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Figure 2 : Extent of angiogenesis in aortic cultures . 
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Figure 3 : Median tumour volumes of untreated controls , PI - 88 , analogue PG524 and 
selected test compounds . 
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Figure 4 : Percent tumour growth inhibition ( TGI ) data from timour bearing mice treated 
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of B16F1 melanoma cells in mice . 
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SULFATED OLIGOSACCHARIDE spread of HSV - 1 and HSV - 217 , to inhibit infectivity and 
DERIVATIVES improve survival in murine models of dengue and encepha 

litic flaviviruses , 18 to inhibit proteinuria in passive Heymann 
nephritis and to display in vitro antimalarial activity 

Matter enclosed in heavy brackets [ ] appears in the 5 against Plasmodium falciparum 20 . 
original patent but forms no part of this reissue specifica - Various other polysulfated oligo - and polysaccharides and 
tion ; matter printed in italics indicates the additions their derivatives are well known to exhibit similar types of 
made by reissue ; a claim printed with strikethrough biological activities to PI - 8821 - 26 . These biological activities 
indicates that the claim was canceled , disclaimed , or held are attributed to the inhibition of various heparan sulfate 
invalid by a prior post - patent action or proceeding . 10 ( HS ) - binding proteins . Recently , some sulfated oligosaccha 

ride derivatives were disclosed with improved pharmacoki 
TECHNICAL FIELD netic and / or ADME ( absorption , distribution , metabolism , 

excretion ) profiles27 , 28 . The compounds comprised a single 
The invention described herein relates to compounds carbon skeleton and thus also provide synthesis and char 

having activity as inhibitors of heparan sulfate - binding 15 acterization advantages over mixtures such as PI - 88 . 
proteins , including the enzyme heparanase . In particular , the The object of the present invention is the creation of 
invention is directed to sulfated oligosaccharide derivatives , HS - mimetics with even greater potency , improved pharma 
although the scope of the invention is not necessarily limited cokinetic properties and a reduced side effect profile . 
thereto . Specifically , the invention relates to polysulfated 
oligosaccharides modified with specific , highly lipophilic 20 SUMMARY OF THE INVENTION 
groups . The invention also relates to methods for the prepa 
ration of the compounds , compositions comprising the com - According to a first embodiment of the invention , there is 
pounds , and use of the compounds and compositions thereof provided a compound of the general formula : 
for the antiangiogenic , antimetastatic , antiinflammatory , [ X ] n - Y - ZR ' R2 antimicrobial , anticoagulant and / or antithrombotic treatment 25 
of a mammalian subject . The compounds additionally have wherein : 
utility in the prevention of the foregoing disorders when X and Y are each a monosaccharide unit wherein each 
administered to a mammalian subject . hydroxyl group not involved in a glycosidic linkage is 

substituted independently by a group SOM or H , where M 
BACKGROUND ART 30 is any pharmaceutically acceptable cation ; 

X and Y are any D - or L - hexose or pentose ; 
The sulfated oligosaccharide agent known as PI - 881 , 2 is a Y is in a cyclic or ring opened form ; 

