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NOVEL COMPOUNDS

CROSS-REFERENCE TO RELATED
APPLICATION(s)

[0001] This application is a Section 371 National Stage
Application of International No. PCT/EP2007/062355, filed
14 Nov. 2007 and published as WO 2008/059003 Al on 22
May 2008, which claims priority from the GB Patent Appli-
cation No. 0622688.0, filed Nov. 14, 2006, and GB Patent
Application No. 0711138.8, filed on Jul. 11, 2007, the con-
tents of which are incorporated herein in their entirety for all
purposes.

TECHNICAL FIELD

[0002] The present invention is directed to sulphated com-
pounds comprising at least one glycosidic amine group, and
polysaccharide, oligosaccharide, peptide and protein deriva-
tives comprising such compounds, and mixtures thereof. The
present invention is also directed to methods of synthesising
such compounds. Such compounds may bind to a range of
proteins, find application in methods of modifying, or testing
for a modification in the level of a cytokine in vivo, ex vivo or
in vitro, and find application in the treatment and/or preven-
tion of inflammation, an inflammatory disorder, a prolifera-
tive disorder, an immune disorder, an angiogenesis-depen-
dent disorder, a sensitivity disorder, an adverse endocrine
reaction, a degenerative disorder, wound healing, depression,
and other diseases and disorders.

BACKGROUND ART
[0003] Anti-inflammatory agents, such as corticosteroids,
aminosalicylates,  azathioprine,  metronidazole  and

cyclosporin, are widely known and used to treat conditions
such as inflammatory bowel disease. The use of carbohy-
drate-derived compounds to treat such conditions is, how-
ever, an emerging science.

[0004] One of the best-studied examples is that of the tet-
rasaccharide Sialyl Lewis™ 1, both as a stand-alone molecule
and as part of larger oligosaccharides and glycoproteins.

OH
HO,C CH,0H
0
0 HOH,C
HOCH,(CHOHY; 0
AcNH OH o 0
HO

07/ _oH OH
Me NHAc

OH
OH

[0005] A review by Lowe in 2002 (Immunological
Reviews, 186, (2002), pp. 19-36), for instance, has high-
lighted the role Sialyl Lewis”™ capped glycoproteins, and in
particular 6-O-GleNAc sulphate-modified derivatives, play
in selectin counter-receptor activity by binding to selectins.

[0006] Selectins, in particular E-, P- and L-selectins, are
proteins responsible for the initial recognition and adhesion
of leukocytes to the vascular endothelium. This in turn influ-
ences the immune response at sites of chronic inflammation.
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[0007] The inhibition of E-selectin expression has also
been shown to dramatically improve patient survival rates,
whilst the expression of Sialyl Lewis® and the similar Sialyl
Lewis® (a trisaccharide lacking the terminal L-fucosyl group
of Sialyl Lewis™) has been implicated as a marker for metasta-
sis and tumour progression in cancer patients (see the review
by I. L. Magnani, Archiv. Biochem. Biophys., 426, (2004), pp.
122-131).

[0008] Ithas also been demonstrated that, in addition to the
selectin binding discussed above, 6-O-GlcNAc¢ sulphate-
modified Sialyl Lewis® derivatives may bind to certain
Siglecs (sialic acid recognising, Ig-superfamily lectins), play-
ing a role in, for example, intracellular signalling and cell-cell
interactions (see Varki et al, Glycobiology, 16(1), (2006), pp.
1R-27R).

[0009] Thus, inhibitory analogues of Sialyl Lewis™ have
become key targets in the search for new classes of drugs. To
date, successful inhibitors of selectins derived by this route
include the E-selectin inhibitor 2 and the P-selectin inhibitor
3 (see Magnani).

2
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[0010] There is still a need, however, for further selectin
inhibitors to be developed; sulphated glycosylamines remain
unexplored in this respect.

[0011] A number of glycosylamines are known to be bio-
logically active, for example, di-p-D-glucosylamine 4 has
been shown to inhibit -glucosidases (Kolarova et al, Carbo-
hydrate Research, 273, (1995), pp. 109-114), although this
activity was greatly reduced when N-acetylated.

4
HO o OH
HO H HO OH
HO N 0
OH HO

[0012] This compound has also been implicated as an anti-
inflammatory agent (see U.S. Pat. No. 5,631,245). When
administered to mice by parenteral routes, it inhibits articular
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inflammation (Bolton et al, Inflamm. Res., Suppl. 2, (2005), p.
S121), however it is inactive when given by the oral route, the
glycosylamine group being readily hydrolysed under the acid
conditions ofthe stomach. Although the mechanism by which
it operates is not clear, it inhibits antigen induced immune cell
proliferation and interleukin-2, interleukin-10 and IFN syn-
thesis by antigen stimulated mice spleen cells in vitro. These
actions are consistent with an anti-inflammatory and anti-
immune profile of activity. In addition, di-p-D-glucosy-
lamine prevents the development of ocular inflammation
resulting from the reactivation of feline herpes infection
(Roberts et al, XIT Annual Meeting of the ACVO, Oct. 11-14,
1990, Scottsdale, Ariz.).

[0013] Sulphated carbohydrate derivatives, other than the
sulphate-modified Sialyl Lewis™ derivatives discussed above,
have been explored for a wide variety of reasons. For
instance, there is a class of sulphated glycosaminoglycan
binding proteins, which perform a vast array of functions and
are capable of recognising, for example, the subgroups of the
naturally occurring heparan sulphate, dermatan sulphate or
chondroitin sulphate (with repeating subgroup 5) glycosami-
noglycans. Chondroitin sulphate reduces inflammatory cell
accumulation and inflammation in inflamed joints (Ronca et
al, Osteoarthritis and Cartilage, 6(Suppl. A), (1998), pp.
14-21).

5
RO
‘0, OR
o 0 0
HO 0 O~rt.
OH NHAc

R=H or SO;-

[0014] At the other end of the spectrum, a number of sul-
phated mono- and di-saccharides are well known and possess
arange of biological activities. Perhaps the most extensively
studied of these (primarily due to its low cost) is sucrose
octasulphate. U.S. Pat. No. 5,202,311 for instance discloses
the use of sucrose octasulphate and its aluminium/sodium
salts for the stabilisation of fibroblast growth factor (FGF)
and the use of the resultant composition to treat gastrointes-
tinal ulcerations and other diseases responsive to FGF
therapy. This stabilisation and resultant signalling has been
hypothesised to be the result of sucrose octasulphate induced
FGF dependent dimerisation of FGF receptors via the forma-
tion of a ternary complex in which sucrose octasulphate binds
to both FGF and FGF receptors (Yeh et al, Mol. Cell. Biology,
22(20), (2002), pp. 7184-7192). Interestingly, the same study
noted that the dimerisation occurred to amuch lesser extent or
not at all with 2-hydroxysucrose heptasulphate and 4,6-dihy-
droxysucrose hexasulphate respectively.

[0015] However, the enhancement of such FGF activity by
sulphated carbohydrates is unlikely to result in anti-inflam-
matory activity, indeed FGF itself does not induce cell inflam-
matory cell recruitment, but when given with inflammatory
cytokines such as tumour necrosis factor interferon, C5a or
delayed-type hypersensitivity, it enhances inflammation (Zit-
termann et al, American Journal of Pathology, 168(3), (2006),
pp- 835-846). In addition, FGF is intimately involved in the
process of angiogenesis (Presta et al, Cytokine and Growth
Factor Reviews, 16, (2005), pp. 159-178), and this is
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enhanced by heparinoid compounds. Angiogenesis is
required for the development of chronic inflammatory tis-
sues, but is also required for wound healing.

[0016] Sucrose octasulphate has also been shown to bind to
the C-type lectin-like domain of a recombinant natural killer
cell receptor (Kogelberg et al, Chem. Bio. Chem., 3, (2002),
pp- 1072-1077), to a hepatocyte growth factor (Zhou et al,
Biochemistry, 38(45), (1999), pp. 14793-14802), to follistatin
(Innis et al, J. Biol. Chem., 278(41), (2003), pp. 39969-
39977), and the pro-inflammatory chemokine MCP-1 (Yong-
hao et al, J. Am. Soc. Mass Spectrometry, 17, (2006), pp.
524-535; Yonghao et al, J. Biol. Chem., 280(37), (2005), pp.
32200-32208).

[0017] Sulphated oligosaccharides reduce inflammatory
cell rolling and accumulation through the interference with P-
and L-selectins (Walsh et al, Clinical Science, 81(3), (1991),
pp. 341-346), and heparin-derived disaccharides purified
from porcine blood inhibit murine macrophage tumour
necrosis factor synthesis and inflammation (Cahalon et al, /nt.
Immunol., 9(10), (1997), pp. 1517-1522). Such sulphated
disaccharides can bind chemokines that are involved in cell
recruitment (Shaw et al, Structure, 12, (2004), pp. 2081-
2089).

[0018] The biological activity of sucrose octasulphate has
largely been explained to be a result of its ability to mimic the
binding of the glycosaminoglycans heparan sulphate and
heparin sulphate. Notably, however, studies on the isolated
disaccharide 4-deoxy-c.-L-threo-hex-4-ene-pyranosyluronic
acid  (1-4)-2-amino-2-deoxy-2,6-di-O-sulpho-glucopyra-
nose, which is repeatedly present in heparin, have not always
shown the same binding ability (see Kogelberg et al).

[0019] Also of note is the fact that sulphated glycosami-
noglycans are desulphated to their constituent carbohydrates
by vascular endothelium, and inactivated (Dawes & Pepper,
Thrombosis and Haemostasis, 67(4), (1992), pp. 468-472).
Indeed, desulphated heparin disaccharide O-(o-L-ido-4-
enepyranosyluronic  acid)-(1—4)-2-deoxy-N-acetyl-D-glu-
coseamine is ineffective as an anti-inflammatory agent (Ca-
halon et al, Int. Immunol., 9(10), (1997), pp. 1517-1522),
unlike di-B-D-glucosylamine which possesses inherent anti-
inflammatory activity (see Bolton et al).

[0020] Sulphated monosaccharides are known to occur in
nature. One such monosaccharide is 3'-phosphoadenosine-5'-
phosphosulphate (PAPS), 6.

o] (0]

HO—8—O—P—

@]

o] OH

O=P—O0H

OH

[0021] PAPS is active throughout the mammalian metabo-
lism, where it has been identified as an activated sulphate
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molecule which represents the universal sulphonate donor for
all sulphotransferase reactions. It therefore performs an
essential role within the body, acting for instance to sulpho-
nate the glycosaminoglycans referred to above, or to sulpho-
nate xenobiotics in order to make them more hydrophilic and
thereby encourage their excretion from the body (Ven-
katachalam et al, J. Biol. Chem., 273(30), (1998), pp. 19311-
19320).

SUMMARY OF THE INVENTION

[0022] A first aspect of the present invention provides a
compound comprising:

[0023] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR;* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen,a—SO,—
OR'or—S80,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group; and

[0024] (ii) at least one sulphate group, wherein a sulphate
group s a —O—S0O,—OR', —NR—S0,—OR/,
—0—S0,—N(R"), or—NR'—S0,—N(R"), group;

[0025] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0026] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0027] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0028] or a salt thereof;

[0029] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate.

[0030] Alternatively, the first aspect of the present inven-
tion provides a compound comprising:

[0031] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen,a—SO,—
OR'or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group, provided that the glycosidic —NR, group is not
—NHacyl; and

[0032] (ii) at least one sulphate group, wherein a sulphate
groap s a —O—SO,—OR, —NR—SO,—OR/,
—0—S0,—N(R"), or —NR'—S0,—N(R"), group;

[0033] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0034] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,
and

[0035] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;
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[0036] or a salt thereof;

[0037] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate; and

[0038] provided that the at least one monosaccharide sub-
unit is not substituted with an —OR" group, wherein R" is
any group comprising a further pyranosyl or furanosyl
monosaccharide subunit.

Alternatively, the first aspect of the present invention provides
a compound comprising:

[0039] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen, a —SO,—
OR' or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a C,-C, hydrocarbyl group, or two or three R groups
and the nitrogen atom to which they are attached, together
form a further monosaccharide subunit or a cyclic hydrocar-
byl group; and

[0040] (ii) at least one sulphate group, wherein a sulphate
group s a —O—SO,—OR', —NR—S0O,—OR/,
—0—S0,—N(R"), or —NR'—S0O,—N(R"), group;

[0041] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0042] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,
and

[0043] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0044] or a salt thereof;

[0045] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate; and

[0046] provided that the at least one monosaccharide sub-
unit is not substituted with an —OR'™ group, wherein R™ is
any group comprising a further pyranosyl or furanosyl
monosaccharide subunit.

Alternatively, the first aspect of the present invention provides
a compound comprising:

[0047] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen, a *SOzgoR' Qor
—S0,—N(R"), group, a further monosaccharide subunit, ora
C,-C, hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group; and

[0048] (ii) at least one sulphate group, wherein a sulphate
grogp s a —O—SO,—OR', —NR—SO,—OR,
—0—S0,—N(R"), or —NR'—S0O,—N(R"), group;

[0049] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0050] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0051] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;
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[0052] or a salt thereof;

[0053] provided that the at least one monosaccharide sub-
unit is not N-substituted a to said glycosidic —NR, group,
glycosidic —NR;* group, directly bonded —=NR group, or
directly bonded —NR,* group.

[0054] In one embodiment of any compound of the first
aspect of the present invention, the glycosidic —NR, group is
not —NHacyl, the glycosidic —NR;* group is not
—NH,acyl*, the directly bonded —=NR group is not —=Nacyl,
and/or the directly bonded —NR,* group is not —NHacyl*.
[0055] In one embodiment of any compound of the first
aspect of the present invention, the at least one monosaccha-
ride subunit is not substituted with an —OR™ group, wherein
R™ is any group comprising a further pyranosyl or furanosyl
monosaccharide subunit. Alternatively, R™ may be any group
comprising a further 5- or 6-membered ring-closed monosac-
charide subunit. Alternatively, R™ may be any group compris-
ing a further pentosyl, hexosyl or higher monosaccharide
subunit. Alternatively still, R" may be any group comprising
a further monosaccharide subunit.

[0056] Preferably the compound of the first aspect of the
present invention comprises at least one monosaccharide sub-
unit comprising a glycosidic —NR, group or a glycosidic
—NR,* group, or a tautomer or thereof.

[0057] For the purposes of the present invention, the term
‘directly bonded’ used in relation to a monosaccharide sub-
unit comprising a group, means that the group is bonded to the
carbon backbone of the monosaccharide subunit without any
intervening atoms being present.

A second aspect of the present invention provides a com-
pound comprising;

[0058] (i) a sequence of at least two monosaccharide sub-
units linked by a glycosidic —NR— group, a glycosidic
—NR,*— group, a directly bonded —N— group, or a
directly bonded —NR*— group, wherein each R is indepen-
dently hydrogen, a —SO,—OR' or —SO,—N(R"), group, a
further monosaccharide subunit, or a hydrocarbyl group, or
two R groups and the nitrogen atom to which they are
attached, together form a further monosaccharide subunit or a
cyclic hydrocarbyl group; and

[0059] (ii) at least one sulphate group, wherein a sulphate
group is a —O—S0,—OR, —NR-—SO,—OR,
—O0—S80,—N(R'"), or —NR'—S80,—N(R"), group;

[0060] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;

[0061] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0062] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0063]

Preferably the compound of the second aspect of the present
invention comprises:

[0064] (i) a sequence of at least two monosaccharide sub-
units linked by a glycosidic —NR— group or a glycosidic
—NR,*— group, wherein each R is independently hydrogen,
a—S0,—OR' or —SO,—N(R"), group, a further monosac-
charide subunit, or a hydrocarbyl group, or two R groups and

or a salt thereof.
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the nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group; and

[0065] (ii) at least one sulphate group, wherein a sulphate
grogp s a —O—SO,—OR', —NR—SO,—OR,
—0—S0,—N(R"), or —NR'—SO,—N(R"), group;

[0066] wherein eachR'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0067] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0068] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0069] or a tautomer or a salt thereof.

[0070] The at least two monosaccharide subunits are
directly linked by the glycosidic —NR— group, the glyco-
sidic —NR,*— group, the directly bonded —N— group, or
the directly bonded —NR*— group, such that the group is
directly bonded to both monosaccharide subunits without any
intervening atoms being present, such that the compounds of
the second aspect of the present invention are or comprise
poly- or oligosaccharides. The glycosidic —NR— group or
the glycosidic —NR,*— group may be linked to one or both
of the monosaccharide subunits by a glycosidic bond. The
directly bonded —N— group or the directly bonded
—NR*— group may be linked to one or neither of the
monosaccharide subunits by a glycosidic bond.

[0071] For the purposes of the present invention, a ‘saccha-
ride’ is any compound comprising at least one monosaccha-
ride subunit, optionally substituted and/or optionally modi-
fied. Thus, by this definition, a compound of the present
invention is a saccharide. A saccharide may be a mono-,
oligo- or polysaccharide. An ‘oligosaccharide’ may comprise
between 2 and 10 monosaccharide subunits and may there-
fore be a disaccharide, trisaccharide, tetrasaccharide, pen-
tasaccharide, hexasaccharide, heptasaccharide, octasaccha-
ride, nonasaccharide, or decasaccharide. A ‘polysaccharide’
may comprise 11 or more monosaccharide subunits.

[0072] For the purposes of the present invention, the term
‘monosaccharide subunit’ refers to a monosaccharide option-
ally substituted and/or optionally modified, which may or
may not be part of a compound comprising more than one
monosaccharide subunit. Thus, for the avoidance of doubt, it
is noted that the present invention covers compounds com-
prising just one monosaccharide subunit, such as monosac-
charides.

[0073] For the purposes of the present invention, where a
compound ‘contains x monosaccharide subunits’, this means
that the compound has x monosaccharide subunits and no
more, unless it is explicitly mentioned that the compound
contains or comprises further monosaccharide subunits. In
contrast, where a compound ‘comprises X monosaccharide
subunits’, this means that the compound has x or more
monosaccharide subunits.

[0074] The single bond between an anomeric carbon of a
monosaccharide subunit and a substituent is called a glyco-
sidic bond. A glycosidic group is linked to the anomeric
carbon of a monosaccharide subunit by a glycosidic bond.
One distinguishes between «- and [-glycosidic bonds
depending on whether the participating anomeric carbon is in
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the o or p configuration. In the standard Haworth way of
drawing monosaccharide subunits, an a-glycosidic bond of a
D-monosaccharide subunit emanates below the plane of the
monosaccharide subunit and a f-glycosidic bond emanates
above that plane, and vice versa for an L-monosaccharide
subunit.

[0075] For the purposes of the present invention, a ‘glyco-
sylamine’ is any compound comprising at least one monosac-
charide subunit with a glycosidic amine group. Thus, by this
definition, a compound of the present invention is a glycosy-
lamine. A ‘glucosylamine’ is any compound comprising at
least one glucose subunit with a glycosidic amine group. A
p,p-di-glucosylamine’ is any compound comprising at least
two glucose subunits linked by a f,3-glycosidic amine group.
A B,p-glycosidic amine group is linked to the anomeric car-
bons of two monosaccharide subunits, with both glycosidic
bonds being f-glycosidic bonds.

[0076] All monosaccharide subunits are independently
ring-closed or open-chain or a mixture of ring-closed and
open-chain. Ring-closed and open-chain monosaccharide
subunits are tautomers of each other, which exist in their
cyclic and acyclic forms respectively (with respect to the
portion of the molecule referred to). For example, in the
equilibrium below, A is the open-chain tautomer and B is the
ring-closed tautomer:

OH \NR 0 NHR

A B

[0077] Thus, in the context of the present invention, it is
understood that any substituent that contains a hydrogen atom
of moderate acidity (e.g. a hydroxyl, amino or thiol group
proton) may interact with the w-bond illustrated so as to
establish the above equilibrium. A ‘hydrogen atom of mod-
erate acidity’ is defined as one with an approximate pK,
(relative to water) of less than 40, preferably less than 30,
preferably less than 25, preferably less than 20. It is also
understood that in some cases it is not possible to establish the
above equilibrium due to a lack of a suitable hydrogen atom
and the relevant portion of the molecule is effectively “locked’
in its open-chain form. In other cases, the relevant portion of
the molecule will exist predominantly in its ring-closed form
with little or none of the open-chain form being detectable. It
is also to be understood that more than one equilibrium may
be established within a given portion of the molecule, for
example, the scenario below may be established, wherein the
molecule exists in two ring-closed forms C and E, and one
open-chain form D:

HO,
HO

NHR
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[0078] A pyranosyl monosaccharide subunit is a cyclic sac-
charide with a six-membered ring. Pyranosyl monosaccha-
ride F shown below has been marked with substituent X in the
2-position relative to the anomeric carbon of the pyranosyl
subunit:

[0079] Asusedherein, where itis specified that a first group
is located a to a second group, this means that the first group
is attached to a carbon atom one bond removed from the
carbon atom to which the second group is attached. Similarly,
where it is specified that a first group is located {3 to a second
group, this means that the first group is attached to a carbon
atom two bonds removed from the carbon atom to which the
second group is attached, and so on for groups located y, d etc.
Where it is specified that a first group is located w to a second
group, this means that the first group is attached to the furthest
carbon atom removed, along a continuous chain of carbon
atoms, from the carbon atom to which the second group is
attached. Formula G below has been marked with substitu-

ents X inthe a-, -, y-, 8- and w-positions relative to the group
Y:

X0 XP Y

Xt X

[0080] The following paragraphs apply equally to the com-
pounds of the first and second aspects of the present inven-
tion.

[0081] Inoneembodiment of the present invention, none of
the monosaccharide subunits is pyranosyl with N-substitu-
tion at the 2-position relative to the anomeric carbon of the
pyranosyl subunit. Preferably none of the monosaccharide
subunits is N-substituted a to the anomeric carbon.

[0082] Inoneembodiment of the present invention, none of
the monosaccharide subunits is pyranosyl with a —CO,Q
group attached to the 5-position relative to the anomeric car-
bon of the pyranosyl subunit, wherein Q is hydrogen or a
hydrocarbyl group. Preferably, none of the monosaccharide
subunits has a —CO,Q group attached to the 5-position and/
or the w-position relative to the anomeric carbon of the

HO

(0] NHR
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monosaccharide subunit. Preferably, none of the monosac-
charide subunits is substituted with a —CQO,Q group.

[0083] Each monosaccharide subunit independently may
be substituted and/or modified.

[0084]

[0085] (a) independently one or more of the hydroxyl
groups of the monosaccharide subunit is replaced with —H,
—F,—Cl,—Br,—I,—CF,, —CCl,,—CBr,, —Cl,, —SH,
—NH,, —N,, —NH=NH,, —CN, —NO,, —COOH,
—R“0O—R’, RS R”, —R“SO—R’, —R*—
S0O,—R?, —R“—S0,—OR?, —R“0—S80,—R®, —R"—
SO, N(R?),, —R* NR”>-80, R’ —R‘OSO,
OR’, —R“0—S0,—N(R),, —R“—NR’—S0,—OR?,
—R*NR*—S0,—N(R?),, —R“—N(R”),, —R“—N(R?*)
., —R“BR"),, —R*—P[R?’),, —R*—POR"),, —R*"—
Si(R%),, —R“—CO—R’, —R*—CO—OR’, —R“O—
CO—R®>, —R*“—CO—N(R», —R*NR*—CO—R’,
—R“0—CO-—O0R?, —R*0-—CO—N(R?),, —R*NR*—
CO—OR?, —R“NR*—CO—N(R?),, —R*—CS—R?,
—R“-CS—OR?, —R“0O—CS—R®, —R*“CS—N(R?),,
—R*NR*—CS—R?, —R*0—CS—OR?, —R*0—CS—
N(R?),, —R“-NR®*—CS—OR”?, —R*NR?CS—NR?)
5, OF —R?;

[0086] preferably independently one or more of the
hydroxyl groups of the monosaccharide subunit is replaced
with —H, —F, —Cl, —Br, —I, —CF,, —CCl,, —CBr;,
—(l;, —SH, —NH,, —N,, —NH=NH,, —CN, —NO,,
—COOH, —R*“—0—R’, —R“-S—R’, —SO—R”
—S0,—R?, —S0,—OR?, —0—S0,—R*, —0—S0O,—
OR?, —R“—N(RY,, —R“NRH»,*, —R“—Si([R?),,
—R* - CO—R®, —R“ CO—OR’, —R‘0O—CO—R?
—R*—CO—N{R?,, —R*—NR*—CO—R®, —R“0O—
CO—OR?, —R*CS—R? or —R?; and/or

[0087] (b)independently one, two or three of the hydrogens
of the monosaccharide subunit is replaced with —F, —ClI,
—Br, —1, —CF,, —CCl,, —CBr,, —Cl,, —OH, —SH,
—NH,, —N,, —NH=NH,, —CN, —NO,, —COQOH,
—W—0—R?, —W—S8—R?, —W-—SO—R?,
—W—S0,—R?, —R*-S0,—O0R®, —R“%0—S0,—R?,
—R“-80,N(RY,, —R* NR>-80, R, —R°O—
SO,—OR?, —R*0—S0,"N(R?),, —R*—NR*—S0O,—
OR®,—R*NR®>—S0,—N(R®),,—R*N(R?),,—R* N
(R%);*, —R™B(R"),, —R*—PR"),, —R*—POR"),,
—R“—Si(R%),, —R*—CO—R’, —R*CO—OR’
—R*0—CO—R?, —R“—CO—NR"),, —R*—NR’—
CO—R®, —RO—CO—OR?, —R“O—CO—N(R?),,
—R*—NR*—CO—OR’, —W—NR*—CO—N(R?),,
—R*CS—R?’, —W—CS—OR®’, —R“O—CS—R?
—R*—CS—NR"),, —R*—NR’—CS—R’, —RO—
CS—OR”?, —R*0O—CS—N(R?),, —R*NR*CS—OR,
—R*NR*—CS—N(R®),, or —R?;

[0088] preferably independently one, two or three of the
hydrogens of the monosaccharide subunit is replaced with
—F,—Cl,—Br,—1,—CF,, —CCl,,—CBr,, —Cl,, —OH,
—SH, —NH,, —N,, —NH=NH,, —CN, —NO,,
—COOH, —R*“-O-—R’, —R*“-S—R’ —SO-R”,
—80,— R, —80,OR’, —0O-SO,—R®, —RO—
SO,—OR?, —R“—N(R?),, —R“—N(R?),*, —R*—Si(R?)
4 —R*—CO—R’, —R“—CO—OR®?, —R“0—CO—R?,
—R*—CO—N{R?),, —R*“—NR’—CO—R®?, —R“0O—
CO—OR®?, —R*—CS—R?, or —R?; and/or

[0089] (c) independently one or more of the hydroxyl
groups of the monosaccharide subunit, together with the

In a substituted monosaccharide subunit:
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hydrogen attached to the same carbon atom as the hydroxyl
group, is replaced with —0, =S, =NR?, or =N(R"),; and/
or

[0090] (d) independently two hydroxyl groups of the
monosaccharide subunit are together replaced with
—0—R*—, —S—R“—, —SO—R“—, —S0,—R"—, or
—NR*—W-—;

[0091] wherein:

[0092] —R“—isindependently a chemical bond, or a sub-
stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton and preferably comprises 1-10 carbon
atoms;

[0093] —R? is independently hydrogen, an optionally sub-
stituted monosaccharide subunit, or a substituted or unsub-
stituted, straight-chain, branched or cyclic alkyl, alkenyl,
alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alky-
laryl, alkenylaryl or alkynylaryl group which optionally
includes one or more heteroatoms in its carbon skeleton and
preferably comprises 1-15 carbon atoms;

[0094] —R“— is independently a chemical bond, or a sub-
stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton and preferably comprises 1-10 carbon
atoms; and

[0095] M is a metal;

[0096] provided that the monosaccharide subunit com-
prises at least one, preferably at least two or at least three,
—OR?, —OSOR?, —0S0,R?, —0OSO,R?, —OSi(R?),,
—OCOR?, —OCO,R?, or —OM.

