Reagents and Methods for the formation of disulfide
bonds and the glycosylation of proteins The present
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the formation of disulfide bonds and/or for the

chem cal nodification of proteins, in particular
reagents and nethods for use in the glycosyl ation of
proteins. The Co-and post-transl ational glycosylation
of proteins plays a vital role in their biological
behavi our and stability (R Dwek, Chan. Rev.,

96 Regn2d(MER6Js for ferfornaivnlof disglfidedeyptissidihe glhaysylation of
major role in essential biological processes such as
cell signalling and regul at iP5%¥M8eyve| opment and
immunity. The study of these events is nmade difficult
by the fact that gl ycoproteins occur naturally as
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cel | culhesce and pesi-trapsletienal glyspwdaiipnal preieias plays a vital role in
gl ¢ N - t ' ompge >
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prEcbl‘]fbﬁtulir@Iei; glytosylanaplaisa mijuesld gakientialiiclpgiabprotistes such
is of increasing inportance, when preparing therapeutjc
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are also.of 1. rtance. .Controlling the degree and . .
S 261 A ha e ] BRI IR TGy By G ation s not
al 1,04 418G BRSR Bhtrbl heQkpleBN 65 b BkbAi A eoproteins in
controlling its behaviour in biological systens (B. G
DamzsmaBien eeit eyltuyeleadO®, heteragneadamixpaesiyl glpcaiamise Thefability

hods f.or, the gl | at | f i Known,
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possibility of access to pure glycoprotein glycoforns.
Onwhempispasgthpmpeeic sy wpErteins Wiidsare gpgentlanaketed @s multi-
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t hinodifichtimat e pi@aigeniush as phosphorylation and methylation, are also of

importance. Controlling the degree and nature of such modification of a protein
therefore allows the possibility of investigating and controlling its behaviour in
biological systems (B.G. Davis, Science, Vol 303, p 480-482, 2004).

A number of methods for the glycosylation of proteins are known, including
chemical synthesis. Chemical synthesis of glycoproteins offers certain advantages,
not least the possibility of access to pure glycoprotein glycoforms. One known
synthetic method utilises thiol-selective carbohydrate reagents, glycosylmethane
thiosulfonate reagents (glyco-MTS). Such glycosylmethane thiosulfonate reagents
react with thiol groups in a protein to introduce a glycosyl residue linked to the
protein via a disulfide bond (see for example W0O00/01712).

However, glyco-MTS reagents suffer from a number of disadvantages,

including occasionally moderate reaction yields, difficulties in their preparation and



react with thiol groups in a protein to introduce a
gl ycosyl residue linked to the protein via a disulfide
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reagents suffer froma nunber of disadvantages,

i ncl uding occasionally noderate reaction yields,
difficulties in their preparation andproblens with
strxpblems ywithrgrbility vaderdbe bastoeanditions én whichthenare pign wyed.
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od of formng disulfide bonds (-S-S-), the nethod
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pr dibwifidabbnds $eS- SB dﬁm@&th&i caimpﬂsg@mantmglaﬂtoyganﬁ@compound
exanpl e, an alk gr oup | ken oup, al |

gr SURRTISHIE % t\( i Ryt ﬁ/%ﬁ%ﬁl?& 9@%15%
optionally subst ituted al kyl group, an optionally
substituted phenyl group, an optionally substituted

pyridyl group or RA-Sptixorrlly substgfuted napht hyl
group; with the proviso that when X denotes SO2 then
R1 does not denote optionally

wherein:

X denotes SO, or Se, prefereably Se;

R denotes an organic moiety, for example an alkyl group, an alkenyl group,
an alkynyl group, or a carbohydrate moiety; and

R! denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, an optionally substituted pyridyl group or an optionally substituted
naphthyl group;

with the proviso that when X denotes SO, then R' does not denote optionally
substituted alkyl.

Preferably, the organic compound comprising at least one thiol group is an
amino acid, peptide or protein.

In a second aspect, the invention further provides a method of chemically
modifying a protein, peptide or amino acid comprising at least one thiol group
(-SH), the method comprising reacting said protein, peptide or amino acid with a

compound of formula I as previously defined.
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further provides a nethod of chemcally nodifying a
protein, peptide or am no acid conprising at |east one
thiol group (-SH), the nmethod conprising reacting said
pr ot ei nln m@kﬁudbercﬁspm the ingentipnpronides ewpmamds obformula I
for eV| I f d.ln a still further
g%rfﬂ%l%ﬁ%mt &d%art%%]ioae s conpounds of formula I
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po§1§‘il phide compernrd forBed by trpphondEite %lwemun phiogmplp [ may be

[ CREEOL %deg?eawmemgcob Qb inTRY iR ¢ Ner

action at the Cor t he
group RWe\Mwh alse smlp&smglyr ﬂ:mn&thlagdt thidlconitif@aprogein hiaglbe

cont ai ni rotein rtedt t he -
O e R Shoele DS S of M ecophitc character
el sehe QRRllih SeL SE ehEthul t:retafé@ r&i&efslif sdseeﬁtf'ﬂ)?e 8 n%%le@ﬁlﬁﬁc

thus created renders it SUSCGptI l e to nucl eop il
s udstitution by tlbyl—ccdntm(unmaomnds anddedipg cartiehy dnatksy d| n g

10 {Per of o rd et e bt B ChretOtider § SRR fichgrisatty

pr flogiffing RRSteRICp&Itide B BRirRCdce @@ﬂimfshﬁg et odeSBR g
thi ol _group (-S— , the method conprising convertin
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I?ée O)P el’t{éer}lgggd {hlglee'i‘c?lfe %Ilgwgdtﬂe%\(&%ahﬁﬁm of 2 protein, peptide

t 1 'on
c omnmb ramd&brﬂpﬁaﬁltg aoreast&mle eeﬂeﬁadykulﬁdecgeo@ aSyzh protefns,
protejns, peptides and ami no acids conpri SI at | east

onBerbideeanstAmiag arida SoRPEERS idewst ang %q’?@y spldigle gFupdprm a
th
pefrtE RO e R Goll ool SR el B tes
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am n e further reacted,v/ith an a
S omaound SRS aroih it PEL SR Hepds ot ARG Apidasy Be further
chﬁéabféawlﬁﬁ ARk {di @ forkp Alni Bhp n@&ﬁgtauﬁ%ﬁgl% p 8 fadids

in which the organic group is attached to the protein,
pephandealb'rmadnﬁnd pead¢ids,\peptides @i swirfo agedsiomdhich the organic group is
Prefe

attacfla&) !;oy the pro%em, peptide or amino acid via a disulfide bond. Preferably, the
organic compound containing the thiol group is a carbohydrate compound, thus
providing a method for the glycosylation of an amino acid, peptide or protein. As
used herein, "glycosylation" refers to the general process of addition of a glycosyl
unit to another moiety via a covalent linkage.

In a fourth aspect, the invention therefore provides a method of chemically
modifying a protein, peptide or amino acid comprising at least one thiol group

(-S-H), the method comprising:

() converting said thiol group into a selenenylsulfide group
(-S-Se-R?); and
(b) reacting said selenenylsulfide group with an organic compound

containing a thiol group.
The method(s) according to the first, second, third and fourth aspects of the

invention will hereinafter be referred to as the first method, the second method, the
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used herein, "glycosylation refers to the genera
process of addition of a glycosyl unit to another
noi ety via a covalent |inkage. In a fourth aspect, the
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Feas rou
c onma presemghvendipn a::mlmhs tiyngndsal pbstqﬁbld)dongﬁmimnb of m}apreferred
sgéenenylsulflde rougﬂé S- Se- R2 and & react i
catuEes|TelRERy K RATPRABDERE p Rk SUSh SATBIGHACATE SRS
&ﬁ?b&hﬂg a thiol group. The nethod(s) accordi ng to
the tirst, second, third and fourth aspects of the
i nvent i Argemrlahsddeemtmafsd;lmmekfer distil€ide bdnd formstiothacchiding to the
mef hod, . t he second nef hod ethird met hod and the
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all preferred features and definitions herein relate
to all these nethods. Furthernore, the present
i nventi or gﬁﬁ and all_po SI £ conbi nations
of any eatur &s MBsterre her ei n, whet her
or not suct Mbi nati ons are speC|ficaIIy di scl osed. A
general i sed reaction schene for Idi sul fi de bond
formati on according to tlhe first and second nethods is
shown in Schene 1: orgaric noiety -SH+ R S- X - R

S-R Schene 1 sably, the organic noiety shown in
Schenme 1lis PLididRy N, tsteRor ani no acid. A
generalised r scheme for the introduction of a

sel enenyl sul fide group into a protein, peptide or
am no acid according tQcHche third and fourth nethods

Preferably, the organic moiety shown in Scheme 1 is a protein, peptide or
amino acid.

A generalised reaction scheme for the introduction of a selenenylsulfide
group into a protein, peptide or amino acid according to the third and fourth methods

is shown in Scheme 2:

Ca>

Q = protein, peptide
or amino acid
@—S——Se— R?
Scheme 2

The method of Scheme 2 results in covalent linkage of a group R? to the
protein, peptide or amino acid via a selenenylsulfide (-S -Se-) linkage. Such

proteins, peptides or amino acids form a further feature of the invention.
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or amino acid via a selenenylsulfide (-S -Se-)

I i nkage. Such proteins, peptides or am no acids forma
further feature of the invention,Proteins and peptides_ _.
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shown in the generalised reaction scheme in Scheme 3:

@—S—Se—- R?

Q = protein,
peptide or amino acid

W

Cao—s—s—Caa >

Scheme 3

The method of Scheme 3 results in covalent linkage of the organic moiety to
the protein, peptide or amino acid via a disulfide bond (-S-S-). In this method the
protein, peptide or amino acid is acting as an electrophile whilst the thiol-containing
organic compound acts as a nucleophile. In contrast, the known reactions utilising
glyco-MTS reagents involve reaction of a nucleophilic thiol group in the protein,

peptide or amino acid with the electrophilic glyco-MTS reagent. The method of the
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In this method the protein,6 peptide or amno acid is
acting as an el ectrophile whilst the thiol-containing
organi c corrpound acts as a nucl eophile. In contrast
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I Ona
polystyrene resin.

A preferred R' group is phenyl. When the group R in the compounds of
formula I is phenyl or another aromatic group, then there is the added advantage that
the progress of the reaction with the thiol-containing compound according to the
first and second methods may be monitored using UV spectroscopy. Thus, for
example, the PhSO,- chromophore displays a maximum in the UV spectrum at
approx. 265nm. The PhSO,-moiety is present in both the compound of formula I
and the PhSO; that is the by-product of the disulfide bond forming reaction, but the
associated extinction coefficients differ sufficiently for the progress of the reaction
to be monitored using UV. Similarly, the third and fourth methods of the invention
may be monitored by UV spectroscopy when the group R? is phenyl or another

aromatic group.
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conmpounds of fornula | is phenyl or another aromatic
group, then there is the added advantage that the
progress of the reaction with the thiol-containing .
conpounth the eemaeungs obformalal; therrennR 5wy ds A VersME;
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expidpdie Rat. "Ehe Betkodgsfahipinvantidrethplefdr@ ilow pepatickassfafiesylated
tertiary. R may be aromatic or aliphatic. The group R
melrogsses, perfidey anbaipeecidsyut ed, for exanpl e by

phosph Omg éﬂéfe&%{, Ry kL ca%eﬁ%&e %%ig% éﬁ%ﬂaﬁ% Lt%agclﬁgcll Xﬂg& a linker

may al so a protein, peptide or 0 acid,

t hto thesSDbigratpy Thk linkerkhaygcanten (rtotl @ atomspepy ¢cthethe carbohydrate
amno acid to ot her protein, peptjde or, amno acid

vi ROty ’ihﬁh$'§€' BOYk 58 ?X@ﬁleﬁﬁsf%hr@awe Ipne group (for
fa _ e ' - t

{ PEBEmIC » (CHNERALBNIRR PdBoMA D A0) RO plkenylene group (for

pr etasipls 2 -(GIR)UHFOH- oh<Cld{ g & CHpgroug) Préfaged Tiweompounds

met hods, of the i nvention therefore.all ow prepation. of .
oS Beeh s sURHE e bl Mefis e A RETRAGe Rt Rg or s
pr gtehabldthe Bhdrdert GAfRAOhY dliakg. noi ety, optionally
attached via a linker to the -S- X- group. The |inker

may conBuitable easbahy degtomeicties insde mpmosaeehasitigarddigesaccharides

géf%%olg%g%ﬁagi%mé %fé&g%cgéd% Lé.?}l Sfﬁ%h}%ﬁ%{o%ty WS & 'f%eesgnt in
naturally occurring glycoproteins or in biological systems. Preferred are optionally
protected glycosyl or glycoside derivatives, for example optionally-protected
glucosyl, glucoside, galactosyl or galactoside derivatives. Glycosyl and glycoside
groups include both o and B groups. Suitable carbohydrate moieties include
glucose, galactose, fucose, GIcNAc, GalNAc, sialic acid, and mannose, and
oligosaccharides or polysaccharides comprising at least one glucose, galactose,
fucose, GIcNAc, GalNAcg, sialic acid, and/or mannose residue.

Any functional groups in the carbohydrate moiety may optionally be

protected using protecting groups known in the art (see for example Greene et al,
"Protecting groups in organic synthesis", 2nd Edition, Wiley, New York, 1991, the

disclosure of which is hereby incorporated by reference). Suitable protecting groups

for any -OH groups in the carbohydrate moiety include acetyl (Ac), benzyl (Bn),



exanple a -(CH2)t- group wherein t denotes 1 to 10),
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the -S -X- group is at the &anoneric position of a
saccharide residue or is attached to the anoneric
carbon via a linker. Suitable carbohydrate noietie
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Preferably, the compound is an amino acid, a peptide or a protein. As used

herein, a peptide contains a minimum of two amino acid residues linked together via
an amide bond. Any amino acid comprised in the protein, peptide or amino acid is
preferably an a-amino acid. Any amino acid may be in the D- or L-form, preferably
the L-form. The amino acid, peptide or protein may be any naturally -occurring
amino acid, peptide or protein which comprises a thiol group, for example due to the
presence of one or more cysteine residues. Alternatively, the amino acid, peptide or
protein may be prepared by chemical modification of a precursor non-thiol
containing amino acid, peptide or protein. Alternatively, a thiol containing peptide
or protein may be prepared via site-directed mutagenesis to introduce a cysteine

residue. Site-directed mutagenesis is a known technique in the art (see for example



-Et-a-Man(Ac)4, -Et-b-Gl (Ac)3, -Et-b-Gl (Ac)4 ,
-Et-Lac(Ac) 5, -Et-Lac(Ac) 6 -Et- Lac(Ac) 7, and their
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solvent systems may be used, with aqueous solvent systems being preferred for the

reaction of proteins, amino acids or peptides to ensure their dissolution. The
reaction is generally fairly quick, for example often taking less than 1 hour.

In general, an excess of the compound of formula I will be used, for example
10-20 equivalents based on the thiol-containing compound. In contrast, reactions
with glyco-MTS reagents often require the use of approximately 30 equivalents,
adding to the cost of the reagents.

It has been found that the compounds of formula I wherein R denotes a
carbohydrate moiety, X denotes SO, and R' denotes phenyl are generally more
stable to basic conditions than the corresponding glyco-MTS compounds. Any
unreacted or excess compound of formula I may therefore often be recovered from

the reaction for reuse, which is particularly advantageous when R denotes a



the invention, and therapeutic proteins. O her

preferred proteins include serum al bum ns and ot her
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Any leaving group L may be utilised as long as the resultant anion L™ does
not unduly interfere with the reaction in any way, for example by reacting with the
25 product. Preferred leaving groups L include halo and sulfonates such as
toluenesulfonate (tosylate), methanesulfonate (mesylate) and trifluoromethane
sulfonate (triflate), in particular chloro and bromo.
Compounds of formula IIT are commercially available or may be prepared
using methods known in the art, for example methods for the formation of halo-
30  sugars in general and 1-halo-sugars in particular. Preferably the compound of
formula IIT is a glycosyl halide. Examples of suitable compounds of formula ITT

based on glucose and galactose are shown generically below:
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denot es acar bohydrate noi etly as such conmpounds may be
rel ati vely expensive and/or time consum ng to prepare.
Furthernore, the phenyl thiosulfonate conpounds of

fornmul 31 are general |y cheapergiand easier to prepare

t han tHe spondi ng MIS conppu ORThe conmpounds of
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net SO2 rmybe
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prepare ng a conpo
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and k denotes 1, 2 or 3; vvith a corrpound of formula I:

R L I \g\lherel n: Ris as defined for the conpounds of
formul 81 aggRlL denotes a | eaviRig gr(ﬁgp Any | eavi ng

group beoutl lised as | ong a resul tant anion
dd uly interfereRrf ction in any
way, R by reacti ngpiht dugf_. CH t—Br

Preferred | eay groups L include hahg and sul tes
such as tol uenes®:fonate (tosyl ate), Phanesulfonate
(mesylate) and trifluoronethane sulfonate (triflate),
in particul ar chloro and bronmo. Conpounds of formula
Vﬁﬁe .comrercially available or may be prepared using
t%nown in the art, for exanple methods for the
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in particular. Pfreferably the conpoun formula

i s fer Qgﬂampb%@w ohBiipgeferablarach &s dshoteuib abI e conpounds
of O];lg LFR A_ﬁ“ denotes H and the other denotes OH, O-protecting group or

O-saccharide moiety, preferably H or O-saccharide moiety; and
t denotes 1 to 10, preferably 1 to 6, more preferably 2 or 3.

The reaction may be carried out in any solvent-system in which the
compound of formula IT is soluble. Preferably, the compound of formula II is also
at least partially soluble in the solvent system. Suitable solvents include alkanols
such as ethanol and methanol, N, N-dimethylformamide (DMF) and acetonitrile, with
acetonitrile being particularly preferred.

The compounds of formula Il may be prepared by reacting the corresponding

sulfinite salt (formula VIT) with sulfur, as shown in Scheme 4:

M(SORY, + S — M(SSOR )
VI II

Scheme 4

Compounds of formula IT which are crystalline are preferred for ease of
purification, especially on a large scale.
Sulfinite salts of formula VII are available commercially (for example

sodium benzenesulfinite) or may be prepared by methods known in the art (see for



based on gl ucose and gal act ose are shown generically
below R OR QRS RO Br RBO-L R OR O (CH2)t-Br ORS R4

wa 200588862 (CH2)t- Br ORS5lI Br wherein: each R5 PCT/GB2004/002706
i ndependent|ly denotes H, alzaccharide noiety, or a
suitabl e protecting group for exanple Ac or Bn,
preferably each Rs denotes H, one of R3 and R4 denotes
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wi th sul fur, as sh Scheme
M BS@TRREedbyY nefmc@)ne 4
10 Alternatively, compounds of formula I in which X denotes SO, may be

prepared by reacting a disulfide of formula VII with a sulfinite anion R'SO," in the

presence of silver ions, as shown in Scheme 5:

+
R—S—S—R + RSO, —> R—S—S0,—R!

Ag

VI
15 Scheme 5

Disulfide compounds of formula VIII are commercially available or may be
prepared using methods known in the art.
Compounds of formula I wherein X denotes Se may be formed by reaction

20 of a compound of formula V:

R—SH v

wherein R is as defined for the compounds of formula I, with a compound of
25  formula Vla or VIb:

R'Sel? R'Se(OH),
Via VIb



Conpounds of formula which are crystalline are
preferred for ease of purification, especially on a
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For example, thio sugars may be prepared from the corresponding halo

sugars by treatment of the halo sugar with thiourea to afford the corresponding
isothiouronium salt (W. A. Bonner, J. E. Kahn, J. Am. Chem. Soc. 1951, 73)
followed by mild hydrolysis with sodium metabisulfite to give the corresponding
20  thiol. If necessary, suitable protecting groups may be used during the synthesis of
any thio-sugars. When R in the compound of formula V denotes a carbohydrate
moiety, the thiol group may be at any position in the moiety. Preferably, it is at the
anomeric position of a saccharide or is attached to the anomeric carbon via a linker.
Examples of suitable compounds of formula V based on glucose and

25  galactose are shown generically below:
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preferably Br. The reaction may be carried out in
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compound in the fourth method of the invention.

In the reaction of the compounds of formula V with the compounds of
formula VI, any other functional groups in the compound of formula V may be
unprotected, or may be protected by protecting groups known in the art.

The conversion of the at least one thiol group in the protein, peptide or
amino acid to a selenenylsulfide group according to the third or fourth method is
highly selective. In addition, the reaction of the thiol containing organic compound
with the selenenylsulfide group is highly site-selective. It is not therefore normally
necessary for any other functional groups in the protein, peptide or amino acid or in
the thiol containing organic compound to be protected whilst practising the methods
of the invention. This can be highly advantageous, as it avoids the need for any
subsequent deprotection steps to be carried out on the product.

If the protein, peptide or amino acid comprises more than one thiol group,
then each such thiol group will potentially be converted to the corresponding
selenenylsulfide group. Each such selenenylsulfide group may then potentially be

reacted with a thiol containing organic compound, leading to attachment of the
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acid or in the thi®a containing oxgani ¢ conpound to be
protected whilst practising the nmethods of the
i nvention. This can be highly advantageous, as it

avoi ds the need for any
L denotes a leaving group, for example OH, Br, CN, Cl or I, preferably Br;

and

R? denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, an optionally substituted benzyl group, an optionally substituted
pyridyl group or an optionally substituted naphthyl group. A preferred R* group is
phenyl, a preferred compound of formula Xa is PhSeBr and a preferred compound
of formula Xb is PhSe(OH),.

When R? denotes an optionally substituted moiety, suitable substituents
include any substituents which do not interfere with the reaction with the thiol
containing protein, peptide or amino acid, and preferably also do not interfere with
any subsequent reaction of the protein peptide or amino acid , for example reaction
with a thiol containing organic compound. Suitable substituents include -NO,,
-SOzH, -COH, -(CH2CH;0),H, and -(CH,CH,0),Me wherein n denotes 1-100,
preferably 1-50, more preferably 1-20, and still more preferably 1-10. The R? group
may be independently substituted by 1-5, and preferably 1 or 2, substituents.

The R? group may also optionally be attached to, or form part of, a solid
support. For example, the compound of formula Xa or Xb may be derived from a

resin such as a polystyrene resin, as shown below:
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thiol group will potentiall¢§ be converted to the
correspondi ng sel enenyl sul fi de group. Each such
sel enenyl sul fi de group may then potentlally be reacted

i nkage to the protein, pgptide or amno acid at
multiple sites. The net of the invention therefore
provi des a conveni ent for the chem ca

nodi fication of a proter® _qeptide or am no acid at
multiple sites. In particylar, the nethods of the
invention allows glycosylation of a protein, peptide
or amno acid at nmultighe sites. Conversion of the
thiol group in the protein, peptide or amno acid to a
sel enenyl sul fide group in the third or fourth met hods
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reaction of the protein peptide or amno acid
ex damppeatneantbelon, at 4 flightlytbasit pHoletgadlmiun gHdY @aabput pH 9.5).
conpouncih Sui t abl e subgtltuentsihp?lude - , .
¢ organic compound containing a thiol group may D€ any organic
compound which is suitable for linkage to a protein, peptide or amino acid, and in
which the sulfur atom of the thiol group can act as a nucleophile to react with a
selenenylsulfide group. There is no particular limitation on the nature of the organic
compound. For example, the thiol group may be primary, secondary or tertiary.
The compound may be aromatic or aliphatic. For example, the compound may be
an alkyl, alkenyl (e.g. farnesyl) or alkynyl thiol. Preferably, the compound only
contains one thiol group.

Suitable organic moieties for attachment to a protein, peptide or amino acid
include any group which may be useful in modifying the physical or chemical
properties of the protein, peptide or amino acid. Suitable moieties include labels
(for example fluorescent labels) or groups to aid the stability, processing or

solubility of the protein, peptide or amino acid. The organic compound may also be

a second protein, peptide or amino acid, giving the possibility of linking one protein,



-SBH, -CX2H, -(CH2CH2O H, and - (CH2CH20 nMe wher ei n

n denotes 1-100, preferably 1-50, nore preferably
wa2@8/00mpzl still nmore preferably 1-10. The R2 BCDGB209a02706

be i ndependently substitutdd by 1-5, and preferably 1

or 2, substituents. The R2 group may al so optionally

be attached to, .or formpart of, .a solid suppart.  For
exaﬁ@ﬂ Or AEENQ25 B ARGthSF PrteinaReatide %lfa%lor%ﬁvfo ‘Ha a disulphide
pol ystyrene resin, as
hgl\&/}% es{g%&brﬁﬂeg%ﬁggunggn‘%ﬁu ormula Xa and Xb are
conmer ciPadfbrpblyythieloadsinge: amprayd bentpineygsat mmﬂerthtohgﬂmp isa

T T A v —
5 €0 it YAk&Ria Llnkehf 16O ﬂﬁ@lt(@tﬁaf &ﬁi Mitledinker @hy &Shteiﬁrl to 10 atoms

thiol group in the protein Eeptl de or am no acid
s h beiwpen tha psewhy disteamsigtyeancdhe e¥ 1 gonip oFoeexsimme dhe linker may

to t el en
ar asng%{*e‘e%? e SRR R SR T RIS feotkE Ao 100, oram
aqukehd %ﬁéﬁ}ﬂ(fof é)tb@ﬁplaé @HQ)@H&CH—@E OB EM,GFECH- group).
acetonltr| in the presence of a buffer (for exanple
wgrefm@rsyomwdgwy hitbeibéol @roppes aff th P ﬁeom@a«bws@wn ofa

10 SN Ao RE. COBREY: 1§?&%h‘é5%thlégg§ﬁ%ﬁca%!re ¥iad tlfﬂké{' on of

t he pro ern or e 1S avol

reacti omanfunc&fonal@oupstm alie da@lﬁnhyﬂmmmtym@ opuchzﬁlllgw\bz
at a slightly basi.c pH (e about to apout

9. ByotectebuTRERIRICCiRS BoyIH kD %xn&ﬁwﬁ@s steﬁﬁ Orgmaﬂy Any
?&&tﬁg?&ﬁ)@%ﬂ eqeﬁe%mﬁe i Bk SuatihaRlog tﬁegarbohydrate

age a protein, pepti e or amino acid,
vvh inghety hethewhfine aad qwep‘oﬂe bﬂmotetu' d?refgrab]yp theyraracimaved hefore

| h | t. Wi.th | 0
15 TGP Wi el R P RitpaT G cONmOH s e B G PR
or GARAge dé@fﬂ@&%ﬁ‘ steBQrA%ﬁﬁ@Iaevarﬁiﬁ:é &fkﬂeqc,h &s§ }éﬁoﬂ%ﬂ% of the
primary, second ary or tertiar e conpoun may

ar gnmeniien wsrthaflif qzl]wmf@r thsémkwmfpnprotqctﬁé cothopydrate magetles to an
be an_ al k ken famesyl) or al kynyl thiol.
Pr 3%‘%%%‘1@1’6{’@ cﬁé%ts d onl y contains one thiol

group. Suktedtien of apilendiRisalideerdgy with tachg®id cd@pdund
prote| n, peptide or amno acid include anytgrou i ch

20 pra pomfaingpges ijol ugrpwwrsimgo thecfoprly methad (be- thhdisildige bond
Pr¢ E%Fe%%t?cgent) is; n@fa?]{yecéﬂieldg%? {11 tﬂg pl%g en%@o? 9 bﬁff%ldat neutral or

Sui tab
basic pH (e.g. about pH 7 to about pH 9.5), with slightly basic pHs being preferred

(e.g. about pH 8 to about pH 9). Suitable buffers include HEPES, CHES, MES and

H—.‘

Tris. The pH should be such that little or no unwanted denaturation of the protein or

25  peptide occurs during the reaction. Similarly, the reaction temperature should be
selected to avoid any significant damage to any temperature sensitive compounds.
For example, a reaction with a protein or peptide is preferably carried out at ambient
temperature or below to avoid any denaturation. Aqueous or organic solvent
systems may be used, with aqueous solvent systems being preferred to ensure the

30  dissolution of the protein, amino acid or peptide. Aqueous solvent systems are also
preferred as they allow the use of unprotected carbohydrate compounds as the
organic compound. The reaction is generally fairly quick, for example often taking

less than 1 hour.



(for exanple fluorescent |abels) or groups to aid the

stability, processing or solubility of the protein,
w@epsiasenr ami no aci d. The organi ¢ conpound nBYT/&GB3@4/002706

be a second protein, peptid® or anmino acid, giving the

possibility of |inking one protein, peptide or am no

acid to_another protein, peptide or anino acid via a )

di sul phiI@genqﬂk@g%ﬁca%%gOR@hq P8 EPBRIGCORtagnIng gelfest oRe thiol

Pr ?&{?"’\QII Hbe dsBE £OF (Qéﬁjrp‘fe F20p Q(ﬁﬂggal&%‘f)%'e@ ol $hPbroted Snino acid

on€ thiol group is a farnesyl "derivative, or is a

c aobpéptificatowover tylitle apd enol@gsivylesiehaynkbelysedph samalchsgs.

ttached via a linker to the thiol (-S- roup. The .
| IR e RSy Be ot Snd e sLu g 1 obtan n lage
5 CalgRHLE AT Rer@RIr& tWhe Mk :B8nic SbinfE AR onfaMin® AR 8ne thiol

the |inker may be an al kyl'ene group (for exanple a
- ( @FIptis agarbohydikfe ceinpound) éorgeasensioffason@yy itds desirable to use the

? ottt e Rt o3 EFRleFea PbcuE bt Hetcitni cr

t helyidabyahti@r S requiRiust RE a FBGTRIgE exq8S b the Bar®bhpdrate
saccharide residue or is attached to the anoneric

carcpBRowidh for expmplsrofteney the miderios AB00 eubrabents (B tGrdDavis, Curr.
10¢al %ﬁi&%bﬁzo‘?‘%ﬁ& Y JT%VQ)? ﬁlthlte%lg&%#(%/ oigtge %ngﬁt?o(ilt t%greydcfé ng

protecting groups Kndwn i Scusse

or edvantsepusiAaowy wleaxt fewg egtivdieatsrofiyhelgty cospbacatbound than the
before or after attachnent of the carbohydrate noiety
t o PRB2HMSPdaci d, peptide or protein. Preferably,

t hey ar ' ' t : it
Sel nongSel T o Snao R fbeedby heitfowing npn liniting
posixkimpleage deprotection steps. A further advantage of
the glycosylation nethod of the invention is that it
allows for the |inkage of unprotected carbohydrate
MoiCRInERS EkSerAfilend]l N0 aci d, peptide or protein. The
reaction of the selenenylsulfide group with the

or gani ¢ conpound containing a thiol group according to

the f th nmethod (i.e.. the disulfi ond formn
+ oact Tr& YT R qaed op KoRitc: Biock AR piedielidteteg. Proton
a hutkermadnete wsbadnce (5 3pdtrapido (€He ﬁg@ﬁ@ Werd fbsigne® using
about pH 9.5), with slightly basic p bei ng preferred

20 e GPSHBpEarboB Husleardnma@ resppace (& ispeghieavase pgsignsd using

B i e W

pr queiet oanhp@ pial <ie ppacusise ceidugigotaet dsahe irtemal standard.

