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1 81204/001 Reagents and Methods for the formation of disulfide bonds
and the glycosylation of proteins 5 The present application is concerned
with reagents and methods for the formation of disulfide bonds and/or for
the chemical modification of proteins, in particular reagents and methods
fokusgsdhe glycosylation of proteins. The co- and post-translational
glycosylation of proteins plays a vital role in 10 their biological behaviour
and stability (R. Dwek, Chenx. Rev., 96:683-720 (1996)). For example,
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these events is made difficult by the Bietainat glycoproteins occur naturally
as mixtures of so-called glycoforms that possess the same peptide
backbone but differ in both the 15 nature and the site of glycosylation.
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culture leads to heterogeneous mixtures of glyco il
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systems (B.G. Davis, Science, Vol 303, p 480-482, 2004). A number o
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not least the possibility of access to pure glycoprotein glycof ne
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glycosylmethane thiosulfonate reagents react with thiol groups in a

pritéiiberibtoRBe S RtpEs &Y enratiiniakee formeisphstefareincs endukide
band-(aesiRrexamplanMRUIRLALBpurposes, but is of increasing importance

when preparing therapeutic glycoproteins, which are currently marketed as multi-

glycoform mixtures (e.g. erythropoietin and interleukins). Other post translational
modifications of proteins, such 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 glvcoforms. 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 WO00/01712).

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

including occasionally moderate reaction yields, difficulties in their preparation and



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

including occasionally moderate reaction yields, difficulties in their

preparation and 2 problems with stability under the basic conditions in

which they are often used. There is thekefore a need for further reagents

for use in protein glycosylation which are readily prepared, stable and

give high yields of the glycosylated protein product. There is also a need
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enotes farnesyl or a carbohydrate group e organic
SH) Wé%ﬁ@@ﬁﬂ’%‘h@i/mfﬁ@@%‘ﬁéast one thiol group is an amino acid, peptide
or protein. In a second aspect, there is provided a method of chemically
modifying a protein, peptide or amino acid comprising at least one thiol
group (-SH), the methBd-eémpriXing Réactlng said protein, peptide or
amino acid with a compound of formula | as previously defined. 3

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, and R denotes faresyl or a carbohydrate group.

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

In a second aspect, there is provided 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.



In one embodiment, there is provided compounds of formula | wherein R
denotes a carbohydrate moiety. When R denotes an alkenyl or alkynyl
group, there is the possibility that the disulphide compound formed by
reaction with the compound of formula Bmay he further elaborated by
reaction at the C=C or C=C bond in the group R. We have also

suyprisingly, found that a thiol containing protejn be conyerted fo the
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protein. As used herein, "g1ycosylation" refers to the general process of
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protein, peptide or amino acid comprising at least one thiol group (-S-H),

prefetfid HePOEEsTRP RERTCY AP BUH S lsas Mot roapyistdlide group.
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group with an grganic compound  containing a thiol group. The methodﬁs)
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method, the g . :
protein, 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, there is provided a method of chemically modifying a protein,
peptide or amino acid comprising at least one thiol group (-S-H), the method comprising:
(a) 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 as described

above will hereinafter be referred to as the first method, the second method, the



4 third method and the fourth method respectively. Unless otherwise
stated, all preferred features and definitions herein relate to all these
methods. Furthermore, the disclosures herein include any and all
possible combinations of any preferred4 features referred to herein,
whether or not such combinations are specifically disclosed. Further, in a
fifth aspect, there is provided a compound of formula I: R-S-X-R' |

Whisdansthrdgenbtes isoth srwdresppdiss! darlsshythenwissoistpdnall

faroesa and RedeneiRs A artienally s tiuigdalohoiyas. %hermme the
aigtlonally substituted phenyl group, optlonally substituted pyridyl group or

splogBreaBestip duelnde Auipmdh i growd s weriiaahiens so st ST ofasedx
denotes eReethemBedossRalderats aricasiysubsHiuRd Alkyl.and

wherein the compound is not phenylselenyl-2-O-acetyl-3, 4,
@ﬁ?@%nzyl I- thio-a-D-mannopyranoside. In a sixth aspect, there is
provided a method for preparlng a compound of formula | as previously

defined,.said method.com reactl compound of fo ula

S SOSRRET Gl Gl GhEe 5 VAT EARBBALT RIe
Cs, Zn, Mg, or Al; and k denotes 1, 2 or 3; W|th a compound of formula llI:
R-L Il wherein: L depotes a leaving group. 4a In a seventh aspect, there
is provided a method%r ep g{compound &f formula | as defined
above, said method comprising reactlng a disulfide compound of formula

VIll: R-S-S-R VIII
wherein;

X denotes SO, or Se;

R denotes a carbohydrate moiety or farnesyl; and

R' denotes an optionally substituted alkyl group, an optionally substituted phenyl
group, optionally substituted pyridyl group or an optionally substituted naphthyl group;
with the provisos that when X denotes SO», then R' does not denote optionally substituted
alkyl, and wherein the compound is not phenylselenyl-2-O-acetyl-3, 4, 6-ri-O-benzyl-1-
thio-a-D-mannopyranoside.

In a sixth aspect, there is provided a method for preparing a compound of formula I

as previously defined, said method comprising reacting a compound of formula II:

M(SSOR') I

wherein:

M denotes a metal, for example Li, Na, X, Ca, Cs, Zn, Mg, or Al; and
k denotes 1, 2 or 3:

with a compound of formula II:

R—L 111

wherein:

L denotes a leaving group.



- with a sulfinite anion of formula R' SO2 in the presence of silver ions. In an
eighth aspect, there is provided a method for preparing a compound of
formula | as defined above, said method comprising reacting a compound
of formula V: R-SH V with a compo&md of formula Vla or VIb: R'SelL2
R'Se(OH)2 Via VIb wherein L2 deniotes Br, Cl, CN, or I. In a ninth aspect,
there is provided use of a compound of formula | as defined above, in

dif.ul hide %gnd formation. In a t A: %{;}elcéljthere IS provided use of a
cothpotIng %8%% ?Tgésd%fﬁ’ﬁ’é BBV 48, MAGmARG Basromugd of

formupeptislddinan suirgatideonadrisingatigastonadhialsgupedhphund of

f mugley th aspect, there is provided use of a compound of formula | as

above, for glycosylating a protein, a peptide or an amino acid

comprising at least one thiol group. In a twelfth aspect, there is provided a
method g rrgca modifying a protein, peptide or amino acid
comprising at least one selenenylsulfide group, the method comprising
reacting the [yrlgtem peptide or amino acid with an organic compound

comprising a thiol group. 4b In a thirteenth aspect, there is provided a
protein, peptide or amino acid comprising at least one selenenylsulfide
with ag?‘c%l‘%ﬁﬁi@wfﬁ@fg‘éi%% HERERREISC G PO S PFormula:
-S-Se-R2, wherein R2 denotes an optionally substituted alkyl group, an
optionally substituted phenyl group, an optlonally substituted benzyl

grBLA SistBshegly Berssttet dsgridpegien e Pim BHtbh s BoRRdiRfied
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or amino acid comprising at least one selenenylsulfide group which is
obtainable by the third method. In a fifteenth aspect, there is provided a
protein, peptideRer-aHino acid comprising &t least one disulfide bond
which is obtainable by the fourth method.

with a compound of formula VIa or Vib:

R'SeL? R'Se(OH),
Vla Vib
wherein L2 denotes Br, CI, CN, or L.

In a ninth aspect, there is provided use of a compound of formula I as defined
above, in disulphide bond formation.

In a tenth aspect, there is provided use of a compound of formula I as defined
above, for modifying a protein, a peptide or an amino acid comprising at least one thiol
group.

In an eleventh aspect, there is provided use of a compound of formula I as defined
above, for glycosylating a protein, a peptide or an amino acid comprising at least one thiol
group.

In a twelfth aspect, there is provided 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.



In a sixteenth aspect, there is provided use of a protein or peptide as
defined above in the determination of éaroteln structure by X-ray
diffraction. A generallsed reaction schéhe for disulfide bond formation

ﬁor%% e flr nd secondgn&thod%ls shov%/ in Scheme 1 or%{mlc
SH R-8- or‘ara‘:n‘r%p’%%%e S REOIFIS ATRHIS PTARHRRASH GRapTising
at leagy r@&melmerefﬂylﬂﬁdwgmmﬁc#mmﬂ tisea@rotsin]spdpdideronpaminpagicf4c
formd ,i\ generalised reaction scheme for the introduction of a selenenylsulfide
group into a protein, peptide or amino acid according to the third and
fourth methods 4c is shown in Scheme 2: C~ SH Q = protein, peptide or
amino acid 5-SegRZ Scheme 2 The method of Scheme 2 results in
covalent linkage of a group R2 to the protein, peptide or amino acid via a
selenenylsulfide (-S-Se,-) linkage. Such proteins, peptides or amino acids

fo&ﬂe"fleﬁﬂrﬁle({eﬁ Egrzﬁl?)gttﬁ?agf%%@l%g{%egbeaﬁw eéqﬁé t%l m(?t%rh% Quligs% ted

comprising a seleneny oup may eterm ation o

prighteity lsgraoiu e viptixnally diftrsicioedtbonmibgesirCanrepilynayDbatiiid e
wgyﬁ %@Q{Qﬁlgﬂﬁﬂﬁ 5§%Mg if f%\{guethe conversion of

any méthionine residues in the protein int enomethionine. 5
Comparison of the X-ray diffraction patterns of the modified and

u 0 t ter ion 0 e Structure ..
e R A A R B AL R P S e
at leasj@waqlemrmm}%@dgrauped@tb is obtainable by the third method.

In a fifteenth aspect, there 1s provided a protein, peptide or amino acid comprising

at least one disulfide bond which is obtainable by the fourth method.

In a sixteenth aspect, there is provided use of a protein or peptide as defined above

in the determination of protein structure by X-ray diffraction.

A generalised reaction scheme for disulfide bond formation according to the

first and second methods is shown in Scheme 1:

Orgamc ' 1
SH Re§X-—R
drgame
5

Scheme 1

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

amino acid.
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alternative selenium-containing proteins or peptides which may be used in
such techniques. The methods of fhe invention provide an easy method
for introducing a 10 heavy metal into a protein structure, thus making
interpretation of the X-ray diffraction data easier. Selenenylsulfide
containing proteins, peptides or amino acids may be further reacted with
thiol contaipingraligadiceoivipecingscaocohdingrtalthadowdh mkthoglaslifide
B e e e ST I SRS S S o Rmemos
e or amino aci organic moie -S-"organic ~/ moie
1Eis$hhamel$fﬂilwméthod of Scheme 3 results in covalent linkage of the
organic moiety to 20 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-cg g~Qrgafic compound acts as a
nucleophile. In contrast, the known react utilising glyco-MTS reagents
invc_)lve re?ﬂ o‘i’&ﬁ E{%philic thiol greup in the protein, peptide or
amino aci rH)"‘?ic‘? roph|I|c glyco-M[TS reagent. The method of the 6
invention therefore provides a complem ntary strategy to the known
protein modification strategi |S|ng yco- MTS reagents. As used
herein, alkyl preferably dénote® a siraight-chein®F branched alkyl group
containing 1-10 carbon atoms; preferably 1-6 carbon atoms. Preferred
alkyl 5 groups include methyl and ethyl. As used herein, alkenyl
preferably denotes a straight chalnBOlhbranfhed hydrocarbon group
comprising at least one carbon-car " double bond, and containing 2-20
carbon atoms, preferably 2-10 carbon atoms, and more preferably 2-6

carbon referred alke RS includ CH2,
-CH2CI—T§% ‘}f é pfr%n éﬁ%l EI-CI?)VI?I th{% rﬁ)ectlgi Toup'R” to the

protein, peptide or amino amd via a selenenylsulfide (-S-Se;) hnkage. Such

proteins, peptides or amino acids form a further feature of the disclosures

herein.



