl), 0.74
(d, 3H, cholestanyl-CH;), 0.67 (d, 6H, cholestanyl-CH,),
0.65 (s, 3H, cholestanyl-CH,), 0.49 (s, 3H, cholestanyl-
CH,).

Example 13

3-Azidopropyl 2,3,4,6-tetra-O-benzoyl-a-pD-mann-

opyranosyl-(1—+3)-2,4,6-tri-O-benzoyl-o.-p-mann-

opyranosyl-(1—3)- 2.4,6-tri-O-benzoyl-a.-pD-mann-
opyranoside (57)

To a solution of trichloroacetimidate 53 (128 mg, 0.0757
mmol) and 3-azidopropanol (15 mg, 0.151 mmol, 2 eq) in
anhydrous DCM (2 ml.) was added freshly activated, pow-
dered molecular sieves 3 A (50 mg). The mixture was stirred
at 0° C. for 0.5 h and a solution of TMSOTT (2.7 pulL, 0.0151
mmol, 0.2 eq) in anhydrous DCM (0.15 mL) was added
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dropwise at 0° C. The mixture was stirred at 0° C. for 2 hand
TLC indicated the completion of the reaction. Et;N (150 uL)
was added. The mixture was evaporated onto silica gel and
purified by silica column chromatography (2x14 cm, gradi-
ent elution with hexane-EtOAc 150:20, 150:30, 120:30,
120:40, 120:60 and 120:80) to give the glycoside 57 as
colourless gum (86 mg, 70%). 'H NMR (CDCl,, 300 MHz)
9 8.22-7.16 (m, 50H, Bz), 6.02 (dd or t, 1H, Jps¢y pran™
10.0, Jpaan- sy =9-5, H4™), 6.00 (dd or t, 1H, Ty pracn=
10.0, Ty rs1y=9-5, H4)), 5.96 (dd or t, 1H, o3 177, rauzn™
10.0, Jugrryprsqun=9-5, H4™), 5.69 (dd, 1H, Jpoy s =

2, Ynupymoan=1.6, H2), 5.59 (dd, 1H, s mracun™
103, Ty mrs =32, H3™), 5.37 (d, 1H, Vs o= 2.4,
HIZ), 529 (dd, 1H, Jpuneman=1.6, i,iz(,,)_m(,,): 4,
H2%), 5.23 (dd, 1H, g ary zr2am=1.6, H2™), 5.09 (d, 1H,
Jen@y-mp=1.6, H19), 4.94 (d, 1H, 1y 4y proun=1.6, HI™),
4.71(dd, 14, I,,,=11.9, 132 2.4, H6), 4.60 (dd, 1H, J=11.9,
J=2.4, H6), 4.58 (dd, 1H, H3%), 4.50 (dd, 1H, J=4.8, H6),
4.38 (dd, 1H, Jyoiun maan=3-2, H3%), 4.34-4.22 (m, 3H),
4.14-3.94 (m, 3H), 3.91 (dt, 1H, J,,=9.5, ]=6.4, J=6.4,
OCH,), 3.59 (dt, 1H, J=6.4, J=6.4, OCH,), 3.44 (t, 2H,
J=6.4, NCH,), 1.91 (quintet, 2H, J=6.4, CH,).

3-{4-(Cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-
yl}propyl 2,3,4,6-tetra-O-benzoyl-c.-D-mannopyra-
nosyl-(1-—+3)-2,4,6-tri-O-benzoyl-c.-pD-mannopyrano-
syl-(1—+3)-2,4,6-tri-O-benzoyl-o-p-
mannopyranoside (58)

To a mixture of 57 (81 mg, 0.0497 mol), 3p-(prop-2-
ynyloxy)cholestanol (43 mg, 0.0994 mmol, 2 eq) in DCM
(64 nl) and t-butanol (60 pL) (0.4 M) was added a solution
of CuSO, (0.3 M in water, 33 uL, 0.00994 mmol, 0.2 eq) and
a solution of sodium ascorbate (1M in water, 20 ul., 0.0199
mmol, 0.4 eq). The mixture was vigorously stirred at r.t. for
3 days. The mixture was evaporated onto silica gel and
purified by silica column chromatography (2x14 cm, gradi-
ent elution with hexane-EtOAc 170:20, 150:30, 120:30,
120:40, 120:60, 120:80 and 100:100) to give the triazole 58
as a colourless gum (74 mg, 72%). 'H NMR (CDCl,, 300
MHz) § 8.19-7.88 (m, 16H, Bz), 7.69-7.15 (m, 35H, Bz and
triazole-CH), 5.99 (dd or t, 1H, J ;5 74=9.9, Jzpu 7s=9.9, H4),
5.98 (dd or t, 1H, J=9.9, J=9.9, H4), 5.94 (dd or t, 1H, H4),
5.66 (dd, 1H, T -m3 =315 T yeray=1-6, H2Y), 5.57 (dd,
1H, J3(,,,)_H4(,,,):10.0}IJH2(,,,)_H3(,,,):3.1, H3%), 536 (d, 1H,
Jng,)_Hz(,,):l.Q H17), 5.28 (dd, 1H, Jesan msan=3-1,
H2"), 5.21 (dd, 1H, T, . proany=1-6, H2™), 5.04 (d, 1H,
H1%), 4.94 (d, 1H, H1"), 4.70 (s, 2H, OCH,), 4.70-3.92 (m,
11H), 3.84 (dt or ddd, 1H, J.,,=9.9, J=6.3, J=6.3, OCH,),
3.50 (dt or ddd, 1H, J=5.5, J=5.5, OCH,), 3.37 (m, 1H,
OCH-chol), 2.26 (m, 2H, CH,), 1.99-0.53 (m, 31H, choles-
tanyl), 0.90 (d, 3H, J=6.8, cholestanyl-CH,), 0.87 (d, 3H,
J=6.8, cholestanyl-CH,;), 0.86 (d, 3H, J=6.8, cholestanyl-
CH;), 0.76 (s, 3H, cholestanyl-CHy,), 0.64 (s, 3H, choles-
tanyl-CH,).

3-{4-(Cholestan-3-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl a-p-mannopyranosyl-(1—3)-a-p-mann-
opyranosyl-(1—3)-a-p-mannopyranoside (59)

The perbenzoate 58 (70 mg, 0.0341 mmol) was dissolved
in anhydrous THF (2 mL) and MeOH (2 mL). The mixture
was treated with a solution of 11M NaOMe in MeOH (0.2
ml, 2.2 mmol). After stirring at r.t for 2 days, the white
suspension was neutralized by addition of AG50WXS8 resin
(H* form). The clear solution was separated from the resin
by filtration. The resin was washed with MeOH (3x2 mL).
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The combined filtrate and washings were evaporated to
dryness and dried in vacuum dessicator under P,O; o/n to
give the polyol 59, used directly in the next step.

3-{4-(Cholestan-3-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl 2,3,4,6-tetra-O-sodium sulfonato-o.-p-
mannopyranosyl-(1—3)-2,4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—+3)-3,4,6-tri-O-
sodium sulfonato-a-p-mannopyranoside (60)

The polyol 59 was dissolved in anhydrous DMF (1.7 mL,
0.02 M). SO;.pyridine complex (163 mg, 1.023 mmol, 3 eq
per hydroxyl, freshly washed with water, toluene, EtOH,
DCM and dried under P,O5 in vacuum dessicator for 1 h)
was added. The mixture was stirred at 60° C. o/n (19 h) and
cooled to 0° C. 5 M NaOH was added until pH>10. EtOH
(6 mL) was added and the mixture stirred at 0° C. for 20 min.
The precipitate was isolated by centrifugation and was
washed with EtOH (1 mL) and re-dissolved in water (1.5
mL). The orange solution was loaded onto a Waters® C18
SPE (200 mg, pre-conditioned by gravity elution with
MeOH, MeOH—H,0 50:50, 10:90, 5:95 and 1:99, 3 mL
each) and eluted with MeOH—H,O (1:99). The product
fractions were loaded into a Slide-A-Lyzer® dialysis cas-
sette (2000 MWCO, 0.5-3.0 mL capacity). Dialysis was
carried out in 10 L of purified water at r.t. for 1 day. The
water was changed (10 L) and dialysis was continued at 0°
C. for another day. The slightly yellow solution was
removed and lyophilized to give the persulfate 60 as a
slightly yellow powder (43 mg, 62%). 'H NMR (D,0, 300
MHz) 8 7.92 (s, 1H, triazole), 5.27 (d, 1H, J=1.8), 5.20 (d,
1H, J=1.4), 5.04 (m, 1H), 4.89 (br s, 1H), 4.72 (m, 1H),
4.65-3.28 (m, 23H), 2.07 (m, 2H, CH2), 1.83-0.45 (m, 31H,
cholestanyl), 0.73 (d, 3H, J=6.4, CH,), 0.66 (d, 6H, J=6.4,
2xCH3), 0.63 (s, 3H, CH,), 0.49 (s, 3H, CH,).

Example 14

2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-a-p-glucopyranosyl-(1—4)-2,3,6-
tri-O-acetyl-a.-p-glucopyranosyl-(1—4)-1,2,3,6-
tetra-O-acetyl-D-glucopyranose (61)

Dry maltotetraose (502 mg, 0.753 mmol) and DMAP
(cat.) was dissolved in dry pyridine (10 mL) then at 0° C. a
solution of Ac,O (2.8 g) in pyridine (5 mL) was added
drop-wise at 0° C., stirred for 4 h at 0° C. and left for 48 h
at —20° C. The reaction was not completed, therefore addi-
tional Ac,0O (1 g, mmol) was added at 0° C. and after 16 h
at r.t., the reaction was quenched by adding dry MeOH (10
ml) at 0° C. and stirring continued for 2 h at r.t. The solution
was co-evaporated with toluene (3x30 mL) to give the
peracetate 61°° as white solid (920 mg, 97%).

2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-a-p-glucopyranosyl-(1—4)-2,3,6-

tri-O-acetyl-a-p-glucopyranosyl-(1—+4)-2,3,6-1ri-O-

acetyl-a-p-glucopyranosyl trichloroacetimidate (62)

To a solution of ethylenediamine (1.66 mmol, 0.11 mL) in
dry THF (15 mL), glacial acetic acid (0.90 mmol, 0.053 m[.)
was added drop-wise at 0° C. resulting immediate formation
of a precipitate, which remains present until aqueous
workup. The peracetate 61 (900 mg, 0.717 mmol) was added
at 0° C. and the mixture was stirred 2 h at rt. TLC
(toluene/EtOAc, 1:2) then showed the absence of the start-
ing material and the presence of a slower moving product,
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which appears mostly as an anomeric mixture. The solution
was neutralized by adding acetic acid (0.15 mL) drop-wise
to reach pH 6. The solvent was blown out with a stream of
air, the residue was dissolved in EtOAc (100 mL.), washed
with satd. NaHCO,-solution (3x50 mL), water (3x10 mL),
brine (30 mL), dried (Na,SO,) and concentrated in vacuo to
give the hemiacetal as a yellow foam (830 mg). The dry
hemiacetal (830 mg, 0.684 mmol) was dissolved in dry
DCM (5 mL), K,CO; (1.20 g, 8.60 mmol) and trichloroac-
etonitrile (0.849 ml, 8.40 mmol) was added at 0° C. and
stirring continued at r.t. for 2 h. The mixture was purified on
a column of silica gel (20x1.5 cm, toluene—EtOAc,
1:2—EtOAc, containing 0.2% (v/v) Et;N) and the desired
trichloroacetimidate 62° was obtained as white fluffy pow-
der (795 mg, 86%). The compound was dried over P,O5
over-night and stored at -20° C.

Cholestanyl 2,3.4,6-tetra-O-acetyl-a-p-glucopyrano-
syl-(1—+4)-2,3,6-tri-O-acetyl-a-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-acetyl-a-D-glucopyranosyl-
(1—4)-2,3,6-tri-O-acetyl-p-p-glucopyranoside (63)

The trichloroacetimidate 62 (300 mg, 0.221 mmol),
cholestanol (2 eq, 172 mg, 0.442 mmol) and 3 A molecular
sieves (100 mg) were stirred in dry DCM (1.5 mL) for 0.5
h. A solution TMS-triflate in dry DCM (0.5 eq., 0.4 M, 0.275
ml, 0.11 mmol,) was added dropwise at 0° C. After 30 min
at r.t. another portion of TMS-triflate in dry DCM (0.36 eq.,
0.4 M, 0.2 mL,, 0.08 mmol) was added and stirring continued
for 30 min at r.t. The reaction was quenched by adding Et;N
(0.025 mL) at 0° C. for 10 min, filtered through a plug of
celite (0.5 cm), washed with DCM (5x25 mL) and EtOAc
(3x25 mL). Both organic phases were washed separately
with satd. NaHCO;-solution (3x25 mL.) and brine (25 mL).
Aqueous extracts were combined and re-extracted with
EtOAc (3x30 mL), washed with brine (30 mL), combined
with the other organic extracts, dried (Na,SO,) and concen-
trated in vacuo to afford the crude yellow foam (480 mg).
The product was purified on a column of'silica gel (30x5 cm,
toluene:EtOAc 3:2—1:1—+1:2—=EtOAc, containing 0.2%
Et;N (v/v)). The purification resulted in the desired §-linked
glycoside 63 in 5 fraction A as a white foam (81 mg, 23%)
and fraction B containing 77% partially deacetylated
a-linked glycoside and 23% partially deacetylated f-linked
glycoside (118 mg). 'H NMR (CDCl,, 400 MHz) & 5.24-
5.45 (m, 7H, 3xH1,4xH3), 5.08 (t, 3H, J,73_124=J r74_zz5s 9.80,
H4™)) 4.86 (dd, 1H, Iz =41, I 7z=10.4, H2"™), 4.70-
4.80 (m, 3H, 3xH2), 4.63 (d, 1H, JH1-H2=7.7, H1%), 4.33-
4.54 (m, 4H, 4xH6), 3.86-4.31 (m, 10H, 3xH4, 3xHS5,
4xH6), 3.70 (ddd, 1H, H5%), 3.56 (m, 1H, cholesteryl-H3),
2.20, 2.19, 2.16, 2.11, 2.07, 2.04, 2.03, 2.02, 2.015, 2.010,
2.00, 1.99 (s, 39H, 13xAc), 0.55-2.00 (m, 33H, 12CH,,
9CH), 0.90 (d, 3H, J=6.6, cholestanyl-CH,), 0.871 (d, 3H,
J=6.6, cholestanyl-CH;), 0.867 (d, 3H, J=6.6, cholestanyl-
CH,), 0.78 (s, 3H, cholestanyl-CH;), 0.65 (s, 3H, choles-
tanyl-CH,).

3p-Cholestanyl a-p-glucopyranosyl-(1—4)-o.-p-
glucopyranosyl-(1 —4)-ct-D-glucopyranosyl-(1—4)-f-n-
glucopyranoside (64)

The peracetate 63 (75 mg, 0.047 mmol) was deacetylated
according to the general procedure to yield the polyol 64 as
a white solid (48 mg, 98%), used without further purification
or characterization in the next step.
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3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-o.-
D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sul-
fonato-a-p-glucopyranosyl-(1—=4)-2,3,6-tri-O-so-
dium sulfonato-ca-p-glucopyranosyl-(1—=4)-2,3,6-tri-
O-sodium sulfonato-f-p-glucopyranoside (65)

The polyol 64 (48 mg, 0.046 mmol) was dissolved in dry
DMF (2.3 mL, 0.02 M) and freshly washed and dried
SO;.pyridine complex (285 mg, 3 eq per OH-group, 1.79
mmol) added and the mixture was stirred for 16 h at 60° C.
The reaction mixture was cooled to 0° C. for 10 min, then
neutralized by adding ice-cold aqueous NaOH solution (5
M, 2.1 eq/SO;, 0.752 ml, 3.76 mmol) at 0° C. in one portion
(to pH 12). The suspension was stirred for 15 min 0° C.,
diluted with water (10 mL) and concentrated in vacuo at 40°
C. A pale yellow powder was afforded, which was dissolved
in water (10 mL) obtaining a solution with pH 11.5. The
solution was set to pH 12.5 by adding a aqueous solution of
NaOH (5 M, 5 drops) and dialyzed against water (4 L) using
a Slide-A-Lyzer® cassette (2000 MWCO, 4-12 mL) for 16
h at r.t. The dialysis against water (4 L) was continued at 0°
C. for 3 d, whereby the water was changed after each 24 h,
as well as an aqueous solution NH,HCO; (3 M, 0.6 mL.) was
added to the water to set pH ~6.0-6.5. The desalted solution
was then lyophilized to afford the persulfate 65 as a white
fluffy powder (97 mg, 89%). "H NMR (400 MHz, D,0) §
572 (d, 1H, 7. »=3.3, 1H1), 5.69 (d, 1H, I,;, ;,,=3.6, H1),
5.59 (d, 1H, 1, ;,,=3.6, H1), 5.10 (d, 1H, I,,, ,,,=4.8, H17),
4.19-5.02 (m, 23H, 4xH2, 4xH3, 4xH-4, 3xH5, 8xH6), 4.14
(m, 1H, H5%), 3.85 (m, 1H, H-3 Chol.), 0.63-2.06 (m, 33H,
12CH,, 9CH), 0.95 (d, 3H, J=6.5, cholestanyl-CHy,), 0.885
(d, 3H, J=6.6, cholestanyl-CH,), 0.882 (d, 3H, J=6.6, choles-
tanyl-CH;), 0.85 (s, 3H, cholestanyl-CH,), 0.70 (s, 3H,
cholestanyl-CHj;).

Example 15

2,3.4,6-tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-

2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,

6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-1,2,3,6-
tetra-O-benzoyl-D-glucopyranose (66)

G4 syrup (1.8 g, lyophilized, containing ~72% Maltotet-
raose (w/w), ~1.94 mmol), and DMAP (75 mg) was dis-
solved in dry pyridine (36 mL) and at 0° C. a solution of
benzoyl chloride (94.7 mmol, 11 mL) in pyridine (8 mL)
was added dropwise and stirring continued at r.t. for 16 h.
The mixture was quenched by adding MeOH (50 mL) at 0°
C. and stirring continued for 2 h. The mixture was co-
evaporated with toluene (3x50 mL) to afford a yellow syrup.
The syrup was suspended in EtOAc (150 mL), washed with
satd sodium bicarbonate solution (5x50 mL.), aqueous HCl
(5%, 5x50 mL), and water (5x50 mL). The aqueous phase
waste re-extracted with EtOAc (2x50 mL), combined with
the main organic extract, washed with brine (50 mL), dried
(Na,S0,), filtered and concentrated in vacuo. To remove
most of the aromatic impurities, the syrup was washed with
boiling n-hexane (5x50 mL), sonicated and dried at high-
vacuum o/n to yield a mixture of perbenzoylated maltooli-
gosaccharides as slightly beige foam (6.0 g). The residue
was dissolved in a minimum volume of a mixture of
toluene/ethylacetate (15:1, 25 mL) at 50° C. and applied on
a column of silica gel (21x5.5 cm, preconditioned with
toluene) eluting with a gradient of toluene/ethylacetate 15:1,
~1 column volumes) to 10:1 (1.5 column volumes) to 5:1
(1.5 column volumes). Fractions were checked on TLC by
UV and chemical staining and pure fractions of maltotet-
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raose perbenzoate were combined, concentrated in vacuo
and dried at high-vacuum to yield the pure product 66 as a
white foam (3.04 g, 76%, based on 72% maltotetraose in dry
syrup). '"H-NMR shows the presence of a anomeric mixture
(a; p=1:1) and full benzoylation of all OH-groups (pu-
rity>95%). 'H NMR (400 MHz, CDCL,): B-anomer: 8.26-
7.09 (m, 65H, 13xBz), 633 (d, 1H, J, ;) »,=7.5, H1%), 6.19
(dd or t, 1H, T3 30=10.2, J37p,401n,=10.2, H3™), 6.07
(dd, 1H, T, 53n=10.2, T3.40n=8.9, H3™), 5.96 (dd, 1H,
Loamnsam=102, Tsp aamy=82, H3™), 583 (d, 1H,
L aryaan=4-1, HI'Y), 582 (dd or t, 1H, J,;54,=6.8,
Vaan=8.2, H3%), 5.76 (dd or t, 1H, Ty py 5y=9.6, HA™),
571 (d, 1H, 1,y 00n=4.1, H1%), 5.69 (d, 1H, 1, 20—
4.1, H1"), 5.65 (dd, 1H, H2%), 5.34 (dd, 1H, H2™"), 5.20 (dd,
1H, H2%), 5.14 (dd, 1H, H2"), 5.03-4.22 (m, 15H, 3xH4 at
4.70, 4.52 and 4.40 ppm, respectively, and 4xH5 and 8xH6).
Note: assignment for sugar rings I and III were ambiguous.
a-anomer: 6.84 (d, 1H, Jl(,)_zgl)::3.6, H1%) 5.46 (dd, 1H,

L 2=10.2, 1y 3n=3.6, H2

2,3.4,6-tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,6-
tri-O-benzoyl-p-p-glucopyranosyl azide (67)

The perbenzoate 66 (500 mg, 0.235 mmol) was dissolved
in dry DCM (2 mL) then at 0° C. a solution of 30% HBr in
acetic acid (0.5 ml) was added and stirred under Ar for 2 h.
The reaction was quenched by pouring the solution onto
ice-water-DCM (100 mL), the organic phase was washed
with ice-water (3x50 mL), satd. NaHCO,-solution (3x30
mL), brine (25 mL), dried (Na,SO,) and concentrated in
vacuo at r.t. to afford the crude bromide. The crude bromide
was dissolved in chloroform (2 mL), then NaN; (130 mg, 2
mmol), tetrabutylammonium bromide (129 mg, 0.4 mmol),
and finally a satd. NaHCO;-solution (3.5 ml) was added
and stirred vigorously at r.t. for 24 h. The solvent was blown
out with a stream of air. The residue was then dissolved in
EtOAc (10 mL), washed with water (3x50 mlL.), satd.
NaHCO;-solution (4x25 mL). The aqueous phase was re-
extracted with EtOAc (2x50 ml), organic extracts were
combined, washed with brine (2x25 mL), dried (Na,SO,)
and concentrated in vacuo. The glycosyl azide 67 was
obtained as a yellow foam (466 mg, 97%), used without
further purification in the next step. 'H NMR (CDCl,, 400
MHz) § 7.03-8.24 (m, 65H, 13xBz), 6.10 (dd, 1H, J,,.
#3=10.4, T, 1, 9.9, H3¥) 599 (dd, 1H, I, ,,,=10.1,
Tos e 8.7, H3™D), 584 (dd, 1H, Jon 5579.9, I 1382,
H3%), 5.75 (d, 1H, Jz »=3.9, HI"), 5.67 (m, 2H, H3,
H4™h), 563 (d, 1H, Jgpn=4.1, HI7), 558 (d, 1H,
Vo m=3.9, H1), 5.26 (dd, 1H, Jyp =41, T z3=10.4,
H271) 520 (dd, 1H, T, ;;n=8.4, J1p_1=9.2, H2), 5.10 (dd,
1H, T4 5=10.1, H2), 5.04 (dd, 1H, H27), 4.98 (dd, 1H,
Jeronrrs=21, Vs pmrsa——12.0, H6b), 4.88 (d, 1H, J,;; ;,,=8.4,
H1), 4.82 (dd, 1H, J6525=1.7, T 66r16.=—12.0, HED), 4.67-
4.76 (m, 2H, H-6a, H-6b), 4.53-4.63 (m, 2H, H-6a, H-6b),
4.30-4.47 (m, 7H, 3xH4, 2xH6, 2xHS), 4.10-4.21 (m, 2H,
2xHS5).