In a modified monosaccharide subunit:

[0097] (a)thering of the modified monosaccharide subunit,
or what would be the ring in the ring-closed form of the
modified monosaccharide subunit, is partially unsaturated;
and/or

[0098] (b) the ring oxygen of the modified monosaccharide
subunit, or what would be the ring oxygen in the ring-closed
form of the modified monosaccharide subunit, is replaced
with —S— or —NR®—, wherein —R® is independently
hydrogen, an optionally substituted monosaccharide subunit,
or a substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton and preferably comprises 1-15 carbon atoms.
[0099] Each hydrocarbyl group independently is a substi-
tuted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, ary-
lalkynyl, alkylaryl, alkenylaryl or alkynylaryl group which
optionally includes one or more heteroatoms in its carbon
skeleton. Preferably a hydrocarbyl group comprises 1-30,
1-20,1-15,1-12, 1-6 or 1-4 carbon atoms. Preferably a hydro-
carbyl group comprises 1-100, 1-50, 1-30, 1-20, 1-15, 1-10 or
1-6 atoms.

[0100] A substituted hydrocarbyl group may be substituted
with one or more of —F, —Cl, —Br, —I, —CF,, —CCl,,
—CBr;, —Cl;, —OH, —SH, —NH,, —N;, —NH—NH,,
—CN, —NO,, —COOH, —R*-0—R?, —R*-S—R’,
—R“-SO—R’, —R*“ SO, R®’ —R*“ SO, OR’
—R*0—80,—R’, —R*“-80,—NR),, —R*“NR*—
SO, R, —R“0O-—S0, OR®’, —R°0—S0,—N(R),,
—R*—NR*—S0,—OR?, —R*NR*—80,—N(R),,
—R*N(R),, —R*—N(R),*, —R*—B(R),, —R*—P[R?)
2»—R“—POR’),, —R*—Si(R?);,—R*—CO—R?, —R*"—
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CO—OR®?, —R*0—CO—R?, —R*—CO—N(R"),,—R"—
NR?—CO—R?, —R*0—CO—OR?, —R“0—CO—N(R?)
5 —R*—NR’—CO—OR’, —R“—NR’—CO—N(R?),,
R CS—R’, —R* CS—OR?) RO CS R’
—R*—(CS—NR"),, —R*—NR’—CS—R’, —RO—
CS—OR®?, —R*O—CS—N(R? ), —R4NR*—CS—OR?,
—R*NR*—CS—N(R?),, —R?, or a monosaccharide sub-
unit;

[0101] preferably a substituted hydrocarbyl group may be
substituted with one or more of —F, —Cl, —Br, —I, —CF;,
—CCl,, —CBr,, —Cl,, —OH, —SH, —NH,, —N,,
—NH=NH,, —CN, —NO,, —COOH, —R*—0—R?,
—R*-SR’, —SO-R’) SO, R’ —SO, OR’
—0—S0,—R’,—0—S0,—OR?, —R* N(R”),,—R*—
N(RY),*, —R“-Si(R", —R*-CO-R?’ —R* CO—
OR®’, —R°0—CO—R®’, —R*-CO-NR?, —R"—

NR>—CO—R®’, —R°0—CO—OR?>, —R* CS—R’
—R®, or a monosaccharide subunit;

[0102] wherein:

[0103] —R*—isindependently a chemical bond, or a sub-

stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton and preferably comprises 1-10 carbon
atoms; and

[0104] —R?is independently hydrogen, an optionally sub-
stituted monosaccharide subunit, or a substituted or unsub-
stituted, straight-chain, branched or cyclic alkyl, alkenyl,
alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alky-
laryl, alkenylaryl or alkynylaryl group which optionally
includes one or more heteroatoms in its carbon skeleton and
preferably comprises 1-15 carbon atoms.

[0105] Any substituent, for example on a monosaccharide
subunit or on a hydrocarbyl group, may be protected. Suitable
protecting groups for protecting substituents are known in the
art, for example from ‘Protective Groups in Organic Synthe-
sis’ by Theodora W. Greene and Peter G. M. Wuts (Wiley-
Interscience, 3" edition, 1999).

[0106] In one embodiment, the compound of the present
invention is a salt, preferably a pharmaceutically acceptable
salt.

[0107] In one embodiment, the compound comprises at
least one monosaccharide subunit comprising a glycosidic
—NR, group or a directly bonded —NR group. In another
embodiment, the compound comprises a sequence of at least
two monosaccharide subunits linked by a glycosidic —NR—
group or a directly bonded —N— group.

In preferred embodiments of the present invention:

[0108] (a) one R group is not hydrogen; and/or
[0109] (b) two R groups are not hydrogen; and/or
[0110] (c)oneR group is amonosaccharide subunit and one

R group is a hydrocarbyl group; and/or

[0111] (d) one R group is a monosaccharide subunit and
one R group is hydrogen;

[0112] and/or

[0113] (e) one R group is a hydrocarbyl group and one R

group is hydrogen; and/or
[0114] (f)two R groups are independently monosaccharide
subunits; and/or

[0115] (g) two R groups are independently hydrocarbyl
groups; and/or
[0116] (h) one or two R groups are independently hydro-

gen, or an alkyl, acyl or alkoxycarbonyl group; and/or
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[0117] (i) oneortwo R groups are independently hydrogen,
or a C,-Cq alkyl, C,-C; acyl, C,-C; halo-acyl, or C, 5,
alkoxycarbonyl group; and/or

[0118] (j) oneor two R groups are independently a methyl,
ethyl, acetyl, trifluoroacetyl, Boc, Fmoc, or Zervas group.
[0119] Inoneembodiment of the present invention, none of
the R groups are a—SO,—OR' or —SO,—N(R"), group. In
another embodiment, none of the R groups are acyl. In
another embodiment, none of the R groups contain an aro-
matic group.

[0120] Inone embodiment of the present invention, each R
group that is not hydrogen contains 1-12 carbon atoms. Each
R group that is not hydrogen may contain 1-7, 1-6 or 1-4
carbon atoms. Each R group that is not hydrogen may contain
at least 1, at least 2, at least 3, at least 4, at least 5, or at least
6 carbon atoms.

[0121] Inone embodiment of the present invention, each R
group contains 1-200 atoms. Each R group may contain
1-100, 1-50, 1-30, 1-20, 1-15, 1-10 or 1-5 atoms. Each R
group may contain at least 2, at least 4, at least 6, at least 8, or
at least 10 atoms.

Preferably the compounds of the present invention comprise:

[0122] (a) at least two or at least three sulphate groups;
and/or
[0123] (b) at least one —O—S0O,—OR', —NR'—SO,—

OR', or —O—S0,—N(R"), group; and/or

[0124] (c) at least one —OSO;R' group; and/or

[0125] (d) at least two monosaccharide subunits, each of
which is substituted with at least one sulphate group; and/or
[0126] (e) at least one pyranosyl subunit, which is substi-
tuted with one, two or three sulphate groups in the 2-, 3-
and/or 6-position relative to the anomeric carbon of the pyra-
nosyl subunit; preferably the pyranosyl subunit is part of a
disaccharide; and/or

[0127] (D) at least one pyranosyl subunit, which is substi-
tuted with two or three sulphate groups in the 2-, 3- and/or
6-position relative to the anomeric carbon of the pyranosyl
subunit; preferably the pyranosyl subunit is part of a disac-
charide; and/or

[0128] (g) a first pyranosyl subunit, which is substituted
with one sulphate group in the 2- or 6-position relative to the
anomeric carbon of the pyranosyl subunit, and a second pyra-
nosyl subunit, which is substituted with one sulphate group in
the 2- or 3-position relative to the anomeric carbon of the
pyranosyl subunit and one sulphate group in the 6-position
relative to the anomeric carbon of the pyranosyl subunit;
preferably the first and second pyranosyl subunits form a
disaccharide; and/or

[0129] (h) at least one pyranosyl subunit, which is substi-
tuted with one or two sulphate groups in the 4- and/or 6-po-
sition relative to the anomeric carbon of the pyranosyl sub-
unit; preferably the pyranosyl subunit is part of an
oligosaccharide or a polysaccharide; and/or

[0130] (i) atleast one, two or three sulphate groups, located
on primary hydroxy] positions; and/or

[0131] (j) a sulphate group which is provided on a
monosaccharide subunit comprising a glycosidic amine
group.

[0132] Inoneembodiment ofthe present invention, some or
all of the sulphate groups are directly linked to a monosac-
charide subunit, such that the —O—SO,—OR', —NR'—
SO,—OR!, —0—S0O,—N(R"), or —NR'—S0,—N(R"),
group concerned is directly bonded to a carbon atom of the
backbone of a monosaccharide subunit without any interven-
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ing atoms being present. Preferably 1,2, 3,4, 5, 6,7, 8, or all
sulphate groups are directly linked to a monosaccharide sub-
unit.

[0133] Inapreferred embodiment, 1-50, or 2-30, 0r3-15, or
6-12, or all the hydroxyl groups on the monosaccharide sub-
units independently have been replaced with a sulphate
group. The specified range relates to the total number of
hydroxyl groups that have been replaced with a sulphate
group across all the monosaccharide subunits within the com-
pound.

[0134] Inanother preferred embodiment, 1-9, or2-8, or3-4
hydroxyl groups on each of 1, 2, 3, 4, 5, 6, 7, 8, or all
monosaccharide subunits independently have been replaced
with a sulphate group. Here, the specified range relates to the
number of hydroxyl groups that have been replaced with a
sulphate group per individual monosaccharide subunit within
the compound, and the specified number relates to the number
of monosaccharide subunits on which the specified replace-
ment has occurred.

[0135] Where the compound of the present invention com-
prises a disaccharide or a disaccharide subunit (i.e. two
monosaccharide subunits directly linked to each other), in
one embodiment, one, two or three hydroxyl groups of the
disaccharide or disaccharide subunit have been replaced with
a sulphate group. In such an embodiment, the replacement
ratio A:B, in relation to the number of hydroxyl groups
replaced by sulphate groups on the first monosaccharide sub-
unit (A) and on the second monosaccharide subunit (B) of the
disaccharide or disaccharide subunit is preferably 2:1, 1:2,
2:0,0:2,1:1,0:1 or 1:0.

[0136] In another preferred embodiment, the compound is
a partially or fully sulphated saccharide.

In preferred embodiments of the present invention:

[0137] (a) R'is independently hydrogen, a metal, or a sub-
stituted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, ary-
lalkynyl, alkylaryl, alkenylaryl or alkynylaryl group which
optionally includes one or more heteroatoms in its carbon
skeleton and preferably comprises 1-15 carbon atoms; and/or
[0138] (b)R'is independently hydrogen, an alkali metal, an
earth alkali metal, copper, silver, zinc, ora C,-C alkyl group.
[0139] When R' is a metal, then typically —OSO;R' is
—080," Li*, —0S0, Na*, —0S0,"K*, —0S0,~Cu*, or
—08S0;7Ag", or two —OSO;R’' together are (—OS0;7)
SMg?, (—0S0;7),Ca**, (—080,7),Cu®*, or (—080;7)
LZn**, or three —OSO,R' together are (—O0SQ,7),AP*;
typical —NR'—SO,—OR' groups comprise the same metal
cations.

Preferably the compounds of the present invention comprise:

[0140] (a) 1-100, 1-20, 2-10, or 2-4 monosaccharide sub-
units; and/or
[0141] (b)1,2,3,4,5,6,7,8,9,100r more monosaccharide

subunits; and/or

[0142] (c)asequenceof1,2,3,4,5,6,7,8,9, 10 or more
monosaccharide subunits.

[0143] It is preferred that, in total, including any further
monosaccharide subunits, the compounds of the present
invention contain one to twelve monosaccharide subunits,
preferably one to eight monosaccharide subunits, preferably
one to six monosaccharide subunits, preferably two to four
monosaccharide subunits, preferably two to three monosac-
charide subunits. Alternatively, the compounds may contain,
in total, including any further monosaccharide subunits, one
monosaccharide subunit, or two monosaccharide subunits, or
three monosaccharide subunits, or four monosaccharide sub-
units, or five monosaccharide subunits, or six monosaccha-
ride subunits, or seven monosaccharide subunits, or eight
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monosaccharide subunits, or nine monosaccharide subunits,
or ten monosaccharide subunits, or eleven monosaccharide
subunits, or twelve monosaccharide subunits.

[0144] All monosaccharide subunits are independently
aldosyl or ketosyl monosaccharides. Preferably, 1, 2, 3, 4, or
all monosaccharide subunits of the compounds of the present
invention are independently triosyl, tetrosyl, pentosyl, hexo-
syl, heptosyl, octosyl or nonosyl monosaccharides. More
preferably, 1, 2, 3, 4, or all monosaccharide subunits are
independently glycerosyl, erythrosyl, threosyl, ribosyl, ara-
binosyl, xylosyl, lyxosyl, allosyl, altrosyl, glucosyl, manno-
syl, gulosyl, idosyl, galactosyl, talosyl, thamnosyl or fucosyl
monosaccharides. All monosaccharide subunits are indepen-
dently in the D- or L-configuration.

[0145] In a preferred embodiment, 1, 2, 3, 4, or all
monosaccharide subunits are independently tetrosyl
monosaccharides or higher, and the ring of those monosac-
charides is furanosyl. In an alternative preferred embodiment,
1, 2, 3, 4, or all monosaccharide subunits are independently
pentosyl monosaccharides or higher, and the ring of those
monosaccharides is pyranosyl.

[0146] The stereochemistry of each glycosidic bond is
independently c or .

A preferred compound of the present invention is:

[0147] (a) a glucosylamine;
[0148] (b) B.p-di-glucosylamine;
[0149] (c) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or

octasulphated f,p-di-glucosylamine, or a mixture thereof;
[0150] (d) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or
octasulphated N-acetyl-f,[-di-glucosylamine, or a mixture
thereof;,

[0151] (e) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or
octasulphated N-ethyl-f,p-di-glucosylamine, or a mixture
thereof;

[0152] (D) a sulphated di-(4,4'-glucosylglucosyl)amine;
[0153] (g) 1-benzamido-1-deoxy-2,3,4,6-tetra potassium
sulphonatoglucose; or

[0154] (h) 1-N-octyl-1-N-decanoyl-1-amino- 1-deoxy-6-
potassium sulphonate-muramyl-D-isoglutamyl-alanine.
[0155] In one embodiment of the present invention, two R
groups and the nitrogen atom to which they are attached,
together do not form a heterocyclic aromatic group. In
another embodiment, the atom connectivity S—O—P is not
present in any monosaccharide subunit and/or in the entire
compound. In yet another embodiment, the compound does
not contain the group —O—P(—O0)(OH)—0O—SO,0H. In
another embodiment, the compound is not a nucleoside and/
or not a nucleotide. In yet another embodiment, the com-
pound does not comprise a ribose subunit comprising a gly-
cosidic tertiary amine.

A third aspect of the present invention provides a compound
having the formula (I):

O

RO OR!
R"O N (6]
OR” R'0
wherein:
[0156] R is Ac, Me, Et, COCF,, or COPh;

[0157] each R" is SO;R' or H with at least one R" being
SO;R'; and
[0158] eachR'is H, Li, NaorK;

or a tautomer, a stereoisomer or a salt thereof.
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[0159] The 8 R" groups may be 8xSO,R’, or 7xSO,R' and
1xH, or 6xSO,R" and 2xH, or 5xSO;R' and 3xH, or 4xSO;R’
and 4xH, or 3xSO;R" and 5xH, or 2xSO,R' and 6xH, or
1xSO,R" and 7xH.

The third aspect of the present invention further provides a
compound having the formula (II):

R"O
RO 9 RO
R0 OR'
R"O N (6}
OR" R'O
wherein:
[0160] R is Ac, Me, Et, COCF;, or COPh;
[0161] each R" is SO,R' or H with at least one R" being
SO,R'; and
[0162] eachR'is H,Li,NaorK;

or a tautomer, a stereoisomer or a salt thereof.

[0163] The 14 R" groups may be 14xSO;R", or 13xSO,R’
and 1xH, or 12xSO,R' and 2xH, or 11xSO,R" and 3xH, or
10xSO,R" and 4xH, or 9xSO,R' and 5xH, or 8xSO,R' and
6xH, or 7xSO;R" and 7xH, or 6xSO,R" and 8xH, or 5xSO;R’
and 9xH, or 4xSO,R" and 10xH, or 3xSO,R" and 11xH, or
2xSO;R" and 12xH, or 1xSO;R" and 13xH.

The third aspect of the present invention further provides a
compound having the formula (III):

a

0S0sK* ¢

HO,C

NHR

wherein R is H, CHO or COMe;

or a tautomer, a stereoisomer or a salt thereof.

The third aspect of the present invention further provides a
compound having the formula (IV):

Y
R"0

R"O
NHR
R"O

OR"

wherein:

[0164] R is Ac, Me, Et, COCF;, or COPh;

[0165] each R" is SO;R' or H with at least one R" being
SO;R"; and

[0166] eachR'is H, Li,NaorK;

or a tautomer, a stereoisomer or a salt thereof.
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[0167] The 4 R" groups may be 4xSO,R’, or 3xSO,R' and
1xH, or 2xSO,R" and 2xH, or 1xSO,R" and 3xH.
[0168] The third aspect of the present invention further

provides stereoisomers of the compounds having formula (I),
(I, (1IT) or (IV) as defined above.

(I

OR"
ORN
0]
R"O
[0169] Thecompounds ofthe first, second and third aspects

of the present invention can be used both, in their free base
form and their acid addition salt form. For the purposes of this
invention, a ‘salt’ of a compound of the present invention can
be an acid addition salt. Acid addition salts are preferably
pharmaceutically acceptable, non-toxic addition salts with
suitable acids, including but not limited to inorganic acids
such as hydrohalogenic acids (for example, hydrofluoric,
hydrochloric, hydrobromic or hydroiodic acid) or other inor-
ganic acids (for example, nitric, perchloric, sulphuric or phos-
phoric acid); or organic acids such as organic carboxylic acids
(for example, propionic, butyric, glycolic, lactic, mandelic,
citric, acetic, benzoic, salicylic, succinic, malic or hydrox-
ysuccinic, tartaric, fumaric, maleic, hydroxymaleic, mucic or
galactaric, gluconic, pantothenic or pamoic acid), organic
sulphonic acids (for example, methanesulphonic, trifluo-
romethanesulphonic, ethanesulphonic, 2-hydroxyethanesul-
phonic, benzenesulphonic, toluene-p-sulphonic, naphtha-
lene-2-sulphonic or camphorsulphonic acid) or amino acids
(for example, ornithinic, glutamic or aspartic acid). A pre-
ferred salt is a hydrohalogenic, sulphuric, phosphoric or
organic acid addition salt. The acid addition salt may be a
mono-, di-, tri-, tetra- or multi-acid addition salt, or a mixture
thereof. A preferred salt is a multi-acid addition salt.

[0170] Thecompounds ofthe first, second and third aspects
of the present invention can also be used both, in their free
acid form and their salt form. For the purposes of this inven-
tion, a ‘salt’ of a compound of the present invention can also
be formed between a carboxylic acid, sulphate, or other suit-
able functionality of a compound of the present invention and
a suitable cation. Suitable cations include, but are not limited
to, sodium, potassium, magnesium, calcium, ammonium and
choline. The salt may be a mono-, di-, tri-, tetra- or multi-salt,
or a mixture thereof. Preferably the salt is a multi-sodium,
potassium, magnesium, calcium, ammonium or choline salt.
More preferably the salt is a multi-potassium salt. Preferably
the salt is a pharmaceutically acceptable salt. In one embodi-
ment of the present invention, each sulphate group of a com-
pound of the present invention exists in its salt form.

[0171] In addition to pharmaceutically acceptable salts,
other salts are included in the present invention, since they
have potential to serve as intermediates in the purification or
preparation of other, for example pharmaceutically accept-
able, salts, or are useful for identification, characterisation or
purification of the compounds of the present invention.
[0172] The present invention encompasses salts, deriva-
tives, solvates, clathrates and/or hydrates (including anhy-



US 2011/0044901 Al

drous forms) of the compounds of the present invention.
Preferably these are pharmaceutically acceptable salts,
derivatives, solvates, clathrates and/or hydrates (including
anhydrous forms) of the compounds of the present invention.
[0173] The present invention encompasses quaternary
ammonium salts of the compounds of the first, second and
third aspects of the present invention, wherein the nitrogen of
the glycosidic amine group is further substituted by a sub-
stituent other than hydrogen, resulting in a positive charge on
the nitrogen, balanced by a suitable counter-anion. Preferably
the substituent is alkyl, preferably methyl or ethyl. Suitable
counter-anions include any of those formed in the process of
generating acid addition salts as discussed above. Preferably,
the compounds of the present invention do not exist as qua-
ternary ammonium salts.

[0174] Thecompounds ofthe first, second and third aspects
of the present invention may contain one or more chiral cen-
tres. The compounds may therefore exist in two or more
stereoisomeric forms. The present invention encompasses
racemic mixtures of the compounds of the present invention
as well as enantiomerically enriched and substantially enan-
tiomerically pure isomers of the compounds of the present
invention. For the purposes of this invention, a ‘substantially
enantiomerically pure’ isomer of a compound comprises less
than 5% of other isomers of the same compound, preferably
less then 3%, preferably less than 2%, preferably less than
1%, preferably less than 0.5%.

[0175] For the purposes of all aspects of the present inven-
tion, an ‘alkyl’ group is defined as a monovalent saturated
hydrocarbon, which may be straight-chained or branched, or
be or include cyclic groups. Examples of alkyl groups are
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl and
n-pentyl groups. Preferably an alkyl group is straight-chained
or branched and does not include any heteroatoms in its
carbon skeleton. Preferably an alkyl group is a C,-C, , alkyl
group, which is defined as an alkyl group containing from 1 to
12 carbon atoms. More preferably an alkyl group is a C,-Cq
alkyl group, which is defined as an alkyl group containing
from 1 to 6 carbon atoms. An alkyl group may alsobea C,-C,
alkyl group, which is defined as an alkyl group containing
from 1 to 4 carbon atoms. An ‘alkylene’ group is similarly
defined as a divalent alkyl group.

[0176] An ‘alkenyl’ group is defined as a monovalent
hydrocarbon, which comprises at least one carbon-carbon
double bond, which may be straight-chained or branched, or
be or include cyclic groups. Examples of alkenyl groups are
vinyl, allyl, but-1-enyl and but-2-enyl groups. Preferably an
alkenyl group is straight-chained or branched and does not
include any heteroatoms in its carbon skeleton. Preferably an
alkenyl group is a C,-C, , alkenyl group, which is defined as
an alkenyl group containing from 2 to 12 carbon atoms. More
preferably an alkenyl group is a C,-C alkenyl group, which is
defined as an alkenyl group containing from 2 to 6 carbon
atoms. An alkenyl group may also be a C,-C, alkenyl group,
which is defined as an alkenyl group containing from 2 to 4
carbon atoms. An ‘alkenylene’ group is similarly defined as a
divalent alkenyl group.