promising inhibitor of tumour growth and metastasis3 , 4 , 1 and Z is O , N , S or C or their higher oxidation states , or a 
has undergone clinical trials in cancer patients > , . PI - 88 is a bond , and is linked to the anomeric carbon when Y is a 
mixture of highly sulfated , monophosphorylated mannose 35 reducing monosaccharide ; 
oligosaccharides ranging in size from di - to hexasaccharide ' R ' is a linker selected from the group including alkyl , 
8 . PI - 88 exerts antiangiogenic effects by inhibiting the alkenyl , alkynyl , aryl , heteroalkyl , heteroaryl , acyl , aroyl , 
interactions of angiogenic growth factors ( principally FGF - alkylamido , alkylthioamido , triazolyl , or is a bond ; 
1 , FGF - 2 and VEGF ) and their receptors with heparan R² is a lipophilic moiety selected from the group includ 
sulfateº , 1 . In addition , PI - 88 is a potent inhibitor of the 40 ing cholesteryl , cholestanyl , cholate , deoxycholate , straight 
enzyme heparanase , a glycosidase that cleaves the heparan chain alkyl , branched alkyl , substituted alkyl , straight chain 
sulfate side chains of proteoglycans that are a major con - acyl , branched acyl , substituted acyl ; 
stituent of the extracellular matrix ( ECM ) and basement n is an integer from 0 - 6 ; 
membranes surrounding tumour cells + - 2 . Heparanase has the level of sulfation of each compound is between 70 and 
been strongly implicated in angiogenesis : it is able to 45 100 % of the total hydroxyl groups , wherein 
liberate active heparan sulfate - bound angiogenic growth When R ' is a bond , then R2 is not glycyrrhetinic acid or 
factors from the ECM and is involved in the degradation of derivatives thereof ; 
the ECM and subsequent tissue remodeling associated with When Rl is a bond , and n = 0 or 1 , and Z is S , then R² is 
the sprouting of new blood vesselslº . The degradation of the not C8 or C18 straight chain alkyl group ; 
ECM by heparanase is also crucial in the spread of tumour 50 When n is 3 - 6 , and R ! is a bond , and X and Y are 
cells ( metastasis ) by allowing them to pass into the blood a ( 1 4 ) - linked glucose , then R ’ is not a C12 to C18 straight 
stream and lodge in remote sites where they can form chain alkyl group ; 
secondary tumours11 , 10 . When n is 3 - 5 , and R is a bond , and X and Y are 

In addition to its antiangiogenic effects , PI - 88 inhibits the B ( 1 3 ) - linked glucose , then R2 is not a C4 to C12 straight 
blood coagulation cascade by ( i ) inhibiting proteases in the 55 chain alkyl group or cholesteryl group ; and 
intrinsic pathway , ( ii ) stimulating the release of tissue factor When X and Y are ribose , and Rl is a bond , then R2 is not 
pathway inhibitor ( TFPI ) , and ( iii ) activating the heparina C18 group . 
cofactor Il - mediated inhibition of thrombin . However , PI - 88 According to a second embodiment of the invention , there 
does not interact with AT III and thus shows no anti - Xa or is provided a pharmaceutical or veterinary composition for 
AT III - mediated anti - Ila activity12 , 13 . In vivo studies in 60 the prevention or treatment in a mammalian subject of a 
monkeys have shown that low doses of PI - 88 stimulate disorder resulting from angiogenesis , metastasis , inflamma 
release of all heparan sulfate bound TFPI from the vascular tion , coagulation / thrombosis , raised blood triglyceride lev 
cell wall12 . Apart from its effect on coagulation , TFPI is also els , microbial infection and / or cardiovascular disease , which 
an antiangiogenic agent14 and an inhibitor of metastasis ? s . composition comprises at least one compound according to 
PI - 88 has also been shown to block vascular smooth muscle 65 the first embodiment together with a pharmaceutically or 
cell proliferation and intimal thickeninglé , to inhibit herpes veterinarially acceptable carrier or diluent for at least one 
simplex virus ( HSV ) infection of cells and the cell - to - cell said compound . 
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A third embodiment of the invention comprises the use of selected test compounds in the B16 mouse melanoma 
a compound according to Formula II in the manufacture of model . Despite dose levels being reduced for the compounds 
a medicament for the prevention or treatment in a mamma of the invention , % TGI values were still improved in 
lian subject of a disorder resulting from angiogenesis , comparison to PI - 88 or non - lipophilic analogues . bid = his in 
metastasis , inflammation , coagulation / thrombosis , raised 5 die ( twice daily ) , sid = semel in die ( once daily ) . 
blood triglyceride levels , microbial infection and / or cardio FIG . 5 shows examples of the test compounds blocking 
vascular disease : the formation of lung colonies of B16F1 melanoma cells in 

mice . Compounds and doses administered are described 
[ X ] JYJZR ' R ? below each image . 