Simlarly, the reacti.on tenperature should be
l%fra}/ed spectra adsorption maxinnga were recorded in wavenumbers (cm™) and

15

classified as s (strong) and br (broad). Low resolution mass spectra were recorded
25  using electrospray ionisation (ESI), or using chemical ionization (NHs, CI)
techniques as stated. High resolution mass spectra were recorded using chemical
ionization (NHs, CI) techniques, or using electrospray ionization (NHz, CI)
techniques, or using field ionisation (FI+) as stated. M/z values are reported in
Daltons and are followed by their percentage abundance in parentheses.
30 Optical rotations were measured on a polarimeter with a path length of 1 dm.
Concentrations are given in g/100 mL.
Thin layer chromatography (t.1.c) was carried out on Merck Kieselgel 60F,s, pre-
coated glassbacked plates. Visulation of the plates was achieved using a UV lamp
(Amax =254 or 365 nm), and/or ammonium molybdate (5% in 2M H, SOy) or sulfuric



sel ected to avoid any significant damage to any
tenperature sensitive conpounds. For exanple, a

WO e@snimsm2 Wi th a protein or peptide is preferabtHGB2004/002706
carried out at anbient tenperature or below to avoid
any denaturation. Agqueous or organic solvent systens

may be (l),IS,ed W th aqueous sol vent systens bej ng[ i i
pr SEEH (P &dintEdObhs filegh eolamg;chsomatesraptivovas wretisst etawing Sorbsil C60

am4@%03s‘§1}1&. %iglﬂ@ﬁ&ﬂe%e@?%ﬁﬁscﬁétﬂﬁat@ﬁ SA1E6 1@{(@1 e. Acetone

al so preferred as they e use of unprote
c avizs [yt lat éroopabydrods casiutrhan] fateg ReintaiciogpohydiousTobvents were

APl BT el o o B 554l e
50r gakleyocggreound contai ning at |east one thiol group

wi | I "be used, for exanple 10-20 equival ents based on
t hrpheint Miss, speetiamestzye Lequid clpemiiogephiHovesy spectrametry twtak e

as 1 I ui val ent I 1\ SO as .
CarBEer R BB TGS TS SR R Waters Attiance 2790
t i IEPIQOOSHE L Pled dinétk Fapitdr T 5 RIELn (ORI 1 i x 5 um? Water
Theref ore, when the_organi c_conpound containing a

| edgalvehd)tapd acetepiGilip(solyent Bheadinpntaitiag 0 Sip bumic adidrwere
re 5. [ -1 t . .ni_ num

10, o S3RE R n B AP BEleeist e MOwERIE B 2R B bl B oy
pr @iedramgley @o slloatsi 95060% (Femin ieoithtic t61$60 of B afté16/min then
| ar ge excess of the carbohydrate conpound, for exanple
of a¥513c fpeman JEhe Aectaspiay sgure af @gﬁéiT(\Bas eperggd with a
Cur.t 1CRi ' NG f
P tart O PR pe a el otk P HOY NPeTE VALl he
f ewebulisquanddesolvstiaf gashe a ghtgicisy bf 408nictoiln dMydphsbin lieorse heart)
prior art methods. The.invention will be. further

157 irseed ath SRIDTE PRI [HiGR (o peoTariy ek ipgeiem
General Experinental Melting points were recorded on a
Kof | er hot bl ock and are uncorrected. Proton nucl ear
madixetmipte 1:¢28rdshdetrd-O-hcespdeDrgduct®@rabbiyl s péstthiautoaivm bromide
assi gned using COSY. Carbon nucl ear magnetic resonance
(dc) spectra were assigned using HMQC. Multiplicities
wer e assigned using DEPT sequence. All chem cal shifts
are gwoted onjthe d scale in ppmusing residua
souvgc i nt gr nal s&%gdard.

AcO
NH,

20 2,3,4,6-Tetra-O-acetyl-o-D-glucopyranosyl bromide (11.0 g, 26.4 mmol) and
thiourea (3.10 g, 41.9 mmol) were dissolved in anhydrous acetone (30 mL) under
argon and heated to 60°C. After 20 min a white solid precipitated. The precipitate
was removed by filtration, the filtrate was returned to reflux, this process was
repeated until the solid ceased to precipitate. The off-white crystals were combined

25  and recrystallised from acetone/petrol to afford the title compound (11.4 g, 76%) as
a white crystalline solid mp 194-196°C [Lit. 191°C (H. Beyer, U. Schultz, Chem.
Ber. 1954, 87, 78)]; [o]p>> -5.6 (c, 1.0 in H20) [Lit. [o]p® —7.6 (c, 1.4 in H,0) (W.
A. Bonner, J. E. Kahn, J Am Chem Soc, 1951, 73, 2241)]; 8z (400 MHz, DMSO-ds)
1.97,2.00,2.02,2.06 (12H, 4 x 5, 4 x CH3 ), 4.06-4.25 (3H, m, H-5, H-6, H-6"),



Infrared spectra adsorption maxi ma were recorded in
wavenunbers (cm 1) and classified as s (strong) and br

W@ boosaalse2 Low resol uti on mass spectra were recPeTe#2004/002706
usi ng el ectrospray ionisation (ESI), or using cheni cal
ionization (NH3 , Cl) techniques as stated. Hi gh
resol uti on_mass %ectra wer e recorded using chem cal

i om-Y4rildAZiNpsH-GLH-4), ScHnilfl et / 9y Hudidy, BT 2EHH, ols fra8yo Hz,
t i ' field
: 8%?2&%(@% I\%QS%%Q%HW Irugzl Q?e Irgport ed in

Dal tons and are followed by thei r per cent age abundance
i n_parent heses. rotatlons were neasured on a
pol SRR erl-d 3.4 0sfictra1Cacatyl-f} pYIangs ent r at i ons
sare given in g/ 100 m_ Thin | ayer chromat ography (tie)
was carried out on Merck Kieselgel 60F254 precoated
gl assbacked pl ates. \/su'L tign of the plates was
achi eved using a W | anp = @54 or 365 run),
and/ or amoni um nol ybd
sulfuricacid (5%in EtC]—|) ash\col um chr omat ogr aphy
was carried out using Sorbsil C#€ 40/60 silica.
Di chl oronmet hane (DCM was distilled from cal ci um
hy s

L D s SRR AT EREL I o
f r dl&] 8ol . and Mﬁzﬂs (4r8fges. Otmmbl) evef¢ added @ a @firred mixture of

p e?ﬁ\éﬁi g@ P]E‘Srgﬁﬁi b O{ (g@‘nb’? e ng Br ﬁng)srefPl{lg ﬁnel(lier} argon.
10S pedter Qe the ré\ii::ﬁoﬁ &k R6HRE 1 PR MRPF%E%% gRT%nél tﬁﬁe{&ases were

(ESI-TOF-M5) coupled to a Waters
us.selglr%tecbﬂéﬁmm @@pmere-@aractﬂdmh DCBO(Xx 30 hifth Thé

cach RS brBR M ot PRt SR b gE e v ateso,

rmlﬁilﬂe&drah&ﬂ& sollvent fdnwveﬂ@ﬁ Sacdb 18 a@oﬂaﬂthérhﬂe é@mﬂ-&ﬁld (6.14 g, 90%)
gradi ent was progranmme follows: 95% A (3

| s 8% Athite pokiy mpplad B Qf[ﬂ-ér 111361h4 R (RhérFelUSeIcRaH Eutheausx,

152 @cﬁ’%ohggle Faryﬁsgﬂégéfog 58 3&f gm bﬁ@#ﬁ@gfﬁg@igﬁ 11

3om/CHn13t) l(&gJelFem RlSIédFlHﬁedfull‘ieCm]?hjzd;ﬁRés anw7, 57, 73)]; 8u (400
ow of 400 r

| 1h
o B A CEN D83 S 205 o 2 et B CEaR 263 B, Jrs 10,2 Fi,
st gﬂqa; a @ml ddg. mgbgel{igéggﬁm Vi LY, 7 (RS SY B @, Jos
b Ibzél}im éb@r drﬁ@s(yH) dil,-H-$0x mSamHmtm lorayitie), 4.95 (1H, at,

20 J9.5Hz, H-2), 5.08 (1H, at, J 9.8 Hz, H-4), 5.17 (1H, at, J 9.4 Hz, H-3),

Example 3: (2,3.4.6-Tetra-0O-acetyl-B-D-

1)-1-isothiouronium

bromide

25 OAc OAc

AcO S NH45Br
AcO \f

30



AcO 2,3,4, 6-Tetra-O acetyl - a-D gl ucopyranosyl

bromde (11.0 g, 26.4 mmol ) and thiourea (3.10 g, 41.9
wor@bpooser e di ssol ved i n anhydrous acet one ( 30P@i/{B2004/002706

under argon and heated to 800C. After 20 min a white

solid precipitated. The precipitate was renoved by

flltrgtlon theflbtrate was retgrned eflux, this

pr Gee b8 1a-¢ éﬁﬁéﬂt of-BRIRFIPPYAROSE b PrOgN 1) tmmol) and
o bRich T} 25 g8 Bicll BLETiBONE! B ARl SR8 D bper
c onpgrmraid hdted tc960°716 Witend hahe/\te:ad:tmnomssa‘llawled e csallto chvm

B feagghite g thy BpLing sesiguayasaligrdcand feesyi Al Eyom
sl L'at:etoﬁé?‘ﬂ)éa'o:f% aff&d@hf(ﬁtle é'o dulld gﬁ@g ‘f(Wo Pste dﬁg%‘%rwhlté
E. , 13, 2241)7;

Am Chan Soc, (400 MHz,
DI\/IS@Sdilﬂ)nelsogd m12133¢313720d2;t P7086 ftopigoprbpanal (Wi Ac Betd@er, J. E.

L Komp g din G Sha 951073, 23l laone Sy T o o} i 4o

J 218, HZ6 1ﬂ'EthH .18 Ec&iﬂer brs. KdﬂhIZIAmQC&Qn So2tb510173, 2241));
I—|2|§Z_I 2 - TMo- 2 A -tetra- O acetyl -
§PQ%c r BM)%@ -dgpl. %6,42 @, 200 21 DN REbth s, 4 x CHz) 4.06-4.13 (2H,

b- C |

107, BT AV L AR S o ARk Do TR T ShEn tgudpe an
t 0 da $Zt3|1l0rOeHz W, X B 16 ez, Q{-3D6M9((1H0d k) 3anHz\¥W4yrs 1I7QH, d,J; ,

§<ture was,_heat ed %o refl ux under argon.

Af tlgrzfizé‘lﬂ £hle Pég&?lxo?rﬁ\ﬁa% Bodk Do room
tenperature (RT) and the phases were separated. The
aqueous | ayer was re-extracted with DCM (3 x 50 nL).
Th&Examphe 4 ddTlnio Pad\h 6-teay-€1-acend+EDvgaddvesbyvdriobe wat er (50
mL), dried over MgSOH, Tlltered and the solvent

15rermved in vacuo to afford the title conpound (6. 14
g, 90% as a white solid, nmp 112-1140C [Lit. 113-1140C
(R J.OAEerrl er, R H Furneaux, Carbohydr. Res. 1971,
57, 73) ATD 24 +6.3 (c, 1.2 in CHJ3) [Lit. [a]D 20
+5.0 (

AcO

AcO

20
(2,3,4,6-Tetra-O-acetyl- p-D-galactopyranosyl)-1-isothiouronium bromide 4.4g,
8.8 mmol) and Na,S,0; (2.02 g, 10.6 mmol) were added to a stirred mixture of
DCM (60 mL) and water (30 mL). The mixture was heated to reflux under argon.
After 2.5 h the reaction was cooled to RT and the phases were separated. The

25  aqueous layer was re-extracted with DCM (3 x 50 mL). The combined organic
layers were washed with water (100 mL), brine (100 mL), dried over MgSO,,
filtered and the solvent removed in vacuo to afford the title compound (2.65 g, 81%)
as a white solid, mp 83-84°C [Lit. 86.5-88°C (J. Frgala, M. Cerny, J. Stanek, Collect.
Czech. Chem. Commun. 1975, 40, 1411)]; [0]24 +30.1 (c, 1.0 in CHCI,) [Lit. [a]p°

30 +32.0(c, 3.5 in CHCI;) (J. Frgala, M. Cerny, J. Stanek, Collect. Czech. Chem.
Commun. 1975, 40, 1411)]; 85 (400 MHz, CDCl,) 1.99, 2.06, 2.10, 2.17 (12H, 4 x5,
4 x CHy), 2.38 (1H, d, J, g5 10.3 Hz, SH), 3.95 (1H, dt, J, 5 1.2 Hz, J5 6.6 Hz,
Js ¢ 6.6 Hz, H-5), 4.09-4.14 (2H, m, H-6, H-6"), 4.53 (1H, at, J 9.9 Hz, H-1), 5.02



in CHA3) (R J. Ferrier, R H Furneaux, Carbohydr.
Res. 1977, 57, 73)]; dH (400 MHz, CDC 3) 1.99, 2.00,
WQ205/00@6D6 (12H, 4 x s, 4 x CH3), 2.30 (IH, dpCT/GBRH04/002706
102Hz SH, 3.71 (IH, ddd? J4,5 10.0 Hz, J5 6 2.4
Hz, J5 Al Hz, H5), 4.10 (IH dd, J6>6 12.3 Hz, H 6),

3 GBI b1 S Ssleng P 5 B i o

H-é}'% 35I_ﬂz7J£5|thﬁtH_4b 9.4 Hz, H3). Exanple 3: (23 A
-Tet'ra- O acétyl - b- D-"gal actopyr anosy -|I-isothiouronium
brom de2, 3,4, 6-Tetra - O acetyl-D b-gal act opyranosyl

ot 2 i o g St D Sorliguocy 1

5unq§;thlgﬁ1ggﬂn§agoﬂw@@t ed to 6Q0C. After 1 h the reaction
was—attowed—to—coot to roomtenperature and the

resulting residue was filtered and recrystallised from
acetone/ petrol to afford the title conpound (4.6 g,
70% 2 steps) as white crystalline solid np
134-1370C [ Lit*©17Q0C §rom i sopropanol (W A. Bonner,
J. E. Kahn, A3%m 1991, 73.\w9841)];[a]l D 25
+40.4 (c, 1.0 in it. [afD 25 +16.0 (c, 1.6 in
10EtOH, (W A Bonner A" E. Kah JAm Chem Soc 1951 ,
73, 2241)); dH (500 MHz, Dl\/BOdtja 1.96, 2.02, 2.09,
2.15 (12H, 4 x s, 4xCH3)406413(2HmH-6

6' 4. 45 2 Hz, H5), 5.12 (I
%ﬁif)ﬂ O@C%F?Wta%f 5-5-dboky- > bluge Pyrﬂnéoxl @?%1‘1‘?2(3 0g,82
H- 7
%ﬂriu()) 1] %ﬁ)’{lzhgdlﬁ{eal 9 2t &1 d4% mm%]g '?’%E%e gfs %L%_l?re(glnxa]%?(!lsrfdu%gc)?téne
NHZ}S nE»)anqbdrergtm dnd‘ﬁhated & A°L. Aftee ﬂnai-\ﬁhiﬁa:ﬁﬂiﬂl precipitated. The

150 i pies SRy AaRgey bS SHEsChethr BB Tamiclirdr tharflu g process
8. §yanEchteaReltiNgg @8@0&3@(@% Iﬂem ithtd TRERID wNBS ﬁgﬁ %16

to a stirred m xture of nm.) and water
Th @ombmd rad msystaébﬁeécfrcm acreecme(pctmhf@saffoad Gbe t1t1¢\f:q>mpound

el 1B B AR Rl MR AR TiB FhadT S R, PREREG fom Brom
Wi t(D H@feﬂbﬁ 1MXL Wolﬂo)m JTOGE Qe nesk 03’79@7@@]J[@}6@?.§5W5 &.01in

yat e mL brine (10 mL), dried over
20 vy é{g@) [L1t [oc] 29 3 c 1 1 in MeOH) (D. Horton, M. L. Wolfrom, J. Org. Chem.

1962, 27, 1794)]; 85 (400 MHz, DMSO-d) 1.80 (3H, s, NHCOCH}), 1.94, 1.98,
2.08 (9H, 3 x 5,3 x CHy), 4.05 (1H, dd, J; 2.4 Hz, J, 5, 12.4 Hz, H-6), 4.17 (1H, dd,
Jsg 5.0 Hz, Jy i 123 Hz, H-6"), 4.26 (1H, ddd, J, 5 10.2 Hz, J5 5 2.3 Hz, J; ¢, 4.7 Hz,
H-5), 4.93 (1H, at, J 9.9 Hz, H-4), 5.12 (1H, at, J 9.9 Hz, H-3), 5.73 (1H, d, J,,

25  10.4 Hz, H-1), 8.48 (1H, d,J 4.7 Hz, NHAc), 9.13 (2H, brs, NH,), 9.29 (2H, brs,
NH,).

Example 6: 1-Thio-3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-g-D-glucopyranose

30
AcO

AcO
AcO SH

AcNH



filtered and the solvent renoved in vacuo to afford
the title conpound (2.65 g, 81% as a white solid, np

W@3008401863 Li t. 86.5-880C (J. Frgala, M Cerny, PAT/GB2004/002706
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St anek, Collect. Czech. Chémnm Conmmun. 1975, 40,
1411)] [a]D24 +30.1 (c, 1.0 in CHA 3) [Lit. [a]D 19

R R N R T AL N R —
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(3 czbmbmeduorganadems m@rcawesthaﬁm vzat@re(észynL) brine (50 mL), dried

v%r I&FII%SBY r@{w c%ﬁd}il %I%J:tr?%%O%Idgg&zi{]yloo{{ecrystaﬂlzatlon from
a EEtolAuﬁp@ﬁMI a’:l’ﬂﬂ@@is’ﬂhe @ﬂb @61*n?@ul{d:{1 @0%5 6@%?2 a$ BRItk st mp 165-
| SSO

t hi our ea g wer e ved in

anﬂyﬁa%ﬂé‘ﬂ dé’é‘tlé Y (VYSMT@ R@ﬁ]éP@Fioﬁﬂé{oﬁ Beanetedt@g. Chem. 1961,
060 B sy ted. . T
pr e%g i gﬁ Q%R/as gﬂﬂtﬁ) %Hﬁél Iﬁgt[%bﬁl %éc’f(?% r a%lg'k) (W. M.

vvascurmmﬂdecfl, WJ A eB‘dnugr Jt m;rgs ChemcExd | \2@34396@];3?;1 ﬁo MHz,
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MHz3DVBO-dg) 1.80 (3H, s, NHCOCH 3), 1.94, 1.98, 2.08
( 9Mixagiple &, 1-Bhir-g=PBgalabt@Fraroky dd, J Sfi 2.4 Hz, J6jS,
124 Hz, H6), 4.17 (1H dd, J5fi
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HO SH
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1-Thio-2,3,41,6—tetra-0—acetyl-[3-D—ga,la,ctopyranose (3.00 g, 7.3 mmol) and NaOMe
(40 mg, 0.73 mmol) were added to a stirred solution of MeOH (40 ml). After 2 h,
t.Lc. (BtOAc/petrol 1:1) indicated the formation of a product (R¢ 0.0) with complete
consumption of the starting material (R;0.5). The reaction was neutralised with the
addition of Dowex®-50 ion exchange resin after which point the reaction was
filtered and concentrated in vacuo. Recrystallization from MeOH/EtOAc afforded
the title compound (1.41 g, 98%) as a white crystalline solid m.p. 100-102° C; [ ]p?
+47.6 (c, 1.0 in MeOH; g5 (400 MHz, CD,0D), 2.62 (1H, d, J; ¢ 8.3 Hz, SH), 3.47 -
3.49 (2H, m, H-2, H-3), 3.57 (1H, at, J 5.9 Hz, H-5), 3.68 (1H, dd, Js 5 5.0 Hz, Jy ¢
11.4 Hz, H-6), 3.75 (1H, dd, J5 - 6.9 Hz, Js 5 11.5 Hz, H-6"), 3.91 (1H, bs, H-4),
4.37 (1H, bd, J 7.7 Hz, H-1); §¢ (100 MHz, CD,0D), 61.6 (t, C-6), 69.6 (d, C-4),



, 5.0 Hz, J 66, 12.3 Hz, H6'), 4.26 (IH ddd, J4 5
10.2 Hz, J5>62.3 Hz, J5fi , 4.7 Hz5 ErS), 4.93 (IH,

wa@rgosp@se2 Hz, H4), 5.12 (IH, at, /9.9 Hz, H 3PCT/EBIB4/002706

(IH d, / 12 10.4 Hz, H1p4 8.48 (IH d, /4.7 Hz,
NHAc), 9.13 (2H brs, NH2), 9.29 (2H, brs, NH2).
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and the phases were separated. The aqueous | ayer was
re-extracted with DCM (2 x 50 nL). The conbi ned
organi c | ayers were wash ith water (50 niL), brine
(50 m.), dried over & ed and the sol vent
removed in vacuo. Recry§? i Flom Et CAc/ petr ol
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ne 2, &-6)5 887yl Hhdd, g, 2.1 Hz Jsg 12.0 Hz, H-6"), 4.56 (1H, d, J,, 10.0 Hz,
H-1), 8.11 (1H, bd, Jyggr, 9.1 Hz, NH).

Example 9: 1,2,3,6-tetra-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3 4,6-tetra-O-

acetyl--O-glucopyranosyl)-y-D-glucopyranosyl)-D-glucopyranose

AcO
AcO Q
AcO OAc
A o

AcO OAG
A o)
AcO
Ac “one

Sodium acetate (700 mg, 8.3 mmol) was added to acetic anhydride (50 mL) and

heated to reflux, at which point maltotriose (3.00 g, 6.0 mmol) was added and stirred



addi ti on of Dowex(r)-50 ion exchange resin after which
point the reaction was filtered and concentrated in

wo ama0008Recr yst al | i zation from MeOH Et OAc af f oPCEGBR(G08/002706
title conpound (1.41 g, 98% as a white crystalline
solid mp. 100-102C, [a |]D 22 +47.6 (c, 1.0 in MOH,
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Example 10: 2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3 ,4,6-tetra-O-acetyl-

o-O-glucopyranosyl)--D-glucopyranosyl)-o-D-glucopyranosyl bromide




heated to reflux, at which point nmaltotriose (3.00 g,

6.0 mmol ) was added and stirredvigorously. After 90
wWOorews/00G862 (petrol :ethyl acetate, 1:2) indicatkdr/GB2@4/002706

formati on of a product (Rf20.3) with conplete

consunption of the starting material (Rf 0.0). The

reaction was allowed to cool to RT and diluted with

DCM (50 ni) and pgrtitioned with water (100 nL). The

phases were separ, ot he aqueous | ayer was

re-extracted with i

carbonate (400 nL of a sat .-@ agqueous sql ution)
until pH 8 was obt ai ned, brlne(ZAQ drled
(MSHM), filtered and concentrated P Ato afford
the title product as a m xture of ano ,
1) as an anorphous white solid; for b conp®uhd: H (500
MHz, CDO 3) 2.05, 2.07, 2.10, 2.14, 2.15, 2.19, 2.21,
2.27 (30H, 8 x s, 10 x QAc), 392(IH ddd, 4 5 9.5

Hz 1,20%682119-Qagetyled 4)-(1; $ﬁ-tn+@—5@c)ty1-49096&,&14,61te1(ra}9-aq¢tyl- -O-

H 5b, 5 4. 05
(1 ﬂﬁwaayralaosy“ 3-51%;)%@3@) Iu?omanqsf'é%qo ma:aaz%l znrrrq?) was
dd dls%l@e&n"’an}ﬂgdroﬁ@ DCM iS ﬁ]L'}'ZTo fﬂi@@droﬁ'enzt%oﬁﬁdé (3@‘% 1n acet1c acid,
J5>63.4 Hz ), 4735 (I H dd,
54. 2 ), wdsﬁad:ﬂﬁd thdmnxtﬂkrﬁw)as lezﬁ; uiﬂeﬂargﬁn GRIT. Aﬁeﬂﬁ) aun per1od
H 6" b) IH, dd, .J1>24.1 Hz, / 2 3 10.3 .
gks (st Beetyg, I3) dcied tt}szforra%nﬁi aéor%}uH% [Repp) with
(5| Elé g{eﬁs cdiilgum-ﬂltld)n 8f te Qtaﬁﬁlg Iﬂaﬁe@al @RHFU 3) H}@@éactl@n #dxture was
H- pbl)tmogedgbatwequpM-Kl )-pjgbwatpp (31}9 mLD 3@91 thesaqngol(sﬂayer re-
J 2 8. Hz., Hla

0 o etaRa bt beis o aBu) Ik bhlnbied Brenid gy yetdphed with

10 3) s8d1ﬁ1$1, hggr&g%n cdrbbgate 201181L oA a%itura%e@&que&s?ﬁ)l&twunt& pH 8 was
c)507ém Hz). 6.28 (IH d,
1 anquég bupe (39 miRe %M@%Dgﬁ%ﬂr@d mdecqnﬁertt & vacus to afford

{ olAAMIG Yk (40} Bt 689 80Synid: 857,302 4530 @ PBin crCL); 5

ﬁ1 @1'&304%/14&5 Cﬂ)@? -240376,0542.84-4082.104298; 4194, 215(3251 50 24COCH,),
z

T e (e e s S S e b 3820 (11, 4.
5Fo§yn% %?ll% %}ace% %?agpé(g?(%ggztg‘]’ (%%I 1& oS ‘ﬁ 6a) 63(52(113I gld’ s
6- Bet Ha-K, daet Bk, -H-6¢), 4.52 (1H, dd, J; 0.6 Hz, Jé,6 12.2 Hz, H-6b%), 4.57 (1H,
dd, J; s2.1 Hz, J ¢ 12.4 Hz, H-6¢"), 4.74 (1H, dd, J, , 4.1 Hz, 1,5 9.9 Hz, H-2c),
4.78 (1H, dd, J, , 4.2 Hz, J,5 102 Hz, H-2b), 4.88 (1H, dd, J, , 4.0 Hz, J, 10.5 Hz,
H-2a), 5.10 (1H, at, 9.7 Hz, H-4a), 5.32 (1H, d, J, , 4.0 Hz, H-1b), 5.39 (1H, at, J
20 9.9 Hz, H-3q), 5.43-5.46 (1H, m, H-3b), 5,45 (1H, d, J; , 3.8 Hz, H-1a), 5.64 (1H, at,
J 9.5 Hz, H-3c), 6.53 (1H, d, J; , 3.9 Hz, H-10).

Example 11: 1-Thio-2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-

O-acetyl-o-O-glucopyranosyl)-o-D-glucopyranosyl)-B-D-glucopyranose
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- O gl ucopyranosy”- c-D- gl ucopyranosy”-

- D- gl ucopyranosyl brom deAcO ""\

WO 2@580B6 et r a- O acetyl -4-0 (2, 3, 6-tri-O acet yPEHGB2(02/002706
3,4,6-tetra-0 acetyl - a -QgFfucopyranosy”-

- D- gl ucopyr anosy”- D- gl ucopyranose (200 ng, 0.21 mol)

was di ssol ved in anhydrous DCM (5 ni). To this

hydrogen brom de (33%in acetic acid, 2 nL) was added.

The m xture was |sef
period, tic. (pétxal\
formati on of a producC
consunption of the start?
reaction mxture was parti?+
and water (10 nlL), and the aqueaws
wth DCM (3 x 10 nL). The conbi nedo
washed with sodi um hydrogen carbonate ( nL of a

r argon at RT. After a 30 mn

acetate, 1:2) indicated the
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ial (Rf 0.3). The
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510 (IH at. J9.7 Hz, H4a), b5.32 (I

10 1z angytheypsidee wes purifiedry, columan gaqh;ch; cmna’q grapﬁ( ?@}5 46
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H laggtyl-oa(m3 .2, 61tkira-O-acetyl- -O-glucopgranosyl o -D-glucopyranosgl) B-D-
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6-tri -0 ace
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| ucopyranosyl)- a - | ucopyranosyl brom de
Iq 9p¥ emlz{ture Was heatedt% reﬂu}? znder arg)(/)n After 2.5 h, t(l c.

(petrol. ethyl acetate, 1:2) indicated the formation of a product (R; 0.4) with complete
consumption of the starting material (R;0.0), at which point the reaction was cooled
to RT and the phases separated. The aqueous layer was re-extracted with DCM

(2 x 20 mL). The combined organic layers were washed with brine (20 mL), dried
(MgSO0,), filtered and the solvent removed in vacuo to afford the title product

(74 mg, 84%) as a white amorphous solid; [ ]p** +99.5 (c, 1.0 in CHCl,); 65

(400 MHz, CDCl;) 1.99, 2.00, 2.01, 2.02, 2.03, 2.05, 2.10, 2.15, 2.18 (30H,

9 x 5,10 x COCH,), 3.72-3.76 (1H, m, H-54), 3.90-4.00 (4H, m, H-4a, H-4b, H-5b,
H-5¢), 4.05 (1H, dd, J5 5 2.2 Hz, Jo 5 12.3 Hz, H-6¢), 4.17 (1H, dd, J5 3.3 Hz, Js 6
12.3 Hz, H-6b), 4.25 (1H, dd, J; s 3.6 Hz, Jg 12.5 Hz, H-6¢), 4.30 (1H, J; 5 4.3 Hz,
Joe 12.2 Hz, H-6¢), 4.44 (1H, dd, J5 5 2.2 Hz, Jg s 12.1 Hz, H-62), 4.46 (1H, dd, J; 4
22 Hz, J12.2 Hz, H-60’), 4.59 (1H, d, J, , 9.7 Hz, H-1a), 4.74 (1H, dd, J, ,



2.10 mmol ) was dissol ved in anhydrous acetone (60 ni).