[0177] An ‘alkynyl’ group is defined as a monovalent
hydrocarbon, which comprises at least one carbon-carbon
triple bond, which may be straight-chained or branched, or be
or include cyclic groups. Examples of alkynyl groups are
ethynyl, propargyl, but-1-ynyl and but-2-ynyl groups. Pref-
erably an alkynyl group is straight-chained or branched and
does not include any heteroatoms in its carbon skeleton. Pref-
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erably an alkynyl group is a C,-C, , alkynyl group, which is
defined as an alkynyl group containing from 2 to 12 carbon
atoms. More preferably an alkynyl group is a C,-C, alkynyl
group, which is defined as an alkynyl group containing from
2 to 6 carbon atoms. An alkynyl group may also be a C,-C,
alkynyl group, which is defined as an alkyny! group contain-
ing from 2 to 4 carbon atoms. An ‘alkynylene’ group is simi-
larly defined as a divalent alkynyl group.

[0178] An ‘acyl’ group is defined as a —COR™ group,
wherein R* is hydrogen, or an optionally substituted alkyl,
alkenyl, alkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl,
alkylaryl, alkenylaryl or alkynylaryl group. Examples of acyl
groups are formyl, acetyl, trifluoroacetyl, propanoyl and ben-
zoyl groups. Preferably an acyl group is straight-chained or
branched and does not include any heteroatoms in its carbon
skeleton. Preferably an acyl group is a C,-C,, acyl group,
which is defined as an acyl group containing from 1 to 12
carbon atoms. More preferably an acyl group is a C,-C acyl
group, which is defined as an acyl group containing from 1 to
6 carbon atoms. An acyl group may also be a C,-C, acyl
group, which is defined as an acyl group containing from 1 to
4 carbon atoms. An acyl group may also contain 1, 2,3, 4, 5
or 6 carbon atoms.

[0179] An ‘aryl’ group is defined as a monovalent aromatic
hydrocarbon. Examples of aryl groups are phenyl, naphthyl,
anthracenyl and phenanthrenyl groups. Preferably an aryl
group does not include any heteroatoms in its carbon skel-
eton. Preferably an aryl group is a C,-C, , aryl group, which is
defined as an aryl group containing from 4 to 14 carbon
atoms. More preferably an aryl group is a C-C, , aryl group,
which is defined as an aryl group containing from 6 to 10
carbon atoms. An ‘arylene’ group is similarly defined as a
divalent aryl group.

[0180] For the purposes of the present invention, where a
combination of groups is referred to as one moiety, for
example, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alk-
enylaryl or alkynylaryl, the last mentioned group contains the
atom by which the moiety is attached to the rest of the mol-
ecule. A typical example of an arylalkyl group is benzyl.
[0181] For the purposes of this invention, a substituted
group may be substituted monovalently with one or more of
—F,—Cl, —Br, —I,—CF;, —CCl;,—CBr,, —Cl;, —OH,
—SH, —NH,, —N;, —NH=—NH,, —CN, —NO,,
—COOH, —RF—0O—RY, —RF—S—RY, —RF—-SO—R’,
—RP80,RY, —RPS0O,—ORY, —RFOSO,— R,
—RF—S0,—N@R"),, —RPF—NR"—SO,—RY, —RPO—
SO,—ORY, —RPO—80, NR"),, —RPNR" S0,
OR', —RF—NR"—S0,—N(R"),, —R*—N(R"),, —RF—N
(R");", —RP—B(RY),, —RP_P(R"),, —RF—PORY),
—RF—SiR",, —RP—CO—RY, —RF—CO—OR’,
—RPO—CO—RY, —RF_CO—NR"),, —RFNR—
CO—R", —RPO—CO—OR', —RPO—CO—NRY),,
—RP—NRY—CO—OR?, —RP_NR'—CO—N(R"),,
—RP—CS—R", —RPCS—OR', —RPO—CS—R,
—RPCS—NRY),, —RPNR'—CS— R, —RPO—CS—
OR'", —RFO—CS—N(RY),, —RF-NR"CS—OR,
—RPNR'—CS—N(RY),, or —RY; preferably monov-
alently with one or more of —F, —CI, —Br, —I, —CF;,
—CCl;, —CBr;, —Cl;, —OH, —SH, —NH,, —N;,
—NH=NH,, —CN, —NO,, —COOH, —RF—0O—R’,
—RP-S R, —SO-R, —SO,R, —SO, OR,
—0—S0,—R', —0—S0,—ORY, —RF—N(R"),, —RF—
NRY),, —RP—Si(R"),, —RF—CO—RY, —RP—CO—OR?",
—RPFO—CO—RY, —RF—CO—N({R"),, —RPF—NR'—
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CO—R", —RPO—CO—OR". —RP—CS—R", or —R"; or
divalently with one or more of —RP— —0, =S, or =NR?;
or trivalently with one or more of —N—RP—. Tn this context,
—RP— is independently a chemical bond, or a substituted or
unsubstituted alkylene, alkenylene or alkynylene group,
optionally including one or more heteroatoms in its carbon
skeleton. —R" is independently hydrogen, or a substituted or
unsubstituted alkyl or aryl group, optionally including one or
more heteroatoms in its carbon skeleton. Optional substituent
(s) are not taken into account when calculating the total num-
ber of carbon atoms in the parent group substituted with the
optional substituent(s). Preferably the total number of carbon
atoms in any given —R" or —RP— group, including any
further substitution on that group, is 1-50, preferably 1-20,
preferably 1-10, preferably 1-6. Preferably a substituted
group comprises 1, 2 or 3 substituents, preferably 1 or 2
substituents, preferably 1 substituent.

[0182] Any optional substituent may be protected. Suitable
protecting groups for protecting optional substituents are
known in the art, for example from ‘Protective Groups in
Organic Synthesis’ by Theodora W. Greene and Peter G. M.
Wauts (Wiley-Interscience, 3" edition, 1999),

[0183] For the purposes of this invention, a heteroatom is
preferably a B, Si, N, P, O or S; more preferably a heteroatom
isaN,OorS.

[0184] A fourth aspect of the present invention provides a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive comprising a polysaccharide, oligosaccharide, peptide or
protein covalently linked to a compound of the first, second or
third aspect of the present invention.

[0185] As used herein, the term ‘peptide’ refers to a group
comprising 1 to 50 amide bonds. As used herein, the term
‘protein’ refers to a group comprising 51 or more amide
bonds. A peptidyl or proteinyl group may comprise any type
of amino acid subunit. The amino acid subunits may be natu-
rally occurring or synthetic. Preferably, all amino acid sub-
units are naturally occurring. The amino acid subunits may be
a-, B-, y- or 8-amino acid subunits, or a mixture thereof.
Preferably, all amino acid subunits are a-amino acid subunits.
[0186] Any polysaccharide, oligosaccharide, peptide or
protein derivative of the present invention may be further
protected and/or sulphated. Suitable protecting groups for
protecting polysaccharide, oligosaccharide, peptide and pro-
tein derivatives are known in the art, for example from ‘Pro-
tective Groups in Organic Synthesis’ by Theodora W. Greene
and Peter G. M. Wuts (Wiley-Interscience, 3™ edition, 1999).
[0187] Preferably, inany of the above aspects of the present
invention, the total number of amino acid residues within the
compound or polysaccharide, oligosaccharide, peptide or
protein derivative is in the range of from 1 to 1,000, preferably
1to 100, preferably 1 to 10, preferably 2 to 8.

[0188] Preferably,inany of the above aspects of the present
invention, the molecular weight of the compound or polysac-
charide, oligosaccharide, peptide or protein derivative is in
the range of from 100 to 100,000 Da, preferably 100 to 50,000
Da, preferably 200 to 10,000 Da, preferably 300 to 5,000 Da,
preferably 500 to 3,500 Da.

[0189] Preferably, inany of the above aspects of the present
invention, the total number of carbon atoms in the compound
or polysaccharide, oligosaccharide, peptide or protein deriva-
tive is in the range of from 4 to 10,000, preferably 4 to 1,000,
preferably 6 to 500, preferably 6 to 100, preferably 6 to 50.
[0190] Preferably, inany of the above aspects of the present
invention, the total number of atoms in the compound or
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polysaccharide, oligosaccharide, peptide or protein deriva-
tiveis in the range of from 4 to 50,000, preferably 4 to 10,000,
preferably 6 to 5,000, preferably 6 to 1,000, preferably 6 to
250, preferably 10 to 100.

[0191] Preferably,inany of the above aspects of the present
invention, the total number of monosaccharide subunits in the
compound or polysaccharide, oligosaccharide, peptide or
protein derivative is in the range of from 1 to 1000, preferably
1 to 100, preferably 1 to 10, preferably 2 to 8.

[0192] Preferably,inany of the above aspects of the present
invention, the total number of glycosidic bonds in the com-
pound or polysaccharide, oligosaccharide, peptide or protein
derivative is in the range of from 1 to 1,000, preferably 1 to
100, preferably 1 to 10, preferably 2 to 8.

[0193] A fifth aspect of the present invention provides a
mixture of any of the compounds or polysaccharide, oligosac-
charide, peptide or protein derivatives of the present inven-
tion, wherein the compounds or derivatives differ only in their
stereochemistry at the anomeric centre and/or in their degree
of sulphation and/or their position of sulphation. Preferably
50%, 75%, 80%, 85%, 90%, 95% or 99% of the compounds
or derivatives lie within three consecutive degrees of sul-
phation. Preferably the three consecutive degrees of sul-
phation are three- to five-fold sulphation, four- to six-fold
sulphation, or five- to seven-fold sulphation.

[0194] For the purposes of the present invention, a ‘sul-
phate group’ is a —O—SO,—OR', —NR'—S0,—OR,
—0—S0,—N{R"), or —NR-—SO,—N(R"), group,
wherein each R' is independently hydrogen, a metal, a
monosaccharide subunit, or a hydrocarbyl group. Preferably
asulphate group isa—OSO,R' group. Preferably R'is hydro-
gen. The terms ‘sulphated” and ‘sulphation’ are defined
accordingly.

[0195] For the purposes of the present invention, the term
‘x- to y-fold sulphation’ means a mixture of sulphated com-
pounds, 80%, 85%, 90% or more of which have from x 10 y
sulphate groups. Thus, for example, a ‘three- to five-fold
sulphated compound’ is a mixture of compounds, 80%, 85%,
90% or more of which have from three to five sulphate
groups. A compound of the present invention, which is of a
specific degree of sulphation, i.e. a compound comprising x
sulphate groups, may be a mixture of regioisomers, in which
the positions of the sulphate groups on the compound vary.
[0196] The compounds of the present invention can be pre-
pared as mixtures of x- to y-fold sulphated compounds.
Examples of such methods of preparation are set out in the
synthetic examples below.

[0197] Alternatively, if sulphation at specific positions of
the compounds is desired, then substituents, in particular
hydroxyl groups, on the monosaccharide subunit(s) may need
protecting prior to directed sulphation. Suitable protecting
groups are known in the art, for example, from ‘Protective
Groups in Organic Synthesis’ by Theodora W. Greene and
Peter G. M. Wuts (Wiley-Interscience, 3 edition, 1999).
Methods of protecting and sulphating saccharides are also
known, for example, from ‘Monosaccharides, Their Chemis-
try and Their Roles in Natural Products’ by Peter Collins and
R. Ferrier (John Wiley & Sons, 1998), ‘Carbohydrate Chem-
istry’ by Benjamin G. Davis and Antony J. Fairbanks (Oxford
Chemistry Primers, Oxford University Press, 2002), and
‘Preparative Carbohydrate Chemistry” by Stephen Hanessian
(ed.) Marcel Dekker Ltd, 1997).

[0198] Preferred compounds of the present invention com-
prise at least one pyranosyl subunit, which is substituted with
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one, two or three sulphate groups in the 2-, 3- and/or 6-posi-
tion relative to the anomeric carbon of the pyranosyl subunit.
Other preferred compounds of the present invention comprise
a first pyranosyl subunit, which is substituted with one sul-
phate group in the 2- or 6-position relative to the anomeric
carbon of the pyranosyl subunit, and a second pyranosyl
subunit, which is substituted with one sulphate group in the 2-
or 3-position relative to the anomeric carbon of the pyranosyl
subunit and one sulphate group in the 6-position relative to the
anomeric carbon of the pyranosyl subunit. Other preferred
compounds of the present invention comprise at least one
pyranosyl subunit, which is substituted with one or two sul-
phate groups in the 4- and/or 6-position relative to the ano-
meric carbon of the pyranosyl subunit. Formula H below has
been marked with substituents X in the 2-, 3-, 4- and 6-posi-
tions relative to the anomeric carbon of the pyranosyl subunit:

XG

x4 X2

X3

[0199] A sixth aspect of the present invention provides a
method of synthesising a compound of the first aspect of the
present invention, comprising the sulphation of a compound
comprising:

[0200] at least one monosaccharide subunit comprising a
glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen, a—SO,—
OR'or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group;

[0201] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0202] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0203] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0204] or a salt thereof;

[0205] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate.

[0206] Preferably the method comprises the sulphation ofa
compound comprising at least one monosaccharide subumt
comprising a glycosidic —NR, group ora glycosidic —NR;*
group, or a tautomer or thereof.

[0207] The sixth aspect of the present invention further
provides a method of synthesising a compound of the second
aspect of the present invention, comprising the sulphation of
a compound comprising:

[0208] asequence of at least two monosaccharide subunits
linked by aglycosidic—NR— group, a glycosidic—NR,,*—
group, a directly bonded —N— group, or a directly bonded
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—NR*— group, wherein each R is independently hydrogen,
a—S0,—OR' or —SO,—N(R"), group, a further monosac-
charide subunit, or a hydrocarbyl group, or two R groups and
the nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group;

[0209] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0210] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,
and

[0211] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0212]

Preferably the method comprises the sulphation of a com-
pound comprising:

[0213] asequence of at least two monosaccharide subunits
linked by a glycosidic —NR— group or a glycosidic
—NR,*—group, wherein each R is independently hydrogen,
a further monosaccharide subunit, or a hydrocarbyl group, or
two R groups and the nitrogen atom to which they are
attached, together form a further monosaccharide subunit ora
cyclic hydrocarbyl group;

[0214] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0215] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0216]

[0217] Inany ofthe synthetic methods of the present inven-
tion, the compound may be O- and/or N-protected prior to
sulphation. Preferably, for O-protection, O-silyl, O-acetyl,
O-acyl, O-acetal, O-ketal, O-benzyl, O-benzoyl or O-THP
protection is used. Preferably, for N-protection, N-Boc,
N-Fmoc, N-Zervas, N-acetyl, N-acyl, N-alkyl or N-trifluoro-
acetyl protection is used.

[0218] Inoneembodiment of the sixth aspect of the present
invention, the sulphation is performed using sulphur trioxide
complexed to a nitrogen-containing base. Preferably the
nitrogen-containing base is pyridine. Preferably the pyridine
is used as solvent.

[0219] In another embodiment of the sixth aspect of the
present invention, the sulphation is performed using a halo-
sulphonic acid or a silyl-protected halosulphonic acid. Pref-
erably the halosulphonic acid or silyl-protected halosul-
phonic acid is chlorosulphonic acid or
trimethylsilylchlorosulphonate respectively.

[0220] A seventh aspect of the present invention provides a
product produced by any of the above methods.

[0221] An eight aspect of the present invention provides a
pharmaceutical composition comprising a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, or a product of the invention, and a pharma-
ceutically acceptable excipient, carrier or diluent.

or a salt thereof.

or a tautomer or a salt thereof.
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[0222] A compound, a polysaccharide, oligosaccharide,
peptide or protein derivative, a mixture, a product, or a phat-
maceutical composition of the present invention may be used
in medicine.

[0223] A ninth aspect of the present invention provides a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention for binding to a macro-
molecule. Preferably the macromolecule is a protein, peptide,
nucleic acid, lipid, polysaccharide, oligosaccharide, gly-
cosaminoglycan, or proteoglycan; more preferably the mac-
romolecule is a protein. The binding may result in the inhi-
bition, activation, modification, destruction, re-folding,
denaturisation, aggregation, or oligomerisation of the macro-
molecule; more preferably the binding results in the inhibi-
tion of the macromolecule. Alternatively, a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, or a product of the present invention, can be
used in the manufacture of a medicament for the inhibition,
activation, modification, destruction, re-folding, denaturisa-
tion, aggregation, or oligomerisation of a macromolecule.
Also encompassed is a method of inhibiting, activating,
modifying, destroying, re-folding, denaturising, aggregating,
oroligomerising amacromolecule, comprising administering
an effective amount of a compound, a polysaccharide, oli-
gosaccharide, peptide or protein derivative, a mixture, a prod-
uct, or a pharmaceutical composition of the present invention,
to a patient in need thereof.

[0224] In any use or method of the ninth aspect of the
present invention, preferably the macromolecule is a protein,
peptide, nucleic acid, lipid, polysaccharide, oligosaccharide,
glycosaminoglycan, or proteoglycan; more preferably the
macromolecule is a protein. Preferably the binding results in
the inhibition, activation, modification, destruction, re-fold-
ing, denaturisation, aggregation, or oligomerisation of the
macromolecule; more preferably the binding results in the
inhibition of the macromolecule.

[0225] Inanycompound, any polysaccharide, oligosaccha-
ride, peptide or protein derivative, any mixture, any product,
any pharmaceutical composition, any use or any method of
the ninth aspect of the invention, the binding can occur in
Vitro, eX vivo or in vivo.

In embodiments of the ninth aspect of the present invention,
the macromolecule may be:

(a) a member of the lectin family of proteins;

(b) a transmembrane glycoprotein,

(c) a member of the selectin sub-class of proteins, such as an
E-, L- or P-selectin;

(d) a member of the siglecs sub-class of proteins;

(e) a mannose binding protein or a mannose receptor;

(f) a glycosidase, such as a glucosidase, such as a f-glucosi-
dase;

(g) a growth factor, such as a granulocyte colony stimulating
factor (G-CSF), a granulocyte macrophage colony stimulat-
ing factor (GM-CSF), a nerve growth factor (NGF), a neu-
rotrophin, a platelet-derived growth factor (PDGF), erythro-
poietin (EPQO), thrombopoietin (TPQ), myostatin (GDF-8),
growth differentiation factor-9 (GDF9), a hepatocyte growth
factor, or a fibroblast growth factor (FGF);

(h) follistatin;

(1) a phosphorylase, such as a glycogen phosphorylase, a
starch phosphorylase, a maltodextrin phosphorylase, a
hepatic phosphorylase, phosphorylase a or phosphorylase b;
or
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(§) a cytokine receptor, such as a chemokine receptor, or a
cytokine, such as a chemokine, such as monocyte chemo-
attractant proteins MCP-1 or MCP-3.

[0226] A tenth aspect of the present invention provides a
method of modifying the level of a cytokine in vivo, ex vivo
or in vitro, said method comprising contacting a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, a product, or a pharmaceutical composition of
the present invention with a cell.

[0227] Aneleventh aspectofthe present invention provides
amethod of testing for a modification in the level of a cytok-
ine in vivo, ex vivo or in vitro, said method comprising con-
tacting a compound, a polysaccharide, oligosaccharide, pep-
tide or protein derivative, a mixture, a product, or a
pharmaceutical composition of the present invention with a
cell.

[0228] Preferably, in either the tenth or the eleventh aspect
of the present invention, the cytokine is selected from GM-
CSF, IL-1a, IL-14, IL-2, IL-4, IL-5, IL-6, 1L-7, 1L.-8, 11.-10,
IL-12,11-13,1L.-17, GCSF, VEGF, TNFa., RANTES, MCP-1
or IFNy. Preferably the modification is an increase or
decrease in the level of the cytokine. Preferably the modifi-
cation is to the level of the cytokine synthesised by the cell.
[0229] As used herein, the term ‘level of a cytokine’ refers
to the amount or concentration of the cytokine.

[0230] As used herein, ‘a method of testing for a modifica-
tion in the level of a cytokine’ includes testing for an increase,
a decrease, or no change in the level of that cytokine. Prefer-
ably, the test is for an increase or a decrease in the level of that
cytokine.

[0231] In preferred embodiments of the eleventh aspect of
the present invention, the method of testing relates to a
method of observing an increase or a decrease in the level of
the cytokine to be tested.

[0232] Preferably, in any embodiment of the eleventh
aspect of the present invention, the cytokine level is tested
using a radioimmunoassay, fluorescence activated cell sort-
ing (FACS), a Northern blot analysis for mRNA, a gene chip
assay, a gene activation assay, or an Enzyme-Linked Immu-
noSorbent Assay (ELISA or EIA) such as an indirect ELISA,
a sandwich ELISA, a competitive ELISA or an Enzyme-
Linked Immunosorbent Spot assay (ELISpot). Preferably an
ELISA is used. Preferably a bead-based sandwich ELISA is
used, allowing for the levels of multiple cytokines to be mea-
sured simultaneously.

[0233] In one embodiment of either the tenth or the elev-
enth aspect of the present invention, the modification is a
decrease in the level of GM-CSF, IL-1a, IL-18, IL-2, IL-4,
IL-5, 1L-6, IL-10, IL-13, IL-17, GCSF, TNFa. or IFNy.
[0234] In another embodiment of either the tenth or the
eleventhaspect ofthe present invention, the modification is an
increase in the level of IL-7 or VEGF.

[0235] Inyet another embodiment of either the tenth or the
eleventh aspect of the present invention, the modification is
no change or an increase in the level of IL-10.

[0236] In any embodiment of the tenth or the eleventh
aspect of the present invention, it is preferred that the method
comprises contacting the compound, polysaccharide, oli-
gosaccharide, peptide or protein derivative, mixture, product,
or pharmaceutical composition of the present invention with
ablood cell and/or ahuman cell. Where the cell is a blood cell,
it is preferred that the blood cell is an erythrocyte or a leuko-
cyte such as a neutrophil. basophil, eosinophil, lymphocyte,
monocyte, or macrophage.
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[0237] In any embodiment of the tenth or the eleventh
aspect of the present invention, it is preferred that the com-
pound, polysaccharide, oligosaccharide, peptide or protein
derivative, mixture, product, or pharmaceutical composition
of the present invention is in fluid communication with the
cell for at least 12 hours, preferably for at least 1,2, 3,4, S or
10 days. Preferably, the compound, polysaccharide, oligosac-
charide, peptide or protein derivative, mixture, product, or
pharmaceutical composition of the present invention is in
fluid communication with the cell at a concentration of
between 0.001 and 1000 pM, preferably between 0.005 and
200 puM, preferably between 0.0075 and 50 uM, preferably
about 0.01 pM.

[0238] In any embodiment of the tenth or the eleventh
aspect of the present invention, it is preferred that the method
is performed in vivo, preferably in such a manner that the
contacting occurs after gastrointestinal absorption of the
compound, polysaccharide, oligosaccharide, peptide or pro-
tein derivative, mixture, product, or pharmaceutical compo-
sition of the present invention, and/or preferably such that the
modification, increase or decrease of the cytokine level is
non-gastrointestinal.

[0239] Alternatively, in any embodiment of the tenth or the
eleventh aspect of the present invention, the method may be
performed in vitro, preferably for a non-therapeutic purpose.
[0240] In any embodiment of the eleventh aspect of the
present invention, it is preferred that the cytokine level is
tested at intervals of between 30 minutes and 10 days, pref-
erably at intervals of between 2 hours and 5 days, preferably
at intervals of between 12 hours and 2 days, preferably the
cytokine level is tested about once a day.

[0241] In any embodiment of the tenth or the eleventh
aspect of the present invention, it is preferred that the modi-
fication in the cytokine level occurs and/or is observed over a
period of at least 12 hours, preferably over at least 1, 2, 3, 4,
5or 10 days.

[0242] Itis generally preferred that the same type of modi-
fication of the cytokine level occurs over the entire period of
modification and/or observation, 1.e. that the cytokine level is
increased or decreased over the entire period. Alternatively,
however, the type of modification may change over the period
of modification and/or observation. For instance, a period of
increased cytokine level may be observed followed by a
period of decreased cytokine level, and vice versa. Alterna-
tively still, periods of increased and/or decreased cytokine
level may be accompanied by periods with no change in the
cytokine level.

[0243] Itis preferred that any increase and/or decrease in a
cytokine level is statistically significant. Preferably any
increase and/or decrease has a p-value of less than 0.2, less
than 0.1, less than 0.05, less than 0.01, Iess than 0.001, or less
than 0.0001.

[0244] In a further preferred embodiment, any increase
and/or decrease in a cytokine level is greater than 10%,
greater than 25%, greater than 50%, or greater than 75%.
[0245] Inany embodiment of the tenth aspect of the present
invention, the method may be a method of treating or prevent-
ing a disease or condition. Preferably the disease or condition
is a disease or condition dependent upon the level of a cytok-
ine. Preferably the disease or condition is inflammation, an
inflammatory disorder, a proliferative disorder, an immune
disorder, an autoimmune disorder, an angiogenesis-depen-
dent disorder, a sensitivity disorder, an adverse endocrine
reaction or a degenerative disorder. The disease or condition
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may be gastrointestinal or non-gastrointestinal. The disease
or condition may include any of those listed below.