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-y1
2,3.4,6-tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,6-
tri-O-benzoyl-p-p-glucopyranoside (68)

3p-(Prop-2-ynyloxy)cholestanol (84 mg, 2 eq., 0.196
mmol) and the azide 67 (200 mg, 0.098 mmol) was dis-
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solved in a mixture of DCM/t-BuOH (3:2, w/w, 0.21 M,
0.200 mL). An aqueous solution of CuSO, (0.3 M, 0.1 eq.,
0.033 ml.) and an aqueous solution of sodium ascorbate (1
M, 0.3 eq., 0.029 mL) were added and the mixture was
vigorously stirred without light for 48 h. TLC analyses
(toluene: EtOAc, 1:1) showed the end of the reaction with
the appearance of a more polar product than the starting
azide. The mixture was diluted with DCM (100 mL), washed
with satd. NaHCO;-solution (3x50 mL.). The aqueous phase
was re-extracted with DCM (3x20 mL), organic extracts
were combined, washed with brine (50 mL), dried (Na,SO,)
and concentrated in vacuo to afford the crude product as a
yellow foam (279 mg). The crude product was purified on a
column of silica gel (30x5 cm, toluene—FEtOAc, 7:1—5:
1—3:1) to give the triazole 68 as a slightly yellow foam (153
mg, 63%). '"H NMR (CDCl,, 400 MHz) § 7.05-8.24 (m,
65H, 13xBz), 6.14 (d, 1H, J,,,_,,,=8.9, H1%), 6.11 (dd, 1H,
Tors m5=10.6, Ty 120 9.8, H3™), 6.00 (dd, 1H, T, ;3=10.1,
T =86, H3™), 5.86 (m, 2H, H3’, H1%), 5.76 (d, 1H,
T m=3.8, H17%), 5.64-5.71 (m, 3H, H1", H2!, H4"™),
5.63 (d, 1H, J.; ;»=3.8, H1), 5.26 (dd, 1H, H2"), 5.12
(dd, 1H, 1, ;,,=3.8, H2™), 5.08 (dd, 1H, J,,,_,,,=9.8, H27),
4.98 (dd, 1H, Jep-2s=1.7, Jrsnrr6.——12.5, H6b), 4.87 (dd,
1H, H6b), 4.69-4.77 (m, 2H, H6a, H6b), 4.53-4.66 (m, 4H,
2xH6, OCH,, H4%), 4.29-4.50 (m, 7H, 2xH4, 2H6, 3xH5),
4.18 (m, 1H, HS), 4.10-4.21 (m, 2H, 2xHS5), 3.26 (m, 1H,
H-3 Chol), 0.52-2.00 (m, 33H, 12CH,, 9CH), 0.90 (d, 3H,
J=6.5, cholestanyl-CH;), 0.869 (d, 3H, J=6.7, cholestanyl-
CH,), 0.864 (d, 3H, J=6.6, cholestanyl-CHy,), 0.77 (s, 3H,
cholestanyl-CHy;), 0.65 (s, 3H, cholestanyl-CH;).

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
a-D-glucopyranosyl-(1—4)-a-p-glucopyranosyl-
(1—4)-1-deoxy-p-p-glucopyranoside (69)

The perbenzoate 68 (95 mg, 0.038 mmol) was dissolved
in mixture of MeOH/THF (4:1 (w/w), 7.5 mL) then at 0° C.
a solution of NaOMe in MeOH (11 M, 0.040 mL.) was added
and stirring continued at r.t. After 16 h still partially ben-
zoylated compounds were present (TLC: MeOH:EtOAc,
3:1), so more NaOMe in MeOH (11 M, 0.040 mL) was
added and stirring continued for another 3 h. The solution
was neutralized by adding strongly acidic cation exchange
resin (BioRad AG-X8, H*) to adjust the pH to 7, before the
solution was filtered, washed with MeOH (5x20 mL) and
concentrated in vacuo. The residue was purified on a column
of silicagel (15x1 cm, EtOAc, —MeOH—EtOAc,
3:1-+=MeOH, containing 0.2% Et;N) to yield the polyol 69
as a white solid (47 mg, 100%).

4-(Cholestan-3-yl-oxymethyl)[ 1,2,3]triazol-1-yl 2,3,
4,6-tetra-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sodium sulfonato-a.-p-glucopyra-
nosyl-(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-
[p-p-glucopyranoside (70)

The polyol 69 (45 mg, 0.040 mmol) was dissolved in dry
DMF (2 ml, 0.02 M) and freshly washed and dried
SO;.pyridine complex (248 mg, 3 eq per OH-group, 1.56
mmol) added and the mixture was stirred for 16 h at 60° C.
The reaction mixture was cooled to 0° C. for 10 min, then
neutralized by adding ice-cold aqueous NaOH solution (5
M, 2.1 eq/SO;, 0.656 mL, 3.28 mmol) at 0° C. in one portion
(to pH 12). The suspension was stirred for 15 min at 0° C.,
diluted with water (20 mL) and concentrated in vacuo at 40°
C. The solid was dissolved in water (11 mL) obtaining a
solution with pH 10.5. The solution was set to pH 12 by
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adding an aqueous solution of NaOH (5 M, 5 drops) and
dialyzed against water (4 L) using a Slide-A-Lyzer® cas-
sette (2000 MWCO, 4-12 mL) for 16 h at r.t. The dialysis
was continued at 0° C. against water (4 L) for 3 d, whereby
the water (4 L) was changed after each 24 h as well as a
aqueous solution NH,HCO; (3 M, 0.6 mL) was added to the
water to set pH ~6.0-6.5. The desalted solution was then
lyophilized to afford the persulfate 70 as white fluffy powder
(80 mg, 82%). '"H NMR (400 MHz, D,O) & 8.31 (s, 1H,
—CH), 6.25 (d, 1H, Jz; ;»=6.9, 1H, H1%), 5.70 (m, 2H,
2xHI1), 5.65 (d, 1H, J,; ;»,=3.6, H1), 4.72-5.03 (m, 11H,
4xH2, 4xH3, H4"™ OCH,), 4.13-4.69 (m, 15H, 3xH4,
4xHS5, 8xH6), 3.58 (m, 1H, H-3 Chol.), 0.63-2.05 (m, 33H,
12CH,, 9CH), 0.95 (d, 3H, J=6.3, cholestanyl-CH,), 0.87 (d,
6H, 2xcholestanyl-CH;), 0.84 (s, 3H, cholestanyl-CH,),
0.70 (s, 3H, cholestanyl-CH,).

Example 16

2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-a-p-glucopyranosyl-(1—+4)-2,3,6-
tri-O-acetyl-a-p-glucopyranosyl bromide (72)

Maltotriose peracetate (71)*° (200 mg, 207 umol) was
taken up in DCM (1 mL) and 33% HBr/HOAc (0.7 mL) at
0° C. The mixture was stirred at 0° C. for four hours. The
solution was diluted with DCM and washed with ice-water
(x2), NaHCO, (sat.) (x2) and brine (x1), before being dried
(Na,S0O,) and the solvent evaporated to yield the bromide 72
as white solid which was reacted on without further purifi-
cation or characterisation.

2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-a-p-glucopyranosyl-(1—+4)-2,3,6-
tri-O-acetyl-f-p-glucopyranosyl azide (73)

The bromide 72 (~200 mg) was taken up in a mixture of
EtOAc (5 mL) and NaHCOj; (sat.) (5§ mL). NaN; (500 mg)
was added, followed by Bu,NBr (cat.). The mixture was
stirred vigorously overnight at r.t. The solution was diluted
with EtOAc and washed with NaHCO,(sat.) (x2) and brine
(x1), before being dried (Na,SO,) and the solvent evapo-
rated to yield the azide 73 as white solid (198.9 mg, 100%,
two steps) which was reacted on without further purification
or characterisation.

4-(Cholestan-3p-yloxymethyl)[1,2,3]triazol-1-yl
2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-a-p-glucopyranosyl-(1—+4)-2,3,6-
tri-O-acetyl-1-deoxy-p-p-glucopyranoside (74)

The azide 73 (200 mg, 211 pumol), 3-(prop-2-ynyloxy)
cholestanol (3 equiv., 267 mg), CHCIl, (2 mL), t-BuOH (2
mL), CuSO, (50 uL of a 0.3 M aqueous solution) and sodium
ascorbate (62.5 pulL of a 1M aqueous solution) was stirred
vigorously overnight at r.t. The solvent was evaporated and
the residue purified by column chromatography (SiO,:
Hexane to 2:3 Hexane:EtOAc) to yield the triazole 74 (197
mg, 68%). '"H NMR (300 MHz, CDCl,) 8§ 7.66 (s, 1H,
triazol-H), 5.85 (d, 1H, J, ,=9.3, H-1%), 5.46-5.27 (m, 6H,
H-17, H-1, H-2/, H-4™ H-3", H-3"), 503 (dd, 1H,
1,,=9.8, I, ,=9.8, H-3%), 4.82 (dd, 1H, J, ,=4.1, ], =103,
H-2),4.72 (dd, 1H, H-2), 4.63 (s, 2H, CH,0), 4.47-4.41 (m,
2H), 4.32-3.88 (m, 9H), 3.31 (m, 1H, CHO), 2.12 (s, 6H,
OAc), 2.06 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.00 (s, 3H,
OAc), 1.99 (s, 3H, OAc), 1.98 (s, 3H, OAc), 1.96 (s, 3H,
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OAc), 1.96-0.83 (m, 31T), 1.82 (s, 3H, OAc), 0.85 (d, 31,
J=6.7, CH,), 0.82 (m, 6H, CH,), 0.76 (s, 3H, CH,), 0.60 (s,
3H, CH,).

4-(Cholestan-3-yl-oxymethyl)[1,2,3]triazol-1-yl o-p-
glucopyranosyl-(1—=4)-a-p-glucopyranosyl-(1—4)-
1-deoxy-f-p-glucopyranoside (75)

The peracetate 74 (197.2 mg) was deacetylated according
to the general procedure to give the polyol 75 as a white
solid (131 mg, 96%) which was reacted on without further
purification or characterisation.

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
2,3.4,6-tetra-O-sodium sulfonato-a-p-glucopyrano-
syl-(1—+4)-2,3,6-tri-O-sodium sulfonato-a-p-glu-
copyranosyl-(1—4)-1-deoxy-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranoside (76)

The polyol 75 (131.2 mg, 137 pumol) was dissolved in
DMF (0.02M, 6.9 mL). SO;.pyridine (3 equiv. per hydroxyl
group, 4.12 mmol, 655 mg) was added and the solution
stirred overnight at 60° C. The solution was cooled in
ice-water before being neutralized with 5 M NaOH (2.1
equiv./SO;.pyridine, 1.73 mL). The solvent was evaporated
and the crude product was purified on a C18 SPE cartridge
(2x1 g cartridges) followed by dialysis (48 h, 2000 MWCO
cartridge). The off-white solution was freeze-dried to yield
the persulfate 76 as an off-white solid (156 mg, 58%). ‘H
NMR (400 MHz, D,0) 8 8.32 (s, 1H, triazol-H), 6.22 (d, 1H,
1,,=7.5, H-19), 5.69 (d, 1H, ], ,=3.4, H-1), 5.63 (d, 1H,
H-1), 5.04-4.17 (m, 18H), 3.58 (m, 1H, CHO), 2.03-0.85 (m,
31H), 0.95 (d, 3H, J=6.2, CH,), 0.88 (d, 6H, CH,), 0.85 (s,
3H, CH,), 0.71 (s, 3H, CH,).

Example 17

3p-Cholestanyl 2,3,4,6-tetra-O-benzoyl-o.-p-mann-
opyranoside (77)

2,3,4,6-tetra-O-benzoyl-a-pD-mannopyranosyl  trichloro-
acetimidate (0.372 g, 0.502 mmol) and 3f-cholestanol
(0.390 g, 1.004 mmol, 2 eq) was dissolved in anhydrous
DCM (5 mL, 0.1 M). Powdered MS 3 A (120 mg freshly
activated) were added. The mixture was stirred at 0° C. for
30 min. A solution of TMSOTT (0.018 mL, 0.100 mmol, 0.2
eq) in DCM (0.3 mL) was added dropwise via a syringe. The
mixture was stirred at 0° C. while the reaction was moni-
tored by TLC (hexane-EtOAc=83:17). After 1.5 h, the
conversion was complete and Et;N (0.2 mL.) was added. The
crude mixture was filtered and the solid rinsed with DCM
(5x1.5 mL). The combined filtrate and washings were
evaporated onto silica gel and purified by column chroma-
tography (silica gel 2.5x22 cm, gradient elution with
hexane-EtOAc 200:20, 210:30, 400:80) to give the glyco-
side 77 as a colourless foam (368 mg, 76%).

3p-Cholestanyl a-p-mannopyranoside (78)

The above colourless foam (358 mg, 0.370 mg) was
dissolved in anhydrous THF (5§ mL.) and MeOH (3 mL) and
a solution of 11 M NaOMe in MeOH (0.4 mL) was added.
A white precipitate formed immediately. The mixture was
stirred at r.t. o/n. More THF (3 mL) was added and the thick
suspension was stirred at r.t. for another day. The mixture
was neutralized by addition of AG50WXS resin (H* form)
resulting in the suspension becoming a clear solution. The
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resin was removed by filtration and washed with MeOH
(4x1.5 mL). The combined filtrate and washings turned into
a gel within 5 min (semi-transparent). The mixture was
evaporated to a small volume and crystallized from EtOH
(10 mL). The whole mixture turned into a gel at r.t., which
was filtered and pressed to drain the liquid. The residue was
washed with EtOH (1.5 mL), air-dried, and dried under P,O4
under vacuum o/n to give the tetrol 78 as a white powder
(131 mg). The filtrate gave a precipitate and was heated to
reflux. The resulting clear solution was evaporated onto
silica gel and purified by silica column chromatography
(3x8 cm, gradient elution with CHCIl; 200 mL. and MeOH—
CHCI,; 20:200, 20:160, 30:150). The product fractions were
pooled, evaporated and dried under P,O5 under vacuum for
3 days to give a second crop of product as a white powder
(79 mg). '"H NMR (DMSO-dy, 300 MHz) & 4.73 (d, 1H,
J=1.5, H1), 4.64 (d, exchangeable with D,O, 1H, J=4.6,
OH), 4.61 (br d, exchangeable with D,O, 1H, J=4.1, OH),
4.48 (d, exchangeable with D,0O, 1H, J=5.7, OH), 4.37 (t,
exchangeable with D,0O, 1H, J=6.0, OH), 3.62 (dd, 1H,
J=10.3, 5.7), 3.56-3.29 (m, 6H, sugar 5xH and H3 for
cholestanyl), 1.95-0.56 (m, 46H, cholestanyl).

3p-Cholestanyl 2,3,4,6-tetra-O-sulfonato-o-p-mann-
opyranoside tetrasodium salt (79)

The tetrol 78 (102.8 mg, 0.187 mmol) was dissolved in
anhydrous DMF (4.67 mL, 0.04 M). SO,.pyridine complex
(357 mg, 2.244 mmol, 3 eq per hydroxyl, freshly washed
with water, toluene, EtOH, DCM and dried under P,O5 in
vacuum dessicator for 1 h) was added. The mixture was
stirred at 60° C. for 18 h and cooled to 0° C. 5 M NaOH
(3x0.45 ml) was added. The colour of the mixture (pH>10)
turned yellow-orange. The mixture was evaporated to dry-
ness. The residue (pale-yellow powder) was dissolved in 4
ml of water (pH>10) and purified by SPE-C18 cartridge
(800 mg, pre-conditioned by eluting with MeCN, MeCN-
water 1:1, 1:9, 1:99, 4 mL each). After loading, the SPE was
eluted with waster (12 mL), 1% MeCN in water (4.04 mL),
5% (4.2 mL), 10% (4.4 mL), 20% (4.8 mL), 30% (5.2 mL),
40% (5.6 mL), 50% (6 mL), 60% (4.8 mL) and 70% (5.1
mL). The fractions were checked by MBT, Char Test, CE
and then were pooled and lyophilized. A small amount of
product 79 (25 mg of brownish powder) was obtained from
1%-5% MeCN-water. The majority of the product was
eluted with 10%, 20% and 30% of MeCN in water (pale-
yellow powder, 120 mg, 67%). Another small amount of
product eluted with 40% of MeCN in water (pale-yellow
powder, 4 mg). '"H NMR (D,0, 400 MHz) d 5.16 (brs, 1H,
H1), 4.70 (br s, 1H, H2), 4.6 (overlapped with HOD, 1H,
H3), 4.35 (br m, 1H, H4), 4.22 (br m, 1H, H6), 4.14 (br m,
1H, H6), 3.96 (br m, 1H, H5), 3.54 (br m, 1H, cholestanyl-
H3), 1.90-0.50 (m, 46H, cholestanyl).

Example 18

2,3.4,6-tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,6-
tri-O-benzoyl-p-p-glucopyranosylamine (80)

The azide 67 (201 mg, 0.098 mmol) was dissolved in
EtOAc (10 mL) and stirred with Pd—C (10%, (w/w), 100
mg) under H, atmosphere for 3 h (TLC: toluene:EtOAc,
7:1). H, was replaced by Ar then the mixture was filtered
through celite (prewashed with MeOH and EtOAc, 5 mL),
washed with EtOAc (5x20 ml., +sonication) and finally
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concentrated in vacuo at r.t. to obtain the amine 80 as a white
solid (200 mg, 100%), used without further purification or
characterization in the next step.

N-(2,3,4,6-tetra-O-benzoyl-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-benzoyl-p-p-glucopyranosyl)-4-
((3R,108,128,13R)-3,12-di-O-acetyl-10,13-
dimethylhexadecahydro-1H-cyclopentala]
phenanthren-17-yl)pentanamide (81)

Diacetyl deoxycholic acid®” (53 mg, 0.111 mmol) and
DMAP (cat.) were dissolved in dry DCM (3 mL) then at 0°
C. a solution of DCC in DCM (1 M, 1 eq, 0.111 mL) and
HOBt (17 mg, 0.111 mmol) was added and the mixture was
stirred at r.t. for 30 min. The solution was basified by the
addition of Et;N (2 drops) to set pH to 8 and afterwards at
0° C. a solution of the amine 80 (150 mg, 0.074 mmol) in
a mixture of DCM/DMF (5:1, (w/w), 2.5 mL) was added and
stirring continued at r.t. for 16 h (pH 8). TLC (toluene:
EtOAc, 3:1) showed no progress so additional diacetyl
deoxycholic acid (53 mg, 0.111 mmol), DCC in DCM (1 M,
1 eq, 0.111 mL), HOBt (17 mg, 0.111 mmol) and Et;N (3
drops) were added and stirring continued for 56 h. TLC
indicated end of reaction, so the solution was filtered
through celite (pre-washed, 2 mm) and washed with DCM
(3x40 mL). The clear solution was washed with satd
NaHCO;-solution (4x30 mL). The aqueous phase was re-
extracted with DCM (2x20 ml), organic extracts were
combined, washed with aqueous HCl1 (3%, 5x30 mL), satd
NaHCO;-solution (20 ml), dried (Na,SO,) and concen-
trated in vacuo. The residue was purified on a column of
silicagel (30x5 cm, toluene—EtOAc, 7:1—=5:1—=1:1) to
afford the amide 81 as a slightly yellow solid (58 mg, 32%).
'"H NMR (CDCl,, 400 MHz) 37.01-8.28 (m, 65H, 13xBz),
6.31 (d, 1H, J;;; x93, NH), 6.10 (dd, 1H, T, 13=Trr5 s
10.1, H3"), 6.00 (dd, 1H, T, ;3=10.2, I, ,,,=8.9, H3%),
5.82 (m, 2H, H3”, H3™), 5.74 (d, 1H, Jz; ;,=3.9, H1"),
5.67 (t, 1H, H4"™), 5.61 (d, 1H, I, ,,,=4.0, H1%), 5.57 (d,
1H, I 7=4.0, H17), 5.48 (1, 1H, I, _»=9.4H1%), 5.25 (dd,
1H, 175 72=10.6, H2"), 4.99-5.15 (m, 4H, 3xH2, H3-De-
oxycholic.), 4.92 (dd, 1H, Jyepms=1.7, Jrerrrea——12.4,
H6b), 4.63-4.81 (m, 4H, 3xH6, H12-Deoxycholic), 4.56 (dd,
1H, Jepm5=1-7, Tsprrsa——12.6, H6b), 4.08-4.52 (m, 10H,
3xH4, 4xHS, 3 H6), 2.07 (s, 3H, Ac), 2.03 (s, 3H, Ac),
0.8-2.15 (m, 26H, 10xCH2, 6xCH), 0.89 (s, 3H, CH,), 0.70
(d, 3H, I=6.4, CH—CH,), 0.63 (s, 3H, CH,).

N-(a-p-glucopyranosyl-(1—=4)-a-p-glucopyranosyl-
(1—4)-a-p-glucopyranosyl-(1—4)-f-p-glucopyrano-
syD)-4-((3R,108,128,13R)-12-O-acetyl-10,13-dim-
ethylhexadecahydro-1H-cyclopenta[a]phenanthren-
17-yD)pentanamide (82)

Compound 81 (53 mg, 0.021 mmol) was dissolved in
mixture of MeOH/THF (7:1 (w/w), 4 mL) then at 0° C. a
solution of NaOMe in MeOH (11 M, 0.040 mL) was added
and stirring continued at r.t. After 16 h still 10% of a partially
benzoylated unpolar compound was present (ITTC: MeOH:
EtOAc, 2:1) so more NaOMe in MeOH (11 M, 0.050 mL)
was added and stirring continued for 1 h (pH 12). The
solution was neutralized by adding strongly acidic cation
exchange resin (BioRad AG-X8, H*) to adjust the pH to 7,
before the solution was filtered, washed with MeOH (3x30
ml, +sonication) and concentrated in vacuo. The residue,
bearing a strong aromatic smell, was purified on a column of
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silicagel (10x1 cm, EtOAc, -MeOH-EtOAc, 2:1—-MeOH,
containing 0.2% Et,N) to afford the polyol 82 as white solid
(23 mg, 100%).