10 ((CH3)2C=CH[CH2CH2C(CH3)=CH]2CH2-). As used herein, alkynyl
preferably denotes a straight chain or branched hydrocarbon group
comprising at least one carbon-carbon trple bond, and containing 2-10
carbon atoms, preferably 2-6 carbon atoms. Preferred alkynyl groups

include -CH2C=CH and -CH2CH2C=CH. When R1 denotes an optionally
substituteBrateietyend iepbides abatittising 4 Slactngtsdifids ghstijusayswhiekl in
o DO ORI AT AN AL V1E SOPAHAR LIRS Elreny,

the disulfide bond forming reaction accor o the Tirst of seagond

meMhOEs(ar epamsle gk AROB I ISCBR S IGTHADKREs haokye the
(CHACHIO) MaheIsin N As00Ra 100, BIGIBrPR 130, M onine

preferably 1-20, dnd still more preferably 1 1 group may
indepandepely elibsti¥urey difiRotios patidrps eetabiyatlidied asdbstituetifsd

The, Rearoupmay,alsg 9&&%%{%&%9%0 &eogffﬁ{iégj%%% K ésagcl):gei'n o be

support, for example a resin such as a polystyrene res preferr

groaprisdapienyl hWhéﬂiQﬂ@@ﬂ@mipﬁWHﬁﬂm&memﬂnd@@ﬁ forhmendst iscess to
PhenyLorRBQtIST AL Malic groun., then Ei}eé Is40e,3dded adyantage that,

25 the progress of the reactiorT with the thiol-containing compoun
actestenig s tHdirseted sselchadnyentiod proidb enmanitorsbodsfogitioducing a
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maximum in the UV spectrum at approx. 265nm moiety s
presEmqidioiataragiernpound of formula | and the PhSO2 that is the
by-produ ISLHf ; ing.reaction t |

exti nction@gﬂé@é}&%ﬁéﬂg gf%é%{s%%f%%% %ﬁ%grﬁf f?g %{r}g é%‘igé ;;)!E]%% § (?Iei(%\gg%% %t%fmher
bergistatbradibinbeonaisinglerganineehipdend fgrtlingthdbs Ditle method as
IVERNANIAY BEPANIAIRIRG Y AREEPRERRY e (he group R2 is
phenyl or another aromatic group. 7 In the compounds of formula I, the
group R may be any organic moiety, particularly any organic moiety which

is suitable for linkage to a protein,peptide or amino acid. Thereisno
particular limitation on the nature.g A Fg exa?rm)fé‘,'rhg R group may be
primary, secondary or tertiary. R may be aromatic or aliphatic. The 5

group R n%?'f%ﬂ@ﬁally be substitutel, for example by phosphoryl or

sulfonyl SBSideBh&IAASHX is Se,|R may also be aprotein, peptide or
amino acid, giving the possibility of linking 0H§e or amino

acid to another protein,

¢~ brganit
Ca s

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 (-8-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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peptide or amino acid via a disulphide linkage. One preferred R group is
farnesyl. Farnesylation is a natural post 10 translational modification
associated with many proteins, includingghe oncagenic protein Ras. The
methods of the invention therefore allow prepation of famesylated
proteins, peg;ides and amino acids. Also preferably R is a carbohydrate

[

mRBALERIGRE SR HEley AcamRlER e aTiesizixE o ths. mesvirketaitay
CORGHRL IO A RARPR DRENSRI mﬁcsamax@a%%@ moiety and the -S-X-

group. For example, the linker may be an alkylene group (for example a
g@ . 9

-(CH2)t- grotipshheidmn tlishprelsrably denaiesn srhyehngeo bppprded alkyl
exgﬂ&a&ecénté%livl?\%@ﬂﬁ%b&ﬁ atdiR B - OraHRn RIGIRTe A ed allyl

compounds ich the -S -X- group is at the anomeric position of a

saBEnis dectadiduetbrligndiesetie o ousnd Astrireatkearbare{asblidkeptsn
Suitahiecarhahydrale RAIRJER CHIE RABRALEIRHISS 1east one carbon-carbon

oligosaccharides and polysaccharides; and include any carbohydrate

mORH PR st e sBrimng ArarasRr v R qRfs e fd bedrbon atoms, and
bi%@éﬁfﬂ&y@tﬁm§~d’&§f@5@mﬁ.op}@@éﬂéﬂ miﬁqtge%@l%q%mcgn

glycoside derivatives, for example optionally-protec lucosyl,
OIS gty b PRl (ko) STy Haricho ensa 25
greung;includa et @ atddRgauRs Gyiablecahohydiate MARtSS ferably

include glucose, galactose, fucose, G1cNAc, GalNAc, sialic acid, and
mARRRIsE 2 stk ehighein on dranshiet brlyeeartnarHesrcernpmising at leassone
ong HHERae HAAIe HRn USRI oRISNAC LGB N ABHSIAlc @GILFARH0P 6 carbon

mannose residue. Any functional groups in the carbohydrate moiety may
optieEssefeseed rfiemsbaeimy proukirgbfotpt imdwhih e GrCHee

for examgie GrRéRe:fha an RISAANG RS HORAICHIRKIE S s#lehts
Edition, Wiley, New York, 1991, the "disclosure of which is hereog

b
indBFpsiatey BRPrERraR BRichRamet prétesting Bholisdoraiaing obthe compound

grevRsHuIRG SRIGRN Y ASURRIEBOIRF IR A A R07Y Bk 8Brst or
pivolyl (piv), silyl (for example tert-but%/Ql dimethylsilyl (TBDMSi) and tert-

but§ta b FPMESRRDY AXCears ReftaCGelds m&Hek I atdyiapdom).
AnyCPRIEGHNNMEQURS RAY B sesnoveshbsfors anpitesattasipent.abine 2o,

carbohydrate moiety to the amino agid, peptide or protein. 5 Particularly

préfs el ExpEoraTERR nbiktted Medt B Rt 43-Indregmdgaty, 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 a resin such as a
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 diéulﬁde 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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Gal(Ac)43-, Gal(Bn)43-, Glc(Ac)4a(1,4)G1c(Ac)3a(1,4)Glc(Ac)4(3-, (3-Glc,
(3-Gal, a-Man, a-Man(Ac)4i Man(1,6)Mana-, Man(1-6)Man(1-3)Mana-,
(Ac)4Man(1-6)(Ac)4Man(1-3)(Ac)2Manay, -Et-(3-Gal,-Et-(3-Glc, Et-a-Glc,
-Et-a-Man, -Et-Lac, -(3-Glc(Ac)2, -B-Glc(Ac)3, -Et-a-Glc(Ac)2,

-Et-a-Glc(Ac)3, 10 -Et-a-Glc(Ac)4, -Et-(3-Glc(Ac)2, -Et-(3-Glc(Ac)3,
-Et-(3-GlifAy40pauhdarndAo)8iulél: thivVigm(Ackimdst {8 4B pliAu)8e moiety,
-Et-(3-Gal(Ac)4, -Et-Lac(Ac)5. -Et-Lac(Ac)b, sEts Lac(Ac)7, and their X
e A R S T S s o TR e e, e o
carboiydcate Miwietyswhiphrtagad énivieat ivomnrnhtunatiyoct Brrifigrsugarsle, the R
will each be in the naturally occurring ,15 engntiomeric form, whick

DS el DA .o Dot ote B B atelot sy, S B e SoAHre e The
L- gnawprid seap optitcelde hetaupsivaete fior iagels hyeghbepheni ¢Bsulfonyl

link . The nd comprising a thial group used.in the firstor ., . .
o R e e i sy
ortbe IpdsgpOitp of hakglo20 pgroeip, peptibe primang, sadandaoyher fertisiry.
The compound may.he aromatic or.aliphatic. If more than one thiol group

is %?%tslg%? in lél%g%%%gban%@asﬁlgﬁfdygnggﬁ% will potentially be formed at
each suchrhiptefeogd. PP pederaisijariive dohpogsylis @niaminoiadigost

pepti i se el peptide contains a minimum of two.
T R B R S A B W
acgidotempBrsedlve thetiprdsainthpaptidetion aheintoac i lisvppedeasibly difarmesylated

a-sm{g%&a%ig ﬁ JlY %Qain %%i% MRY be in the D- or L-form, preferably the
L-form. Th gmlno acid, peptlée or protein may be any naturally-occurring
amino acidspeptideablygloteircavhidly bemprisesya ahiogdbupitfoheakammplenker
duyg iﬁett@gﬂr%%&‘?eﬂ%%ﬁ‘&% R & 1§'P‘?or?§'%%b%¥’s' t%'%\%%%%t%%'éfar@&ydrate
amino acid, p&ptide or 30 protein‘may be prepared by chemical

modHisstiod Hfea Bre@roop ndivthianpdn tdin inganmiry heish pipliche group (for
prg;(%'m é%I erpatively, a i&hgpnﬁatilai R ti r protejin may be

o e o SR SE cpp o
Siteadingicted(Mdtaigerd it i aldiguinb (ddhibuerionthe Brefsrelfare compounds
€ r(l@lf%t?tﬁ’\’?@?}?]g afdehne (5]{ o 55@#_% Molecular Glonings; i
Lg%oratory l\ﬁanua, ?d }I)Ec?i%lon, glg% gpr%r%s ?arbour La‘[boratory %regs?,r '
200tEcted tisbiosneazuf witlobnane sakby incorporated by reference).

Suitable carbohydrate moieties include monosaccharides, oligosaccharides
and polysaccharides, and include any carbohydrate moiety which is present in
naturally occurring glycoproteins or in biological systems. Preferred are optionally
protected glycosyl or glycoside derivatives, for example optionaily-protected
glucosyl, glucoside, galactosyl or galactoside derivatives. Glycosyl and glycoside
groups include both « and § groups. Suitable carbohydrate moieties include
glucose, galactose, fucose, GleNAc, GalNAc, sialic acid, and mannose, and
oligosaccharides or polysaccharides comprising at least one glucose, galactose,
fucose, GleNAc, GalNAg, 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 1s hereby incorporated by reference). Suitable protecting groups

for any -OH groups in the carbohydrate moiety include acetate (Ac), benzyl (Bn),
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Preferred proteins include enzymes, the selectivity of which may be 5
modified by controlled glycosylation using the methods and reagents
according to the invention, and therape@tic proteins. Other preferred
proteins include serum albumins and other blood proteins, hormones,
interferans, receptars, antibodies, interleukins and erﬁ:[hro&cgetin. It has

bdBFORSL R that & eb gLt rufulmeshs REFhARRNSY pad tert-

sefasHve;RACIENGT MIBIPHE) piesanck QbR HREIONAheNoIRMIONNE  Any
thiol- containing organic compoun gﬁgs not ormall}é_iﬁnterfere with the

e BB MBI BIREDE AN DO TFRPHSACHERIF LR BBl 6 Garbohydrate

prelsieteddsinanainy Jvidlewtidaseppsdsaown in the art which are stable
under the reaction conditions. The disulfide bond forming reaction in the

first or sdcBHe RSB e gahohyifraamertet inddoiaseheslss Gle(Bnjdp-,
bl@‘ﬁf&&ﬂﬁ-}@é}%&?ﬁ‘-?@i‘c‘(ﬂﬂ@é&’dz‘(‘i%@ié@Aé@&!{i QAR slightly pagies,)
d’(about pH 8 to ). Suitab

pHs being preferre about le buffers include

HEPES! CHEBNAEB, dah(hie) Yate-thitintdritaMianglcdivpoond is a

' [ j ig,,t H sh little or
R A e e e T ot Sl et hetion
teriperatiing sbolid, 28-Otcselogtetl (dveld, aRy-sigiidicant dBMAYBIEAC);,
any temperature sensitive compounds, For example, a reaction with a
proté i{éﬁﬂﬁéﬁé‘Br@#&?éﬁﬁy=cgfﬁr—%-@ls&%)ﬁa'rﬁ&é-rﬁlfér%)éra%@%m(mb=
be@m@wﬁwﬂ%&r@@gé&m&m& rORRIC.SAVENLBYSIRDK ), -Et-

may be used, with aqueous solvent systems being preferred for the

rebatichor PROtEIRS, deRTipiedrirsIBlp es to ensure their dissolution.
The 25 reagfion, ,%&%@A&Jﬁwwﬁégmﬁfn@@nﬂéecafm?ﬁam%%%ﬁmch

1 hour. In general, an excess of the compound of formula I will be used,
for@xdariprs 1opoabyaha Rty bR susar tha tRrshdsntathmpates boesfauring

In GaRHaRTAeFEHANA MA Ry G M reRgs-qfie! .rglgl[x%éﬁ'@d%%%(iactose),
approximately 30 equivalents, adding to the cost of the reagents. 30 Tt

hay Beeh-foundeisat-theasaipgsovimeSusionsomaian svbereiis Rndiegeeray be o- or
c pﬁg%gé%e moiety, X denotes SO2 and R1 denotes phenyl are
generally'more stable to basic conditions than the corresponding

glyco-M TRz oomppaimdscodmyrisingeatited groeraess aothpdustcbofdosmlitaethods

pmz;rﬁ%’?g}%[ r ;%;;gr %ﬁig-g Qé%ﬂuSSS\?u\%&e %%ég%%&othgsg%%q%‘s{ QLESHRST SMUS e ol
group may be primary, secondary or tertiary. The compound may be aromatic or
aliphatic. If more than one thiol group is present in the compound, a disulfide bond
will potentially be formed at each such thiol group.

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 1s a known technique in the art (see for example
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carbohydrate moiety as such compounds may be relatively expensive
and/or time consuming to prepare. Furthermore, the phenyl thiosulfonate
compounds of formula | are generally clgeaper and easier to prepare than
the corresponding MTS compounds. 5 The compounds of formula | may
be prepared by a number of different methods. Compounds wherein X

de /803 hagre Ivaperel tyteditnlngpiardoiopoand batomatara Ivlanual, 3id
ERRER0kY Sﬁ%ﬁﬁ(ﬁ@ e, uM ABBAIRS PPRELEh ARY ,%%@B@olshr%ao#ﬁﬁﬁéh are

M
Ca, Mg, Zn, or Al, preferably Na or K; and k denotes 1, 2 or 3; 15 with a
cobspiynacerperaiddn Fefezenfe 20 wherein: R is as defined for the

compounglz afformulaihane b SER0ER & 18Ry g GraNP, xj&%glbg
group L may be utilised as long as the resultant anion"U does not unduly
intédaraedioy teatrebedighy tosidgtivaysive shamplbody wpd cirgeoiitaatnydRg to

pradusk Rieferied Isaving, gLauesnin Mgr?g‘%?e%q ﬁ%ﬁ%@ﬂﬁéﬁﬁiﬁﬁ%@&ﬁm

toluenesulfonate (tosylate), methanesulfonate (mesylate) an

triftioroine gishthe ondmroisinte)ormpartciiar s waantotritibodies,
Comagunss ahircrlaHbats commercially available or may be prepared

using methods known in the art, for example methods for the formation of

halo- 30 Hupsreesn devied ahatriic cranposngany fopanticlirie mwietabilyiole
cogpresnd af formuladit inanheasy! e @Mﬁ%@ﬁﬂ% thiol-

compounds of formula Il based on glucose and galactose are shown
g SHENRIAIRRHERAEC PR W R SORSTORB IRy Ritedicre with the reaction.

However, any other functional groups may optionally be protected using any
protecting groups known in the art which are stable under the reaction conditions.