[0246] In one embodiment of the eleventh aspect of the
present invention, the method may be a method of testing the
compound in order to determine its efficacy at treating or
preventing a disease or condition and/or its propensity for
inducing unwanted side-effects. In another embodiment of
the eleventh aspect of the present invention, the method may
be a method of testing for a disease or condition. Preferably
the disease, condition or side-effect is a disease, condition or
side-effect dependent upon the level of the cytokine to be
tested. Preferably the disease or condition is inflammation, an
inflammatory disorder, a proliferative disorder, an immune
disorder, an autoimmune disorder, an angiogenesis-depen-
dent disorder, a sensitivity disorder, an adverse endocrine
reaction or a degenerative disorder. The disease or condition
may be gastrointestinal or non-gastrointestinal. The disease
or condition may include any of those listed below.

[0247] A twelfth aspect of the present invention provides a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, for the treatment or
prevention of inflammation. Alternatively, a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, or a product of the present invention can be
used in the manufacture of a medicament for the treatment or
prevention of inflammation. Also encompassed is a method of
treating or preventing inflammation, comprising administer-
ing a therapeutically or prophylactically effective amount of
a compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, to a patient in need
thereof. Also encompassed is a method of modifying the level
of a cytokine in vivo, ex vivo or in vitro, said method com-
prising contacting a compound, a polysaccharide, oligosac-
charide, peptide or protein derivative, a mixture, a product, or
apharmaceutical composition of the present invention, with a
cell, wherein the method is a method of treating or preventing
inflammation.

[0248] In a preferred embodiment of the twelfth aspect of
the present invention, the inflammation is chronic inflamma-
tion. Preferably, the inflammation occurs as a result of an
inflammatory disorder, as a symptom of a non-inflammatory
disorder, or is secondary to trauma, injury or autoimmunity.

[0249] A thirteenth aspect of the present invention provides
a compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, for the treatment or
prevention of an inflammatory disorder, a proliferative disor-
der, an immune disorder, an angiogenesis-dependent disor-
der, a sensitivity disorder, an adverse endocrine reaction or a
degenerative disorder. Alternatively, a compound, a polysac-
charide, oligosaccharide, peptide or protein derivative, a mix-
ture, or a product of the present invention can be used in the
manufacture of a medicament for the treatment or prevention
of an inflammatory disorder, a proliferative disorder, an
immune disorder, an angiogenesis-dependent disorder, a sen-
sitivity disorder, an adverse endocrine reaction or a degenera-
tive disorder. Also encompassed is a method of treating or
preventing an inflammatory disorder, a proliferative disorder,
an immune disorder, an angiogenesis-dependent disorder, a
sensitivity disorder, an adverse endocrine reaction ora degen-
erative disorder, comprising administering a therapeutically
or prophylactically effective amount of a compound, a
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polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, a product, or a pharmaceutical composition of
the present invention, to a patient in need thereof. Also
encompassed is a method of modifying the level of a cytokine
in vivo, ex vivo or in vitro, said method comprising contacting
a compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, with a cell, wherein the
method is a method of treating or preventing an inflammatory
disorder, a proliferative disorder, an immune disorder, an
angiogenesis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder.

[0250] In one embodiment of the twelfth or thirteenth
aspect of the present invention, the inflammation, inflamma-
tory disorder, proliferative disorder, immune disorder, angio-
genesis-dependent disorder, sensitivity disorder, adverse
endocrine reaction or degenerative disorder is an inflamma-
tory bowel disease, Crohn’s disease, ulcerative colitis, collag-
enous colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis or indeterminate colitis. In yet another
embodiment, the inflammation, inflammatory disorder, pro-
liferative disorder, immune disorder, angiogenesis-depen-
dent disorder, sensitivity disorder, adverse endocrine reaction
or degenerative disorder is psoriasis, plaque psoriasis, pustu-
lar psoriasis, guitate psoriasis, psoriatic arthritis, inverse pso-
riasis or erythrodermic psoriasis. In another embodiment, the
inflammation, inflammatory disorder. proliferative disorder,
immune disorder, angiogenesis-dependent disorder, sensitiv-
ity disorder, adverse endocrine reaction or degenerative dis-
order is sarcoidosis, arthritis, theumatoid arthritis, osteoar-
thritis, Behcet’s syndrome, asthma, chronic obstructive
pulmonary disease, or atherosclerosis.

[0251] In another embodiment of the twelfth or thirteenth
aspect of the present invention, the inflammation, inflamma-
tory disorder, proliferative disorder, immune disorder, angio-
genesis-dependent disorder, sensitivity disorder, adverse
endocrine reaction or degenerative disorder is cancer, rest-
enosis, papilloma, polyposis, fibrosis, proliferative bronchi-
olitis, tumour growth, proliferative periostitis, proliferative
pulpitis, proliferative verrucous leukoplakia, or macular
degeneration. Alternatively the inflammation, inflammatory
disorder, proliferative disorder, immune disorder, angiogen-
esis-dependent disorder, sensitivity disorder, adverse endo-
crine reaction or degenerative disorder is an autoimmune
disorder, an immunodeficiency disorder, or a transplant rejec-
tion disorder including a disorder related to a transplant such
as a disorder related to a renal, hepatic, corneal, cartilage,
stem cell, chondrocyte, pulmonary, cardiac, vascular or
myeloid transplant. Preferably, the autoimmune disorder,
immunodeficiency disorder, or transplant rejection disorder
is HIV infection, AIDS, multiple sclerosis, systemic lupus
erythematosus or septic shock. The inflammation, inflamma-
tory disorder, proliferative disorder, immune disorder, angio-
genesis-dependent disorder, sensitivity disorder, adverse
endocrine reaction or degenerative disorder may also be an
allergy, a hyposensitivity or a hypersensitivity, preferably
hypersensitivity following the reactivation of herpes.

[0252] In yet another embodiment of the twelfth or thir-
teenth aspect of the present invention, the inflammation,
inflammatory disorder, proliferative disorder, immune disor-
der, angiogenesis-dependent disorder, sensitivity disorder,
adverse endocrine reaction or degenerative disorder is diabe-
tes. Preferably, the diabetes is diabetes mellitus, preferably
type 1, type 2, gestational, malnutrition related, or impaired
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glucose tolerance related. Alternatively, the diabetes is dia-
betes insipidus, preferably central, nephrogenic, dipsogenic,
or gestational.

[0253] In yet another embodiment of the twelfth or thir-
teenth aspect of the present invention, the inflammation,
inflammatory disorder, proliferative disorder, immune disor-
der, angiogenesis-dependent disorder, sensitivity disorder,
adverse endocrine reaction or degenerative disorder is a
degenerative disease or disorder, a degenerative joint disease,
a neurodegenerative disease, an inflammatory degenerative
disease, or an osteochondral defect. The inflammation,
inflammatory disorder, proliferative disorder, immune disor-
der, angiogenesis-dependent disorder, sensitivity disorder,
adverse endocrine reaction or degenerative disorder may also
be keratitis (including herpetic keratitis), herpes simplex or
shingles.

[0254] In one embodiment of the twelfth or thirteenth
aspect of the present invention, the inflammation, inflamma-
tory disorder, proliferative disorder, immune disorder, angio-
genesis-dependent disorder, sensitivity disorder, adverse
endocrine reaction or degenerative disorder is not, or does not
occur as a result of a gastrointestinal cancer or tumour, gas-
trointestinal polyposis, Crohn’s disease, ulcerative colitis,
collagenous colitis, lymphocytic colitis, ischaemic colitis,
diversion colitis, infective colitis or indeterminate colitis.
[0255] In another embodiment of the thirteenth aspect of
the present invention, the inflammatory disorder, proliferative
disorder, immune disorder, angiogenesis-dependent disorder,
sensitivity disorder, adverse endocrine reaction or degenera-
tive disorder is an autoimmune disease.

[0256] Preferably, the autoimmune disease is selected from
acute disseminated encephalitis, Addison’s disease, ankylos-
ing spondylitis, antiphospholipid antibody syndrome (APS),
aplastic anemia, autoimmune adrenalitis, autoimmune hepa-
titis, autoimmune oophoritis, autoimmune polyglandular
failure, autoimmune thyroiditis, Coeliac disease, Crohn’s dis-
ease, diabetes mellitus, Goodpasture’s syndrome, Graves’
disease, Guillain-Barré syndrome (GBS), Hashimoto’s dis-
ease, idiopathic thrombocytopenic purpura, Kawasaki’s dis-
ease, lupus erythematosus, multiple sclerosis, myasthenia
gravis, opsoclonus myoclonus syndrome (OMS), optic neu-
ritis, Ord’s thyroiditis, pemphigus, pernicious anaemia, pol-
yarthritis, primary biliary cirrhosis, rheumatoid arthritis,
Reiter’s syndrome, Sjogren’s syndrome, a systemic connec-
tive tissue disorder, Takayasu’s arteritis, temporal arteritis,
warm autoimmune hemolytic anemia, Wegener’s granuloma-
tosis, alopecia universalis, Behget’s disease, Chagas’ disease,
chronic fatigue syndrome, dysautonomia, endometriosis,
hidradenitis suppurativa, interstitial cystitis, Lyme disease,
neuromyotonia, psoriasis, sarcoidosis, schizophrenia, sclero-
derma, ulcerative colitis, vitiligo or vulvodynia. In one
embodiment, the autoimmune disease is not Coeliac disease,
Crohn’s disease or ulcerative colitis.

[0257] More preferably, the autoimmune disease is
selected from acute disseminated encephalitis, Addison’s dis-
ease, ankylosing spondylitis, antiphospholipid antibody syn-
drome (APS), aplastic anemia, autoimmune adrenalitis,
autoimmune hepatitis, autoimmune oophoritis, autoimmune
polyglandular failure, autoimmune thyroiditis, diabetes mel-
litus, Goodpasture’s syndrome, Graves’ disease, Guillain-
Barré syndrome (GBS), Hashimoto’s disease, idiopathic
thrombocytopenic  purpura, Kawasaki’s disease, lupus
erythematosus, multiple sclerosis, myasthenia gravis, opso-
clonus myoclonus syndrome (OMS), optic neuritis, Ord’s
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thyroiditis, pemphigus, pernicious anaemia, polyarthritis,
primary biliary cirrhosis, theumatoid arthritis, Reiter’s syn-
drome, Sjogren’s syndrome, a systemic connective tissue dis-
order, Takayasu’s arteritis, temporal arteritis, warm autoim-
mune hemolytic anemia or Wegener’s granulomatosis.
[0258] A fourteenth aspect of the present invention pro-
vides a compound, a polysaccharide, oligosaccharide, pep-
tide or protein derivative, a mixture, a product, or a pharma-
ceutical composition of the present invention, for the aid of
wound healing. Alternatively, a compound., a polysaccharide,
oligosaccharide, peptide or protein derivative, a mixture, or a
product of the present invention can be used in the manufac-
ture of a medicament for the aid of wound healing. Also
encompassed is a method of aiding wound healing, compris-
ing administering a therapeutically effective amount of a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, to a patient in need
thereof. Also encompassed is a method of modifying the level
of a cytokine in vivo, ex vivo or in vitro, said method com-
prising contacting a compound, a polysaccharide, oligosac-
charide, peptide or protein derivative, a mixture, a product, or
apharmaceutical composition of the present invention, with a
cell, wherein the method is a method of treating a wound or
aiding wound healing.

[0259] In one embodiment of the fourteenth aspect of the
present invention, the wound is chronic, and/or has arisen
from trauma, decubitis, cosmetic surgery, surgical therapy,
organ and tissue transplantation, insect bites or burns.
[0260] A fifteenth aspect of the present invention provides
a compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, for the treatment or
prevention of depression. Alternatively, a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, or a product of the present invention can be
used in the manufacture of a medicament for the treatment or
prevention of depression. Also encompassed is a method of
treating or preventing depression, comprising administering a
therapeutically or prophylactically effective amount of a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, to a patient in need
thereof. Also encompassed is a method of modifying the level
of a cytokine in vivo, ex vivo or in vitro, said method com-
prising contacting a compound, a polysaccharide, oligosac-
charide, peptide or protein derivative, a mixture, a product, or
apharmaceutical composition of the present invention, with a
cell, wherein the method is a method of treating or preventing
depression.

[0261] In one embodiment of the fifteenth aspect of the
present invention, the depression is a major depressive disor-
der, preferably catatonic features specification, melancholic
features specification, atypical features specification, or psy-
chotic features specification. In other embodiments of the
thirteenth aspect of the present invention, the depression is
dysthymia, bipolar I disorder, bipolar II disorder, or post-
natal depression.

[0262] A sixteenth aspect of the present invention provides
a compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, for aiding cartilage
repair or cartilage regeneration. Alternatively, a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
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tive, a mixture, or a product of the present invention can be
used in the manufacture of a medicament for aiding cartilage
repair or cartilage regeneration.

[0263] Also encompassed is a method of aiding cartilage
repair or cartilage regeneration, comprising administering a
therapeutically effective amount of a compound, a polysac-
charide, oligosaccharide, peptide or protein derivative, a mix-
ture, a product, or a pharmaceutical composition of the
present invention, to a patient in need thereof. Also encom-
passed is a method of modifying the level of a cytokine in
Vvivo, ex vivo or in vitro, said method comprising contacting a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, with a cell, wherein the
method is a method of aiding cartilage repair or cartilage
regeneration.

[0264] In addition to the disorders discussed above, the
following is a non-exhaustive list of other disorders and dis-
eases that may be treated, prevented or tested for by com-
pounds, or polysaccharide, oligosaccharide, peptide or pro-
tein derivatives, or mixtures, products, pharmaceutical
compositions, uses or methods of the present invention, or
that may have compounds tested against them by the methods
of the present invention: osteochondral defects, post trau-
matic regeneration injury, ischemia, reperfusion injury, scar-
ring, CNS trauma, spinal section, edema, repetitive strain
injuries, tendonitis, carpal tunnel syndrome, alopecia greata,
ankylosing spondylitis, antiphospholipid syndrome, autoim-
mune Addison’s disease, aplastic anemia, autoimmune
hemolytic anemia, autoimmune hepatitis, Behcet’s disease,
biliary cirrhosis, bullous pemphigoid, canavan disease, car-
diomyopathy, celiac sprue dermatitis, chronic fatigue
immune dysfunction syndrome (CFIDS), chronic inflamma-
tory demyelinating polyneuropathy, Churg-Strauss syn-
drome, cicatricial pemphigoid, CREST syndrome, cold
agglutinin disease, Crohn’s disease, diffuse cerebral sclerosis
of schilder, discoid lupus, essential mixed cryoglobulinemia,
fibromyalgia fibromyositis, Fuchs heterochromic iridocycli-
tis, Graves’ disease, Guillain-Barré syndrome, Hashimoto’s
thyroiditis, idiopathic pulmonary fibrosis, idiopathic throm-
bocytopenia purpura (ITP), IgA nephropathy, insulin depen-
dent diabetes, intermediate uveitis, juvenile arthritis, lichen
planus, lupus, Meniere’s disease, mixed connective tissue
disease, multiple sclerosis, myasthenia gravis, nephrotic syn-
drome, pemphigus vulgaris, pernicious anemia, polyarteritis
nodosa, polychondritis, polyglandular syndrome, polymyal-
gia rheumatica, polymyositis, dermatomyositis, primary
agammaglobulinemia, primary biliary cirrhosis, psoriasis,
Raynaud’s phenomenon, Reiter’s syndrome, rheumatic fever,
sarcoidosis, scleroderma, Sjdgren’s syndrome, stiff-man syn-
drome, Takayasu’s arteritis, temporal arteritis, giant cell
arteritis, ulcerative colitis, vasculitis, vitiligo, VKH (Vogt-
Koyanagi-Harada) disease, Wegener’s granulomatosis, anti-
phospholipid antibody syndrome (lupus anticoagulant),
churg-strauss (allergic granulomatosis), dermatomyositis,
polymyositis, Goodpasture’s syndrome, interstitial granulo-
matous dermatitis with arthritis, lupus erythematosus (SLE,
DLE, SOLE), mixed connective tissue disease, relapsing
polychondritis, HLA-B27 associated conditions, ankylosing
spondylitis, psoriasis, ulcerative colitis, IBD, Reiter’s syn-
drome, uveal diseases, uveitis, paediatric uveitis, HLA-B27
associated uveitis, intermediate uveitis, posterior uveitis, iri-
tis, degenerative diseases and disorders, degenerative joint
disease, neurodegenerative diseases, inflammatory degenera-
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tive diseases, Alzheimer’s disease, Huntington’s disease, Par-
kinson’s disease, Creutzfeldt-Jakob disease, viral diseases
related to paramyxovirus, picornavirus, thinovirus, coxsackie
virus, influenza virus, herpes virus (including herpes I, herpes
11, herpes zoster (shingles), herpetic conjunctivitis, keratitis,
and genital herpes), adenovirus, parainfluenza virus, respira-
tory syncytial virus, echovirus, coronavirus, Epstein-Barr
virus, cytomegalovirus, varicella zoster virus, hepatitis vari-
ants (including hepatitis C virus (HCV), hepatitis A virus
(HAV), hepatitis B virus (HBV), hepatitis D virus (HDV),
hepatitis E virus (HEV), hepatitis F virus (HFV), hepatitis G
virus (HGV)), human immunodeficiency virus; neoplastic
diseases, leukemia, lymphoma, myeloma, hepatomas, other
major organ carcinomas and sarcomas, glioma, neuroblas-
toma, astrocytic and glial tumours, invasive and non-invasive
tumours (anaplastic (malignant) astrocytoma, glioblastoma
multiforme variants, giant cell glioblastoma, gliosarcoma,
pilocytic astrocytoma, subependymal giant cell astrocytoma,
pleomorphic xanthoastrocytoma), oligodendroglial tumours,
ependymal cell tumours, mixed gliomas, neuroepithelial
tumours of uncertain origin, tumours of the choroid plexus,
neuronal and mixed neuronal-glial tumours, pineal paren-
chyma tumours, tumours with neuroblastic or glioblastic ele-
ments (embryonal tumours), neuroblastoma, ganglioneuro-
blastoma, tumours of the sellar region, hematopoietic
tumours, primary malignant lymphomas, plasmacytoma,
granulocytic sarcoma, germ cell tumours, tumours of the
meninges, allergies, rhinitis, bronchitis, asthma, conditions
relating to excessively active or stimulated eosinophils, dis-
orders related to transplants (such as renal, hepatic, corneal,
cartilage, stem cell, chondrocyte, pulmonary, cardiac, vascu-
lar, and myeloid transplants), hypoglycemia, myocarditis
(Chagas’ disease and coxsackie myocarditis), autoimmune
hemolytic anemia, idiopathic thrombocytopenic purpura
autoimmune neutropenia, sperm and testicular autoimmu-
nity, intradermal infection (optionally with allergic reac-
tions), acute and chronic bacterial infections (optionally with
allergic reactions), skin contact hypersensitivities, optic con-
tact hypersensitivities, leprosy and other mycobacterium
infections, eczema acne, chicken pox, hypertension, adrenal
autoimmunity, myasthenia gravis, and myositis.

[0265] In any aspect of the present invention relating to
treatment, prevention, or testing, the inflammation, disorder
or disease to be treated, prevented or tested for may be non-
gastrointestinal. Alternatively, the inflammation, disorder or
disease to be treated, prevented or tested for may be gas-
trointestinal.

[0266] As used herein, the terms ‘gastrointestinal’ and ‘gas-
trointestines’ refer to any part of the stomach and any part of
the alimentary canal thereafter, including the small intestine,
large intestine and any other intestines if any, but not to any
part of the alimentary canal prior to the stomach such as the
mouth, pharynx or oesophagus. The term ‘alimentary canal’
refers to the passage along which food passes through the
body from the mouth to the anus.

[0267] Thus, ‘non-gastrointestinal inflammation’ refers to
inflammation occurring in any part of a body other than the
gastrointestines, including inflammation of any other part of
the alimentary canal. In some embodiments of the present
invention, inflammation of the entire alimentary canal is
excluded, in which case the inflammation is referred to as
‘non-alimentary canal inflammation’.

[0268] Similarly, the term ‘non-gastrointestinal disorder or
disease’ refers to disorders or diseases to the extent that they
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occur in any part of a body other than the gastrointestines,
including disorders or diseases occurring in any other part of
the alimentary canal. Non-gastrointestinal disorders or dis-
eases may display some symptoms in the gastrointestines.
[0269] Optionally, disorders or diseases which display
symptoms in the gastrointestines may be excluded from the
scope of the present invention. Thus, in one embodiment of
the present invention, the disorder or disease to be treated or
prevented is a ‘non-gastrointestinal disorder or disease with-
out symptoms in the gastrointestines’.

[0270] Insome embodiments of the present invention, dis-
orders or diseases to the extent that they occur in the entire
alimentary canal are excluded from the scope of the present
invention, in which case the disorder or disease to be treated
or prevented is referred to as a ‘non-alimentary canal disorder
or disease’. Non-alimentary canal disorders or diseases may
display some symptoms in the alimentary canal.

[0271] Optionally, disorders or diseases which display
symptoms in the alimentary canal may be excluded from the
scope of the present invention. Thus, in one embodiment of
the present invention, the disorder or disease to be treated is a
‘non-alimentary canal disorder or disease without symptoms
in the alimentary canal’.

[0272] In any aspect of the present invention relating to
treatment, prevention, or testing, the treatment of, prevention
of, or test for inflammation, a disorder or a disease may be
performed via gastrointestinal absorption of the compounds,
or polysaccharide, oligosaccharide, peptide or protein deriva-
tives, or mixtures, products or pharmaceutical compositions
of the present invention

[0273] The term ‘gastrointestinal absorption” of the com-
pounds of the present invention refers to absorption that
occurs systemically via the gastrointestines. To achieve gas-
trointestinal absorption, the compounds of the present inven-
tion may be administered, for example, orally, rectally or by
tube feeding. Preferably the administration is oral.

[0274] In any of the eighth to sixteenth aspects of the
present invention, the patient to be treated can be a mammal,
preferably a human.

[0275] A seventeenth aspect of the present invention pro-
vides a compound, a polysaccharide, oligosaccharide, pep-
tide or protein derivative, a mixture, a product, or a pharma-
ceutical composition of the present invention, for the
performance of a laboratory test. Alternatively, a compound,
a polysaccharide, oligosaccharide, peptide or protein deriva-
tive, a mixture, or a product of the present invention can be
used in the manufacture of a diagnostic agent for the perfor-
mance of a laboratory test. Also encompassed is a method of
performing a laboratory test, comprising administering a
compound, a polysaccharide, oligosaccharide, peptide or
protein derivative, a mixture, a product, or a pharmaceutical
composition of the present invention, to a subject to be tested.
[0276] In one embodiment of the seventeenth aspect of the
present invention, the testing occurs in vitro, ex vivo or in
vivo. In another embodiment, the subject to be tested is a
mammal, which can be either a human or a non-human.
[0277] In any embodiment of the eleventh and seventeenth
aspect of the present invention, where the patient or subject to
be tested is a mammal, the mammal can be either a human or
a non-human. In one embodiment, a non-human subject is
mutilated or sacrificed as a result of the test.

[0278] Any of the medicaments employed in the present
invention can be administered by oral, parental (including
intravenous, subcutaneous, intramuscular, intradermal,
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intratracheal, intraperitoneal, intraarticular, intracranial and
epidural), transdermal, airway (aerosol), rectal, vaginal or
topical (including buccal, mucosal and sublingual) adminis-
tration.

[0279] Preferably, the mode of administration selected is
that most appropriate to the disorder or disease to be treated or
prevented. For example, oral administration may be preferred
for the treatment or prevention of rheumatoid arthritis, oral or
topical administration may be preferred for the treatment or
prevention of psoriasis, and airway administration may be
preferred for the treatment or prevention of asthma.

[0280] For oral administration, the compounds, or polysac-
charide, oligosaccharide, peptide or protein derivatives, or
mixtures, products, or pharmaceutical compositions of the
present invention will generally be provided in the form of
tablets, capsules, hard or soft gelatine capsules, caplets, tro-
ches or lozenges, as a powder or granules, or as an aqueous
solution, suspension or dispersion.

[0281] Tablets for oral use may include the active ingredi-
ent mixed with pharmaceutically acceptable excipients such
as inert diluents, disintegrating agents, binding agents, lubri-
cating agents, sweetening agents, flavouring agents, colour-
ing agents and preservatives. Suitable inert diluents include
sodium and calcium carbonate, sodium and calcium phos-
phate, and lactose. Corn starch and alginic acid are suitable
disintegrating agents. Binding agents may include starch and
gelatine. The lubricating agent, if present, may be magnesium
stearate, stearic acid or talc. If desired, the tablets may be
coated with a material, such as glyceryl monostearate or
glyceryl distearate, to delay absorption in the gastrointestinal
tract. Tablets may also be effervescent and/or dissolving tab-
lets.

[0282] Capsules for oral use include hard gelatine capsules
in which the active ingredient is mixed with a solid diluent,
and soft gelatine capsules wherein the active ingredient is
mixed with water or an oil such as peanut oil, liquid paraffin
or olive oil.

[0283] Powders or granules for oral use may be provided in
sachets or tubs. Aqueous solutions, suspensions or disper-
sions may be prepared by the addition of water to powders,
granules or tablets.

[0284] Any form suitable for oral administration may
optionally include sweetening agents such as sugar, flavour-
ing agents, colouring agents and/or preservatives.