wherein : 10 FIG . 6 shows the number of lung metastatic nodules as a 
X and Y are each a monosaccharide unit wherein each percentage compared to the saline control with selected test 

hydroxyl group not involved in a glycosidic linkage is compounds in the B16 lung metastases model . Mice treated 
substituted independently by a group SOM or H , where M with PI - 88 and the selected compounds displayed fewer lung 
is any pharmaceutically acceptable cation ; metastatic nodules when compared to saline control . Despite 

X and Y are any D - or L - hexose or pentose ; 15 dose levels being reduced in most instances for the com 
Y is in a cyclic or ring opened form ; pounds of the invention , inhibition of metastases was still 
Z is O , N , S or C or their higher oxidation states , or a similar to that observed with higher dosages of PI - 88 . 

bond , and is linked to the anomeric carbon when Y is a bid = his in die ( twice daily ) , sid = semel in die ( once daily ) . 
reducing monosaccharide ; FIG . 7 shows the percentage of tumour growth inhibition 

R is a linker selected from the group including alkyl , 20 % TGI ) data from tumour bearing mice treated with 
alkenyl , alkynyl , aryl , heteroalkyl , heteroaryl , acyl , aroyl , selected test compounds in the colorectal cancer HT29 
alkylamido , alkylthioamido , triazolyl , or is a bond ; xenograft model . Despite dose levels being reduced for the 
R2 is a lipophilic moiety selected from the group includ compounds of the invention , % TGI values were still 

ing cholesteryl , cholestanyl , cholate , deoxycholate , straight improved in comparison to PI - 88 or non - lipophilic ana 
chain alkyl , branched alkyl , substituted alkyl , straight chain 25 logues . bid = bis in die ( twice daily ) , sid = semel in die ( once 
acyl , branched acyl , substituted acyl ; daily ) . 

n is an integer from 0 - 6 ; and FIG . 8 shows the effect of test compounds on the cell 
the level of sulfation of each compound is between 70 and to - cell transmission of HSV . The cells were infected with 

100 % of the total hydroxyl groups . ~ 200 PFU of either HSV - 1 or HSV - 2 , and then overlaid with 
According to a fourth embodiment of the invention there 30 EMEM supplemented with 1 % methylcellulose and 10 

is provided a method for the prevention or treatment in a ug / ml of test compound . The results are expressed as a 
mammalian subject of a disorder resulting from angiogen - percentage of the average area of viral plaques developed in 
esis , metastasis , inflammation , coagulation / thrombosis , drug - treated cells relative to mock - treated controls . Images 
raised blood triglyceride levels , microbial infection and / or of twenty viral plaques were captured and subjected to area 
cardiovascular disease , which method comprises adminis - 35 determinations using the IM500 software . 
tering to the subject an effective amount of at least one FIG . 9 shows the effect of test compounds on the binding 
compound according to Formula II , or a composition com - of HSV virions to cells . Test compounds at specific concen 
prising said at least one compound . trations were incubated at 4° C . with methyl - PH ] thymidine 

In order that the invention may be more readily under - labeled HSV - 1 or HSV - 2 during a 2 h period of virus 
stood and put into practice , one or more preferred embodi - 40 adsorption to GMK AH1 cells . The results are expressed as 
ments thereof will now be described , by way of example a percentage of attached viral cpm found with compound 
only , with reference to the accompanying figures . treated virions relative to mock - treated controls . In experi 

ments with compound 4 , the mean number of attached cpm 
BRIEF DESCRIPTION OF THE DRAWINGS of mock - treated virus that attached to cells at 4° C . was 4263 

45 for HSV - 1 and 1742 for HSV - 2 . Values shown are means of 
FIG . 1 shows examples of the extent of angiogenic four determinations from two separate experiments . 

sprouting in the rat aortic angiogenesis assay used to dem - FIGS . 10 to 40 show reaction schemes and chemical 
onstrate the antiangiogenic activity of the compounds . structures of the invention . 