To this anhydrous thiourea (315 ng, 4.2 mol) was
wa@dwedomez t hen heated to reflux under an at noBEIIEB2008/002706

argon. After a 6.5 h period¥ t.l.c. (petrol: ethyl

acetate, 1:2) indicated the formation of a product (Rf

ek e g i Ogta 2L 8y L ord hale Bfbhal 4 e ad; o 41 1
vagyﬁ%ouamllzt HL2b) . @01, tah) J@@\/HE(HM%)TE\Q% BSOSO LS H- 3a) 5.26

he excess thlourea The filtrate was concentrated
i n (cdid ,athd HAE-10s .40 6! Fheat, 0.0 HzeH-3), 2387 @HashH-1c,
ch%f)_ t ography (ethyl acetate/nethanol, 9:1) to afford
er medi at e
52,3,6-tri-Oacetyl-4-0(2,3,6-tri-Cacetyl -
4-0(2,3,4,6-tetra- 59 acetyl- a -0l ucog%/ranos I2
- DEafﬁmpEok?wlé%wW @e@aﬂﬁkmflén@s(%‘ 6-tri-O-acetyl- -0-(2 3,4,6-

(100 ng, O. 09 mml) and Na28205 (22 nmg, 0.11 mml)
were added to a stirred m xture of DCM (30 nL) and
water (15 nmL). The m xture was heated to reflux under
argon. adfter 2.5 h, t.l.c. (petrol: ethyl acetate,
1:2) iRl ed\the formation of a product (Rf 0.4)

i on of the starting material (Rf
fhe reaction was cooled to RT and
ff8ous | ayer was

wi th conplet ons
0.0), at whicC '
t he phases sep¥
re-extracted with o). The conbi ned
organi c | ayers were waSh #F ne (20 n), dried
(MgSO 4), filtered and the s®Pvent renpved in vacuo to
afford the title product (74 ng, 84% as a white

H
10 ?mraomisosé%%iym -@- @zgi B- %2% 3@&515410:(2 @4%, te&a%etﬁl% ol
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f i : 12.1 4.46 H, ,

335 @fg OH%W éoﬁieée beisupipn 9“?‘51 “(gl IFFte’aal((k . ‘gﬂﬂhe

Hz reddtib@iwas dilvtéd (Nllﬂﬁ,wéiéi (gd dL)%hd bl ed th cbolfdh RTZThe hases were

H2b), 4.80 (IH, at, Hz,” H2a), 4.85 (I H dd,
4. ;@epqzated and the aqueous phase was re- eigtra,cted with DCM (3 x 40 mL) The

combined organic layers were washed with sat. NaHCO; (50 mL) until pH 8 was
obtained, brine (50 mL), dried over MgSQ,, filtered and concentrated in vacuo. The
20  residue was purified by flash column chromatography (petrol/EtOAc, 1:4) to afford
the title compound (8.08 g, 71%) as a white foam; []p> +86.4 (c, 1.0 in CHCI 5); g
(400 MHz, CDCL,) 2.01, 2.02, 2.05, 2.08, 2.11, 2.17 (27H, 6 x s, 9 x OAc), 2.40
(3H, s, SAc), 3.88 (1H, ddd, J, s 9.8 Hz, J5 s 4.0 Hz, J; ., 2.7 Hz, H-5a), 3.92-4.01
(4H, m, H-4a, H-4b, H-5b, H-5¢), 4.07 (1H, dd, J; ¢ 2.4 Hz, Jy 12.3 Hz, H-60),
25 4.19 (1H, dd, Js ¢ 3.5 Hz, Jg¢ 12.2 Hz, H-6b), 4.27 (1H, dd, J5 ¢ 3.8 Hz, J
12.3 Hz, H-6°c), 4.30 (1H, dd, J; 4.2 Hz, Jg 12.4 Hz, H-63), 4.46 (1H, dd, Js ¢
2.6 Hz, Jg ¢ 12.3 Hz, H-6'b), 4.47 (1H, dd, Js > 2.2 Hz, J; ¢, 12.2 Hz, H-63), 476
(1H, dd, J;, 3.9 Hz, J, 5 10.0 Hz, H-2b), 4.87 (1H, dd, J, , 3.8 Hz, J,5 10.6 Hz,



J2b 10.6 Hz, H2c), 5.07 (IH at, J9.9 Hz, H4c), 5.25
(IH at, J 9.0 Hz, H3a), 5.26 (IH d, | 2 4.1 Hz,

woRdobpeose2 35 (I H, at, J 10.0 Hz, H 3b), 5. 37-5P@WGB2004/002706
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Ml §a)6% 2 (& f@ls@@apé@d (¢ ,'C-@B‘)DBQ’BQH,SCt-gbj'fg%éQd,"@%scgrﬁgg (@, C-2),

heated to refl ux under an i nert "at noSphere o
Af 17815 (BACHC), 108, (d( Gy, T2/ IHOBE3D), 17320 (d fetyatdet (dh€-4a), 76.6 (d,

f or mmat.i j r C I i

colprdy e Bl Foh BICTHEber ) b diiGatbhdops 1696
0. 45898, Tdreo,r1gagt 17005, Wa8.6d171 4§, 60 EOTHRT 6. 0(SSCHOHAN vz
all owed to cool to RT. The phases were separated an

£ hEESGULI0VBIES oA 1963 AINFAJOB%)wi th DOM (3 x 40

m.). The conbi ned organic |ayers were washed with sat.
NaHCO 3 (50 nlL) until pH 8 was obtained, brine (50

ML )Rxafhiple€ich: QVEHio totfibdet er ed and concentrated in
vac_o_Th‘eﬁ@_dﬂgﬁ_@ngd_pﬁfu . sSidu S purified by flash colum
chromat ogr aphy (petrol/EtOAc, 1:4) to afford the title
conpound (8.08 g, 71%9 as a white foam [a ]D 2S +86.4
(c, 1.0 in CI—ICIHHO ; 6 (400 MHz, CDC 3) 2.01, 2.02,
2.05, 2.08, 2.1, (27H.ou6 X s, 9 x OAc), 2.40

(3H, s, SAc), 3.88 (W ddd, J 4 5 9.8 Hz, Js>64.0 Hz,
SJ5fi , 2.7 Hz, H5a), ~4 Q1 (4Hom m H4a, H 4b,
J

H5b, H5c), 4.07 (IH dd,
H6c), 4.19 (IH dd, JSfi 3.5
H6b), 4.27 (IH dd, J5>6, 3.8

2.

J6 12.3 Hz,
{_sHl12.2 Hz,

;
Hz, 6,
1-Thioacetyl-2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3 4,6-tetra-O-acetyl-
o-O-glucopyranosyl)- -D-glucopyranosyl)-1-thio -g-D-glucopyranose (600 mg,

0.6 mmol) and NaOAc (18 mg, 0.18 mmol) were added to a stirred solution of
MeOH (10 ml). After 10 min, t.1.c. (EtOAc/MeOH, 9:1) indicated the formation of a
product (R; 0.0) with complete consumption of the starting material (R;0.9). The
reaction was neutralised with the addition of Dowex®-50 ion exchange resin after
which point the reaction was filtered and concentrated in vacuo to afford the title
compound (305 mg, 98%) as an amorphous solid; [ ]p?° +123 (¢, 1.0 in MeOH); §x
(400 MHz, D,0), 3.15 (1H, at, J 9.2 Hz, H-2a), 3.26 (1H, at, J 9.3 Hz), 3.41-3.82
(16H, m, H-2b, H-2¢, H-3a, H-3b, H-3¢, H-4a, H- 4b, H-4¢, H-5a, H-5b, H-5¢, H-63,
H-6b, H-6¢, H-6’a, H-6’b, H-6°c), 4.42 (1H, d, J , 9.6 Hz, H-1a), 5.23 (1H, d, J, ,
1.7 Hz, H-1), 5.24 (1H, d, J; , 1.8 Hz, H-1); 5 (100 MHz, D,0), 60.8,70.0 (2 x*1,
C-6a, C-6b, C-6¢), 69.6,71.5,71.8,72.1, 73.0, 73.2, 73.6, 76.0, 77.1, 77.6, 79.0
(11x d, C-2a, C-2b, C-2c, C-3a, C-3b, C-3c, C-4a, C-4b, C-4c, C-5a, C-5b, C-5c¢),



12.3 Hz, H6'c), 4.30 (IH dd, J5 4.2 Hz, J6fi , UA
Hz, H6a), 4.46 (IH dd, J5fi , 2.6 Hz, J6fi , 12.3

woH20050bB6h) , 4.47 (IH, dd, J5 , 2.2 Hz, J6fi ,PARGB2042/002706
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H6'a), 4.76 (IH dd, JI 330 Hz, J2>310.0 Hz, H 2b),
4.87 (IH, dd, J 1>2 3.8 Hz, J2b 10.6 Hz, H2c), 5.99

(5298 Chobod® Robia p2Pcaie o P ) Pl obl iy o
| ] ’
A P 4

209 21. 0, 211(5xq 10XCCI?H3 SCOCH3), 31.0 (q,

, 6C 6b), 63 .

?,m%)]@g:h ?:{é'lg 6 b -agety hZ-,é;(Z N 5’-ag%ykg’lé{(fl,%@,;t&g—acetyl-
6 9 480-((2j 3 6Qr139)acet31@-430-q 6Qr12@)a:cetgfﬁ450—(2‘j 3 6Qri29)acetg/ﬂ439—(2,3,4,6-
(dy—C2Za), 721 (d,—C3b),— 730 (T, PR Vo O
C Mya,-g%@tétal-&ep g?@ayragdﬁfgg?(ﬂiglucpmynosgé-gaqglucdp}{ra)qsyl)-a—

I c ot

ucqp;}@;an@sgd}mg;gﬁuciom@og } a??%&%p'g YGsRR YERnose
(s, SCOCH3); nfz (ES+) 1000 (I\/NH4 +, O% 1003 ( MNa+,
100% . Exanple 13: 1-Tbio-b-D-malt otriose HO -L
| - Thi oa 1-2,3,6-tri-0-acetyl-4-0-(2,3,6-tri-0-acety
| - 45 o4, 6-tef,ra-0-acetyl- a -O glucopyranosyl)- a
- D gia no yI)-I -thi o- b-D-gl ucopyranose (600 ng,
0.6 mmol ) a A\(18 ng, 0.18 mMmvl) were added to a
stirred sol Ut (10 n1) After 10 mn, tic.
(Bt OAc/ MeOH, 9: 1)/*°q‘h #f or mati on of a product
(Rf 0.0) wth corrpe t|<pn of the starting
material (Rf 0.9). The rAé%%@ fralised with
the addition of Dowex(r)-50 |onA<§:@( resin,after
whi ch point the reaction was filtA c ncentrated
in vacuo to afford the title conpound {3 ¢
an anor phous solid; [O D 25 +123(c 10| \dH 5
(400 MHz, D20, 3.15 (IH, at, Hz, H2a), "%a
(IH at,J 9.3 Hz), 341382(16H, m H2b, H 2c, Ao Oho
H3a, H3b, H3c, H4a, H 4b, H4c, H5a, H5b, H 5c,
H 6a, H6b, H6c, H6'a, H6'b, H6'C), 4.42 (IH d, J
9.6 Hz, Hla), 5.23 (IH, d, J 12 1.7 Hz, HI1), 5.24

( | I':'Jodﬁilm a]ceﬂat@(@O%né"ZS 2 ffhﬂo)l) whkCadad®R Meke a@?y@}ide e4b B and
heated to reﬂux at which point maltoheptose (1.00 g, 0.86 mmol) was added and the

reaction stirred vigorously. After 90 min t.1.c. (petrol:ethyl acetate, 1:3) indicated the
formation of a product (R, 0.3) with complete consumption of the starting material
(R;0.0). The reaction was allowed to cool to RT, diluted with DCM (50 mL) and
partitioned with water (100 mL). The phases were separated and the aqueous layer
was re-extracted with DCM (2 x 40 mL). The combined organic layers were washed
with sodium hydrogen carbonate (200 mL of a saturated aqueous solution) until pH
8 was obtained, brine (100 mL), dried (MgSO,), filtered and concentrated in vacuo.
The residue was purified by flash column chromatography (petrol:ethyl acetate, 1:3)
to afford the title product as an amorphous white solid as a mixture of anomers (o/p,
15/85); 85 (500 MHz, CDC1,)2.02, 2.03, 2.04, 2.05, 2.06, 2.07, 2.08, 2.10, 2.13,
2.19,2.22,2.24 (66H, 12 x 5, 22 x OAC), 3.89-4.14 (13H, m, H-4a, H-4b, H-4c,
H-4d, H-4e, H-4f, H-5a, H-5b, H-5¢, H-5d, H-5¢, H-5f, H-5g), 4.25-4.34, 4.39 (1H,
dd, J 4.0 Hz, J 12.3 Hz), 4.52-4.56 (13H, m, H-6a, H-6a’, H-6b, H-6b’, H-6¢, H -6¢’,



C-6a, C-6b, C6c), 69.6, 71.5, 7 1.8, 72.1, 73.0,
73.2, 73.6, 76.0, 77.1, 77.6, 79.0 (11 x d, C- 2a,

wW@2b/000862c, C-3a, C-3b, G 3c, C4a, C4b, C 4rCT/GB2@4/002706

C-5b, C-5c),80.2 (d, C-la)3199.8, 100.1 (2 x d, C 1D,
CGlc): mz (ES) 519 (100% M H+): mfz HRVB (ES-)

2o b i, HOCH O B HEY, 63 nbg, 47800 Ve D, B,
2, ﬁ-@d,g?-tzé,a{?-(%le?ﬁeﬁ)ﬁ l4-obr @ dd, 37, $3 YTz, B ARES Hz; A5 (20P(1H, at,

6-tri - O ace

4- BDHz, B-4g),i5.10-5.46(1AH An,G-G2, B3, Hric, B-3ddBe; HAGHAg,

2 %55 e et .8 4518 £SO EF 8 b, 8

5 B(@hyﬁp&))gr aﬁl_gg,g%’}r__l%)_- D- gl ucopyranosyl )- a
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gl ucopytan
- D- gl ucopyranosyl ) - D- gl ucopyranose Sodi um acetate (420

5. 2. nmol s added, to_acetic anhydride (30 nL
T ExRRICID: Pa. i Orpcotsl TR i QRO+ b GB0-acetyl-4-0-

§ .1 99 6Gri0-a88yTH-12 WBSu12d ALy RAD IS 611561 AY1-3 105,84 6-
1: Bitrd Beicetgt-geDigheopprmedyl)ay DoEluaopyrathsyl -{-Bf-glac@)yranosyl)-q-
with conplete consunption of the stalling material (Rf

0. B-glurepyranosyhicoR-glacorranesdl o-B-2lBeAryraosdl)-odPt ut ed

Wi CIV. Blohdhd partitioned with water (100 niL).
Thgnlp? ﬁgééés‘%cre s@g]parat ed andt he aqueous | ayer was
re-extractegg with DCM (2 x 40 nL). The comnbi ned

organi ¢ Kayers were washed wi th sodi um hydr ogen

carh 0 ol a saturated aqueous sol ution)

[ tained, brine (100 nm), dried

(MySO4) , fi%%a coneentrated in vacuo. The

resi due was puri fiAc Jby\fl @sh col um chronat ogr aphy

(petrol: ethyl acetate\ L3\ to &ford the title
o

product as an anor phous oliod as a_m xture of
anoners ( /b , 15/85); dH
2.04, 2.05, 2.06, 2.07, 2.08, 2. 737X
2.24 (66H, 12 x s, 22 x QAc), 3. 89-%.
H 4b, H4c, H4d, H4e, H4f, H5a, H 5bio

e

Ac

H5e, H5f, H5g), 4.25-4.34, 4.39 (IH dd, 74.0
\2.3 Hz), 4.52-4.56 (13H, m H6a, H6a\ H 6b, P8
H6c, H- 6¢',H6d, H6d, H6e, H6e, H6f, H6f ,

H6d, H6g ), 4.75 -4.79 (5H, m H2b, H2c, H 2d, e
H2e, H2e, H2f), 4.90 (IH dd, J1>23.7 Hz, 2 3 10.5

(Lo fashib §tRs Ll Alpgeo coo
H- ft,O-btetyd;4-8- (28,6t acekli4-O- (B3| @ri-Opackey {00983, 4, 6-tetra-O-
‘(])l )a_gété-((gl-zr%ggcél%{rggdsyslocz—%-élgéolpsylr_'dnogjrl)-‘&-f)?Zlééo%ylta%os%—&%-
tZ} i%y%g_ﬁgﬂgfécg;p?og%ruéa&&%sﬁ).G&Hj-igru%ﬁ&&{aékd)ﬂ)%h{c%pﬁaﬁdse
(100 mg, 0.05 mmol) was dissolved in anhydrous DCM (5 mL). To this hydrogen
bromide (33% in acetic acid, 0.5 mL) was added. The mixture was left stirring under
an atmosphere of argon at RT. After a 40 min period, t.1.c. (petrol:ethyl acetate, 1:3)
mndicated the formation of a product (R¢ 0.7) with complete consumption of the
starting material (R;0.3). The reaction mixture was partitioned between DCM
(10 mL) and water (10 mL), and the aqueous layer re-extracted with DCM
(3 x 10 mL). The combined organic layers were washed with sodium hydrogen

carbonate (150 mL of a saturated aqueous solution) until pH 7 was obtained, brine



(2,3,6-tri-0Oacetyl-4-0(2,3,6-ti
-i-Oacetyl-4-0(2,3,6-tri-0Oacetyl-4-0(2, 3, 4, 6-

wo edosae®ncet yl - a - O gl ucopyranosyl)- a PCT/GB2004/002706
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- D gl ucopyranosyl )- a -D gBucopyranosyl)- a -
D- gl ucopyranosyl )- a -D- gl ucopyranosyl)- a

-D- - - Dgl b I .
SSRGSt
36 8 22

tri hguggg{@‘iﬁé_ Z?B(/)A} 2, 3 6 tri- C&a%%ermzo ¢ 1(0 » CHCI? SHO

ac €400 MLHZ(IJUE,IQ 24)262t0ét2Q4GiQfet23ﬂ8 2&0 2.11, 2.14 2.19,2.23,2.24,

 ARERYIZROH R 0. AP IPHL IR 1., -4, Frde, 14
Dfnbqusy HrBaSHLS)er Han H-5g), 4.08 (1H, dd, Js 2.2 Hz, J, 12.6 Hz, H- 6),
-Dg | uco yr anosa Z [ ucopyranose (f(f 0. %5 Mo mol Y

\r/]va§ ]d’i-‘éé |4va804.60 ym&@ée, Kbl 60,116 Gohil -6d, H-6d, H-Ge,
e 0 Chdg,
GRS R A AR, SO, 2008 3T B um .

at BUISHB,QJ%@ 10f7 |, gMa)an @YlHAﬂd e'g 2340z, 0 p 1!293]!{@(1{-6&1’), 4, 74
etrol:ethyl aceta i ndi cated t

ol s 95%1’23&7:{‘12( froob Aot ot G e, H 24, B2e,
CoTRUTE A2y 12 L0 AR 1T BB 70 ),

and.38a1.47 (121) an ,1b aimdc;ﬁadaﬂumﬂslﬂ Hyley, 1Y SbeKt3catlt &) H-3e,

wndi36 FipOns St mn) Arddent ot BORALA S Yoo daiipiiass. ©

saturated aqueous solution) until pH 7 was obtai ned,
brine(20 nmL), dried (MgSO™4), filtered and concentrated
i n Braople k6o 1 aftfiold,6-te Q-adelyd- %@dﬂﬁcﬁ-tr( OBaqetyl-BOUR, 3xstraO-

sohi ] m@;@z T %.ggﬁ;glﬁz»&g i e;ﬁrf&ﬂ; 46 mib fme%i 40-

H @mcob?ﬁmsyﬂo@@-glﬂe@waﬂdswa Mglﬂ&mdﬂosﬂﬁ a«D-élu%ﬁtrﬂlosyl)
. 12.6 Fz, FF6), 4. 19-4.33, 4.53-4.60 (12H, m

H-&Q W©BYIAEPsh' . H6C, H6C', H-6d, H6d, H 6e,

H6e', H6f, H6f , H6g, H6g ), 4.12 (IH at, J 9.5

Hz, H4a), 4.40 (IH dd, J 56 31H, J 66 12.7 H,

H6a), 4.6406lH dd, J5 2.3 Hz, J6>6, 12.5 Hz, H6a'),

4.74 (| dpJ1239Hz J2b 9.1 Hz, H2a),

4. 75-"% P2ob, H-2c, H-2d, H2e, H2f), 4. 89
(IH, d, J I8¢ , J 2,3 10.6 Hz, H2g), 5 11 (IH,
at, J 9.9 Hz, gl 5. 2547(12H m HIlb, Hlc,
Hid, HI Hof, 18P 3c, H3d, H 3e,

AcO °

QAc
AcO
Q
AcO AcO OAc
o]
AcO OAc
© AcO
AcO °
C AcO SH

AcO

2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-
acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3 4,6-tetra-O-acetyl-q,-
O-glucopyranosyl)-q-D-glucopyranosyl)--D-glucopyranosyl)-q-D-
glucopyranosyl)-o-D-glucopyranosyl)- o -D-glucopyranosyl)--D-glucopyranosyl
bromide (1.08 g, 0.5 mmol) and tetrabutylammonium iodide (19 mg, 0.05 mmol)



H3f, H3g), 5.65 (IH, at, J 9.4 Hz, H3a), 6.54 (IH,
d JI 2 4.3 H, HIla). Exanple 16:
WO 200ki0a08®y 3, 6-tri - O acetyl -4-Q (2, 3, 6-tri-O ackCyGB4000002706
(2,3,6-tri-OacetyI- 33
4-0-(2,3,6-tri -0 acetyl - 40(236tri O acetyl-4-0 (2

- 30%%@%%%%&8%{13&0@ %ﬁ &é%w& glff’o‘giﬂ drie %éfﬁféurea?ﬂ me,

- Dol &aRY)akoRMEd andthe %&hb‘ﬁ%ﬁy il ﬁéé’tla& to ®@flux under an
- D-gl ucopyranosyl )- a -D- gl ucopyranosyl

b Bigdspbeieyf arposeAfteiong hA@@Dd,\t loApeirolct lacﬂate 1:4) indicated the
" Tesvabiop s Fieerhradirt b r B camlete popsrpation of e startne

5acehaférial (R;0.6). The reaction was concentrated in vacuo and titurated with DCM to
4- 0O (2, 3, 6 tri-Oacetyl-4-0(2,3,6-tri - Oacetyl -4-0-(2

, 3 remevq the preagjcs Senyihie excess thigiro Ay filtrse yas concentrateé in vacuo

anosyp%qgﬁa@w?y&um‘fed% géé’;h ﬂ;ﬁpﬁg&%%?&? %‘Qgﬂr] ﬁg@ﬂ )- a

- DagétaieapathangSyl) tbaffoidiae (iterd@dte 223 5 mlOLe)ce@M 0-(2,3,6-tri-O-
t et rabut yl flmmnl um i odi de

di SEFVIEY {2 -Gty drrestel- ‘é‘@e&@}\@ ﬁ(lébﬁ?&)ﬂ-‘* @o@%ﬁéﬂnﬁ—a@dyl-4 O-
10t h'éﬁ’g%e@l ?eattggﬂ'té) (Z 3 the}ray@—%c&glﬁo%g% g@g p]}?ﬁﬁnés pCt !lj)n

Then o reffux under

ar @litop ﬁ’aﬁ@yl)jx® -BRespy@ehosyl) G, - D@gla&d@!rar@bﬂyi —Bfgiﬁ(g?ﬁanosyl)—

1:4) indicated the formati on of a m nor product
0. @)-Dviludvpytampsyd)-p-R-ivsapyenasyl-fisathiougmam brcgmde (212 mg,

vac e JT e lekentp W B Gh U Phol b grrEdte

f r gP10 g, RITAHHIf AHIONE,S90, {Ebemé iJ.17 AhRIMREe added toa stlrred
concentrated in vacuo and the Fesi due Was purifi

15 o RN ool b wpie skl e hgeta b hsabedtorslux under

%}%otn?Aﬁf xg) e} éﬁ (IZetrta? ‘%E gacg ?_ 1 %%dé?%/?d the formation of a
4 @rddil.cﬁ(l@{)w) it @@@ﬂé‘tk céns@n{p&oﬁ oBthe lstarthgd@ateyint @Rk 0-0f) Zat

-tri-O acet

yl -
(2 Wﬁ,n@l Raint.thy 5?@@&1% Was oolel tg R{L end the phases saperaped. The aqueous
] g_lﬁjey%.?}’er %%%%F)WMPDC@{;"}? 0 ¥IEL? PRy, é(%rslblﬁ‘ed organic layers were

l'ucopyr anosyl) jl‘ucopyranos
20- Dvgishebpih arins(@0)mL)y dried QMgS@Qyﬁhﬁ@G ¥thd the solvent removed in
b- D- gl uc hi_our gni um br omi de

oA oD LR BFodt {15 P POW) G te amotphous SShd; oo

chanagh gL I Si @1, J N, SsbMhAETRBAL 2 00, 2.01, 2.02, 2.03, 2.04, 2.05,
2.07,2.08,2.12,2.17, 2.19, 2.21, 2.22, 2.23 (66H, 14 x s, 22 x COCHz), 2.27 (1H, d,
Josu 9.8 Hz, SH), 3.76 (1H, dat, J, 5 9.7 Hz, J 3.5 Hz, H-5a), 3.92-4.08 (12H, m,

25  H-da, H-4b, H-4c, H-4d, H-4e, H-Af, H-5b, H-5c, H-5d, H-5¢, H-5£, H-5g), 4.17-
4.36, 4.49-4.56 (12H, m, H-6b, H-6b*, H-6¢, H-6¢’, H-6d, H -64’, H-6¢, H-6¢’, H-61,
H-6, H-6g, H-6g"), 4.39 (1H, dd, J 5 5 3.6 Hz, J & 12.2 Hz, H-6a), 448 (1H, dd, J; ¢
3.2 Hz, Jy s 12.3 Hz, H-6a), 4.62 (1H, at, J 9.5 Hz, H-1a), 4.73-4.78 (5H, m, H-2b,
H-2c, H-2d, H-2¢, H-21), 4.82 (1H, at, J 9.5 Hz, H-2a), 4.88 (1H, dd, J, , 4.0 Hz, J;,

30 10.4 Hz, H-2g), 5.09 (1, at, J 9.9 Hz, H-4g), 5.27 (1H, at, J 9.1 Hz, H-3a), 5.30-
5.44 (12H, m, -1b, H-1c, H-1d, H-1e, H-1f, H-1g, H-3b, H-3¢, H-3d, H-3¢, H-3£
H-3g).




(210 ng, 0.09 nmol) and Na2S2C6 (22 ng, 0.11 mmol)

were added to a stirred m xture of DCM (10 nL) and
WOR08/000862 m_) . The m xture was heated to refl URCTIGH20I04/002706

argon. After 4.5 h, t.l.c. 3¢petrol:ethyl acetate, 1:2)

indicated the formation of a product (Rf 0.2) with

o. rattgle ( PrapalioRor SHECHELE S St has cool ed to RT and

the phases separated. The aqueous |ayer was
re-extracted with DCM (2 x 10 nL). The conbi ned
or ganglesiteapedificatemevagaisiestigatied hsibg A modeRoysteing-contriathg protein,

a1 Pt episorq ER P Bl (s o oTop TRBLE Y shcystso

s?gg%mﬂg ﬁ/a§@ﬂss<ﬂved1ﬂ d]eg)as@édet 8us Buffee soli!m 1 QﬂCW}nM@HES
MM, 2@M§a0:12, PH 9.5). i’QSelir @Ing,@ Oélzrmrwl)zwaq@eﬁqlved in

2
R et TN
( 1 Hcedbn bh d@d-otverdad rlifaif’cﬁF Affbl“ﬂ) min: the abdndé of ﬁ'e@ﬁ’uol was shown
H5c, H5d, H5e, H 5f, Ig 17- 4.36, 4.49-4
( 128 Elkmanis islysiq (6b L, Elimes, |-De<aourt ,6‘6 Anqlremt M rEea‘élerstone

10 H' %??_(fzhe);zl' ?;éa gm' ?Z‘ 136%76%}_ ?h?ge%?u%wg‘?}g}(ace don ?11 %n%ox?rfnd

HZ rotater Ia2. a?ﬁn}tlicl 3H-Iﬁﬁ) at véhlﬁlipélhﬁhe adactid@nidxttve wid Ibaded onto a
4.73-4.78 I—E H2e, H2f), 4.82
( | »HDIQtSePh@ieE {25 CPl“?ﬁ’) andzphésd mth 70 g HERES,2 miMi&aCl,, pH 7.0.

(1 it Gyterog ity o R ahiyileeq (afofio:F RBY il warer

H- (tx 4H-fod] h}P k&L fbr B6 mih); tagaffddd SBLSH5SGC-S-SEBY m/EHBE") found
nple 17: Preparation of SBLCysl 56- S- SePh

15 %%ﬁg‘%&‘?‘tz ‘fication was investigated using a

nodel - cyst ei ne-cont ai ni ng protein, serine protease

subtilisin Bacillus | entus nutant S156C ( SBLCysl 56).

SBIERysipk6l & Pl:pagionas SHgEE€yi3ddays432d(8r8eRlDgd aqueous

butfer solution (1 ni, 70 MM CHES, 5nM MES, 2 niM

Cad 2, pH 9.5). PhSeBr (5 ng, 0.02 mmol) was di ssol ved

| N \2GebRAE KlddehidadBhk Fd ok sJﬂ?gJ (aﬁ@ Fﬂl)e M@ fhophili

added %o t he prtlntel n sopedﬁegtggﬁandu ac © ot
20en @-giy@sidamjfmmtth@ mlcheomf&éi)ldb@s mlﬁztamdw cabwanmgatwrf cysteine

free. El s (G, L. .. .

El F% es %S[ﬁ %@5%?4}&@5%/2)\/88 @%4%}7%[%2[@%@3) &fasdigelved in
aqueous buffer solution (1 mL, 70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5).
PhSeBr (2 mg, 0.02 mumol) was dissolved in acetonitrile (200 pL), of which 20 ,L

(74 eq) was added to the protein solution and placed on an end-over-end rotator.

25  After 1 h the reaction mixture was loaded onto a PD10 Sephadex® G25 column and
eluted with (70 mM HEPES, 2 mM CaCl,, pH 7.0) to afford SS pGCys344Cys432—
(S-SePh),; m/z (ES™) found 57700 calcd. 57697.

Example 19: Representative protein glycosylation with sugar thiols and reaction
30  with other thiols

SBLCys156-S-SePh (1 mg) was dissolved in aqueous buffer solution (1 mL, 70 mM
CHES, 5 mM MES, 2 mM CaCl,, pH 9.5). The sugar thiol or other thiol was



Bi ochem Pharnmacol. 1961, 7, 88). The reaction was

pl aced on an end-over-end rotator for a further 30
wOorews/oas6whi ch point the reaction m xture was POHGBR004/002706

onto a PDI O Sephadex(r) &85colum and eluted with 70

mM HEPES, 2 nM Cad 2,pH 7.0. The protein fraction was

e s S L S

SB
A e e e
I\/UIAtfnepll b the teectmmms apalysethby messsspeetyasttiygat ed using a

nmut ant of the thernophilic b-glycosidase fromthe
archeon Sul f ol obus sol fataricus containing two

scyRkqjige residues (SSbG Cys344Cys432).
SSbG Cys344Cys432 (1 ng) was dissol ved i n aqueous
buffer solution (1 nm., 70 MM CHES 5 mM MES, 2 nM Cad 2

pH 9.5). PhSeBr (2 ng, 0.02 nmmmol) was dissolved in ESI-MS
acetonitrile (200 L), of which 20 L Equlve:q) wéenadded
to fcﬁ@npr otein ution and pl aced end over - egnd Found
rotator. After 1 h the reaction rri> rt | oaded h
onto a PDl O Sephadex (r) G25 col um and eI ut ed with (theory)
( FOMHEPES 2 nMCatC2,pH—7-0)to—=afford 76008
SERBLYSSUHCy s#482SH S- SePh) 2; m z (ES+) Found 5¥390
cal cd. 57697. | Exanpl e 19: Representlative protein (26909)
glycosylationlwith sugar thiols and reaction with 6008
- of Qs B | 56-S-SePh (1 ng) di $sol n
aqgg%%gjbuffe %{sa%ti on (1m., 70MM|CHES, 5 mM NES, 2 (26909)
mMv CaCl 2, pH 9.5). The sugar thiol [or other|thiol
wasdi ssol ved in er._and added to|the prote¢in 26544
SO t 19@?‘%@%@ quantities (see Tabl ¢ b&Pow for26950)
equi val ents) and the m xture placed in an end-over-f cﬁ
rotator. After I T the Teactiom wag anmal ySeg by mess 27278
sp8BLCysEta y. | Rk GEcSES| - M5 Equi v |[of Gonv. |Preg®i nll
Thiol J'ound thiol % (27233)
277878
SBLCys156 GlcGleGleGleGleGleGlcSH 10 >95 ‘
(27881)
SSBG— 57760
GlcSH 60 >95
Cys344Cys432 (57775)
27030
SELCys156 BocCysThrOMe 20
(27047)
27022
SBLCys156 Glutathione (Glu-Cys-Gly) 20
(27020)
270358
SBLCys156% ManSH 20 >95
(27062)
27080
SBLCys156 (AcO),ManSH 10 >95
(27060)
277075
SBLCys156 Man(1,6)ManSH 10 >95
(27071)




10

15

20

25

(theory) 26908 SBLCysl 56 A cSH 5 >95 (26909) 26908

SBLCysl 56 Gal SH 5 >95 (26909) 26944 SBLCysl 56
w@@BleBs2 1 >95 (26950) 27228 SBLCysl 56 d cd pc@/G8R003/002706
>95 (27233) 27878 SBLCysl 86 A cd cAcdcdcdcdcSH

10 >95 (27881) SSbG 57760 G cSH 60 >95 Cys344Cys432

(
S

S

(775) 27030 SBLCys| 56 BocCysThr 20 (27047) 27022

BLCOysl 56 G [tAaMMs 68({Adu-Cys-dy) 20 (27020) 27058 27054
359{8}7?{%62 ManSH 20 (%Eéo)zManSH 20 >05 7053
(AcO)4Man(1 3)
) Man\Q'G) 27384
SBLCys156 ManSH 20 >95 (27386)
Man-(1,3)

Conv. = conversion as determined by ESI-MS

! Activated by reaction with phenyl selenium bromide to give the corresponding
protein-S-Se-Ph or protein-(S-Se-Ph), compound prior to addition of the thiol.