[0285] Formulations for rectal administration may be pre-
sented as a suppository with a suitable base comprising, for
example, cocoa butter or a salicylate.

[0286] Formulations suitable for vaginal administration
may be presented as pessaries, tampons, creams, gels, pastes,
foams or spray formulations containing in addition to the
active ingredient such carriers as are known in the art to be
appropriate.

[0287] For parenteral use, the compounds, or polysaccha-
ride, oligosaccharide, peptide or protein derivatives, or mix-
tures, products, or pharmaceutical compositions of the
present invention will generally be provided in a sterile aque-
ous solution or suspension, buffered to an appropriate pH and
isotonicity. Suitable aqueous vehicles include Ringer’s solu-
tion and isotonic sodium chloride or glucose. Aqueous sus-
pensions according to the invention may include suspending
agents such as cellulose derivatives, sodium alginate, polyvi-
nylpyrrolidone and gum tragacanth, and a wetting agent such
as lecithin. Suitable preservatives for aqueous suspensions
include ethyl and n-propyl p-hydroxybenzoate.
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[0288] The compounds of the invention may also be pre-
sented as liposome formulations.

[0289] For topical and transdermal administration, the
compounds, or polysaccharide, oligosaccharide, peptide or
protein derivatives, or mixtures, products, or pharmaceutical
compositions of the invention will generally be provided in
the form of ointments, cataplasms (poultices), pastes, pow-
ders, dressings, creams, plasters or patches.

[0290] Suitable suspensions and solutions can be used in
inhalers for airway (aerosol) administration.

[0291] The dose of the compounds, or polysaccharide, oli-
gosaccharide, peptide or protein derivatives, or mixtures,
products, or pharmaceutical compositions of the present
invention will, of course, vary with the disorder or disease to
be treated or prevented. In general, a suitable dose will be in
the range of 0.01 to 500 mg per kilogram body weight of the
recipient per day, preferably in the range of 1.0 to 200 mg per
kilogram body weight per day, preferably 50 to 100 mg per
kilogram body weight per day. The desired dose is preferably
presented once a day, but may be dosed as two, three, four,
five, six or more sub-doses administered at appropriate intet-
vals throughout the day. These sub-doses may be adminis-
tered in unit dosage forms, for example, containing 1 mg to 20
g, preferably 100 mg to 10 g, preferably 1 g to 5 g of active
ingredient per unit dosage form.

[0292] A final aspect of the present invention relates to a
unit dosage form comprising at least 1 mg of a compound, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive, amixture or aproduct of any one of the preceding aspects
of the present invention. Preferably, the unit dosage form is
suitable for oral administration. Preferably, the unit dosage
form comprises at least 10 mg, at least 100 mg, at least 500
mg, atleast 1 g, atleast 2.5 g, at least 5 g, atleast 7.5 g, at least
10 g, at least 20 g or at least 50 g of a compound, a polysac-
charide, oligosaccharide, peptide or protein derivative, a mix-
ture or a product of any one of the preceding aspects of the
present invention.

[0293] The invention will now be described with reference
to the following examples. It will be appreciated that what
follows is by way of example only and that modifications to
detail may be made whilst still falling within the scope of the
invention.

BRIEF DESCRIPTION OF THE FIGURES

[0294] FIG. 1 shows the mass spectrum of the multi-potas-
sium salt of four- to six-fold sulphated N-acetyl-,p-digluco-
sylamine.

[0295] FIG. 2 shows the inhibition of mouse collagen
arthritis by N-acetyl-f,p-diglucosylamine oligosulphate 850
administered orally at a concentration of 118 uM/kg on days
0-35, n=10, meanzs.c.m., ***=p<0.001, 2-way ANOVA.
[0296] FIG. 3 shows the inhibition of mouse collagen
arthritis by N-acetyl-p,p-diglucosylamine oligosulphate
1000 administered orally at a concentration of 100 uM/kg on
days 0-35, n=10, meants.e.m. ***=p<0.001, 2-way
ANOVA.

[0297] FIG. 4 shows the inhibition of mouse mBSA antigen
induced arthritis after the oral administration of N-acetyl-f3,
p-diglucosylamine oligosulphate 1200 at concentrations of
83 uM/kg, 25 uM/kg and 8 uM/kg.

[0298] FIG. 5 shows the inhibition of TNF synthesis in
lipopolysaccharide (Ips) stimulated human differentiated
macrophage cells, through their incubation with N-acetyl-f3,
[-diglucosylamine oligosulphate 1200.



US 2011/0044901 Al

[0299] FIG. 6 shows the inhibition of PHA stimulated
IL-1a synthesis in human whole blood by 0.01 uM N-acetyl-
p,B-diglucosylamine octasulphate (DOS).

[0300] FIG. 7 shows the inhibition of PHA stimulated
1L-10 synthesis in human whole blood by 0.01 uM N-acetyl-
[,p-diglucosylamine octasulphate (DOS).

[0301] FIG. 8 shows the inhibition of PHA stimulated IL.-2
synthesis in human whole blood by 0.01 pM N-acetyl-f,f3-
diglucosylamine octasulphate (DOS).

[0302] FIG.9 shows the inhibition of PHA stimulated IL.-4
synthesis in human whole blood by 0.01 pM N-acetyl-f,f3-
diglucosylamine octasulphate (DOS).

[0303] FIG. 10 shows the inhibition of PHA stimulated
1L-5 synthesis in human whole blood by 0.01 pM N-acetyl-
[,p-diglucosylamine octasulphate (DOS).

[0304] FIG. 11 shows the inhibition of PHA stimulated
1L-6 synthesis in human whole blood by 0.01 pM N-acetyl-
[,p-diglucosylamine octasulphate (DOS).

[0305] FIG. 12 shows the further stimulation of PHA
stimulated IL-7 synthesis in human whole blood by 0.01 uM
N-acetyl-p,[-diglucosylamine octasulphate (DOS).

[0306] FIG. 13 shows the effect on PHA stimulated I1.-10
synthesis in human whole blood by 0.01 pM N-acetyl-f,f3-
diglucosylamine octasulphate (DOS).

[0307] FIG. 14 shows the effect on PHA stimulated I1.-12
synthesis in human whole blood by 0.01 pM N-acetyl-f,f3-
diglucosylamine octasulphate (DOS).

[0308] FIG. 15 shows the inhibition of PHA stimulated
1L-13 synthesis in human whole blood by 0.01 M N-acetyl-
[3,p-diglucosylamine octasulphate (DOS).

[0309] FIG. 16 shows the inhibition of PHA stimulated
1L-17 synthesis in human whole blood by 0.01 M N-acetyl-
[3,p-diglucosylamine octasulphate (DOS).

[0310] FIG. 17 shows the inhibition of PHA stimulated
IFNy synthesis in human whole blood by 0.01 pM N-acetyl-
[3,p-diglucosylamine octasulphate (DOS).

[0311] FIG. 18 shows the inhibition of PHA stimulated
GCSF synthesis in human whole blood by 0.01 uM N-acetyl-
[3,p-diglucosylamine octasulphate (DOS).

[0312] FIG. 19 shows the inhibition of PHA stimulated
GM-CSF synthesis in human whole blood by 0.01 uM
N-acetyl-p,[3-diglucosylamine octasulphate (DOS).

[0313] FIG. 20 shows the 0.01 uM N-acetyl-f,p-digluco-
sylamine octasulphate (DOS) induced stimulation of VEGF
synthesis in human whole blood in which the VEGF synthesis
has been inhibited by PHA.

[0314] FIG. 21 shows the inhibition of PHA stimulated
TNFa synthesis in human whole blood by 0.01 uM N-acetyl-
f3,p-diglucosylamine octasulphate (DOS).

[0315] FIG. 22 shows the inhibition of TNF synthesis in
human whole blood stimulated with 5 ug/ml PHA, by the
addition of N-acetyl-p,p-diglucosylamine octasulphate
(DOS) at concentrations of 0.01, 0.1 and 1 uM.

[0316] FIG. 23 shows the inhibition of TNF synthesis in
human whole blood stimulated with 5 ug/ml PHA, by the
addition of N-acetyl-p,p-diglucosylamine oligosulphate
1200 at concentrations of 0.01, 0.1 and 1 pM.

[0317] FIG. 24 shows the inhibition of differentiated U937
human macrophage TNFa synthesis by N-acetyl-f,p-diglu-
cosylamine octasulphate (DOS) over a range of concentra-
tions.
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[0318] The following paragraphs enumerated consecu-
tively from 1 through 158 provide for various aspects of the
present invention. In one embodiment, the present invention
provides:

1. A compound comprising:

[0319] (i) at least one monosaccharide subunit comprising
a glycosidic —NR,, group, a glycosidic —NR,* group, a
directly bonded =NR group, or a directly bonded —=NR,*
group, wherein each R is independently hydrogen, a—SO,—
OR' or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group; and

[0320] (ii) at least one sulphate group, wherein a sulphate
group is a —O—SO,—OR', —NR—SO,—OR/,
—0—S0,—N(R), or —NR—SO,—N(R"), group:

[0321] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0322] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0323] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0324] or a salt thereof;

[0325] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate.

2. A compound of paragraph 1, comprising:

[0326] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR;* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen,a—SO,—
OR' or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group, provided that the glycosidic —NR, group is not
—NHacyl; and

[0327] (ii) at least one sulphate group, wherein a sulphate
grop s a —O—S0O,—OR', —NR—S0O,—OR,
—0—80,—N(R"), or —NR'—SO,—N(R"), group;

[0328] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0329] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0330] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0331] or asalt thereof;

[0332] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate; and

[0333] provided that the at least one monosaccharide sub-
unit is not substituted with an —OR™ group, wherein R" is
any group comprising a further pyranosyl or furanosyl
monosaccharide subunit.
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3. A compound of paragraph 1 or 2, wherein each R is inde-
pendently hydrogen, a further monosaccharide subunit, or a
hydrocarbyl group, or two or three R groups and the nitrogen
atom to which they are attached, together form a further
monosaccharide subunit or a cyclic hydrocarbyl group.

4. A compound of paragraph 1, comprising:

[0334] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen,a—SO,—
OR'or—S0,—N(R'"), group, a further monosaccharide sub-
unit, or a C,-C, hydrocarbyl group, or two or three R groups
and the nitrogen atom to which they are attached, together
form a further monosaccharide subunit or a cyclic hydrocar-
byl group; and

[0335] (ii) at least one sulphate group, wherein a sulphate
group s a —O—SO,—OR, —NR—S0O,—OR|,
—0—S0,—N(R"), or —NR'—S0,—N(R"), group;

[0336] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0337] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0338] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0339] or a salt thereof;

[0340] provided that the compound is not 3'-phosphoad-
enosine-5'-phosphosulphate; and

[0341] provided that the at least one monosaccharide sub-
unit is not substituted with an —OR"™ group, wherein R" is
any group comprising a further pyranosyl or furanosyl
monosaccharide subunit.

5. A compound of paragraph 1, comprising:

[0342] (i) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR;* group, a
directly bonded —=NR group, or a directly bonded —=NR,*
group, wherein each R is independently hydrogen,a—SO,—
OR'or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a C,-C,, hydrocarbyl group, or two or three R groups
and the nitrogen atom to which they are attached, together
form a further monosaccharide subunit or a cyclic hydrocar-
byl group; and

[0343] (ii) at least one sulphate group, wherein a sulphate
group s a —O—S0O,—OR', —NR—S0,—OR/,
—0—80,—N(R"), or—NR'—80,—N(R"), group;

[0344] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0345] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0346] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0347] or a salt thereof;

[0348] provided that the at least one monosaccharide sub-
unit is not N-substituted a to said glycosidic —NR,, group,
glycosidic —NR;* group, directly bonded —NR group, or
directly bonded —=NR,* group.

6. A compound of paragraph 4 or 5, wherein each R is inde-
pendently hydrogen, a further monosaccharide subunit, or a
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C,-C, hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group.

7. A compound comprising:

[0349] (i) a sequence of at least two monosaccharide sub-
units linked by a glycosidic —NR— group, a glycosidic
—NR,*— group, a directly bonded —N— group, or a
directly bonded —=NR*— group, wherein each R is indepen-
dently hydrogen, a—SO,—OR' or —S0O,—N(R"), group, a
further monosaccharide subunit, or a hydrocarbyl group, or
two R groups and the nitrogen atom to which they are
attached, together form a further monosaccharide subunit ora
cyclic hydrocarbyl group; and

[0350] (ii) at least one sulphate group, wherein a sulphate
group is a —O—S0,—OR, —NR—SO,—OR,
—0—S80,—N(R"), or —NR'—SO,—N(R"), group;

[0351] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;

[0352] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified;
and

[0353] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

[0354]
8. A compound of paragraph 7, wherein the glycosidic
—NR— group or the glycosidic —NR,*— group is linked to
one or both of the monosaccharide subunits by a glycosidic
bond.

9. A compound of paragraph 7, wherein the directly bonded
—N— group or the directly bonded —NR*— group is linked
to one or neither of the monosaccharide subunits by a glyco-
sidic bond.

10. A compound of paragraph 7 or 8, wherein each R is
independently hydrogen, a further monosaccharide subunit,
or a hydrocarbyl group, or two R groups and the nitrogen
atom to which they are attached, together form a further
monosaccharide subunit or a cyclic hydrocarbyl group.

11. A compound of any of the preceding paragraphs, wherein
all monosaccharide subunits are independently ring-closed or
open-chain or a mixture of ring-closed and open-chain.

12. A compound of any of the preceding paragraphs, wherein
one or more monosaccharide subunit is substituted and/or
modified.

13. A compound of any of the preceding paragraphs, wherein
in a substituted monosaccharide subunit:

[0355] (a) independently one or more of the hydroxyl
groups of the monosaccharide subunit is replaced with —H,
—F,—Cl,—Br, 1, —CF,, —CCl,,—CBr,, —Cl,, —SH,
—NH,, —N;, —NH=NH, —CN, —NO,, —COOL],
—R“—0O—R?, —R“ SR, —R“ SO—R’, —R*—
SO,—R?, —R“—80,, —OR?, —R“0—80,—R*, —R*—
SO,—NR?),, —R* NR*~-80,R’, —R‘O—S0,
OR”, —R“0—S0,—N(R),, —R*—NR*—S0,—OR’,
—R*“—NR’—S0,—N(R”),, —R*—N(R”),, —R*—N[R”)
.5, —R“B(R?),, —R*—PR?),, —R*—PO(R?),, —R*—
Si(R%),, —R“—CO—R’, —R“-CO—OR’, —R“0O—
CO—R® —R*CO—N({R?, —R*NR’—CO—R’
—R*0—CO—0R?, —R“0—CO—N(R?),, —R“—NR’—
CO—OR®’, —R“NR*—CO—N(R”), R“—CS—R’
—W—CS—OR?, —R“0—CS—R’, —R“—CS—N(R?),,

or a salt thereof.
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—W—NR°*—CS—R’, —R“0—CS—OR?, —R“0—CS—
N(R?),, —W—NR*—(S—OR?, —W—NR”—CS—N(R?)
5, or —R?; and/or

[0356] (b)independently one, two or three of the hydrogens
of the monosaccharide subunit is replaced with —F, —ClI,

—Br, —I, 4133, —CCl,, —CBr,, —Cl,, —OH, —SH,
~NH,, —N;, —NH=NH,, —CN, —NO,, —COOH,
—W—0—R?, —W—S—R°, —W—SO—R’,
—W-—S80, Rb —R“—80, OR” —R0-—80, Rb
_R*_SO,N(R’), —R“_NR*—SO, R’, —R“O—
SO ORb —R*0—S0,"N(R),, —R® NRb—SOZ—

OR%, —R“—NRZ’—SOZ—N(RZ’)Z, —R*“N(R?),,—R*—N
(R");*, —R*B(R"), —R*—PR"), —R PO(Rb)
—R*—Si(R",*, —R*CO—R’, —R*“~ CO%)R
RO CO_R’, —R“ CO N(R’, R NR' -
CO—R?, —RO—CO—OR?’, —RO—CO-NR,,
—R*-NR*CO-—OR?, —R*“-NR*—CO— N(Rb)%,
—R*—CS—R’, —R“(CS—OR?’, —R‘O—CS—R
—R*—CS—NR"),, —R*—NR’—CS—R’, —R0O—
CS—OR’, —R*0—CS—N(R®),, — R“_NR’_CS—OR?,
—R*NR*—CS—N(R?),, or —R?; and/or

[0357] (c) independently one or more of the hydroxyl
groups of the monosaccharide subunit, together with the
hydrogen attached to the same carbon atom as the hydroxyl
group, is replaced with =0, =S, =NR®, or =N(R?),";
and/or

[0358] (d) independently two hydroxyl groups of the
monosaccharide subunit are together replaced with
—0—R*—, —S—R“—, —SO—R“—, —SO,—R“—, or
fNRbecf'

[0359] wherein:

[0360] —R“—isindependently a chemical bond, or a sub-
stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton;

[0361] —R? is independently hydrogen, an optionally sub-
stituted monosaccharide subunit, or a substituted or unsub-
stituted, straight-chain, branched or cyclic alkyl, alkenyl,
alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alky-
laryl, alkenylaryl or alkynylaryl group which optionally
includes one or more heteroatoms in its carbon skeleton;
[0362] —R°—is independently a chemical bond, or a sub-
stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton; and

[0363] M is a metal;

[0364] provided that the monosaccharide subunit com-
prises at least one —OR’, —OSOR?, —OSO.R’,
—0S0,R?, —OSi(R?),, —OCOR?, —0CO, Rb or ADM
14.A compound of any of the preceding paragraphs wherein
in a modified monosaccharide subunit:

[0365] (a)thering of the modified monosaccharide subunit,
or what would be the ring in the ring-closed form of the
modified monosaccharide subunit, is partially unsaturated;
and/or

[0366] (b) thering oxygen of the modified monosaccharide
subunit, or what would be the ring oxygen in the ring-closed
form of the modified monosaccharide subunit, is replaced
with —S— or —NR’—, wherein —R” is independently
hydrogen, an optionally substituted monosaccharide subunit,
or a substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton.

15. A compound of any of the preceding paragraphs, wherein
each hydrocarbyl group is a substituted or unsubstituted,
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straight-chain, branched or cyclic alkyl, alkenyl, alkynyl,
acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alk-
enylaryl or alkynylaryl group which comprises 1-15 carbon
atoms and optionally includes one or more heteroatoms in its
carbon skeleton.

16. A compound of paragraph 15, wherein a substituted
hydrocarbyl group is substituted with one or more of —F,
—Cl, —Br, —I, —CF;, —CCl;, —CBr;, —Cl;, —

—SH, —NH,, —N;, —NH=NH,, —CN, —NO
—COOH, —R*“—0—R? —R“-S—R? —R*-SO— Ri
—R*—80,—R?, —R*“—80,—OR’, —R“0—S0, Rb
—R*SO,N(R®),, —R“_NR’—SO,—R’, —R°O—
SO, ORb —R“0—S0,—NR?),, —R“—NR*—S0,—
OR‘b —R*-NR?”-80,—N[R),, —R*~N(R?),, —R*—N

(R"),", —RBR"), —RP[R"), —R— POR"),,
—R*-SiR%;, —R*CO—R’° —R*- CO—OR?,
—R*0—CO—R®, —R* CO-NR>, —R* NR>-
CO—R’°, —R0O-—CO—OR’, —R“0—CO—N(R?),
—R*—NR*—CO—OR’, —R*NR*—CO— N(Rb)Z
—R*—CS—R*, —R*—CS—OR’, —RO—CS—R’,
_R* CS NRY, R“ NR® CS R’ RO
CS—OR’, —R*0—CS—N(R),, —R“_NR’_CS—OR?,

—R* NRZ’%S—N(RZ’)Z, —R?, or a monosaccharide sub-
unit;

[0367] wherein:

[0368] —R“—isindependently a chemical bond, or a sub-
stituted or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroatoms in
its carbon skeleton; and —R” is independently hydrogen, an
optionally substituted monosaccharide subunit, or a substi-
tuted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, ary-
lalkynyl, alkylaryl, alkenylaryl or alkynylaryl group which
optionally includes one or more heteroatoms in its carbon
skeleton.

17. A compound of any of the preceding paragraphs, wherein
the compound is a pharmaceutically acceptable salt.

18. A compound of any of the preceding paragraphs, wherein
the compound comprises at least one monosaccharide subunit
comprising a glycosidic —NR, group or a directly bonded
—NR group.

19. A compound of any of the preceding paragraphs, wherein
the compound comprises a sequence of at least two monosac-
charide subunits linked by a glycosidic —NR— group or a
directly bonded —=N— group.

20. A compound of any of the preceding paragraphs, wherein

[0369] (a) one R group is not hydrogen; and/or
[0370] (b) two R groups are not hydrogen; and/or
[0371] (c)oneR group is amonosaccharide subunit and one

R group is a hydrocarbyl group; and/or

[0372] (d) one R group is a monosaccharide subunit and
one R group is hydrogen; and/or

[0373] (e) one R group is a hydrocarbyl group and one R
group is hydrogen; and/or

[0374] (f)two R groups are independently monosaccharide
subunits; and/or

[0375] (g) two R groups are independently hydrocarbyl
groups; and/or
[0376] (h) one or two R groups are independently hydro-

gen, or an alkyl, acyl or alkoxycarbonyl group; and/or
[0377] (i) oneortwo R groups are independently hydrogen,
or a C,-Cq alkyl, C,-C; acyl, C,-Cq halo-acyl, or C, 5,
alkoxycarbonyl group; and/or

[0378] (j) oneor two R groups are independently a methyl,
ethyl, acetyl, trifluoroacetyl, Boc, Fmoc, or Zervas group.
21. A compound of any of the preceding paragraphs, com-
prising at least two or at least three sulphate groups.
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22. A compound of any of the preceding paragraphs, com-
prising at least one —O—S0O,—OR', —NR'—SO,—OR', or
—0—S0O,—N(R", group.

23. A compound of any of the preceding paragraphs, com-
prising at least one —OSO;R' group.

24. A compound of any of the preceding paragraphs, com-
prising at least two monosaccharide subunits, each of which
is substituted with at least one sulphate group.

25. A compound of any of the preceding paragraphs, com-
prising at least one pyranosyl subunit, which is substituted
with one, two or three sulphate groups in the 2-, 3- and/or
6-position relative to the anomeric carbon of the pyranosyl
subunit.

26. A compound of paragraph 25, wherein the pyranosyl
subunit is substituted with two or three sulphate groups in the
2-, 3- and/or 6-position relative to the anomeric carbon of the
pyranosyl subunit.

27.A compound of paragraph 25 or 26, wherein the pyranosyl
subunit is part of a disaccharide.

28. A compound of any of the preceding paragraphs, com-
prising a first pyranosyl subunit, which is substituted with one
sulphate group in the 2- or 6-position relative to the anomeric
carbon of the pyranosyl subunit, and a second pyranosyl
subunit, which is substituted with one sulphate group in the 2-
or 3-position relative to the anomeric carbon of the pyranosyl
subunit and one sulphate group in the 6-positionrelative to the
anomeric carbon of the pyranosyl subunit.

29. A compound of paragraph 28, wherein the first and second
pyranosyl subunits form a disaccharide.

30. A compound of any of the preceding paragraphs, com-
prising at least one pyranosyl subunit, which is substituted
with one or two sulphate groups in the 4- and/or 6-position
relative to the anomeric carbon of the pyranosyl subunit.

31. A compound of paragraph 30, wherein the pyranosyl
subunit is part of an oligosaccharide or a polysaccharide.
32. A compound of any of the preceding paragraphs, com-
prising at least one, two or three sulphate groups, located on
primary hydroxyl positions.

33. A compound of any of the preceding paragraphs, wherein
a sulphate group is provided on a monosaccharide subumt
comprising a glycosidic amine group.

34. A compound of any of the preceding paragraphs, wherein
1-50, or 2-30, or 3-15, or 6-12, or all the hydroxyl groups on
the monosaccharide subunits independently have been
replaced with a sulphate group.

35. A compound of any of the preceding paragraphs, wherein
1-9, or 2-8, or 3-4 hydroxyl groups on each of 1, 2, 3, 4, 5, 6,
7, 8, or all monosaccharide subunits independently have been
replaced with a sulphate group.

36. A compound of any of the preceding paragraphs, wherein
the compound is a partially or fully sulphated saccharide.
37. A compound of any of the preceding paragraphs, wherein
R' is independently hydrogen, a metal, or a substituted or
unsubstituted, straight-chain, branched or cyclic alkyl, alk-
enyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl,
alkylaryl, alkenylaryl or alkynylaryl group which optionally
includes one or more heteroatoms in its carbon skeleton.

38. A compound of any of the preceding paragraphs, wherein
R'is independently hydrogen, an alkali metal, an earth alkali
metal, copper, silver, zinc, or a C,-Cg alkyl group.

39. A compound of any of the preceding paragraphs, com-
prising 1-100, 1-20, 2-10, or 2-4 monosaccharide subunits.
40. A compound of any of the preceding paragraphs, com-
prising 1, 2, 3,4, 5, 6, 7. 8,9, 10 or more monosaccharide
subunits.
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41. A compound of any of the preceding paragraphs, com-
prising a sequence of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
monosaccharide subunits.
42. A compound of any of the preceding paragraphs, wherein
all monosaccharide subunits are independently aldosyl or
ketosyl monosaccharides.