The disulfide bond forming reaction in the first or second method is
generally carried out in the presence of a buffer at neutral or basic pH (about pH 7 to
about 9.5), with slightly basic pHs being preferred (about pH 8 to about 9). Suitable
buffers include HEPES, CHES, MES and Tris. If the thiol-containing compound is
a protein, peptide or amino acid, the pH should be such that little or no unwanted
denaturation occurs during the reaction. Similarly, the reé.ction 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 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
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S Br5RO RO ORS ORS O-(CH2)t-Br 3RORSRgORS ROR4 0
RSO RSO O-(CHZ)t-Br ORS nR5 Br wherein: each R5 independently
denotes H, a saccharide moiety, or a suité&ble protecting 5 group for
example Ac or Bn, preferably each R5 denotes H; one of R3 and R4

denote %and the other denotes OH, O-protecting group or O-saccharide
mSPéﬁﬂia BRI & EeheeRmdadn Rl b arlatehoteaRs 1pand/or time

preferuaiink 16 fremeee PreiRsalbteg HeDHhER!ARCHORDHMAYBMEEHHEY FUbrmula

in any solve Esystem in which the 10 compound of formula Ill'is soluble.

r@?é?a%&%fa CBRABELUMS ST AN & 8N Abrerstosapndip s IdSie in
thesapwimntisystem. Suitable solvents include alkanols such as ethanol
and methanol, N,N-dimethylformamide (DMF) and_acetonitrile, with

acetonitrilebENPRLRIS NI BErctraaY PREEHED BN dBrerFfidiffaray
barma@agettbmp@@ﬁa@gvﬂweﬁ@mm@ﬁwﬁ%@wéw@pﬁaﬁgrﬁwé}n 15
with sulfur, as shown in Scheme 4: M(SO2R)k + S -* M(SS02RDk VIT I
2FEBRAMRE ot Butlds of formula Il which are crystalline are preferred
for ease of purification, especially on a large scale. Sulfinite salts of
formula VIl are available commercially (for example 25 sodium
benzenesulfinite) or m%[)(% %ﬁared by methodstknown in the art (see
for 12 example JP 61205249, and M. Uchino et al, Chemical &
Pharmaceuytical Bulletin, 1978, 26(6), 1837-45, the disclosures of which
are hereB\/fi&8rporated by

M denotes a metal, for example Li, Na, K, Cs, Ca, Mg, Zn, or Al, preferably
NaorK; and
k denotes 1, 2 or 3;

with a compound of formula II:

R—L I

wherein:

R is as defined for the compounds of formula | and L denotes a leaving
group.

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
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 ITI are commercially available or may be prepared
using methods known in the art, for example methods for the formation of halo-
sugars in general and 1-halo-sugars in particular. Preferably the compound of
formula I11 is a glycosyl halide. Examples of suitable compounds of formula III

based on glucose and galactose are shown generically below:



reference). For example, the corresponding thiolate salt R'S- may be
prepared by deprotonation of the corresponding thiol compound R1SH
using a suitable base, for 5 example methyl lithium. The thiolate salt may
then be oxidised to the corresponding sulfinite salt using a suitable
oxidising agent, for example 2-(phenylsulfonyl)-3-phenyloxaziridine (the
"Davis rgégentb ndrinelli et al, Organigtette c(sgfij)_;%g), 1(8),

1177-1180, losure of which is hereby < orated by reference).
10 Rf 0 pounds of form notes SO2 may be
prepart Bulfide of formi sulfinite anion R1

S02- in the preseqge of silver ions, as shown in Sc 5.+ R-S-S-R +
R'SO2 R-S- SO2-R' Ag VIII 15 Scheme 5 Disulfide compe(Tids)et Br
formula VIl are commercially available or may be prepared using
methods known in the art. Compounds of formula | wherein X denotes Se
may beRBrmed(%ysreaction 20 of a compgéind of fogmula V:R-SHV
wherein|R isas ned for the compound ; i

of B57o Vib: R'SeL2 R'8A(OR
as déf S C
group, for exampl®®H, Br, Cl, CN, or |, preferably pﬂ'he reaction may
be carried out in anhyﬂ#’ous dichloromethane and then quenched by the
addition of triethylamine. A preferred compound of formula IVa is PhSeBr
and a preferred 5 compound of formula Vtb is PhSe(OH)2. The
compeauids of formula VI are commercially available (e.g. PhSeBr,

PhSeC eCN, 2-nitrophenyl_seleno ate) or may be prepared by
e%&k‘dléf Eﬁependenﬂy c?e%ot yﬂ{ a saccflya'ﬂe rn)o?ety, 01¥a sulr% %P plotectmg

5 group for example Ac or Bn, preferably each Rs denotes H;

one of R® and R* 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
10 compound of formula III 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
15 sulfinite salt (formula VII) with sulfur, as shown in Scheme 4:

M(SO:R) + S — M(SSORD)
Vil il

20 | Scheme 4

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

25 sodium benzenesulfinite) or may be prepared by methods known in the art (see for
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known in the art. For example, MeSeBr may be prepared according to the
method of Hope, Eric G.; Kemmitt, Tim; and Levason, William, in Journal
of the Chemical 10 Society, Perkin Trangactions 2: Physical Organic
Chemistry (1972-1999) (1987), (4), 487-90, the disclosure of which is
hereby incorporated by reference. Organic compounds containing at least

ors&apiplagtB i 2thelddingdddntpdune soflférhemeécyl &rBheomaerratallBulletin,
avajiablesesMaysbe Prapaiediysing SrehadsKoRWR,p { g@&i&ﬁ b

example methods for the preparation of thiol 15 compounds'in general,

anferacsgdier ivxpaaieulhe. cPoiceerAins, trtas gt Rntaynos braperettd by
fro R AR5 S RORYIRGRAIR misRLS Y &5 sﬁﬁatzelfstﬁ%é(l\g}\ga%@am@'ﬂase, for

thiourea to afford the corresponding isothiouronium salt A. Bonner, J.

E exanplesnahyldtibimms dbe tovlaty salfonemvbamberntulispd iolystcongsponding
s%@mwg&%g{gt@ﬂ@iﬁg 6'5!?:1&%{)% &Rdfﬂg jgd. If necessary,

suitable protecting groups may be used during the synthesis of any

thio(Bhearisulieni)s Phevlesariading cheotRris eegmsteSaadrinelli et al,
carRoidrRiaMoieo A dhioh gropmmay e A ARYRASIHADLE G peiety.

Preferably, it is at the "anomeric position of a saccharide or is attached to
thBerioRialed EArBFdRre&a: linker. Examples of suitable compounds of

formula Vi Rasedh an0lGasEeARd of PIRIREIPSE AI.ANe WL ORRAINy be
below: 14 R3 OR5R3 OR5 R4 O Ra0 50 SH R50 ORS ORS

o-peRERddy reRioRsIRY RS REpRAGIRSOIREgHiEsR) i8R SRS the
OResenbt Whenel) i FRCARRNAGRRAEHYsdenotes H, a saccharide

moiety, or a suitable protecting

+
R—S—S—R + R'SO; ——» R—S—S0,—R!

Ag
Vil
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

of a compound of formula V:

R—SH v

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

R'Sel? R'Se(OH),
Via Vib
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group, for example Ac or Bn, preferably each R5 denotes H; 5 one of R3
and R4 denotes H and the other denotes OH, O-protecting group or
O-saccharide moiety, preferably H or Oisaccharide moiety; and r denotes
2 to 10, preferably 2 to 6, more preferably 2 or 3. Compounds of formula V
are also suitable for use as the thiol containing compound in the fourth

method oftersimPenision delnedifes thacosivennde ebivpauindsoribiraneies a
with {6 compoynds. of feraufand!, @y NG TUNCHONRL OB URS M iB G ion may

compound of formula V'may be unprotected, or may bé protected by

presgetigigralipszrRhEduAUR c{kélézmmaémélm ahehehad |bﬁ§h@>ﬁ%diﬁm1 of
9PN ARG oM RERIIAE AL AMINGr6ich A Aroel R ey IE H8 OFUR red

according to the third or fourth method is 15 highly selective. In addition,

theorepeish Iffentitol Eomdthrr@rhanic compound with the
Se'e“e”%‘é‘ﬁgﬁ;&%@sié#&%%ﬁ*@l%@&&%&né}éﬁﬂ?%hﬁfﬁi@d&!g?'iﬁﬂg,ﬁ)ér,

necessary for any other functional groups in the protein, peptide or amino

adiiwnGh Rheebiel Towrapheg o phene conpaleinebes st rikhods
PRGIZING R RELROHS QKRR INYEN, LD iﬁ&%&%ﬁ@%ﬁﬁ@ﬂ%@%ﬁm

as it avoids the need for any 20 subsequeht deprotection steps to be

carfiBarsuEais (e beoaudt. [Fime pdlemapeptitid Granineusil ebmplidesical
M hATPeRE ARl ERHBNPEPIERRASHE Ptﬁé%?ﬁ@lgh@%%fﬂﬁh y3987),

converted to the corresponding selenenylsulfide group.”Each suc

sdibnéhyt8lifthe gssipswragitnanchaosdimially Beorpaaisd Witrrtetenee-
containing,Qraanic, compAKRd S RFOIqAUASHMED 9408, I 1gaeapic

compound via a disulphide linkage to the protein, peptide or amino acid at

medte witssoTiearmiaNb dscoranETipiraHin ARG PE BrRoVigas epared using
COpVRRIRE ENadHonNE, icakraraificrtap At 3G, PEPELS or

amino acid at multiple sifes. In particular, the methods of the invention
alRWpgHs Iyl aaoerd andrBrsirbusase prigarBedatino acid at multiple sites.

Conversipg f te {bioh roupL 8 e HolRIn-PEPHAR Oh ABRE:BSIR R halo

selenenylsulfide group in the third or fourth methods is conveniently

caRREISIUt Boatraski i kahnlorseam, wehtuoweatmiadudithoneresponding
CORRAUAA ik PRk a0 Bnel 0T R2-Renh2 PTR2 GRIP 2. 49310 73)

followed by mild hydrolysis with sodium metabisulfite to give the corresponding
thiol. If necessary, suitabie protecting groups may be used during the éynthesis 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

galactose are shown generically below:
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wherein: L denotes a leaving group, for example OH, Br, CN, Cl or |,
preferably Br; 15 and R2 denotes an optionally substituted alkyl group, an
optionally substituted phenyl group, anldptionally substituted benzyl '
group, an optionally substituted pyridyl group or an optionally substituted
naphthyl group. A preferred R2 group is phenyl, a preferred compound of
Xais Ph§eBr and a preferred compound 20 of formula Xb is
PhSe(QH)2-¥W¥ren R2 denotes an optiofall ituted moiety, suitable

j ' i interfere with the

rea?{
preferably-also dg,pet interfere with ‘any sutsequ
protein peptide or amino acid, for example reaction @Mgb@.l ol oy
containing organic compound. Suitable substituents include -NO2,
-SO3H, -CO2H, -(CH2CH20)"H, and -(CH2CH20),Me wherein n denotes
1-100, gdrefer lil%y 1-50, more preferanyR:k-ZO, and;still more preferably

@ up may be independently Biuted by 1-5, and
so optionally be

attarPed Yo art of, a solid 3Fgupport an@_lghtbgz)rms}{
a resin such as a

Xa and Xb are commercially available or may be prepared by methods
known in the art, as discussed previously for the compounds of 5 formula
VIXHRIRVE At least one mol equivalent of the compound of formula Xa or

XlRBRBIRId sl iNE:REICH, PeRigaRT-ANINGA6idashptdld bersteedno
ensure conversion of each such_thiol group_to the corresponding

SR (RS TRRIBRIF LD OF Fa-rREd R cprR B rafiptssdd out in an

AR AFRIQMERY (SiilcaTPamiie 6tREMRIRANIH ORpeienitiie ) to dher
presence of a buffer (for example MES, pH 9.5:. The pH and temperature

oI PRSI SE EOLLR S G HER A6 SPISe dMaturation o

the iRiRimab nepheedsaupTiecs MrsferalbiABE reaetion is carried out at

room temperature or below,1 at a slightly basic pH (e.g. about pH 8 to . .

about pkpgl_g?_ounds of formula V are also’suitable for use as the thiol containing
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 selenenylisulfide 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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The organic compound containing a thiol group may be any organic 15
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
privigaRic seaumuad, O redisphithddorapbuiig prajebs pephidatir emino acid at
aliahatis. SRELPRNIGHACORIRONGINEY 2R KRl (8:8:
farne%;t/gli\)eosr aﬁe(yny Fti#ﬁ%l. Pref‘eraé)[l;f t%e compougﬁﬁﬁx !%%gn%%}él'éﬁlg?ﬁim
groafhogdhabie chgarelmuidtinstion afagmien peatidoteimpeptdd armultiple
e agdanelide AR high Mevey arbu L VOSARGANE o protein
physical or chemical properties of the protein, peptideé dr amino acid.
Soitabiis picieties astludenalisls 3fegor example fluorescent labels) or
groups te-gigl 16 R RIAGESIIN e SARINGE IR, RERIIS

or amino acid. The organic cocrgr?gog]nd m%sgqgtso by% %@%gg%ﬂpﬂr%%e%%l% 4

pepteersiswiide el ghirythind poseibitnotindsiigconeapiontin caszied out by
p%@&@&g@ﬁm @ﬁi%&ﬁ@@%}%@%&aRﬁaﬁ'g%&&osmc?@ggqﬁ@%m or Xb:
. Preferably, the

disulphide linkage using the methods of the invention. Pr
organic compound containing at least one thiol group is a farnesyl moiety,

or is a carbohydrate mgiety, s previgusly qg:fi_@%?@&%ionally 5 attached
via a linker to the thiol (-S-H) group. The linker may contain 1 to 10 atoms

between the carbohydraté moiety and the -SFp group. For example, the

linker may be an alkylene group (for example a -(CH2)t- group wherein t
denotes 1 to 10), or an alkenylene group (for example a -(CH2)CH=CH-
or -CH2CHCH=CH- group). Preferred are compounds in which the thiol

group is E%@Q%W@J%Cgﬁj&:%} i 10.nacehar ig?, ERIERLT I3 ARAEDE R -

to the anomeric carbon via a linker. Any functional groups in the
c#ﬁbhydrate moiety may optionally be protected using protecting groups

known ingth i ' ctj
romoved ba e SRR LA AR BRI ARG SO Bk
aPhEBYAERe b P innsibiamb wirated dsrzthesp upe e nsicod hesohstitgted

r i ' I [fide.c § e f .
a8 Pn i

of Biefeivd aaBw psadaafifemans Yor BhfaBipmé rumpfetedieempound
cbRyRatR MRIBHSSI9HRY