2 Reacted with PMSF (phenylmethylsulfonyl fluoride) prior to glycosylation to

prevent protein degradation due to proteolytic activity.

The results in the above Table demonstrate that the method of the invention provides
high percentage conversion to the desired products using as little as one equivalent
of thiol compound. Furthermore, the results demonstrate that the method of the
mvention can be used for single and multiple site protein glycosylations. The three
glycosylation sites in SBL-Cys156 and SSgGCys344Cys432 are found in very
varying protein structures and environments with different levels of exposure,

illustrating the broad applicability of the method of the invention.

Example 20: Representative protein glycosylation of SBLCys 156 using
GleGleGleGleGleGleGle-SH

1-Thio-2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-O-
(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3 ,4,6-
tetra-O-acetyl-o-O-glucopyranosyl)-o-D-glucopyranosyl)-y-D-glucopyranosyl)-y-
D-glucopyranosyl)-¢-D-glucopyranosyl)-o-D-glucopyranosyl)-g-D-glucopyranose
(15 mg, 0.007 mmol) and sodium methoxide (2 mg, 0.007 mmol) were added to a
stirred solution of MeOH (2 ml). After 2 h, t.1.c. (petrol: EtOA c, 1:2) indicated the
formation of a product (R; 0.0) with the complete consumption of the starting
material (R;0.2). The reaction was neutralised with the addition of Dowex®-50 ion
exchange resin after which point the reaction was filtered and concentrat ed in vacuo.

The crude 1-thio-g-D-maltoheptaose was taken up into water (5 mL) of which




(27062) 27080 SBLCysl 56 (AcO) 4ManSH 10 >95 (27060)
27075 SBLCys| 56 Man(l, 6) ManSH 10 >95

W@ 2008/8098622c0) 4Man( 1 ) 27054 SBLCys| 56 (AcO) 2MEm6B2@a/002706
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>95 (27053) (AcO4Man( 1 '37) Man \0,6) 27384
SBLCys| 56 2 ManSH 20 >95 (27386) Man/(1,3) Conv. =

o e el 15 S B o0 o
CoRESREI LAYt SN, et i 0y T e
Wi SoluRMBRa¢ plhesydmat énd-sverfeodydtatbt. Udter dd)the réaotion mixture was

gl ycasyl at i 0 eye otein d dat i op due

o Sredeq ghioe ERATHipdcH 625 Satimn oo FhEHENB Jo e amkers,
de st Eate tpH"ﬁt). TieBRIDPRE Wl Soll BY&IN @Y OVi des
hi gh percentage conversion to the desired products

us iGlgGlaeLcGlaGleGhé1oABLE ] Manen{(ES) faund 782 nglodi2d881.
Furthernore, the results denonstrate that the nethod
of the invention can be used for single and nmultiple

Si BrappRiAl Eg%y&%ﬁ&sd&@%ioﬁﬁéfSﬁD@yélBGeslmléNﬁ@S%/| at idon
SI - oun In

very
A. GIcNAc-SBLCys156 (3 mg) was dissolved in 1 mL of aqueous buffer water.

Phenylmethylsulfonyl fluoride (PMSF) was added (50 pL of a 100 mg/mL solution
in acetonitrile; 500-fold excess). The reaction mixture was incubated at room
temperature for 30 minutes and purified over a Sephadex® G-25 (PD-10) desalting
column. The purity of the deactivated protein was assessed by ESI-mass
spectrometry (found: 27100, calc. 27104). The protein fraction was lyophilized and
re-dissolved in 1.0 mL of 0.1M sodium cacodylate buffer (pH 7.52). MnCl,.4H,0
(3.2 mg; 16 umol) and uridine diphosphate-galactose (UDP-galactose, 2.3 mg; 3.4
pmol, Kyowa Hakko; 30-fold excess) were added. Recombinant bovine
p-1,4-galactosyltransferase from Spodoptera Frugiperda (EC 2.4.1.22, 100 mU,
Calbiochem) was added and the reaction mixture was incubated at room temperature
for 40 min to afford Galp1,4GlcNAc-S-SBL-Cys156 (ESI-MS, found 27265, calc.
27266).

B. GDP-fucose (3mg, Kyowa Hakku) and human -1,3-fucosyltransferase from
Spodoptera Frugiperda (EC 2.4.1.65, 10 mU, Calbiochem) were added and the
reaction mixture was incubated overnight at room temperature to afford Lewis *-S-
SBL-Cys156 (ESI-MS, found 27410, calc. 27412).

This Example demonstrates that glycosylated proteins prepared according to the
method of the invention may be further modified by reaction with suitable
carbohydrate modifying enzymes, for example glycosyltransferases such as

B-1,4-galactosyltransferase which selectively forms the Galf1,4GIcNAc linkage.



varying protein structures and environnents wth
different | evels of exposure, illustrating the broad

wappbiembi | ity of the nmethod of the invention. PExRaBRI08/002706
20: Representative protein3glycosylation of SBLCys156
using dcdcdc@cdcdcEc-SH |-Thio-2

3 o] Oa)%g%u %enylghlosulgngttrél(NaP'F&etyl 4-0(2,3,6-tr

(2, 356 tri- O acetyl-4-0-(2,3,6-trj-0Oacetyl-4-0(2,3,6

-tri-Oacetyl -4-0 (2, 3, 446 etra O acetyl -

- O gl ucopyranosyl )-a -0QQ O rEQ_S;gIN;-a

- D- gl ucopyranosyl )-a - pyrﬁnosyl )-a

- D- gl ucopyranosyl ) -a

- D- gl ucopyr anosyl ) - b- Dgl ucopyr anose (15 ng, 0.007

mmol ) . and sodi um et hoxi de (2_nyg, 007 rnnol)

ad dedivpbepzensgspiivateddp gi ¢ brmsd) %é@#fwz(lrﬁﬁ) g 6Afm§f55)zwqxe

Llr gl Sélgg% E?Ang)@%sgﬁswﬁm&? £6 A on_})fogél%ja gér’]lg)lﬁ n%({l?%&ﬂ q'rﬂ ?%acﬁon was

5st atitredigndvatiggonahd efr 10h give afbite wiapdrnsom. Whsreaction was filtered

o B e et STt < eCRRE ek g iy drous ethanol

‘;_' |aff§fcﬁq t%l&ﬁﬂ&@&'{f@g ge@%ﬂas\éa\ﬁlbi% cryIELiRE HORI, m%) 5305 -306° C

hi o- b- D- mal 't oheptaosé was taken up’into watér
mL Y Livf284PC cFeBQR. nGoip] T ; gkikams, g deldzovag Ss S)mibestnl 280, 615]; sy

SBLCys - S- h, ( ). in 500 of aqueous buffer
(73%9\)@%5&&8%) %/%gg”ﬁ ( éﬂfnqu) pH 9.5). The
1oresulting solution was placed on an end-over-end
rotator. After 1 h the reaction m xture was | oaded
. ontixampRDI302 Sehhrder{(-pcdB5s-Eoglunopyanuhs gl phicaylthibduiforfte
mM HEPES, 2 nM Cad 2,pH 7.0. The protein fraction was
collected to afford d cd cA.cd cd cd cd c- SBLCysl 56;
mz (ES+) found 27878 cal cd. 27881. Exanple 21:
Enzymati c extensions &PSBLQys156-S- G cNAC A
G cNAc- SBLCysl 56 (3 1 Ssol ved ip 1nl of
aqueous buffer water. sul fonyl" fluoride
(PMSF) was added (50 nmL of a 60 ng/nmi solution in
acetoni trile; 500-fold excess). The reaction mxture

PENE P TR BRSO LY T ves
15 C 0 |dh§§61ved_ Bﬁaﬂhgﬂll’dim’ afdtorififle (LALY. TAthB b ot dﬂl WaBDsulfonate
assessed ESI - mass spectromstrgq (found: 0, calc.

2 71 mgxh@mmlbm ttrphud pmsienivas bropadm{ 16 1‘%& %@ml) were
o ﬁg&}&g §§1¥ ?%Hfgﬂg %m%ﬂzr%%s Qirt:M QI &Qb& Qlofbd X‘l alggr Q %.foheﬁ eriod,

thin layer chromatography (t.L.c.) (petrolethyl acetate, 1:1) indicated the formation

of a product (R; 0.5) with complete consumption of the starting material (R ;0.3).

20  The solution was concentrated in vacuo. The crude solid was partitioned between
dichloromethane (DCM, 20 mL) and water (20 mL), and the aqueous layer
re-extracted with DCM (2 x 20 mL). The combined organics were washed with
brine (20 mL), dried over MgSO,, filtered and concentrated in vacuo. The residue
was purified by flash column chromatography (petrol:ethyl acetate, 1:1) to afford the

25 title product (225 mg, 88%) as a white crystalline solid; mp 129-130°C; [¢]p>> +51.2
(c, 1.0 in CHCl,); 5,0 (KB1) 1754 (s, C=0), 1376 (s, C=C) cm™, §; (400 MHz,
CqDs) 1.68,1.72, 173, 1.75 (4 x 3H, 4 x 5, 4 x OAC), 3.09 (1H, ddd, J, 5 10.2 Hz, Js 4
2.4 Hz, Js 5 42 Hz, H-5),3.83 (1H, dd, J5 5 2.4 Hz, Jy¢ 12.7 Hz, H-6), 4.08 (1H, dd,



(3.2 ng; 16 mmol ) and uridi ne di phosphat e-gal act ose
(UDP- gal actose, 2.3 ng; 3.4 mol, Kyowa Hakko; 30-fold

wewesalgener e added. Reconbi nant bovi ne PCT/GB2004/002706
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b-1, 4-gal act osyl transferas@9from Spodopt era Frugi perda
(EC 2.4.1.22, 100 mJ, Cal bi ochem) was added and the

reacti m Xt ure Al ro erature faor
3075 308 die 376 Wb et B e ek & B A ERIFL o
f ound 15/ 266, 508k er, 47268)1z B3 (RRSIHODEAM, (31 KYORT 92 (21,
Hakku) a&nd ‘human a -1, 3-fudosyl'transferase fro

Spoy dpttr Fhestrgitpeerafabq Eodect 4vag figther ¢onfirtyed Gyl sixighe trysthl
we added and the reaction m xture was incubated

ov ‘Iﬁi‘/g‘ﬁ aOTy hom tenperature to afford Lew s X- SSBL-
Cysl 56 (ESI-Ms, found 27410, calc. 27412). This

Exanpl e denonstrates that gl ycosyl ated proteins

pr Bpampld 24c2.3rdi-hgtra-€-adetylipeDigsdactsipyranesylpbenylitoosubfayate
be further nodified by reaction with suitable

car bohydrate nodi fying enzynes, for exanple

gl ycosyl transferases such as

b-1, 4-gal act osyl transf ep®se opgi ch sel ectively forns

the Gal bl, 43 cNAc |i nka Exanpl e 22: Sodi um
phenyl t hi osul fonate (Na Sodi um
benzenesul fi nate (10A<, SmaS8efirf ur (1.95 g,
61 ntnol) were dissolved in hydr ous pyridine (60 L)
to give a yellow sol ution. f%e reacti on was stirred
under argon and after 1 h gave a white suspension. The

r e 33401 ewerd-p4ehtl ey SN galpdomasnnstl bpmidedR iyl rSogsol) was

T e -
whi2.62 £/ 1053 Aol hdsedratfityl anhonia@bbr3Rdd} 16D inkg, 028rhBiel) were
Sato, R ; Goto, T.; Takikawa, Y.; Takizawa, S. )

Sy Atdeds The teodbing guspre wasiond vpger asascd 765 C7ARer 75 period,

b B e Pt IO B et B b AR B REE Y ) vt

- - complete Snsumptith Hahe fading nfatchel (R-0epTat yblution was

15" D- gl ucopyr anosyl romézleeoﬂ(207 nyg, O

. 0.5 ntnol) wa

was parﬂtmned%etweem I%CM (SSO mL) and
water (50 mL), and the aqueous layer re-extracted with DCM (2 x 50 mL). The
combined organics were washed with brine (100 mL), dried (MgSO,), filtered and

concentrated iz vactio. The cru

concentrated in vacuo. The residue was purified by flash column chromatography
(petrol:ethyl acetate, 2:1) to afford the title product (1.7 g, 65%, 2 steps) as a white
crystalline solid; mp 53-54°C;[yJp* +24.2 (¢, 1.0 in CHCly); 55 (400 MHz, CDCl,)
1.98,2.03,2.06,2.11 (4 x 3H, 4 x 5,4 x OAc), 3.85 (1H, dd, J5 5 8.8 Hz, Jy ¢

14.0 Hz, H-6), 3.95-4.00 (2H, m, H-5, H-6), 5.11 (1H, dd, J, 5 9.7 Hz, J;, 3.3 Hz,
H-3),5.23 (1H, at, J 10.3 Hz, H-2), 5.25 (1H, d, J;, 10.2 Hz, H-1), 5.43 (1H, dd, J,,
3.6 Hz, J, 5 1.0 Hz, H-4), 7.54-7.68 (3H, m, Ar-H), 7.93-7.97 (2H, m, Ar-H).

Example 25: Ethyl 2,3,4,6-tetra-O-acetyl-1-dithio-g-D-glucopyranosyl disulfide




di ssol ved i n anhydrous acetonitrile (5 nL). To this
sodi um phenyl t hi osul fonate (201 ng, 1 nmol) and
WO edosamssy | ammoni um brom de (16 ng, 0. 05 nmol PCTHEB2004/002706
added. The resulting m xtude was stirred under argon
at 70C. After a 4.5 h period, thin |ayer
chromat ography (tic.) (petrol:ethyl acetate, 1:1)
i ndicated the formati on of .a product (Rf 0.5) with

conpl ete consunption dtThe\st ag t i ng mat eri al (Rf
0.3). The solution wASi goncentr at ed .n wacuo. The
crude solid was partitioned be en di chl or onet hane

(DCM 20 ni) and water (20 nL)¢© andt he aqueous | ayer
re-extracted with DCM (2 x 20 ni). The conbi ned

Or AGh6S 1 Ve Ry gashed-Yicky- rﬁlyé%lﬁcdp%%ﬂébﬁ ,phef ﬁﬂos%%ﬁate QOO

MySOH4, filtered and conce i'n vacuo. The resid

vvasng; Or2 thined) apyl tfisthylaminsl (0rH3F nolb,rGo2radnwg) ‘ﬂpllwilssolved in anhydrous

br (17 38 o 53 7 o Phgpeori (U3 e anahiGpmtee qfgreon.
5 129: dotiieon dfttake Ao 9118 miC, 0.2 nfnd)in Qﬂ@g&bus E@Mcgi@fnl) was
1754 (s, C=0), 1376 (s, C=C) cm 1. H

1. eBwly added dromgise VaRSYIEKPGRD O¥erR @ mip periodci fieiz wnnn

. B L opEY g obffns:  fipbicgiel e 5oy ool oroduct &,

4. 0%)(alddg with cbrﬁpl&e cénsAniption bf ﬁle@'tarﬁﬁg Matdzial d‘RfQj 3) The solution
5.17-5.23 (2H, H2 H- 4) 5.40, d J 1
Hz Wagicpycentsatgd i "( Yqquo gFhe regjdiae was puysi byeﬂagh Bvluersl ( 3 H

101 ftcubloerloiffocfolyl bl Y T RS B0l 520
Sy W¢?2“m@‘?§°ﬁ|ﬁmﬁ§ﬁ6?ﬁ.“§ A fanat gﬁﬁ?@wwﬁ’ 52
i Betdle} 5 4 Cher Lemmberstl, B Blglalateep i ArsfiEcl, 5’ fLic

LS B IO B 3 SN . SRR e

ph@byrbﬁdn osed, 1eons g,b(@ao (V251 ,cﬂ@lg)% ngﬁ tang. 4 Hz, CH,), 2.00, 2.02,

t et rabut yl anmoni um br om de mol ) wer e

15 ad@dd. 2 Pré4 k3likti nd PTICH&)HQ@%@H Vedized. ﬁlﬁﬁelfﬁ}iﬁ gdix), 3.73
at (18, dad, N 102 BN oL 00, 48 Bz, H-5), 4.14 (1K, dd, Jsg 2.4 Haz, U s

12.4 Hz, H-6), 422 (1H, dd, J; ¢ 4.7 Hz, Js - 12.4 Hz, H-6"), 4.52 (1H, d, J, ,
9.8 Hz, H-1), 5.10 (1H, at, J 9.8 Hz, H-4), 5.21-5.26 (2H, m, H-2, H-3),

20 Method 2: Phenyl 2,3,4,6-tetra—0—acety1—1-selcnenylsulfide-D—B-glucopyranoside
(75 mg, 0.15 mmol) and triethylamine (30 pL, 0.15 mmol) were dissolved in freshly
distilled DCM (10 mL). The solution was stirred at RT under an atmosphere of
argon. A solution of ethanethiol (11 L, 0.15 mmol) in anhydrous DCM (10 mL)
was added dropwise over 2.5 h. After 3 h, t.L.c. (petrol: EtOAc, 1:1) indicated the

25  formation of a major product (R 0.5) along with complete consumption of the
starting material (R;0.5). The solution was concentrated in vacuo. The residue was
purified by flash column chromatography (petrol: EtOAc, 5:3) to afford the title
product (50 mg, 82%) as a white crystalline solid.

30  Example 26: Bthyl 2,3,4,6-tetra-O-acetyl-1-dithio-g-D-galactopyranosyl disulfide




t.l.c. (petrol:ethyl acetate, 1:1) indicated the
formation of a product (Rf 0.4) with conplete
w@emwsiomssi on of the starting material (Rf 0.6)PCIVG82004/002706
solution was concentrated #4h vacuo. The crude oil was
partitioned between DCM (50 nL) and water (50 nmL), and
t he aqueous | ayer re-extracted with DCM (2 x 50 nl).
The conbi ned organi cs weyg washed with brine (100 ni),
dried (MgSO 4), filtered ®P6ncentrated in vacuo.
The residue was purified by flash col um
chr omat ogr aphy (petroj et acetate, 2:1) to afford
the title product (1. steps) as a white
crystalline solid; np 53 54CAp0a | D 27 +24.2 (c, 1.0
in CHO 3); H(4O MHz, CDC 3) 1.98, 2.03, 2.06, 2.11
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( RT()cuqniﬂher realduam ppmmcbbsoﬂasarcgbnmn Aurgohiography Gpetrol:ethyl
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Method 2: Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-p-galactopyranoside
(75 mg, 0.15 mmol) and triethylamine (30 L, 0.15 mmol) were dissolved in freshly

20  distilled DCM (10 mL). The solution was stirred at RT under an atmosphere of
argon. A solution of ethanethiol (11 pL, 0.15 mmol) in anhydrous DCM (10 mL)
was added dropwise over a 2.5 h. After 3 h, t.l.c. (petrol:BtOAc, 1:1) indicated the
formation of a major product (R;0.5) along with complete consumption of the
starting material (R;0.5). The solution was concentrated in vacuo. The residue was

25  purified by flash column chromatography (petrol: EtOAc, 5:3) to afford the title
compound (50 mg, 82%) as a white crystalline solid.

Example 27: Ethyl 3,4,6-tri—0—acety1—2-acetamido-2-deoxy-B—D-glucbpyra.nosyl
disulfide

30



24 -178.0 (c, 1.0 in MeOH) (Davis, B. G; ward, S 1| ;
Rendle, P.M Chem Conmmun. 2001, 189)]; H (400 Mz,

W@RKob8)0882 30 (I H, t, J7.4 Hz, CH3), 2.00, 2.02pCRGB304/002706

5

10

15

20

25

2.06 (4 x 3H, 4 x s, 4 x C48), 2.79 (2H, dg, / CH3_H
7.5 Hz, JHH 2.7 Hz), 3.73 (IH, ddd, J 4 5 10.2 Hz,
J5>62.5 Hz, J5fi , 4.8 Hz, K-S), 4.14 (I H dd, J5>62.4
Hz, J6>6, 12.4 Hz, K-S), 4.22 (IH, dd, J5fi , 4.7 Hz,
Jefi , 12.4 Hz, \J&6~), 4.52 (IH d, J I 2 9.8 Hz H1),
5.10 (IH at, 49 4), 5.21-5.26 (2H, m

H 23H 3). Met hOBe®; S—SEt

2,3,4,6-tetra- O acetyl,-\;sel enenyl sul fi de-D-R-gl ucopyr
anosi de (75 ng, 0.15 nn61) and triethylamne (30 L

0. PRertyIBl4)6-WRRaddtyd D0d0éRehiHE 2L deB 8 1 Ys clinShy14dIfde- (10
m) . ﬂ?rl:g 2soI ution }\?vas stirred at.%T un.dery an %A

at gisphaeosaie (39¢o1g, 0A9 sarhob) pedhtristhydarnian €2.A3 oL, 0110 manol) were

0. 15 ) d.n.an added. dr.opyise

ov EPsSVE ip BRI B, i) sl R0 a it R Ser

i neigeat Adolufien boetimdtieiol @f01a nilgj0019 pmedyHtanbifirods DICM (10 mL)
along with conplete consunption of the startin

nat@p pddeddrppwiss pyerfine Adtsr g, bl WBOAD ri%@wﬁ%ﬂ%cfomﬁon ofa
il TR PR P L Bl S0 i il

pr O(ﬁ)l.ff].’he(sgﬁltitﬁg ,P]Nal‘é Zgﬁcmﬁa’gd\z\mm(ﬁo COT be&teﬁﬁillé Tvas pmiri]ﬁeﬂ by flash
Ex . Et , -1 - tyl-1-dithio-
b EaY %WP%B%{E%Q&W it i e (5 gnes 5% as a
2, = = (9 4 . )
o e Al Al s AN EEP S0 G SHGRY P (90 Bz Dl 132
Tt (@), Ak, 161 HBYCHAERE 1(9, 84,005, Q.08 (1RHDA )x svaeCOCH,),
di ssal ved 1 n_anhydrous DCM ( 15) nm.) and stirred at RT
undé® GH> @t/inbé pive FELbA B G Bnddda/sol Ul iHnuf 2-e tiakes 47 Hz,
t hi : . [
Hlk%, g\%z%lgs d@g{d ) 2 R h%;} 2nhydi %%SJI%A%% e}?ﬁ% 5,40 (1H,

was s dropiv sé via’ a syringe
i Rt JOrd Bel HLA) 1530 @E4at, oind Her Hed), 5.90 U, d, e 5 11 -1z, AN,

acetate, 1:1) indicated the formation of a ngjor
product (Rf 0.4) along with conpl ete consunption of

t hesdhpletAsng st ed L -&ffeiBi13) serilB %‘1&@1&%&1@? _ Wgs o
co [Tated T vacuo. _1he restduewas purifie y
flash col um chronat ography (petrol:ethyl acetate,

1:1) to afford the title product (78 ng, 91% as a

white crystalline solid; np 65-66 C, [a |]D
GH NHAG
k(“
N S
ooMe ©
2

bis-L-Cysteinyl-L-serine methylester (100 mg, 0.23 mmol) was dissolved in
methanol (5 mL). To this solution acetic anhydride (0.09 mL, 0.92 mmol) and
pyridine (0.075 mL, 0.92 mmol) were added. After a 15 min period, t.1.c. (ethyl

acetate:methanol 5:1) indicated the formation of a major product (R; 0.5) along with
complete consumption of the starting material (R¢0.1). The reaction was
concentrated in vacuo. The residue was purified by flash column chromatography

(ethyl acetate:methanol 5:1) to afford the title product (60 mg, 50%) as a white



25 -52.1 (¢, 1.4 in CHA3); u max (KBr) 1746 (s, C=0
cml1; dI (400 MHz, CDCl3) 1.30 (IH t, J7.4 Hz, CH3),

wa:2®5/00@6D1, 2.02, 2.13 (4 x 3H, 4 x s, 4 x CHXT/GB2009/002706
(2H, dg, CH3.H 7.2 Hz, HH 837 Hz), 3.94 (IH td, J 45
0.9 Hz, J 56 6.3 H, J56, 7.0 Hz, H5), 4.06 (IH,

dd, J5 6.3 Hz, J o3 M, H6), 412 (1H dd, Jsfj
1 rplic spif m 145- T3 T30 (oo 1 FECHCTy: G o8 N,

H | ) | - 3A 3. 3

5 Sy A0 (ifls, GOCH). 3.0 (181, 4 S 813 Ity Jh2) 4.7 1, CysCHID,
2, 3,28,(6H, .1 /ag D12 OcHy,. L s - 5617 dhe GysGHH; 3186 3H, s, OMe), 3.83 (1H,

| act opyr anosi de ( , .0.15 mm

b- ga 75 II% and
tr (et Pogtcih Bz B 4 1002 SR, 2% @Eirdekiwdd 3 #2 Jo

fr | SErkh | ( : Moly!

Set i SrCHIDREL e 20t 0T b A% o
of ethanethiol (11 nmi, 0.15 mml) in anhydrous DCM (10
m.) was_added dropw se over a 2.5 h. After 3 h, t.Ix.
( p&pwpleRO0NCA cay ) -cysiginy bl sgrinheethylastsri on of a maj or
product (Rf 0.5) along with conpl ete consunption of
the starting material,(Rf 0.5). Theassol ution was
concentrated in vacuo} The residu¢ was purified by
flash col um chromato raphy“ petral : Et Q8g, 5:3) to
afford the title conpo 5 ) % as a white
crystalline solid. Exanp|e 27:| Ethyl
3,4,6-tri-0-acetyl-2-ac (ﬁﬁjedooz- deoxy-

b- D- gl ucopyr anosyl disult1deSEt AcNH Phenyl
,6-tri-0O acetyl - 2-acet am do- 2- deoxy- | - sel enenyl sul f

?aéjsij- t)éﬂugypm}njglnbg@r@j@ I(qtmleﬁgr, (1921 3rﬁﬁ)t|n;nol) was dissolved in

an [ ] ; I.Ss0l.ve .
T T OE D T T
st ittitnggipAsspRineyddanl af. gOmmoA) wad ddded M Bdr ot hpaedd)k.DE. (ethyl

(0.014 nm,_ O. i9 ) in anhydrous DCM ((110 rrgl\ was .

ad dediatgrepivne Q)b meicated the Pmanon of a e ugt ERfAe) along with

I n 1 yelr .

P SRERLAR B B Rl P 5 (i
matcendeatratelRid varub) Rechmtalisdtiohifom whsl aetat@nithahelchffonded the

e S BB e S B " 2
( 7%0,'190 in%%l—l‘isgf@w@i\/ﬁfz, @Bﬁl?)hf’k'é (ﬁglak,(?f 8.5%1% QH), 2.06 (34, s,
COCH,;), 2.84-2.93 (1H, m, CySCI;[H)9 2.97-3.04 (1H, m, CysCI—II_—I_), 3.79 (3H, s,
OMe), 3.91 (1H, dd, Joy gy 114 Hz, Joy yr 3.1 Hz, SerCHH), 4.03 (1H, dd,
Jowp 11.7 Bz, Jo g 4.2 Hz, SerCHH), 4.61-4.65 (1H, m, oHSer), 4.71-4.76 (1H,
20 m, oHCys), 6.93 (1H, d,J g 7.8 Hz, NHCys), 7.73 (1H, d, J_ g xr 7.4 Hz, NHSer).

Example 30: N-Acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-g-D-

glucopyranosyl disulfide)-L-serine methylester

MeOQC,

O ;
NH OH
AcO
AcO Q
AcO S——S8
AcO

NHAc



25 - 70.1 (¢, 2.5in CHO 3); H (400 M1z, CDC 3), 1.32
(3H, d, CH CH3 6 -6 Hz, CHCH3), 1.96, 2.04, 2.05, 2.08
W@ 2500086 s, 4 x COCH3), 2.82 (2H, q, J 7.4 HCT/GB2)04/002706
3.75 (IH, ddd, J 4 5 10.1 M4, JS 2.5 Hz, Jsfi , 4.7
Hz, HS), 412425(3H m H2 H6, H-6"), 4.73

I H, , 1>210. 4 5. IH. a J 9.8 Hz
N 2)3,,3% s peetyep- ycepy fogaegylgﬁl?wtlwﬁe (§1 mgnfy13 mmol)
9.
e )va\?ﬁﬁésgt 7 dir g&lé’?‘% %l%l\lff g (Ia\nrll') re]ugd ?rtélir%d 3t RT RT under an atmosphere of

t - largopsTe th]syN dgeisfém—mta]m—hé,sbmﬁ math&b@i@r ('@ m@, @R mmeil) and

o Gt B RHRRP 038 o oo oD & S iinge P i andanhydrous
5( 0 nifRantl-(0. 93 vﬂEP@ila)Wlﬁﬁefd%e@ %seAfz& & Eyr?ng'kﬁ)u?ﬂ over a 4h

peri od, t| e. (ethyl acetate:nethanol 5:71) 1ndi

t heetiod. fsftar @r$ foperiodiril co(etbylcad@tate m@harwl 500: B lndlgatvxd thcp

0. T o SF R AR ok S eSS sl UL GicBrurion of e

r e@taﬂm@ ﬂ&ﬂt‘énﬂL(letD Bed.LbYystémghetfod bthihadeute) et )P araRbition was
(ethyl acetate:nmethanol 5:1) to afford the title

pr saicentratsd ippcugobie 1gsidue WA pwHioddwallash selusm ¢haomategraphy
oL e Ry B Pl ol s 4 e

13 Cf}?iggﬁle ljohé mp H2.6- 108 XCH). 123—128°C( (Dhvig @, G;lwalrcu,s 9, Rendle,

(1 Fﬁ Na&fh%mcﬁnww?-@l éﬁ?%l—ﬁwb 1-4%9 (Cs‘é?@sﬁﬁa@ [M Eot]bf“ -178.0

.3 eI Tofie  EHAH &3, RS St ot Sk

Exasp)];eg,ﬂz(aoo M @DCL) 2.03,51.@d,2)07; 213 €5 ke, et §)d ﬁ@H@f 3.05
-7V- Acetyl - L-cystei nyl -L-seri nenet hyl ester (1.92

153. 46 Vynmbs O dizs dat, ywetiS Ha, GesCHEH), <3r2ﬂf(dfhﬂ(1,11aﬁﬂriﬁ)9 Hz, Jen,qm

an 1 n tJ T

so%u%%*@s@&#@f 2 el tngt) & 55T Bl 21T B Foi 2 b
added 4. 1A} §1-58 3% 1}9186& Ht1l1ez HESLD: JF3 0 Hz, ScrCHH), 4.00 (1H,

acel’at e: met hanol | cated the*formati on

pr aduét; p(1RE8 Hz,ﬁ)’cﬁgi{aﬁgHw&ei‘CI;H{) 423 (1H, dd, Js 5 4.2 m Jﬁ,6 12.4 Hz,
H-6), 4.38 (1H, dd, J5 ¢ 2.0 Hz, Js 6 12.5 Hz, H-6"), 4.62-4.65 (1H, m, o HSer), 4.64

20 (1H,d,J,, 9.5 Hz, H-1), 4.90-4.94 (1H, m, ,HCys), 5.18 (1H, at, J 10.1 Hz, H-4),

5.24-5.29 (2H, m, H-2, H-3), 6.94 (1H, d, Jue7.2 Hz, NHAC), 7.52 (1H, 4, JNEE
7.6 Hz, NHSer).