N-(2,3,4,6-tetra-O-sodium sulfonato-a-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sodium sulfonato-o-p-glu-
copyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-o.-
D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranosyl)-4-((3R,108S,12S,
13R)-3-O-sodium sulfonato-12-O-acetyl-10,13-dim-
ethylhexadecahydro-1H-cyclopenta[a]phenanthren-
17-yD)pentanamide (83)

The polyol 82 (22 mg, 0.020 mmol) was dissolved in dry
DMF (0.02 M, 1.05 mL) and freshly washed and dried
SO;.pyridine complex (3 eq per OH-group, 150 mg, 0.945
mmol) was added and the mixture stirred for 16 h at 60° C.
The reaction was quenched by adding aqueous NaOH solu-
tion (5 M, 2.1 eq SO;, 0.397 mL, 1.985 mmol) in one portion
at 0° C. (pH 12) and stirred for 15 min 0° C. The suspension
was concentrated in vacuo at 40° C. to afford a yellow
powder. The powder was dissolved in water (11 mL) (pH
11.5) and dialyzed against water (4 L) using a Slide-A-
Lyzer® cassette (2000 MWCO, 4-12 mL) for 2 h at r.t. The
dialysis against water (4 L, containing 0.6 mL. of a 3 M aq.
NH,HCO,, pH 6) was continued at r.t. for 16 h. The dialysis
was continued at 0° C. for 46 h, whereby the water (4 L) was
changed after each 24 has well as an aqueous solution of
NH,HCO; (3 M, 0.6 mL.) was added to the water to set the
pH to ~6.0-6.5. The desalted solution was then lyophilized
to afford a white fluffy powder. CE analysis showed the
appearance of 3 compounds, corresponding to 1 major peak
at 5.228 min (80%) and 2 minor peaks at 5.121 (5%) and
5.278 min (10%). The mixture (~54 mg) was purified on a
C18 HPLC column: solvent A: 100% water; solvent B:
100% acetonitrile; flowrate: 10 mL/min; fraction size: 5 mL;
detector: ELS; gradient: 5% B. The product bound only
weakly to the C18 matrix but pure fractions of 83 were
collected and analysed by CE. Lyophilisation afforded per-
sulfate 83 as a white fluffy powder (12.1 mg, 24%, 98% pure
by CE). 'H NMR (400 MHz, D,0) 8 5.96 (d, 1H, NH), 5.79
(d, 2H, 2xH1™, H1™), 5.68 (d, 1H, H17), 5.19 (s, 1H,
H3-Deoxycholic), 5.00-5.10 (m, 3H1, 3xH3), 4.67-4.98 (m,
6H, HI’, 4xH2, H3), 4.18-4.60 (m, 16H, 3xH4, 4xHS,
8xH6, H12-Deoxycholic.), 2.46 (m, 2H, OCH,), 2.28 (s, 3H,
12-O Ac-deoxycholic), 1.08-2.13 (m, 24H, 9xCH,, 6xCH),
1.05 (s, 3H, CH,), 0.93 (d, 3H, J=6.2, CH—CH,), 0.88 (s,
3H, CH,).

(2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl)-
(1—4)-(2,3,6-tri-O-benzoyl-a-p-glucopyranosyl)-
(1—4)-(2,3,6-tri-O-benzoyl-a-p-glucopyranosyl)

bromide (84)

Maltotriose perbenzoate (200 mg, 207 umol) was taken
up in DCM (1 mL) and HBr/HOAc (0.7 mL) at 0° C. The
mixture was stirred at 0° C. for 6 hours. The solution was
diluted with DCM and washed with ice-water (x2), NaHCO,
(sat.) (x2) and brine (x1), before being dried (Na,SO,) and
the solvent evaporated to yield the white solid product
(quantitative) which was reacted on without further purifi-
cation. "H NMR (CDCl, 400 MHz) 8 8.19 (m, 2H, Ar), 8.05
(m, 2H, Ar), 7.95 (m, 2H, Ar), 7.88-7.85 (m, 4H, Ar),
7.74-7.70 (m, 4H, Ar), 7.63-7.09 (m, 36H, Ar), 6.73 (d, 1H,
J,,=3.4,H1%), 6.13-6.08 (m, 211, H-3", H-3%), 5.95 (m, 1H,
H-3%), 5.76 (d, 1H, I, ,=4.1, H-1"), 5.67 (m, 1H, H-4™),
5.65 (d, 1H, J, ,=3.4, H1%), 5.27 (dd, 1H, H-27), 5.11 (dd,
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1H, H-27), 5.03 (dd, 1H, H-2%), 4.99 (dd, 1H, H-6"), 4.76-
472 (m, 2H, H-67, H-67), 4.66-4.58 (m, 2H, H-6%, H-5%,
4.55-4.35 (m, SH, H-47, H-47, H-57, -5, H-6™), 4.23 (dd,
1H, H-6™).

Example 19

3p-Cholestanyl 2,3,4,6-tetra-O-benzoyl-a-p-glu-

copyranosyl-(1—4)-2,3,6-tri-O-benzoyl-a-p-glu-

copyranosyl-(1—4)-2,3,6-tri-O-benzoyl-f-p-glu-
copyranoside (85)

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,
6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,6-tri-O-
benzoyl-a-pD-glucopyranosyl bromide 84 (200 mg, 124
pmol),*® molecular sieves (~50 mg) and cholestanol (3
equiv., 370 umol, 145 mg) were taken up in dry DCM under
Ar and cooled to 0° C. AgOTT (1.5 equiv., 187 umol, 48 mg)
was added and the solution stirred at 0° C. for 2 hours.
Triethylamine (600 pl) was added and the solution was
warmed to room temperature. The mixture was passed
through a short silica plug (using 1:1 EtOAc:Hex with 0.5%
(v/v) triethylamine as the elution solvent). The solvent was
evaporated (the water bath temperature was kept at room
temperature). The resultant mixture was taken up in dry
DCM under Ar with molecular sieves, then cooled to 0° C.
before TMSOTT (1.24 mL of a 0.1M solution in DCM) was
added slowly over 20 minutes. The solution was stirred at 0°
C. for 1 hour, then at room temperature with an extra 0.5
equivalents of TMSOTT added over 15 minutes. After a
further 30 minutes, triethylamine (1 ml.) was added and the
solution was filtered and the solvent evaporated. The crude
product was purified by column chromatography (SiO,:
Hexane to 35% EtOAc/Hex) to give the pure glycoside 85
as a white solid (91 mg, 38%). "H NMR (300 MHz, CDCl,)
8 8.17 (m, 2H, Ar), 8.06 (m, 2H, Ar), 7.96 (m, 2H, Ar), 7.88
(m, 2H, Ar), 7.82 (m, 2H, Ar), 7.72 (m, 4H, Ar), 7.57 (m, 4H,
Ar), 7.52-7.09 (m, 32H, Ar), 6.10 (t, 1H, J=9.7, H-3%), 5.92
(t, 1H, H-3%), 5.75 (d, 1H, ], ,=3.8, H-17), 5.71-5.64 (m,
2H, H-4",H-3%),5.58 (d, 1H, ], ,=3.8, H-17), 5.30-5.19 (m,
2H, H-2"% H-2%), 5.10 (dd, 1H, H-2%), 4.95 (m, 1H, H-6%),
4.84 (d, 10, 1, ,=7.7, H-1%), 4.77-4.61 (m, 3H, H-6', H-¢,
H-6), 4.49-434 (m, 5H, H-6"7, H-57, H-5", H-47, H-4%),
4.25 (m, 1H, H-6), 4.06 (m, 1H, H-57), 3.53 (m, 1H,
CHO), 1.99-0.47 (m, 31H), 0.91 (d, 3H, CH,), 0.87 (m, 6H,
CH,), 0.64 (s, 3H, CH,), 0.62 (s, 3H, CH,).

3p-Cholestanyl a-p-glucopyranosyl-(1—4)-c.-p-
glucopyranosyl-(1—4)-p-p-glucopyranoside (86)

The glycoside 85 (91 mg, 47.5 nmol) was taken up in 1:1
MeOH:THF and deacetylated according to the general pro-
cedure to give the polyol 86 (48 mg) as a white solid
(containing traces of methyl benzoate) which was reacted on
without further purification or characterisation.

3p-Cholestanyl 2,3,4,6-tetra-O-sodium sulfonato-o.-
D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sul-
fonato-a-p-glucopyranosyl-(1-94)-2,3,6-tri-O-so-
dium sulfonato-f-p-glucopyranoside (87)

The polyol 86 (47.8 mg, 54.6 umol) was dissolved in
DMEF (0.02M, 2.73 mL). SO,.pyridine (3 equiv. per hydroxy,
1.64 mmol, 261 mg) was added and the solution was stirred
at 60° C. overnight. The solution was cooled in ice-water
and neutralised with 5 M NaOH (700 uL) before the solvent
was evaporated. The residue was taken up in water and

10

20

25

30

35

40

45

50

55

65

40

purified on a C18 SPE cartridge using MeOH/Water as the
mobile phase. Fractions containing the product were pooled
and dialysed over 48 hours with a 2000 MWCO dialysis
cartridge, before being filtered using a 40 micron syringe
filter and lyophilized to give the persulfate 87 as an off-white
solid (43 mg, 48% over two steps). '"H NMR (400 MHz,
D,0) § 5.68 (d, 1H, H-1), 5.58 (d, 1H, H-1), 5.05-4.03 (m,
19H), 3.82 (m, 1H, Cholestanyl H-3), 2.05-0.65 (m, 31H),
0.96 (d, 3H, J=5.6, CH,), 0.90 (d, 6H, J=6.4, CH,), 0.86 (s,
3H, CH,), 0.71 (s, 3H, CH,).

Example 20

2,3,4,6-Tetra-O-acetyl-f-p-galactopyranosyl-
((1—4)-1,2,3,6-tetra-O-acetyl-p-glucopyranose (88)

Lactose (5.0221 g, 13.88 mmol) was suspended in dry
pyridine (40 mL) and DMAP (50 mg) was added. Acetic
anhydride (26.24 mL, 277.6 mmol) was added dropwise to
the suspension at 0° C. over 15 minutes and the mixture
stirred at room temperature overnight. The reaction was
quenched with the dropwise addition of anhydrous methanol
at 0° C. and the solution stirred. The solvent was evaporated
followed by coelution with anhydrous toluene (3x50 ml.)
and the remaining solvent was reduced overnight under
vacuum to yield a white solid (9 g, 13.26 mmol, 95%) which
was reacted on without further purification or characteriza-
tion.

2,3,4,6-Tetra-O-acetyl-f-p-galactopyranosyl-(1—4)-
2,3,6-tri-O-acetyl-a-p-glucopyranosyl bromide (89)

Peracetate 88 (510.3 mg, 0.75 mmol) was dissolved in
anhydrous DCM (1.5 mL)) and HBr/acetic acid (30%, 1 mL.)
added dropwise at 0° C. The mixture was stirred at room
temperature for 3 hrs then diluted with DCM (30 mL),
washed with ice-water (2x40 mL), ice-cold sat’d NaHCO,
solution (3x30 mL) and brine (2x30 mL). the solution was
dried over Na,SO, and concentrated under vacuum to pro-
duce the crude bromide. The next reaction proceeded imme-
diately after concentration.

2,3,4,6-Tetra-O-acetyl-f-p-galactopyranosyl-
((1—4)-2,3,6-tri-O-acetyl-f-p-glucopyranosyl azide
(90)

Crude glycosyl bromide 89 (0.75 mmol) was dissolved in
CHCI,; (4 mL) and Bu,NHBr (193.42 mg, 0.6 mmol), NaN;
(195.03 mg, 3.0 mmol) and sat’d NaHCO; solution (7 mL)
were added. The reaction was stirred vigorously overnight at
room temperature. The reaction was reduced, diluted in
EtOAc and washed with sat’d NaHCO; solution (3x30 mL)
and brine (3x30 mL). The organic layer was dried over
Na,SO, and concentrated in vacuo and purified by flash
chromatography using EtOAc/Hexane (1:1) with 0.2% Et;N
to yield the azide (348 mg, 70% over 2 steps). ' NMR (300
MHz, CDCl,) 85.33 (dd, 1H, Jyy z3=3.4 Hz, Ty pys=1.1
Hz, H-4"),5.19 (dd, 1H, J 3 1,=9.4 Hz, I, 13=9.0 Hz, H-3),
5.09 (dd, 1H, Jp5 53=10.4 Hz, I, 5, =7.8 Hz, H-2'), 4.94
(dd, 1H, Iy 23=10.4 Hz, Jy3. 1,=3.4 Hz, H-3"), 4.84 (dd,
1H, Jpp 53=9.5 Hz, Jo, ,,=8.8 Hz, H-2), 461 (d, 1H,
V=88 Hz, 1H), 4.49 (dd, 1H, Jys,me,=11.9 Hz,
Jo6ams=2.2 Hz, H-62), 4.46 (d, 1H, I, 5, =7.8 Hz, H-1Y,
4.14-4.03 (m, 3H, H-6b, H-6a', H-6b"), 3.87 (dd, 1H,
Jos ga=1.1 Hz, H-5"), 3.80 (t, 1H, Jpy 15 st £7a.225=9-4 Hz,
H-4), 3.68 (ddd, 1H, Hyg, 5=2.0 Hz, Jye 45s=5.0 Hz,
T4 15=9.9 Hz, H-5), 2.13 (s, 3H, OAc), 2.12 (s, 3H, OAc),
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2.05 (s, 3H, OAc), 2.05 (s, 3H, OAc), 2.03 (s, 311, OAc),
2.03 (s, 3, OAc), 2.02 (s, 3H, OAc), 1.95 (s, 3H, OAc).

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
2,3.4,6-tetra-O-acetyl-f-p-galactopyranosyl-(1—4)-
2,3,6-tri-O-acetyl-f-p-glucopyranoside (91)

Dry azide 90 (100 mg, 0.15 mmol) and 3f-(prop-2-
ynyloxy) cholestanol (129 mg, 0.302 mmol, 2 eq) were
dissolved in DCM/t-BuOH (3:2, 0.21M). An aqueous solu-
tion of CuSO4 (0.3M, 0.1 eq, 0.015 mmol, 50 ul.) was added
to the mixture followed by an aqueous solution of Na-
ascorbate (1M, 0.3 eq, 0.045 mmol, 45.3 pl). The reaction
was sheltered from light and stirred vigorously overnight.
The mixture was diluted in DCM (100 mL) and washed with
sat’d NaHCO; sol (3x30 mL). The aqueous phase was
re-extracted with DCM (20 ml) and combined organic
layers were then washed with brine (2x30 mL) and dried
over Na,SO4. The solvent was evaporated in vacuo to yield
the crude product. The crude product was purified by flash
chromatography using Hexane/EtOAc (3:2) with 0.2% Et;N
to yield the product as a white solid (135.3 mg, 82%). ‘'H
NMR (300 MHz, CDCl;) 8 7.67 (s, 1H, CH—N), 5.79 (d,
1H, I, 7,=9.2, H-1), 5.43-5.37 (m, 2H, H-2, H-3), 5.35 (dd,
IH, Jyz =34, Jppns=08, H-4), 511 (dd, IH,
J o =104, T . =7.8, H-2"),4.95 (dd, 1H, J . 42=10.4,
Tz ga=3.4, H-3), 4.64 (s, 2H, CH,—N), 4.50 (d, 1H,
T =79, H-1"), 446 (dd, 1H, Jys, pey~12.4, Hoa',
H5'=1.6, H-6a", 4.16-4.04 (m, 3H, H-6b', H-6a, H-6b),
3.96-3.85 (m, 3H, H-4, H-5, H-5"), 3.39-3.28 (m, 1H,
H-Chol), 2.14 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.06 (s, 3H,
OAc), 2.05 (s, 3H, OAc), 2.04 (s, 3H, OAc), 1.95 (s, 3H,
OAc), 1.88-1.80 (m, 31H), 1.85 (s, 3H, OAc), 0.88-0.80 (m,
3H, CH,—CH), 0.85 (d, 3H, J=1.3, CH,—CH), 0.83 (d, 3H,
J=1.2, CH;—CH), 0.77 (s, 3H, CH,), 0.62 (s, 3H, CH,).

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
[-p-galactopyranosyl-(1—4)-f-p-glucopyranoside
92)

Dry N-glycoside 91 (100 mg, 0.092 mmol) was dissolved
in anhydrous CH;OH and a solution of NaOMe/CH,OH
(11M, 30 pl) was added dropwise to the mixture at 0° C.
under argon. The solution was allowed to stir at RT over-
night. After monitoring by TLC, additional anhydrous
CH,OH (2 mL) and NaOMe/CH,OH (11M, 50 pl) was
added and the reaction mixture found to be pH 11. Upon
completion, the reaction was neutralised to pH 6 by the
addition of Dowex H+ ion-exchange resin, and the resulting
suspension dissolved in CHCl;/CH;0H (1:1) at 40° C. The
solution was filtered, concentrated and dried over P,Os to
yield the crude product.

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
2,3.4,6-tetra-O-sulfo-f-p-galactopyranosyl-(1—4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside, heptasodium
salt (93)

SO;-Pyr (124.89 mg, 0.785 mmol, 3 eq/OH, prewashed
and dried) was added in one portion to dry polyol 92 (29.7
mg, 0.037 mmol) in anhydrous DMF (0.02M, 1.85 mL) at
60° C. The reaction was allowed to stir overnight. The
reaction was cooled to 0° C. and cooled solution of 5M
NaOH (329.7 ulL, 1.65 mmol, 2.1 eq of SO;-Pyr) was added
in one portion with stirring. The pH was checked immedi-
ately and found to be only slightly basic. An additional
solution of cooled SM NaOH (50 pl) was added to the
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reaction and the pH found to be approximately 13. The
suspension was stirred at 0° C. for 15 minutes, then diluted
in HPLC grade H,O (100 mL) and the solvent evaporated
slowly. The product was de-salted on a C18 Solid phase
extraction cartridge (WatersSepPak, 1 g) by a gradient
elution from 100% HPLC grade H,O to ACN/H,O (1:1).
The fractions were kept basic by the addition of 0.1 M
NH,HCO; and a char test performed on all fractions. The
char positive fractions were analysed by CE and the frac-
tions containing JR245_33 combined and separated on C18
Liquid Chromatography using a gradient elution from
5-50% ACN in H,O over 35 mins. All fractions were tested
for sugar using 10 uL. of sample with 40 uL. of 1,9-dimethyl-
methylene blue aqueous solution, and the sugar-positive
fractions were analysed by CE. Pure fractions were collected
and lyophilised to yield the product as an off-white powder
(21.1 mg, 37% yield) 98% pure by CE. "H NMR (300 MHz,
D,0)%:8.29 (s, 1H, CH=C—), 6.27 (d, 1H, J 5, ,»=8.1 Hz,
H-1), 5.14 (d, 1H, Jys 4,=3.0 Hz, H-4), 498 (1, 1H,
Jen 2>=7.8 Hz, H-2), 4.91-4.82 (m, 1H, H-3), 4.89 (d, 1H,
T m=7.5 Hz, H-1'), 474 (s, 2H, CH,), 4.57 (dd, 2H,
Jo2 3=10.2 Hz, I3, 1, =3.0 Hz, H-3', H-5"), 4.46 (dd, 1H,
Je 1379.9, Iy py»=7.5, H-2"), 436 (m, 5H, H-4, H-5,
H-6a, H-6a', H-6b"), 4.18-4.14 (m, 1H, H-6b), 3.63-3.49 (m,
1H, Chol-H), 2.04-0.98 (m, 31H, Chol), 0.97-0.83 (m, 12H,
CH,), 0.70 (s, 3H, CH,).

Example 21

2,3,4,6-Tetra-O-acetyl-a-p-glucopyranosyl-(1—+4)-2,
3,6-tri-O-acetyl-f-p-glucopyranosyl azide (94)

Maltose peracetate (200 mg, 295 pumol) was taken up in
DCM (1 mL) and HBr/HOAc (0.7 mL) at 0° C. The mixture
was stirred at 0° C. for four hours. The solution was diluted
with DCM and washed with ice-water (x2), NaHCO,(sat.)
(x2) and brine (x1), before being dried (Na,SO,) and the
solvent evaporated to yield the white solid bromide product
which was taken up in a mixture of EtOAc (5 mL) and
NaHCO;(sat.) (5 mL). NaNj; (2.0 g) was added, followed by
Bu,NBr (cat.). The mixture was stirred vigorously overnight
at room temperature. The solution was diluted with EtOAc
and washed with NaHCO,(sat.) (x2) and brine (x1), before
being dried (Na,SO,) and the solvent evaporated to yield the
crude product which was purified using column chromatog-
raphy (SiO,: Hexane to 50% EtOAc/Hexane; loaded with
toluene) to yield 170.6 mg of the white solid product (87%,
two steps) which was reacted on without further characteri-
sation.

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-y1
2,3,4,6-tetra-O-acetyl-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-acetyl-f-p-glucopyranoside (95)

Azide 94 (170 mg, 257 pmol), 3p-(prop-2-ynyloxy)
cholestanol (2 equiv., 219 mg), CHCI, (2 mL), t-BuOH (2
mL), CuSO, (50 uL of a 0.3 M aqueous solution) and sodium
ascorbate (62.5 pulL of a 1M aqueous solution) was stirred
vigorously overnight at room temperature. The solvent was
evaporated and the residue loaded onto a silica column
(Si0,: Hexane to 50% EtOAc/Hexane) to yield 190 mg of
the pure material 95 (68%). "H NMR (300 MHz, CDCl,) d:
7.67 (s, 1H, Triazol-H), 5.85 (d, 1H, J, ,=9.3, H1Y), 5.46-
5.29 (m, 4H, H-17, H-2/, H-4", H-3"), 5.04 (t, 111, J, =103,
1,,=103, H-3Y), 4.85 (dd, 1H, J, ,=4.1, J, ;=10.8, H-27),
4.63 (s, 2H, CH,), 4.45 (ddd, 1H, H-6), 4.25-4.19 (m, 2H,
H-57, H-67), 4.14-3.92 (m, 4H, H-5", H-67, H-6", H-4%),
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3.32 (m, 1H, CHO), 2.31-0.53 (m, 31H), 2.10 (s, 3H, OAc),
2.08 (s, 3H, OAc), 2.03 (s, 3H, OAc), 2.00 (s, 6H, OAc),
1.98 (s, 3H, OAc), 1.82 (s, 3H, OAc), 0.83 (d, 3H, I=1.0,
CH,), 0.81 (d, 3H, J=1.5, CH,), 0.76 (s, 3H, CH,), 0.61 (s,
3H, CH,).