FIG . 2 shows the data for aortic cultures treated with 
media ( for untreated control group ) or test compounds every 50 DETAILED DESCRIPTION OF PREFERRED 
48 days from day 0 for 7 days . On day 7 , VEGF ( 10 mg / mL ) EMBODIMENTS 
was added to cultures every 2 - 3 days for a further 7 days and 
the extent of angiogenesis was then scored , thus demon The sulfated oligosaccharide derivatives described in WO 
strating that the compounds exert their inhibitory effects via 2005 / 085264 are good inhibitors of angiogenesis and other 
an antiangiogenic mechanism as opposed to the induction of 55 processes mediated by HS - binding proteins . Such com 
a toxic effect on the tissue . All three compounds potently pounds have utility in the prevention or treatment in mam 
inhibited angiogenesis ( see Table 4 ) . malian subjects of a disorder resulting from angiogenesis , 

FIG . 3 shows median tumour volumes of untreated con - metastasis , inflammation , coagulation , thrombosis , elevated 
trol mice and of mice treated with selected test compounds blood triglyceride levels , microbial infection and / or cardio 
in the B16 mouse melanoma model . Despite dose levels 60 vascular disease . This utility results from the ability of the 
being reduced for the compounds of the invention , or limited compounds to inhibit the activity of HS - binding proteins 
duration of exposure , anti - tumour activity was still increased such as the growth factors FGF - 2 and VEGF , and the 
in comparison to PI - 88 or non - lipophilic analogues . Bid = bis enzyme heparanase . The inventors have found that if sul 
in die ( twice daily ) , sid = semel in die ( once daily ) , fated oligosaccharides are modified with highly lipophilic 
qd = quaque die ( each day ) . 65 groups , e . g . , cholestanol or stearic acid , said groups being 

FIG . 4 shows the percentage of tumour growth inhibition attached to carbohydrate directly or via a linker , then the 
( % TGI ) data from tumour bearing mice treated with new compounds generated have significantly increased 
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potency as antiangiogenic agents and improved pharmacoki - optionally substituted as described above , “ acyl ” is taken to 
netic properties . This is demonstrated by their activity in refer to optionally substituted acyl . 
various in vitro and ex vivo angiogenesis assays such as Optional substituents for alkyl , aryl or acyl include halo 
growth factor - induced endothelial cell proliferation and ( bromo , fluoro , chloro , iodo ) , hydroxy , C1 - galkyl ( e . g . 
migration assays , the endothelial tube formation assay on 5 methyl , ethyl , propyl ( n - and i - isomers ) ) , C1 - 6alkoxy ( e . g . 
MatrigelTM and the rat aorta assay . This increased potency is methoxy , ethoxy , propoxy ( n - and i - isomers ) , butoxy ( n - , 
also manifested in animal models of tumour growth . Of sec - and t - isomers ) , nitro , amino , C1 - 6alkylamino ( e . g . 
particular note is the fact that smaller sulfated saccharides methyl amino , ethyl amino , propyl ( n - and i - isomers ) 
( e . g . , mono - to trisaccharides ) , which generally are inactive amino ) , C1 - 6 dialkylamino ( e . g . dimethylamino , diethyl 
or have only mild antiangiogenic activity ( or other HS 10 amino , diisopropylamino ) , halomethyl ( e . g . trifluoromethyl , 

tribromomethyl , trichloromethyl ) , halomethoxy ( eg trifluo mimetic activity ) compared with longer homologues , once romethoxy , tribromomethoxy , trichloromethoxy ) and acetyl . modified have significantly increased activity similar to or The degree of sulfation of compounds according to the better than their longer but unmodified congeners . invention is typically at least 70 % . That is , at least 70 % of 
Some of the compounds also display increased potency as 15 the hydroxyl groups of an oligosaccharide derivative not 