Example 31: N-Acetyl-L-cysteine (2,3 ,4,6-tetra-O-acetyl-1-dithio-B-D-

25  galactopyranosyl disulfide)-L-serine methylester

MeOOC

OAc NH OH

OAc
o)
s—s
AcO NHAC

AcO



conpl ete consunption of the starting material (Rf
0.3). The reaction was concentrated i n vacuo.

woe@sypeset | i sation from et hyl acet at e/ met hanol paf/Gae@aio2706

t he title product (1.77 g, 493% as awhite crystalline
sol i d; 127-1280C; [a ]D 25 -32.0 (¢, 1.0 in MeOH);

D E, G b R B st d b
(111 D9 8 i 00 5 1 S el e

11 afmédpherd of bkgo. A.sBlution oSAkACkl]-L-dysbined L &brifi¢ hethylester

7 8oL Rdeyes) sddglasiae (00t §1beeh Ruagbydious bo

sExqphi) 8Rd anhydrous methanol SO 5 ng was slowly added d10%W1sF]yza a syringe

TV-'Acetyl -L-cystel ne(2 tra-Q acetyl -
b- DYPcRy2 aﬂnqulbddAﬁtna‘z depriod, stém(n@yhmetgtt asthanol, 10:1)

- SR sy RSRa v Rt ek e W comatst
mbﬁsdﬁﬂﬁmﬁldﬁ a0 s*t’ﬁﬁing Fhagetiay GRLOUS t DEM st ém FbikoladiBly] ﬁcetate 1:1).

stirred at RT under an atnosphere of argon. To t
i v-Ihesplption way serbepated devdcre. Thetrpsidussves pt(rg'z:drbg flagh ¢olumn

lomb) dr ouggr%ﬁ% grr{%tﬁ 91&9%115(]:1 © afflot1 %ano pgo%ucﬁ‘(39 g,

V\BI%‘V@b@‘Mvs}bltadiﬂﬁﬂpliﬁ’u@ BYlid %%JZ'M@ 85(19! . ztgm CHOP,)0¥:£408 Mz,

hperlod After a period, tic.

O het o 05280855 116 3Hod xtons x1CHsInE BB 1 TBibsaOH), 2.99

o g, B9 {148 T i PP CYICE D) 810 GRS B, 932 1m

(petdr al; e1t1hszangt gbe Hi:ShOHH] o SQARUUWHOR Waﬁ J %{yz  Jom, i

concenttated in VAcuo. The residue was pur|

15 f | és%Hz,cﬂemﬁfmc)m Otreit lddg 2 Hptny HE B tHn), 42004 26 élHﬁhhHFﬁj) 4.61-4.63

M 0y B8 £t 08id 5.5 RhR T AR e B o BP0t (11
(286&1‘1 21;_89)H9J3’3Wﬁz ) hdo Bﬁﬁgi}?’m% S eFES@ﬂ{@é%H,H

24 71878z, H c), 728Q1Hnd®»€h&{8(]tﬁle§HS®) G; Ward, S. X
Rendle, P.M Chem Comun. 2001 , 189)]; H (400 VHZ,
cbA 3) 2.03, 2.06, 2.07, 2.11 (5 x 3H, 4 x s, 5 x

20 CH3xamB1eCh2: 2,3,4,6-Tetra-O-benzyl--D-glucopyranosyl bromide

25

2,3,4,6-Tetra-O-benzyl-D-glucopyranose (1.0 g, 1.9 mmol) was dissolved in
anhydrous DCM (6 mL) and anhydrous DMF (0.4 mL) under argon. The resulting
solution was stirred at 0°C. Oxaly! bromide (4 mL, 2M in DCM, 24 mmol) was
added dropwise over a 5 min period . The reaction was stirred at RT. After a 40 min
period, t.1.c. (petrolethyl acetate, 2:1) indicated the formation of a major product (R¢
0.7). The reaction was cooled to 0°C and quenched with ice cold water (30 mL)
added over a 5 min period. The reaction was partitioned between DCM (20 mL) and
water. The aqueous layer was re-extracted with DCM (3 x 20 mL), the combined



(IH, dd, CHH 13.9 Hz, J CHtcH 8.8 Hz, CysCHH), 3.28
(IH, dd, CHH 13.9 Hz, J CH aH 4.8 Hz, CysCHH), 3.80

w@ 3id5/0808610Ve) , 3.89 (I H, ddd, J4>5 10.0 Hz, J5PGRGB2042/002706
J5 4.1 Hz, H5), 3.94 (IH 46d, CHH 11.7 Hz, J CH, aH
3.0 Hz, SerCHH), 4.00 (IH, dd, J CHH 13.8 Hz3 CH cH

3.7 Hz, SerCHH), 4.23 (IH, dd, J5 4.2 Hz, J6fi , 12.4
Hz prgaln@)layens eere(waﬂhecﬁmth.bme (40 i), drigs 6Mg82)45 fiitered and

Hz co elin)rate 177916ch0 391 #{qral]theﬁn eaprpég/%;& 1 ?é g{[%%d(" a gﬁu%ie Xelisow oil;
105&@'16@ Mﬁz“()\,DCﬁ) 245D(139 d@Zﬁzsm HER2, 9132, HQ) %z«(dﬂﬁ dd, Js
NHAC) 2°(ITH5 d, NHH 7
NHSdrI)IZ JE{X&M@II& 3196), |3\/7-9A3:§4 (AH, Im,dy-< Hl-@fé, 4.07 (lH, at J9.1 Hz, H-

s or ahifaey LT A ATy ot 3, mRGHE ARG FREH « s+

b ngqizﬂ,cmopu@g@osnb (pheayt 11 peupd t@46 @IHTEEH—@) 17 15-7.41
mol ) was di ssol'ved in anhydrous DCM

st [ dA-BF under an at nmospher e of argon A sol ution

of L/ -acetyl -L-cystei ne-L-serine nethylester (31 ng,

0.12 nmol) and triethylamne (0.015 ni, OIllmol) in
anBysinple$3DEN 4 4.0 etrh )O-BaEyRPITY.-diuebsyriRd sbﬁﬂli&nv[t&o%lfﬂn)ate

was sl owly added dropwi se via a syringe punp over a

h period. After a 2 h period, tic. (ethyl

acet at e: met hanol , 10:ehp-i™di cated the formation of a
maj or product (Rf OgRd th conpl ete consunption
of the starting mater$n® ST 89<€tem petrol :

ethyl acetate, 1:1). The sol gpd on was concentrated in
1ovacuo. The residue was purified by flash col um

chr omat ogr aphy (ethyl acetate:nethanol, 10:1) to

af ﬂﬁglkjﬁﬂe&a{@ bb@ybibdtgimco@ﬁgnngd bﬁﬁﬁ&)ie 358 gmB8 mmol) and

(a5utve Pheyoshitbgut 2460 8 B bgmicd) waie Besplyegan guigiirous 1.4
X %10x§ne?((9@'%l_? The %&cfleﬁlwapq/ﬁeatéa;%) 702C %ﬁde(r'a'f%orfj Afred 29 R {l.c.

Q\/égetroig étggl qoetdte, @dl) indiphtdd the fmauon of:ammjbxa:rodw (Rf 0. 6) with
15 g:rrCH ete %n@_gnét c?fdfofqge_rst‘%%HU lqgaéenail_(lglz(’) 7}?% rga%n ‘(Wfa,gl cooled to
m R'T" zﬁld)ﬁlteﬂejcﬁ ihe pﬂreﬁﬁlte(te 'V&(as Was@ﬂ%ﬁ%etfbb@ﬁly[ hé‘étettg and thediltrate

9. S
concentrated in vacuo The re31due was purified by flash column chromatography

(petrol:ethyl acetate, 4:1) to afford 2,3,4,6-tetra-O-benzyl-D-glucopyranosyl
phenylthiosulfonate (3.18 g, 78%) as a white viscous gum as a mixture of o,

20  compounds in a P:o ratio of 3:1. Selective re-crystallisation from ethyl acetate/petrol
afforded pure 2,3,4,6-tetra-O-benzyl-B-D-glucopyranosyl phenylthiosulfonate as a
white crystalline solid; m.p. 106-108°C; [o]p**+21.4 (c, 0.35 in CHCls); 85 (500
MHz, CsDs) 3.21 (1H, ddd, J459.7 Hz, Jss 1.4 Hz, J5¢ 3.8 Hz, H-5), 3.29 (1H, dd,
Jss 1.4 Hz, Jog 11.1 Hz, H-6), 3.34 (1H, dd, J12 9.9 Hz, J,3 8.7 Hz, H-2), 3.49 (1H,

25 dd,Js63.8 Hz, Jse 11.1 Hz, H-6"), 3.51 (1H, at, J 9.4 Hz, H-3), 3.60 (1H, at,

J 9.4 Hz, H-4), 4.15, 4.25 (2H, ABq, J 12.1 Hz, PhCH,), 4.52, 4.58 (2H, ABq,
J11.0 Hz, PhCHy), 4.72, 4.76 (2H, ABq, J 11.3 Hz, PhCHy), 4.78, 4.52 (2H, ABgq,
J 11.3 Hz, PhCHy), 5.25 (1H, d, J12 10.2 Hz, H-1), 6.82-6.88 (3H, m, Ar-H),
7.05-7.26 (20H, m, Ar-H), 7.96-7.98 (2H, m, Ar-H).

30



dd, 2 3 9.8 Hz, / 3 4 3.3 Hz, H3), 5.42-5.47 (2H, m
H2, H4), 6.68 (IH d, NHH 7.8 Hz, NHAc) 7.28 (IH,

wa@l2siebdde2 1 Hz3NHSer ). Exanpl e 32: PCT/GB2004/002706

2,3,4,6-Tetra- O benzyl - a 4D gl ucopyranosyl brom de
2,3,4,6-Tetra- O benzyl - D-gl ucopyranose (1.0 g, 1.9

’mml) was di ssol ved |n anhydr ous ‘DCM(6 rrL) and

5

10

15

20

25

sol utlon was st |rred at QJC Oxal yI brom de(4 rrL 2M
in DCM 24 nmmol) was added dropwi se over a 5 mn

period . The reacti on Bn@ irroed at RT. After a 40
mn period, tic. (petBB cetate, 2:1) indicated
the formation of a majBP" 0.7). The

reacti on was cooled to QOC andncquenched with ice cold
vvater (30 ) added over a 5 mn peri od. The reaction
partitiaoned

. Th
aq aé@‘hé ! 65919-%%1 l? - 59@9993&@@%11@95/@@@4 smgtreié)OQﬁ%g

h
P SO ANl B2 A PRSIV v
to Dﬁl\fl(@t@inﬂ_l) (andi Bttuired WREI usder @11 afbfbsgher® o¥prgas. d'octhid@dehane thiol
S (L 14 mmzal) msﬁnégdre}lwcaé SO 1l oy adsdgirapmigs via a

9 s%_rlﬁﬁﬁfzé?pu@ %ss%, T e A?:@Shnﬁi)léhom?ﬂf&% 90 ;)e)rloéAr Z 7@&1'01 @tthyl acetate,

( 36 1) mndiceHRE fornafion OF o nRihr p?h@tdﬂ 1R 044) SdongdwBld c¢iplete

m cgltl_lqd%l_n!zp)tii?n %ggb% Lalfrl %&%@Feﬁgﬂ&[%& @%&Jg@% cAc')gcénltrqted in

2 30601 EhE Pesldle RAR %Mhﬁeclpb%ﬂgéhudb‘hﬁﬁﬁ 8R@8dkography (petrol:ethyl
phenyl t hi osul f onat e BnO

2, Botate, &) toafdrdtheiple- pDasz;t (R3ung PP ermssydleds ;odn{ocﬂe” -164.9 (c,
3.55 8
(ijw&m%w dilTely BEDC o A SR ORD Retlsr 5 oo e, 1 Rendle,
0 T
o PR 0CHIu BT, S804 NSRBI 027 AF IS,
i nd]Hza;th@B 2186 (218 mp€Ho) 33K (aaHmjd;rAm B s T8 T, B> 2.1 Hz,

0. 555 - FRE TG B Hedu el (ot Rr TSl TEbraa? e
fLZ‘Q}‘PF%?gf‘)W@ vasheds o i, Ael) 954 ¢ityd, AceuatL Y 437, 431
(2H, Abq, J 12.2 Hz, PhCH>), 4.56, 4.83 (2H, Abq, J 11.3 Hz, PhCH,), 4.77-4.83
(2H, m, PhCHy), 4.90 (1H, d, J 11.1 Hz, PhCHH), 4.97 (1H, d, J 10.7 Hz, PhCHH),

7.07-7.21 (14H, m, Ar-H), 7.25-7.27 (2H, m, Ar-H), 7.29-7.31 (2H, m, Ar-H),

7.36-7.38 (2H, m, Ar-H).

Example 35: N-Acetyl-L-cysteine (2.3.4.6-tetra-0O-benzyl-1-dithio-B-D-

glucopyranosyl disulfide)-L-serine methylester

MeOOC

NH OH

BnO o
Bng o] S S
n NHAc¢



concentrated in vacuo. The residue was purified by
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Example 36: 2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-0-acetyl-4-0-(2,3 ,4,6-tetra-0-acetyl-

o-O-glucopyranosyl)-ci-D-glucopyranosyl)-B-D-gluconyranosyl phenylthiosulfonate

25 2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-o-O-
glucopyranosyl)-o-D-glucopyranosyl)-o-D-glucopyranosyl bromide (200 mg,
0.21 mmol) was dissolved in anhydrous acetonitrile (10 mL). To this sodium

benzenethiosulfonate (80 mg, 0.41 mmol) and tetrabutylammonium iodide (10 mg,



CH3), 2.68-2.86 (2H, m CH2), 3.24 (IH, ddd, 4,5 9.7
Hz, J 5>63.3 Hz, J5 2.1 Hz, H5), 3.56-3.60 (2H, m

woR®5/060861 ) 3.61 (IH at, J9.1 Hz, H 3), 3.72 ¥CFAGBa104/002706
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J 9.4 Hz, H4), 3.89 (IH &, J 9.1 Hz, H2), 4.34
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2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-ai-O-
glucopyranosyl)-o-D-glucopyranosyl)-B-D-glucopyranosyl phenylthiosulfonate (50
mg, 0.05 mmol) was dissolved in anhydrous DCM (10 mL) and stirred at RT under
an atmosphere of argon. A solution of triethylamine (7 pL, 0.05 mmol) and ethane
thiol (3 pL, 0.05 mmol) and anhydrous DCM (10 mL) was slowly added dropwise
via a syringe pump over a 1 h period. After a 1h period, t.1.c. (petrol:ethyl acetate,
1:2) indicated the formation of a major product (R¢ 0.6) along with complete

consumption of the starting material (Rr 0.4). The solution was concentrated in



7.13-7.39 (20H, m 20 x Ar-C), 7.48 (IH d, J NHH 7.6
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2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-o-O-
glucopyranosyl)-a.-D-glucopyranosyl)-p-D-glucopyranosyl phenylthiosulfonate (89
mg, 0.08 mmol) was dissolved in anhydrous DCM (5 mL) and stirred at RT under
an atmosphere of argon. A solution of triethylamine (0.014 mL, 0.2 mmol) and
N-butoxycarbonyl-L-cysteinyl-L-serine methylester (30 mg, 0.09 mmol) in
anhydrous DCM (10 mL) and anhydrous methanol (1 mL) was slowly added
dropwise via a syringe pump over a 3 h period. After a 3 h period, t.1.c. (ethyl
acetate) indicated the formation of a major product (R¢0.6) along with complete

consumption of the starting material (R¢ 0.7). The solution was concentrated in
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H2c), 5.11 (1H at, /9.9 Hz, H4c), 5.16 (IH at,
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at, /8.9 Hz, H-3a) 5.38- 5.44 (2H, m H3b, H 3c),
5.45 (IH, d, | ,2 41 Hz, Hlic). Exanple 38:

TV- But oxycar bony,J tei ne
(2,3,6-tri- Qacet’y‘l’ 2,3, 6+tri-Cacetyl -
- 2,3,4,6-tetra-0Oa 2O gl ucopyr anosyl ) -

4- O (

a- D- gl ucopyranosyl ) -1 di tA4 gl yranosyl

di sul fide)-L-serine nethy |est 0
2,3,6-Tri-Oacetyl -4-0O-(2, 3, 6-t P= =220 (2
3,4,6-tetra- 0O acetyl - a-Qgl ucopyranossl ) -

2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-o-O-
glucopyranosyl)-ai-D-glucopyranosyl)-B-D-glucopyranosylthiol (500 mg,

0.53 mmol) and phenyl selenium bromide (200 mg, 0.9 mmol) were dissolved in
anhydrous DCM (20 ml). After a 5 min period, t.1.c. (petrol:ethyl acetate 1:2)
indicated the formation of a major product (R¢0.4) along with complete
consumption of the starting material (Rr 0.3). The reaction was quenched with the
addition of triethylamine (5 ml) and then concentrated in vacuo. The residue was
purified by flash column chromatography (petrol:ethyl acetate 1:2) to afford the title
product (527 mg, 91%) as an amorphous off white solid; [a]p>* -2.6 (c, 1.0 in
CHCls); 51 (400 MHz, CDCls), 1.99, 2.01, 2.02, 2.04, 2.06, 2.10, 2.14 (30H, 9 xs,
10 x OAc), 3.79 (1H, dat, Jy5 9.7 Hz, J3.4 Hz, H-5a), 3.92 (3H, m, H4b, H-5b,
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period, t.1.c. (ethyl acetate:methanol 9:1) indicated the formation of a major product
(R0.5) along with complete consumption of the starting material (R¢0.0). The
reaction was diluted with water (2 x 100 ml) and the phases were partitioned. The
organics were washed with brine (100 ml), dried (MgSOQ,), filtered and the solvent
removed in vacuo. The residue was purified by flash column chromatography (ethyl
acetate:methanol 9:1), and recrystallisation from methanol/diethyl ether afforded the
title product (3.26 g, 60%) as a white crystalline solid; mp 145-147°C; [o]p> +20.8
(c, 1.0 in CHCls); 85 (400 MHz, CDCls), 1.23 (3H, d, Jc.cas 6.6 Hz, CHCHz), 1.44
(9H, s, C(CHa)s), 3.11-3.12 (2H, m, CH,Cys), 3.26 (1H, bs, OH), 3.75 (3H, s, OMe),
4.32-4.36 (1H, m, CHCH), 4.61 (dd, Jxgomur 8.7 Hz, Jum.cucrs 2.15 Hz, CHCH),
4.63-4.68 (1H, m, o.Cys), 5.75 (1H, d, Jngancys 7.4 Hz, NHCys), 7.56 (1H, d,
Jnm,ornr 8.6 Hz, NHThr).
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Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-B-glucopyranoside (130 mg,

25  0.25 mmol) and triethylamine (0.02 mL, 0.18 mmol) were dissolved in freshly
distilled DCM (10 mL). The resulting solution was stirred at RT. A solution of
N-butoxycarbonyl-L-cysteine-L-threonine methylester (30 mg, 0.089 mmol) in
anhydrous methanol (4 mL) was added slowly to the above solution. After a 10 min
period, t.1.c. (petrol:ethyl acetate, 1:2) indicated the formation of a product (R¢0.2)
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(MgSOY), filtered and the sol vent renpbved in vacuo.

wab@soessdue was purified by flash col um PCT/GB2004/002706
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chr omat ogr aphy (ethyl acetate: nethanol 9:1), and
recrystallisation from nethanol/diethyl ether afforded

the titl duct (3. 26 609 a white crystalline
sogloaéw@%%‘%wé@mqt@}mf %?ng%me@nah(e - Hhgaoption was
dH Gl

célftggtrggég Z‘rn 5 3?1(3 %? &%%’bur%ief?ﬂsﬁfg ?E&ﬂ ﬁlrm omatography
CI—IZ}@}@} ethgl ﬁ:&ta(td: H;2)s aff()]d)the BlaprodBed,(32 mgOVEYs) as a white

grﬁ‘%ﬁ&#@“@ @Q iér]D %g%) 0.2 ?éggb 5@@?0 I}{filfzaggpsgls) 1.28 (3H, d,
57 PRk 67 4%, QiERLEY 31 (9%(&“%?%%’3)06 7088 {6 Hl1a12m, 4x s,

But40<x®Aa)r sy HL bs YOI B 0gl( 11 ddhVennisreHaplhy} €54 &1z, CHHCys),
Z?w- i V- But onycar bonyl - L- cyst ei nyl - L-threoni ne
me Bl (&5 éd, Jezurot § Hzz/@enitdil) Had A 8908 $8 (35, WiHs), 3.87-

o o B Hly St Y G 56 i gh ARG S e i Vo

4. 9 IR OHVRY, 436*@'%5 (AL 8! 1AL, HTHRSY, fmsrsn)ats'zocs 3% @}Ml H-2,

acet at e: met hanol 1) indi cated the tion of

pr &HBCH-4) RF.4D(18], @me&g 8vll i NId@pd)eT.¢2 € sl) oipoln @D Hﬁ, NHThr).
the starting material (Rf 0.7). The reaction was
concentrated in vacuo. The residue was purified by

I 8960 TN GREQIEBY &PE sk ity b, 43§Jeh%I@)gcét91-?Id§tB{Q@B-D-
the trtre product (2.0 g, 9999 as rte foarm {aj D

25 galadtbpvrafiosyl dis@lfide)-CHiteoRine meclﬂhiflémo MHz, CDOl 3)

1.09 (3H, d, J CH,CH3 6.4 Hz, CH3) , 1.34 (9H, s,

C(CEb) 3), 1-65 (IH, at, J8.7 Hz, SH), 2.72-2.89 (2H,

1sm CH2 ) , 3.66 (3H s, OMB), 3.96 (IH m

20

25

30

424428\cOI ABY CHCH 3) , 4.34-4.36 (1H, m aHQys),

4.49 (IH eHThr, NH 8.5 Hz, aHThr, CHCH3 2.7 Hz,
aHThr), Sd-S |-|le N 8 2 Hz, NHCys), 7. 38
(IH, d, CCHTNOHCSS , . Exarrple 42:

AM- But oxycar bonylpgdene | @Mg 4,6-tetra- 0O acetyl -1

- di t hi o- 3- Dgl ucopyranos I dksul fide)- L t hreoni ne neth
yl ester ACq s- BOC V NV

Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-B-galactopyranoside (140 mg,
0.27 mmol) and triethylamine (0.01 mL, 0.089 mmol) were dissolved in freshly
distilled DCM (5 mL). The resulting solution was stirred at RT. A solution of
N-butoxycarbonyl-L-cysteine-L-threonine methylester (26 mg, 0.077 mmol) in
anhydrous DCM (5 mL) and anhydrous methanol (4 mL) was added slowly to the
above solution. After a 10 min period, t.1.c. (petrol:ethyl acetate, 1:2) indicated the
formation of a product (R¢0.2) along with complete consumption of the starting
material (Rf 0.6). The solution was concentrated in vacuo. The residue was purified
by flash column chromatography (petrol:ethyl acetate, 1:2) to afford the title product
(49 mg, 93%) as a white amorphous solid; [a]p>’ -81.2 (c, 0.25 in CHCls); 8z (400
MHz, CDCls) 1.24 (3H, d, Jemcrs 6.4 Hz, CHs), 1.46 (9H, s, C(CHs)3), 2.01, 2.06,
2.08,2.20 (12H, 4 x s, 4 x OAc), 2.79 (1H, bd, Jeuon 4.1 Hz, OH), 2.99 (1H, dd,
Ju,crz 8.8 Hz, Jomm 13.9 Hz, CHHCys), 3.32-3.35 (1H, m, CHHCys), 3.76 (314, s,



Phenyl 2,3,4,6-tetra-0O acetyl-I-sel enenyl sul fide-D
b- gl ucopyranosi de (130 ng, 0.25 mmol) and
wa edospbngban ne (0.02 ni, 0.18 nmol) were di SSOPUEGBRIV4/002706
freshly distilled DCM (10 #8). The resulting sol ution
vvas stirred at RT. A solution of
- but oxycar bo%ﬁ( -cysteine-L-threoni ne net hﬁﬂester

(3@%0 0bddi, Hrﬁ)ym%swr@ah%a 0k 4 TH( Hydds Js.6°

o RO o

t he 4 1% Bt P8 9HA RIEPEHY; 1. 7R 69 (1], &hQﬂH%?&)t b, SSQFB%L@U% 9.0 Hz,

consurrptl on of the starti ng materi al
soHitl), 6r13WAE, dbneeABE, dok: 9.8 Hamblsd), 5$ﬂ1é1He¢Udmt@ 2efs3 Hz,

5 Bootied), ol gt HRieh o B9 A0t BEdh el Bl o

asJ i® EARIRAgHS. solid; [a]D 25 -81.2 (¢, 0.25 in
lNILIdH 400 ,CDC13)128(3HdJcHC67Hz

151(9H s, q&s)S) 2. 06, 208 2.10 2.14

10H—6) 439(IH dd, JCHCHSG.4Hz,JCHaH25Hz
CHOH) 460465(3H m H1, aHThr, a HCys),
5.20-5.32 (3H,MACH 2, H 3, H-4) 5.42 (IH d, JNHaH
8.0 Hz, L. 1%J_éH d, JNHaH 8.9 Hz, NHThr).
Exarrple 43P0 oxyca onyI IO cyst ei ne

(2,3, 4,6- tetraA acetyl -1 .- dnt hlJQ- b- Dgal act opyr anosyl
di sul fi de) - L-thr eorB®eNnei yI st &Mephenyl|
2,3,4,6-tetra-0 acetyl -1 - ! sul f

15de- D b- gal act opyr anosi de (140 mg, 0.27 mmol) and
trietliylamne (0.01 niL, 0.089 nmml) were dissolved in

f r ddiltifle grasiuct wegolbaned ®5mg) 88%hes & white ainarphens saliddy a
. V?rbﬁgddr e{n%ﬂ)lgg{ls BT thit%fi@& i

SaPaK ony ] )ie 4% u?{hﬁmgé)r]]nen 13.4 ?htrll Oesa et}/l—Z—

(2@ 8imi d3-Nd oDkl eriet Eﬁlllﬂﬁdéll}l Sos REMid atehala B]p>*-47.1(c, 0.1
anh():/droliJs matohanol ?4 ?fL was gdged él%l\’/n\)l tor[tgﬁ ©

abéveHEd)udn @R MHe.DEl: ) 0 17 Hpet, Jachst6I 4 H;Z, CHy), 1. 49 (9H s,

20 DR L PO 0550305 L 5L O L B e

th%%ﬁﬂﬁ@%ﬂ@bﬁf@ F§3@$ﬁi ddTﬁ 9 iz OR, 135Hz

concentratéd in vacuo. The resi due as puri -te
fl ﬁﬂi)gél&araa%fﬂﬁhmt}@g) dpthy4 Cp et oh; ih - 6aH£’a€§;CH3) 4.45

L Aut L AT S NS rbthty § R BT oy s 0.7 Hiz, Joar a7 H,
GHCys), 4.79 (1H, d, Ji2 10.1 Hz, H-1), 5.06 (1H, at, J 9.7 Hz, H-4), 5.28 (1H, at, J
25 9.7 Hz, H-3).
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Example 45: N-Butoxycarbonyl-L-cysteinyl-(S-1-B-D-glucopyranosyl disulfide)-L-

threonine methylester

H
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(49 nmg, 93% as a white anorphous solid; [a]D 25 -81.2

(c, 0.25 in CHO3); dH (400 MHz, CDC 3) 1.24 (3H, d, /
W@ERHoSH®s62 4 Hz, CH3), 1.46 (9H, s, C(CH3)3), 2POWGB2004/002706

2.06, 2.08, 2.20 (12H, 4 x5¢, 4 x OAc), 2.79 (IH, bd,

CH(]—|41Hz(}I)299(IHdd H CH2 8.8 Hz, J cHH

13.9 Hz, CHHCys), 3.32-3.35 (IH,_m CH ),376(3H

s, mth)-semnmlsellfmle-latB -glycepypanqside (g, 42 mpmel) pgd (| H,

7 aldihame 1001 B alinprt P pifea fMBE i B gpting
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mmeﬂlzlegtes (A3zme . &7 nmpllaql MF&H (@ mb) ‘gimﬁéiﬁmogf.lyator@? above

s gl Ay GO Rl 1y e g oo i

Expuodhet (Rﬂo 4). The solutlon was concentrated in vacuo. The residue Was purlﬁed

F ;‘tpa? %/s ?onylﬁ om& St e ég&é%}\@@f 9: f) to atffa % tthg t1t1e compound
%C&W taftg%]rﬁ%%fss Eg{)@ Z&ﬁ.}z d-1?9%\ n% cC0. 6\ eadSH)gBH (500
o ey S s i) bt
10 g O o umcute b § s daar PP R 0 53Rl gy Fi b4,
VoSG0, SRS s 4] (S B o) g Bhist e

(981928, 94(1 G ¥BY), 4 319336 (2HOﬁ]., CH2s), 1239(11(1,121711 2 9.3z, H-1),

s, 4 x , OCOCH 3 J. cHH CHH 13.5 Hz, oH

CHA#8 (bﬁ%a’ar@%% 95123,86H(T|hr-) 368&1H+1ida-(amcm?-ﬁﬂ% @ 5.2 Hz,

CHgCl 5 Hz, CHH) 3 3.88-3.91 (IH3m HS) 3

4 482 (4H, m, H2, H6, H6 ? CHCH 3), 4.45 (I1H 3
15d, aH cH 2.7 Hz3aHThr), 4.54 (1H 3 dd, J aH CH H 9.7

Hz, H3CHH 4.7 H Z3 aHQys), 479§IH d, J >2 10.1 Hz,

H- Example@s: N+But0mgmyl7u¢zrstemyh S 2acqtamma-2 daexy-1-Bo-Dr

H-
Af glﬂﬁomzrmypgqgu} ‘déiu}%%? methylester b g1 ucopyr anosyl

C \Jl\y CCTlT UU

di sulf de)-L~

HO

HO
20 AcHN
BOCN /\l

The title compound (32 mg, 91%) was obtained as a white amorphous solid by a

~OH

25  method analogous to that of Example 45 utilising phenyl 2-acetamido-2-deoxy-1 -
selenenylsulfide-B -D-glucopyranoside as starting material. [oi]p® +6.21 (c, 0.45 in
MeOH); 6 (500 MHz, CD3;0D) 1.19 (3H, d, Jeucms 6.7 Hz, CHCHz), 1.49 (9H, s,
C(CHa)s), 1.99 (3H, s, COCH3), 2.97 (1H, dd, Joru 13.8 Hz, Jog,au 9.6 Hz,
CHHCys), 3.31-3.33 (1H, m, CHH), 3.38-3.41 (1H, m, H-5), 3.45 (1H, at, /9.3 Hz,

30 H-4),3.54(1H, dd, J,3 8.6 Hz, Js4 9.8 Hz, H-3), 3.76-3.77 (1H, m, H-6), 3.78 (3H,
s, OMe), 3.79-4.01 (2H, m, H-2, H-6"), 4.33 (1H, dq, Jecus 6.3 Hz, Jouen 3.0 Hz,
CHCHs), 4.48 (1H, d, Jum,cu 3.0 Hz, oHThr), 4.59 (1H, d, Ji, 10.3 Hz, H-1), 4.63 -
4.67 (1H, m, aHcys).



threonine neth ylester HHOS- s o OHj r |, BOCN N
| ->L Ove HPhenyl 1- sel enenyl sul fide-D b-

w@bkwsomssanosi de (70 ng, 0.2 mol) and tri et hyP@GB2004/002706
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(0.01 nL, 0.1 nmol) were diS3solved in MeOH (8 nL). The
resulting solution was stirred at RT. A solution
of i V- but oxycar bonyl -L-cystei ne-L -threonine
rrethyl ester (22 ng, 0.07 mml) in MeOH (5 n) was

E%.jm@ 7 Phe Sils 35 _'_'-o_jv.nv m n,

orTEti on of a

rmj or product (Rf 0. 4) The soI uti on was concentrated
i n vacuo. The residue urified by flash colum
chr omat ogr aphy (EtOj%S .d) to afford the title
compound (32 ng, 919 '
25 - 139.5 (c, 0.6 in MeOH); dH (500 MHz, CD3CD) 1.19
(3H, d, CH CH3 6.2 Hz, CI—|CH3')lo 1.49 (9H, s, C(CH
3)3), 293(H1dd GH CHH 13.5 Hz, J C 0 9.5 HZ,
CH2 (8hs9-B-I3-gBr2ogyrdfosi dd1200Mmg; 103, mittod), emJédthnen lbromlde
360323 IHﬁym H—%d_( 37%0377( til-pﬁ mﬁ y
( 3(330gng,dngmmal) wzre@ddﬂd {o1aghy dgousl =6L§10Xa4leé§ )@W@d Hnder an

o3k ey 1, by Rt

achﬁiﬂahSn a3f &imajarigtydurt (ReR2ite réftioAwBs lqoanched mith the addition

o SR BB TSR L arte; Pl v

O'lp!ﬂgiecf%y AR CoREACHINMBEEMphy @YBy1hcEate: methanol, 9:1) to af ford the
title product (165 mg, 57%) as an off white amorphous solid; [o]p* +56.2 (c, 1 in
CHCls); 85 (400 MHz, MeOD) 3.31-3.33 (2H, m, H-3, H-5), 3.39-3.45 (2H, m, H-2,
H-4),3.62 (1H, dd, J56 5.3 Hz, J¢s 12.1 Hz, H-6), 3.83 (1H, dd, Js5» 1.9 Hz, Js¢’
12.2 Hz, H-6), 4.47 (14, d, J1 2 9.4 Hz, H-1), 7.27- 7.34 (3H, m, Ar-H), 7.75-7.78
(2H, m, Ar-H).