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
a-D-glucopyranosyl-(1—4)-p-p-glucopyranoside
(96)

Peracetate 95 (190 mg) was dissolved in THF/MeOH
(1:1). NaOMe in MeOH (11M, 20 pl) was added and the
solution was stirred at room temperature for 3 hours. The
solution was neutralised with H* resin, filtered and the
solvent evaporated to give 125 mg (90%) of the off-white
solid product which was reacted on without further purifi-
cation or characterisation.

4-(Cholestan-3p-yl-oxymethyl)[1,2,3]triazol-1-yl
2,3,4,6-tetra-O-sulfo-a.-p-glucopyranosyl-(1—4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside, heptasodium
salt (97)

Polyol 96 (124.5 mg, 157 umol) was dissolved in DMF
(0.02 M, 7.84 mL). SO;.pyridine (3 equiv./OH, 3.3 mmol,
525 mg) was added and the solution stirred at 60° C.
overnight. The solution was cooled to 0° C. and neutralized
with 5SM NaOH (2.1 equiv./SO;.pyridine, 1.4 mL). The
mixture was transferred to a large round-bottomed flask with
water, evaporated and dialysed (2000 MWCO cartridge,
Pierce) against purified water (5 L, water changes every 12
hours) for 24 hours. The solution was lyophilized and taken
up in water before being purified on a prep C18 RP-HPLC
system (5% to 95% acetonitrile in water over 20 minutes).
CE was used to determine the purity of each fraction
collected after HPLC purification. Greater than 90% purity
fractions were combined and lyophilized to give the product
as a white solid (55 mg, 23%). 'H NMR (300 MHz, D,0)
d: 8.25 (s, 1H, triazol), 6.20 (d, 1H, J, ,=6.0, H1%), 5.65 (d,
1H, H-17), 5.04-4.94 (m, 3H, H3’H3” 2’) 4.80 (s, 2H,
CH,), 4.73 (m, 1H, H-27), 4.58 (dd, 1H, H-47), 4.49-4.23
(m, 7H, H-4", H-SI, H-57, 4xH-6), 3.57 (m, 1H, CHO),
2.09-0.56 (m, 46H).

Example 22

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
1,2,3,6-tetra-O-benzoyl-p-glucopyranose (98)

Maltose (2.0 g, 5.84 mmol) was dissolved in dry pyridine
(40 mL) at 0° C. DMAP (cat.) was added. Benzoyl chloride
(2.5 equiv., 14.6 mmol, 16.4 g, 13.6 ml) was added drop-
wise and the solution stirred at room temperature overnight.
The solution was poured onto a mixture of ice-water and
DCM. The organic layer was washed with NaHCO,(sat.)
(x7), brine, H,S0, (5%) (x2), followed by brine. The
solution was dried (Na,SO,) and the solvent evaporated.
The product was passed through a short silica plug to
remove the remaining benzoyl chloride and the solvent was
evaporated to yield 3.5 g (51%) of the white solid product
which was reacted on without further purification or char-
acterisation.

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-p-glucopyranosyl trichloro-
acetimidate (99)

Perbenzoate 98 (0.5 g) was dissolved in pyridine (5 mL).
Dimethylamine (3.5 mL; 5.6 M in EtOH) was added. The
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reaction mixture was stirred at room temperature for 1 hour.
Toluene (10 ml.) was added and the solution washed with
brine, H,SO, (5%) (x2), brine, NaHCO,; (sat.) and brine.
The solution was dried (Na,SO,) and the solvent was
evaporated. The crude hemiacetal was taken up in dry DCM
with molecular sieves, potassium carbonate (200 mg) and
caesium carbonate (70 mg). The solution was cooled to 0°
C. before trichloroacetonitrile (120 pl.) was added. The
mixture was stirred at room temperature for 3 hours. The
mixture was filtered and the solvent evaporated. The crude
product was purified using column chromatography (SiO,:
Hexane to 50% EtOAc/Hexane) to yield the product as a
white solid (336 mg, 66% over two steps) which was reacted
on without further characterisation.

3'-Cholestanyl 2,3,4,6-tetra-O-acetyl-a-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-acetyl-f-p-glucopyranoside
(100)

Trichloroacetimidate 99 (336.2 mg, 280 umol), cholesta-
nol (3 equiv., 326 mg) and molecular sieves were taken up
in dry DCM under Ar. The solution was stirred for 15
minutes before TMSOTT (0.1 M solution in DCM, 0.33
equiv., 924 ul.) was added slowly. After 30 minutes a further
one equivalent of TMSOTT (2.77 mL of 0.1 M solution in
DCM) was added slowly and the solution was allowed to stir
for a further 40 minutes. Triethylamine (200 pl.) was added
and the solvent was evaporated. The crude product was
purified by column chromatography (SiO,: Hexane to 15%
EtOAc/Hexane) but eluted close to the excess cholestanol
starting material. Thus the mixture was debenzoylated,
acetylated and re-purified to afford adequate separation. The
compound was taken up in MeOH/THF (1:1). 11M NaOMe
in MeOH (50 plL) was added and the solution was stirred at
room temperature for 5 hours. The solution was neutralised
with H+ resin, filtered and the solvent evaporated. The crude
polyol product was taken up in pyridine (5 mL) and acetic
anhydride (5§ mL). DMAP (cat.) was added and the solution
stirred overnight at room temperature. The mixture was
added to ice-water and extracted with DCM before being
washed with 5% H,SO,, followed by brine. The solution
was dried (Na,SO,) and the solvent evaporated, before the
crude sample was purified using column chromatography
(Si0,: Hexane to 50% EtOAc/Hexane) to yield 118 mg of
the white solid peracetylated product (42%). *H NMR (300
MHz, CDCl3) 8: 5.40 (d, 1H, I, ,=4.1, H-1%), 5.35 (dd, 1H,
1,,=10.6, I; ,=9.5, H-3"), 5.23 (dd, lH J5,79.0, J; ,=9.0,
H:3), 5.03 (dd, lH 1,5=10.0, 1, 5=10.0, H-47), 4.83 (dd,
1H, 1,,-3.9, 1,5,=10.3, H2”) 4.76 (dd, 1H, J,,=8.0,
1,5=93, H2’) 4.60 (d, 1H, J, ,=8.0, H-17), 4.42 (dd, 1H,
H-67), 426420(m 2H, H6’ 6”) 4.04-3.92 (m, 3H,
H-4', H-57, H-6"), 3.64 (ddd, 1H, H-5%), 3.53 (m, 1H,
CHO), 2.12 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.03 (s, 3H,
OAc), 2.01 (s, 3H, OAc), 2.00 (s, 3H, OAc), 1.99 (s, 3H,
OAc), 1.98 (s, 3H, OAc), 1.96-0.52 (m, 31H), 0.87 (d, 3H,
J=6.4, CH,), 0.86 (d, 3H, J=1.5, CH,), 0.83 (d, 3H, J=1.3,
CH,), 0.76 (s, 3H, CH,), 0.63 (s, 3H, CH,).

3'-Cholestanyl a-p-glucopyranosyl-(1—+4)-f-p-glu-
copyranoside (101)

Glycoside 100 (118 mg) was dissolved in THF/MeOH
(1:1). NaOMe in MeOH (11M, 30 pl.) was added and the
solution was stirred at room temperature for 3 hours. The
solution was neutralised with H* resin, filtered and the
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solvent evaporated to give a quantitative yield of the off-
white solid which was reacted on without further purifica-
tion or characterisation.

3'-Cholestanyl 2,3,4,6-tetra-O-sulfo-a.-p-glucopyra-
nosyl-(1-+4)-2.3,6-tri-O-sulfo-f-p-glucopyranoside,
heptasodium salt (102)

Polyol 101 (99.5 mg, 140 umol) was dissolved in DMF
(0.02 M, 7 mL). SO,.pyridine (3 equiv./OH, 2.9 mmol, 467
mg) was added and the solution stirred at 60° C. overnight.
The solution was cooled to 0° C. and neutralized with SM
NaOH (2.1 equiv./SO;.pyridine, 1.23 mL). The mixture was
transferred to a large round-bottomed flask with water,
evaporated and dialysed (2000 MWCO cartridge, Pierce)
against purified water (5 L, water changes every 12 hours)
for 48 hours. The solution was lyophilized and taken up in
water before being purified on a prep C18 RP-HPLC system
(5% to 95% acetonitrile in water over 20 minutes). CE was
used to determine the purity of each fraction collected after
HPLC purification. Greater than 90% purity fractions were
combined and lyophilized to give the product as a white
solid (27 mg, 14%). '"H NMR (400 MHz, D,O) &: 5.59 (d,
1H, J, ,=3.4, H-1%), 5.09 (4, 1H, J, ,=5.0, H-1%), 4.89 (m,
1H, H3™), 4.73 (m, 1H, H-3%), 4.61 (dd, 1H, H-27), 4.53-
4.42 (m, 3H, H2’H4” H-67), 437414(m 6H, H-4,
H-5", H-57, 3xH-6), 185 (m, 1H, CHO), 2.08-0.64 (m, 46H).

Example 23

2,3.4,6-Tetra-O-benzoyl-f-D-glucopyranosyl-(1—4)-
1,2,3,6-tetra-O-benzoyl-p-glucopyranose (103)

Cellobiose (1.0 g, 2.92 mmol) was dissolved in dry
pyridine (20 mL) at 0° C. DMAP (cat.) was added. Benzoyl
chloride (2.5 equiv., 58 mmol, 6.8 mL.) was added dropwise
and the solution stirred at room temperature overnight. The
solution was poured onto a mixture of ice-water and DCM.
The organic layer was washed with NaHCO,(sat.) (x7),
brine, H,SO, (5%) (x2), followed by brine. The solution was
dried (Na,SO,) and the solvent evaporated. The product was
passed through a short silica plug to remove the remaining
benzoyl chloride and the solvent was evaporated to yield
740 mg (22%) of the white solid product which was reacted
on without further purification or characterisation.

2,3.4,6-Tetra-O-benzoyl-f-D-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-p-glucopyranosyl trichloro-
acetimidate (104)

Perbenzoate 103 (740 mg, 0.63 mmol) was dissolved in
pyridine (5 mL). The solution was cooled to 0° C., before
dimethylamine (3.1 mL; 5.6 M in EtOH) was added. The
reaction mixture was stirred at room temperature for 2 hours.
Toluene (20 ml.) was added and the solution washed with
brine, H,SO, (5%) (x2), brine, NaHCO, (sat.) and brine.
The solution was dried (Na,SO,) and the solvent was
evaporated. The crude hemiacetal was taken up in dry DCM
(5 mL) with molecular sieves and potassium carbonate (1.17
g). The solution was cooled to 0° C. before trichloroacetoni-
trile (782 pl.) was added. The mixture was stirred at room
temperature for 2 hours. The mixture was filtered and the
solvent evaporated. The crude product was purified using
column chromatography (SiO,; Toluene:EtOAc (5:1) to
100% EtOAc) to yield the product as a white foam (566 mg,
75% over two steps) which was reacted on without further
characterisation.
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3'-Cholestanyl 2,3,4,6-tetra-O-benzoyl-f-p-glucopy-
ranosyl-(1—4)-2,3,6-tri-O-benzoyl-p-p-glucopyra-
noside (105)

Trichloroacetimidate 104 (250 mg, 210 umol), cholesta-
nol (2 equiv., 163 mg) and molecular sieves were taken up
in dry DCM under Ar. The solution was stirred for 30
minutes at 0° C. before TMSOTT (0.4 M solution in DCM,
0.5 equiv., 260 ul.) was added slowly. After 30 minutes a
further one equivalent of TMSOTT (130 pL of 0.4 M solution
in DCM) was added slowly and the solution was allowed to
stir for a further 20 minutes. Triethylamine (15 pl.) was
added and the solution filtered before the solvent was
evaporated. The crude product was purified by column
chromatography (SiO,; Toluene:EtOAc, 10:1 to 5:1) to yield
208 mg of the white solid product (69%). 1H nmr (300 MHz,
CDCl,) 8: 7.99-7.16 (m, 35H, Ar), 5.73 (m, 2H, H-37, H-3%),
5.51(dd, 1H, I, =7.9, I, ,=9.8, H-27), 537(m 2H, H-4%,
H-2%), 4.93 (d in, I .= =7.9, H- 1%, 476 (4, 1H, 1, ,=7.9,
H-1%), 4.59 (dd, lH H-6), 445(dd 1H, H-6), 419(dd 1H,
145795, 1,59.5, H4I) 4.07 (dd, 1H, H-6), 3.84-3.79 (m,
2H, 2><H-5), 372 (dd, 1H, H-6), 3.46 (m, 1H, CHO),
1.95-0.45 (m, 31H), 0.88 (d, 3H, J=7.3, CH,), 0.86 (d, 3H,
J=1.4, CH,), 0.84 (d, 3H, J=1.4, CH,), 0.62 (s, 3H, CH,),
0.60 (s, 3H, CH,).

3'-Cholestanyl f-p-glucopyranosyl-(1—4)-f-p-glu-
copyranoside (106)

Glycoside 105 (152 mg) was dissolved in THF/MeOH
(1:1). NaOMe in MeOH (11M, 30 ulL) was added and the
solution was stirred at room temperature for 24 hours. The
solution was neutralised with H* resin, filtered and the
solvent evaporated to give 23 mg (30%) of the off-white
solid which was reacted on without further purification or
characterisation.

3'-Cholestanyl 2,3,4,6-tetra-O-sulfo-p-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside,
heptasodium salt (107)

Polyol 106 (23 mg, 32 pmol) was dissolved in DMF (0.02
M, 1.6 mL). SO;.pyridine (3 equiv./OH, 672 pmol, 107 mg)
was added and the solution stirred at 60° C. overnight. The
solution was cooled to 0° C. and neutralized with 5SM NaOH
(2.1 equiv./SO;.pyridine, 0.282 mL). The mixture was trans-
ferred to a large round-bottomed flask with water, evapo-
rated and dialysed (2000 MWCO cartridge, Pierce) against
purified water (5 L, water changes every 12 hours) for 48
hours. The solution was lyophilized and taken up in water
before being purified on a prep C18 RP-HPLC system (5%
to 95% acetonitrile in water over 20 minutes). CE was used
to determine the purity of each fraction collected after HPL.C
purification. Greater than 90% purity fractions were com-
bined and lyophilized to give the product as a white solid
(11.6 mg, 25%). "H NMR (400 MHz, D, 1) d: 5.06 (d, 1H,
1,,=6.3, H-17), 4.86 (d, 1M, J12*63 H 1%), 4.72-4.66 (m,
2H, H-3%, H-3%), 4.57-4.48 (m 2H, H-4", H-6), 4.40-4.35
(m, 3H, H2I H-27, H-6), 430 (dd, lH H-6), 4.24-4.20 (m,
2H, H-41, H-6), 4.08 (m, 2H, H-5, H-5"), 3.62 (m, 1H,
CHO), 2.00-0.67 (m, 31H), 0.93 (d, 3H, CH,), 0.87 (d, 3H,
CH,), 0.86 (d, 3H, CH,), 0.83 (s, 3H, CH,), 0.68 (s, 3H,
CH,).

Example 24
2,3,4,6-Tetra-O-benzoyl-p-p-galactopyranosyl-

(1—4)-1,2,3,6-tetra-O-benzoyl-p-glucopyranose
(108)

Lactose (1.0 g, 2.92 mmol) was dissolved in dry pyridine
(20 mL) at 0° C. DMAP (cat.) was added. Benzoyl chloride
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(2.5 equiv., 58 mmol, 6.8 mL) was added dropwise and the
solution stirred at room temperature overnight. The solution
was poured onto a mixture of ice-water and DCM. The
organic layer was washed with NaHCOj;(sat.) (x7), brine,
H,S80, (5%) (x2), followed by brine. The solution was dried
(Na,SO,) and the solvent evaporated. The product was
passed through a short silica plug to remove the remaining
benzoyl chloride and the solvent was evaporated to yield
3.67 g (quantitative) of the white solid product which was
reacted on without further purification or characterisation.

2,3.4,6-Tetra-O-benzoyl-p-p-galactopyranosyl-
(1—+4)-2,3,6-tri-O-benzoyl-D-glucopyranosyl
trichloroacetimidate (109)

Perbenzoate 108 (500 mg, 0.43 mmol) was dissolved in
pyridine (3.5 mL). The solution was cooled to 0° C., before
dimethylamine (2.1 mL; 5.6 M in EtOH) was added. The
reaction mixture was stirred at room temperature for 2 hours.
Toluene (20 ml.) was added and the solution washed with
brine, H,SO, (5%) (x2), brine, NaHCO; (sat.) and brine.
The solution was dried (Na,SO,) and the solvent was
evaporated. The crude hemiacetal was taken up in dry DCM
(5 mL) with molecular sieves and potassium carbonate (871
mg). The solution was cooled to 0° C. before trichloroac-
etonitrile (582 pl.) was added. The mixture was stirred at
room temperature for 2 hours. The mixture was filtered and
the solvent evaporated. The crude product was purified using
column chromatography (SiO,; Toluene:EtOAc (5:1) to
100% EtOAc) to yield the product as a white foam (152 mg,
29% over two steps) which was reacted on without further
characterisation.

3'-Cholestanyl 2,3.4,6-Tetra-O-benzoyl-f-p-galacto-
pyranosyl-(1—4)-2.3 6-tri-O-benzoyl-p-p-glucopy-
ranoside (110)

Trichloroacetimidate 109 (250 mg, 210 pmol), cholesta-
nol (2 equiv., 163 mg) and molecular sieves were taken up
in dry DCM under Ar. The solution was stirred for 30
minutes at 0° C. before TMSOTT (0.4 M solution in DCM,
0.5 equiv., 260 ul) was added slowly. After 30 minutes a
further one equivalent of TMSOTT (130 pL. of 0.4 M solution
in DCM) was added slowly and the solution was allowed to
stir for a further 20 minutes. Triethylamine (12 pl.) was
added and the solution filtered before the solvent was
evaporated. The crude product was purified by column
chromatography (SiO,; Toluene:EtOAc, 15:1 to 7:1) to yield
237 mg of the white solid product (78%). 1H nmr (400 MHz,
CDCly) 8 8.02-7.11 (m, 35H, Ar), 5.77 (dd, 1H, J; ,=9.6,
1,,=9.6, H-37), 574-5.69 (m, 2H, H-27, H-47), 5.43-535
(m, 2H, H-2/, H-37), 4.86 (d, 1H, 1,,=7.9, H-17, 478(d
1H,1, ,=7.9, H-19), 4.57 (dd, 1H, H6’) 4.47 (dd, 1H, H-6%),
4.20 (dd, 1H, 1,579.6,1,579.6, I-4), 3.89 (ddd, 1M1, H-57),
3.83 (ddd, 1H, H- 51) 3.75 (dd, 1H, H-6"), 3.65 (dd, 1H,
H-6),3.49 (m, 1H, CHO), 1.94-0.47 (m, 31H), 0.88 (d, 3H,
J=6.5, CH,), 0.86 (d, 3H, J=1.7, CH,), 0.84 (d, 3H, J=1.9,
CH,), 0.63 (s, 3H, CH,), 0.60 (s, 3H, CH,).

3'-Cholestanyl p-p-galactopyranosyl-(1—=4)-f-p-
glucopyranoside (111)

Glycoside 110 (231 mg) was dissolved in THF/MeOH
(1:1). NaOMe in MeOH (11M, 150 puL.) was added and the
solution was stirred at room temperature for 24 hours. The
solution was neutralised with H* resin, filtered and the
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solvent evaporated to give 61 mg (54%) of the white solid
which was reacted on without further purification or char-
acterisation.

3'-Cholestanyl 2,3,4,6-tetra-O-sulfo-f-p-galactopy-
ranosyl-(1-—+4)-2,3,6-tri-O-sulfo-p-p-glucopyrano-
side, heptasodium salt (112)

Polyol 111 (30 mg, 42 umol) was dissolved in DMF (0.02
M, 2.1 mL). SO;.pyridine (3 equiv./OH, 882 umol, 140 mg)
was added and the solution stirred at 60° C. overnight. The
solution was cooled to 0° C. and neutralized with 5SM NaOH
(2.5 equiv./SO;.pyridine, 0.442 mL). The mixture was trans-
ferred to a large round-bottomed flask with water, evapo-
rated and dialysed (2000 MWCO cartridge, Pierce) against
purified water (5 L, water changes every 12 hours) for 48
hours. The solution was lyophilized and taken up in water
before being purified on a prep C18 RP-HPLC system (5%
to 95% acetonitrile in water over 20 minutes). CE was used
to determine the purity of each fraction collected after HPL.C
purification. Greater than 90% purity fractions were com-
bined and lyophilized to give the product as an off-white
solid (13 mg, 22%). '"H NMR (300 MHz, D,0) &: 5.15 (d,
1H, H-1), 4.70 (d, 1H, H-1), 4.55-3.88 (m, 12H), 3.50 (m,
1H, CHO), 1.88-0.44 (m, 46H).

Example 25
1,2,3,4-Tetra-O-benzoyl-o-p-mannopyranose (113)

6-0-Trityl-1,2,3,4-tetra-O-benzoyl-o.-pD-mannopyranose

(5 g, 6.0 mmol), was dissolved in MeOH. H,SO, (conc.)
(150 pl) was carefully added, and the solution was stirred
at room temperature overnight. The solution was poured into
ice-water (300 mL) and extracted with EtOAc (80 mL). The
organic layer was separated and washed with brine (80 mL.),
followed by NaHCO; (sat.). The solution was dried
(Na,S0,), filtered and the solvent evaporated. The crude
product was purified using column chromatography (SiO,;
Hex:EtOAc, 500:50 to 200:200) to yield 1.79 g of the white
solid product (50%). "H NMR (300 MHz, CDCl,) &: 8.20-
8.12 (m, 4H, Ar), 8.02-7.98 (m, 2H, Ar), 7.87-7.84 (m, 2H,
Ar), 7.70-7.26 (m, 27H, Ar), 6.63 (d, 1H,J, ,=2.1, H-1), 6.12
(dd, 1H, 15 ,=3.3, 1, ,~10.2, H-3), 6.02 (dd, 1H, 1, ;=10.0,
1,5=10.0, H-4), 589 (dd, 1H, J, ,=1.8, J, =31, H-2), 4.25
(ddd, 1H, H-5), 3.90-3.76 (m, 2H, H-6).

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-D-glucopyranosyl trichloroacetimi-
date (114)

Maltotriose perbenzoate (400 mg) was dissolved in THF
(3 mL) at 0° C. A saturated solution of NH; in MeOH (6 mL)
was added and the solution was stirred at 0° C. for 4 hours.
The solution was diluted with DCM, washed with cold 0.5
M HCI, then washed with brine before the solvent was
evaporated. The crude product was purified using column
chromatography (SiO,: 10-50% EtOAc/Hexane) to yield
211 mg of the pure hemiacetal which was taken up in dry
DCM with molecular sieves, potassium carbonate (129 mg)
and caesium carbonate (45 mg). The mixture was stirred at
0° C., before trichloroacetonitrile (93 pl) was added. The
mixture was allowed to warm to room temperature and
stirred for 5 hours. The solution was filtered and the solvent
evaporated. The crude product was purified using column
chromatography (SiO,: Hexane to 50% EtOAC/Hexane) to
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yield 149.2 mg of the white solid product (36%, two steps)
which was reacted on without further characterisation.