43. A compound of paragraph 42, wherein 1, 2, 3, 4, or all
monosaccharide subunits are independently triosyl, tetrosyl,
pentosyl, hexosyl, heptosyl, octosyl or nonosyl monosaccha-
rides.

44. A compound of paragraph 43, wherein 1, 2, 3, 4, or all
monosaccharide subunits are independently glycerosyl,
erythrosyl, threosyl. ribosyl, arabinosyl, xylosyl, lyxosyl,
allosyl, altrosyl, glucosyl, mannosyl, gulosyl, idosyl, galac-
tosyl, talosyl, rhamnosyl or fucosyl monosaccharides.

45. A compound of any of the preceding paragraphs, wherein
all monosaccharide subunits are independently in the D- or
L-configuration.

46. A compound of any of the preceding paragraphs, wherein
1, 2, 3, 4, or all monosaccharide subunits are independently
tetrosyl monosaccharides or higher, and the ring of those
monosaccharides is furanosyl.

47. A compound of any of the preceding paragraphs, wherein
1, 2, 3, 4, or all monosaccharide subunits are independently
pentosyl monosaccharides or higher, and the ring of those
monosaccharides is pyranosyl.

48. A compound of any of the preceding paragraphs, wherein
the stereochemistry of each glycosidic bond is independently
aorf.

49. A compound of any of the preceding paragraphs, wherein
the compound is:

[0379] (a) a glucosylamine;
[0380] (b) p.p-di-glucosylamine;
[0381] (c) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or

octasulphated f,-di-glucosylamine, or a mixture thereof;
[0382] (d)a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or
octasulphated N-acetyl-f,p-di-glucosylamine, or a mixture
thereof;

[0383] (e) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or
octasulphated N-ethyl-f,p-di-glucosylamine, or a mixture
thereof;
[0384]
[0385] (g) 1-benzamido-1-deoxy-2,3,4,6-tetra potassium
sulphonatoglucose; or

[0386] (h) 1-N-octyl-1-N-decanoyl-1-amino-1-deoxy-6-
potassium sulphonate-muramyl-D-isoglutamyl-alanine.

(f) a sulphated di-(4,4'-glucosylglucosyl)amine;

50. A compound of any of the preceding paragraphs, wherein
two R groups and the nitrogen atom to which they are
attached, together do not form a heterocyclic aromatic group.
51. A compound of any of the preceding paragraphs, wherein
the atom connectivity S—O—P is not present in any
monosaccharide subunit and/or in the entire compound.

52. A compound of any of the preceding paragraphs, wherein
the compound does not contain the group —O—P(=0)
(OH)—0O—SO0,0H.

53. A compound of any of the preceding paragraphs, wherein
the compound is not a nucleoside and/or not a nucleotide.
54. A compound of any of the preceding paragraphs, wherein
the compound does not comprise a ribose subunit comprising
a glycosidic tertiary amine.
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55. A compound having the formula (I):
0]

RO OR"
R"O Q RR"O OR”"
R"O N 0
OR" R"0

wherein:
[0387] R is Ac, Me, Et, COCF;, or COPh;
[0388] each R" is SO,R' or H with at least one R" being
SO,R'; and
[0389] eachR'is H, Li,NaorK;

or a tautomer, a stereoisomer or a salt thereof.
56. A compound having the formula (1I):

RO

o > R0

" R"O o

R"O N O
OR" R"O

wherein:
[0390] R isAc, Me, Et, COCF,, or COPh;
[0391] each R" is SO;R' or H with at least one R" being
SO;R"; and
[0392] eachR'is H, Li,NaorK;

or a tautomet, a stereoisomer or a salt thereof.
57. A compound having the formula (I1T):

a

OSOg'KJr 0
>_C9H19
HO,C HO [0} 2 N
2 ~ ~
Y CsHy7
H NH
Me g —COH
$ 0
N
NHR
Me

wherein R is H, CHO or COMe;
or a tautometr, a stereoisomer or a salt thereof.
58. A compound having the formula (IV):

av)
R"O
R"O
RO NHR

OR"

wherein:

[0393] R is Ac, Me, Et, COCF,, or COPh;

[0394] each R" is SO;R' or H with at least one R" being
SO;R"; and

[0395] eachR'is H, Li,NaorK;

or a tautomer, a stereoisomer or a salt thereof.
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59. A polysaccharide, oligosaccharide, peptide or protein
derivative comprising a polysaccharide, oligosaccharide,
peptide or protein covalently linked to a compound of any of
paragraphs 1 to 58.

60. A mixture of compounds of any of paragraphs 1 to 58, or
amixture of polysaccharide, oligosaccharide, peptide or pro-
tein derivatives of paragraph 59, wherein the compounds or
derivatives differ only in their stereochemistry at the ano-
meric centre and/or in their degree of sulphation and/or their
position of sulphation.

61. A mixture of paragraph 60, wherein 50%, 75%, 80%,
85%, 90%., 95% or 99% of the compounds or derivatives lie
within three consecutive degrees of sulphation.

62. A mixture of paragraph 61, wherein the three consecutive
degrees of sulphation are three- to five-fold sulphation, four-
to six-fold sulphation, or five- to seven-fold sulphation.

an
ORH

OR”

R"O

63. A method of synthesising a compound of any of para-
graphs 1 to 58, comprising the sulphation of a compound
comprising:

[0396] (a) at least one monosaccharide subunit comprising
a glycosidic —NR, group, a glycosidic —NR,* group, a
directly bonded —NR group, or a directly bonded —NR,*
group, wherein each R is independently hydrogen, a—SO,—
OR' or—S0,—N(R"), group, a further monosaccharide sub-
unit, or a hydrocarbyl group, or two or three R groups and the
nitrogen atom to which they are attached, together form a
further monosaccharide subunit or a cyclic hydrocarbyl
group; or a salt thereof; provided that the compound is not
3'-phosphoadenosine-3'-phosphosulphate;

[0397] (b) a sequence of at least two monosaccharide sub-
units linked by a glycosidic —NR— group, a glycosidic
—NR,*— group, a directly bonded —N— group, or a
directly bonded —=NR*— group, wherein each R is indepen-
dently hydrogen, a —SO,—OR' or —SO,—N(R"), group, a
further monosaccharide subunit, or a hydrocarbyl group, or
two R groups and the nitrogen atom to which they are
attached, together form a further monosaccharide subunit ora
cyclic hydrocarbyl group; or a salt thereof;

[0398] wherein each R'is independently hydrogen, a metal,
a further monosaccharide subunit, or a hydrocarbyl group;
[0399] wherein each monosaccharide subunit indepen-
dently is optionally substituted and/or optionally modified,;
and

[0400] wherein each hydrocarbyl group independently is a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalk-
enyl, arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton.

64. A method of paragraph 63, wherein the compound is O-
and/or N-protected prior to sulphation.

65. A method of paragraph 64, wherein O-silyl, O-acetyl,
O-acyl, O-acetal, O-ketal, O-benzyl, O-benzoyl or O-THP
protection is used.
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66. A method of paragraph 64, wherein N-Boc, N-Fmoc,
N-Zervas, N-acetyl, N-acyl, N-alkyl or N-trifluoroacetyl pro-
tection is used.

67. A method of any of paragraphs 63 to 66, wherein the
sulphation is performed using sulphur trioxide complexed to
a nitrogen-containing base.

68. A method of paragraph 67, wherein the nitrogen-contain-
ing base is pyridine.

69. A method of paragraph 68, wherein pyridine is used as
solvent.

70. A method of any of paragraphs 63 to 66, wherein the
sulphation is performed using a halosulphonic acid or a silyl-
protected halosulphonic acid.

71. A method of paragraph 70, wherein the halosulphonic
acid or silyl-protected halosulphonic acid is chlorosulphonic
acid or trimethylsilylchlorosulphonate respectively.

72. A product produced by a method of any of paragraphs 63
to 71.

73. A pharmaceutical composition comprising a compound
of any of paragraphs 1 to 58, a polysaccharide, oligosaccha-
ride, peptide or protein derivative of paragraph 59, a mixture
of any of paragraphs 60 to 62, or a product of paragraph 72,
and a pharmaceutically acceptable excipient. carrier or dilu-
ent.

74. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for use in medicine.

75. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for binding to a macromolecule.

76. A compound, derivative, mixture, product or pharmaceu-
tical composition of paragraph 75, wherein the macromol-
eculeis a protein, peptide, nucleic acid, lipid, polysaccharide,
oligosaccharide, glycosaminoglycan, or proteoglycan.

77. A compound, derivative, mixture, product or pharmaceu-
tical composition of paragraph 75 or 76, wherein the binding
results in inhibition, activation, modification, destruction, re-
folding, denaturisation, aggregation, or oligomerisation of
the macromolecule.

78. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the inhibition, activation, modification, destruc-
tion, re-folding, denaturisation, aggregation, or oligomerisa-
tion of a macromolecule.

79. A method of inhibiting, activating, modifying, destroying,
re-folding, denaturising, aggregating, or oligomerising a
macromolecule, comprising administering an effective
amount of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a patient in need thereof.

80. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 79,
wherein the binding occurs in vitro, ex vivo or in vivo.

Feb. 24,2011

81. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a member of the lectin family
of proteins.

82. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75to 81,
wherein the macromolecule is a transmembrane glycopro-
tein.

83. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the protein is a member of the selectin sub-class.
84. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 83, wherein the
selectin is an E-, L- or P-selectin.

85. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the protein is a member of the siglecs sub-class.

86. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a mannose binding protein or a
mannose receptor.

87. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a glycosidase.

88. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 87, wherein the
glycosidase is a glucosidase.

89. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 88, wherein the
glucosidase is a f-glucosidase.

90. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a growth factor.

91. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 90, wherein the
growth factor is a granulocyte colony stimulating factor
(G-CS8F), a granulocyte macrophage colony stimulating fac-
tor (GM-CSF), a nerve growth factor (NGF), a neurotrophin,
a platelet-derived growth factor (PDGF), erythropoietin
(EPQO), thrombopoietin (TPO), myostatin (GDF-8), growth
differentiation factor-9 (GDF9), a hepatocyte growth factor,
or a fibroblast growth factor (FGF).

92. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is follistatin,

93. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a phosphorylase.

94. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 93, wherein the
phosphorylase is glycogen, starch or maltodextrin phospho-
rylase.

95. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 93 or 94,
wherein the phosphorylase is hepatic.

96. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 93 to 95,
wherein the phosphorylase is phosphorylase a or phosphory-
lase b.

97. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of any of paragraphs 75 to 80,
wherein the macromolecule is a cytokine receptor or a cytok-
ine.
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98. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 97, wherein the
cytokine receptor or cytokine is a chemokine receptor or a
chemokine.

99. A compound, derivative, mixture, product, pharmaceuti-
cal composition, use or method of paragraph 97 or 98,
wherein the chemokine is MCP-1 or MCP-3.

100. A method of modifying the level of a cytokine in vivo, ex
vivo or in vitro, said method comprising contacting a com-
pound of any of paragraphs 1 to 58, a polysaccharide, oli-
gosaccharide, peptide or protein derivative of paragraph 59, a
mixture of any of paragraphs 60 to 62, a product of paragraph
72, or a pharmaceutical composition of paragraph 73, with a
cell.

101. A method of testing for a modification in the level of a
cytokine in vivo, ex vivo or in vitro, said method comprising
contacting a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, with a cell.

102. A method of paragraph 100 or 101, wherein the cytokine
is selected from GM-CSF, IL-1a, IL-1p, 1L-2, 1L-4, 1L-5,
IL-6, IL-7, IL-8, 1L-10, 1L.-12, IL-13, IL-17, GCSF, VEGF,
TNFa, RANTES, MCP-1 or IFNy.

103. A method of paragraph 102, wherein the modification is
a decrease in the level of GM-CSF, IL-1q, IL-1p, IL-2, IL.-4,
IL-5, IL-6, IL-10, IL-13, IL.-17, GCSF, TNFa or I[FNy.

104. A method of paragraph 102, wherein the modification is
an increase in the level of IL-7 or VEGF.

105. A method of any of paragraphs 100 to 104, wherein the
method comprises contacting the compound or pharmaceuti-
cally acceptable salt thereof with a blood cell and/or a human
cell.

106. A method of any of paragraphs 100 to 105, wherein the
method is performed in vitro.

107. A method of any of paragraphs 100 to 105, wherein the
method is performed in vivo.

108. A method of any of paragraphs 100 to 107, wherein the
method is a method of treating or preventing a disease or
condition.

109. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the treatment or prevention of inflammation.
110. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the treatment or prevention of inflammation.
111. A method of treating or preventing inflammation, com-
prising administering a therapeutically or prophylactically
effective amount of a compound of any of paragraphs 1to 58,
a polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a patient in need thereof.

112. A method of paragraph 108, wherein the disease or
condition is inflammation.

113. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 109 to
112, wherein the inflammation is chronic inflammation.
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114. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 109 to
112, wherein the inflammation occurs as a result of an inflam-
matory disorder, as a symptom of a non-inflammatory disor-
der, or is secondary to trauma, injury or autoimmunity.

115. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the treatment or prevention of an inflammatory
disorder, a proliferative disorder, an immune disorder, an
angiogenesis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder.

116. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the treatment or prevention of an inflammatory
disorder, a proliferative disorder, an immune disorder, an
angiogenesis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder.

117. A method of treating or preventing an inflammatory
disorder, a proliferative disorder, an immune disorder, an
angiogenesis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder, com-
prising administering a therapeutically or prophylactically
effective amount of a compound of any of paragraphs 1 to 58,
a polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a patient in need thereof.

118. A method of paragraph 108, wherein the disease or
condition is an inflammatory disorder, a proliferative disor-
der, an immune disorder, an angiogenesis-dependent disor-
der, a sensitivity disorder, an adverse endocrine reaction or a
degenerative disorder.

119. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the treatment or prevention of an inflammatory
bowel disease, Crohn’s disease, ulcerative colitis, collag-
enous colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis, indeterminate colitis, psoriasis, sat-
coidosis, arthritis, rheumatoid arthritis, osteoarthritis, Beh-
cet’s syndrome, asthma, chronic obstructive pulmonary dis-
ease, atherosclerosis, cancer, inflammation, restenosis,
papilloma, polyposis, fibrosis, proliferative bronchiolitis,
tumour growth, proliferative periostitis, proliferative pulpitis,
proliferative verrucous leukoplakia, macular degeneration,
an autoimmune disorder, an immunodeficiency disorder, a
transplant rejection disorder, a disorder related to a transplant,
a disorder related to a renal, hepatic, corneal, cartilage, stem
cell, chondrocyte, pulmonary, cardiac, vascular or myeloid
transplant, HIV infection, AIDS, multiple sclerosis, systemic
lupus erythematosus, septic shock, an allergy, a hyposensi-
tivity, a hypersensitivity, hypersensitivity following the reac-
tivation of herpes, diabetes, a degenerative disease or disor-
der, a degenerative joint disease, a neurodegenerative disease,
aninflammatory degenerative disease, osteochondral defects,
keratitis (including herpetic keratitis), herpes simplex or
shingles.

120. Use of a compound of any of paragraph 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
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tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the treatment or prevention of an inflammatory
bowel disease, Crohn’s disease, ulcerative colitis, collag-
enous colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis, indeterminate colitis, psoriasis, sar-
coidosis, arthritis, rheumatoid arthritis, osteoarthritis,
Behget’s syndrome, asthma, chronic obstructive pulmonary
disease, atherosclerosis, cancer, inflammation, restenosis,
papilloma, polyposis, fibrosis, proliferative bronchiolitis,
tumour growth, proliferative periostitis, proliferative pulpitis,
proliferative verrucous leukoplakia, macular degeneration,
an autoimmune disorder, an immunodeficiency disorder, a
transplant rejection disorder, a disorder related to a transplant,
a disorder related to a renal, hepatic, corneal, cartilage, stem
cell, chondrocyte, pulmonary, cardiac, vascular or myeloid
transplant, HIV infection, AIDS, multiple sclerosis, systemic
lupus erythematosus, septic shock, an allergy, a hyposensi-
tivity, a hypersensitivity, hypersensitivity following the reac-
tivation of herpes, diabetes, a degenerative disease or disor-
der, a degenerative joint disease, a neurodegenerative disease,
an inflammatory degenerative disease, osteochondral defects,
keratitis (including herpetic keratitis), herpes simplex or
shingles.

121. A method of treating or preventing an inflammatory
bowel disease, Crohn’s disease, ulcerative colitis, collag-
enous colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis, indeterminate colitis, psoriasis, sar-
coidosis, arthritis, rheumatoid arthritis, osteoarthritis,
Behget’s syndrome, asthma, chronic obstructive pulmonary
disease, atherosclerosis, cancer, inflammation, restenosis,
papilloma, polyposis, fibrosis, proliferative bronchiolitis,
tumour growth, proliferative periostitis, proliferative pulpitis,
proliferative verrucous leukoplakia, macular degeneration,
an autoimmune disorder, an immunodeficiency disorder, a
transplant rejection disorder, a disorder related to a transplant,
a disorder related to a renal, hepatic, corneal, cartilage, stem
cell, chondrocyte, pulmonary, cardiac, vascular or myeloid
transplant, HIV infection, AIDS, multiple sclerosis, systemic
lupus erythematosus, septic shock, an allergy, a hyposensi-
tivity, a hypersensitivity, hypersensitivity following the reac-
tivation of herpes, diabetes, a degenerative disease or disor-
der, a degenerative joint disease, a neurodegenerative disease,
an inflammatory degenerative disease, osteochondral defects,
keratitis (including herpetic keratitis), herpes simplex or
shingles, comprising administering a therapeutically or pro-
phylactically effective amount of a compound of any of para-
graphs 1 to 58, a polysaccharide, oligosaccharide, peptide or
protein derivative of paragraph 59, a mixture of any of para-
graphs 60 to 62, a product of paragraph 72, or a pharmaceu-
tical composition of paragraph 73, to a patient in need thereof.

122. A method of paragraph 108, wherein the disease or
condition is selected from an inflammatory bowel disease,
Crohn’s disease, ulcerative colitis, collagenous colitis, lym-
phocytic colitis, ischaemic colitis, diversion colitis, infective
colitis, indeterminate colitis, psoriasis, sarcoidosis, arthritis,
rheumatoid arthritis, osteoarthritis, Behcet’s syndrome,
asthma, chronic obstructive pulmonary disease, atheroscle-
rosis, cancer, inflammation, restenosis, papilloma, polyposis,
fibrosis, proliferative bronchiolitis, tumour growth, prolifera-
tive periostitis, proliferative pulpitis, proliferative verrucous
leukoplakia, macular degeneration, an autoimmune disorder,
an immunodeficiency disorder, a transplant rejection disor-
der, a disorder related to a transplant, a disorder related to a
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renal, hepatic, corneal, cartilage, stem cell, chondrocyte, pul-
monary, cardiac, vascular or myeloid transplant, HIV infec-
tion, AIDS, multiple sclerosis, systemic lupus erythematosus,
septic shock, an allergy, a hyposensitivity, a hypersensitivity,
hypersensitivity following the reactivation of herpes, diabe-
tes, a degenerative disease or disorder, a degenerative joint
disease, a neurodegenerative disease, an inflammatory degen-
erative disease, osteochondral defects, keratitis (including
herpetic keratitis), herpes simplex or shingles.

123. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 119 to
122, wherein the psoriasis is plaque psoriasis, pustular pso-
riasis, guttate psoriasis, psoriatic arthritis, inverse psoriasis,
or erythrodermic psoriasis.

124. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 119 to
122, wherein the diabetes is diabetes mellitus.

125. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 124, wherein
the diabetes is type 1, type 2, gestational, malnutrition related,
or impaired glucose tolerance related.

126. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 119 to
122, wherein the diabetes is diabetes insipidus.

127. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 126, wherein
the diabetes is central, nephrogenic, dipsogenic, or gesta-
tional.

128. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the treatment or prevention of an autoimmune
disease.

129. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the treatment or prevention of an autoimmune
disease.

130. A method of treating or preventing an autoimmune dis-
ease, comprising administering a therapeutically or prophy-
lactically effective amount of a compound of any of para-
graphs 1 to 58, a polysaccharide, oligosaccharide, peptide or
protein derivative of paragraph 59, a mixture of any of para-
graphs 60 to 62, a product of paragraph 72, or a pharmaceu-
tical composition of paragraph 73, to a patient in need thereof.
131. A method of paragraph 108, wherein the disease or
condition is an autoimmune disease.

132. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 128 to
131, wherein the autoimmune disease is selected from acute
disseminated encephalitis, Addison’s disease, ankylosing
spondylitis, antiphospholipid antibody syndrome (APS),
aplastic anemia, autoimmune adrenalitis, autoimmune hepa-
titis, autoimmune oophoritis, autoimmune polyglandular
failure, autoimmune thyroiditis, Coeliac disease, Crohn’s dis-
ease, diabetes mellitus, Goodpasture’s syndrome, Graves’
disease, Guillain-Barré syndrome (GBS), Hashimoto’s dis-
ease, idiopathic thrombocytopenic purpura, Kawasaki’s dis-
ease, lupus erythematosus, multiple sclerosis, myasthenia
gravis, opsoclonus myoclonus syndrome (OMS), optic neu-
ritis, Ord’s thyroiditis, pemphigus, pernicious anaemia, pol-
yarthritis, primary biliary cirrhosis, rheumatoid arthritis,
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Reiter’s syndrome, Sjogren’s syndrome, a systemic connec-
tive tissue disorder, Takayasu’s arteritis, temporal arteritis,
warm autoimmune hemolytic anemia, Wegener’s granuloma-
tosis, alopecia universalis, Behcet’s disease, Chagas’ disease,
chronic fatigue syndrome, dysautonomia, endometriosis,
hidradenitis suppurativa, interstitial cystitis, Lyme disease,
neuromyotonia, psoriasis, sarcoidosis, schizophrenia, sclero-
derma, ulcerative colitis, vitiligo or vulvodynia.

133. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the aid of wound healing.

134. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for the aid of wound healing.

135. A method of aiding wound healing, comprising admin-
istering a therapeutically effective amount of a compound of
any of paragraphs 1 to 58, a polysaccharide, oligosaccharide,
peptide or protein derivative of paragraph 59, a mixture of any
of paragraphs 60 to 62, a product of paragraph 72, or a
pharmaceutical composition of paragraph 73, to a patient in
need thereof.

136. A method of paragraph 108, wherein the disease or
condition is a wound.

137. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 133 to
136, wherein the wound is chronic, and/or has arisen from
trauma, decubitis, cosmetic surgery, surgical therapy, organ
and tissue transplantation, insect bites or burns.

138. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the treatment or prevention of depression.

139. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of 72, in the manufacture of a medicament for the
treatment or prevention of depression.

140. A method of treating or preventing depression, compris-
ing administering a therapeutically or prophylactically effec-
tive amount of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a patient in need thereof.

141. A method of paragraph 108, wherein the disease or
condition is depression.

142. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 138 to
141, wherein the depression is a major depressive disorder,
catatonic features specification, melancholic features speci-
fication, atypical features specification, psychotic features
specification, dysthymia, bipolar I disorder, bipolar I1 disor-
der, or post-natal depression.

143. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for aiding cartilage repair or cartilage regeneration.
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144. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a medi-
cament for aiding cartilage repair or cartilage regeneration.

145. A method of aiding cartilage repair or cartilage regen-
eration, comprising administering a therapeutically effective
amount of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a patient in need thereof.

146. A method of any of paragraphs 100 to 108, wherein the
method is a method of aiding cartilage repair or cartilage
regeneration.

147. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 74 to
146, wherein the patient to be treated is 2 mammal.

148. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 147, wherein
the mammal is a human.

149. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 147, wherein
the mammal is a non-human.

150. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 149 when
dependent on paragraph 101, wherein the non-human subject
is mutilated or sacrificed as a result of the test.

151. A compound of any of paragraphs 1 to 58, a polysaccha-
ride, oligosaccharide, peptide or protein derivative of para-
graph 59, a mixture of any of paragraphs 60 to 62, a product
of paragraph 72, or a pharmaceutical composition of para-
graph 73, for the performance of a laboratory test.

152. Use of a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
or a product of paragraph 72, in the manufacture of a diag-
nostic agent for the performance of a laboratory test.

153. A method of performing a laboratory test, comprising
administering a compound of any of paragraphs 1 to 58, a
polysaccharide, oligosaccharide, peptide or protein deriva-
tive of paragraph 59, a mixture of any of paragraphs 60 to 62,
a product of paragraph 72, or a pharmaceutical composition
of paragraph 73, to a subject to be tested.

154. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 151 to
153, wherein the testing occurs in vitro, ex vitro or in vivo.

155. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of any of paragraphs 151 to
154, wherein the subject to be tested is a mammal.

156. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 155, wherein
the mammal is a human.

157. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 155, wherein
the mammal is a non-human.

158. A compound, derivative, mixture, product, pharmaceu-
tical composition, use or method of paragraph 157, wherein
the non-human subject is mutilated or sacrificed as a result of
the test.
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SYNTHETIC EXAMPLES

Theoretical preparation of [ 1-N-octyl-1-N-decanoyl-
1-amino-1-deoxy-6-potassium sulphonatomuramyl]-
D-isoglutamyl-(N-formyl or N-acetyl)-alanine

[0401]
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[0402] A solution of 130 mg of [1-N-octyl-1-N-decanoyl-

1-amino-1-deoxymuramyl]-D-isoglutamyl-(N-formyl ~ or
N-acetyl)-alanine in 3 ml of pyridine is treated with sulphur
trioxide pyridine complex. The mixture is kept at ambient
temperature for 12 hours and then the excess solvent is
decanted from the oily residue. This residue is dissolved inice
water and the pH is adjusted to pH 9 with KOH solution.
Addition of methanol precipitates the product.