Example 48: Phenyl 1-selenenylsulfide-B-D-galactopyranoside

OH OH

HO 8 SePh

HO

The title compound was obtained (193mg, 20%) as an off white amorphous solid by
a method analogous to that of Example 47 utilising 1-thio-B-D-galactopyranoside as
starting material. [o]p® -111.4 (c, 1 in MeOH); 85 (400 MHz, CD;0D) 3.52 (1H,
dd, J»;3 9.4 Hz, J3 4 3.3 Hz, H-3), 3.56 (1H, at, Js 5 0.9 Hz, J 6.5 Hz, H-5), 3.67-3.69
(2H, d, J 6.0 Hz, H-6, H-6), 3.74 (1H, at, J 9.3 Hz, H-2), 3.91 (1H, dd, /54 3.2 Hz,
Ja5 0.7 Hz, H-4), 4.45 (1H, d, J12 9.7 Hz, H-1), 7.27-7.30 (3H, m, Ar-H), 7.76-7.79
(2H, m, Ar-H).

Example 49: Phenyl 2,3.4,6-tetra-O-acetyl-1-selenenylsulfide-B-D-glucopyranoside




The title conpound (32 ng, 91% was obtained as a
whi t e anor phous solid by a nethod anal ogous to that of
wE@spbwsen5 utilising phenyl 2-acetam do- 2- deoRgF/GB2004/002706
sel enenyl sul fide- b -D gl ué®pyranosi de as starting
material. [a] 25 +6.21 (c, 0.45 in MeOH); dH (500 MHz,
CD30D) 1.19 (3H, d, J CHCHS 6.7 Hz, CHCH 3), 1.49 (9H,
s, C(CH 3)3) , 199(3H s, COCH 3), 2.97 (IH, dd,J
CH H 13.8 Hz, ci LaH 9.6 Hz, CHHCys), 3.31-3.33 (IH,
m CHH), 3. H m H5), 3.45 (IH at, J9.3
Hz, H4), 3b 2b—8rF6 Hz, J3A 9.8 Hz, H 3),
3.76-3.77 (IH, m 6) 3.78 (3H, s, Qw), 379401
(2H, m H 2, H—6) 433(|H dq,/CHCHB63Hz
5CH, 100343 iz, le@ﬂa .
e 208 e o 4 tebpifen e (JoRiardis tndl fé‘%ndPhSeBr
(| K1 SQrmga%ysmoH)vmphdﬁedTo frefndndistilldd BeMe (femy)) and §tirttet-under

o, argeni R AR e el BE S, 1ERGHdiGE 'é%%o%%og obe
mTHhéJ oﬁé@b&u@@ﬂﬁ%} é}!oﬂ’g“‘&}ﬁﬁi E&Hﬁle@e AnsiByacoftRe ﬁ&l)tmg material (R¢

stirre nder an ‘at nosphere argon. After a
mi P Tb@rea@tllorbwa&( @mnyhedwét 'fét @jlditingl Df:'ateﬁtylarhme (2 mL) and

o S T SRy B ARSI v
mLY(10 19 asdkie dq Boﬁ/sgﬁlb aSONEaBlkahasd | w&h\mmts xIBénl). The

resi d%e was purifie flash col um chromat ogra hy
(etCHSH IeE S BATGSHESTR Afselied voith hriney(18fml); driedeveriMp®Os, filtered and

PRl 850 114y WAL £ AR BEE BB oo

3 &hroﬁha%@gr@@iﬂy (pmroll'-EtB).Ad-E‘El) to AT 1k tﬂ;& Iﬁraﬂ'hct T‘(Q6(b'|m%, 93%) as a
157 Dol L2 LR G 35, s 36, 6)
3. §slloy iqrystailinejsodidgnp 11 191Hz & Lt 2021 (Flzl 0 HLG}ICM G400

(1 yag) gréc@é[oﬁzz oftd % (ﬁgf(lx s 43 %;%gg‘)g A ddd 7.5 0.9 1,
1 et 2Adhy Usdikifd He-HL5), m@a(nﬁeﬂd;m{g 21608%,0R s 1274 B #Q),14.16 (1H,
d'a Js 6 45?& 966 12.4 Hz, B-6"), 4.62 (1H, d, J;» 9.8 Hz, H-1), 5.12 (1H, at,
J 9.7 Hz, H-4), 5.20-5.30 (2H, m, H-2, H-3), 7.25-7.28 (3H, m, Ar-H), 7.67-7.70
20  (2H, m, Ar-H).

Example 50: Phenyl 2,3 4,6-tetra-O-acetyl-1-selenenylsvlfide-B-D-

galactopyranoside

25
QAc OAc

AcO S——SePh
AcO
The title compound (402 mg, 95%) was obtained as a yellow crystalline solid using
30 amethod analogous to that of Example 49 utilising 1-thio-2,3,4,6-tetra-O-acetyl- B-
D-galactopyranose as starting material. Mp 123-125 °C; [o]p*° -172.4 (c,1.01in
CHCLs); 8y (400 MHz, CDCls) 1.99, 2.02, 2.16 (12H, 4 x 5, 4 x CH), 3.94-4.03 (3H,
m, H-5, H-6, H-6"), 4.64 (1H, d, /1> 10.1 Hz, H-1), 5.04 (1H, dd, />3 10.2 Hz,



HO The title conpound was obtained (193ng, 20% as an
of f white anorphous solid by a nethod anal ogous to

wao bas/oaeExanpl e 47 utilising 1-thio- PCT/GB2004/002706

b- D- gal act opyranosi de as starting material. [a]D 25
-1114(c 1in l\/b(}l) dH(400|\/Hz CD3(D)352(IH
3 Hz, H3), 3.56 gIH at
4 sfsoéé%Habw%ﬁ%m&2611@,’6@717@9(H;m;A@H) T69-7.71
6'A)an3.- 74 (IH, at, /9.3 Hz, H2), 3.91 (IH dd,
332g®ﬁ%m4507m H4), 4.45(IH, d, JI 9.7 Hz,
H—|)727730(3HmArH) 7.76-7.79 (2H, m

Ar anpl e 49: Phen
2, M&M&ﬁé@kd’ acehylednagejanaidp£rdgexy-1-selenenylsulfide-B-

b- si de- SePh
I w&ﬁg&t etra-C-acetyl- b -D glucopyranose

(200 ng, 0.6 mmol) and PhSeBr (150 ng, 0.6 mml) were
added to freshly distilled DCM (5 rTL) and stirred
under argon Ab After 5 mn, tl.c. (petrol:EtQAc,
1:1) indicat okmat i on of a rraj or product (Rf
0.5) al ong v constfpti on of the starting
material (Rf 0.4). sfie reaction vvas quenched with the

0200 RSB (P S b ot wng
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an gndthdEinal matharuiﬂx% A ] .
re-extracte \1Il\llth DCM (3 Wm)% Eﬁﬁgmmoacetyu

or @aﬂamsimédeoxya&ﬂneglwpmmse aest@mgumatenaﬂr Mpallmm c [o]p®

res ﬁ‘% P ‘ngll :'Ote“gl(gg@ﬁr\gg ‘gﬁrMﬂzeé ﬁ@ggﬂc% Irﬁﬁrﬁgléﬂ) 1.9, 2.00,

hry LA 1, af f gr. t4
gr(r)ducg ?%260 gx,(ﬁg%’o/%?bgg E %%%v&)ocltrf%tj |3(r:1%é Is?gf 4dihg H-5)
113-07@HCAd[ Ak R.328z,-/2602. 3JH£,cH-6)L 4015 (mHC&Kl;I .B)s 4. de(Astmz 2 Hz,

3 501 o Has (5 10 ¢l Piid g 18 iy S o6 i,

||:I_|ZJ)9J7 ﬁk; HA4 0§22§{1|H a€19'9 5]flzeHé|265W(llH]@fJQJf2fﬁ E@%’Xc) 7.24 -7.28

4. 3H( mrAs 768-I779(8HJ—1119AHH)) 5.12 (IH at, J9.7 Hz,
HA, 5.20-5.30 (2H m H2, H3), 7.25-7.28 (3H, m
Ar-H), 7.67-7.70 (2H, m Ar-H).

EBxample 52: Phenyl-2-acetylamino-2-deoxy-1-selenenylsulfide-B-D-

glucopyranoside

HO \

HO
HO

SePh

AcNH

1-Thio-2-acetylamino-2-deoxy-B-D-glucopyranoside (230 mg, 0.98 mimol) and
phenylselenenyl bromide (250 mg, 1.08 mmol) were added to anhydrous
1,4-dioxane (5 mL) and anhydrous methanol (3 ml) stirred under an atmosphere of
argon. After a 1 min period, t.1.c. (ethyl acetate:methanol, 9:1) indicated the
formation of a major product (R¢0.4). The reaction was quenched with the addition
of triethylamine (5 mL). The solution was concentrated in vacuo. The residue was
purified by flash colummn chromatography (ethy! acetate:methanol, 9:1) to afford the
title product (270 mg, 70%) as a white amorphous solid; [o]p** -174.0 (c, 1 in



Exanpl e 50: Phenyl 2,3,4,6-tetra-0O acetyl-1-sel enenyls

| fide- b-Dgal acl opyranosi de ?A OAc AcO The title
w@eovpoense2 (402 nmg, 95% was obtai ned as a yel | BE#I/GB2004/002706

crystalline solid using a wethod anal ogous to that of

Exanple 49 utilising I-thio 2,3,4,6-tetra-O acetyl - b-

| act opyranose as st art rmterl al . @g@b 123- 125 "C
2} B026; 54 Y80 MY, MeOD): HOOE, 33 CHiak .61
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nmet hod anal ogous to that of Exanple 49 utilising

l-thio-3,4,6-tri-0Oacetyl-2- acetam do- 2- deoxy-

b- D- gl ucopyranose as starting material. M 177-179 C
1.0 in CHO 3); dH (400 MHz, CDd 3)
. 1.99, 2.00, 2.03 (9H, 3 x s, 3

x CH3), 3.76H4 -$—1I6F Hz, J 5 6 2.3 Hz, J5,
104 7 Hz, H5), 4.07 (|, dd, J5 2.3 Hz, J6,6 12.3 Hz,

H6), 4.15 (IH dd, J ,6 4.6 Hz, J6>6'12.2 Hz, H6"),

4.19-4.24 (IH m H2), 4.78 (IH, d, Ji 10.1 Hz, H1),

5. BBeryll Bsekenenyd@ul fidd-B-D-elutppyrdn@@le((14) mas 0.430mbl)Hrs dissolved

J9.1 Hz NHAC), 24 -

eg)'l%él O%Lﬂban(dzsﬂgﬁ@ AR To Mt@ngaﬂaanéﬁgl((?(l)_l },L]T 0.1 mmol)
u e § yérigé% é(l?(gﬂéﬂwg&é}ﬁ Ig’eéﬁi (ﬁ?ﬁp}%@@ Adhde dropwise over

15 1 h. After 1 h, t1.c. (EtOAc:MeOH, 9:1) indicated the formation of a major product
(Rr 0.4) along with complete consumption of the starting material (R¢ 0.5). The

solution was concentrated in vacuo. The residue was purified by flash column
chromatography (EtOAc:MeOH, 5:1) to afford the title product (30 mg, 90%) as a
white amorphous solid; [o]p** -65.3 (c, 0.4 in CHCls); 85 (500 MHz, CD;0D) 1.33

20 (3H,t,J 7.4 Hz, CHs), 2.86 (2H, q, J 7.4 Hz, CH,), 3.30-3.34 (2H, m, H-4, H-5),
3.41 (1H, at, J 9.0 Hz, H-3), 3.49 (1H, at, J Hz, H-2), 3.67 (1H, dd, Js 6 5.3 Hz,
Jss 12.0 Hz, H-6),3.88 (1H, dd, Js¢ 2.1 Hz, Js ¢ 12.0 Hz, H-6"), 4.35 (1H, d, .J;
9.1 Hz, H-1).

25  Example 54: Bthyl 2-acetamido-2-deoxy-1-disulfide-B-D-glucopyranoside

HO
HO
HO S——=SEt

AcNH
30

Phenyl 2-acetamido-2-deoxy-1-selenenylsulfide-B-D-glucopyranoside (140 mg,
0.4 mmol) was dissolved in MeOH (10 mL) and stirred at RT. To this solution
ethanethiol (10 pL, 0.13 mmol) and triethylamine (55 pL, 0.4 mmol) in MeOH



| - Thi 0- 2- acet yl am no- 2- deoxy- b-D- gl ucopyranosi de (230

ng, 0.98 mmol) and phenyls el enenyl brom de (250 ny,
wa2@8/omset ) were added to anhydrous 1, 4-di oxaneCT/6Bpdo}/002706

and anhydrous nethanol (3 ©®1) stirred under an

at nosphere of argon. After a 1 mn period, tl.

(et hyl acet at e: net hanol , i ndi cated_t he forrmtl on

of (2l wste sided deapwiserovor 1151 Aft%l hellet (BPARMeQkb fchdrdicated
F}E bR 0 % ﬁ% 1¥dt S‘Qﬁ i)aﬂé’]?ohgt%?% coﬁ@&trated in vacuo.
n n’vacuo

utiton was co i due wa
p uThé regditing réslmmrwasqjumﬁnd blp mﬁme@gnnaphgonﬁmgmphy (EtOAc MeOH,
acet at e: net hano oaffordthetltlefpilroduct

(290) fyafforddlye fa%e Homtt(%g BIgo PYHbassa hIte anoypkpes sofid; [oo™ -7.9

5 oy 1 TG NPV U R Y6 I b G Sy B

Hzoptdr)32 83-3. 8@5(2HI #, cﬂg) 3@5&393(2@1 Iriz,H-46HGS)la 51-386 (1H, m,
H-6 82-3.90 (2H, H 2 | H Ji>2

d,
3»@ 684372 (15 np H- o) 3BABY (ZH rmfmyz Hr6 24.57 GG H,

nRl e 53: Ethyl 1-thio-b-D-glucopyranosyl
di g’(ﬂ ]@?dlé@(%gﬁ Phenyl 1-sel enenyl sul fi de-

b- D- gl ucopyranosi de (140 ng, 0.4 nmol) was di ssol ved

in MeOH (10 m_) adstlrred at RT Toth| ution
10 et /B8 ARP B} Pyo 211 "3 J\‘.a‘-l?ﬁ."= P e 1 € ts

rrL 0. 4 nol) in MeOH (5 m) were added dropvvl se over

AR SY 5B nhultardt (24 151% 89 ?f&?l'}ow% élgﬁokréqllﬁ Qénﬁéd)uﬁ Beiter

forrratlon of a mmj or "pr

C ogPlutibe (0 ATY TP o MIHEFES, izanM ascl, 6@9933 ,86- T &fa-O-acetyl-B-
O 5). The solution was concentrated i n vacuo. The

ahréomw%mlrphﬁnﬂénw fonats 1S Qae, Phhmamalhvag digrclpadin

553}5 RENECENER Ll RO S Sobilfob ki sBls Sftioh 0 Ty yes
15N @&@d&b théjlb'ﬂo{eﬁ%blm an@m o aﬁ %ndi—%'vbr—énd rﬂ)ta_t’dr4AHér 25 min,

30- 3
H ﬂﬁe absg)ce ﬁ@z ﬂquﬂwasabowy by, Péhwl s 41!&3)515 (ﬁllzmm GrL /értch

R e e S S P g fonen
H- 650 uLwadbaddettl, Tieh reabifdn Hvab phied bh by end-over-end rotator for a further
5 min, at which point the reaction mixture was loaded onto a PD10 Sephadex® G25
20  column and eluted with 70 mM HEPES, 2 mM CaCl,, pH 7.0. The protein fraction
was collected and dialysed (MWCO 12-14 KDa) against 10 mM MES, 1 mM CaCl,,
pH 5.8, (1 x4L for 1 h, 2 x 2L for 30 min), to afford the glycosylated product m/z
(BS) found 27072 caled. 27078.

25 B. SBLS156C mutant (24 mg, 0.89 pmol) was dissolved in aqueous buffer
solution (2.4 mL, 70 mM HEPES, 2 mM CaCl,, pH 6.9). 2,3 4,6-tetra-O-acetyl-3-D-
galactopyranosyl phenylthiosulfonate (50mg, 0.1 mmol) was dissolved in
water/acetonitrile (1.0 mL, 1/1 ratio). The sugar solution (50 pL) was added to the
protein solution and placed on an end-over-end rotator. After 25 min, the absence of

30  free thiol was shown by Ellman’s analysis, at which point another portion of sugar
solution (50 pl) was added. The reaction was placed on an end-over-end rotator for a

further 5 min, at which point the reaction mixture was loaded onto a PD10



Exanpl e 54: Ethyl 2-acetam do-2-deoxy-I-disulfide-
b- D- gl ucopyr anosi de - SEt Phenyl

wWQ2@800@ni do- 2- deoxy- | - sel enenyl sul fi de- PCT/GB2004/002706
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b- D- gl ucopyranosi de (140 ng? 0.4 nmol) was di ssol ved

in MOH (10 nmL) and stirred at RT. To this sol ution

et hanethl 10 mL, 0.13 mmol) and _triethylamne (5
aaiem@i2§ colpmpaasiehited Wit aM HREES @d{M @@Cbpﬂﬂ Q. The
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purjfi e flash co chr omat o 0 Et OAc: Me(OH,
9: Eiycw %F%BFQ?“%@?% &E(% Bdrd(ée c%s@ Zr?é'?égg% as a
whi t e anorphous solid; [a]D 25 -7.9 (c, 1.0 in CHO 3);

dH (400 MHz, CD30OD) 1.30 (3H, t, J7.3 Hz CH3), 2.01
(36, s, SBAS) 56Q nBar ( BBmg26i3 runciPyas ds@ived. iﬁaega’ékd:d agueous

. Gl ioﬁé%& %ﬁsr%ﬂ‘éﬁlisn% i Bﬁgﬁdap@ Sy B Tii-
10, O?a%l-ltbl 3 m@&%{f! gté% @et&! ?Cagiéﬁ - -(‘E—%I%cé)gyranosyl)—

procedures u ing thi os reagents

MutoaDtglictbyrmosyl)- BQ)—@IﬁEbbyMﬂSsyﬁpﬁ@@ltM@ﬁMfdﬁa&qBemgSO 03 mmol)
buffer solution (2.4 nL, 70 nM HEPES, 2 nM Cad 2, pH
6. Mas dissalvad B aretonirie (46@ 1) .- The sugargblution|7anbyhs added to the

phenyl .t hi osul f onat e (50 was, ol.ve

P BE S fEHR e laCod rgbnd ifer TR SR A 3D Spitite pfgnce of
sugre 1561 whd Dowh DY Eﬂrﬁaﬂ@&na@;ﬁ&e gt wRich B@m@ﬂfétr@édﬁon mixture was
sol ution and pl aced on &2l end-over-end rotator. After

25 loadad ontee BB Prbadax (G afecol i pndwelsted et (ipM HEPES,
o1 GORYLC B ATt B acion s S RS EAEg Qv 1214

of qugaagamd llﬂ)tmthM(B'SQl A QW pEURE, (1 KL foeaqi lzom]w&&
aced on an end-over-end rotator for a furth

at 3%%118}1 toyafiterd th%@Y?%kﬁﬁWOﬁthe(B&éﬁméaa 6@4 6%1?43 23653
PDl O Sephadex(r) &5 colum and eluted with 70 niV
HEPES, 2 nM Cad 2,pH 7.0. The protein fraction was

cold.ect aﬁﬁaﬁl@ Idfg,all Msmdo() MAEQisk3lvid idomEondairfes kolliflomM mL, 50
MES, 1 (1 4L for 1 h, 2 x 2L for 30

mi @M e, aHf707r)d2 Mé aptyws@qeatléwpglmtanmﬁ pheglthiosulfonate
f 0‘6%5,700(7221118%'1)%9% £BRd in water/acetonitrile (1.0 mL, 8/2 ratio). The

sugar solution (150 pl) was added to the protein solution and placed on an end-over-
end rotator. After 30 min, the absence of free thiol was shown by Ellman’s analysis,
at which point the reaction mixture was loaded onto a PD10 Sephadex® G25 columm
and eluted with 70 mM HEPES, 2 mM CaCl, pH 7.0. The protein fraction was
collected and dialysed (MWCO 12-14 KDa) against pure water, (1 x 4L for 1 h,

2 x 2L for 30 min), to afford the glycosylated product; m/z (ES) found 66798 calcd.
66794.

E. BSA (10 mg, 0.14 umol) was dissolved in aqueous buffer solution (1 mL, 50
mM Tris, pH 7.7). 2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl phenylthiosulfonate
(25mg, 0.05 mmol) was dissolved in acetonitrile (0.5 mL). The sugar solution

(75 uL) was added to the protein solution and placed on an end-over-end rotator.

After 30 min, the absence of free thiol was shown by Ellman’s analysis, at which



B. SBLS 156C nutant (24 ng, 0.89 mmol) was di ssol ved

i n aqueous buffer solution (2.4 nL, 70 nM HEPES, 2 nM
wW@2205a008pH 6. 9). 2,3,4,6-tetra-0O acetyl - PCT/GB2004/002706

b- Dgal act opyr anosyl phenyl ©6&i osul fonate (50ng, 0.1

mol ) was di ssolved in water/acetonitrile (1.0 nL, 1/1

rati o). The sugar solutjon (50 nL) was addeg to the

pr GO thesispaiion e was lader oo ab i dReghadexe 25 column and
r Ot Qchﬂ@%P 2[%31@@ 2 fiVf c@@tﬁ SWO Gfpef &ﬁ@t@lﬂﬂ?éc(?]ﬁn% collected

man''s anal ysi's anot
po rahd dml;a;fed SMyACOslak-14 KDa) émsnpl)reml addedL fdiheh, 2 x 2L for

reacti o pl aced on_an_end- over otator for

£ ur QB0 Aftard gbmsailﬁt?fbprﬁguqth@@@ggﬁ 86792 GFled. ggo4.
5l oaded onto a PD10Sephadex(r) &5 col um and el ut ed

wth 70 M HEPES, 2 nM Cad 2pH 7.0. The protein

f r dxainple S Prateinl ghydosyl abompiiceduyssantingiee@eriyisul fid&ayents
agai nst 10 mM MES, 1nM CaCl 2, pH 5.8, (1 x 4L for 1 h

2 x 2L for 30 min), to affordthe glycosyl ated product

m ZA ( ES)SﬁES’lBQC%?IQZ‘[% (8 dg)dvas %Yéé)gl%ed fa depBised aGledWy bafEr solution

mmol ) was di ssol ved degassed aqueous

buf(l1 gEL §QIII!|M QHES,15 mM MBS, rﬂmM—Esilz NESPhepyd\B,4,6 -tetra-O-

1067 Zedy Pl Sy Buthed el csbyrneyde (1058 9.2 mmel i dissgived in

ac%t:%bmtﬁ’iegﬂw y.'tl Ol sap Ml&uon 6500 u Was added to the protein solution
a- D- gl ucopyr anosyl) - b D- gl ucopyr anos

phean;ilpidabd)emhﬂ embhbeer{e30myfatod. ZOKﬁerrtrtoIﬂ:)e almsncdiof ek waol was
ace oni 1 The ar .sol ut.i o 5 nL

2abavh by Bl Ral s RO e SRy as loaded onto a
eNpIONES epBAdkxP e3 cBTumt ¥l Edlutdd withmo ﬁ]IQPHEPESnEﬁleCaCIZ pH7.0.
free thi oI was shown by Ellman's analysis, at which

15poiThe proteinrfesstion wias apliactademndaiialyssd MIVEOT 18- b4 RDtaDagainst water,

S d el wi t.h 70 HEPE
ERALIE 7 & x A 730 BP0 HRGH ARl RE e
di abwskezyooMeEIy 12104 KDa) agai nst 10 mM MES, 1nmM

Cad 2, pH5.8, (1 x 4L for 1 h, 2 x 2L for 30 mn), to

afford the glycosylated product mz (ES) found 27654

S quedie: GuPRLY R Qe e dedhet ey MR s R0 PR,

202, J04n®l CHES] SinfM MBS Y4 mi Dagl,s19 IQBBR mﬁyﬂ 2 3,4,6-tetra-O-acetyl-B-
phenyl t hi osu] fonate (1 Ong, 0.02 di ssol ved in
watleselarcaybulfideig] lecopxragomie (18/m22,10:42 m;nolm@s @s&yéved in

and PPl tE O uNaReBCRBRe Tal P2 a3 oRn sotution
; 2 3113?5%6@ Bn @ﬁ efhd-BGerldal @btatt A BV tHhYablbi JFRI fie thiol was
shown by Bllman’s analysis, at which point the reaction mixture was loaded onto a
25  PDI10 Sephadex® G25 column and eluted with 70 mM HEPES, 2 mM CaCl, pH 7.0.
The protein fraction was collected and dialysed (MWCO 12-14 KDa) against water,
(1 x4L for 1 h, 2 x 2L for 30 min), to afford the glycosylated product m/z (ES)

found 66792 calcd. 66794.

30 C SBLS156C mutant (5 mg) was dissolved in degassed aqueous buffer solution
(1 mL, 70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5). Phenyl 2,3,4,6-tetra-O-
acetyl-B-D-selenenylsulfide galactopyranoside (10 mg, 0.02 mmol) was dissolved in
acetonitrile (500 pl). The sugar solution (500 ul) was added to the protein solution



at whi ch point the reaction mxture was | oaded onto a
PDI O Sephadex(r) &5 colum and eluted with 70 mM

WOHRRES0822 MM CaCl 2 pH 7.0. The protein fracti oPCTGES2004/002706

collected and dialysed (MAM®O 12-14 KDa) agai nst pure
wat er, (1 x 4L for 1 h, 2 x 2L for 30 mn), to afford

| at ed duct f ound 66798 cal.cd.
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pr 68&‘&‘911211 , 8 NMe6adl4, pHEQ &)rFibenyd6l-
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vvaswaﬂaréaseﬂonﬂemﬂel(ﬁ 8dnlgals s ediop qhe Qugarkufutien (§(§U HQIV% added to the
mM MES, 2 nM Cadl 2,
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oo PR G B R el i3 s o o gadrover-

adéediratatot foe apfumhfﬁ' 30 nsin) attwhach Iﬁlﬁﬂt thé %é@ﬁ'orpﬂm@ﬁre was loaded onto
After 1 he absence of free

nd- O,
15 g e B C%; e %ﬁldsehgﬁ%wéﬂ@ mit HRRESh2 poVl §laCl, pH
th
Sophmaexplaathof SahaiicHarRT a0 TR O\pr e against
mvingtedl Q-7 fa.1 I Rex Pl Gardiormin), ao tifford musaLSqei@L@ ?n/&l’QES
di KDa) agai nst water, (1 X or
%%%%%geégng%é%ﬁi to afford the gl ycosyl at ed
product m z (ES) found 27074 cal cd. 27077. B. BSA (5
was di ssolved in degassed aqueous buffer solution

20 ( 1]3m_ PB LA THEsitars (hrvigvss dizgsotdia@e@asspdaduebys buffer solution

25

30

ucopyr’anééllwgﬂﬁ%[%azmge{% Qﬁgl%)%bﬁg @Q@%’SUH ?‘ideOXY-l-

selenenylsulfide-B-D-glucopyranoside (5 mg, 0.01 mmol) was dissolved in
acetonitrile (200 uL, 1/1 ratio). The sugar solution (100 pl) was added to the protein
solution and placed on an end-over-end rotator. After 30 min, the absence of free
thiol was shown by Ellman’s analysis, at which point another portion of sugar
solution (100 pl) was added. The reaction was placed on an end-over-end rotator for
a further 30 min, at which point the reaction mixture was loaded onto a PD10
Sephadex® G25 column and eluted with 70 mM HEPES, 2 mM CaCl, pH 7.0. The
protein fraction was collected and dialysed (MWCO 12-14 KDa) against 10 mM
MES, 1 mM CaCl,, pH 5.8, (1 x 4L for 1 h, 2 x 2L for 30 min), to afford
HOGIcNACSBLS156C m/z (ES) found 26950 caled. 26950.



acetonitrile (800 m). The sugar solution (800 nm) was
added to the protein solution and placed on an
wenwsowss2 end rotator. After 1h the absence of PET/682004/002706
thiol was shown by El Il man' $5anal ysis, at which point
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afford C;c(Am)4SBL8156C n z (ES) found 27074 cal cd.
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and placed on an end-over-end rotator. After 30
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27012 Thapmﬂemmﬂomwas collected and dialysed (MWCO 12-14 KDa) against
water (1 x 4L for 1 h, 2 x 2L for 30 min) to afford Glc(Ac)sGle(Ac):Gle(Ac) -
SBLCys156 m/z (BS™) found 27644 calcd. 27653.

25 H SBLCys156 (5 mg) was dissolved in degassed aqueous buffer solution
(500 pL, 70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5). Phenyl 1-
selenenylsulfide-f -D-galactopyranoside (15 mg, 0.04 mmol) was dissolved in
water/acetonitrile (600 pL, 1/3 ratio). The sugar solution (600 pL, 230 eq) was
added to the protein solution and placed on an end-over-end rotator. After 30 min,

30  the absence of free thiol was shown by Ellman’s analysis,” the reaction was placed
on an end-over-end rotator for a further 30 min, at which point the reaction mixture
was loaded onto a PD10 Sephadex ® G25 column and eluted with 70 mM HEPES,
2 mM CaCly, pH 7.0. The protein fraction was collected and dialysed (MWCO 12-
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(E§) f oWyh 70 EfwankiGsblvel iR (8zasted ARbGWHuPRr Sclufith (1VY%£

di ssol ved i n degassed aqueous buffer solution (500 nL
70 TR IGHEIEES 55 nM MERS, 22nMVCEEE tH 95H Rhesyl. 1-Rierenylsulfide-B -D-

I - §Ei°8lgﬁr@hﬁ?%fﬂe¢ - U anmelavs dissplved dp i agetenife 0.4 mL, 215

20 6- E‘zﬁfc{) ar Kegs'ugﬁlestoYﬁtlonEU@ LECOBYL AR ¥dded to the protein solution and
ucopyranosy”~- b- D gl ucopyranosi de (15 ng, 0.015

mmla)tecﬂt\als aul lesdi-omra]hdlmtaam ehfoeri 1t I, itheal(s80@ afifiee 'ﬂ‘fiobw)s shown by

A TS o PR P B PP APBE P Pago SRR PD1O

t hgeﬁ?«ﬁ%ﬂé@ﬁ column and eluted with 70 mM HEPES, 2 mM CaCl,, pH 7.0. The
protein fraction was collected and dialysed (MWCQ 12-14 KDa) against water
25 (1x4Lfor 1 h, 2 x 2L for 30 min) to afford Gle-BSA m/z (ES™) found 66620 calcd.
66625.