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-

2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,

6-tri-O-benzoyl-f-p-glucopyranosyl-(1—6)-1,2,3,4-
tetra-O-benzoyl-pD-mannopyranose (115)

Trichloroacetimidate 114 (279 pmol, 435 mg), 1,2,3,4-
tetra-O-benzoyl mannopyranose 113 (1.2 equiv., 200 mg,
335 umol) and molecular sieves were taken up in DCM and
stirred at 0° C. for 30 mins before TMSOT{ (1.1 equiv., 68.2
mg, 56 ul in 600 pl, DCM) was added dropwise slowly. The
mixture was stirred at 0° C. for 90 mins, before being
neutralised with triethylamine (200 pL), filtered and the
solvent was evaporated to yield the crude product, which
was purified by column chromatography (SiO,: Hexane to
50% EtOAc/Hexane) to yield 312.8 mg of the white solid
product (53%) which was reacted on without further char-
acterisation.

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-f-p-glucopyranosyl-(1—6)-2,3,4-
tri-O-benzoyl-p-mannopyranosyl
trichloroacetimidate (116)

Perbenzoate 115 (312.8 mg) was dissolved in pyridine
(4.5 mL). Dimethylamine (3 mL; 5.6 M in EtOH) was
added. The reaction mixture was stirred at room temperature
for 2 hours. DCM (10 mL) was added and the solution
washed with brine, H,SO, (5%) (x2), brine and NaHCO,
(sat.). The solution was dried (Na,SO,) and the solvent was
evaporated. The crude hemiacetal was taken up in dry DCM
with molecular sieves, potassium carbonate (600 mg) and
caesium carbonate (100 mg). The solution was cooled to 0°
C. before trichloroacetonitrile (200 pl.) was added. The
mixture was stirred at room temperature for 4 hours. The
mixture was filtered and the solvent evaporated. The crude
product was purified using column chromatography (SiO,:
Hexane to 60% EtOAc/Hexane) to yield the product as a
white solid (153.9 mg, 48% over two steps) which was
reacted on without further characterisation.

3'-Cholestanyl 2,3,4,6-tetra-O-benzoyl-a-p-glucopy-
ranosyl-(1—4)-2,3,6-tri-O-benzoyl-a-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-benzoyl-f-p-glucopyrano-
syl-(1—6)-2,3,4-tri-O-benzoyl-o-D-
mannopyranoside (117)

Trichloroacetimidate 116 (153.9 mg, 71.1 pmol), choles-
tanol (3 equiv., 83 mg) and molecular sieves were taken up
in dry DCM under Ar. The solution was stirred at 0° C. for
15 minutes before TMSOTT (1.1 equiv., 17.4 ulL in 200 ul.
DCM) was added slowly. The solution was allowed to stir
for 90 minutes at 0° C. Triethylamine (20 ul.) was added and
the solvent was evaporated. The crude product was purified
by column chromatography (SiO,: Hexane to 40% EtOAc/
Hexane; loaded with toluene) to yield 71.4 mg of the white
solid product (42%). "H NMR (300 MHz, CDCl,) &: 8.00-
6.94 (m, 65H, Ar), 5.94 (dd, 1H, 1,,=9.7, I, ,=9.7, H-3"),
5.76 (dd, 1H, I, ,=10.0, J, ,=7.9, H- 3’”) 5.68 (dd, 1H,
15,733, L~ 10.0, H3’) 5.59 (d 1H, J, ,=3.8, H-17"),
557549(m 3H, H3” H-47", H-47), 5.42 (d, 1H, J, .38,
H-1"%),5.35 (dd, 1H, le 1.8,7,5=3.3, H-2%), 5.16 (dd, 1H,
le =7.4,1,579.5, H2’) 5.12 (dd, 1H, J,,-3.8, 1, 5=10.5,

H-27"), 4.93 (dad, 1H, J,,=3.8, J, ,=10.0, H- 2”’) 4.76 (dd,
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1H, H-6"), 473 (d, 1H, J,,=1.8, H-19), 471 (d, 1H,
J,,=7.7, H-17), 4.53 (dd, 1H, H-67), 4.48-4.41 (m, 2H,
H-67, H-6"), 4.32-4.16 (m, 6H, H-57, H-57, -5/, H-47,
H-4"7, H-6"), 4.11-4.03 (m, 2H, H-6/, H-6"), 3.88 (ddd,
1H, H-57), 3.60 (dd, 1H, H-6), 3.23 (m, 11-1, CHO),
1.87-0.38 (m, 3111), 0.77 (d, 3H, J=6.4, CHL,), 0.74 (d, 3H,
J=1.3, CH,), 0.72 (d, 3H, J=1.5, CH,), 0.61 (s, 3H, CH,),
0.51 (s, 3H, CH,).

3'-Cholestanyl a-p-glucopyranosyl-(1—4)-a-p-glu-
copyranosyl-(1—4)-f-p-glucopyranosyl-(1—=6)-o-n-
mannopyranoside (118)

Glycoside 117 (80 mg) was dissolved in MeOH/THF 1:1.
NaOMe (200 pl. of an 11M solution) was added and the
solution was stirred at room temperature overnight. The
mixture was neutralized with acidic resin and the solution
filtered before the solvent was evaporated to yield the white
solid product which was triturated with EtOAc and the
solvent decanted (x3). The solid was dried under vacuum to
yield a quantitative amount of the white solid product which
was reacted on without further purification or characterisa-
tion.

3'-Cholestanyl 2,3,4,6-tetra-O-sulfo-a-p-glucopyra-
nosyl-(1-+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-p-p-glucopyranosyl-(1—=6)-
2,3 ,4-tri-O-sulfo-a-p-mannopyranoside,
tridecasodium salt (119)

Polyol 118 (72.8 mg, 70.2 pmol) was dissolved in DMF
(0.02 M, 3.5 mL). SO;.pyridine (3 equiv/OH, 2.7 mmol,
436 mg) was added and the solution stirred at 60° C.
overnight. The solution was cooled to 0° C. and neutralized
with SM NaOH (2.1 equiv./SO;.pyridine, 1.15 mL). The
mixture was transferred to a large round-bottomed flask with
water, evaporated and dialysed (2000 MWCO cartridge,
Pierce) against purified water (5 L, water changes every 12
hours) for 24 hours. The solution was lyophilized and taken
up in water before being purified on a prep C18 RP-HPLC
system (5% to 95% acetonitrile in water over 20 minutes).
CE was used to determine the purity of each fraction
collected after HPLC purification. Greater than 90% purity
fractions were combined and lyophilized to give the product
as a white solid (25 mg, 15%). 'H NMR (300 MHz, D,0)
8: 570 (d, 1H, 1, ,=3.5, H-1), 5.55 (d, 1H, H-1), 5.36 (m,
2H, H2xH-1), 5.03-4.05 (m, 24H), 3.88 (m, 1H, CHO),
2.00-0.70 (m, 31H), 0.94 (d, 3H, J=6.4, CH,), 0.89 (d, 3H,
J=1.3, CH,), 0.86 (s, 3H, CH,), 0.86 (d, 3H, J=1.3, CH,),
0.70 (s, 3H, CH,).

Example 26

3-Azidopropyl 2,3,4,6-tetra-O-benzoyl-a-p-glucopy-
ranosyl-(1—+4)-2,3,6-tri-O-benzoyl-a-p-glucopyra-
nosyl-(1—+4)-2,3,6-tri-O-benzoyl--p-glucopyrano-
side (120)

Trichloroacetimidate 114 (2 g, 1.3 mmol), 3-azidopropa-
nol (2 equiv., 260 mg) and molecular sieves were taken up
in DCM (10 mL) and cooled to 0° C. TMSOTTf (1.1 equiv.,
318 mg, 260 pL) was added dropwise (V5 at a time each 30
mins, drop-wise, in 2.6 mL. DCM). The solution was stirred
for 90 mins at 0° C., before being neutralised with trieth-
ylamine (300 pl), filtered, washed with water, dried
(Na,S0O,) and the solvent was evaporated to give the crude
product. This was purified by column chromatography
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(8i0,: toluene to 5% EtOAc/toluene, loaded with toluene) to
yield 2.06 g of the clear oil product 120 (97%). 'H NMR
(400 MHz, CDCl,) d: 8.18 (m, 2H, Ar), 8.04 (m, 2H, Ar),
7.95 (m, 2H, Ar), 7.87 (m, 2H, Ar), 7.84 (m, 2H, Ar),
7.74-7.70 (m, 4H, Ar), 7.61-7.10 (m, 36H, Ar), 6.09 (t, 1H,
1,,=10.2, 15 ,=10.2, H-3"), 5.92 (dd, 1H, J; ,=9.9, 1, ,=8 2,
H3”) 5.75(d, 1H, I, ,=3.8, H-17), 5.70-5.64 (m, 2H, H3I

H-47), 560 (d, 1H, I, ,=4.1, H-1"), 530-523 (m, 2H,
H-2"7, H-2%), 5.08 (dd, 1H, le =3.8, 1,,=9.9, H-27), 4.99
(dd, 1H, H-6%), 4.75-4.59 (m, 3H, H2xH-6", H-67), 4.74 (d,
1H, J, ,=7.5, H-17), 4.48-436 (m, 5H, HSI” H-57, H-4,
H-4”, H-6”’), 4.23 (dd, 1H, H-6"), 4.05 (ddd, 1H, H-SI),
3.92 (m, 1H, CH20), 3.57 (m, 1H, CH,0), 3.19 (m, 2H,
CH,N,), 1.74 (m, 2H, CH,).

3-Stearamidopropyl 2,3,4,6-tetra-O-benzoyl-c.-p-

glucopyranosyl-(1—4)-2,3,6-tri-O-benzoyl-c.-n-

glucopyranosyl)-(1—+4)-2,3,6-tri-O-benzoyl-f-p-
glucopyranoside (121)

Glycoside 120 (2 g, 1.23 mmol) was dissolved in THF (10
mL). Triphenylphosphine (3 equiv., 966 mg) was added and
the mixture was stirred at room temperature for 1 hour under
Ar. Water (30 equiv., 665 ul) was added and the solution
was stirred at 50° C. for 4.5 hours. The solvent was
evaporated and the crude amine was taken up in DCM.
Stearoyl chloride (3 equiv., 1.18 g, 1.25 mL) was added,
followed by triethylamine (3.1 equiv., 386 mg, 532 ul.) and
the solution was stirred overnight at room temperature. The
solvent was evaporated and the crude product purified by
column chromatography (SiO,: toluene to 8:1 toluene:
EtOAc, loaded with toluene) to yield 1.65 g of the clear oil
product 121 (72%, 2 steps). "H NMR (400 MHz, CDCl,) d:
8.16 (m, 2H, Ar), 8.05 (m, 2H, Ar), 7.95 (m, 2H, Ar), 7.86
(m, 2H, Ar), 7.82 (m, 2H, Ar), 7.74-7.70 (m, 4H, Ar),
7.63-7.10 (m, 36H, Ar), 6.10 (t, 1H, J;,=10.2, J; ,~10.2,
H3”’) 5.98-5.91 (m, 2H, H-37, NH) 5.76 (d, 1H, I .41,

H-1%), 5.73-5.65 (m, 2H, H-3!, H-4"%) 561 (d, 1H,
1, .=4.1, H-1%), 5.29-5.20 (m, 2H, H-2", H-2%), 5.11-5.05
(m, 2H, H-2", H-6"), 4.79 (dd, 1H, H- 6”) 471 (d, 1H,
1,,=7.5,H-1%),4.68-4.61 (m, 2H, H6”H 6%),4.49-4.38 (m,
5H, H-5", H-57, H-4", H-4", H 6”’) 4.23 (dd, 1H, H-6"),
4.04 (ddd, 1H, H-5%, 3.92 (m, 1H, CH,0), 3.57 (m, 1H,
CH,0), 3.27 (m, 1H, CH,N), 3.13 (m, 1H, CH,N), 2.11 (t,
2H, CH,CO), 1.72 (m, 2H, CH,), 1.56 (m, 2H, CH,),
1.30-1.24 (m, 28H, 14xCH,), 0.88 (t, 3H, CH,).

3-Stearamidopropyl a.-p-glucopyranosyl-(1—4)-a.-
D-glucopyranosyl-(1—4)-p-p-glucopyranoside (122)

Glycoside 121 (1.61 g, 861 pimp was dissolved in MeOH/
THF 1:1 (40 mL). NaOMe (1 mL of a 6M solution) was
added and the solution was stirred at room temperature for
48 hrs. The mixture was neutralized with acidic resin and the
solution filtered before the solvent was evaporated to yield
the white solid product which was triturated with EtOAc and
the solvent decanted (x3). The solid was dried under vacuum
to yield 651 mg of the white solid product (91%) which was
reacted on without further purification or characterisation.

3-Stearamidopropyl 2,3.4,6-tetra-O-sulfo-a-D-glu-
copyranosyl-(1—4)-2,3,6-tri-O-sulfo-a.-p-glucopyra-
nosyl-(1-+4)-2.3,6-tri-O-sulfo-f-p-glucopyranoside,
decasodium salt (123)

Polyol 122 (200 mg, 242 umol) was dissolved in DMF
(0.02 M, 12.1 mL). SO;.pyridine (3 equiv./OH, 7.26 mmol,
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1.16 g) was added and the solution stirred at 60° C. over-
night. The solution was cooled to 0° C. and neutralized with
5M NaOH (3 equiv./SO;.pyridine, 4.4 ml). The mixture
was cooled at -20° C. for one hour. The supernatant was
decanted and discarded. The precipitate was transferred to a
large round-bottomed flask with water, evaporated and dia-
lysed (2000 MWCO cartridge, Pierce) against purified water
(5 L, containing 1 mL. 1.7 M NH,HCO,) for 72 hours. The
solution was lyophilized to give the product as a yellow solid
(177 mg, 40%). 'H NMR (D,0, 400 MHz) § 5.69 (d, 1H,
J,,-3.4, H-1), 559 (d, 1H, J, ,=2.7, H-1), 4.99-4.92 (m,
2H), 4.85-4.08 (m, 17H), 4.01 (ddd, 1H, CH ,0),3.75 (ddd,
1H, CH,0),3.32 (t, 2H, J=6.7, CH,N), 2.27 (t, 2H, CH,CO),
1.87 (m, 2H, CH,), 1.61 (m, 2H, CH,), 1.37-1.29 (m, 28H,
CH,), 0.91 (t, 3H, CH,).

Example 27

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-a-p-glucopyranosyl-(1—4)-2,3,6-
tri-O-benzoyl-p-glucopyranosyl trichloroacetimidate
(124)

Maltotetraose perbenzoate 66 (12.4 g) was dissolved in
pyridine (47 mL) at 0° C. Dimethylamine (5.6M in EtOH)
(28.3 mL) was added and the solution was stirred at room
temperature for 2 hours. The solution was poured onto
ice-cold 0.5 M HCI and the resulting precipitate was filtered
and washed with water before being dried. The crude
product was purified using column chromatography (SiO,:
5-70% EtOAc/Hexane) to yield 6.7 g of the pure hemiacetal
which was taken up in dry DCM with molecular sieves and
potassium carbonate (6.6 g). The mixture was stirred at 0°
C., before trichloroacetonitrile (4.4 ml) was added. The
mixture was allowed to warm to room temperature and
stirred for 2 hours. The solution was filtered and the solvent
evaporated. The crude product (7.2 g, 57%) was reacted on
without further purification or characterisation.

3-Azidopropyl 2,3,4,6-tetra-O-benzoyl-a-p-glucopy-
ranosyl-(1—+4)-2,3,6-tri-O-benzoyl-a-p-glucopyra-
nosyl-(1-+4)-2,3,6-tri-O-benzoyl-a-p-glucopyrano-
syl-(1—+4)-2,3,6-tri-O-benzoyl-f-p-glucopyranoside
(125)

Trichloroacetimidate 124 (1.476 g, 0.682 mmol), 3-azi-
dopropanol (2 equiv., 137 mg) and molecular sieves were
taken up in DCM (10 mL) and cooled to 0° C. TMSOTT (0.5
equiv., 62 uL. in 850 ul. DCM) was added dropwise. The
solution was stirred for 90 mins at 0° C., before being
neutralised with triethylamine (300 pL), filtered, washed
with water, dried (Na,SO,) and the solvent was evaporated
to give the crude product. This was purified by column
chromatography (SiO,: toluene to 24:3 toluene:EtOAc,
loaded with toluene) to yield 660 mg of the white solid
product (46%). 'H NMR (400 MHz, CDCI,) 8: 8.25-7.05
(m, 35M, Ar), 6.12 (dd, 1H, J, ,=9.9, J; ,=9.9, H-37), 6.00
(dd 1H, H-3), 5.87 (dd, 1H, H-3), 5.76 (d, 1H, 1,737,

H-17"), 5.71-5.64 (m, 3H, H-1, H-37, H-4"), 5.60 (d, 1H,
1, ,73.7,H-1), 5.29-5.23 (m, 2H H2’H2’V) 5.14-5.05 (m,
2H, 2xH-2), 5.01 (dd, 1H, H-6), 4.85 (dd, 1H, H-6), 4.76-
4.69 (m, 2H, 2xH-6), 4.75 (d, 1H, J, ,=7.5, H-19), 4.59 (m,
2H, 2xH-6), 4.47-4.33 (m, 7H, 3xH-4, 3xH-5, H-6), 4.19
(dd, 1H, H-6), 4.05 (ddd, 1H, H-5%), 3.91 (m, 1H, CH,0),
3.57 (m, 1H, CH,0), 3.19 (m, 2H, CH,N), 1.74 (m, 2H,
CH,).
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3-Stearamidopropyl 2,3,4,6-tetra-O-benzoyl-c.-p-
glucopyranosyl-(1—4)-2,3,6-tri-O-benzoyl-c.-n-
glucopyranosyl-(1—4)-2,3,6-tri-O-benzoyl-c.-n-
glucopyranosyl-(1—4)-2,3,6-tri-O-benzoyl-f-p-
glucopyranoside (126)

Glycoside 125 (660 mg, 0.314 mmol) was dissolved in
ACN (21 mL). Triphenylphosphine (3 equiv., 247 mg) was
added and the mixture was stirred at room temperature for
1 hour under Ar. Water (30 equiv., 169 ul.) was added and
the solution was stirred at 50° C. for 7 hours. The solvent
was evaporated and the crude amine was taken up in DCM.
Stearoyl chloride (3 equiv., 317 pul.) was added, followed by
triethylamine (3 equiv., 131 pl) and the solution was stirred
for 3 days at room temperature. The solvent was evaporated
and the crude product purified by column chromatography
(Si0,: toluene to 15:3 toluene:EtOAc, loaded with toluene)
to yield 403 mg of the clear oil product (55%, 2 steps). 'H
NMR (400 MHz, CDCl,) d: 8.21-7.05 (m, 35H, Ar), 6.09
(dd, 1H, I, ,=9.8, 1, ,=9.8, 0-3"), 6.02 (t, 1H, NH), 5.97
(dd, 1H, H-3), 5.90 (dd, 1H, H-6), 5.86 (dd, 1H, H-3), 5.75
(d, 1H, I, ,=3.9, H-1"%), 571-5.63 (m, 3H, H-1, H-3,
H-47"), 5.59 (d, 1H, J,,3.9,H-1), 5.27-5.18 (m, 2H H2I
H-27%), 5.12-5.04 (m, 3H, H-6". 2><H2) 4.72-4.66 (m, 2H,
2xH-6),4.70 (d, 1H, J, ,=7.8, H 1), 4.58 (m, 2H, H2xH-6),
4.45-431 (m, 6H, 3xH-4, 3xH-5, H-6), 4.17 (dd, 1H, H-6),
4.02 (ddd, 1H, H-5%), 3.91 (m, 1H, CH,0), 3.56 (m, 1H,
CH,0), 3.28 (m, 1H, CH,N), 3.13 (m, 1H, CH,N), 2.13 (m,
2H, CH,CO), 1.76-1.58 (m, 4H, CH,), 1.26-1.24 (m, 28H,
CH,), 0.88 (t, 3H, CH,).

3-Stearamidopropyl a.-p-glucopyranosyl-(1—4)-a.-
D-glucopyranosyl-(1—4)-a-p-glucopyranosyl-
(1—4)-p-p-glucopyranoside (127)

Glycoside 126 (377 mg, 161 pmol) was dissolved in
MeOH/THF 1:1 (10 mL). NaOMe (60 plL of an 11M
solution) was added and the solution was stirred at room
temperature for 24 hrs. The mixture was neutralized with
acidic resin and the solution filtered before the solvent was
evaporated to yield the white solid product which was
triturated with EtOAc and the solvent decanted (x3). The
solid was dried under vacuum to yield 159 mg of the white
solid product (quantitative) which was reacted on without
further purification or characterisation.

3-Stearamidopropyl 2,3.4,6-tetra-O-sulfo-a-D-glu-
copyranosyl-(1—4)-2,3,6-tri-O-sulfo-a.-p-glucopyra-
nosyl-(1—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-p-p-glucopyranoside,
tridecasodium salt (128)

Polyol 127 (159 mg, 161 umol) was dissolved in DMF
(0.02 M, 8.1 mL). SO;.pyridine (3 equiv./OH, 6.3 mmol, 1.0
g) was added and the solution stirred at 60° C. overnight.
The solution was cooled to 0° C. and neutralized with SM
NaOH (3 equiv./SO;.pyridine, 3.8 ml). The mixture was
cooled at -20° C. for one hour. The supernatant was
decanted and discarded. The precipitate was transferred to a
large round-bottomed flask with water, evaporated and dia-
lysed (2000 MWCO cartridge, Pierce) against purified water
(5 L, containing 1 mL 1.7 M NH,HCO,) for 72 hours. The
solution was lyophilized to give the product as a yellow solid
(227 mg, 61%). '"H NMR (D,O, 400 MHz) & 5.89 (d, 1H,
J,,-3.4,H-1),572(d, 1H,J, ,=2.7,H-1), 5.67 (d, 1H, H-1),
5.06-4.09 (m, 18H), 4.01 (ddd, 1H, CH,0), 3.75 (ddd, 1H,
CH,0), 333 (t, 2H, J=6.1, CH,N), 2.28 (t, 2H, J=74,

10

15

20

25

30

35

40

45

50

55

60

65

54

CH,CO), 1.87 (m, 2H, CH,), 1.62 (m, 2H, CH,), 1.37-1.29
(m, 28H, CH,), 0.91 (t, 3H, CH,).