antiviral agents . For example , lipophilic modification involved in a glycosidic linkage are substituted by SO M . 
resulted in enhanced capability to inhibit the infection of The degree of sulfation is typically from 70 to 100 % and 
cells and the cell - to - cell transmission of herpes simplex preferably is at least as high as 90 % . 
virus ( HSV ) , respiratory syncytial virus ( RSV ) , or HIV . In The compounds of Formula I and Formula II can be made 
addition , the modifications provided some compounds with 20 via a stepwise synthetic route from carbohydrate building 
the ability to completely inactivate the virus particles thus blocks or by starting with an oligosaccharide of the appro 
making them more potent antivirals than unmodified sul - priate length and making the desired modifications thereto . 
fated oligosaccharides ( such as PI - 88 ) which can inhibit Monosaccharides of formula I can be made directly from the 
virus binding / entry steps without inactivating the virions . monosaccharide starting material . The lipophilic modifica 
One of the side effects of unmodified sulfated oligosac - 25 tions can be introduced to the saccharide by a number of 

charides is anticoagulant activity . The lipophilic modifica different methods , as will be apparent to those skilled in the 
tions described here result in new compounds with signifi art . For example , lipophilic groups can be introduced at the 
cantly reduced anticoagulant activity compared with PI - 88 , anomeric position of the reducing end sugar via an O - , N - , 
which may result in broader therapeutic windows . The S - or C - glycosidic linkage and the said group can be directly 
injection site bruising commonly seen in animals treated 30 linked to the anomeric position or may be attached via a 
with PI - 88 is also eliminated , thus potentially improving linker . Those skilled in the art will recognize that there are 
patient compliance . numerous types of suitable linkers . 

The sulfated oligosaccharide derivatives described in this It should be noted that all the derivatives made as describe 
specification can be synthesised using a number of different above are then subject to deprotection ( typically , deacety 
strategies as broadly described below and as illustrated in 35 lation with NaOMe ) and the resulting polyol sulfonated with 
the examples . a sulfonating reagent such as sulfur trioxide pyridine com 

With regard to the subject compounds of Formula I and plex or sulfur trioxide trimethylamine complex . 
Formula II , the monosaccharide units X and Y can be , for As indicated above , the compounds according to the 
example , any hexose or pentose and can be either a D or L invention have utility in the prevention or treatment in 
isomer . Such hexoses include glucose , mannose , altrose , 40 mammalian subjects of a disorder resulting from angiogen 
allose , talose , galactose , idose and gulose . Such pentoses esis , metastasis , inflammation , coagulation , thrombosis , 
include ribose , arabinose , xylose and lyxose . The glycosidic elevated blood triglyceride levels , microbial infection or 
linkages of the monosaccharide units can be exclusively of cardiovascular disease . The compounds have particular util 
one type or of different types in terms of configuration and ity in the treatment of the foregoing disorders in humans . 

45 The compounds are typically administered as a component 
The pharmaceutically acceptable cation M can be any of a pharmaceutical composition as described in the follow 

such cation , but is preferably sodium . ing paragraphs . 
With regard to integer n , n is an integer from 0 - 6 , Pharmaceutical compositions for oral administration can 

preferably 2 , 3 or 4 , so as to provide a compound which is be in tablet , capsule , powder or liquid form . A tablet can 
a tri - , tetra - or pentasaccharide . 50 include a solid carrier such as gelatine or an adjuvant or an 

The R ' group can be any suitable lipophilic moiety , but is inert diluent . Liquid pharmaceutical compositions generally 
preferably cholestanyl or propyl stearamide . include a liquid carrier such as water , petroleum , animal or 

The anomeric configuration , where applicable , at ZR of vegetable oils , a mineral oil or a synthetic oil . Physiological 
compounds of formula I can be either a or ß or an anomeric saline solution , or glycols such as ethylene glycol , propylene 
alß mixture . 55 glycol or polyethylene glycol may be included . Such com 

With regard to the substituents given above in the defi - positions and preparations will generally contain at least 0 . 1 
nition of compounds of Formula I and Formula II , the term wt % of the compound . 
“ alkyl ” , when used alone or in compound words such as Parenteral administration includes administration by the 
" arylalkyl ” refers to a straight chain , branched or cyclic following routes : intravenously , cutaneously or subcutane 
hydrocarbon group . 60 ously , nasally , intramuscularly , intraocularly , transepitheli 