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,, |
-SO;H, -CO,H, -(CH,CH,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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amino acid, peptide or protein. The reaction of the selenenylsulfide group
with the organic compound 20 containing a thiol group according to the
fourth method (i.e. the disulfide bond forging reaction) is generally
carried out in the presence of a buffer at neutral or 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 buffersSactidde HEPES, CHES, MES and
Tris. The pH should be such that little or no unwanted denaturation of the
protein or 25 peptide occurs duripg the reaction. Similarly, the reaction
temperature should be selectéd to ayoid any significant damage to any
temperature sensitive compoungs. ir example, a reaction with a protein
or peptide is preferably carried outat ambient temperature or below to
avoid any denaturation. Aqueous pr organic solvent systems may be
used, with aqueous solvent s;% ems 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
ound. The reaction is generally fairl

compou as the organjc.com y
quick, for}ijéé?a‘fﬂlﬁ’lﬁ‘)&}f’tg% Cfaﬁau BSAARA X Bt e aB Rt ayaipple or may be

exgesaefithe arganis boyapduntoontaining aldenstna iy i’tﬁé@d@g&b&ﬁlc{s of
used, for mple. 10-20 equivalents based on the protein, amino acid or
pe%ﬁﬁlé’lef—%%é’&@r\i ‘little as 1 mol equivalent may be used in some |
cases. CathehydnteeDapRungs sfalce exRendive RptdRLoNSBBEIGhiol
to obtain in large 5 quantities. Therefore, when the organic compound |
ORI AL BrREEHIOR G BTHRR o Ko BRSPS s Srp DRt fopversion of
reasciisuoh esiertisHesiabipdadisg bRnBNINLTAL OSSP ETRYRABon is
of e i\éaaégnts. Prior art methods for protein cosylation often require

us® A W BAN BANGE ﬁ%?%i%géér%&éﬂﬁ? fIreslshibIe

oftertehibtig)idahobllotceqlivaletiis (Br & RalisMIgr pBOBPINthe pH and
Biotechnol. 2003, 14, 379). E)}e ethod of the jnvention therefore
Pt %‘Eﬁ

ad HREGESES HASHS RS P SORIFRISHE GRiEGyEBR Lamiyetinn of
thaie the ¢t adpiddhogeoifbe iPvefatanyvihdeharberdliusiatesn H8em

fo'tlgr\g}ij% a?u?fg_cl)irmbigg%, Etx 5 gl‘i%&?t?jz Ilagsic pH (e.g. about pH 8 to about pH 9.5).

The organic compound containing a thiol group may be 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 groupé 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,
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‘waven

General Experimental Melting points were recorded on a Kofler hot block
and are uncorrected. Proton nuclear magnetic resonance (SH) spectra
400 MHz spectra were assigned using 20,COSY. Carbon nuclear
magnetic resonance (Sc) spectra were assigned using HMQC.
Multiplicities were assigned using DEPT sequence. All chemical shifts are
queteddsrothenBiseald in pprthesingtessiguptidolveanasthadnteradisulphide
st ) ct orption maxima were recorded in

g?’n%%[r{g %?:’%ﬁ)‘gﬁa’r?g% C at}s‘“alf%aegg%n(strong) and br (broad). Low
resolutiorﬁﬂ"@@épéh@rar\gm‘r_ie recopdedd 26nising ele des preythoviigasignis a
Exhartingehsrmisationsdipn MR ChSehnidues s slated, il
resolution mass spectra were Tecorded using themical ionizatio ( ;
Ciyttecheigies, [okesinghel doiwd §idy)igropatiFhéNiHBe G teohtigub sy 0 atoms
using field.ionisati l+).as:sfat [z yalues arereported in egto S
B G RlE, R may
Ofpcul abtatesrgwerd foeasurgdeon- £ Fbprigneterwiithean paiindesdtiodf0), or an

d ' i ' inla omatograph
R Ry Y C e R,
pl&sserviduletionmpbtinalp fatedivh shedhiol edoupi pathB Atampri(Qmeitios of a
2 i 5% in 2M H2$04) or
o B O e i
out using’Sorbuic@erl 40/60ssitiche Dichibioirattramet{DEM ppasdibtited

f IR I istilled fro hydrous calciu
e A R A R INP GRNy. Any

'Patadbaiaterg ok enfrabionnod pestriotéenn ethiterosttiogniethel heaag®hydrate
4Q- i ry. Liguid ghremato hy/mass
e PR R Y 8ved e
cogplsgroatihecid enbiarisel 210 0o phi0disintem Pleshomedeklamitposss

C . r t nd.acetonitrile (solvent
o S e T e NG O BRI b e
atigviehomie GrOiDakwsifier theelipleadie of was oprdgdarmipelt dsifollaviaties to an

9%@4@%[%5&&[@9? I-Bté%q % B after 16 min then isocratic for 2 min.

The electrospray source of the LCT was operated with a cap’illary voltage
of 3 kV ahbeareastiewofttigesolcaonylsmifidgerownwitsdebasghec compound

containing a thiol group according to the fourth method (i.e. the disulfide bond
forming reaction) is generally carried out in the presence of a buffer at neutral or
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
Tris. The pH should be such that little or no unwanted denaturation of the proteiri or
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
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 howr.
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nebuliser and desolvation gas at a total flow of 400 1 hr-1. Myoglobin

(horse heart) 15 was used as a calibration standard and to test the

sensitivity of the system. Example 1 1§
(2,3,4.6-Tetra-O-acetyl-j3-D-glucopyranosyl)-1-isothiouronium bromide

AcO AcO O Ac S ~NHZBr AclY NH2 20
2,3,4,6-Tatesroralc et feeesgti Soporanvsylbrpnide ¢ant@ngngetdeantmoip thiol
BB o LMoL EARAOMECHALANBY QIR AGRI o acid
(30 mL) 1 white solid

under argon and heated to 60C. After 20 min a
prechsipsidd. eepieschsitaiee arak raheveid Benfiman ds, uhasl filtmaacases.
re I | t iLt i S .
BT S bincd 36 o S B n e
frm&é@@n%@ﬁ@rﬁa ‘aﬁ@mdhﬁe_rﬁﬂéi@m@gmﬁ(qqnm@i%%)@st enHiiel
crysigfiine.solid 435k ﬂ&%&é&ﬁ%&%&&%“i@%ﬁt&esﬁ@ﬁé‘;o use the
Ber, 1954, 87, 78)]; [a]o25 -5.6 (c, 1.0 in H20) [Lit. [a]o25-7 6 (c, 1.4 in
H2onipym RoBsdhpapmbe K shnivalante HiterSscmedBiLs 78 peddi)}; 8H
(4 018k
Y (tsEe’l—%{I %ﬁ%ﬁ%@é’?ﬁ%&%@%@{%@ the é%t,’%ﬁﬁ)r,ats%l (
H campougd-fongxaymply pitemoitheiopdenad 2 004-aqub/alents 1B s TNmiz) Curr.
9@#%&%%2‘)0@5@3@%’% The method of the invention therefore
-'Fhio-2.3,4,6-tetra-0-acet-vi-O-D-glucopyranose r 5 AcO AcO O AcO
SrdaatrgeoBsly elivues: aE&yeEoryidenipafesglycpssberivpeonidithan the
bromifg-( %083l 8.8 mmol) and Na2S205 (4.93 g, 26.0 mmol) were
a(Ej{(IaHd to a stirred mixture of DCM (150 mL) and water (70 mL). The

mixture WA§ HeststoYaH b Under diysmied bribe fobloming neactiontings
caolgdfpLoom temperature (RT) and the phases were

General Experimental

Melting points were recorded on a Kofler hot block and are uncorrected. Proton
nuclear magnetic resonance (3y) spectra 400 MHz spectra were assigned using
COSY. Carbon nuclear magnetié resonance {6¢) spectra were assigned using
HMQC. Multiplicities were assigned using DEPT sequence. All chemical shifts are
quoted on the § scale in ppm using residual solvent as the internal standard.

Infrared spectra adsorption maxima were recorded in wavenumbers (cm™) and
classified as s (strong) and br (broad). Low resolution mass spectra were recorded
using electrospray ionisation (ESI), or using chemical ionization (NH;, CI)
techniques as stated. High resolution mass spectra were recorded using chemical
ionization (NHa, CI) techniques, or using electrospray ionization (NHs, 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.

' 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;s4 pre-
coated glassbacked plates. Visulation of the plates was achieved using a UV lamp
(AMnax = 254 or 365 nm), and/or ammonium molybdate (5% in 2M H,SOy) or sulfuric
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separated. The aqueous layer was re-extracted with DCM (3 x 50 mL).
The combined organic layers were washed with water (50 mL), dried over
MgSO4, filtered and the solvent removea® in vacuo to afford the title
compound (6.14 g, 90%) as a white solid, mp 112-114C [Lit. 113-114C
(R. J. Ferrier, R. H. Furneaux, 15 Carbohydr. Res. 1977, 57, 73)]; [a]Jo24
+egidd S Yoan 01 398k cpiis sty erpatorraply oA Qutmsie Sarbsil C60
H.Jopneaids. CepelytieMas AXFNDad 30kl (409 Mid: 33. Acetone
1.99, 2.00, 2.05, 2.06 (12H, 4 x s, 4 x CH3), 2.30 (1H, d, Ji,sx 10.2 Hz,
sryesdistitied) S anaysitycerlgiums sifateq Remsagriag anbydrous solvents were
(IRufhad6dr d i Pildea. | Pelo1r 2R D dd e 4 Pk HElAlehRrhblfing in the
H-1), 4.95 ((Jllgl at, 20 J9.5 Hz, H-2), 5.08 (1H, at, J9.8 Hz, H-4), 5.17 (1H,
at,@@ﬂ@z,@-l@). Example 3:

(28 & nhatiar Qrasrivad:Dranlaetapyrangsylsiyinorioproni pragyde

25 OAc OAc O%Ac_o S al&?jzw AcO NH2 ng%ﬂy b U9 _

2, 3afprret aron MissAnmsssldalddis byr okt hrermed ts 1 Y atessohdhiansg 2790
andpiiousea Glrde & S pAb: weredlisarvet v fnhyArQUS, ACEtaR er

(40 mL) under argon and heated to 60C. After 1 h the reaction was

allSREL RS rBeRi il s Basactheorsainingdré Y doanimeciiarste

angsgaiyaiatinaniérpRase acetansiaelrol toafierdithe titg g@i&ﬁ@ﬁ%‘és@ﬁ
g, 70%, 2 steﬁs) as_ a white crystalline solid mp 134-137C [Lit. 170C from

iSGPPE s follssvinds 9 A riRASIAMI VR APS &6 B 9Ber Y8nzipdhgp

[aiReer a0 sl MiHE 2RI pMP 2Rurdel 6T BB W EDE Y wfith a
Bonner, J. E. Kahn, JAm Chem Soc 1951, 73, 2241)); SH3 (500 MHz,

DRSBTSVl 03 WV ode eane ypftags of J0\Vchairages wassodestibe

M nkbhiddr@atidsoidtioh g6 2ttdzotd Tow- b24abh At IRQ ¢t tiidhorséheart)
(IH, dd, J2,310.0 Hz, J3,4 3.6 Hz, H-3), 5.39 (IH, d, J3,4 3.1 Hz, H-4),

5. Y Ted 23, salibration manslard ong sptestdhe sepsiivigknbihe system.

Example 1 (2.3.4.6-Tetra-O-acetvl-B-D-glucopyranosyl)-1-isothiouronium bromide

AcO
AcO <
AcO S NHoBr
N\ \f
NH»

2,3,4,6-Tetra-0O-acetyl-a-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
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)]; [alp™ -5.6 (¢, 1.0 in H,0) [Lit. [o]p® —7.6 (¢, 1.4 in H,0) (W.
A. Bomner, J. E. Kahn, J Am Chem Soc, 1951, 73, 2241}]; 85 (400 MHz, DMSO-ds)
1.97, 2.00, 2.02, 2.06 (12H, 4 x 5, 4 x CHy), 4.06-4.25 (3H, m, H-5, H-6, H-6),
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Example 4: 1-Thio-2,3,4,6-tetra-O-acetyl-(3-D-aalactopyranose 15 OAc
OAc O AcO SH AcO 20
(2,3,4,6-Tetra-O-acetyl-(3-D-galactopyr@fosyl)-1-isothiouronium bromide
(4.4 g, 8.8 mmol) and Na2S205 (2.02 g, 10.6 mmol) were added to a

stir [ f ater (30l e.mi a
heé&%@bﬁm ﬁin%%'ya%%ﬁ éf?grpg,vf{ﬁ h%%ﬁfcﬁéﬁwﬁﬁiﬁo Bt Hz,
antthe pha¢eE vhese’sdpaaied, TMhebR5 HElieous 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 MgSO4, filtered and the
solentpéniovedhimyvhduotiteatfapdatieeviifielsathpouncfdses g, 81 %) as a
white solid, mp 83-84C [Lit. 86.5-88C (J. Frgala, M. Cerny, J. Stanek,
Collect. Czech. Chem. Commun. 1975, 40, 1411)]; [a]o24+30.1 (c, 1.0 in
CHC13) [Lit. [a]D19 30 +32.0 (CA 3 iR CHC13) (J. Frgala, M. Cerny, J.
Stanek, Collect. Czech. Cherr/}.C ® n..1975, 40, 1411)]; SH (400 MHz,
CDC13) 1.99, 2.06, 2.10, 2.1 {) , 2.38 (1H, d, Jt,sH.H
10.3 Hz, SH), 3.95 (1H, dt, J4,5 1.2 Hz, J%\,C 6.6 Hz, J5,6. 6.6 Hz, H-5),
4.09-4.14 (2H, in, H-6, H-6"), 4.53 (1H, at, J9.9 Hz, H-1), 5.02 22 (1H, dd,
J2,310-1,J3,4 3.4 Hz, 14-3), 5.19 (1H, at, J 10.0 Hz, H-2), 5.44 (1H, at,
dd(2:3380 3T ptra,O-pegvl-B-HzgiMcapyEBianiblel Sspghigugonium bromide (9.0 g,
r-Qgaceiroty %ﬁ@tﬁﬁ}@z@?(ﬂ@@ﬁj@o%ﬁ%&m@% aneY L sBrred mixture of
isothiouronium chloride AcO AcO O AcO SNH2C1 AcNH 10 NH2

3, DN I8 ed ) rodavaieirhidard-Hddemaniguksphrase deyrSur Haderupon.