Example 28
tert-Butyl 2-(cholestan-3-yloxy)acetate (129)

Cholestanol (0.662 g, 1.703 mmol) was dissolved in
toluene (13 mL). Potassium tert-butoxide (573 mg, 5.11
mmol) was added in one portion. The mixture was stirred at
room temperature for 3 hours. tert-Butyl bromoacetate (503
ul, 3.406 mmol) was added drop-wise and the mixture was
stirred overnight at room temperature. Toluene (20 mL) was
added and the solution was washed with brine (50 mL). The
aqueous phase was extracted with toluene (30 mL) before all
organic phases were combined, dried (Na,SO,) and the
solvent evaporated. The crude product was purified using
column chromatography (SiO,; Hexane:EtOAc, 200:1 to
200:20) to yield the white solid product (0.65 g, 76% yield).
'HNMR (400 MHz, CDCl,) 8: 3.98 (s, 2H, CH,0), 3.30 (m,
1H, CHO), 1.97-0.56 (m, 31H), 1.46 (s, 9H, CH,), 0.89 (d,
3H, J=6.1, CH,), 0.85 (d, 3H, J=2.0, CH,), 0.84 (d, 3H,
J=1.4, CH,), 0.79 (s, 3H, CH,), 0.64 (s, 3H, CH,).

2-(Cholestan-3-yloxy)acetic acid (130)

tert-Butyl 2-(cholestan-3-yloxy)acetate 129 (634 mg, 1.26
mmol) was taken up in DCM (4 mL) before TFA (1 mL) was
added. The solution was stirred at room temperature for 90
mins. The solvent was evaporated and the residue purified
using a short silica plug (SiO,: DCM to 100:5 DCM:MeOH)
before being recrystallized from hexane to yield 439 mg of
the white solid product (78%). ‘H nmr (400 MHz, CDCl,)
d: 4.25 (s, 2H, CH,0), 3.37 (m, 1H, CHO), 1.99-0.58 (m,
31H), 0.89 (d, 3H, J=6.6, CH,), 0.85 (d, 3H, J=2.0, CH,),
0.84 (d, 3H, J=1.4, CH,), 0.80 (s, 3H, CH,), 0.64 (s, 3H,
CH,).

2,3,4,6-Tetra-O-benzoyl-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,
6-tri-O-benzoyl-f-p-glucopyranosyl isothiocyanate
(131)

Bromide 84 (1.8 g, 1.12 mmol), KSCN (3 equiv., 326
mg), molecular sieves and Bu,NI (cat.) were taken up in dry
acetonitrile and stirred at 75° C. overnight. The solvent was
evaporated and the residue taken up in DCM and washed
with NaHCOj,(sat.), before being dried (Na,SO,) and the
solvent was evaporated. The crude product was purified
using column chromatography (SiO,:Hexane to 35%
EtOAc/Hexane, loaded with toluene) to yield 1.15 g of the
white solid product (65%). 'H NMR (400 MHz, CDCl,) &:
8.23-7.12 (m, 50H, Ar), 6.16 (dd, 1H, J,,=9.6, J, ,=9.6,

H-3"), 5.96 (dd, 1H, J; ,=9.6, I, ,=8.2, H3”) 5.81 (d, 1H,
1, ,=4.1, H-1"), 5.75-5.68 (m, 2H, H3I H-4"), 5.65 (d,
1H, J, ,=4.1, H-1%), 5.40 (dd, 1H, 1, ,=8.2, ], ,=8.2, H-29),
532 (dd, lH J,,=4.1, 1,5-10.2, HZI”) 5.28 (d, 1H,
J,,=82,H-1),5.13 (dd, 11,1, ,=4.1, ], ,=10.2, H-2"), 5.00
(dd, 1H, H-6%), 4.77 (dd, 1H, H-67), 472 4.65 (m 2H, H-67,
H-6"), 4.53-4.41 (m, 5H, H-57, H-5"7, H-4', H-17, H-6"),
4.30 (dd, 1H, H-6"), 413 (ddd, 1H, H-5’).

2-(Cholestan-3-yloxy)acetamido 2,3,4,6-tetra-O-

benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-

benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-
benzoyl-f-p-glucopyranoside (132)

Isothiocyanate 131 (0.5 g, 315 pmol) and 2-(cholestan-
3-yloxy)acetic acid 130 (141 mg, 315 pmol) were dissolved
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in toluene (6.3 mL). Triethylamine (20 pl.) was added and
the solution was stirred at room temperature for 4 days. The
solvent was evaporated and the residue purified by column
chromatography (SiO,: Toluene to 10% EtOAc/toluene) to
yield 358 mg of the white solid product (58%). '"H NMR
(400 MHz, CDCl,) &: 8.23-7.09 (m, 50H, Ar), 7.50 (d, 1H,
NH), 6.09 (dd, 1H, J; ,=10.2, ], ,=9.9, H- 3”’) 5.91 (dd, 1H,
15,799, 1, ~7.8, H-37), 5.82 (dd, 1H, J3,79.5, J;,79.2,
H:3%), 5.74 (d, 1H, 1, ,=4.1, H-17%), 5.67 (dd, 1H, 145799,
1,5=9.9, H-4™), 560(d lH 1, ,=4.1,H-17), 5.51 (dd, 1H,
le 9.5, 1, nz78.5, H-1%), 5.27 (dd, lH 1,,=4.1,1,5=10.6,

H-27), 524(dd 1H, le =9.5,1,579.5, H2’) 508(dd 1H,
J,,=4.1,1,5=10.2, H2’) 492(dd 1H, H-6), 4.70-4.64 (m,
2H, H2><H 6), 4.56 (dd, 1H, H-6), 4.46-4.31 (m, 5H, H-5"7,
H- 4’ H-47, 2xH-6), 4.22 (ddd, 1H, H-57), 4.15 (ddd, 1H,
H-SI), 3.95 (dd, 1H, CH,0), 3.73 (dd, 1H, CH,0), 3.11 (m,
1H, CHO), 1.47-0.50 (31H), 0.90 (d, 3H, J=6.8, CH,), 0.86
(d, 3H, J=6.8, CH,), 0.86 (d, 3H, J=6.8, CH,), 0.77 (s, 3H,
CH,), 0.64 (s, 3H, CH,).

2-(Cholestan-3-yloxy)acetamido a-p-glucopyrano-
syl-(1—4)-a-p-glucopyranosyl-(1—=4)-p-p-glucopy-
ranoside (133)

Amide 132 (345 mg, 175 umol) was dissolved in MeOH/
THF 1:1 (16 mL). NaOMe (500 pL of a 6M solution) was
added and the solution was stirred at room temperature for
24 hrs. The mixture was neutralized with acidic resin and the
solution filtered before the solvent was evaporated to yield
the white solid product which was triturated with EtOAc and
the solvent decanted (x3). The solid was dried under vacuum
to yield 124 mg of the white solid product (76%) which was
reacted on without further purification or characterisation.

2-(Cholestan-3-yloxy)acetamido 2,3,4,6-tetra-O-
sulfo-a-p-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-f-p-
glucopyranoside, decasodium salt (134)

Polyol 133 (118 mg, 127 umol) was dissolved in DMF
(0.04 M, 4.4 mL). SO;.pyridine (3 equiv/OH, 5.3 mmol,
838 mg) was added and the solution stirred at 60° C.
overnight. The solution was cooled to 0° C. and neutralized
with SM NaOH (3 equiv./SO;.pyridine). The mixture was
cooled at -20° C. for one hour. The supernatant was
decanted and discarded. The precipitate was transferred to a
large round-bottomed flask with water, evaporated and dia-
lysed (2000 MWCO cartridge, Pierce) against purified water
(5 L, containing 1 mL 1.7 M NH,HCO,) for 72 hours. The
solution was lyophilized to give the product as a yellow solid
(195 mg, 79%). '"H NMR (D,O, 400 MHz) &: 5.67 (d, 1H,
1,,=2.9, H- l) 5.57 (d, 1H, 1, ,=1.2, H-1), 535 (d, 1H,
1,,=73, H-1%), 5.06-4.06 (m, 20H), 3.48 (m, 1H, CHO),
2.07-0. 68 (m, 46H).

Example 29
3-(Cholestan-3-yloxy)propanenitrile (135)

Cholestanol (1.554 g, 3.998 mmol) was dissolved in
DCM (6 mL). To this solution was added KOH (40% w/w
in water, 1.2 mL) and acrylonitrile (0.8 mL), followed by
18-crown-6 (104 mg). The mixture was stirred at room
temperature overnight. The organic layer was washed with
brine and dried (Na,SO,) before the solvent was evaporated.
The residue was recrystallized from hot MeOH to yield the
pure product as a colourless crystalline solid (1.42 g, 80%
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yield). "H NMR (400 MHz, CDCL,) &: 3.68 (t, 2H, CH,0),
3.29 (m, 1H, CHO), 2.57 (1, 2H, CH,CN), 1.98-0.58 (m,
31H), 0.89 (d, 3H, J=6.6, CH,), 0.87 (d, 3H, J=1.8, CH,),
0.85 (d, 3H, J=2.0, CH,), 0.79 (s, 3H, CH,), 0.64 (s, 3.
CH.,).

1-Amino-3-(cholestan-3-yloxy)-propane (136)

3-(Cholestan-3-yloxy)propanenitrile 135 (442 mg, 1
mmol) was taken up in a mixture of toluene (1 mL),
chloroform (1.5 mL), EtOH (1 mL) and conc. HCI (200 pL).
Platinum oxide hydrate (46 mg) was added. The mixture was
stirred under hydrogen (80 psi) at room temperature for 48
hours. The solvent was evaporated and the residue taken up
with DCM (40 mL) and NaHCO; (sat.) (40 mL). The
organic phase was separated and washed with NaHCO,
(sat.) (30 mL), followed by brine (20 mL), before being
dried (Na,SO,) and the solvent evaporated to yield the white
foam product which was reacted on without further purifi-
cation or characterization.

1-[(Cholestan-3-yloxy)propyl]-3-[2,3,4,6-tetra-O-

benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-

benzoyl-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-
benzoyl-f-p-glucopyranoside|thiourea (137)

3-(Cholestan-3-yloxy)propan-1-amine 136 (0.5 mmol)
was taken up in toluene (3 mL). Isothiocyanate 131 (403 mg,
0.254 mmol) was added. The solution was stirred at room
temperature for 3 days. The solvent was evaporated and the
crude product purified using column chromatography (SiO,;
toluene to 180:30 toluene:EtOAc) to yield the pure product
as a white solid (355 mg, 35%). ‘H nmr (400 MHz, CDCl,)
d: 8.23-7.09 (m, 50H, Ar), 6.90 (dd, 1H, J=4.9, J=4.9, NH),
609(dd 1H, J;,=10.2, 1, ,=9.8, H-3"), 5.89 (m, 2H, H-3”,

H-3%),5.74 (4, 1H, 1, ,=3.9, H- l”’) 5.67 (dd, 1H, 1, 5=9.8,
1,5=9.8, H-4™), 5.58'(d, 1H, 1, ,=3.9, H-17), 5.28 (dd, 1H,
1,,=3.9,1,,=10.7, H-2"), 5.19 (dd, 1H, J21 =9.3,1,5793,
H:27), 5.09 (dd, 1H, J,,-3.9,1,5,=10.2, H-2 7, 4.92 (dd, 1H,
H-6), 4.70 (dd, 1H, H-6), 4.67 (dd, 1H, H-6), 4.58 (dd, 1H,
H-6), 4.46-4.34 (m, 5H), 4.27-4.18 (m, 2H), 3.50 (dd, 2H,
CH,), 3.18 (m, 1H, CHO), 1.98-0.56 (35H), 0.90 (d, 3H,
J=6.8, CH,), 0.87 (d, 3H, J=6.8, CH,), 0.86 (d, 3H, J=6.8,
CH,), 0.80 (s, 3H, CH,), 0.64 (s, 3H, CH,).

1-[(Cholestan-3-yloxy)propyl]-3-[a-D-glucopyrano-
syl-(1—4)-a-p-glucopyranosyl-(1—4)-p-p-glucopy-
ranoside]thiourea (138)

Thiourea 137 (345 mg, 171 pumol) was dissolved in
MeOH/THF 1:1 (16 mL). NaOMe (500 uL. of a 6M solution)
was added and the solution was stirred at room temperature
for 24 hrs. The mixture was neutralized with acidic resin and
the solution filtered before the solvent was evaporated to
yield the white solid product which was triturated with
EtOAc and the solvent decanted (x3). The solid was dried
under vacuum to yield 169 mg of the white solid product
(quantitative) which was reacted on without further purifi-
cation or characterisation.

1-[(Cholestan-3-yloxy)propyl]-3-[2,3,4,6-tetra-O-
sulfo-a-p-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-f-p-

glucopyranoside[thiourea, decasodium salt (139)

Polyol 138 (169 mg, 171 umol) was dissolved in DMF
(0.04 M, 4.4 mL). SO,.pyridine (3 equiv./OH, 5.13 mmol,
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816 mg) was added and the solution stirred at 60° C.
overnight. The solution was cooled to 0° C. and neutralized
with SM NaOH (3 equiv./SO;.pyridine). The mixture was
cooled at -20° C. for one hour. The supernatant was
decanted and discarded. The precipitate was transferred to a
large round-bottomed flask with water, evaporated and dia-
lysed (2000 MWCO cartridge, Pierce) against purified water
(5 L, containing 1 mL 1.7 M NH,HCO,) for 72 hours. The
solution was lyophilized and taken up in water before being
purified on a prep C18 RP-HPLC system (5% to 95%
acetonitrile in water over 20 minutes). CE was used to
determine the purity of each fraction collected after HPL.C
purification. Greater than 90% purity fractions were com-
bined and lyophilized to give the product as a white solid (7
mg, 2%). "H NMR (400 MHz, D,0) §: 6.00-5.56 (m, 3H,
3xH-1), 4.98-3.14 (m, 21H), 2.04-0.72 (m, 50H).

Example 30

3'-Cholestanyl 2,3,4,6-tetra-O-sulfo-a.-p-glucopyra-
nosyl-(1—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a.-p-glucopyranosyl-(1—4)-
((1-pyridinium-1-y1)-2,3,5,6-tetra-O-sulfo-n-
glucoside, tridecasodium salt (140)

The polyol 64 (3.552) was dissolved in dry DMF (46 mL)
and freshly washed and dried SO;.pyridine complex (21.24
g) added and the mixture was stirred for 16 h at 60° C. The
reaction mixture was cooled to 0° C. for 10 min, then
neutralized by adding ice-cold aqueous NaOH solution (5
M, 54 mL) at 0° C. in one portion (to pH 12). The suspension
was stirred for 15 min 0° C., diluted with water (10 mL.) and
concentrated in vacuo at 40° C. A pale yellow powder was
afforded, which was dissolved in water (10 mL) obtaining a
solution with pH 11.5. The solution was set to pH 12.5 by
adding a aqueous solution of NaOH (5 M, 5 drops) and
dialyzed against water (4 L) using 4xSlide-A-Lyzer® cas-
settes (2000 MWCO, 4-12 mL) for 16 h at r.t. The dialysis
against water (4 L) was continued at 0° C. for 3 d, whereby
the water was changed after each 24 h, as well as an aqueous
solution NH,HCO; (3 M, 0.6 ml.) was added to the water to
set pH ~6.0-6.5. The desalted solution was then lyophilized
to afford a mixture of mainly 65 and 140 which was purified
on a prep C18 RP-HPLC system (5% to 30% acetonitrile in
water over 20 minutes). CE was used to determine the purity
of each fraction collected after HPL.C purification. Greater
than 90% purity fractions were combined and lyophilized to
give the product as a white solid (30 mg, purified from
approx 1 g of crude material). 'H NMR (400 MHz, D,0) &:
9.09 (m, 2H, Ar), 8.39 (m, 1H, Ar), 7.93 (m, 2H, Ar), 6.40
(d, 1H, H-1%), 5.56 (d, 1H, ], ,=3.4, H-1), 5.54 (d, 1H,
1,,=23, H-1"), 5.45 (4, 1H, J, ,=3.3, H-1""), 5.00 (ddd,
1H, H-5%), 4.86 (dd, 1H, H-3"), 4.79 (dd, 1H, H-3""), 4.77
(dd, 1H, H-29), 4.77 (dd, 1H, H-4%), 4.64 (dd, 1H, H-2"7),
4.58 (dd, 1H, H-3"), 4.49 (dd, 1H, H-3%), 4.40 (m, 1H,
H-6%), 432 (m, 1H, H-6%), 4.31 (dd, 1H, H-4"%), 4.29 (dd,
1H, H-27), 429 (dd, 1H, H-2""), 4.20-4.10 (m, 6H, H6xH-
6), 4.13 (ddd, 1H, H-57), 4.12 (dd, 1H, H-47), 4.10 (dd, 1H,
H-4"%), 4.07 (ddd, 1H, H-5%), 3.81 (ddd, 1H, H-5),
2.00-0.67 (m, 31H), 0.93 (d, 3H, CH,), 0.87 (d, 3H, CH,),
0.86 (d, 3H, CH,), 0.83 (s, 3H, CH,), 0.68 (s, 3H, CH,).

Example 31

8-Pentadecanyl 2,3,4,6-tetra-O-acetyl-p-glucopyra-
noside (141)

To a solution of D-glucose peracetate (250 mg, 640 pmol)
in DCE (1 mL) was added 8-pentadecanol (220 mg, 960
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umol). BF;.O(Et), (134 ul, 1.1 mmol) was added and the
mixture stirred at room temperature overnight before pour-
ing onto short plug of silica and eluting with EtOAc. The
solvent was evaporated before the crude material was puri-
fied by column chromatography (SiO,, loaded with DCM,
elution with DCM (100 mL), then 20% EtOAc/Hexane to
35% EtOAc/Hexane) to give the glycoside 141 as a white
solid (179 mg, 50%). 'H NMR (CDCl,, 400 MHz) &: 5.19
(dd, 1H, 1,5=9.5, J;,=0.0, H-3), 5.06 (dd, 1H, 1, 9.7,
H-4), 4.96 (dd, 1H, J, ,=8.0, 1, ;=9.6, H-2), 4.52 (d, 1H,
H-1), 421 (dd, 1H, J5 ,=5.2, Js,6,=12.1, H-6b), 4.12 (dd,
1H, J5 ¢,=2.6, H-6a), 3.66 (ddd, 1H, J, ;=10.0, H-5), 3.53
(m, 1H, CH,CHOCH,), 2.07 (s, 3H, OCOCH,), 2.02 (s, 6H,
OCOCH,), 2.00 (s, 3H, OCOCH,), 1.60-1.20 (m, ~24H,
CH,), 0.88 (t, 3H, J=7.0, CH,), 0.87 (t, 31-1, J=7.0, CH,).

8-Pentadecanyl D-glucopyranoside (142)

The glycoside 141 (70 mg) was deacetylated according to
the general procedure to give the polyol 142 (50 mg,
quantitative) as a white solid that was reacted on without
further purification or characterisation.

8-Pentadecanyl 2,3.4,6-tetra-O-sulfo-p-glucopyrano-
side, tetrasodium salt (143)

Polyol 142 (50 mg) was dissolved in DMF (5 mL).
SO,.pyridine (250 mg) was added and the solution stirred at
room temperature overnight. The solution was cooled to 0°
C. and neutralized with 2M NaOH to pH 10. The solution
was evaporated to dryness. The residue was dissolved in 4
ml of water and purified by Bio-Gel P-2 column chroma-
tography (eluted with 0.1 M NH,HCO; at 196 mL/h, 6 min
per collection). The product fractions were identified by
MBT and CE. Lyophilisation gave the product 143 as
pale-yellow powder (33 mg, 32%). 'H NMR (400 MHz,
D,0) 8: 479 (d, 1H, I, ,=5.3, H-1), 4.67 (br, 1H), 4.45 (br,
1H, H-2), 4.28 (m, 2H), 4.28 (m, 2H), 3.68 (s, 1H), 1.52-1.38
(m, 4H), 1.32-1.10 (m, ~24H), 0.76-0.71 (m, 6H).
Biological Testing of Compounds
Growth Factor Binding Assay

Binding affinities of compounds for the growth factors
FGF-1, FGF-2 and VEGF were measured using a surface
plasmon resonance (SPR) based solution affinity assay.’
Heparin-coated sensorchips used for this assay were pre-
pared via immobilisation of biotinylated BSA-heparin on a
streptavidin-coated sensorchip, or via aldehyde coupling
using either adipic acid dihydrazide or 1,4-diaminobutane.”
For each K, measurement, solutions were prepared contain-
ing a fixed concentration of protein and varying concentra-
tions of the ligand in buffer. Ligands binding to FGF-1 and
VEGF were measured in HBS-EP buffer (10 mM HEPES,
pH 7.4, 150 mM NaCl, 3.0 mM EDTA and 0.005% (v/v)
polysorbate 20), while binding to FGF-2 was measured in
HBS-EP buffer containing 0.3 M NaCl. Prior to injection,
samples were maintained at 4° C. to maximise protein
stability. For each assay mixture, 50-200 pL of solution was
injected at 5-40 ul./min and the relative binding response
measured. All surface binding experiments were performed
at 25° C. The surface was regenerated by injection of 40 ul.
ot 4M NaCl at 40 ul./min, followed by injection of 40 uL. of
buffer at 40 pul./min.

Sensorgram data were analysed using the BlAevaluation
software (BlAcore) and K, values determined as previously
described.” Where K ; values were measured in duplicate, the
values represent the average of the duplicate measurements.
The results are presented in Table 1.
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Heparanase Inhibition Assay

The enzymatic activity of heparanase can be detected by
measuring the cleavage of the substrate fondaparinux.®**°
The newly formed reducing disaccharide can be detected by
reacting with the mono-tetrazolium salt WST-1 (Auspep Pty
Ltd, Melbourne, Australia) a to produce a blue colour which
can be measured with a microplate reader at 584 nm. In the
presence of an inhibitor the catalytic activity of heparanase
is reduced, and the amount of disaccharide produced and the
optical density of the solution are both decreased. The
percent inhibition and ICs, of the inhibitor are determined
from measurement of the optical density (OD) over a range
of inhibitor concentrations.

Assays were carried out in 40 mM sodium acetate buffer,
pH 5.0, as follows. Fondaparinux (100 uM) and varying
concentrations of inhibitor and buffer to give a final volume
of 100 pL. were mixed in 96 well plates (Costar EIZ/RIA,
Corning) pre-coated with BSA. Purified recombinant human
heparanase (2.55 nM) was then added to start the assay. The
plate was incubated at 37° C. for 24 h and the assay stopped
by addition of WST-1 solution (100 ul). A blue colour was
developed by incubation of the plates at 60° C. for 60 min.
The OD was determined at 584 nm with a microplate reader
(Fluostar) and quantitated using a standard curve con-
structed with D-galactose as the reducing sugar standard.
The IC,, value for each compound was evaluated and
converted into a K, (inhibition constant) using the expression

ICso
[substrate]
1+
Ko

K =

The K,, (concentration of substrate that leads to half-
maximal velocity) for fondaparinux was determined to be
33+6 uM. The results are presented in Table 1.