Summary of glycosylation reactions utilising selenenyl sulphide reagents

Reagent EtSH | BocCysThrOMe | SBLS156C | BSA
Glc(Ac)sSSePh 82% 75% >95% >95%
Gal(Ac)sSSePh 82% 93% >95%
Glc(Ac)sNAcSSePh 93% 88% >95%
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Gal(Ac)p-1ATS
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Gal(A0)sp-PTS

65

Glc(Ac)s0(1,4)Gle(Ac)s0(1,4)Gle(Ac)sB-
PTS

60

1. from the corresponding parent carbohydrate D-glucose (Glc), D-galactose (Gal)
or Glca(1,4)Glco(1,4)Gle.
2. Taken from B.G. Davis, R.C. Lloyd and J.B. Jones, J. Org. Chem., 1998, 63,

9614, and B.G. Davis, M.A.T. Maughan, M.P. Green, A. Ullman and J.B. Jones,
Tetrahedron Asymmetry, 2000, 11, 245.




SBLCys 156 nmiz (ES+) found 27226 cal cd. 27233. J. BSA

(5 ng) was dissolved in degassed aqueous buffer
waedaoms2 (1 nk, 70 nM CHES, 5 nM MES 2 nM CaCQPQr/GBRO04/002706

9.5). Phenyl 1-sel enenyl sulé8i de-b - Dghxcopyranosi de (6

ng, 0.02 nmol) was dissolved in water/acetonitrile

(0.7 , 215 _ratio). The sugar salutio 00 nL, 225

eqy- hasningeg- SoDetis %lJoWéF‘%a%dolf-dYIi %%Pdg%& COFIgH-701,

enggever-end rotator. After 1 h, the absence of free

thiol was shown by Ellman's anal ysis,” at which point

the reaction m xture was | oaded onto a PDl O Sephadex

(e l. d. el ut ith 70 MM HEPES52 nM .
A shat o0 pabIgR e e b el AT S e Y enom pyere
G o :
5o pBac M insr JIdS e R ABIANE pBoMTS rdigchl Morcover,

f otheccosie 2 theostarting meBsb. forsumiteesis of thel glvesshTSr¢agents was

reactions. ytilisj sel enen sul phi de reage :
e dge st o BId)BTRr R Fhe SR od 0GR Brccapppts o
82%)FH8s8)5% >95% Gal ( Ac) 4SSePh 82% 93% >95%
A c( Ac) 3NACSSePh 93% 88% >95%3 ¢cSSePh 90% 91% >95%
>95% Gal SSePh >95% G cNAcSSePh 77% 77% >95%
€] : % =959 c

10 D R B e e S Pyt
W igbgytinecserdl Slbuadgent s | n Tables 1 and 2, MIS denotes
CH3- S2-S-, and PTS denotes Ph-SO2-S-. Table 1:
Preparati on dycosyl ati ng Reagent Preparation 1 Tota

Y1 a8l X orlpaRson B elyebat B M eadtfond obiGEAM TP add s1yB4-pTs

reagents.
Glycosylatin Protein’ Protein’
yeosyTatne EtSH* Peptide®
reagent SBL-Cys 156 | BSA-Cys58
Yield Time Yield | Time Yield | Time Yield | Time
(%) (h) (%) | () (%) | (min) | (%) | (min)
Gle(Ac)ap-
MTS 96° 3 62° 5 100* | 50 - -
Gle(Ac)B-PTS | 82 1 99 5 100 | 30 [ 100 | 30
Glc(Bn)4p-
MTS 78 15 65 4 - - N -
Glc(Bn)p-PTS | 95 1.5 | 82 5 ) - ; :
Gal(Ac)4p-
MTS 83 1 - - - - - -
Ckﬂ@kthéPTS o1 1 95 2 100 30 100 30




d c(Bn) 4b- MIS 43 5 G c(Bn)4b-PTS 67 5 Gal (Ac) 4b- MTS 47
3 Gal (Ac) 4b-PTS 65 3 G c(Ac)
wa2q03/0d08&t c(Ac) 3a(l,4)dA c(Ac) 3b- PTS 60 3 1. PCDGBRIVE/002706
correspondi ng parent carboléydrate D gl ucose (A c),
D-gal actose (Gal) or Gca(l, 4)dca(l,4)dc. 2. Taken
fromB. G Davis, RC Lloyd and J.B. Jones, J. Oqg.

Chéfic(Acle®9B4) 63, 9614, and| B. G| Davis| M A|T. Mayghan,
M P, een, Al Ulnmgn and PJ.B. Pones, | Tet r ahedr on

Ab 339‘,(141)()0,9311, 245 3| Haklen ¥rom B8O Fhvils, -S| -
J

s

t

r M Rarldl e, Chem [Commun}|, 2001, 189. As
1%%%?@@@% ¢ 1, tHhe glycp-PTY reagephts ag¢cording to
ne invention|were qynthesjs ed in superiof yields to

t he correspondi ng gl yco- reagents. Mbreover, the
costs of the starting materials for synthesis of the

gl Ye ST DCMaBant squisalenidpe bef thioselfgnateen fol d | ower

coar SN DORUEROERBILIED QLRI PR IEB S iR oM,
| epps Arekadpt fvkedebion Hith GoEa R A) GR(AOYH(194)68(AR);B -PTS

al bum n. Table 2. Conpari son of gi ycosyl ati onreacti ons
5of vgieyel@I MBYcand gl yco- PTS reagents. d ycosyl ating

o YRR e it MRS ERY RO oUREP e TRlig a7 R

( %-30kq(#4 glybd-MP8, ~10i69) fot Blo(he) PP s{PGIHAC),B-PTS with SBL-
Cys156, ~20 eq. for Glc(Ac)sB-PTS and Gal(Ac)sB-PTS with BSA-Cys58, ~40 eq.
for Glc(Ac)40(1,4)Glc(Ac)sou(1,4)Gle(Ac)s B-PTS with SBL-Cys156.

10 4. Taken from B.G. Davis, R.C. Lloyd and J.B. Jones, J. Org. Chem., 1998, 63,
9614, and B.G. Davis, M.A.T. Maughan, M.P. Green, A. Ullman and J.B. Jones,
Tetrahedron Asymmetry, 2000, 11, 245.

5. Taken from B. G. Davis, S. J. Ward and P. M. Randle, Chem. Commun., 2001,
189.

15
As can be seen from Table 2, the glyco-PTS reagents of the invention
generally provided a higher yield in the glycosylation reaction than did the
corresponding glyco-MTS compound.

20  Example 58: Glycosylation of SBLCys156 with GlcGlcGle-S-SePh at varying pH

rH Unreacted protein | Time | SBLCys-S-S-SePh | GlcGleGlc-
SBLCys156 (b) SBLCys156

755 110% 1 80 % 10 %

85" 110% 1 80 % 10 %

9.5 | <5% 1 25% 75 %

9.5 1<5% 3 <5% >95%




MIS 96s 3 625 5 1004 504 - - G c(Ac)4b-PTS 82 1 99 5

100 30 100 30 dc(Bn)4b- MIS 785 15 65 4 - - - -
w@@sBoogdb- PTS 95 1.5 82 5 Gal (Ac)4b- MIS 83 1PET/6B2004/002706

- - @l (Ac)4b-PTS 9 1 1 9572 100 30 100 30d c(Ac)

40 (1,4) Gc(Ac) 30(1,4) 93 1 74 3 100 30 - - dc(Ac)

3b-PTS 1. Et3N, DCM RT, 1 equivalent (eq.) of

t hiRsgctidnomvatition® SEHGN] SOGRE Meabit¢@or 1)h wiRl G1aGl6ilc-8fSePh (20

thio te; Peptide [Pl - < = AC )
it IO ATRE 0% RIS Ty el Aot cacn, pi .5,
3a(k) 7) SVeChHEs, SM RIES whenecid), je Bec. 3. 70mM CHES,
5mMMES, 2nM Cadl 2 pH 9.5 or 5OT1\/|TrISHC| pH 7.7,
RT, 30 eq for glyco-MIS, 10 eq. for GIc(Ac) 4 b-PTS

| R4l > . , for G c(Ac)

T B , - 40 eq. for
€] C(Ac) 4a(| 4)GI C(Ac) 3a(l,4)d C(Ac) 3b-PTS with
SBL- Cy aken from B. G Dav LI oyd and
xs SB}&Y@§,56 @0 @@Vﬂ%@ﬂvedmweoegbufﬁ%faluﬂaﬁ&l Blg70 mM

J ones I1\$l tr alﬁ[Ega ad\ﬂ tpr%%g mSlA&l%Lﬂgngi‘ %@6@?}%& solution

fr m&toﬁrﬂé}amassa,ddﬁi Al’cer 10dniidutasn thePeddtioRamgtuee W@hecbncentrated
Cormu 200 from.Table 2, the

10g) y8g&- é?%&ﬁ]é%&‘g sl h ) kﬁ%éﬁ‘& SGEREYS) 1S Fervptegeated 3
a hingReFityddRlithol df3bb$l19éﬂMﬁﬁXj AhieP A f,&%hlo%etﬂa's\nuﬂg d
the correspondi ng gl yco- MI'S conpound. Exanpl e

A yleugihtt iSB.(ois 1 BB(10yg) B6s then His@ledd i0@06-18- %mtffeat(l mL,
vVany' ¥ @I—IﬂES 5 mM MES, 2 mM CaCl,, pH 9.5). Farnesyl phenylthiosulfonates
(56 pL of a 5 mg/mL solution in THF, 20 equivalents) were added. The mixture was
15 placed in an end-over-end rotator. After 1 h the reaction was desalted using Vivaspin
centrifugal filters (4 filtrations with addition of Milli Q water) and analysed by mass

spectrometry.

This Example shows that the methods of the invention can also be used to attach
20  farnesyl groups to proteins. Farnesylation is a natural post translational modification

associated with many proteins.

Example 60: D-Mannose pentaacetate

25 AcO

-0

AcO

AcO
AcO

OAc
30

Mannose (50 g, 280 mmol) was suspended in a stirred solution of acetic anhydride
(200 mL) and pyridine (200 mL). After 24 h t.1.c. (petrol:ethyl acetate, 1:1) indicated
the formation of a product (R¢ 0.3) with complete consumption of the starting
material (R 0.0). The reaction was diluted with water (400 mL) and partitioned with

35  ethyl acetate (300 mL). The phases were separated, and the aqueous layer was
re-extracted with ethyl acetate (2 x 200 mL). The combined organic layers were
washed with dilute hydrochloric acid (2 L, 1M), sodium hydrogen carbonate



pH Unreacted protein Tinme SBLCys-S-S-SePh d cd cd c-
SBLCysl 56 00 SBLCyslI56 7.5 LaJ 10 %1 80 % 10 %8.5

wWaRsamser 1 80 % 10 % 9.5 <5% 1 25 % 75 % 9. 5 REEGB2603462706

>95%Reacti on conditions: SBLCysl56 was incubated for 1
h with AcGcAc-S-SePh(20 eq.) in[a] 10 MM Tris pH

ﬁ@@[f@L 70 mM CHES, 5mM MES, 2 nM Cad 2, pH 8.5; [c]
70(

R 2 sBvAtRES uepusIAlEtED), bring kB 6) BL) Reidpiver 88gS0.),

e RN o Senlfofih Del i A bt Alle PEROYE07 7. FR) o5 an
CHid, beligM MERure v atbcal(dip 2 3800 MMEFCHHE 1@5 9fg9a2 05,

100 ng/ mL solution in acetonltrlle) was adde After
10 2nien(i6 &% 4thg CQEATsR)0N 96) X0Y20Aad 2cDiAB €hi Ha ads, 60CH:00),

5 i 1Erpd&gsfi' 85038 s 35 Hamdes A M’E& S i

o AN o Bptahtedtypopd 08 o KDL ESHHIE PR 121 e e, 426

m_(olf{ &u;m@S 3(Hz, mT&.; 1201 1y ICHIEE, 55001\141!\&26&323 BMIQQ@ZO3 Hz,
Far nes nyl t hi osul f onat esm&é
O ERBEL 5120618 1 P 20 Fsqinved BRiSpones a4 Gcidei@ts, mol 30,

ey, SHTRE daR R By Baabry BLifid disgo v

Ofl I - @BF 604 (il grﬂtllzqnﬁzvﬁtlg%addi tion of MIIli Q water)

20

30

35

and anal ysed by nhss spect
that the nethods of the invention can also be used to

nmetry. This Exanpl e shows

tei ns. Farnesylation is a
M%—%ﬁééé@ygﬁed

vvlth many protel ns. Exarrpl e 60: D-Mannose pentaacetate
AcO ' CAc Mannps, @cg, 280 mmol ) was suspended in a
stirred sol lAt(l) i ¢ anhydri de

AcO

Br
D-Mannose pentaacetate (103 g, 264 mmol) was dissolved in anhydrous DCM

(200 mL). To this hydrogen bromide (33% in acetic acid, 200 mL) was added. The
mixture was left under argon at RT. After a 2 h period, t.1.c. (petrol:ethyl acetate,
2:1) indicated the formation of a product (R¢ 0.3) with complete éonsumption of the
starting material (R¢ 0.2). The reaction mixture was partitioned between DCM

(100 mL) and ice water (200 mL), and the aqueous layer re-extracted with DCIM

(3 x 200 mL). The combined organic layers were washed with sodium hydrogen
carbonate until pH 8 was obtained, then with brine (300 mL), dried over (MgSOy),
filtered and concentrated in vacuo. The resulting title compound, a clear oil,

(106.6 g) was used without purification; 8g (400 MHz, CDCl;) 1.96, 2.03, 2.06, 2.13
(12H, 4 x s, 4 x OAc), 4.09 (1H, dd, Js¢ 2.2 Hz, Js ¢ 12.5 Hz, H-6), 4.18 (1H, dd,
Ja510.1 Hz, J56 2.2 Hz, J5 5 4.8 Hz, H-5), 4.28 (1H, dd, J56 4.9 Hz, Js ¢ 12.5 Hz,
H-6"), 5.32 (1H, at, J 10.1 Hz, H-4), 5.39 (1H, dd, Ji» 1.6 Hz, /3 3.5 Hz, H-2), 5.66
(1H, dd, J,3 3.5 Hz, J34 10.1 Hz, H-3), 6.26 (1H, bs, H-1).

Example 62: (2.3.4,6-Tetra-O-acetyl-a-D-mannopyranosyl)-1-isothiouronium

bromide



(200 nmL) and pyridine (200 nL). After 24 h tic.
(petrol:ethyl acetate, 1:1) indicated the formation of
w@2@soeset (Rf 0.3) with conpl ete consunpti on PET/GB2004/002706
starting material (Rf 0.0).72The reaction was dil uted
with water (400 nL) and partitioned with ethyl acetate
(300 nmL). The phases were separated, and the aqueous
| ayer was re-extractecewi th ethyl acetate (2 x 200
nm.). The conbin % nio | ayers were washed with
di lute hydr ochl*Grdo 2 L, I'M, sodium hydrogen
carbonat e(500 nL of a saturat enggpeous sol uti on),
brine (300 nL), dried overs filtered and
concentrated in vacuo to affofd the title conpound
10(107.3 g, 98% as an oil being a m xture of anoners
(a/b 2:1); dH (400 MHz, CDC 3)™=1.95, 1.99, 2.05, 2.16
(15 H 4 x s, COCH3b), 1.96, 2.00, 2.04, 2.12, 2.13

( 1@']35' *ugl% ﬁ)?(mpguwlpa %,|Z60§/H 5ﬂtﬁ%>)§)Hng gl%m;g@gs g m%ltahggrgyallme solid
4. Q5ng a1h

S S 0 Sl 84 D B
6, @Jaggomyra.gosoyl. l@*om)de 85 s_u_a@tn(g iateddl. Mp323-1261E,[Li. B354128 °C

1510 &éﬁgﬁ @ﬁ?l 1955@29505%@\5’1?(&1',15'[1&? ‘fﬂ% Rl oa(g,al 6 miggtone)]- 5
5 44{)0(M}HZ ﬂIMSOlds)’ll 2s, H!zozéiz)l3H§ 13 (tZH, ﬁc@ 407} OA%I) 880§ h'I'L dd,
Exa(mﬂ équefsszl%ﬂ%ﬁr@a ﬂéaZ@Hc@d }]lss 2 4 Hz J66 12.5 Hz H-6"), 4.32

Er t dacet g{gﬁg@{ggy% 692%1% %@%&%ﬁ@%@?&@ﬁ%ﬁw 3.4 Hz, Ju

anhQ@rIdinﬁ-B)):I\ﬁl 1(72(091 aﬂ,ym‘Don H-8), By3ly Qe ad o, 91 387, (B3%04 Hz,
f)ﬁ'c(?ﬁ,g ﬁs added. The m xture was
Rder(1Ey dohi étﬂﬂﬂ'H Oet0 @F by, 25eNEBY, t. 1. c.
(petrol ethyl acetate, 2:1) indicated the formation
of a product (Rf 0.3) with conplete consunption of the
st Examplg 6380814,GITefrRO-Bced)l-o-DhRan @RS Hr0BylHiA! Ur & was
partitioned between DCM (100 ni) and ice water (200
m.), and the aqueous |ayer re-extracted with DCM (3 X
25200 mL). The conbined orgapic layers were washed with
sodi um hydr ogen carft8nat upgi | pH 8 was obtai ned,
then with brine ( ied over (MySO ), flltered
and concentrated in Vac resulting title
conmpound, a clear oil,

SH

The title compound (14.5 g, 98%) was obtained as a colourless oil by a method
analogous to that of Example 2 utilising (2,3,4,6-tetra-O-acetyl-a-D-
mannopyranosyl)-1-isothiouronium bromide as starting material. [o]p**+68.7 (c,
35 1.5in CHCly) [Lit. [a]p™ +78.6 (c, 0.8 in CHCls)]; 8 (400 Mz, CDCl;) 1.98,
2.04,2.08,2.14 (12H, 4 x 5, 4 x OAc), 2.28 (1H, d, Jy 65 6.7 Hz, SH), 4.10 (1H, dd,
Js56 2.4 Hz, Jse 12.5 Hz, H-6), 4.28 (1H, dd, Js¢ 5.1 Hz, Jss» 12.0 Hz, H-67), 4.32-
4.36 (1H, m, H-5), 5.26-5.34 (3H, m, H-2, H-3, H-4), 5.54 (1H, d, J1 51 6.9 Hz,
H-1).
40
Example 65: Phenyl 2.3.4,6-tetra-O-acetyl-1-selenenylsulfide-o-D-

mannopyranoside




(106.6 g) was used w thout purification; dH (400 Mz,
Chd 3) 1.96, 2.03, 2.06, 2.13 (12H, 4 x s, 4 x OAc),

wa2@9/0¢ds2, dd, J 5 6 2.2 Hz, J6 12.5 Hz, H 6),Pdr/6G82004/002706

10Exanple 3 utilising 2,3,4,6-tetra-O

30

35

40

(IH, dd, 4 5 10.1 Hz, J5b 232 Hz, J5 4.8 Hz, H5),
4.28 (IH dd, J5,6 4.9 Hz, J6,6 12.5 Hz, H6"), 5.32
(IH, at, J 10.1 Hz, H4), 5.39 (IH dd, Ji 1.6 Hz, J2
3.5 Hz, H2), 5.68 Acdd, 2,3 3.5 Hz, J 3 4.10.1 Hz,
H-3), 6.26 (IH, 4 anpl e 62:
(2.3.4,6-Tetra-6>4 mannopyranosyl )-1-isothio
uronlun1bron1deAcC> \ Ac7 APAOC0 LL/The\titl e conpound
(80.6 g, 60% 2 steps) was ghtaj white
crystalline solid using a nethod a\mlogo F Ef t hat of
entyl - a-
mannopyr anosoyl brom de as starting material. M
123 he 26le Cofuipbtnd (628 i 83%) (W42 Gplainedak B gzﬁow Xhl ussﬂlgC% l]ﬁ:t@thod
i n Acet one

d H%{l!ﬁlg%"%ﬂﬁ tha&)f\’)é%‘%’éeq]e J‘D.‘9 Sléh;ég gé(‘% o-tgm-Onceiyl-oaPH, 4 x
5 fhnlBlon iR ikt Bl 412 3906 P, oo

4. DIHE | CDCHYH.94,JU94 2102, Q. 1|ez(12H54 2 524 kIDAG)53.52 21 Hiizdd, J56 2.4 Hz,

5% e 0 b s 0 S S et ot 4o

HZ(111TH?<D J5663®6H;£|th 1@41&%{@3?%&1 i & 90 {447 55,0 815, H3),

acef

a )@%e(ﬁﬁfopwaﬁddymﬁb 13881, \d, AG 1A Hz M- l$|—5 AnelH,iddl &, 1.5 Hz,

ooy i Ao a ot vgnhes 0T A Eef Bl apiatd. | °°°

t|I|S|ng (2,3,4, 6-tetra-O acetyl -
a- Dnannop ranosyl | -i sot hi our oni um brom de as
> : -O-R¢D Raindp@ranoside

OH

D-Mannose pentaacetate (26.4 g, 67.7 mmol) was dissolved in freshly distilled THF
(150 mL) and benzylamine (11.1 mL, 101.5 mmol) was added to the stirred solution.
After a 24 h period, t.1.c. (petrol:ethyl acetate, 1:1) indicated the formation of a
product (R¢ 0.3) with complete consumption of the starting material (R¢ 0.5). The
reaction was quenched with the addition of diluted hydrochloric acid (100 mL, 1M)
and stirred for 10 min. The reaction was partitioned with DCM (100 mL) and the
phases were separated. The aqueous phase was re-extracted with DCM

(3 x 100 mL). The combined organics were washed with dilute hydrochloric acid
(100 mL, 1M), brine (100 mL) and dried (MgSO,) and concentrated in vacuo. The
resulting orange oil was purified by flash column chromatography (petrol:ethyl
acetate, 1:1). The off white crystals were combined and recrystallised from
petrol/ethyl acetate to afford the title compound (12.4 g, 53%) as a white crystalline
solid mp 92-94 °C|[Lit. 92°CJ; [o]o™ +17.8 (¢, 1.0 in CHCL); [Lit. [ap? +21.0 (,



)
W@ 2004/0008627c), 2.28 (IH,
J 6

1.5 in CHJ3) [Lit.

, 0.8 in CHO3)];
dH (400 MHz, CDd 3 ,

6 (
, 2.08, 2.14 (12H, 4 X
d i m®6.7 Hz, SH), BECWGBEIK002706
dd, 5,6 2.4 Hz, 6. 1 H6), 4.28 (IH dd,

J5b 5.1 Hz, 6 6' 12.0 Hz, H6'), 4.32- 4.36 (IH m

H5), 5.26-5.34 (3H, m H2, H3 H4), 554 (IH d, J

13 3R 6. GHER)]; b1 (4P0 MHafIPE1:p 598 Pheh2.08, 2.14 (12H, 4 x 5, 4 x OAC),

2 AR S PATR I e B B T )30 (g OB,
was. 008 a3 (Ed, AsHA, Yeb), sW7qiH, SV 09 Ry, 1R4))eBena agoys 2.7 He,

to that of Exanple 49 utilising
2, 5496 H%tF3) (3- acetyl - a- Dmannopyranosyl thiol as

[a] D 20
1.98, 2.
J
5

Nr =

sthe starting material. [<XD] 25 +13.4 (c, 1.0 in

CHC 3; d (400 MHz, CDCI3) 1.94, 1.94, 2.02, 2.10 (12H,
4 Examph 67: OAC), 1’ -Brichlorblacktibidiate I3 4 62 ettaacebyl@y-DL2. 4
Hz, H6), 3.94 (IH ddd, JL5 9.6 Hz, J 5,6 2.5 Hz,
J5agmnopymenosides) 4. 07 (IH, dd, 5,6 3.9 Hz, J6 6 12.4
Hz, H6"), 5.23 (IH, dd, 2,3 3.2 Hz, J3A 9.9 Hz, H 3),
5.28 (IH at, J9.7 Hz,ac .38 (IH, d, J 2 1.6 Hz,
H1), 5.40 (IH dd, g . 0J 3.1 Hz, H2),
7.26-7.28 (3H, m ArH), AP, (2H, m ArH). Exanple
66:2.3.4.6-Tetra- O acetyl - nnopyr anosi de Acq - L

a- D-

15Ac OH D-Mannose pentaacetate (26.4 9, 6{y7 mol) was

di ssolved in freshly distilled THF m.) and

benzyl am ne (11.1 rpL, 101.5 mmol) S added to the
stirred solution. After a 24 hperiodsClt.1.c.
(petrol:ethyl acetate, 1:1) indicated the formation of

20a product (Rf 0.3) with conplete consunption of the

25

30

35

starting material (Rf 0.5). The reaction was quenched
wi 23,4, bl etrdelP-aeayl-ofD-diashnemuadogide §t.0l g 2.87 anhol),( 100

T PR B A S 35 St e
FoRa s o g iSRS DO LIS PR
di Kertaepenipdrodd Hi. dit ivdhichapadnt(RBU (085 M, 0. Br inme)(iBdded. After a
anq.Sdl{ %)grgod(, MJGS %@t?oqgth%f? B& z%,rla:l{ )elgdiicanteg al%%%fma-ﬁ]o% of a product (R¢
0.5) with complete consumption of the starting material (R¢ 0.2). The reaction was
filtered through Celite® and concentrated in vacuo. The resulting residue was
purified by flash column chromatography (petrol:ethyl acetate, 1:1) to afford the title
compound (1.42 g, 99%) as a clear oil; [a]p* +42.7 (¢, 1.0 in CHCls) [Lit. [o]p"
+50.0 (¢, 1.0 in CHCls)]; 81 (400 MHz, CDCls) 2.20, 2.07, 2.09, 2.29 (12H, 4 x s,
4 x OAc), 4.15-4.22 (2H, m, H-5, H-6), 4.28 (1H, dd, Jss 4.3 Hz, Js¢ 11.8 Hz,
H-6"), 5.40-5.42 (2H, m, H-3, H-4), 5.48 (1H, at, J 2.1 Hz, H-2), 6.29 (11, d, J1
1.9 Hz, H-1), 8.80 (1H, s, NH)

Example 68: Benzyl-a-D-mannopyranoside

HO
-0

HO

HO
HO

OBn



resulting orange oil was purified by flash col um

chromat ography (petrol: ethyl acetate, 1:1). The off
wokiose0mssy st al s were conbi ned and recrystal | i SEC/GBROB/002706

petrol/ethyl acetate to affidrd the title conpound

(12.4 g, 53% as a white crystalline solid np 92-94 C

[Lit. 92 C; [a]D 25 +17.8 (c, 1.0in CHO 3); [Lit.

[ a]D>Msnes (30 g éﬁ’_/tnimnqlha@-me@)l thlodde (1B08L N mepdl 8)s dissolved

4 JB bafiad oyl (o 1 dind jeliha ) 5 Tiopt by Th fauitige golprion was

4. 59nLerfitedItly, IOMpr@Sl)r,e cﬁstﬂl@tlén Ahe (redditin® residhe whk Bﬁrlﬁed by flash
5.27 (IH,_ at, J9.9 ,5390(_1|H dd, J2, Hz,

3, 4:0@113@1 qgomppogyaphg)(ghﬂ seetgte/methanal,TH: il):amdd]ecxystallised from

52 ac n%% fro? Ito d%fﬁgd%ﬁé ﬁt@e éﬁniib: ? (2934 gﬂO%) as a white crystalline
a Bohdtmppl)%a]rids Cd&it( 1R8O oG] Aok ﬁmﬁ () (c 1.1in MeOH()j [Lit. [o]p"®

acri ek bl 48 HoPAC OO NG SD(QRY 3 861 Hrff ot 3 Pz /s

OSSR OSROLVGPYCE £20, hl 409 LS I K o)

m_,3.85- SBS@HJI)] Hes HrdUed 75 Af. SZE(ZIrE MBcg Jmhlpﬁ?jzo@HZ)t 4|86<(1H d,
(p C 1:1) di cated the formation

104 pfﬁ@ﬁ@ﬁz )%735)"?&,?{ e consunption of the
startlng material (Rf 02) The reaction was filtered
t hrough Celite(r) and concentrated in vacuo. The

r e diratiphgy6: d¥einelyled. vels Oppivolfyl-aeD-yanhbpwhnasidel m

chr omat ogr aphy (petrol ethyl acetate, 1:1) to afford

the title conpound (1 % 99%) as a clear oil; [a]D
25+42.7 (c, 1.0 in .,<[>a]D21 +500(c 1.0
in CHO3)]; dH (400 Nﬁé?:,ivo 20, 2.07, 2.09, 2.29

(12H, 4 x s, 4 x QAc), 4. 15-4.22 2H m H5, H6),
4.28 (IH, dd, J 4.3 Hz, J6 11.8 Hz, H6'), 5.40-5.42
(2H, m H3, H4), 548 (IH at, 1 Hz, H2), 6.29
(1 @en?zb]dc Dl ndni¥prydiiosikde (50. 6%01 1 nﬁnolW)is F4BERIe i€ Bnhydrous
Benzyl - a- D- mannopyr anosi de
pyridine (200 mL) under an atmopshere of i mert argon. The resulting suspension was

cooled to 0 °C and chlorotriphenyl methane (35 mL, 280 mmol) was added to

20

dropwise. After the addition of the chlorotriphenyl methane, t.1.c. (ethyl acetate)
25  indicated the formation of a major product (R¢0.7) with complete consumption of
the starting material (R¢ 0.0). The reaction was partitioned between water (50 mL)
and ethyl acetate (100 mL). The phases were separated and the aqueous phase was
re-extracted with ethyl acetate (3 x 50 mL). The combined organics were washed
with dilute hydrochloric acid (1L, 1M), sodium hydrogen carbonate (800 mL of a
30  saturated aqueous solution) until pH 7 was obtained, brine (200 mL), dried
(MgS0,) and concentrated in vacuo. The resulting residue was recrystallised from
ethyl acetate/petrol to afford the title compound (27.07 g, 56%) as a white
crystalline solid mp 133-135°C; [aJp* +64.7 (c, 1.0 in CHCly); 8 (400 MHz,
CDCls) 1.251, 1.254 (18H, 2 x 5, 2 x C(CHa)s), 3.85 (1H, at, J 9.8 Hz, H-4), 3.92
35  (IH, ddd, Jus5 9.7 Hz, Js 5 5.6 Hz, Js¢ 2.5 Hz, H-5), 4.05 (1H, dd, J; 5 1.9 Hz, J; 3
2.1 Hz, H-2), 4.37 (1H, dd, Js5 5.6 Hz, Js s 11.8 Hz, H-6), 4.42 (1H, dd, J5 5 2.7 Hz,



OBnD- Mannose (30 g, 167 mmol ) and acetyl chloride (13
m., 167 mmol) was di ssolved in benzyl al cohol (250 nlL)
wanwshemsed to 50 OC for 1 h. The resulting soPTI/GBro04/002706
was concentrated by |ow préssure distillation. The
resulting residue was purified by flash col um
acet at e/ net hanol and

R yapd eI feak 478 oAby I He Cig, 611-1)9%1:]}1,' dres 1.8 Hz,
. ! 3pt | .
R e Rt e M s PR S A YL

(c, 1.1 in MeOH); [Lit. [a]D 18 +73.1 (c, 1.4 in

H2O (IH ddd, 4 5 9.5 Hz,
J FESR & obengyl 4.9-61-6-0enzy 3. 63di-Ospiyglyljo-D-ms yragoside
Hz, H4), 3.733.78 (2H, m H3, H6), 3.85-3.88 (2H,
m H2 H6), 4.75 4.52 ABg, J 11.6 Hz, CH2),

4.86 (IH d, ,2 1.8 HFMV
Exanpl e 69: Benzyl 4B&Tl
a- D- mannopyr anosi de Pi vo- :
Benyzl - a- D- mannopryanosi de (30.0 g, 111.0 nmol) was
suspended i n anhydrous pyridine (0 niL) under an

at nopshere of inert argon. The resulting suspension

led to Q OC hl orotri | meth 35 ni,
2e PRI e di2-ramh o dropirere e 30 & Re SaaerDiso bezene
15t heriaroh@bimiae 1y m_jff?bhaffﬁ%nol xxler&diss(o%dégglb a?@g‘f&@ﬁﬁv}CM

indicated the formation of a frajor pro
i (Hshphed enhydrawepelpbexané (100enk) ardtleh gtimaipeor ah oy 44

wi (O
s ol R St Ber i RoPRTE g @n kg 1 b fimethy!
s epidylatfege (018 e 1avquﬁ@y§} v 886 dASteF E‘lg’htlj{:c]sgi%iﬁ,gtg.cmegolzethyl

ethyl acetate (3 x 50 nL). The conbined o
wadfrdgent Lhingdicpigd shanfpamation ofra majar prodpet.(Re DM) withamimpbete

h . . ; t ted .