Theoretical preparation of three- to four-fold
sulphated 1-benzamido-1-deoxy-glucose

[0403]
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[0404] A solution of 1.8 g of 1-amino-1-deoxyglucose and
600 mg of potassium carbonate in water is treated with 1.5 g
of benzoyl chloride under cooling with ice. After completion
of the reaction, 280 mg of N-benzoyl-1-amino-1-deoxyglu-
cose 1s dissolved in 5 ml of pyridine and 10 ml of DMF, and
950 mg of sulphur trioxide pyridine complex is added. The
mixture is heated to 50° C. for 7 hours under stirring and then
allowed to cool to ambient temperature. The oily residue is
separated by decanting the supernatant and then dissolved in
ice water. The mixture is neutralized with cold KOH solution
under external cooling. The precipitation of the product is
completed by adding methanol and the product is collected by
filtration.
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N-Acetyl-f,p-diglucosylamine
[0405]
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[0406] A suspension of 1.7 g of O-octaacetyl-f,p-digluco-
sylamine in 10 ml of acetic anhydride was treated with 1.2 g
of freshly fused and powdered zinc chloride. After 3 hours,
the clear solution was poured onto ice and 0.5 ml of pyridine
was added. Rapid stirring produced a white precipitate that
was collected by filtration and washed with water. The mate-
rial was used without further purification. The material was
suspended in 4 ml of a solution of ammonia in methanol (7 M)
and agitated overnight. Evaporation yielded a white solid that
showed uniformity in t.l.c. (methanol). The crude product
was used without further purification.

Three- to five-fold sulphated
N-acetyl-f,p-diglucosylamine

[0407]
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[0408] To a suspension of 1.66 g of sulphur trioxide pyri-
dine complex in 10 ml of dry pyridine and 2 ml of dry DMAc
was added, at 60° C., 0.5 g of N-acetyl-f,-diglucosylamine.
The mixture was stirred rapidly at a temperature of 55-65° C.
for 4 hours. After cooling the supernatant was decanted and
the residue was dissolved in a small amount of ice water. The
solution was treated with a solution of 400 mg of KOH and
300 mg of potassium acetate in 4 ml of water. Precipitation of
a white solid occurred and was completed by addition of
methanol. The white solid was filtered off and recrystallised
from a small quantity of water to give the multi-potassium
salt. MS analysis indicated the product to consist mainly of
three- to five-fold sulphated material.

Four- to six-fold sulphated
N-acetyl-p,p-diglucosylamine
[0409]
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[0410] To a suspension of 1.66 g of sulphur trioxide pyri-
dine complex in 10 ml of dry pyridine and 2 ml of dry DMAc
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was added, at 60° C., 0.5 g of N-acetyl-f,p-diglucosylamine.
The mixture was stirred rapidly at a temperature of 55-65° C.
for 6 hours. After cooling the supernatant was decanted and
the residue dissolved in a small amount of ice water. The
solution was treated with a solution of 400 mg of KOH and
300 mg of potassium acetate in 4 ml of water. Precipitation of
a white solid occurred and was completed by addition of
methanol. The white solid was filtered off and recrystallised
from a small quantity of water. MS analysis showed the
product to consist mainly of four- to six-fold sulphated mate-
rial.

Five- to seven fold sulphated
N-acetyl-f,p-diglucosylamine

[0411]
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[0412] To a suspension of 1.66 g of sulphur trioxide pyri-
dine complex in 10 ml of dry pyridine and 2 m1 of dry DM Ac
was added, at 60° C., 0.5 g of N-acetyl-f, p-diglucosylamine.
The mixture was stirred rapidly at a temperature of 60-70° C.
for 8 hours until the colour turned slightly brownish. After
cooling the supernatant was decanted and the residue dis-
solved in a small amount of ice water. The solution was
treated with a solution of 400 mg of KOH and 300 mg of
potassium acetate in 4 ml of water. Precipitation of a white
solid occurred and was completed by addition of methanol.
The white solid was filtered off and recrystallised from a
small quantity of water to give the multi-potassium salt. MS
analysis showed the product to consist mainly of five- to
seven-fold sulphated material.

Theoretical preparation of four- to seven-fold
sulphated N-ethyl-f,-diglucosylamine

[0413]
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[0414] To as suspension of 1.7 g of sulphur trioxide pyri-
dine complex in 6 ml of dry pyridine is added 5.5 g of
N-ethyl-.-diglucosylamine. The mixture is stirred at 60° C.
for 12 hours. Stirring is then stopped and, after cooling, the
supernatant liquid is decanted from the reddish brown oil. The
residual oil is dissolved in ice water and neutralised with
concentrated KOH solution while applying external cooling.
Addition of methanol completes the precipitation of the prod-
uct, which is recrystallised from a small quantity of water to
give the multi-potassium salt.

BIOLOGICAL EXAMPLES
Safety/Toxicity Studies

[0415] N-Acetyl-B,p-diglucosylamine oligosulphate 850
(i.e. the multi-potassium salt form of N-acetyl-f,p-digluco-
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sylamine sulphated so that the average molecular weight is
approximately 850) was administered to 12 mice orally for 35
days at a dosage of 100 mg/kg/day. No adverse events were
observed.

[0416] Theabove experiment was repeated using N-acetyl-
[,p-diglucosylamine oligosulphate 1000. Again, no adverse
events were observed.

Collagen-Induced Arthritis

[0417] Preparation of collagen: Chick sternal collagen 11
was dissolved in 0.01M acetic acid by gentle stirring over-
night at 4° C. at a concentration of 2 mg/ml. This was emul-
sified with ice-cold Freund’s complete adjuvant (FCA: 2
mg/ml mycobacterium tuberculosis in Freund’s incomplete
adjuvant) by addition of small volumes of the collagen II
solution to the FCA and mixing to a ratio of 1:1.

[0418] Induction of arthritis: Mice were lightly anaesthe-
tised with halothane. The base of the tail was shaved and 100
wl collagen IVFCA emulsion (100 pg collagen IT) was injected
intradermally to the left hand side of this site. 21 days after
initial sensitisation, collagen I was dissolved in acetic acid as
above, emulsified 1:1 in Freund’s incomplete adjuvant and
100 pl was injected into the base of the tail on the right hand
side of the tail base. This day was given as day 0.

[0419] Dosing: The non-control mice were dosed with
either N-acetyl-f,p-diglucosylamine oligosulphate 850 or
N-acetyl-p,[-diglucosylamine oligosulphate 1000 orally at
concentrations of 118 uM/kg/day and 100 uM/kg/day respec-
tively (100 mg dissolved in 10 ml water) once a day on days
0-35. Water was used as the control.

[0420] Assessment: Mice were individually marked and
examined every other day from the time of the day of boost
(day 0). The degree of arthritis was scored using an arbitrary
scale on predetermined days. The animals’ paws were exam-
ined and any inflammation was noted. Every inflamed main
digit scored one, inflammation of the front paw scored one,
inflammation of the hind paw scored one, and involvement of
the ankle scored one. Thus a maximal score for each animal
was 22. Body weights were also recorded.

[0421] Results: The results for N-acetyl-f,p-diglucosy-
lamine oligosulphate 850 and 1000 respectively are illus-
trated in FIGS. 2 and 3. It can be seen that both compounds
prevented the development of arthritic disease in these mice
as assessed by clinical scoring of the disease. Mice receiving
the drugs did not exhibit any alteration of body mass when
compared to the vehicle control.

Antigen-Induced Arthritis

[0422] C57bl/6 mice were sensitised to methylated bovine
serum albumin in Freund’s complete adjuvant. 14 days later
they were challenged with the intra-articular injection of
mBSA in one stifle joint and saline in the other. The non-
control mice were dosed orally, 1 hour prior to the challenge,
with N-acetyl-p,p-diglucosylamine oligosulphate 1200 at
concentrations of 83 uM/kg, 25 uM/kg and 8 pM/kg. Joint
inflammation was assessed as an increase in diameter, mea-
sured with calipers. The results are shown in FIG. 4. It can be
seen from this that an oral prophylactic dose of 83 pM/kg
N-acetyl-p,[-diglucosylamine oligosulphate 1200 signifi-
cantly reduces joint inflammation.

TNF Synthesis in Lps Stimulated Human Differentiated
Macrophage Cells U937 cells were differentiated in phorbol
mysterate acetate into human macrophages. TNF synthesis
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was induced by lipopolysaccharide (Ips) for 8 hours in the
absence or presence of N-acetyl-f,p-diglucosylamine oligo-
sulphate 1200 at concentrations 0of 0.01, 0.1, 1.0, or 100 pM.
The inhibition of TNF synthesis was assayed by ELISA. The
results are shown in FIG. 5. It can be seen that N-acetyl-f,[3-
diglucosylamine oligosulphate 1200 effectively inhibits TNF
synthesis in Ips stimulated human differentiated macrophage
cells.

PHA Stimulated Human Whole Blood Cytokine Synthesis

[0423] Whole blood culture: Blood was taken from a
healthy young male volunteer, into heparin Vacutainers®.
Whole-blood was diluted to give a final concentration of %io
in culture medium (CM). CM consisted of RPMI 1640 with
L-glutamine, penicillin and streptomycin. PHA (phyto-
haemagglutinin) solution and N-acetyl-p,[-diglucosylamine
octasulphate (DOS) and PHA solution were added to non-
control samples. Final drug concentrations tested were 100
M, 1 pM, 0.1 pM and 0.01 pM. All samples were tested in
triplicate.

[0424] Reagents were placed in four sets of 24-well (6x4)
flat-bottomed plates (Corning US) and incubated for 1, 2, 3
and 4 days respectively (incubator conditions: 37° C., humid
and 5% CO,). After each day, starting at day 1, a set of plates
was centrifuged (at 400 rpm for 6 minutes) and supernatant
placed in individual 1.5 ml eppendorf tubes and stored at -80°
C

[0425] ELISA: The protocol of Lagrelius et al. was fol-
lowed (Cytokine, 2006, 33, pp. 156-165). The culture supet-
natants were analysed once for concentrations of 1L-1a,
IL-1p, IL-2, 1L-4, IL-5, IL-6, IL-7, IL-10, IL-12, 1L-13,
IL-17, IFNy, GCSF, GM-CSF, MCP-1, RANTES, VEGF and
TNFa. The cytokines were measured simultaneously using a
Bio-Plex assay. This assay employs a bead-based sandwich
immunoassay technique. A monoclonal antibody specific for
each cytokine of interest is coupled onto a particular set of
beads with a known internal fluorescence, and several com-
binations of cytokine antibody coated beads can be included
and thus multiple cytokines are measured simultaneously.
The assay was performed according to the manufacturer’s
instructions using a Bio-Plex kit (Bio-Rad Laboratories).
Briefly, 50 ml of standard or test sample along with 50 ml of
mixed beads were added into the wells of a pre-wet 96-well
microtitre plate. After 1 hour incubation and washing, 25 ml
of detection antibody mixture was added and the samples
were incubated for 30 minutes and then washed. Finally, 50
ml of streptavidin-PE was added and after 10 minutes incu-
bation and washing, the beads were resuspended in 125 ml of
assay buffer. The beads were analysed employing a Bio-Plex
suspension array system (Bio-Rad Laboratories) and the Bio-
Plex manager software (version 3.0). A minimum of 100
beads per region were analysed. A curve fit was applied to
each standard curve according to the manufacturer’s manual
and sample concentrations were interpolated from the stan-
dard curves. The limit of quantification of cytokine detection
using this method was 2 pg/ml for 1L-5, IL-10, 1L.-12 and
IL-17, 2.8 pgfml for IL-2, 11.-4, 1L-6, IL-13 and TNFq, 2.32
pg/ml for IFNy, and 8.32 pg/ml for GM-CSF.

[0426] Results: PHA increased the levels of all cytokines
except VEGF which was reduced. 1L-§, MCP-1 and
RANTES were outside the range of the assay. The action of
0.01 uM N-acetyl-p,p-diglucosylamine octasulphate (DOS)
on PHA stimulated synthesis of IL-1a, 1L-1p, 1L-2, IL-4,
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IL-5, IL-6, 11-7, IL-10, IL-12, IL-13, IL-17, IFNy, GCSF,
GM-CSF, VEGF and TNFais shown in FIGS. 6 to 21 respec-
tively.

[0427] It can be seen that N-acetyl-f,p-diglucosylamine
octasulphate (DOS) inhibits the PHA stimulated synthesis of
IL-1e, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-10, 1L.-13, 1L-17,
TFNy, GCSF, GM-CSF and TNFq, whilst levels of TL.-7 and
VEGEF are increased.

TNFo Synthesis in Whole Blood Stimulated with 5 pg/ml
PHA

[0428] Human whole blood was diluted 1:10 in RPMI and
stimulated with 5 pg/ml phytohaemagglutinin (PHA) for 4
days in the absence or presence of N-acetyl-f3,p-diglucosy-
lamine octasulphate (DOS) or N-acetyl-f,p-diglucosylamine
oligosulphate 1200 at concentrations of 0.01, 0.1 or 1 uM.
The TNFo concentrations were assayed by ELISA on days 1,
2, 3 and 4. The results are shown in FIGS. 22 and 23 respec-
tively. It can be seen that N-acetyl-f},p-diglucosylamine octa-
sulphate and N-acetyl-f,p-diglucosylamine oligosulphate
1200 effectively inhibit TNFo. synthesis in whole blood
stimulated with 5 ug/ml PHA.

LPS Stimulated U937 Macrophage TNF . Synthesis

[0429] U937 human monocytes were incubated with 5
ug/ml PMA (phorbol myristate acetate) for 5 days in order to
induce differentiation. N-acetyl-f,-diglucosylamine octa-
sulphate (DOS) was added to the macrophages produced at
concentrations of 0 (control), 0.10, 1.00, 10.00 and 100.00
uM. TNFa synthesis was then optionally induced by 80 nM
Ips (lipopolysaccharide) treatment for 72 hours. The results
are shown in FIG. 24. It can be seen that N-acetyl-f,-diglu-
cosylamine octasulphate (DOS) inhibited TNFa synthesis at
all concentrations down to 0.1 uM.

[0430] It will be understood that the present invention has
been described above by way of example only. The examples
are not intended to limit the scope of the invention. Various
modifications and embodiments can be made without depart-
ing from the scope and spirit of the invention, which is defined
by the following claims only.

1-158. (canceled)

159. A compound comprising:

(1) at least one monosaccharide subunit comprising a gly-
cosidic —NR, group, a glycosidic —NR;* group, a
directly bonded —NR group, or a directly bonded
—NR,* group, wherein each R is independently hydro-
gen, a—S0O,—OR' or —SO,—N(R"), group, a further
monosaccharide subunit, or a hydrocarbyl group, or two
or three R groups and the nitrogen atom to which they
are attached, together form a further monosaccharide
subunit or a cyclic hydrocarbyl group; and

(ii) at least one sulphate group, wherein a sulphate group is
a—0—S0,—0R', —NR'—S0,—OR', —0—S0,—
N(R), or —NR—SO,—N(R"), group;

wherein each R' is independently hydrogen, a metal, a
further monosaccharide subunit, or a hydrocarbyl
group;

wherein each monosaccharide subunit independently is
optionally substituted and/or optionally modified; and

wherein each hydrocarbyl group independently is a substi-
tuted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl,
arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;
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is

or a salt thereof}

provided that the compound is not 3'-phosphoadenosine-
S-phosphosulphate.

160. A compound as claimed in claim 159, wherein each R

independently hydrogen, a further monosaccharide sub-
unit, or a hydrocarbyl group,

or two or three R groups and the nitrogen atom to which
they are attached, together form a further monosaccha-
ride subunit or a cyclic hydrocarbyl group.

161. A compound comprising;

(1) a sequence of at least two monosaccharide subunits
linked by a glycosidic —NR— group, a glycosidic
—NR,* group, a directly bonded —N-— group, or a
directly bonded —=NR*— group, wherein each R is
independently hydrogen, a —SO,—OR' or —SO,—N
(R"), group, a further monosaccharide subunit, or a
hydrocarbyl group, or two R groups and the nitrogen
atom to which they are attached, together form a further
monosaccharide subunit or a cyclic hydrocarbyl group;
and

(11) at least one sulphate group, wherein a sulphate group is
a—0—S0,—0R', —NR'—S80,—OR', —0—S0,—
N(R"), or —NR'—SO,—N(R"), group;

wherein each R' is independently hydrogen, a metal, a
further monosaccharide subunit, or a hydrocarbyl
group;

wherein each monosaccharide subunit independently is
optionally substituted and/or optionally modified; and

wherein each hydrocarbyl group independently is a substi-
tuted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkeny],
arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton;

or a salt thereof.

162. A compound as claimed in claim 161, wherein:

(a) the glycosidic —NR— group or the glycosidic
—NR,*—group is linked to one or both of the monosac-
charide subunits by a glycosidic bond, or wherein the
directly bonded —N— group or the directly bonded
—NR*— group is linked to one or neither of the
monosaccharide subunits by a glycosidic bond; and/or

(b) each R is independently hydrogen, a further monosac-
charide subunit, or ahydrocarbyl group, or two R groups
and the nitrogen atom to which they are attached,
together form a further monosaccharide subunit or a
cyclic hydrocarbyl group.

163. A compound as claimed in claim 159:

(a) wherein all monosaccharide subunits are independently
ring-closed or open-chain or a mixture of ring-closed
and open-chain; and/or

(b) wherein one or more monosaccharide subunit is sub-
stituted and/or modified; and/or

(¢) wherein in a substituted monosaccharide subunit:

(1) independently one or more of the hydroxyl groups ofthe
monosaccharide subunit is replaced with —H, —F,
—Cl,—Br, —I, —CF,, —CCl;,—CBr;, —Cl;, —SH,
—NH,, —N;,, —NH—NH,, —CN, —NO,, —COOH,
—R*“-0—R?’, —R*“S R’, —R*“SO R’
—R“ 80, R®, —R*-80,OR’, —R“0-—S0O,
R?, —R“—SO,—NR”),, —R*—NR’—S0O,—R?
—R“0—S0,—O0R?, —R“0—S0O,—N(R"),, —R*—
NR’—SO,—OR?, —R*NR*—SO,—NR?),,
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—R*—NR"),, —R*—NR",*, —R—BR"),.
—ReP(RY),, —R“PORY), —RSiR?),

—R*—CO—R’,—R*—CO—OR’, —R“0—CO—R’,
—R*-CO—N(R?),, —R“NR*—CO—R?,
—R*0—CO—OR®, —R0—CO—N(R"),, —R*—
NR’—CO—OR?,—R*-NR>-CO—NR?),, —R*—
CS—R’ —R*—CS—OR”, —R“0—CS—R”, —R*—
CS—N(R®),, —R*—NR*—CS—R’, —R*0—CS—
OR?, —R*0—CS—N(R?),, —R*-NR*-CS—OR?,
—R*NR*—CS—N(R?),, or —R?; and/or

(ii) independently one, two or three of the hydrogens of the
monosaccharide subunit is replaced with —F, —Cl,
—Br, —1, —CF;, —CCl;, —CBr;, —Cl;, —OH,
—SH, —NH,, —N;, —NH=—NH,, —CN, —NO,,
—COOH, —R*~0—R’, —R*~S—R”, —R*-SO—
R?, —R*-80,—R’, —R*“-S0O,—OR’, —R“0O—
SO,0R?, —R*—S0O,—N(R?),, —R*—NR*—S0,—
R?, —R°0—SO,—OR?, —R0—SO,N(R’),
—R*—NR*—80,—OR’, —R*—NR*—S0,—N(R?)
» —R=NR”), —R*NR";* —R*BR",,
—R*—PR"),, —R*—POR’), —R*—Si[R"),,
—R*—CO—R’,—R*—CO—OR’,—R*‘O—CO—R’,
—R*—CO—N(R?),, —R*-NR*—-CO—R?,
—R“0—CO—OR®, —R*“0—CO—N(R?),, —R*—
NR*—CO—OR?, —R*NR>-CO—NR?),, —R*—
CS—R% —R*CS—OR®, —R“0—CS—R®, —R“—
CS—N(R"),, —R*—NR’—CS—R’, —R*0—CS—
OR?, —R*0O—CS—N(R?),, —R*“ - NR®*-CS—OR?,
—R*—NR*—CS—N(R?),, or —R?; and/or

(ii1) independently one or more of the hydroxyl groups of
the monosaccharide subunit, together with the hydrogen
attached to the same carbon atom as the hydroxyl group,
is replaced with—0, =S, =NR’, or =N(R”),*; and/or

(iv) independently two hydroxyl groups of the monosac-
charide subunit are together replaced with —O—R“—,
—S—R°—, —8O0—R“—, —80,—R°—, or —NR*—
R°—;

wherein:
—R“— is independently a chemical bond, or a substituted

or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroat-
oms in its carbon skeleton;

—R? is independently hydrogen, an optionally substituted

monosaccharide subunit, or a substituted or unsubsti-
tuted, straight-chain, branched or cyclic alkyl, alkenyl,
alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl,
alkylaryl, alkenylaryl or alkynylaryl group which
optionally includes one or more heteroatoms in its car-
bon skeleton;

—R“— is independently a chemical bond, or a substituted

or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroat-
oms in its carbon skeleton; and

M is a metal;
provided that the monosaccharide subunit comprises at

least one —OR®?, —OSOR®, —0OSO,R?, —OSO,R?,
—O08Si(R?),, —OCOR?, —OCO,R?’, or —OM; and/or
(d) wherein in a modified monosaccharide subunit the ring
of the modified monosaccharide subunit, or what would
be the ring in the ring-closed form of the modified
monosaccharide subunit, is partially unsaturated; and/or
(e) wherein in a modified monosaccharide subunit the ring
oxygen of the modified monosaccharide subunit, or
what would be the ring oxygen in the ring-closed form of
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the modified monosaccharide subunit, is replaced with
—S— or —NR?—, wherein —R? is independently
hydrogen, an optionally substituted monosaccharide
subunit, or a substituted or unsubstituted, straight-chain,
branched or cyclic alkyl, alkenyl, alkynyl, acyl, aryl,
arylalkyl, arylalkenyl, arylalkynyl, alkylaryl, alkeny-
laryl or alkynylaryl group which optionally includes one
or more heteroatoms in its carbon skeleton; and/or

(D wherein each hydrocarbyl group is a substituted or
unsubstituted, straight-chain, branched or cyclic alkyl,
alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, ary-
lalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which comprises 1-15 carbon atoms and optionally
includes one or more heteroatoms in its carbon skeleton;
and/or

(g) wherein each hydrocarbyl group is a substituted or
unsubstituted, straight-chain, branched or cyclic alkyl,
alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl, ary-
lalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which comprises 1-15 carbon atoms and optionally
includes one or more heteroatoms in its carbon skeleton,
and wherein a substituted hydrocarbyl group is substi-
tuted with one or more of —F, —Cl, —Br, —I, —CF,,
—CCl,, —CBr,;, —Cl;, —OH, —SH, —NH,, —N,,
—NH—NH,, —CN, —NO,, —COOH, —R“—0—
R?, —R“—S—R’, —R“-SO—R’, —R*—SO,—R*
—R“—80,—OR’, —R“0—S0,—R’, —R“—S0,—
N(R?),, —R*—NR*-80,—R®, —R“0—80,—OR,
—R“0—S0,—N(R"),, ~ —R“—NR—S0,—OR’,
—R“NR*80,NR"),, —R*N(R’),, —R* N
(R?);*,—R*B(R),, —R*—P(R?),, —R*POR"),,
—R“Si(R»,, —R*-CO—R”, —R*-CO—OR”,
—R“0—CO—R?, —R*CO-N{RY», —R*—
NR*—CO—R’, —R“0—CO—OR”, —R*0O—CO—N
(R%),, —R*—NR*—CO—OR?, —R*—NR’—CO—N
R*),, —R*—CS—R*?, —R*—CS—OR’, —R“0—
CS—R?, —R“—CS—N(R?),, —R*—NR*—CS—R?,
—R“0—CS—OR?, —R“O—CS—N({RY),, —R"—
NR’—CS—OR?, —R*—NR*—CS—N(R?),, —R?, or
a monosaccharide subunit;

wherein:

—R“—is independently a chemical bond, or a substituted
or unsubstituted alkylene, alkenylene or alkynylene
group which optionally includes one or more heteroat-
oms in its carbon skeleton; and

—R? is independently hydrogen, an optionally substituted
monosaccharide subunit, or a substituted or unsubsti-
tuted, straight-chain, branched or cyclic alkyl, alkeny],
alkynyl, acyl, aryl, arylalkyl, arylalkenyl, arylalkynyl,
alkylaryl, alkenylaryl or alkynylaryl group which
optionally includes one or more heteroatoms in its car-
bon skeleton; and/or

(h) wherein the compound is a pharmaceutically accept-
able salt; and/or

(1) wherein the compound comprises at least one monosac-
charide subunit comprising a glycosidic —NR,, group or
a directly bonded —NR group; and/or

(j) wherein the compound comprises a sequence of at least
two monosaccharide subunits linked by a glycosidic
—NR— group or a directly bonded —N— group; and/
or