Growth Factor Induced Endothelial Cell Proliferation Assay
Endothelial Cell Culture

HUVEC cells were maintained and subcultured according
to standard cell culture protocols essentially as described by
Lonza. Briefly, cells were maintained in Lonza endothelial
growth media (EGM) with recommended supplements and
growth factors (VEGF, FGF2, EFG, IGF, hydrocortisone,
fetal bovine serum (FBS), ascorbic acid, heparin and gen-
tamicin). Cells were subcultured when they reached 70-80%
confluence by trypsinisation and reseeding in fresh growth
medium in new culture vessels at 2500 to 5000 cells/cm® of
vessel surface area. Cell counts were performed using a
haemocytometer and viable cells were visualized with try-
pan blue.

Medium for the proliferation studies was prepared using
EGM with 2% FBS and gentamicin only. In a later study,
complete EGM was used for the VEGF groups in an attempt
to enhance the proliferative index of VEGF-stimulated
groups. For the tube formation assay, complete medium was
used with only heparin omitted. Compounds under investi-
gation were weighed out from powder stocks and diluted in
PBS to 10 mM stock solutions and stored at —80° C. For
experiments, compounds were subsequently diluted in
EBM-2 medium (supplemented with 2% FBS and gentami-
cin) to various working concentration as required.
Proliferation Assay

Proliferation was induced in HUVECs using various
concentrations of the growth factors VEGF, FGF-1 or FGF-2
over a period of 72 h. In the first of a series of experiments,
the assay was further optimized by examining the cell
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density and growth factor concentration required to induce
maximal proliferation by growth factors. Briefly, 100 uL. of
cells was added to each well at concentrations between
1-3x10° per well. Growth factors and test compounds were
then added in 50 pl. volumes at specified concentrations to
obtain a final volume of 200 pl. Following incubation for 70
h, 20 uL of the CellTitre 96® Aqueous One Solution Cell
Proliferation Assay (Promega) was added for 2 h prior to
reading the absorbance at 490 nm to obtain OD values. The
data are presented in Table 2.
Matrigel™ Microtubule Formation Assay

The tube formation assay was performed essentially as
described by Malinda et al., with modifications.** HUVECs
in the fourth or fifth passage at 70-80% confluence were
harvested and resuspended in Lonza endothelial growth
medium (EGM2) containing all supplements as directed by
manufacturer, except heparin, at a cell density of 4x10° cells
per mL. For each set of triplicate wells, 200 ul. of cells
(4x10°/mL) were treated with an equal volume of compound
to obtain final concentrations of 10, 50 or 100 uM (thus
ensuring 1x300 pL are available for each condition). A 100
ul aliquot of cells was then plated onto 96-well plates
pre-coated with growth factor reduced Matrigel™ (50 pul.,
for 30 min followed by a further 30 uL for 1 h) and incubated
for 18-22 h. Tube formation was examined by phase-
contrast microscopy and images were collected using an
Olympus C5050 digital camera. Tube formation inhibition
was quantitated manually from images by recording the total
number of nodes connecting 3 or more tubules. Results are
expressed as percentage inhibition compared to control and
are presented in Table 2. Untreated HUVECs were used as
a control for normal cell growth and tube formation in
Matrigel.
Endothelial Cell Migration Assay

The BD BioCoat™ Angiogenesis System was used as an
in vitro, quantitative endothelial cell migration assay plat-
form. It is composed of a BD Falcon™ 24-Multiwell Insert
Plate (and a non-TC treated 24-well receiver plate and lid)
containing a fluorescence blocking microporous (3.0 um
pore size) PET membrane (BD FluoroBlok™) evenly coated
with human fibronectin. The concentration of fibronectin
and the coating procedure is optimized so the pores of the
membrane are not occluded. This allows endothelial cells to
attach to the membrane and freely migrate towards an
angiogenic stimulus in the lower chamber of the plate. A
fluorescence plate reader is used to quantify the migrating
cells without further manipulation. In this instance, the cells
were labeled with a fluorescent dye post-migration.

Briefly, 200 pl. of HUVECs at a concentration of 2.5x
10°/mL were plated into the upper chambers of each well of
the 24-well plate supplied in the kit. Compounds were then
added at various concentrations (typically 10 and/or 50
ng/ml) with medium alone (EBM-2) used as the untreated
control group. Due to the poor migratory performance of
HUVEC stimulated with FGF-2 or VEGF in our laboratory,
10% foetal calf serum (FCS) was used as this led to over a
6-fold increase in HUVEC migration in comparison to
HUVEC cultured in media without FCS. Therefore, 750 pl.
of media containing 10% FCS was added to the lower
chambers to act as the migratory stimulus and plates were
incubated overnight at 37° C./5% CO, for 18 h. Following
the incubation time, the upper plate was transferred to a
fresh 24-well bottom plate and 500 pl, of Calcein AM was
added to stain the migrated cells underneath the porous
membrane for 90 min at 37° C. Fluorescence was measured
using a FLUOstar Optima (BMG laboratories) with an
excitation and emission filter of 485 nm and 520 nm
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respectively. Data is shown as percentage inhibition of
migration in comparison to FCS-induced HUVEC (Table 3).
Ex Vivo Angiogenic Sprout Assay

Explants from rat aortas were prepared by a modification
of protocols previously described****. In this model, the rat
aortic endothelium exposed to a three dimensional matrix of
ECM-derived proteins (Matrigel™), switches to a micro-
vascular phenotype, generating branching networks of
microvessels. Angiogenesis is triggered by the injury caused
by the dissection procedure and does not require stimulation
by exogenous growth factors.

Briefly, thoracic aortas were excised from 2- to 4-month
old Sprague Dawley rats and trimmed of remaining fat and
connective tissue. Great care was taken at every stage to
reduce physical damage of the aorta. Tissue was transferred
to complete EBM-2 media (Cambrex) containing 2% FCS
and all Singlequots™ (Cambrex) reagents except for hepa-
rin. Meanwhile, Matrige]™ (BD Biosciences) was allowed
to cool on ice and once in a liquid form, 180 uL. was pipetted
into 48-well tissue culture plates (Nunc). The plates were
incubated at 37° C. for 30 min to allow Matrigel™ to
solidify.

Aortas were prepared by cutting 1 mm ring sections and
then being bisected. Aortic segments were then carefully
placed on top on the Matrigel™ in the centre of each well
and once orientated as required, 60 pL, of extra Matrigel™
was placed on top and the plate was returned to the incubator
for a further 20 min. Each well was then supplemented with
1.0 mL. media in the absence (control) or presence of test
compounds usually at two concentrations within the range of
1-50 uM, depending on the particular compound/experi-
ment. Cultures were replenished as appropriate every 48 h
and scoring of microvessels was carried out at various
timepoints up to 8-10 days. The extent of microvessel
sprouting was determined by employing a scoring system
from 0-5, where O=no microvessels to S=diffuse angiogen-
esis as previously described*. Sprouting vessels were pho-
tographed using the 4x objective with an Olympus C-7070
camera and an adaptor for the eyepiece.

In some instances, to determine the potential toxicity of
compounds in this assay, the viability of the tissue was
assessed by withdrawing the compound/media from the
culture on day 6 or 7 and adding complete media with VEGF
(typically 10 ng/mL) for up to an additional 7 days. In the
absence of toxicity, the viable tissue should sprout microve-
ssels in response to the exogenous growth factor.

The inhibitory effect of compounds of the present inven-
tion on angiogenesis was assayed using the angiogenic
sprout/microvessel formation (rat aortic) assay described
above. Embedding of the rat aortic tissue in Matrigel™ in
the absence of any inhibitor (control) yielded extensive
angiogenic sprouting (as a score of 5 indicates diffuse
angiogenesis) as illustrated by FIG. 1.

Addition of PI-88 and PG524 (a less lipophilic analogue)
led to a strong inhibitory response at 10 and 50 pM.
However, compounds of the present invention demonstrated
further potency by inhibiting angiogenesis up to 100% at 10
uM. The results are presented in Table 4 below.

To examine the viability of the aortic tissue following
treatment with the aforementioned compounds, withdrawal
of these compounds on day 6 or 7 (depending on the
individual experiment) was followed by treatment with
VEGF up to an additional 7 days. Appearance of microve-
ssel sprouts demonstrated that the compounds of the inven-
tion exert their inhibitory effects via an anti-angiogenic
mechanism as opposed to the induction of a toxic effect on
the tissue (FIG. 2 below).

40

45

55

62

Anticoagulant Activity

The anticoagulant activity of the test compounds was
determined by measuring the effect of various concentra-
tions of compound (0-100 pg/mL in PBS) on the elevation
of the activated partial thromboplastin time (APTT) of
pooled normal human plasma. APTT measurements were
performed on a STAGO STA-Compact Coagulation Analy-
ser using standard protocols according to the manufacturer’s
instructions. Unfractionated heparin (UFH) was used as a
control. The normal range of APTT for pooled normal
human plasma is 26-36 s. The results are presented in Table
5 which shows that the new compounds possess only mild
anticoagulant activity and are significantly less potent than
PI-88.

In Vivo Mouse Melanoma Model

B16 melanoma is a commonly used cell line for the
induction of tumours in syngeneic C57/BL6 mice. It is a
non-metastatic, fast-growing tumour unresponsive to most
anti-cancer agents.

B16F1 cells were cultured in complete DMEM medium
containing 10% FCS, penicillin/streptomycin, L-glutamine,
sodium pyruvate, 2-mercapoethanol. Cells were harvested
for tumour inoculation, B16F1 cells by disruption with
Trypsin/EDTA, washed with HBSS and centrifuged for 5
minutes at 1500 rpm. Cells were then resuspended in PBS to
ensure 5x10° cells were injected in a volume of 50 uL. The
tumour was implanted just behind the neck. Three days
following tumour inoculation each treatment group was
injected subcutaneously at different sites each day and at
different concentrations in a volume of injection of 50 or 100
pL. Injections continued until day 15 providing a 12-day
treatment period. Mice were monitored daily from the start
of injections and palpable tumours were measured daily.
Tumour size was determined from the measurement in two
dimensions, xw, where 1=longest dimension and w=shortest
dimension. To estimate tumour volume, the formula 0.5x1x
(w?) was employed. Data is presented as both median
tumour growth and the percentage of tumour growth inhi-
bition (% TGI). The % TGI calculation was performed to
correct for inter-experimental differences.

Since the compounds of the present invention were shown
herein to inhibit angiogenic sprout formation, and since
tumour progression is angiogenesis-dependent, the effect of
these compounds on primary tumour growth and overall
survival was assayed as described above. FIG. 3 provides an
illustration of the typical median tumour volumes observed
from various studies testing compounds of the invention in
the B16 melanoma model.

For directly comparative data, the results shown in FIG.
4 indicate the decreased relative tumour size of tumour
bearing mice in comparison to the relevant control and
displayed as a parameter known as the percentage of tumour
growth inhibition (% TGI). TGI values were calculated
using the formula TGI=[1-(AT/AC)]x100, where AT and AC
represent the change in mean tumor mass between the last
day of therapy and the first day of therapy in the sample
compound-treated (T) and vehicle control (C) groups,
respectively.

In Vivo Mouse Lung Metastases Model

When B16F1 cells, cultured as described above for the
B16 solid tumour mouse melanoma model, are injected via
the tail vein into mice, the formation of metastatic nodules
in the lungs results. As the tumour cells are black the
observation of metastatic nodules are easily identifiable.
FIG. 5 shows control and compound-treated mice lungs,
with obvious observable differences in the formation of lung
colonies (dark spots).
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In the metastases model, B16 cells (2x10°) were injected
via the tail vein of C57/BL6 mice in a volume of 50 mL on
day 0. Treatment with the test compounds commenced on
day 0 and continued daily for 12 days. The number of lung
metastases was enumerated on day 12 of the experiment.
The results shown in FIG. 6 indicate the selected compounds
maintain the potent inhibition of lung metastases exhibited
by PI-88. The data is shown as the percentage of lung
metastatic nodules observed compared with the saline con-
trol.

In Vivo HT29 Colorectal Cancer Xenograft Model

HT-29 human colorectal adenocarcinoma cells (Passage 4
from working stock VP-Stock 325) were cultured in
RPMI1640 cell culture medium, which was supplemented
with 10% FBS and penicillin-streptomycin (50 IU/mlL. final
concentration). The cells were harvested by trypsinisation,
washed twice in HBSS and counted. The cells were then
resuspended in HBSS and adjusted to a final volume con-
taining 2x107 cells/mL. Prior to inoculation the injection
site, on the dorsal right flank was liberally swabbed with
alcohol and the needle introduced through the skin into the
subcutaneous space just below the animal’s right shoulder,
where 100 uL of cells (2x10° cells) were discharged. The
treatment of mice commenced with an average tumour
volume of approximately 155 mm>. Tumours were mea-
sured in two dimensions (length and diameter) and the
tumour volume calculated using the equation:

V(mm?)=lengthxdiameter’x/6.

The Vehicle Control, sterile PBS, was administered s.c., at
a dosing volume of 10 mI/kg, once daily for 21 days. Each
animal’s body weight was measured immediately prior to
dosing each day. The actual volume administered to each
mouse was calculated and adjusted based on the body
weight. The results presented in FIG. 7 demonstrate the
selected compounds possess anti-cancer activity using the
murine tumour model of colorectal cancer. All compounds
showed improved activity in comparison to PI-88, which
was not particularly effective in this model.
Antiviral Activity

The results of the antiviral assays are presented in Tables
6-10.
Cells and Viruses

African green monkey kidney (GMK AHI) cells*® were
cultured in Eagle’s minimum essential medium (EMEM)
supplemented with 2% calf serum, 0.05% Primaton RL
substance (Kraft Inc., Norwich, USA) and antibiotics.
Human epidermoid carcinoma (HEp-2) cells were cultured
in Dulbecco’ s modified EMEM (DMEM) supplemented
with 10% fetal calf serum and antibiotics. The HSV strains
used were HSV-1 KOS321, a plaque-purified isolate of
wild-type strain KOS*, HSV-1 KOS gC-null variant
2C™39*% and HSV-2 strain 333*°. The RSV strain A-2°° was
used. The RSV stock was prepared as described by Hallak
et al.>' and stored at -70° C. in the presence of 40%
sucrose’2.
Virus Purification and Assay of Virus Binding to Cells

The extracellular, methyl-[*H]thymidine labeled HSV
virions were purified by centrifugation through a three-step
discontinuous sucrose gradient as previously described’>"*.
The effect of test compound on the binding of purified
methyl-[*H]thymidine labeled virus to GMK AH1 cells at 4°
C. was assayed as described previously'”. Briefly, the cells
were washed with PBS-A (PBS supplemented with 1 mM
CaCl, and 0.5 mM MgCl,) and then blocked with PBS-A
containing 1% BSA for 1 h at room temperature. Serial
five-fold dilutions of test compound in PBS-A were mixed
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with purified virions and incubated for 15 min at 4° C. The
cells were washed once with PBS-A, and the virus-com-
pound mixture added and incubated with the cells under
moderate agitation for 2 h at 4° C. Subsequently the cells
were washed three times with PBS-A, lysed with 0.2 mL of
PBS-A containing 5% SDS, and finally transferred to scin-
tillation vials for quantification of radioactivity.
Virus Inactivation Assay

Approximately 10° plaque-forming units of HSV-1
KOS321 or HSV-2 333 stain and specific concentrations of
the test compound in 200 plL of serum-free EMEM were
mixed and incubated at 37° C. for 15 min. The mixtures
were diluted to the non-inhibitory concentrations of the test
compound, and then subjected to the infectious titer deter-
mination as described under the viral plaque number-reduc-
tion assay. In case of RSV, the assay was carried out in
similar manner using DMEM supplemented with 2% heat-
inactivated fetal calf serum instead of EMEM. To evaluate
the effect of a low pH value or the presence of cervical
secretions; the virus (HSV-2 333) and compounds were
diluted in a low pH buffer (4.5) or cervical secretions were
added to the compound dilutions before mixing with the
virus (HSV-2 333). The cervical secretions were prepared
from cervical swabs generated from 3 different individuals.
The swabs were rinsed with distilled water and centrifuged
at 5000xg for 10 min. The supernatant was kept at —20° C.
In the case of RSV, the assay was carried out in a similar
manner using DMEM supplemented with 2% heat-inacti-
vated fetal calf serum instead of EMEM.
Viral Plaque Assays

The viral infectivity (the plaque number-reduction) assay
and the plaque size-reduction assay were carried out as
described previously'”. Briefly, for the plaque number-
reduction assay, the virus-compound mixtures incubated for
15 min at room temperature prior to the addition to cells and
during 1 h period of virus infection of cells at 37° C.
Subsequently, the cells were washed with 2 mL. of EMEM
and overlaid with 1% methylcellulose solution in EMEM.
The plaques were visualized by staining with crystal violet
solution after 2 (HSV-2) or 3 (HSV-1) days of incubation at
37° C. The concentration of the test compound that inhibited
the number of viral plaques by 50% (ICs,) was interpolated
from the dose-response curves. When the compounds were
screened for anti-HSV or anti-RSV activity, mixtures of 200
PFU of the virus and the test compound (100 pg/ml) in
serum-free EMEM were incubated for 10 min at room
temperature before addition to cells and during the entire
period of viral infection of cells and the development of viral
plaques. In the plaque size-reduction assay, the compounds
were added to cells (in methylcellulose overlay medium)
after 2 h period of virus infection of cells in the absence of
the inhibitor. After 2-3 days of incubation at 37° C., the viral
plaques were visualized by staining the cells with 1%
solution of crystal violet. For each compound tested, the
images of twenty neighboring plaques were captured using
a Leica DC300 digital camera attached to a Leitz-Wetzlar
Diavert microscope. The area of each plaque was deter-
mined using IM500 image software (L.eica). Similar proto-
cols were used for RSV, except that the assays were per-
formed in HEp-2 cells and DMEM supplemented with 2%
heat-inactivated fetal calf serum was used instead of EMEM.
Cytotoxicity Assay

The assay was performed in GMK AHI1 cells that had
been seeded in 96 well cluster plates and reached approxi-
mately 80-90% confluence at day 2 of culture. The cells
were washed with EMEM and incubated for 24 h at 37° C.
with 100 uLL of serial two-fold dilutions of the test compound
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in serum-free EMEM. The effect of the test compound on
cell viability was measured by using the tetrazolium-based
CellTiter96 assay according to the manufacturer’s protocol
(Promega, Madison, Wis., USA).

Pharmacokinetics

Adult male Sprague-Dawley (SD) rats (approx 300 g)
were used for the experiment. Femoral artery cannulae was
implanted and exteriorised following isoflurane anaesthesia.
Jugular vein artery cannulae was implanted and exteriorized.
Animals were allowed to recover from cannula insertion
prior to dosing, and housed in metabolism cages for the
duration of experimentation with free access to water and
food. *H (aglycon labelled) or *°S (sulfate labelled) labelled
compounds were dissolved in phosphate-buffered saline to
give a total drug concentration of between 1.25-5.00
mg/mL. All doses were administered as a bolus of between
2.5-10 mg/kg in a dose volume of approximately 2.0 ml./kg.
The total amount of radioactivity administered to each rat
was between 0.5-10 pCi. Blood samples (~325 ul) were
collected into sample tubes containing the anticoagulant
sodium citrate from femoral artery catheter pre-dose and at
5,20 minutes and 2, 5, 8, 12, 24, and 48 hours post-dose, and
kept at reduced temperature (approx 4° C.) until centrifuged.
Blood samples were centrifuged, plasma separated and 50
uL aliquot of the plasma transferred to a scintillation vial for
counting. At the end of the experimental period animals
were euthanased via a lethal overdose of pentobarbital. The
level of radioactivity in the plasma was measured following
mixing of samples with Packard Ultima Gold liquid scin-
tillation counting cocktail. Counting was conducted on a
Beckman liquid scintillation counter (LL56500) or Packard
TriCarb liquid scintillation counter for 10 minutes per
sample. Results (DPM, calculated from an in-built quench
curve in the counter) were corrected for background prior to
any calculations. The pharmacokinetic parameters were cal-
culated using PK Solutions 2.0 software (Summit Research
Services, Ohio, U.S.A.) and are summarised in Table 11
below.

The foregoing embodiments are illustrative only of the
principles of the invention, and various modifications and
changes will readily occur to those skilled in the art. The
invention is capable of being practiced and carried out in
various ways and in other embodiments. It is also to be
understood that the terminology employed herein is for the
purpose of description and should not be regarded as lim-
iting.

The term “comprise” and variants of the term such as
“comprises” or “comprising” are used herein to denote the
inclusion of a stated integer or stated integers but not to
exclude any other integer or any other integers, unless in the
context or usage an exclusive interpretation of the term is
required.

Any reference to publications cited in this specification is
not an admission that the disclosures constitute common
general knowledge in Australia.

TABLE 1

The results of the growth factor binding and heparanase inhibition
assays as described in the preceding sections.

Com- K; VEGF K, FGF-1 K;FGF-2 K, Heparanase
pound (nM) (nM) (nM) (M)
4 12£3 6x3 480 = 70 4205
8 51=x18 23=13 253 £ 25 3504
11 0.79 £0.24  0.19 £0.10 73 £23 48 1.8
17 246 3205 ND ND
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TABLE 1-continued

The results of the growth factor binding and heparanase inhibition
assays as described in the preceding sections.