The term “ aryl ” , when used alone or in compound words ally , intraperitoneally and topically . Topical administration 
such as “ arylalkyl ” , denotes single , polynuclear , conjugated includes dermal , ocular , rectal , nasal , as well as administra 
or fused residues of aromatic hydrocarbons . An aryl group tion by inhalation or by aerosol means . For intravenous , 
may be optionally substituted by one or more optional cutaneous or subcutaneous injection , or injection at a site 
substituents . 65 where treatment is desired , the active ingredient will be in 

The term “ acyl ” refers to a group - C ( O ) - R wherein R the form of a parenterally acceptable aqueous solution which 
is an alkyl or aryl group . Since the R group may be is pyrogen - free and has suitable pH , isotonicity and stability . 

linkage . 
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Those of skill in the art will be well able to prepare suitable release the active compound or serve to inhibit clearance of 
solutions using , for example , solutions of the subject com - the drug . Suitable protecting groups will be known to those 
pounds or derivatives thereof . of skill in the art . 

In addition to the at least one compound and a carrier or As also indicated above , compounds according to the 
diluent , compositions according to the invention can further 5 invention have utility in the manufacture of a medicament 
include a pharmaceutically or veterinarially acceptable for the prevention or treatment in a mammalian subject of a 
excipient , buffer , stabiliser , isotonicising agent , preservative disorder resulting from angiogenesis , metastasis , inflamma 
or anti - oxidant or any other material known to those of skill tion , coagulation / thrombosis , microbial infection , elevated 
in the art . It will be appreciated by the person of skill that blood triglyceride levels and / or cardiovascular disease . Pro 
such materials should be non - toxic and should not interfere 10 cesses for the manufacture of such medicaments will be 
with the efficacy of the compound ( s ) . The precise nature of known to those of skill in the art and include the processes 
any additive may depend on the route of administration of used to manufacture the pharmaceutical compositions 
the composition : that is , whether the composition is to be described above . 
administered orally or parenterally . With regard to buffers , A general description of the synthetic routes to the com 
aqueous compositions typically include such substances so 15 pounds according to the invention will now be given . 
as to maintain the composition at a close to physiological pH General Procedures 
or at least within a range of about pH 5 . 0 to 8 . 0 . General Procedure for Deacetylation 

Compositions according to the invention can also include A solution of the peracetate in anhydrous MeOH ( 0 . 1 M ) 
active ingredients in addition to the at least one compound . ( or MeOH - THF ) was treated with a solution of NaOMe in 
Such ingredients will be principally chosen for their efficacy 20 MeOH ( 1 . 35 M , 0 . 2 - 0 . 6 eq ) . The mixture was stirred at room 
as anti - angiogenic , anti - metastatic , anti - inflammatory , anti temperature for 1 - 3 h ( monitored by TLC ) . Acidic resin 
coagulant , antimicrobial and anti - thrombotic agents , and AG? - 50W - X8 ( H + form ) was added to adjust pH = 6 - 7 , the 
agents effective against elevated blood triglyceride levels mixture was filtered and the resin was rinsed with MeOH . 
and cardiovascular disease , but can be chosen for their The combined filtrate and washings were concentrated in 
efficacy against any associated condition . 25 vacuo and thoroughly dried to give the polyol product . 

A pharmaceutical or veterinary composition according to General Procedure for Sulfonation 
the invention will be administered to a subject in either a A mixture of the polyol and SOz . trimethylamine or 
prophylactically effective or a therapeutically effective SO3 . pyridine complex ( 2 eq . per alcohol ) in DMF was 
amount as necessary for the particular situation under con - heated ( 60° C . , o / n ) . The cooled ( r . t . ) reaction mixture was 
sideration . The actual amount of at least one compound 30 treated with MeOH and then made basic ( to pH > 10 ) by the 
administered by way of a composition , and rate and time - addition of Na , Co , ( 10 % w / w ) . The mixture was filtered 
course of administration , will depend on the nature and and the filtrate evaporated and co - evaporated ( H2O ) . The 
severity of the condition being treated or the prophylaxis crude polysulfated material was dissolved in H2O and 
required . Prescription of treatment such as decisions on subjected to size exclusion chromatography ( see below ) to 
dosage and the like will be within the skill of the medical 35 yield the sulfated product . When required , after lyophilisa 
practitioner or veterinarian responsible for the care of the tion the product was passed through an ion - exchange resin 
subject . Typically however , compositions for administration column ( AG? - 50W - X8 , Nat form , 1x4 cm , deionized H20 , 
to a human subject will include between about 0 . 01 and 100 15 mL ) in order to transfer the product uniformly into the 
mg of the compound per kg of body weight and more sodium salt form . The solution collected was evaporated and 
preferably between about 0 . 1 and 10 mg / kg of body weight . 40 lyophilised to give the final product . 