(k) wherein one R group is not hydrogen; and/or

(1) wherein two R groups are not hydrogen; and/or
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(m) wherein one R group is a monosaccharide subunit and
one R group is a hydrocarbyl group; and/or

(n) wherein one R group is a monosaccharide subunit and
one R group is hydrogen; and/or

(o) wherein one R group is a hydrocarbyl group and one R
group is hydrogen; and/or

(p) wherein two R groups are independently monosaccha-
ride subunits; and/or

(q) wherein two R groups are independently hydrocarbyl
groups; and/or

(r) wherein one or two R groups are independently hydro-
gen, or an alkyl, acyl or alkoxycarbonyl group; and/or

(s) wherein one or two R groups are independently hydro-
gen, or a C,-C; alkyl, C,-C, acyl, C,-C, halo-acyl, or
C,_ 5o alkoxycarbonyl group; and/or

(t) wherein one or two R groups are independently a
methyl, ethyl, acetyl, trifluoroacetyl, Boc, Fmoc, or Zer-
vas group; and/or

(u) comprising at least two or at least three sulphate groups;
and/or

(v) comprising at least one —O—SO,—OR', —NR'—
SO,—OR', or —O—S0O,—N(R"), group; and/or

(w) comprising at least one —OSO;R' group; and/or

(x) comprising at least two monosaccharide subunits, each
of which is substituted with at least one sulphate group;
and/or

(y) comprising at least one pyranosyl subunit, which is
substituted with one, two or three sulphate groups in the
2-, 3- and/or 6-position relative to the anomeric carbon
of the pyranosyl subunit, optionally wherein the pyra-
nosyl subunit is part of a disaccharide; and/or

(z) comprising at least one pyranosyl subunit, which is
substituted with one, two or three sulphate groups in the
2-, 3- and/or 6-position relative to the anomeric carbon
of the pyranosyl subunit, wherein the pyranosy! subunit
is substituted with two or three sulphate groups in the 2-,
3- and/or 6-position relative to the anomeric carbon of
the pyranosyl subunit, optionally wherein the pyranosyl
subunit is part of a disaccharide; and/or

(aa) comprising a first pyranosyl subunit, which is substi-
tuted with one sulphate group in the 2- or 6-position
relative to the anomeric carbon of the pyranosyl subunit,
and a second pyranosyl subunit, which is substituted
with one sulphate group in the 2- or 3-position relative to
the anomeric carbon of the pyranosyl subunit and one
sulphate group in the 6-position relative to the anomeric
carbon of the pyranosyl subunit, optionally wherein the
first and second pyranosyl subunits form a disaccharide;
and/or

(bb) comprising at least one pyranosyl subunit, which is
substituted with one or two sulphate groups in the 4-
and/or 6-position relative to the anomeric carbon of the
pyranosyl subunit, optionally wherein the pyranosyl
subunit is part of an oligosaccharide or a polysaccharide;
and/or

(cc) comprising at least one, two or three sulphate groups,
located on primary hydroxyl positions; and/or

(dd) wherein a sulphate group is provided on a monosac-
charide subunit comprising a glycosidic amine group;
and/or
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(ee) wherein 1-50, or 2-30, or 3-15, or 6-12, or all the
hydroxyl groups on the monosaccharide subunits inde-
pendently have been replaced with a sulphate group;
and/or

(ff) wherein 1-9, or 2-8, or 3-4 hydroxyl groups on each of
1, 2,3, 4,5, 6,7, 8, or all monosaccharide subunits
independently have been replaced with a sulphate
group; and/or

(zg) wherein the compound is a partially or fully sulphated
saccharide; and/or

(hh) wherein R' is independently hydrogen, a metal, or a
substituted or unsubstituted, straight-chain, branched or
cyclic alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, ary-
lalkenyl, arylalkynyl, alkylaryl, alkenylaryl or alkyny-
laryl group which optionally includes one or more het-
eroatoms in its carbon skeleton; and/or

(ii) wherein R is independently hydrogen, an alkali metal,
an earth alkali metal, copper. silver, zinc, or a C;-C,
alkyl group; and/or

(1j) comprising 1-100, 1-20, 2-10, or 2-4 monosaccharide
subunits; and/or

(kk) comprising 1,2,3,4,5,6,7,8, 9, 10 or more monosac-
charide subunits; and/or

(1) comprising a sequence of 1, 2,3, 4,5,6,7,8,9,10 or
more monosaccharide subunits; and/or

(mm) wherein all monosaccharide subunits are indepen-
dently aldosyl or ketosyl monosaccharides; and/or

(nn) wherein all monosaccharide subunits are indepen-
dently aldosyl or ketosyl monosaccharides, and wherein
1, 2, 3, 4, or all monosaccharide subunits are indepen-
dently triosyl, tetrosyl, pentosyl, hexosyl, heptosyl,
octosyl or nonosyl monosaccharides; and/or

(00) wherein all monosaccharide subunits are indepen-
dently aldosyl or ketosyl monosaccharides, wherein 1,
2,3, 4, orall monosaccharide subunits are independently
triosyl, tetrosyl, pentosyl, hexosyl, heptosyl, octosyl or
nonosyl monosaccharides, and wherein 1, 2, 3, 4, or all
monosaccharide subunits are independently glycerosyl,
erythrosyl, threosyl, ribosyl, arabinosyl, xylosyl, lyxo-
syl, allosyl, altrosyl, glucosyl, mannosyl, gulosyl, ido-
syl, galactosyl, talosyl, rhamnosyl or fucosyl monosac-
charides; and/or

(pp) wherein all monosaccharide subunits are indepen-
dently in the D- or L-configuration; and/or

(qq) wherein 1, 2, 3, 4, or all monosaccharide subunits are
independently tetrosyl monosaccharides or higher, and
the ring of those monosaccharides is furanosyl; and/or

(rr) wherein 1, 2, 3, 4, or all monosaccharide subunits are
independently pentosyl monosaccharides or higher, and
the ring of those monosaccharides is pyranosyl; and/or

(ss) wherein the stereochemistry of each glycosidic bond is
independently o or f§; and/or
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(tt) wherein the compound is:

(1) a glucosylamine; or

(i) p,p-di-glucosylamine; or

(iii) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or octa-
sulphated p,p-di-glucosylamine, or a mixture thereof; or

(iv) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or octa-
sulphated N-acetyl-p,p-di-glucosylamine, or a mixture
thereof; or

(v) a mono-, di-, tri-, tetra-, penta-, hexa-, hepta- or octa-
sulphated N-ethyl-f,p-di-glucosylamine, or a mixture
thereof; or

(vi) a sulphated di-(4,4'-glucosylglucosyl)amine; or

(vii) 1-benzamido-1-deoxy-2,3.4,6-tetra potassium sul-
phonatoglucose; or

(viii) 1-N-octyl-1-N-decanoyl-1-amino-1-deoxy-6-potas-
sium sulphonate-muramyl-D-isoglutamyl-alanine; and/
or

(uu) wherein two R groups and the nitrogen atom to which
they are attached, together do not form a heterocyclic
aromatic group; and/or

(vv) wherein the atom connectivity S—O—P is not present
in any monosaccharide subunit and/or in the entire com-
pound; and/or

(ww) wherein the compound does not contain the group
—O0—P(—0)(OH)—0—S0,0H; and/or

(xx) wherein the compound is not a nucleoside and/or not
a nucleotide; and/or

(vy) wherein the compound does not comprise a ribose
subunit comprising a glycosidic tertiary amine.

164. A compound having

(a) the formula (I):
or” O
R"O
R'O 9  RrRO OR”
R/ro N.
OR" R"O
wherein:

R is Ac, Me, Et, COCF;, or COPh;

eachR"is SO,R' or H with atleast one R" being SO,R'; and
each R'is H, Li, Naor K;

or a tautomet, a stereoisomer or a salt thereof; or

(b) the formula (IT):

1y
ORH

R'0
OR/!
O xR0 g
N

OR”

RO

OR" R"O
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wherein:
R is Ac, Me, Et, COCF,, or COPh;
each R"is SO;R' or H with at least one R" being SO;R"; and
each R'is H, Li, Na or K;
or a tautomet, a stereoisomer or a salt thereof; or
(c) the formula (I1I):

()

0S80, K O
o, O 0 Collyo
23
\_/O N\
s CsHiy
Me
0 —COH
§ 0]
HN
NHR

wherein R is H, CHO or COMe;
or a tautomer, a stereoisomer or a salt thereof; or
(d) the formula (IV):

v

R"O o
R"O
R"O NHR
OR”

wherein:

R is Ac, Me, Et, COCF;, or COPh;

each R"is SO,R' or H with atleast one R" being SO,R"; and

each R'is H, Li, Na or K;

or a tautomet, a stereoisomer or a salt thereof.

165. A polysaccharide, oligosaccharide, peptide or protein
derivative comprising a polysaccharide, oligosaccharide,
peptide or protein covalently linked to a compound as
claimed in claim 161.

166. A method of synthesising a compound as claimed in
claim 161, comprising the sulphation of a compound com-
prising:

() at least one monosaccharide subunit comprising a gly-
cosidic —NR, group, a glycosidic —NR;* group, a
directly bonded —NR group, or a directly bonded
—NR,* group, wherein each R is independently hydro-
gen, a —S0O,—OR' or —SO,—N(R"), group, a further
monosaccharide subunit, or a hydrocarbyl group, or two
or three R groups and the nitrogen atom to which they
are attached, together form a further monosaccharide
subunit or a cyclic hydrocarbyl group; or a salt thereof
provided that the compound is not 3'-phosphoadenos-
ine-5'-phosphosulphate;

(b) a sequence of at least two monosaccharide subunits
linked by a glycosidic —NR— group, a glycosidic
—NR,*- group, a directly bonded —N— group, or a
directly bonded —NR*— group, wherein each R is
independently hydrogen, a —SO,—OR' or —SO,—N
(R"), group, a further monosaccharide subunit, or a
hydrocarbyl group, or two R groups and the nitrogen
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atom to which they are attached, together form a further
monosaccharide subunit or a cyclic hydrocarbyl group;
or a salt thereof;,

wherein each R' is independently hydrogen, a metal, a
further monosaccharide subunit, or a hydrocarbyl
group;

wherein each monosaccharide subunit independently is
optionally substituted and/or optionally modified; and

wherein each hydrocarbyl group independently is a substi-
tuted or unsubstituted, straight-chain, branched or cyclic
alkyl, alkenyl, alkynyl, acyl, aryl, arylalkyl, arylalkenyl,
arylalkynyl, alkylaryl, alkenylaryl or alkynylaryl group
which optionally includes one or more heteroatoms in its
carbon skeleton.

167. A method as claimed in claim 166, wherein:

(a) the compound is O- and/or N-protected prior to sul-
phation; and/or

(b) the compound is O- and/or N-protected prior to sul-
phation, and wherein O-silyl, O-acetyl, O-acyl, O-ac-
etal, O-ketal, O-benzyl, O-benzoyl or O-THP protection
is used; and/or

(c) the compound is O- and/or N-protected prior to sul-
phation, and wherein N-Boc, N-Fmoc, N-Zervas,
N-acetyl, N-acyl, N-alkyl or N-trifluoroacetyl protec-
tion 1s used; and/or

(d) the sulphation is performed using sulphur trioxide com-
plexed to a nitrogen-containing base; and/or

(e) the sulphation is performed using sulphur trioxide com-
plexed to a nitrogen-containing base, and wherein the
nitrogen-containing base is pyridine; and/or

(P) the sulphation is performed using sulphur trioxide com-
plexed to a nitrogen-containing base, wherein the nitro-
gen-containing base is pyridine, and wherein pyridine is
used as solvent; and/or

(2) the sulphation is performed using a halosulphonic acid
or a silyl-protected halosulphonic acid; and/or

(h) the sulphation is performed using a halosulphonic acid
or a silyl-protected halosulphonic acid, and wherein the
halosulphonic acid or silyl-protected halosulphonic acid
is chlorosulphonic acid or trimethylsilylchlorosulpho-
nate respectively.

168. A product produced by a method as claimed in claim

166.

169. A pharmaceutical composition comprising a com-
pound as claimed in claim 161, and a pharmaceutically
acceptable excipient, carrier or diluent.

170. A method of binding, inhibiting, activating, modify-
ing, destroying, re-folding, denaturising, aggregating, or oli-
gomerising a macromolecule, comprising:

(a) contacting a compound as claimed in claim 161 with the

macromolecule; and/or

(b) administering an effective amount of a compound as
claimed in claim 161 to a patient in need thereof.

171. A method as claimed in claim 170, wherein:

(a) the binding, inhibiting, activating, modifying, destroy-
ing, re-folding, denaturising, aggregating, or oligom-
erising occurs in vitro, ex vivo or in vivo; and/or

(b) the macromolecule is a protein, peptide, nucleic acid,
lipid, polysaccharide, oligosaccharide, glycosami-
noglycan, or proteoglycan; and/or

() the macromolecule is a member of the lectin family of
proteins; and/or

(d) the macromolecule is a transmembrane glycoprotein;
and/or
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(e) the macromolecule is a protein, and wherein the protein
is a member of the selectin sub-class, optionally wherein
the selectin is an E-, L- or P-selectin; and/or

(D the macromolecule is a protein, and wherein the protein
is a member of the siglecs sub-class; and/or

(g) the macromolecule is a mannose binding protein or a
mannose receptor; and/or

(h) the macromolecule is a glycosidase, optionally wherein
the glycosidase is a glucosidase, optionally wherein the
glucosidase is a pf-glucosidase; and/or

(i) the macromolecule is a growth factor, optionally
wherein the growth factor is a granulocyte colony stimu-
lating factor (G-CSF), a granulocyte macrophage colony
stimulating factor (GM-CSF), a nerve growth factor
(NGF), a neurotrophin, a platelet-derived growth factor
(PDGF), erythropoietin (EPO), thrombopoietin (TPO),
myostatin (GDF-8), growth differentiation factor-9
(GDF9), a hepatocyte growth factor, or a fibroblast
growth factor (FGF); and/or

(j) the macromolecule is follistatin; and/or

(k) the macromolecule is a phosphorylase, optionally
wherein the phosphorylase is glycogen, starch or mal-
todextrin phosphorylase and/or optionally wherein the
phosphorylase is hepatic and/or optionally wherein the
phosphorylase is phosphorylase a or phosphorylase b;
and/or

(1) the macromolecule is a cytokine receptor or a cytokine,
optionally wherein the cytokine receptor or cytokine is a
chemokine receptor or a chemokine and/or optionally
wherein the chemokine is MCP-1 or MCP-3.

172. A method of modifying the level of a cytokine in vivo,

ex vivo or in vitro, said method comprising contacting a
compound as claimed in claim 161 with a cell.

173. A method of testing for a modification in the level of

acytokine in vivo, e vivo or in vitro, said method comprising

contacting a compound as claimed in claim 161 with a cell.

174. A method as claimed in claim 172, wherein:

(a) the cytokine is selected from GM-CSF, IL-1¢, IL-1,
IL-2, IL-4, IL-5, 1L-6, IL-7, IL-8, IL-10, IL-12, 1L-13,
IL-17, GCSF, VEGF, TNFa,, RANTES, MCP-1 or IFNy;
and/or

(b) the cytokine is selected from GM-CSF, 1L-1a, IL-1f,
IL-2, 1L-4, IL-5, 1L-6, IL-10, 1L-13, IL-17, GCSF,
TNFa, or IFNy, and wherein the modification is a
decrease in the level of GM-CSF, IL-1a, IL-1§, 1L-2,
IL-4, IL-5, IL-6, 1L-10, IL-13, 1L.-17, GCSF, TNFa. or
IFNy; and/or

(c) the cytokine is selected from IL-7 or VEGF, and
wherein the modification is an increase in the level of
IL-7 or VEGF; and/or

(d) the method comprises contacting the compound or
pharmaceutically acceptable salt thereof with a blood
cell and/or a human cell; and/or

(e) the method is performed in vitro or in vivo; and/or

(D the method is a method of treating or preventing a
disease or condition.

175. A method as claimed in claim 174(f), wherein:

(a) the disease or condition is inflammation, including
wherein the inflammation is chronic inflammation, or
wherein the inflammation occurs as a result of an inflam-
matory disorder, as a symptom of a non-inflammatory
disorder, or is secondary to trauma, injury or autoimmu-
nity; and/or
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(b) the disease or condition is an inflammatory disorder, a
proliferative disorder, an immune disorder, an angiogen-
esis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder;
and/or

() the disease or condition is an inflammatory bowel dis-
ease, Crohn’s disease, ulcerative colitis, collagenous
colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis, indeterminate colitis, psoriasis
(including plaque psoriasis, pustular psoriasis, guttate
psoriasis, psoriatic arthritis, inverse psoriasis, or eryth-
rodermic psoriasis), sarcoidosis, arthritis, rheumatoid
arthritis, osteoarthritis, Behget’s syndrome, asthma,
chronic obstructive pulmonary disease, atherosclerosis,
cancer, inflammation, restenosis, papilloma, polyposis,
fibrosis, proliferative bronchiolitis, tumour growth, pro-
liferative periostitis, proliferative pulpitis, proliferative
verrucous leukoplakia, macular degeneration, an
autoimmune disorder, an immunodeficiency disorder, a
transplant rejection disorder, a disorder related to a
transplant, a disorder related to arenal, hepatic, corneal,
cartilage, stem cell, chondrocyte, pulmonary, cardiac,
vascular or myeloid transplant, HIV infection, AIDS,
multiple sclerosis, systemic lupus erythematosus, septic
shock, an allergy, a hyposensitivity, a hypersensitivity,
hypersensitivity following the reactivation of herpes,
diabetes (including diabetes mellitus, type 1 diabetes,
type 2 diabetes, gestational diabetes, malnutrition
related diabetes, impaired glucose tolerance related dia-
betes, diabetes insipidus, central diabetes, nephrogenic
diabetes, dipsogenic diabetes, or gestational diabetes), a
degenerative disease or disorder, a degenerative joint
disease, a neurodegenerative disease, an inflammatory
degenerative disease, osteochondral defects, keratitis
(including herpetic keratitis), herpes simplex or
shingles; and/or

(d) the disease or condition is an autoimmune disease,
including wherein the autoimmune disease is selected
from acute disseminated encephalitis, Addison’s dis-
ease, ankylosing spondylitis, antiphospholipid antibody
syndrome (APS), aplastic anemia, autoimmune adren-
alitis, autoimmune hepatitis, autoimmune oophoritis,
autoimmune polyglandular failure, autoimmune thy-
roiditis, Coeliac disease, Crohn’s disease, diabetes mel-
litus, Goodpasture’s syndrome, Graves® disease, Guil-
lain-Barré syndrome (GBS), Hashimoto’s disease,
idiopathic thrombocytopenic purpura, Kawasaki’s dis-
ease, lupus erythematosus, multiple sclerosis, myasthe-
nia gravis, opsoclonus myoclonus syndrome (OMS),
optic neuritis, Ord’s thyroiditis, pemphigus, pernicious
anaemia, polyarthritis, primary biliary cirrhosis, rheu-
matoid arthritis, Reiter’s syndrome, Sjogren’s syn-
drome, a systemic connective tissue disorder, Takaya-
su’s arteritis, temporal arteritis, warm autoimmune
hemolytic anemia, Wegener’s granulomatosis, alopecia
universalis, Behcet’s disease, Chagas’ disease, chronic
fatigue syndrome, dysautonomia, endometriosis,
hidradenitis suppurativa, interstitial cystitis, Lyme dis-
ease, neuromyotonia, psoriasis, sarcoidosis, schizophre-
nia, scleroderma, ulcerative colitis, vitiligo or vulvo-
dynia; and/or

(e) the disease or condition is a wound, including wherein
the wound is chronic, and/or has arisen from trauma,
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decubitis, cosmetic surgery, surgical therapy, organ and
tissue transplantation, insect bites or burns; and/or

(D the disease or condition is depression, including a major
depressive disorder, catatonic features specification,
melancholic features specification, atypical features
specification, psychotic features specification, dys-
thymia, bipolar I disorder, bipolar II disorder, or post-
natal depression; and/or

(g) the method is a method of aiding cartilage repair or
cartilage regeneration.

176. A method of treating or preventing a disease or con-

dition, comprising administering a therapeutically or prophy-
lactically effective amount of acompound as claimed in claim

161 to a patient in need thereof, wherein:

(a) the disease or condition is inflammation, including
wherein the inflammation is chronic inflammation, or
wherein the inflammation occurs as aresult of an inflam-
matory disorder, as a symptom of a non-inflammatory
disorder, or is secondary to trauma, injury or autoimmu-
nity; and/or

(b) the disease or condition is an inflammatory disorder, a
proliferative disorder, an immune disorder, an angiogen-
esis-dependent disorder, a sensitivity disorder, an
adverse endocrine reaction or a degenerative disorder;
and/or

(¢) the disease or condition is an inflammatory bowel dis-
ease, Crohn’s disease, ulcerative colitis, collagenous
colitis, lymphocytic colitis, ischaemic colitis, diversion
colitis, infective colitis, indeterminate colitis, psoriasis
(including plaque psoriasis, pustular psoriasis, guttate
psoriasis, psoriatic arthritis, inverse psoriasis, or eryth-
rodermic psoriasis), sarcoidosis, arthritis, rheumatoid
arthritis, osteoarthritis, Behget’s syndrome, asthma,
chronic obstructive pulmonary disease, atherosclerosis,
cancer, inflammation, restenosis, papilloma, polyposis,
fibrosis, proliferative bronchiolitis, tumour growth, pro-
liferative periostitis, proliferative pulpitis, proliferative
verrucous leukoplakia, macular degeneration, an
autoimmune disorder, an immunodeficiency disorder, a
transplant rejection disorder, a disorder related to a
transplant, a disorder related to a renal, hepatic, corneal,
cartilage, stem cell, chondrocyte, pulmonary, cardiac,
vascular or myeloid transplant, HIV infection, AIDS,
multiple sclerosis, systemic lupus erythematosus, septic
shock, an allergy, a hyposensitivity, a hypersensitivity,
hypersensitivity following the reactivation of herpes,
diabetes (including diabetes mellitus, type 1 diabetes,
type 2 diabetes, gestational diabetes, malnutrition
related diabetes, impaired glucose tolerance related dia-
betes, diabetes insipidus, central diabetes, nephrogenic
diabetes, dipsogenic diabetes, or gestational diabetes), a
degenerative disease or disorder, a degenerative joint
disease, a neurodegenerative disease, an inflammatory
degenerative disease, osteochondral defects, keratitis
(including herpetic keratitis), herpes simplex or
shingles; and/or

36

Feb. 24,2011

(d) the disease or condition is an autoimmune disease,
including wherein the autoimmune disease is selected
from acute disseminated encephalitis, Addison’s dis-
ease, ankylosing spondylitis, antiphospholipid antibody
syndrome (APS), aplastic anemia, autoimmune adren-
alitis, autoimmune hepatitis, autoimmune oophoritis,
autoimmune polyglandular failure, autoimmune thy-
roiditis, Coeliac disease, Crohn’s disease, diabetes mel-
litus, Goodpasture’s syndrome, Graves® disease, Guil-
lain-Barré syndrome (GBS), Hashimoto’s disease,
idiopathic thrombocytopenic purpura, Kawasaki’s dis-
ease, lupus erythematosus, multiple sclerosis, myasthe-
nia gravis, opsoclonus myoclonus syndrome (OMS),
optic neuritis, Ord’s thyroiditis, pemphigus, pernicious
anaemia, polyarthritis, primary biliary cirrhosis, rheu-
matoid arthritis, Reiter’s syndrome, Sjdgren’s syn-
drome, a systemic connective tissue disorder, Takaya-
su’s arteritis, temporal arteritis, warm autoimmune
hemolytic anemia, Wegener’s granulomatosis, alopecia
universalis, Behget’s disease, Chagas’ disease, chronic
fatigue syndrome, dysautonomia, endometriosis,
hidradenitis suppurativa, interstitial cystitis, Lyme dis-
ease, neuromyotonia, psoriasis, sarcoidosis, schizophre-
nia, scleroderma, ulcerative colitis, vitiligo or vulvo-
dynia; and/or

(e) the disease or condition is a wound, including wherein
the wound is chronic, and/or has arisen from trauma,
decubitis, cosmetic surgery, surgical therapy, organ and
tissue transplantation, insect bites or burns; and/or

(b the disease or condition is depression, including a major
depressive disorder, catatonic features specification,
melancholic features specification, atypical features
specification, psychotic features specification, dys-
thymia, bipolar I disorder, bipolar II disorder, or post-
natal depression; and/or

2) the method is a method of aiding cartilage repair or
cartilage regeneration.

177. A method as claimed in claim 174(f), wherein:

(a) the patient to be treated is a mammal; and/or

(b) the patient to be treated is a human; and/or

(c) the patient to be treated is a non-human mammal; and/or

(d) the patient to be treated is a non-human mammal, and
wherein the non-human mammal is mutilated or sacri-
ficed as a result of the test.

178. A method of performing a laboratory test, comprising

administering a compound as claimed in claim 161 to a sub-
ject to be tested.

179. A method as claimed in claim 178, wherein:

(a) the testing occurs in vitro, ex vitro or in vivo; and/or

(b) the subject to be tested is a mammal; and/or

(c) the subject to be tested is a human; and/or

(d) the subject to be tested is non-human mammal; and/or

(e) the subject to be tested is non-human mammal, and
wherein the non-human mammal is mutilated or sacri-
ficed as a result of the test.
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