9, R%eMBHARNL BRI 6R Ldled td 4B BRP N EARIGIUEE e phases were
anhydrous acetone
separated. The aqueous layer was re-extracted with DCM (3 x 50 mL.). The

combined organic layers were washed with water (50 mL), dried over MgSQy,,
filtered and the solvent removed in vacuo to afford the title compound (6.14 g, 90%)
as a white solid, mp 112-114°C [Lit. 113-114°C (R. J. Ferrier, R. H. Furneaux,
Carbohydr. Res. 1977, 57, 73)]; [alp™ +6.3 (¢, 1.2 in CHCls) [Lit. [a]p*’ +5.0 (c, 1.1
in CHCI3) (R. J. Ferrier, R. H. Furneaux, Carbohydr. Res. 1977, 57, 73)]; 611 (400
MHz, CDCls) 1.99, 2.00, 2.05, 2.06 (12H, 4 x s, 4 x CH3), 2.30 (1H, d, J, 5 10.2 Hz,
SH), 3.71 (1H, ddd, J4 5 10.0 Hz, J55 2.4 Hz, Js ¢ 4.7 Hz, H-5), 4.10 (1H, dd, Js s
12.3 Hz, H-6), 4.22 (1H, dd, H-6"), 4.53 (1H, at, ./ 9.9 Hz, H-1),4.95 (1H, at,

J9.5 Hz, 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-O-acetyl-B-D-galactopyranosyl -1 -isothiouronium

bromide

QAc OAc

AcO 3 NHQBF
AcO \f

N5
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(25 mL) under argon and heated to 60C. After 2 It a white solid
precipitated. The 15 precipitate was rer’Qoved by filtration, the filtrate was
returned to reflux, this process was rep€ated until the solid ceased to
precipitate. The off white crystals were combined and recrystallised from

acetonadpriiel-o-afferd Ghe dilleceavneud Roig 6159 asa \ﬁmﬁ) and

w

crystalllne solll%to 134-137C [L|t 179-181C from EtOH (D. Horton, M. L.

Rehinmsbpwore dissdypdanmysenpsaceianed 4ok ayder

[Litrfaln 2812938 1d6bi0 MERF) KnHARHAR:Myds MOHERN, doRi8 room
Chem. 1962,27,1794)1; 5H (400 MHz, DMSO-d6) 1.80 (3H, s,

NHRSRDEIRise fashthe spsulsinpresidus was e m)d acory stallisgd foms 2.4
HZaodofie/Béeft &, dikdiH thd firld lotlHonda, ?45 39, Hé%l%t B4R,

4.26 (1H, ddd, J4,5 10.2 Hz, J5,6 2.3 Hz

6 4.7 Hz, . 4.93 (1H, at,

chéylsﬁlfﬁe4§0%d1f2i{]lﬁ4&t3?]&éIth 0% &om I(SPHIJIOE?IM 5% Bamer. J.

H- Kb}&%{ﬂm%mlﬂ% higs NHACH P 324 bis, Nid2), 22 (e [Ms[a}]f’
NH2), Example

T

Hib2d) 4% 1t5-5- E@%%-%ét&ﬂwsrz’dléo@ﬁld dracdofer SocaRd. 73, 2241));

AC@Q@@MP&PW@@ dg) 1.96, 2.02, 2.09, 2 15 (12H dxs, 4xCH3)406 4.13 (2H,

nuﬁh Herdiefe )

3,4,6-Tri-O-acetyl-2- acetamido-2-deox copyranosyl)-1-isothiouro
o G e .

adgledito r.stiredmixisne0HDGM. 63Q rel kand, water{¥9-mL3. /a1, 4, /.
mixture was heated to reflux under argon. After 2 h the reaction was

cobted TR Bnd: e PRASES WHred & SEp &I he aqueous layer was

re-

-extracted with DCM (2 x 50 mL). The combined organic layers were

WashedW|th Water (50 mL : brln (50 mL), drle(lj over MgSO4 filtered and

afforded the tltle compound (1 00 g 68%) as a whlte solid, mp 165- 167C

[Li

it. 167-168C (W. M. zu Reckendorf, W. A. Bonner, J. Org. Chem. 1961,

10 26, 4596)]; [a]025 -24.8 (c, 1.0 in CHC13) [Lit. [a]025 -14.5 (c, 0.9 in

4596)];
CH3¥,
Hz, J5,6' 2.3

:* zu Reckendorf, W. A. Bonner, J. Org. Chem .1961, 26,
® MHz, CDC13) 1.99, 2.03, 2.05, 2.10 (121-1,4 x s, 4 X
5H9.2 Hz, SH), 3.67 (1 H, ddd, J4,5 9.7 Hz, J5,6 4.8
, H-5), 4.09-4.17 (2H, in, H-2, H-3), 4.24 (1H, dd, J5,6 4.8

Hz, J6,6' 124HZ H-6), 4.59 (1H, at, J9.8 Hz, H-1),

(2,3,4,6-Tetra-O-acetyl-p-D-galactopyranosy!)-1-isothiouronium bromide (4.4 g,
8.8 mmol) and NayS,05 (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
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 MgSQ,,
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)]; [alp™ +30.1 (¢, 1.0 in CHCL) [Lit. [o]p"®
+32.0 (¢, 3.5 in CHCly) (J. Frgala, M. Cerny, J. Stanek, Collect. Czech. Chem.
Commun. 1975, 40, 1411)]; 0u (400 MHz, CDCl3) 1.99, 2.06, 2.10, 2.17 (12H, 4 x s,
4 x CH;3), 2.38 (1H, d, J1,51110.3 Hz, SHD, 3.95 (1H, dt, J45 1.2 Hz, Js5 5 6.6 Hz,

Js ¢ 6.6 Hz, H-5), 4.09-4.14 (2H, m, -6, H-6"), 4.53 (1H, at, J 9.9 Hz, H-1), 5.02



15 5.06-5.15 (2H, in, H-4, H-6'), 5.72 (1H, d, J 9.2 Hz, NH). Example 7: 1

-Thio-(3-D- ag laetopyranose OH OH O 20 HO SH HO

1-Thio-2,3,4,6-tetra-O-acetyl-(3-D-galactdpyranose (3.00 g, 7.3 mmol) and

NaOMe (40 mg, 0.73 mmol) were added to a stirred solution of MeOH (40
ftg ( chpetro icat

prgéﬁét ?R 505 it c%ﬁ%ﬁ ﬁ%éhéérégt%% g“?hqeégzirf h%iar#é?enal Igf at, dd,

0.5h.4Thé Ii'badtgmh WwhHe.rdwtralised with the addition of Dowex(r)-50 ion

exchange resin after which point the reaction was filtered and

concentrated in vacuo. Recrystallization from McOH/EtOAe afforded the

titl&conmbe ned (.01 199806} ds cavettite idoyStdltime blidk ghupo A GARRRIT-1 -

5 [a]02 30 +47.6 (; 1.0.in MeOH; 8H (400 MHz, CD30D), 2.62 (1H, d,
J#@FE—%M%M(ZH in, H-2, H-3), 3.57 (1H, at, J5.9 Hz, H-5),
3.68 (1H, dd, J5,6 5.0 Hz, J6,6' 11.4 Hz, H-6), 3.75 (1H, dd, J5,6, 6.9 Hz,
J6,6' 11.5 Hz, H-6"), 3.91 (1H, bs, H-4), 4.37 (1H, bd, J7.7 Hz, H-1); 6¢
(100 MHz, CD30D), 6f% (t, &-6).£9.6 (d, C-4), 24 74.4,74.8 (2 x d, C-2,
C-3), 80.1 (d, C-5), 8RA/A\C-1): 1).196 (100%, M-1); miz HRMS
(ES-) Calcd. for C6H1205S (M -1¥") 195.0327{ Found 195.0323. Example
8: 1 -Thio-2-acetamido-2- deoxy -D-glucop r, .Anose 5 HO HO fHO SH

10 AcNH 3,4,6-Tri-O-acetyl-2- acetylamino-2-deo'xyf(3-D-gIucopyranosyl thiol
(400 mg, 0.98 mmol) and sodium methoxide (18 mg, 0.03 mmol) were
added to a stirred solution of methanol (10ml). After a 30 min period, t.l.c.
(e&ﬂ@ﬁktaféadn@ibateobthmiﬁ@ -Pdeation-0f-glproguct 00l Qhlwitkie (3. 0 g, 8.2

m u rtln ateria R 0. reaction
i eI RE ) O TS S e U
wm?;ﬁ pbintriter mgon@n&ﬁwfddal@d(ﬁﬁdftﬁac@ Mt ratddtinseadyoecipitated. The

15  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 and recrystallised from acetone/petrol to afford (the title compound
(2.19 g, 61%) as a white crystalline solid mp 134-137°C [Lit. 179-181°C from EtOH
(D. Horton, M. L. Wolfrom, J. Org. Chem. 1962, 27, 1794)]; [e]p™ -25.2 (¢, 1.0 in
20 Hy0) [Lit. [a]p” ~29.3 (¢, 1.1 in MeOH) (D. Horton, M. L. Wolfrom, ./ Org. Chem.
1962, 27, 1794)]; on (400 MHz, DMSO-dg) 1.80 (3H, s, NHCOCH), 1.94, 1.98,
2.08 (9H, 3 x 5,3 x CHz), 4.05 (1H, dd, J56 2.4 Hz, Js ¢ 12.4 Hz, H-6), 4.17 (1H, dd,
Jsg 5.0 Hz, Jog 12.3 Hez, H-67), 426 (1H, ddd, Ju5 10.2 Hz, J56 2.3 Hz, J5 5 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, J1»
25 104 Hz, H-1), 8.48 (1H, d, ./ 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--D-glucopvranose

30 AcO

AcO
AcO SH

AcNH
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Recrystallisation from methanol/ethyl acetate afforded the title product
(230m g, 98%) as a white crystalline soljd; m.p. 85-88C [Lit. 86-88C] 18;
[a]Jo22 -10.4 (c, 1.0 15 in MeOH) [Lit. [a]D 2$+177.1 (c, 1.45 in

CHC13)]18; 8x3 (400 MHz, MeOH), 2.00 (3H, s, CH3), 3.27-3.37 (2H, in,
H-&, 116518 @ 4ddist- 2t bbb Be 343 [ Sdbbynddl) H-BbBi8ronium
(1H, dd, J5,6 2.1 Hz, J6,6' 12.0 Hz, H-6"), 4.56 (1 H, d, J1,210.0 Hz, H-1),
8. £hlatidsd 1 N, 398 mipoR pyd NeeSelin 9.2, 4.8 mmol) were added to a
1,23 Cdeiia@aceni G2t §HuQ-A6LtY54r0) (B hExielacds heated to
acetyl-(x-O- Ig ucopyranosyl)-éx-D- lg ucopyranosyl)-D-glucopyranose
AR RESORA MED B RGOSR eIy et were
acetpientdQ0rma R BMeRwas adldegdaacetia anhydride {60 yand

25 heated to reflux, at which point maltotriose (3.00 g, 6.0 mmol) was
adtRIBCARG! SHEHCABY Sy BYTTSNASREEI I ek OO, THenbriatpilapdthrdried
1:2tndigases thedemmatonolavarpaue (Bl  3)With RemRIgI8 zation from

consumption of the starting material (Rf 0.0). The roeaction was allowed to
cobl S R Pt HitrderwWithtite sy id) AhE Sapfiohaste Wikl @e0 65-

muk7P0g pitares were: sepavates RO EngRI WeOUS IBYRIWIS Org. Chem. 1961,
re-extracted with,DCM (2 x 50 mL). The combined organic Ie?/_ers were

O-m H 23
wahdd With [&8diuntiydrdgircatbohatsitalbtimi- uf & Gaflfa GRS M.
sopitiepientbptive. was ahfa@inedyiring£20Q sal) cdriesbiMaSQ4dditiared
and_concentrated in vacuo to afford the title product as a mixture of

anoher (@73, 21215 49-anEbibhdds whitd- Selict- #dr @ bttt Bp SH).