The compounds can be included in compositions as Size Exclusion Chromatography 
pharmaceutically or veterinarially acceptable derivatives Size exclusion chromatography ( SEC ) was performed 
thereof . As used herein " derivatives ” of the compounds over Bio - Gel P - 2 in a 5x100 cm column and a flow rate of 
includes salts , coordination complexes with metal ions such 2 . 8 mL / min of 0 . 1 M NH4 + HCO3 - , collecting 2 . 8 min ( 7 . 8 
as Mn2 + and Zn2 + , esters such as in vivo hydrolysable esters , 45 mL ) fractions . Fractions were analysed for carbohydrate 
free acids or bases , hydrates , or prodrugs . Compounds content by spotting onto silica gel plates and visualisation by 
having acidic groups such as phosphates or sulfates can form charring , and / or analysed for poly - charged species by the 
salts with alkaline or alkaline earth metals such as Na , K , Mg dimethyl methylene blue ( DMB ) test . 2 . Finally , fractions 
and Ca , and with organic amines such as triethylamine and were checked for purity by CES and those deemed to be free 
Tris ( 2 - hydroxyethyl ) amine . Salts can also be formed 50 of salt were pooled and lyophilised . 
between compounds with basic groups , such as amines , with 
inorganic acids such as hydrochloric acid , phosphoric acid Example 1 
or sulfuric acid , or organic acids such as acetic acid , citric 
acid , benzoic acid , fumaric acid , or tartaric acid . Compounds Dodecyl 2 , 3 , 4 , 6 - tetra - O - acetyl - a - D - mannopyrano 
having both acidic and basic groups can form internal salts . 55 syl - ( 1 > 3 ) - 2 , 4 , 6 - tri - O - acetyl - a - D - mannopyranosyl 

Esters can be formed between hydroxyl or carboxylic acid ( 1 > 3 ) - 2 , 4 , 6 - tri - O - acetyl - a - D - mannopyranosyl 
groups present in the compound and an appropriate carbox ( 1 3 ) - 2 , 4 , 6 - tri - O - acetyl - Q - D - mannopyranosyl 
ylic acid or alcohol reaction partner , using techniques that ( 1 2 ) - 3 , 4 , 6 - tri - O - acetyl - a - D - mannopyranoside ( 2 ) 
will be well known to those of skill in the art . 

Prodrug derivatives of the compounds of the invention 60 To a solution of the trichloroacetimidate 128 ( 0 . 469 g , 
can be transformed in vivo or in vitro into the parent 0 . 285 mmol ) in DCM ( 15 mL ) was added 1 - dodecanol 
compounds . Typically , at least one of the biological activi - ( 0 . 849 mmol , 3 eq ) and 3 Å MS ( 50 mg ) . The mixture was 
ties of a parent compound may be suppressed in the prodrug stirred at - 20° C . for 20 min . TMSOTf ( 103 uL , 0 . 57 mmol , 
form of the compound , and can be activated by conversion 2 eq ) was added and the mixture stirred at - 20° C . for 50 min 
of the prodrug to the parent compound or a metabolite 65 before quenching with EtzN ( 38 °L , 0 . 285 mmol , 1 eq ) . 
thereof . Prodrugs of compounds of the invention include the After warming to room temperature , the mixture was filtered 
use of protecting groups which may be removed in vivo to and the solid washed with DCM . The combined filtrate and 






































