202 BERAINGALP ANk A P B B el B0RRd wi
dr tréethy( AEO (ba 30\ ¢hI) @AG el Soitidd viad NRFhrollaR CeBiiiddi NY
resi due vva&recr ystgﬁl lised fromethyl acetate/petrol

t o HFBIrCE Hevarbt dhe Erwpbing aesidir. v ryrifsd dy flash solwmint e

chromatography (petrol:ethyl acetate, 5:1) to afford the title compound (14.4 g,

70%) as a colourless oil; [o]p>* +29.0 (c, 2.0 in CHCls); 85 (400 MHz, CDCls) 1.24,
25 1.25(18H, 2 x5, 2 x C(CHs)s), 3.97-4.04 (3H, m, H-2, H-4, H-5), 4.25 (1H, dd, Js 6

4.8 Hz, Js¢ 11.6 Hz, H-6), 4.4 (1H, dd, Js 5 1.6 Hz, Jes 11.7 Hz, H-6"), 4.51, 4.74

(2H, ABq, J12.0 Hz, BnCHy), 4.55, 4.61 (2H, ABq, J 11.7 Hz, BaCH,), 4.57,4.80

(2H, ABq, J 10.7 Hz, BnCHy), 4.92 (1H, d, J1; 1.8 Hz, H-1), 5.37 (1H, dd, J»3

3.1 Hz, Ji,4 8.8 Hz, H-3), 7.28-7.35 (15H, m, ArH).

7,28-7.38 (5H, m ArH).

10 o\yl -

30
Example 71: Benzyl 2,4—di—O-benzyl-oc-D-mannopyranoside

40 OBn



crystalline solid np 133-135C, [a]D 25+64.7 (c, 1.0 in
CHA 3); dH (400 MHz, CDO 3) 1.251, 1.254 (18H, 2 x s,

WQ@20050008688) 3), 3.85 (IH, at, /9.8 Hz, H4), 3.BRI/GBR)04/002706

ddd, 4,5 9.7 Hz, J 6 5.6 HI7 J 2.5 Hz, H5), 4.05 (IH,
dd J 1.9 Hz, 32321Hz H2), 4.37 (IH dd, J5,6

Hz, J6J6 11.8 Hz, H6), 4.42 (IH, dd, J516- 2.7
Hz 1#@2191 %%-do-Qpenzp]-$63di- QtPEYQb’lﬂ Dsmelmpmﬁqmdg (%19 g912.9 mmol)

i 20y spigmmBotigbiys £ & s RnhPbl b iPrabhahirtioo mr)

Ar H}nd hEmﬁﬂb:l =fld0. AiE&mZZﬂ)lh penod, tl C. (petrol/ethyl acetate, 2:1) indicated
2 Obenz 3, 6-di - % Drrannopyran03| de
og‘mg on g{lehmpgoy Broﬁu?t Wl@éqgwlete consuimption of the starting

SR e e e

mrwlxyhamge @esi Ts[?safzhm]&ch pmmthBder@&ndmt?ted in vacuo.
rou C exane 0] eft stirri or
SETRAeEShY 45 Bﬁréﬁlﬁggw h@ﬁﬁmﬁba@mta&rapﬁsé retrol/ cityl
at raeéteﬁeﬁ qiw aff:g %mféfaoﬁ{ g%g(zi SAdf g%%g aigl :l]éé} bil; O@J] 8452

(OSlrrL 71 mmol ) was

. I(ccL.0 (m@Hoay) @;(ﬁw I\/Hﬁet}ﬂ(ﬁg) zssztgzﬂ rbdlz:ilt(ﬁd) Bfge 386 (1H, m,
ormati on of

100 0 Hhaht o OB e, B rAlgrfaFef D 21 Rf28dlﬁ)m B, 4.58 (18, d

nd PhERZ PRHIIERERSS (M3, 4 X G SO S 14T com, 509
cor(d:Hnbsr,H—da);WMﬁ-Wﬁ]c(uGH, m]hexr&&) ti ng resi due was

purified by flash colum chromat ography (petrol:ethyl
acetate, 5 :1) to afford the title compound (14.4 g,

70%xa 1@7?%&2&1‘ £53i-0L 1@;}1@3 @b%%*}%% APQ ééﬁg-é-qgeggpa-D—

3) , dH (400 WHz,

152 >ndunChli3hSide)- oBD&Ylaﬁho@#rahBéxﬂme H- 2 3 H4, H5),

25

40

4.25 (IH 3 dd, J5,6 4.8 Hz, J JS 11.6 Hz, H6), 4AA
(IH dd, J5 1.6 Hz, J66117HZ H6"), 4.51, 4.74

(2H, ABg, J 12. , ch:Hz) 4.55, 4.61 (2H, ABq, J
11. 7 Hz, BnCH 714.80 (2H, ABgq, J 10.7 Hz, BnCH
2y, 4.92 (1HC%%o N2 118\Hz, H1) 3 5.37 (IH 3 dd, ,3
0 OBn
-0
BnO
(@]
0]
AcO—
OBn
AcO OAc

Benzyl 2,4-di-O-benzyl- OAc a-D-mannopyranoside (255 mg, 0.57 mmol) in
DCM (10 mL) and 1°,1°,1’ -trichloroacetimidate-2,3,4,6-tetra-O-acetyl-o-D-
mannopyranoside (1.12 g, 2.27 mmol) in DCM (10 mL) were added to a dried flask
containing activated 4A molecular sieves (ca 500 mg) via cannular. The resulting
solution was stirred for 1 h, after which boron trifluoroetherate (90 pL, 0.85 mmol)
was added. After a 16 h period, t.1.c. (petrol:ethyl acetate, 2:1) indicated the
formation of a major product (R¢ 0.3) with complete consumption of the starting
material (R¢ 0.1). The reaction was quenched with triethylamine (ca 5 mL) and the

solution was filtered through Celite and concentrated in vacuo. The resulting residue



3.1 Hz, J3A 8.8 Hz, H3), 7.28-7.35 (15H, m ArH).
Exanpl e 71.: Benzyl 2.4-di-0O benzyl -

wW@2@s5/080860pYyr anosi de HO- ~\ Bn? BnO - 0 OBnBenzBET/GB2004/002706
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10

soet hyl acet at €02,

30

35
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2, 4-di - O benzyl - 3, 6-di - O pi"§ol yl - a- D- mannopyr anosi de

(8.0 g, 12.9 mmmol ) and sodi um net hoxide (1.75 g, 32.4

mol ) were dissolved in nethanol (100 nL) and heated

t o Wasfqugikied Ay flagh eolpmniehpandtegraphyl (petroligilest meetatst Ay) to afford the

ac t 2: 1) ,i-Adi cat.ed the formation of.a j2©r .

pr og%&%m(p IQPH%)GE? %’?}ﬁ @o%l‘%lfl a@boﬁglbo#ﬁtsf’]é% [g‘?#t hl-> (¢, 1.0in
st arCRY SRSy Mz, CBICIE) 1898, 2102621088807, 20918810, 2.11, 2.19 (24H,
neutrali'sed with fhe addition of Dowex(r)-50 ion ’

exdhandex Dde),3.24-8 6 (WHj whHpi)it.81-R87(3Hcm Br2ayds 5a, H-62),

r ech FhoRaattr N fok-By FFobl A S 2 i dRabolr Spkys s, H-60)
(petzolUEEdayS; (258 1R & o 223 HA PI-&LS ardd, ths (bt Asi, J11.9 Hz,
compound (4.50 g, 78% as a clearoil; D 25 +45.2

(¢, CHa)o4-ph 4223, Abgi/ (86T IaGH,), B¢, 3)° 1[2(%31%(%%[ 1bd H CH),
a7 (L B R TS a0, g g TP U (i s

gl 127 :gizr%ITlftlgHias Félﬁ,%—ﬂl(ﬁ(ﬁé%,gﬂﬂﬁbﬁsﬁbt’» QQPEI_EIEHHX)% %@7}-45) 536
( 1?#& e A5 18 T My 3-&%&%&7&.&2 e AR 12 14 Hz, Jo;3 3.5 Hz, H-2b),
2, i | 113316 2 - etyl -
a- %ﬂ%&%@’ﬁ%’sﬁ?& }f?’g)g}(n%%%%gﬁ}g?%s%@ Benzyl
2,4-di - O benzyl - a-D mannopyr anosi de (255 ng, 0.57

) [ (1?2rTL . A d r™MA2A -trjchl %ocetoi dat en

0- t/&¥¢ > i RSB e ndside 5 oL
[ - to a dried

co J[‘%ﬂnﬁg%rgg%géée?’\%t eu'ﬁﬁ%(?%‘?g%%?dg: sieves (ca 500 np)

via cannular. The resulting solution was stirred for 1

h, after which boron gtk fluoroetherate (90 ni, 0.85

nmmol ) was addef®® r [ao16 h period, tl.c. (petrol:

icated the formati on of amaj or

| ete consunption of the

e pgaction was quenched

product (Rf 0.3) w
starting material (Rf 0.1)

AcO

o)
AcO— OAc

OAc
OhAc

AcO

Benzyl 2,4-di-O-benzyl-3,6-bis-0-(2,3,4,6-tetra-O-acetyl-o.-D-mannopyranoside)-
o-D-mannopyranoside (100 mg, 0.09 mmol) and Pearlman’s catalyst (Pd(OH),,
moist, 35 mg) were dissolved in absolute ethanol (5 mL). The resulting solution was
degassed and purged with hydrogen gas, then left to stir under an atmosphere of
hydrogen. After a 4 day period, t.1.c. (ethyl acetate) indicated the formation of a
major product (Rs 0.4) with complete consumption of the starting material (R¢ 0.9).
The solution was filtered through Celite and concentrated in vacuo. The resulting
residue was purified by flash column chromatography (ethyl acetate) to afford the
intermediate 3,6-bis-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranoside)-o/p-D-



solution was filtered through Celite and concentrated
in vacuo. The resulting residuewas purified by flash

wa@e edoanwnsehr omat ogr aphy (petrol: ethyl acetate, BECBGBR@4/002706
afford the title conpound (472 ng, 75% as a white
anor phous sol i d; [a]D25 +81.5 (c, 1.0 in CHCIS) dH
(500 MHz, CDC 3 98, 2.02, 2.05, 2.07, 2. 5
2. MANIPPYGNesid 74811&; 48%6)@s  vehiks)amegpliams 30lid mAerIRM;S (BS)

(o ted TGl tyNTD 965 253 ony o Bl i Bfertietibee

H 5(6;4+ ntg, 6088 Iﬂﬂi’lgk) )wits gessﬂgpze(l_llﬂédl A]él%etjdﬁah@dﬁdé‘@ rg%galfd Bytidine
Hﬂg gﬁe{ %‘HE tkﬁdpe@olfﬂlﬁ apgiate,-P)indigated theztfogmat(omf 2
Ab
A el et GlafhSt gtk dodyd i o0 e

1 Treddtion Feas kel lnted, with htil (Zé)tmL)Janﬂbeﬂ)tlﬂrdén,gd thﬁbéthylb'ac&ate (20 mL)
H, 5.36 (IH J 1.8 Hz
?ng%%é WCW?&)SCP%%@%@@WWS ey vgs T—Tzex':?c?dg” i q:t@yl

H-

?é%btateQZ‘k“Q(ﬁmiy l%"clor&ig‘g% ylog%mi‘%férs w%r@%}aﬁ%eé%vl h]tﬁ%t? 5

| e O-acet

4 @Yﬂ&chmaatb&590 mla-1bhasndopy hadogedeatbonate (50 mL of a saturated

105, g SR ARRRHF PARE AnEE dicd ofergveSio SRR spocenisail i
an NAPYs R ise ﬂﬁ)trtlea:oﬁpﬁﬂlﬁm )ﬂig’?l @Q% @S ab hdrPEbus @0&919bem§ a

mmol ) and Pearl man' s cata Pd 2, noi st ng
merrémrggﬁammers (P81 bk ém oCDC) et Jomprtued, 2.00, 2.02, 2.08,

ST A

hydlrlO]gHEl HAh), 8176 111, d@,yfs}a,esz m, Jde 11.2 HA BLéY) 3@9qu &d, J, 5
| ndi cated the fornation or product (Rf 4)

Swi tI0-ZBAple 8 Horsarip? HénHtﬂa) étlél(‘iHng, Hai’teH-én H-6%, H-6¢),

0.9 t f
R S A e e
pur]}i{-f6:lﬁ.‘§l) ?3311‘(2?5&1&0?% wmﬂfhk@mgtmﬁz&amb/eﬁmrml(m d,Ji2 1.5 Hz,
acC e o_arftaor e l.nternedla

e (19 50571 81 .o dbaby i) o 13- (Ubymaticdes Hedb, H 2, H-3b, B

OO 09 5 3 IR

208631112543384 (Raut) /3687 T 0 ThR $17, L&) 2693178 ((11714mﬂ1;1r5na 3.76
0. 088 ) was. resuspended in acet|c anhydri de
an&lgygndf[:ﬁﬁé2Hz Jss 11.2 Hz, H-6’a), 4.01 (1H, dd, /23 3.2 Hz, J34 9.7

H-3a), 5.50 (1H, dd, Ji2 0.9 Hz, Jo5 3.2 Hz, H-2a), 5.83 (1H, d, Ji, 0.9 Hz, H—la.).

Example 73: 2,4-Di-0O-acetyl-bis-0-(2,3,6-tri-O-acetyl--o-O-mannopyranosyl)-o-D-

25  mannopyranosyl bromide

Br



(5 m). After 24 htl.c. (petrol:ethyl acetate, 2:3)
i ndicated the formation of a product (Rf 0.4) with

W@ eovpletse2 consunpti on of the starting materi al PERGB2004/002706
0.0). The reaction was dil 8ed with water (20 nL) and
partitioned with ethyl acetate (20 nL) and the phases
wer e separated. The aqueous | ayer was re-extracted
with ethyl acetate (2 x 20 nlL). The conbi ned organic
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’sod
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e S
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(10 m.) and water (10 nlL), and the aqueous |ayer was

re-extracted with DCM (3 x 10 nlL). The conbi ned
wo@r@anisel ayers were washed wi th sodi um hydr oge@I/GB2004/002706

carbonate (20 nL of a satuBated aqueous sol ution)

until pH 8 was obtained, brine (20 nL), dried over

e B g L oty -
V\’asfn&%fgg?raﬁ&f‘l\bfdﬁﬁﬂé ggﬂé)rthQfSﬁ%fH %) \Q%tdl%mvggij} gn%o}ls acetone
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- TtgopyanesyDrasDanaraapyrangsyd-lgsghiquqmpur, tnoraxdee(ﬁstane, 60%)
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heated to reflux under an atnosphe
Af tcéﬁsul@thm of thegstaripg tatsrial @Reiyd), @odtictt pointl 18 reaction was cooled
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0. 42 x 20RELY. FhE bAPinv@ SrgaBit SRS @El%qvvdsﬂed/@ﬁ]i Qoﬁﬁﬂl Byf¥ogen

resutllng resi due was purified by col um

chCbandg (2ml of esptyratedequgoey sobitioa) dirine 92(11):11:) alriEfif(Ma$0, ),
th ?’éﬂegbtd%ﬁlgﬁ‘{g x?enéegi‘éoteyt%h Fi?Vd%uacﬁh%S%ijﬂ%@gﬁuf was purified by

a Hastacoiopy mhnmmﬂégrhphﬂ@éﬂﬁd)lwlhﬂ AEAXDS OF) feafld?dthdWie compound
This internmediate (550 ng

9% whi ch was carried on.

200 &35 378k SRVt prphousglid T'Tﬁ%ﬂXC,vle?él%H@éd?SH
to oStiEdr u o] 1
Thé§%1xturgg%g]&ﬁég?gdfz%gygéﬁan%é%ggﬂ%pﬁ%ﬁé4§%gg

2. 30k, Oac)l°@7 (18 &t.rH); 3 6 HYH, mi;eftqaseH:a,Jé%a lllm)o[l{gaiﬁd) 3.93

t h?lﬁo 1099 191 2 REQUE 6K 25 2) s (0B Hs, b-sbe,
H-6), 4.43-4.45 (1H, m, H-6), 4.51 (1H, dd, Js¢ 5.6 Hz, Jss 12.6 Hz, H-6"), 4.56-
25 4.60 (2H, m, H-5b/c, H-6’), 4.91 (1H, d, J1; 1.5 Hz, H-1c), 5.20 (1H, d, J;, 1.8 Hz,
H-1b), 5.43 (1H, dd, /1, 1.8 Hz, Jy3 3.1 Hz, H-2b), 5.45 (1H, bs, H-1), 5.65 (1H, dd,
Ji2 1.5 Hz, J53 3.1 Hz, H-2a), 5.70-5.82 (SH, m, H-2c, H.3b, H-4a, H-4b, H-4c),
5.85 (1H, dd, J53 3.2 Hz, J34 102 Hz, H-30).

30  Example 75: Representative protein glycosylation procedures of SBLCys156 using
Man(1-6)Man(1-3)ManSH

1-Thio-2,4-tetra-O-acetyl-3,6 -O-bis-(2,3,4,6-tetra~ O-acetyl-a-O-mannopyranosyl)-

a-D-mannopyranose (20 mg, 0.02 mmol) and sodium methoxide (2 mg, 0.02mmol)



consunption of the starting material (Rf 0.0), at

whi ch point the reaction was cooled to RT and the
w@basesssepar at ed. The aqueous | ayer was re- exPCHCB2@4/002706

with DCM (2 x 20 nlL). The 8dnbi ned organic | ayers were

washed wi th sodi um hydrogen carbonate (20 niL of a

saturatgea guequs _sql ution), brine (20 nL), drie

( MySge added tojastiged golyten @fmae@am} émnlr)eﬁﬁ%hz h{(pvta@lr@hyl

Th
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t heonsunh@iononfpheisiaktias 5ﬁht¢rga,1 (Hﬁ%) dhe reavtiont wasmantialisadswith the
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5. %5 M) of@ﬂscma_s ILLLHza,s alddﬁi ‘@)a,quebus bulfeBt, (500 pH; 2amM

dds&?éTF PREMES, Dy ECiCh GHE.) ptgaiing SPbssCorSt b Gime). The

5 JE i ﬁ%ohﬁicﬁl ﬁlaceﬂ o%]an(ehhiovgp exfh ﬂotaﬁ%r %ﬁlr r%a],aé'feh& on mixture

Hz ,waydbaded Dniara Pm o] Syphaseﬁmj cH;lmius ,anﬁ-le]u)qd Witk 30 (ﬂNﬂ,HEPES 2

100 1 G2, 2310 ST 0 iy Scicd P i ifTab i Man-s-

3 %Bﬂlysi%rﬁQ(ESHZfouﬁ&MS dalcdpyes1/5: Representative
protein glycosylation pr ocedur es of SBLCysl 56 usi ng

Man( | -6) Man(l - 3) ManSH 1- Thi o- 2, 4-tetra-O acetyl -3
,6-Obis-(2,3,4,6-tetra- Oacetyl a- O mannopyr anosyl ) -
a- D- mannopyranose (20 ng, 0.02 mmol) and sodi um

nmet hoxi de (2 ng, 0.02mmol )were added to a stirred
solution of nmethanol (5 nL). After 12 h, (petrol:ethyl
acetate, 1:2) indicated the formation of a product (Rf
0.0) with the conplete consunption of the starting
material (Rf 0.2). The reaction was neutralised with
the addition of Dowex(r)-50 i on exchange resin after
whi ch point the reaction was filtered and concentrated
i n vacuo. The crude sugar thiol was taken up into
water (5 nmL) of which 38 nL was added to aqueous
buffer solution (500 nL, 70 MM CHES, 5 nmM MES, 2 nM
Cad 2, pH 9.5) containing SBL156CysSePh (1 ng). The
resulting solution placed on an end-over-end rotator.
After 1h the reaction mxture was | oaded onto a PDI O
Sephadex(r) &5 colum and eluted with 70nM HEPES, 2

15



mM CaCl 2, pH 7..0. The protein fraction was coll ected
to afford Man(Man) Man- SSBLCysl| 56; m z (ESt+) found
WQZ®780086¢nl cd. 27881.Clains 1. A nethod of forPeTGBa004/002706

di sul fide bond, the nethod8&onprising reacting an

organi ¢ conpound conprising at |east one thiol group

with a conpound of formula I: R S- X- Rl wherein: X
denotes SO2 or Se; R denotes an organic noiety; and Rl
den@bgss an optionally substituted al kyl group, an
optTonal |y substituted phenyl group, an optionally
substituted pyridyl group or an optionally substituted

napht hyl , group; Mmith the, vi.so .t hat n X denotes .

sc2t he#%f?%@ﬁwwmm@eﬁ&?ﬁ%wpéﬁg? Wﬁgﬁﬁgmmaeactmg an
5al ktbani@corfipsBdRepAGER hlleAd dnl #5h & @hipobhi® of formula

organi ¢ conpound conprrsing at |east one thiol "group

islan am no acid, a peptide or a protein. 3. A nethod

of chemically nodifying a protein, peptide or am no

acid conmprising at |east one thiol group, the nethod

conprising reacting _sai deprgdtein, peptide or am no

acid with a conpound of fornula |: R Is. x- R1 1

wherein: X denotes SO2 or Se; R denotes an organic

noi ety; and Rl denotes an optionally substituted al kyl
10gr oup, awhesghi onal |y substituted phenyl group, an

optionally substituted pyridyl group or an optionally
subst it l}féamﬁﬁ%%ﬂs‘%gr oup; Wi th the proviso that when

X denot g d&fHesthefgdilc ﬁilg%;@gg denote optionally
substituted al kyl. "
R” denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, an optionally substituted pyridyl group or an optionally substituted
15  naphthyl group;
with the proviso that when X denotes SO, then R' does not denote optionally
substituted alkyl.

2. A method according to claim 1, wherein the organic compound comprising

20  at least one thiol group is an amino acid, a peptide or a protein.

3. A method of chemically modifying a protein, peptide or amino acid
comprising at least one thiol group, the method comprising reacting said protein,

peptide or amino acid with a compound of formula I:

25
R—S—X—R! |
wherein:
X denotes SO, or Se;,
30 R denotes an organic moiety; and

R! denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, an optionally substituted pyridyl group or an optionally substituted
naphthyl group;



4. A method according to any one of clains 1 to 3,

wherein Ris a carbohydrate group. 5. A nethod
wa@ewsndissy t o any one of clains 1to 4, wherei nPEIGB2004/002706

phenyl. 6. A nmethod accordi8fg to any one of clains 1to

5, wherein X IS Se 7. A nethod according to any one

of clains, 1 to 5, wherejn Xis SQO2. A,conpound of

formul a WLth fhe peovise thegw @Fwte%‘aé%? & daepnesdempte optionally

dengb&ud akpohydrate noi ety; and Rldenotes an
optionally substituted al kyl group, an optionally
substi tuted phenyl group, optionally substltuted

pyrj dyl or a tionall ubst.it napht hy
DY oY R Rl p iRl ih ke (AR b oD BeroBER ot hgpbohydrate

5R1 & @@@ not denote optionally substituted alkyl. 9. A
conpound according to claim8 wherein RL is phenyl.
10 A conpound according to claim8 or claim9,

o r ¢ Ielaln rﬁz( 516%1\/9? earC %&rn /_%O %8 ngﬁeu ntd s ﬁ\rtSrgn%B fno]# en}’l

preparing a conpound of formul a I as defined in claim

11, sai d nmet hod conprising reacting a conEound of

f orfrul a A Methoderaoing p are pre ofilaigndite S, wherstnaX is Sor
1o€xanpl e Li, Na, K Ca, GCs, Zn, My, or Al; and k

denotes 1, 2 or 3; with a corrpound of forrrul a Pl: R-L

| Wher eiAmethodewcirdimgao hepunaef gt to 5, wherein X is SO ,.

8. A compound of formula I:
5 R—S—X—R! I

wherein:
X denotes SO, or Se;
R denotes a carbohydrate moiety; and
20 R' denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, optionally substituted pyridyl group or an optionally substituted
naphthyl group;
with the proviso that when X denotes SO,, then R does not denote
optionally substituted alkyl.
25

9. A compound according to claim 8 wherein R is phenyl.
10. A compound according to claim 8 or claim 9, wherein X is Se.
30 11. A compound according to claim 8 or claim 9, wherein X is SO,.

12. A method for preparing a compound of formula I as defined in claim 11, said

method comprising reacting a compound of formula II:



13. A nethod for preparing a conpound of fornula |I as
defined in claim1l, said nethod conprising reacting a

wale@alobisedez conpound of formula VIP. R S-SR vnP@i/GB2@4/002706

sulfinite anion of fornmul a8klSQ in the presence of
silver ions. 14. A nethod for preparing a conpound of
formula | as defined in claim10, said nethod
conprising reacting a conmpound of forrmula V. R- SH YV
with a conmpound of gg@y@ﬂiVia or VIb:yR1SelL2
R1Se(OH)2 Via VIb erein"L2 denotes Br, C, CN, or
|.15. Use of a conmpound of fornula | as defined in any
of clainms, 1 to 7, in disul phide bond formation. 16.
Use of a"i8fifound of formula | as defined in any of

5cl ai ms Ivtdendtes b HetdID E¥Anidle i NLKE (A, C& REREE A8 AR apd
an amino acid conprising at |edst one thiol group. 1a9.
Use of &k denotrsund ooB; fornula | as defined in any of
claims 8 to 11, for glycosylating a protein, a peptide
or an am no acid conprising at |east one thiol group.
18.with sebhpeuref offbenilg Al y nodi fying a protein,

pepti de or am no acid conprising at |east one thiol
group, the method conprising converting said thiol
group into a sel engnyl sul fide grﬁilp. 19. A net hod
according to claim 18, whereint conversion is
carried out by reacting the protein, peptide or am no
acid conprising at least one thiol group with a
conpoundvlafreihor nul a Xa or Xb: R2Sel2 R2Se(OH) 2

L denotes a leaving group.

10

15 13. A method for preparing a compound of formula I as defined in claim 11, said

method comprising reacting a disulfide compound of formula VIII:

R—S—S—R
Vil

20  with a sulfinite anion of formula R*SO, in the presence of silver ions.

14. A method for preparing a compound of formula I as defined in claim

10, said method comprising reacting a compound of formula V:
25 R—SH v
with a compound of formula VIa or VIb:

R!Sel ? R'Se(OH),
30 Via Vib

wherein L? denotes Br, Cl, CN, or L.



Xa Xb wherein: L2 denotes a |eaving group; and R2
denotes an optionally substituted al kyl group, an

W@piosoomb: y substituted phenyl group, an opti oP@i/G$2004/002706

5

10

15

20

25

30

substituted benzyl group, &h optionally substituted
pyridyl group or an optionally substituted naphthyl
group, or R2 forns part of or is attached to a solid
support. 20. A nethod according to claim 19, wherein R2

t ne o a spRpSEid ALoRERET S Bl i k8 P S A
e tdismdiplade bondl fogmdtmnany one of clains 18 to 2 1,

further conprising reacting the sel enenyl sul fide group
in the protein, peptide or amino acid with an organic

congoun djs%%fb%bgfpaan@oftfehﬁﬁlag ragaa*mea_%% afy SELRAE 1°h 7, for

chemcally nodifying a protein, peptide or amno acid

c ormpedifiinga protdim agteptideosal amin ptidehimpdeing ablepst dnleehiol group.
met hod conprising reacting the protein, peptide or

amno acid with an organic conpound conprising a thio

gragp. e ok aBipetn ESCRAANIAT af Befflcdiifh@Pofdlaitlsd @ 143 for
wherein the organi c compound is a carbohydrate '
corghpavlatinga piigiatarsitide eordiminotagi ddomprs g ab teagl etierthiol
23, erein the organic conpound is a protein, peptide
or Bmmo acid. 26. A protein, peptide or am no acid
conprising at | east one sel enenyl sul fide group,

wherei n the sel enenyl sulfide group is a group of i
f orlful a:A msthed.aksherfjcallmoditying apsetein, aqp%@spr amnq geid

oo i at RatDne BB ftop I LA B SHE St kaid hicl
an gopiy inted $efersapistlfitle gedhppyri dyl group or an

optionally substituted iiaphthyl group. 28. A protein,
peptide or am no acid conprising at | east one

sel@nenyd sighidad@cording to claim 18, wherein the conversion is carried out by
reacting the protein, peptide or amino acid comprising at least one thiol group with a

compound of formula Xa or Xb:

R’Sel? , R’Se(OH),
Xa Xb

wherein:

L? denotes a leaving group; and

R? denotes an optionally substituted alkyl group, an optionally substituted
phenyl group, an optionally substituted benzyl group, an optionally
substituted pyridyl group or an optionally substituted naphthyl group, or R
forms part of or is attached to a solid support.

20. A method according to claim 19, wherein R? is phenyl.

21. A method according to claim 19, wherein the compound of formula Xa or
Xb is PhSeBr.



group which is obtainable by the nmethod of any one of
clains 18 to 21. 29. A protein, peptide or amno acid

wa@omsnossng at | east one disul fide bond whi ch PET/GB2004/002706

10

15

20

25

30

obt ai nabl e by the nethod o87any one of clains 22 to
25.

22. A method according to any one of claims 18 to 21, further comprising

reacting the selenenylsulfide group in the protein, peptide or amino acid with an

organic compound containing a thiol group.

23. A method of chemically modifying a protein, peptide or amino acid
comprising at least one selenenylsulfide group, the method comprising reacting the

protein, peptide or amino acid with an organic compound comprising a thiol group.

24. A method according to claim 22 or claim 23, wherein the organic compound

is a carbohydrate compound.

25. A method according to claim 22 or claim 23, wherein the organic compound

is a protein, peptide or amino acid.

26. A protein, peptide or amino acid comprising at least one selenenylsulfide

group, wherein the selenenylsulfide group is a group of formula:
-S-Se-R?,

wherein R* denotes an optionally substituted alkyl group, an optionally
substituted phenyl group, an optionally substituted benzyl group, an
optionally substituted pyridyl group or an optionally substituted naphthyl
group.

28. A protein, peptide or amino acid comprising at least one selenenylsulfide

group which is obtainable by the method of any one of claims 18 to 21.

29. A protein, peptide or amino acid comprising at least one disulfide bond

which is obtainable by the method of any one of claims 22 to 25.