(S0GMHE, GRCIZ) 8.0%12 .07, 2810224472318, 24.9), 2 29,4922/ ,(301H.8
x s, 10 X OAc), 3.92 (1H, ddd, Jos 9.5 Hz, J5,6 2.9 Hz, J6,6 4.1 Hz

H-Ba3) 3 g4I bk Qe 81145 fassh? 188 HaQs 2R (UE. 36.4 18 Hr.ddy)-
4.8D6L1 HGHIHE 8.5, HEs96 5722 1HHE, FHBCHARL(LH, dd, 5,6 3.4 Hz,
J6,6, 12.6 Hz, H-6b), 4.29 (1H, dd, J5,6 3.4 Hz, J6,6, 12.4 Hz, H-6'c),
4.35 (IH, dd, J5,6 4.3 Hz, J6,6'

Example 7: 1-Thio-B-D-galactopvranose

oH OH

0
HO SH

HO

1-Thio-2,3,4,6-tetra-O-acetyl-p-D-galactopyranose (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.Le. (EtOAc/petrol 1:1) indicated the formation of a product (R¢0.0) with complete
consumption of the starting material (Ry 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; [a]p*
+47.6 (¢, 1.0 in MeOH; 81 (400 MHz, CDs0D), 2.62 (1H, 4, J; su 8.3 Hz, SH), 3.47-
3.49 (2H, m, H-2, H-3), 3.57 (1H, at, J 5.9 Hz, [1-3), 3.68 (1H, dd, Js 4 5.0 Hz, Js
11.4 Hz, H-6), 3.75 (1H, dd, Js 6 6.9 Hz, Js ¢ 11.5 Hz, H-6"), 3.91 (1, bs, H-4),
4.37 (1H, bd, J 7.7 Hz, H-1); 8¢ (100 MHz, CD;0D), 61.6 (t, C-6), 69.6 (d, C-4),
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12.3 Hz, H-6a), 4.48-4.52 (2H, m, H-6'a, H-6'b), 4.78 (1H, dd, J7,2 4.1 Hz,
J2,3 15 10.3 Hz, H-2h), 4.90 (1H, dd, JI.2 4.1 Hz, .J2,3 10.6 Hz, H-2c),
5.01 (1H, dd, JI,2 8.0 Hz, J2,3 9.0 Hz, ¥%a), 5.11 (1H, at, J 10.1 Hz,
H-4c), 5.31 (1H, d, JI,2 3.9 Hz, H-Ib), 5.32-5.44 (3H, m, H-3a, H-3b,

H I Y/
B

2.08, 2.09,
2. 012y SRS 530 don6etioRe), @/bﬁ(izt?%%ﬁz@g@wzﬁﬁ 0323.
6.28 (IH, d, JI,2 3.8 Hz, H-la). Remaining signals lie in the following
multlplet relons 3.85- 3 89 3. 9% 3.98, 399 4. 07 4. 15 4 18 4.23-4.27,

(ES+) 984 (MNH4+ 30%) 989 (MNa+ 100%) m/z FIRMS (ES) Caled.
For C40H58027N (MNH4+) 984.3196 Found 984.3199. 25 Example 10:
2,3,6-Tri-O-acet yl40-(2,3,6-tri-O-acetyl-4-O-(2 3 4 6-tetra-O-acet~I-

(x-O-glucop r~yl)-a-D- lucopyrafios a-Dp Ig ucopyranosyl bromide 26
AcO AOO Ae0 0 0Ac ACO C McO @ AcO AC' Br
1,2,3,6-Tetra-O-acetyl-4-O-(2,3,6-tri-O-asetyl-4-0-(2,3,4,6-tetra-O-acetyl-a

-O- glucopyranosyl)-a-D-glucopyranos§f*b-glucopyranose (200 mg, 0.21
mmol) was dissolved in anhydrous DCM (5 mL). To this hydrogen
bremjdérfsz}’/admﬁbetkcagzidnﬁrﬁmud)ewe}slaﬁngmcﬁbﬁrmb@ylraawa@mmg,

B BT AT e BRoL ) A R heRe R b

of sblerstartfighetatesiad 1(0REI. @ft@ﬂfmmmmm&tuﬁwa&mammpmdmated the

QT A K e AT

WQRtaédZ)NiIﬂne reaction was neutralised with the addition of Dowex®-50 ion exchange
resin after which point the reaction was filtered and concentrated in vacuo.
Recrystallisation from ﬁlethanoi/ethyl acetate afforded the title product (230m g,
98%) as a white crystalline solid; m.p. 85-88°C [Lit. 86-88°C]"*; [u]p** -10.4 (¢, 1.0
in MeOH) [Lit. [a]p® +177.1 (¢, 1.45 in CHCI)]*; 8y (400 MHz, MeOH), 2.00 (3H,
s, CH3), 3.27-3.37 (2H, m, H-4, H-5), 3.42 (1H, at /9.1 Hz, H-3), 3.64-3.73 (2H, m,
H2, H-6), 3.87 (1H, dd, J56 2.1 Hz, Js 12.0 Hz, H-6"), 4.56 (1H, d, J12 10.0 Hz,
H-1), 8.11 (1H, bd, Jyu2 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-a-O-glucopvranosvl-a-D-glucopyranosvl-D-glucopvranose

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



10

10 sodium hydrogen carbonate (20 mL of a saturated aqueous solution)
until pH 8 was obtained, brine (20 mL), dried (MgSO4), filtered and
concentrated in vacuo to afford the tltle%)sroduct (203 mg, 98%) as a white
foam; [a]Jo22 +152.2 (c, 1.0 in CHC13); 5H (400 MHz, CDC13) 2.03, 2.05,

2. Q@g@r&% 3 12 93 nanl 81 8: ié{e(ﬁg l_elthiﬁ Q&QQQ H n”lgdgc?ét‘fédgt%é%&ltﬂ tionof a

H-4b, H-5a; H-5b), 4.05-4.10 in, H-4c, H-6a), 4 0 (1H, dd, 15 J5,
1.91duge(Br 93 Dwith %b&em B BYIPK Oﬁhﬁl%‘tlﬂg@a&)ﬁm&(‘ﬁﬁl Ofdihe

95,8, 3iB B2 IR vk fo %50“06191‘ élﬁ%%d%ﬂ%@&géﬂ%hﬂi %#ﬁtlolled

Hz, H-6b"), 4.57 (IH, dd, J5,62.1 Hz, J6,6' 12.4 Hz, H-6
J1pith efer Glgﬂbnm}izTh@ rz!@seﬂwgw%pmt ed Byl4le ammmkmnlwas

H-2hly & 88 DA A3 P 382mif2. 31O mdd- arﬁcl%ng u%?e@alged with

Hz, H-4a), 5.32 (1H, d, 41240Hz H-Ib), 5.39 (1H, &t, J 20'9.9 Hz, |
5. 490506 1(1@10%1%&31@9115%4@9 el 9if2 3@1@6@%@%@ BHpatungd BH 8

HZy, b 361a0eB ik ol JaHéd g am%&%n& DAArted in vacuo to

6-Tri-O-acetyl-4-O-(2 3 6-tri-O-acetyl- 4" 3 4 6-tetra- O-acety
-afé@@ué@mvtmgﬂh)c@mmgmm@mﬁmwts{w@u%ébyaammmmc@whne

O Ace yff%oé%(glcn(%% etyﬁﬁ\{éoé%c}% yl’-ﬁ %”TE 15,2.19,2.21,

glm:@WB@hbélWa mglompysa@mew el gw@owfa,(%%%w bramide; 2118z,
) SSO
0 s SR Y P 3SR O R ok ol o

refdidximc%ﬁ &z, d@md§pﬂ1§ne df@rgdi 1AL, 6.3 hdride J6l5012 6 Hz, H-6b),

N SO AT Sone i SHER b1 6 g hAtendl [RPe-a) et

Wﬁ&%ﬂ*@ﬁdlé&éﬁdﬁﬁmw{e&éﬂ MHﬂﬁHﬁ@M&(Q 1Ferdovg thel Hz, 5 5

5 OT9BNGETRMNSSPERS, BIOY S T hE Mirale was, canssnu et vacye,

20

25

8.0 Hz, /23 9.0 Hz, H-2a), 5.11 (1H, at, J 10.1 Hz, H-4¢), 5.31 (1H, d, J12 3.9 Hz,
H-1b), 5.32-5.44 (3H, m, H-3a, H-3b, H-3¢), 5.45 (1H, d, J,» 4.1 Hz, H-1¢), 5.79
(1H, d, J;» 8.2 Hz, H-1a); for o compound selected data only: 8y (500 MHz, CDCl3)
2.08,2.09,2.12,2.18,2.21,2.23,2.26 (30H, 8 x s, 10 x OAc), 5.07 (1, at, J

9.9 Hz), 6.28 (1H, d, Ji; 3.8 Hz, H-1a). Remaining signals lie in the following
multiplet regions, 3.85-3.89, 3.90-3.98, 3.99-4.07, 4.15-4.18, 4.23-4.27, 4.29-4.32,
4.43-4.49, 4.74-4.76, 4.84-4.87, 4.98-4.94, 5.25-5.54; m/z (ES+) 984 (MNH,",
30%), 989 (MNa", 100%); m/z HRMS (ES™) Caled. For CyoHssOnN (MNH,)
984.3196 Found 984.3199,

Example 10: 2.3.6-Tri-O-acetyl-4-0-(2.3.6-tri-O-acetv]-4-0-(2.3,4.6-tetra-O-acetvl-

~ o-0-glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyraposyl bromide
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10 and the residue was purified by column flash chromatography (ethyl
acetate/methanol, 9:1) to afford the intermediate
2,3,6-tri-O-acetyl-4-O-(2,3,6-tri-O- 6
acetyl-4-0-(2,3,4,6-tetra-O-acetyl-a-O-glucopyranosyl)-(x-D-glucopyranos
yI)-(3-D- glueopyranosyl-l-isothiouronium bromide (1.14g, 50%) which was
carried on without char&€térisatiqn. This intermediate (100 mg, 0.09
mmol) and Na2S205 *8:622.m 1 mmol).yyere added to a stirred
mixture of DCM (30 mL) and wajgy |(15 mL). The mixture was heated to
reflux under argon. After 2.5 h, t.I.c.ﬁcép : | acetate,, 1.:2) indicated
the formation of a product (Rf 0.4) with complete consumption of the
starting material (Rf 0.0), at which point the rea§ 10
and the phases separated. The aqueous layer was re-exiracted with DCM
20 (2 x 20 mL). The combined organic layers were washed
mL), dried (MgSO4), filtered and the solvent removed in vacuo to afford

I e P (470, S0 2 Sy OSSN0 221205

2.QucdaBokS1)2:1 B (B0kb 340D XISDGdbB)rdnteI A0 (hb, dm 1Hm®Y) was
3.90-4.00 (4H,in, H-4a, H-4b, H-5b, 25 H-5¢), 4.05 (1H, dd, J5,6 2.2 Hz,

Jeds1dvediin anfpedrons PO (Jialas Bodshydrpgen bromifeA 336y, ageis acid,

(1 Hnlg wd3 £18e8. HBe Ii1kE R Ze io@Qdr 4801t NG 3 $t7miG-Briod,
12.2 Hz, H-6¢), 4.44 (1H, dd, J5,6 2.2 Hz, J6,6, 12.1 Hz, H-6a), 4.46

H,
a5 B MY 5.4 iy e 50 Are ety becmonct i 0, i
(Lebidlgledd DRSufiplidizo B SskRifhiizdrtrh) (%, 8 { 11h &leal % OhHgixRiéa)as
4.85 (1H, dd, Jig 4.1 Hz, J2,3 10.6 Hz, H-2c), 5.07 (1H, at, J9.9 Hz,
H-Basyis0ped hytapend 6 MA 10 mby, @@wﬁg 1@ 2. andithe squpyus lgser re-

(Lo d QAHHICNE D) D03AID AnE2dd niBitddlSro dhid GhyverbxareRlesked with
1-Thigacetvl-2,3,6-tri-O-acet 112,3,6-tri-O-acet | 4-5—(2 3 4 6-

tetfedeyTa oL AgRIEHR FAN B8y Ip A BREIAER Ko IS ogh RS ByRES was
0SEhtARIHT MR CRARIACH RO MISOIRIAGTRRY Wid\doBbtrated in vacuo to afford

the title product (203 mg, 98%) as a white foam; [a]p™> +152.2 (¢, 1.0 in CHCls); 8y
(400 MHz, CDCl3) 2.03, 2.05, 2.06, 2.08, 2.10, 2.13, 2.18, 2.21 (301, 10 x COCH,),
3.93-3.99 (3H, m, H-4b, H-5a, H-5b), 4.05-4.10 (2H, m, H-4c, H-6a), 4.20 (1H, dd,
J561.8 Hz, Jog 12.2 Hz, H-6b), 4.26-4.34 (2H, m, H-5¢, H-6a"), 4.35 (1H, dd, Js ;4
3.5 Hz, Js e 12.7 Hz, H-6¢), 4.52 (1H, dd, J560.6 Hz, Js s 12.2 Hz, H-6b"), 4.57 (1H,
dd, Js52.1 Hz, Jo6 12.4 Hz, H-0¢"), 4.74 (1H, dd, J1» 4.1 Hz, /3 9.9 Hz, H-2¢),
4.78 (1H, dd, J124.2 Hz, J,310.2 Hz, H-2b), 4.88 (1H, dd, /1, 4.0 Hz, J,5 10.5 Hz,
H-2a), 5.10 (1H, at, J 9.7 Hz, H-4a), 5.32 (1H, d, J124.0 Hz, H-1b), 5.39 (1H, at, J
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-3¢), 6.53 (1H, d, J12 3.9 Hz, H-1¢).