Com- K, VEGF K, FGF-1 K,;FGF-2 K, Heparanase

pound (nM) (nM) (nM) (nM)
20 226 0.60 = 0.50 160 = 40 58«15
24 40 =17 0.44 = 0.04 108 = 11 6.0 £2.1
27 1.04 £0.19  0.24 £ 0.10 396 55%2.6
33 1300 = 300 270 = 30 1570 = 150 223 £ 1.6
39 319 £ 19 185+ 1.8 631 =4 6.4 £2.5
44 2.7x05 0.17 £ 0.07 80 = 40 44 +1.4
48 460 = 30 22.6 £ 1.0 480 = 40 8.50 = 0.14
56 90 = 30 16 £7 490 = 40 105 = 1.7
60 260 £ 130 143 £3.0 4740=x1.4 8.4 £2.6
65 28923 8 x4 390 = 80 6.1 25
70 95 £ 8 9.7+0.8 390 = 90 3.7 0.8
76 790 £ 230 50 £ 8 610 = 60 16 £4
79 3000 £400 3600 = 600 >3000 111 = 28
83 7.95 £0.07 1.25 £ 0.07 50 £ 4 205
87 190 = 60 248 £2.3 547 = 50 9.1x25
93 1600 = 300 610 = 210 1800 = 300 307
97 1930 = 230 840 = 130 3400 = 300 ND
102 1200 = 400 560 = 30 2200 = 400 ND
107 1350 = 70 870 = 60 2000 + 400 ND
112 430 = 140 900 + 150 2100 = 300 ND
119 7.9 £0.7 59=1.6 286 = 25 ND
123 380 = 110 32223 530 =50 11.3 =04
128 14 £4 4.94 + 0.08 311 =25 9.1x0.3
134 1080 = 200 13 £3 630 = 30 ND
139 379 £ 13 72 £ 12 880 + 110 ND
140 12£2 1.3 0.6 380 = 40 ND

TABLE 2

Data for selected compounds in the Growth Factor Induced Endothelial
Cell Proliferation Assay and Matrigel ™ Microtubule Formation

Asgsay.
Microtubule
Com- FGF-1 FGF-2 VEGF Formation %
pound  (ICsq, tM)  (ICsq, um) (ICsg, um)  inhibition at 10 uM

PI-88 42 10 20 29%
4 25 10 6.54 ND
8 10.1 8.1 5.4 27%
11 33 17.0 19.5 ND
17 4.29 344 575 71%
20 1.29 0.847 1.18 73%
24 1.54 0.665 0.580 90%
27 0.990 0.390 0.220 74%
33 >10 2.22 1.85 14%
39 444 2.27 0.951 74%
44 3.79 0.349 1.18 95%
48 3.81 1.74 2.08 64%
56 2.52 1.80 1.72 67%
60 2.61 1.22 1.44 49%
65 1.2 0.65 0.50 53%
70 23 0.64 2.2 52%
76 2.1 1.2 1.8 22%
79 2.20 2.90 2.24 3%

enhancement
83 >50.0 >50.0 >50.0 ND
87 2.5 23 1.6 20%
93 2.69 243 2.62 ND
97 4.09 4.17 1.13 ND
102 3.95 >10 517 ND
107 5.75 5.59 5.56 ND
119 4.04 2.69 2.01 32%
123 1.69 1.7 1.1 33%
128 047 0.77 0.24 ND
134 1.47 1.28 2.14 63%
139 2.16 1.5 231 36%
140 0.56 0.005 1.1 37%

65 a) [Csq values (uM) for inhibition of HUVEC proliferation induced by FGF-1, FGF-2 and
VEGE;

b) % I_’nhibition of microtubule formation at 10 uM relative to controls.
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TABLE 3

68
TABLE 6

Inhibition of HUVEC migration as expressed by percentage inhibition
of control by PI-88, a less lipophilic analogue (PG524) and selected
compounds at concentrations of 10 and 50 pM.

% Inhibition of Migration

Compound 10 uM 50 uM
PI-88 10 11
PG524 3 7

20 48 99

24 17 61

27 48 96
TABLE 4

Effect of PI-88, a less lipophilic analogue (PG524) and
selected test compounds on angiogenic sprout

formation in the rat aortic angiogenesis assay.

Compound % Inhibition of Angiogenesis (10 uM)
PI-88 61
PG524 65

20 100
24 69
27 100
65 90
70 97
76 80
87 47
123 23
128 65
134 100
139 92
140 88
TABLE 5

Anticoagulant activity of selected compounds. Time for normal
pooled human plasma to clot in APTT and Heptest assays
following addition of test compounds at 0.1 mg/mL.

Compound. APTT (s) Heptest (s)
PI-88 >500.0 >500.0
4 125.9 64.2
20 94.0 28.0
24 68.1 24.5
27 63.3 29.6
33 40.6 25.5
39 50.7 27.3
44 217.0 58.5
48 73.3 33.1
56 58.5 24.2
60 71.4 26.4
65 71.9 28.6
70 104.0 45.5
76 61.2 30.2
79 36.1 23.9
83 41.0 26.8
87 51.6 29.2
93 39.6 25.3
97 40.3 26.7
102 38.6 23.9
107 38.8 25.3
112 38.9 25.4
119 57.1 28.6
123 51.1 24.9
128 65.8 32.2
Plasma 35.0 24.4
control
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Anti-HSV and anti-RSV activity of compounds found in a screening assay.

Residual infectivity (%)%

Compound HSV-1 HSV-2 RSV
PI-88 5 3 19
4 2 0.7 0
8 7 0.2 3
11 0 0 0
20 0 0 0

“Percentage of a number of viral plaques found with drug treated virus (100 pg/mL)
relative to mock treated controls.

TABLE 7

Antiviral activity and cytotoxicity of test compounds.

Com- Cytotoxicity CCsg® IC-, (Selective index CC<y/IC<)”
pound GMK AH1 HEp-2 HSV-1  HSV-2 RSV
PI-88 >1000 >400 7 (>143) 1.1 (>909) 9.9 (>40)
4 >400 >400 2.1 (>190) 0.9 (>444) 4.6 (>87)
11 >400 NT 1.8 (>222) 0.9 (>444) 5.7
20 110 113 2.1 (52) 1.1 (100) 1.7 (66)

“Concentration of compound (ug/mL) that reduced GMK AHI or HEp-2 cell viability by
50%

5Concentration of a test compound that reduced the number of HSV plaques in GMK AH1
cells or RSV plaques in HEp-2 cells by 50%. In parentheses are the values of the selectivity

index
TABLE 8
Virus-inactivating activities of test compounds®
Compound
Concentration Compound
Virus (ng/ml) PI-88 4 20
HSV-1 100 100.3 83.8 0
10 108.0 79.4 0
1 99.8 83.9 88.6
HSV-2 100 107.7 68.1 0
10 102.9 91.5 0.3
1 95.1 98.6 120.3
RSV 100 94.0 47.3 13.3
20 95.0 82.2 79.0
4 105.8 85.2 102.2

“Approximately 2 x 10° PFU of respective virus were co-incubated with PI-88 (ug/mL),
the test compound or the diluent medium (control) for 15 min at 37° C. prior to dilution
of the mixtures 1:500 or 1:1000 and viral plaque titration. The results are expressed as a
percentage of the number of viral plaques detected with the compound-treated virus
relative to mock-treated controls.

TABLE 9

Anti-HSV activity of test compounds

HSV-2 ICs, RSV ICs,

Compound (ng/ml) (ng/ml)*
24 1.8 0.45
27 0.52 0.28
33 0.7 1.8
39 1.1 0.61
44 0.41 0.33
48 0.18 0.25
56 0.3 0.45
60 0.24 0.39
65 0.45 0.35
70 0.15 0.25° 0.23
76 0.07 0.20° 0.37
79 0.28 29
83 6.0 3.0
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TABLE 9-continued

Anti-HSV activity of test compounds

HSV-2 ICsq RSV ICsq
Compound (ng/ml)* (ng/ml)*
87 0.53 0.77
93 0.27 0.4
97 0.26 0.58
102 0.43 1.8
107 0.43 1.9
112 0.45 2.4
119 2.1 0.62
128 1.0 14

“Concentration of the test compound that reduced the number of viral plaques in GMK
AHI cells by 50%.

®Concentration of the test compound that reduced the number of HSV-1 KOS321 strain
plaques in GMK AHI cells by 50%.

TABLE 10

Modulation of the virus-inactivating activities of PI-88 and compound
20 at low pH and in the presence of human cervical secretions”

Compound Compound
concentration PI-88 20
Virus (ng/ml) Low pH® Cs¢ Low pH® Cs¢
HSV-2 100 111.5 90.3 0.0 0.3
10 110.8 98.3 6.8 78.5
1 101.1 88.4 93.7 82.6

“Approximately 2 x 10° PFU ofrespective virus were co-incubated with PI-88 (ug/ml), test
compound or the diluent medium (control) for 15 min at 37° C. (water bath) prior to
dilution of the mixtures 1:500 or 1:1000 and viral plaque titration. The results are
expressed as a percentage of the number of viral plaques detected with the compound-
treated virus relative to mock-treated controls.

The pH value during the virus-compound incubation was 4.5.

“Cervical secretions diluted 1:2.2 was present during the 15 min of the virus-compound

TABLE 11

Pharmacokinetic parameters of test compounds following
either intra venous (iv) or subcutaneous (sc) administration

in Sprague-Dawley rats.
Compound Half-life (iv) Half-life (sc)
PI-88 1.1h 1.2 h
65 173 h 213 h
70 103 h ND
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The invention claimed is:
1. A compound of the general formula:

[X],—Y—ZR'R? I

wherein:

X and Y are each a monosaccharide unit wherein each
hydroxyl group not involved in a glycosidic linkage is
substituted independently by a group SO;M or H,
where M is any pharmaceutically acceptable cation;

X and Y are any p- or L-hexose or pentose;

Y is in a cyclic or ring opened form;

Z is O, N, S or C or their higher oxidation states, or a
bond, and is linked to the anomeric carbon when Y is
a reducing monosaccharide;

R! is a linker selected from the group consisting of: alkyl,
alkenyl, alkynyl, aryl, heteroalkyl, heteroaryl, acyl,
aroyl, alkylamido, alkylthioamido, triazolyl, substi-
tuted triazolyl, and oxymethyl[1,2,3]-triazole-1-yl
linker, or is a bond, wherein if R' is substituted triaz-
olyl, the triazolyl is substituted by one or more of: halo,
hydroxy, Cl-6alkyl, Cl-6alkoxy, nitro, amino,
Cl-6alkylamino, Cl-6dialkylamino, halomethyl,
halomethoxy or acetyl;

R? is a lipophilic moiety selected from the group consist-
ing of: cholestanyl, and propylstearamide, wherein
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n is an integer from 0-6; and
the level of sulfation of each compound is between 70 and
100% of the total hydroxyl groups.

2. The compound according to claim 1 wherein R? is
cholestanyl.

3. The compound according to claim 1 wherein R? is
propylstearamide.

4. A compound selected from the group consisting of:

3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-

glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranoside (compound 65);
4-(cholestan-3-yl-oxymethyl)[ 1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 70);
4-(cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 76);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-B-p-glucopyranoside (compound 87);
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-a-p-glucopyra-
nosyl-(1-+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, decaso-
dium salt (compound 123); and
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-a-p-glucopyra-
nosyl-(1-+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a.-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside,  tridecasodium
salt (compound 128).

5. A pharmaceutical or veterinary composition for the
treatment in a mammalian subject of cancer or of a disorder
resulting from angiogenesis, metastasis, inflammation,
coagulation/thrombosis, raised blood triglyceride levels,
microbial infection and/or cardiovascular disease, which
composition comprises at least one compound according to
claim 1 together with a pharmaceutically or veterinarially
acceptable carrier or diluent for at least one said compound.

6. A method for the treatment in a mammalian subject of
cancer or of a disorder resulting from angiogenesis, metas-
tasis, inflammation, coagulation/thrombosis, raised blood
triglyceride levels, microbial infection and/or cardiovascular
disease, which method comprises administering to the sub-
ject an effective amount of at least one compound according
to claim 1, or a composition comprising said at least one
compound.

7. The method of claim 6 wherein the compound is
selected from the group consisting of:

3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-

glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranoside (compound 65);
4-(cholestan-3-yl-oxymethyl)[ 1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 70);
4-(cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
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(1—+4)-1-deoxy-2,3,6-tri-O-sodium
glucopyranoside (compound 76);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-f-p-glucopyranoside (compound 87);

3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, decaso-
dium salt (compound 123); and

3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside,  tridecasodium
salt (compound 128).

8. The compound according to claim 2 wherein R® is an
oxymethyl[1,2,3]-triazole-1-yl linker.

9. The compound according to claim 3 wherein R' is an
oxymethyl[1,2,3]-triazole-1-yl linker.

10. A pharmaceutical or veterinary composition according
to claim 5, wherein the compound is selected from the group
consisting of:

3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-

glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-a-p-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranoside (compound 65);
4-(cholestan-3-yl-oxymethyl)[ 1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-D-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 70);
4-(cholestan-3f-yl-oxymethyl)[1,2,3|triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-D-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 76);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-f-p-glucopyranoside (compound 87);
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, decaso-
dium salt (compound 123); and
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside,  tridecasodium
salt (compound 128),

together with a pharmaceutically or veterinarially accept-

able carrier or diluent for at least one said compound.
11. A compound selected from the group consisting of:
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
mannopyranosyl-(1—+3)-2,4,6-tri-O-sodium sulfonato-
a-D-mannopyranosyl-(1—3)-2,4,6-tri-O-sodium  sul-
fonato-c.-p-mannopyranosyl-(1—+2)-3,4,6-tri-O-
sodium sulfonato-c.-p-mannopyranoside (compound
20);

3-stearamidopropyl-2,3,4,6-tetra-O-sodium sulfonato-a.-
D-mannopyranosyl-(1—+3)-2.4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-a-p-mannopyranosyl-(1—2)-3,4,6-tri-
O-sodium sulfonato-c-p-mannopyranoside (compound
24);

3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-

mannopyranosyl-(1—+3)-2,4,6-tri-O-sodium sulfonato-

sulfonato-f3-n-
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a-D-mannopyranosyl-(1—+3)-2.4,6-tri-O-sodium
fonato-a-p-mannopyranosyl-(1—+3)-2.4,6-tri-O-
sodium sulfonato-a-p-mannopyranosyl-(1—+2)-3.4,6-
tri-O-sodium sulfonato-ca-p-mannopyranoside
(compound 27);

3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
mannopyranosyl-(1—+2)-3,4,6-tri-O-sodium sulfonato-
a-D-mannopyranoside (compound 33);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
mannopyranosyl-(1—+3)-2,4,6-tri-O-sodium sulfonato-
a-D-mannopyranosyl-(1-+2)-3.4,6-tri-O-sodium  sul-
fonato-a-p-mannopyranoside (compound 39);
3-stearamidopropyl-2,3,4,6-tetra-O-sodium  sulfonato-c.-
D-mannopyranosyl-(1—3)-2.4,6-tri-O-sodium sul-
fonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-O-so-
dium sulfonato-a-p-mannopyranosyl-(1—3)-2,4,6-tri-
O-sodium  sulfonato-o-p-mannopyranosyl-(1—2)-3,4,
6-tri-O-sodium sulfonato-ca-p-mannopyranoside
(compound 44);
3-{4-(cholestan-3B-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl-2,3,4,6-tetra-O-sodium sulfonato-o.-p-mann-
opyranosyl-(1-—+3)-2,4,6-tri-O-sodium  sulfonato-o-n-
mannopyranosyl-(1—+2)-3,4,6-tri-O-sodium sulfonato-
a-D-mannopyranoside (compound 48);
3'-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
mannopyranosyl-(1—+3)-2,4,6-tri-O-sodium sulfonato-
a-D-mannopyranosyl-(1—+3)-3.4,6-tri-O-sodium  sul-
fonato-a-p-mannopyranoside (compound 56);
3-{4-(cholestan-3B-yl-oxymethyl)-[1,2,3]triazol-1-
yl}propyl-2,3,4,6-tetra-O-sodium sulfonato-o.-p-mann-
opyranosyl-(1-—+3)-2,4,6-tri-O-sodium  sulfonato-o-n-
mannopyranosyl-(1—3)-3,4,6-tri-O-sodium sulfonato-
a-D-mannopyranoside (compound 60);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-sodium
sulfonato-f-p-glucopyranoside (compound 65);
4-(cholestan-3-yl-oxymethyl)[1 ,2,3]triazol-1-y1-2,3.4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 70);
4-(cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sodium  sulfonato-a-p-glucopyranosyl-(1—4)-
2,3,6-tri-O-sodium sulfonato-a.-p-glucopyranosyl-
(1—+4)-1-deoxy-2,3,6-tri-O-sodium sulfonato-f3-n-
glucopyranoside (compound 76);
3p-cholestanyl-2,3,4,6-tetra-O-sulfonato-c-p-mannopy-
ranoside tetrasodium salt (compound 79);
3p-cholestanyl-2,3,4,6-tetra-O-sodium sulfonato-a-p-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-B-p-glucopyranoside (compound 87);
4-(cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-y1-2,3,4,6-
tetra-O-sulfo-f-p-galactopyranosyl-(1—4)-2,3,6-tri-O-
sulfo-p-p-glucopyranoside, heptasodium salt (com-
pound 93);
4-(cholestan-3f-yl-oxymethyl)[1,2,3]triazol-1-y1 2,3.4,6-
tetra-O-sulfo-a-p-glucopyranosyl-(1—+4)-2,3,6-tri-O-
sulfo-p-p-glucopyranoside, heptasodium salt (com-
pound 97);
3'-cholestanyl-2,3.4,6-tetra-O-sulfo-a-D-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, hepta-
sodium salt (compound 102);

sul-
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3'-cholestanyl-2,3,4,6-tetra-O-sulfo-p-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, hepta-
sodium salt (compound 107);
3'-cholestanyl-2,3,4,6-tetra-O-sulfo-f-p-galactopyrano-
syl-(1—+4)-2,3,6-tri-O-sulfo-p-p-glucopyranoside, hep-
tasodium salt (compound 112);
3'-cholestanyl-2,3,4,6-tetra-O-sulfo-a.-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-p-p-glucopyranosyl-(1—+6)-2,3,4-tri-O-
sulfo-a-D-mannopyranoside,  tridecasodium  salt
(compound 119);
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—+4)-2,3,6-tri-O-sulfo-f-p-glucopyranoside, decaso-
dium salt (compound 123);
3-stearamidopropyl-2,3,4,6-tetra-O-sulfo-c.-p-glucopyra-
nosyl-(1-—+4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-p-p-glucopyranoside,  tridecasodium
salt (compound 128);
2-(cholestan-3-yloxy)acetamido-2,3,4,6-tetra-O-sulfo-a.-
D-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-o.-p-glu-
copyranosyl-(1—4)-2,3,6-tri-O-sulfo-p-p-glucopyra-
noside, decasodium salt (compound 134);
1-[(cholestan-3-yloxy)propyl]-3-[2,3,4,6-tetra-O-sulfo-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sulfo-o.-p-glu-
copyranosyl-(1—4)-2,3,6-tri-O-sulfo-p-p-glucopyra-
noside|thiourea, decasodium salt (compound 139); and
3'-cholestanyl-2,3,4,6-tetra-O-sulfo-a.-p-glucopyranosyl-
(1—4)-2,3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—=4)-2,
3,6-tri-O-sulfo-a-p-glucopyranosyl-(1—4)-((1-pyri-
dinium-1-y1)-2,3,5,6-tetra-O-sulfo-n-glucoside,
tridecasodium salt (compound 140).
12. The compound according to claim 2, wherein R! is a
bond.
13. The compound according to claim 12, wherein each X
is a D-hexose, and Y is a D-hexose.
14. The compound according to claim 13, wherein n is 3.
15. A pharmaceutical or veterinary composition for the
treatment in a mammalian subject of cancer or of a disorder
resulting from angiogenesis, metastasis, inflammation,
coagulation/thrombosis, raised blood triglyceride levels,
microbial infection and/or cardiovascular disease, which
composition comprises at least one compound according to
claim 11 together with a pharmaceutically or veterinarially
acceptable carrier or diluent for at least one said compound.
16. A method for the treatment in a mammalian subject of
cancer or of a disorder resulting from angiogenesis, metas-
tasis, inflammation, coagulation/thrombosis, raised blood
triglyceride levels, microbial infection and/or cardiovascular
disease, which method comprises administering to the sub-
ject an effective amount of at least one compound according
to claim 11, or a composition comprising said at least one
compound.
17. A compound of the general formula:

[X],—Y—ZR'R? I

wherein:

X and Y are each a monosaccharide unit wherein each
hydroxyl group not involved in a glycosidic linkage is
substituted independently by a group SO;M or H,
where M is any pharmaceutically acceptable cation;
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X and Y are any D- or L-hexose or pentose;

Y is in a cyclic or ring opened form;

Z is O, N, S or C or their higher oxidation states, or a
bond, and is linked to the anomeric carbon when Y is
a reducing monosaccharide;

R! is an oxymethyl[1,2,3]-triazole-1-yl linker;

R? is a lipophilic moiety selected from the group consist-
ing of: cholesteryl, cholestanyl, cholate, deoxycholate,
glycyrrhetinyl, C9 to C18 straight chain alkyl, C9 to
C18 substituted alkyl, alkylamido, substituted alky-
lamido, and propylstearamide, straight chain acyl,
branched acyl, and —C(O)-alkyl or —C(O)-aryl, in
which the alkyl or aryl groups are optionally substituted
by one or more of halo, hydroxy, C, salkyl, C,_salkoxy,
nitro, amino, C, calkylamino, C, cdialkylamino,
halomethyl, halomethoxy or acetyl, wherein

if R? is substituted alkyl or substituted alkylamido, the
group is substituted by one or more of: halo, hydroxy,
C, _salkoxy, nitro, amino, C, calkylamino, C,_.dialky-
lamino, halomethyl, halomethoxy or acetyl;

n is an integer from 0-6; and

the level of sulfation of each compound is between 70 and
100% of the total hydroxyl groups.

18. A pharmaceutical or veterinary composition for the
treatment in a mammalian subject of cancer or of a disorder
resulting from angiogenesis, metastasis, inflammation,
coagulation/thrombosis, raised blood triglyceride levels,
microbial infection and/or cardiovascular disease, which
composition comprises at least one compound according to
claim 17 together with a pharmaceutically or veterinarially
acceptable carrier or diluent for at least one said compound.

19. A method for the treatment in a mammalian subject of
cancer or of a disorder resulting from angiogenesis, metas-
tasis, inflammation, coagulation/thrombosis, raised blood
triglyceride levels, microbial infection and/or cardiovascular
disease, which method comprises administering to the sub-
ject an effective amount of at least one compound according
to claim 17, or a composition comprising said at least one
compound.

20. A method for the treatment of cancer in a mammalian
subject, which method comprises administering to the sub-
Ject an effective amount of':

3p-cholestanyl-2,3,4,6-tetra-O-sodium  sulfonato-o-D-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-o-D-glucopyranosyl-(1—=4)-2,3,6-tri-O-sodium
sulfonato-B-D-glucopyranoside (compound 65).

21. A compound having the formula:

3p-cholestanyl-2,3,4,6-tetra-O-sodium  sulfonato-o-D-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-o-D-glucopyranosyl-(1—=4)-2,3,6-tri-O-sodium
sulfonato-B-D-glucopyranoside (compound 65).

22. A pharmaceutical or veterinary composition accord-

ing to claim 5, wherein the compound is:
3p-cholestanyl-2,3,4,6-tetra-O-sodium  sulfonato-o-D-
glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sulfonato-
a-D-glucopyranosyl-(1—4)-2,3,6-tri-O-sodium  sul-
fonato-o-D-glucopyranosyl-(1—=4)-2,3,6-tri-O-sodium
sulfonato-B-D-glucopyranoside (compound 65).
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