Example 11: 1-Thio-2,3.6-Tri-O-aceiyl-4-0-(2.3.6-tri-O-acetyl-4-0-(2.3.4.6-tetra-

Q-acetyl-a-O-glucopyranosvi)-a-D-glucopyranosyD-B-D-glucopyranose




10

15

20

25

AcO 10
2,3,6-Tri-O-acetyl-4-0O-(2,3,6-tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-a-O-
glucopyranosyl)- a-D-glucopyranosyl)- 02-7D-glucopyranosyl bromide (11.2
g, 11.6 mmol) and potassium thioacetate (3.96 g, 34.8 mmol) were
suspended in anhydrous THE (40 ml) and heated to reflux under an inert
atmosphere of argon., Afteg 14 h, t.l.c. (petrol/EtOAc, 1:2) indicated the
formation of a major\py- Rf 0.4) along with complete consumption
of the starting material® ~Yhe ¢tion was diluted with water (80
mL) and allowed to cool to RTA<¥ were separated and the
agueous phase was re-extracted#i £4: The combined
organic layers were washed with sat. Nakk puntil pH 8 was
obtained, brine (50 mL), dried over MgSO4, fi \ entrated in
vacuo. The 20 residue was purified by flash column matography
(petrol/EtOACc, 1:4) to afford the title compound (8.08 g, 71%) as a white

foam; Jaj025, +86.4 (¢, 19 i CHCL3): 6k (400, MHz CRC13) 201 2.02,

> oo s Ao T E A DT R0 M R e PP
ddglnddry@udéiz)-d5lB dhi- biwr 3to6y12- GHY-gHr&a)y 3824 . Bibnfddd (h 1 0 g,

H-4a, H-4b, H-5b, H-5¢), 4.07 (1H, dd, J5,6 2.4 Hz, 16,6, 12.3 Hz, H-60).
e AR R B S T SR R
HzhiGifia 1213 hz, HGend B304idddd ad8, thénhtized 6oGellR:duldeHba),

4.46 (1H. dd, J5,6' 2.6.Hz, J6,6,12.3 Hz, H-6'0), 447.(1H, dd. J5.6,2.2.
I N O e A
4. 8e(fiirinaitiodIar 3. BrbtitycIZKE: 1L0)with, 2 HleRo)oBsAm fifbrdtef, B2 AiRg

Hz, J2.,3 H-2a), 5.08 (1H, at, J9.9 Hz, H-4c), 5.27 ,d, J1,2.4
ey Ry s R e s e b o oGl fton o
H-Blod+e3t) SRS iz ICRRES) BHofreD BhleraRlves2bicéhtatsd 1Pvacuo
X CO 3, SCOCH3), 31.0 SCOCH 1.9 (t, C-6¢c), 62.7 (t, C-6Db),
R e R L
C-Bu)iaRGtGota@i28)] ) TOBRud Cr20)(ePOSHale Q; RAMAD I T-BIT), (23 B-tri-O-
(d, C-4b), 74,1 (d, C-4a). 76.6 (d, C.3a), 76.9 (d, C-5a), 80.2 (d, C-la),
et i 0 S R oS T R B gy )--D-
176166 vt s1ckQ1X GBIy b AMOEnSGRACHR); 5012) (RS 1@908arried on
g'i%%%g;gﬁ;@@ﬁ%ﬁ@%“ﬁﬁg 100%): S EHATRE 109 mmol) and Nay$,05

(22 mg, 0.11 mmol) were added to a stirred mixture of DCM (30 mL) and water

(15 mL). The mixture was heated to reflux under argon. After 2.5 h, t.1.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
(MgSQy), filtered and the solvent removed in vacuo to afford the title product

(74 mg, 84%) as a white amorphous solid; [a]p™ +99.5 (¢, 1.0 in CHCls); 8

(400 MHz, CDCl3) 1.99, 2.00, 2.01, 2.02, 2.03, 2.05, 2.10, 2.15, 2.18 (30H,

9 x 5,10 x COCHj), 3.72-3.76 (1H, m, H-3a), 3.90-4.00 (4H, m, H-4a, H-4b, H-5b,
H-5¢), 4.05 (1H, dd, J56 2.2 Hz, Js e 12.3 Hz, H-6¢), 4.17 (1H, dd, J5s5 3.3 Hz, Jo ¢
12.3 Hz, H-6b), 4.25 (1H, dd, Js55 3.6 Hz, Js s 12.5 Hz, H-6¢"), 4.30 (1H, J56 4.3 Hz,
Jeg 12.2 Hz, H-6¢), 4.44 (1H, dd, J56 2.2 Hz, Sy ¢ 12.1 Hz, H-6a"), 4.46 (11, dd, Js ¢
2.2Hz, Jss'12.2 Hz, H-6b"), 4.59 (1H, d, Ji» 9.7 Hz, H-1a), 4.74 (1H, dd, J,»
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HO HO 0 HO OilHO O 15 OHO OH H SH HO -'OS OH
1-Thioacetyl-2,3,6-tri-O-acetyl-4-O-(2,3,6-tri-O-acetyl-4-O-(2,3,4,6-tetra-O-
acetyl- 20 a-O-glucopyranosyl)- 28
a-D-glucopyranosyl)-1-thio-(3-D-glucopyranose (600 mg, 0.6 mmol) and
NaQAE(18.me, L8 H‘-Qﬁ?g)d{‘@%l@ﬂ%dﬂ@.@ﬁ%{rﬁ%%'ﬂ%'tﬂfl, MEOH @0 117,
mi). After 10 min, t1'c. (EtOAc/MeOH, 1) indicated the formation of &
préautd- (R0, O withcohpidiaiedrsAtptibnie the stdiingtrd@rfar(Hf 3a), 5.26
0.9)HThe readtion wasmeytalised with foeagditionsf E??W%ﬂg%ﬁ,'ﬁn H-le,
exchange fesin after 25 which point the reaction was filtered an
cofciitrated in vacuo to afford the tite compound (305 mg, 98%) as an
amorphous solid; [a]D25 +123 (c, 1.0 in MeOH); Sn (400 MHz, D20), 3.15
(1H, at, J9.2 Hz, H-2a), 3.26 (1H, at, J9.3 Hz), 3.41-3.82 (16H, in, H-2b,
H2samppieal 4y sl hioagetyl- 2.3 G-frin)-proty | 44- € 2 = 5acqtrid b,
BBt Eo

. , A-1), 0.24 , a, JI,Z1.0 , H-1); , , .
70.0 (2 xt, 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 (11 xd, C-2a, C-2b, C-2c, C-3a, C-3b, C-3c, C-4a,
C-4b, C-4¢,-E+5a, C-5b, C-5c¢), 30 80.2 (d, C-la), 99.8, 100.1 (2 x d, C-Ib,
C-lc); mizAFS- (100%, M-H+); m/z FIRMS (ES-) calcd. for
C18H31015 A ) 519-43884. Found 519.1389. Example 14: 1,
2,3,6-Tetra-O-acetyb4= -tri-O-acetyl-4-O-(2 3 6-tri-O-acet}l- 5
4-0-(2 3 6-tri-O-acetyi-z=o- i<0-aCetyl-4-O-(2 3 6-tri-O-acetyl-4-0-(2
3 4 6- tetra-O-acetyl-a-O-g|Ui ) -a-D-glucop ry anosyl) a-D-
lucopyranosyl)-a- D-glucop ry anosy -ay -glucopyranosyl) a D glucop ry
anos |~glucopyranose /OAc AcCit~~~.,Ac AcO \ ~\

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-glucopyranosyD)- § -D-glucopyranosyl bromide (11.2 g,

11.6 mmol) and potassium thioacetate (3.96 g, 34.8 mmol) were suspended in
anhydrous THF (40 ml) and heated to reflux under an inert atmosphere of argon.
After 14 h, t.Lc. (petrol/EtOAc, 1:2) indicated the formation of a major product

(R¢ 0.4) along with complete consumption of the starting material (Ry 0.45). The
reaction was ‘diluted with water (80 mL) and allowed to cool to RT. The phases were
separated and the aqueous phase was re-extracted with DCM (3 x 40 mL). The
combined organic layers were washed with sat. NaHCO; (50 mL) until pI1 8 was
obtained, brine (50 mL), dried over MgSO,, filtered and concentrated in vacuo. The
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 (¢, 1.0 in CHCL); 8y
(400 MHz, CDCl3) 2.01, 2.02, 2.05, 2.08, 2.11, 2.17 (27H, 6 x 5, 9 x OAc), 2.40
(3H, s, SAc), 3.88 (1H, ddd, J;59.8 Hz, Js s 4.0 Hz, Js 5> 2.7 Hz, H-52), 3.92-4.01
(4H, m, H-4a, H-4b, H-5b, H-5¢), 4.07 (1H, dd, J5 5 2.4 Hz, Js¢ 12.3 Hz, H-6¢),
4.19 (1H, dd, Js¢ 3.5 Hz, Js 5 12.2 Hz, H-6b), 427 (1H, dd, Js ¢ 3.8 Hz, Js ¢

12.3 Hz, H-6°¢), 4.30 (11, dd, Js5 5 4.2 Hz, Js 5 12.4 Hz, H-6a), 4.46 (1H, dd, J5 4

2.6 Hz, Js 5 12.3 Hz, H-6"D), 447 (1H, dd, Js¢ 2.2 Hz, Js¢ 12.2 Hz, H-6’a), 4.76
(IH, dd, /12 3.9 Hz, J»3 10.0 Hz, H-2b), 4.87 (11, dd, J; 2 3.8 Hz, />3 10.6 Hz,
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O O ACO c0O OAC AcO O\ OAc AcOACOOOAc O AcOO0O0

ACOACCO '\V_~OAc Ac0cO OAc 0 0A0 O O AcO AcO AcO OAc 10
Sodium acetate (420 mg, 5.2 mmol) was added to acetic anhydride (30

mL) and heated to reflux, at which point maltoheptose (1.00 g, 0.86 mmol)
wad-acddédanttihed réaction $ierdel;\idoron $ty2 Aftero8Qq minat.|.£9.9 Hz, H-4c),

o oA Bh i SLAFh G Phat A e BT et
was-aboad, tH-6o0 HBRT sdilLaedvvit) OOM; (5 M eaddS partitioned(s x q,
R T e e T
w&reénpase.e:otgwms%ﬁﬁgm @y@%ﬁpﬁ%@@!ﬁ@dﬁ%@gﬁ?@?ﬁ?ﬂm@qa, C-2a),
SO neq, ne
S e e R PR S e apo o
f!allemagzéum(@h@mtamarf(layc(pe&rpﬁeihydi,a@etay,es;a.zBIcgg;ttg@t{%ﬁg.mg69.6,
omers as an amarphous whi ,
Lo b i GSC B o s o 5 BHCTos 1008 (5 56 L.
2.1BS2)1IB0R(MINPLZ 268024 (668 (A1 8@%)OAC), 3.89-4.14 (1311, in,
H-4a, H-4b, H-4c, H-4d, H-4e, H-4f, H-5a, H-5b, H-5¢, H-5d, H-5e, H-5f,
H-59), 4.25-4.34, 4.39 (IH, dd, J4.0 Hz, J 12.3 Hz), 4.52-4.56 (13H, in,

H-Baahib&al 3H16Dhid-H1)-Hbetibée’, 31 H-6d, H-6d', H-6e, H-6e', H-6f,
H-6f', H-6d, H-6g"), 4.75-4.79 (5H, m, H-2b, H-2c,

HO
HO o
HO o
HO & o
o OH
HO o QO
HO SH

H
OH

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-
a-O-glucopyranosyl)- a-D-glucopyranosyl)-1-thio-B-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.1c. (EtOAc¢/MeOH, 9:1) indicated the formation of a
product (Ry 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; [o]p™ +123 (¢, 1.0 in MeOH); dy
(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-4c, [1-3a, H-5b, H-5¢, H-6a,
H-6b, H-6¢, H-6"a, H-6’b, H-6"c), 4.42 (1H, d, J, 2 9.6 Hz, H-1a), 5.23 (1H, 4, Ji»
1.7 Hz, H-1), 5.24 (1H. d, J; 2 1.8 Hz, H-1); 8¢ (100 MHz, D,0), 60.8, 70.0 (2 x t,
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

(11 xd, C-2a, C-2b, C-2¢, C-3a, C-3b, C-3c, C-4a, C-4b, C-4dc, C-3a, C-5b, C-5¢),
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H-2d, H-2e, H-2e, H-2f), 4.90 (1H, dd, J1,2 3.7 Hz, J2,3 10.5 Hz, H-2g),

5.00 (1H, at, J9.4 Hz, H-4g), 5.31-5.45 (13H, m, H-3a, H-3b, H-3c,
H-3d,11-3e, H-3f, H-3g, H-lb, H-Ic, H-Id; H-le, H-if, H-1g), 5.79 (0.85H, d,

Jig 8.1 Hz, H-lap), 6.28 5 (0.15H, d, J1,2 4.0 Hz, H-1aa). Example 15:

2,36 (kQ:acetYes 018, 3@5['@@@6%‘4137 ﬁ?/z?%ﬁ Sy OraeeddV, 40-H"); m/z
(2,3,6-tr1-O- acetyl -4-0-(2,3.6-tri-O-acetyl tri-O-ace Itd 4=0-(2 3

+ GRS B B Guptenosin zéléaégﬁyr%gm@s&ump
syl)-(x 10 D-glueopyranosyl)-(x-D-glucop r~vl)- a-D- Ig ucopyranosyi)-a-D-
glucopyranoyl bromlde OA AcO"IT OAC AcO OACO O ACO OAc

004%0& A@Ot@rolaé?easﬁﬂ@t@ 3. 6 tri-0- acetvl—4 0~2.3.6-tri-0- acewl-4 0-(2.3.4.6-
O acetyl 4 O (2 3, 6 tr| O- acetyl 4 ( 3 6- tr| O acetyl -4-0O- (2 3,6 »

I\)

a-Qr éiﬁconvlanosvl) o-D-glucopvranosv])-a-D-glucopvranosyl)-D-glucopvranose
acetyl-(x-O-glucopyranosyl)-a-D-gltieopyranosyl)-a-D- glueopyr§ 6§1y%-a—D_-

- glucopyranosyl)-a-D-glueopyranosyl)-
a-D-glue &nosyl)-D-glucopyranose (100 mg, 0.05 mmol) was
d|SA§gJMe¢D_ar1hydrous DCM (5 mL). To this hydrogen bromide (33% in

aceﬁ‘t’:’-’ mLs Was added The mixture was left stirring under an
atmosphereAGan; T. After,a 40 min period, t.I.c. (petrol:ethyl
acetate, 1:3) b b

AcO

Ac) 0 OAc
A OACO G OAc
AcD o& OAc
0]
ACD ﬁ&w

Sodium acetate (420 mg, 5.2 mmol) was added to acetic anhydride (30 mL) 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.1c. (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 (MgSQ,), filtered and concentrated in vacuo.
The residue was purified by flash column chromatography (petrol:ethyl acetate, 1:3)
to afford the title product as a mixture of anomers as an amorphous white solid (o/B,
15/85); 61 (500 MHz, CDC(15)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-5e, H-3f, H-5g), 4.25-4.34, 4.39 (1H,
dd, /4.0 Hz, J 12.3 Hz), 4.52-4.56 (13H, m, H-6a, H-6a’, H-6b, I1-6b’, H-6¢, H-6¢’,
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20 indicated the formation of a product (Rf 0.7) with complete
consumption of the starting material (Rf %3) The reaction mixture was
partitioned between DCM (10 mL) and \;?/ ter (10 mL), and the agueous
layer re-extracted with DCM (3 x 10 mL). The combined organic layers

wereguashest Wil sodigen, ydrogrprcarpnatestH mi. oha @_@Mﬁtﬁzb H-2¢,

agueous solutlog) unt| H 7 was obtained, brine 32 20 mL)

(SRSl et bttt Eom S Alechh VocAc Waford et praGeRqgBHL. ot

Mg 96%4). a3-a yyhite foaus; (EdR28 1167 0H G 1. HJQCCHL@é% 6d.11(4P01.3¢,
MHz, CDC13) 2.02, 2.03, 2.04, 2.06, 2.08, 2.10, 2.11, 2.14, 2.19, 2.23,

2. ﬁr“% élsiceéﬁlcizHcke irﬂfd#ég)sﬁgl%%%(ﬁzm sz $—|lzh§z mw@g;; @@8
ﬁ?lﬁzﬂﬁ 5 H-58.11:58. llg(gd H-5e, H-5f, H-5g), 4.08 (1H, dd, J5,6 2.2
4.1

Hz, J6,6"12.6'Hz, H-6), 4.33, 4.53-4.60 (12H, m, H-5a, H-6b, H-6b,
H-6¢, H-6¢', H-6d, H-60", H-6e, H-6e', H-6f, H-61, H-6g, H-67), 4.12 (1H,

H- BGEIMVMHBG?IEO@B@HQ@Y&Q@SHZ M@hﬁdﬁﬁﬂﬂdsﬁ)ﬂﬂ4 3 Hz

H- 1 a). Exampl 16 4
1-FRISOBE QY ED 24-0-(2,3,6-tri-O-acetyl-4-0-(2,3.6-tri-O 15 acet IY

4-0-(2,3, 6 tr|- Aacetyl -4-0-(2,3,6-tri-O- acetyl -4-0-(2,3,6-tri-O- acetyl -4-0O-

ucoﬁiﬁ?ﬁa S -0 86‘yranosyl) -a-D- glucopyranosyl) a-D- Ig

ucopyranosyl):x yranose OAc Ac0'~"CO0 AcOACOOO
ACO O OAc Ac %"o OAC
A? OO ChAc
ach © ° OAc
AcO
AcO AEO 5 OAc
AcD O’éé OAc
AcC
o) 6]

AcO

1,2,3,6-Tetra-O-acetyl-4-0-(2,3,6-tri-O-acetyl-4-0-(2,3,6-tr1-O-acetyl-4-0-(2,3 ,6-
tr1-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-a-O-glucopyranosyl}-a-D-glucopyranosyl)-a-D-glucopyranosyl)-o-D-
glucopyranosyl)-a-D-glucopyranosyl)- a-D-glucopyranosyl)-D-glucopyranose
(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)
indicated the formation of a product (Ry 0.7) with complete consumption of the
starting material (Rf 0.3). The reaction mixture was partitioned between DCM

(10 mL) and water (10 mL), and the agueous 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 pI 7 was obtained, brine
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AcO AcOAOCO0 0 'OAc Ac OAT 0 OAc AcO00 Ac AcO SH AcO 20
2,3,6-Tri-O-acetyl-4-0-(2,3,6-tri-O- acety§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-O-(2,3,4,6-tetra-O-a

cefybanO; %e@mg@gwhﬁ&wyﬂwmga% Daslicensnesd)merd
glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyran
osProdachfSmine. Pﬁéghag s rAImahetietrat nhéhimticdia eg(

M4 §e0mmynehSR) were sissolved inpgnhygrousaceione {20,mb) T3 this,

dried thiourea (52 tg, 0.7 mmol) was added and the réaction was then

heafti(eFFhrhacunderaR Amimbaptiehd o Aigen. Thfthr H-gan Hetibdl tie, dl-4f,
(peirghetnyagetaienlsd) indicaje éhﬁ oormatign 9?2’@'?@ é 9%‘%@ H-6),

0.0) with complete consumption of the starting 5 material (Rf

redetiont whst cont Rt fAEdd mBdb fdrftbn%@zedinﬁm H@M td- éénﬂnéé thd-6e,
orgagicsfTQi e expess Nigyrea THe ttttratewess}m@%srat% mﬂaﬁa% 6

and the residue was urlﬁed T%‘lcolumn flash chromato rap

hy (et
bt B TSSO ifehmhoiaa 7 Joe 15 Fis FLbar), 4.74

2,381 -ASeIALOAZ S B Pr0a)
acetyI4O 2,3,6-tri-O-acet I4OS 2.3,6-tri-O-acetyl-4-0-(2,3,6-tri-O-acety

l-4E2{p 4.8 (1H, d, N24.0Hz, )3 0.6 Hz, H-2g), 5.11 (1H, at, J 9.9 Hz, H-4g),
2 8P180- atzqtytﬁ Q- (8 346; tﬁtrﬁstQ{aF@tM' ?f@tgt'gCH%appwhas@ H-3e,

e il bt b e et R el

bromide (212 mg, 19%) which was taken on further without
characterlsatlon ThIS mtermelate (2110 , 0. 09 moI) and Na28205

anﬂcé\t@tef e m '?5)6 Tlhme@t%ﬂezt\l\@f(it%t%ﬁ'@ Q%Qﬁ?f w@"%‘ﬁ ?wﬁﬂcﬁ%&ﬁ 2-0-

h t 1. c etrol ethyl acetate 1: 2) |nd|cated the formatlon of a product (Rf

poﬂégﬁﬁ%ﬁf}yﬁﬁ] &’ %'f ,&f&%%%tgn&-(fﬁlﬂq Eiggﬁiﬁgn%%gﬁ r%te]g Jﬂgopvranosvl)

B D-glucopvranose

4.75-4.97 (5H, m, H-2b, H-2¢, H- 2d H-2e,

Ao @

AcO AC

OAc
A . Ohc
Acl
o]
o}
AcD © 0
AcD

Aco ©

QA
AcC
o]
AcO A cO QOAc
cf)
A 4]

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-a-
O-glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyranosyl}-a-D-
glucopyranosyl)-o-D-glucopyranosyl)-a-D-glucopyranosyl)-o-D-glucopyranosyl
bromide (1.08 g, 0.5 mmol) and tetrabutylammonium iodide (19 mg, 0.05 mmol)
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layer was re-extracted with DCM (2 x 10 mL). The combined organic
layers were 20 washed with brine (20 mL), dried (MgSO4), filtered and the
solvent removed in vacuo to afford the tifle product (185 mg, 90%) as a
white amorphous solid; [aJo24 +128.1 (c, 1.0 in CHC13); Sri (500 MHz,

C%ﬂ@&i&&@e@ﬂ?%ﬁﬁ%@gg%eé&é@-%LEZI%@%%%@@ ARodreh’(52- bk,

2.21, 2.22, 2.23 (66H, 14xs,22xCOCH3),2.27(1H,d, J1,sx 9.8 Hz, SH),
3.76/ mAodhyageddsdang thy wactipn pasdyen ptade refp ides a4-4a,

H-4ld3pfi6rd bt hobind Rrtdr 4l Fﬂf&i&rﬁqzdﬂ drbi-a8 tkéémkéﬁ%g htizated the
4.36, 4.49-4.56 (12H, m, H-6b, H-6b', H-6¢, H-6C', H-6d, H-6d", H-6e,
H-Gemigh ofReripppofisg {Ra030) with campisis o mpiene: fhostapting

H-8@e Aaf BRI Thd 3 o Was LR cheratddZnhlzRa) s 4idEealndB DM 1o
Hz, H-la), 4.73-4.78 (5H, in, H-2b, H-2c, H-2d, H-2e, H-2f), 4.82 (1H, at,

Joemeyeitho gyganses diquyde proess thiprep Bisoimatertasigopgyngged in vacuo

(Lkh Pl B8 i, Jhid _fﬁé’cﬁ(;lbbla}nﬂ%sh'éh}dzﬁétb%ﬁa%gﬁe {12H,in,
-Ib, H-1c, H-Id, H-le, H-if, H-1g, H-3b, H-3c, H-3d, H-3e, H- -30). 34

3f,
ExsAiple otheRshatdidn vFes teysiamealigsrh drighlstesbtiftatidnd-ti-O-

wagdpyesigerdiaNg 2 meHal-oysiS e oI gIINE PIIIEIN, GBIt acetyl-4-O-
protegge sut%ej};in Bacillus lentus n?utant 8156Ck?SBLCy%156). N

SEEEsT56)-8eht-inf) Wek‘ebs St B el weprasuw biferD-

b A e B OO M ot B e B0 SR

(40-dxypivasmadsied 1O Prdpgbieipsalutiph bhcbthlacedimmdnendoi@zend,

o e e elrmce shiee Helves om0y Slnene.
BigtHemg Rhadmacol) 496 Na7588) (Thegedtiomavals placeddud ana stirred
B s T e T T T
witihgs@. AMek ER RS, 2 niMiEdEhe] ptetdte, 1ThHemiiotesd thaciiomuiag of a
ol S A S AR itk
268biticplod! BeRedciommplediBePreBdratidnhefphases separated, The aqueous
SRR s ARSI, s v
thevasiohbemts biolof{snsb)fatarid (s igSMainigiwieny steinel vent removed in
vacuo to afford the title product (185 mg, 90%) as a white amorphous solid; [a}p™*
+128.1 (c, 1.0 in CHCl3); 8y (500 MHz, CDCls), 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 5, 22 x COCH3), 2.27 (1H, d, -
J1su 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,
H-4a, H-4b, H-4c, H-4d, H-4e, H-4f, H-5b, H-5¢, H-5d, H-5e, H-5f, H-5g), 4.17-
4.36, 4.49-4.56 (12H, m, H-6b, H-6b’, H-6¢, H-6¢’, H-6d, H-6d4°, H-6e, H-6¢’, H-6f,
H-6f", H-6g, H-6g"), 4.39 (111, dd, J5 6 3.6 Hz, Js¢ 12.2 Hz, H-6a), 4.48 (1H, dd, Js5,
3.2 Hz, Js 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-2e, H-2f), 4.82 (1H, at, J 9.5 Hz, H-2a), 4.88 (1H, dd, J;» 4.0 Hz, J53
10.4 Hz, H-2g), 5.09 (1H, at, J 9.9 Hz, H-4¢), 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-3e, H-3{,
H-3g).
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residues (SS(3G-Cys344Cys432). SS(3G-Cys344Cys432 (1 mg) was
dissolved in aqueous buffer solution (1 mL, 70 mM CHES, 5 mM MES, 2

mM CaCl2, pH 9.5). PhSeBr (2 mg, 0.02'mmol) was dissolved in

acetonitrile (200 L), of which 20 L (74 eq) was added to the protein _
soptisRbaNErPiacee: AALLRAIvEE18RISatRr. 25 After 1 h the reaction
mixture was loaded onto a PD 10 SephadeX G25 column and eluted with

(70 mM HEPES, 2 mM CacCl2, pH 7.0) to afford SS(3GCys344Cys432-
(S<afthide Mz RSO AFOQi eAeHu A8 A mBIARPIE - containing protein,

Representative protein glycosylation with sugar thiols and reaction 30
WiETERERAIRTe MBS Bt PSR A s Sc Cys156
buffersgluligididsBied erllak!% SkERu BMMES AR Gakdl2 78 0HES,

[

a
The sugar thiol or other thiol was 35 dissolved in water and added to the

prot@i'Sdfition et Ihandiieic fde mranfedBersurioragdivanbradyn
a%é%miﬁg%@m%m;m RAPNErANd IOk AUGE 1R 6 LGACHAR0n and

was analysed by mass spectrometry. 5 Results ESI-MS Equiv of Conv.

Prfged T ePFadry hisdr titeeofyie B8 BleaPsaBs clésk thisbgas shown

(29?%%9%%21?@&%5@Ié.%%ﬁﬂéﬁ.gécf&%%%))V.Zg%ﬂfl‘essﬁ.l‘ﬁyge%@herstone,
G1CNACSH 1 >95 (26950) 27228 SBLCys156 1cG1cGIcSH 5 >95

Biochem. Pharmacol. 1961, 7, 88). 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® (25 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 x 4L for 1 h, 2 x 2L for 30 min), to afford SBLS156C-S-SePh; m/z (ES™) found
26864 calced. 26870,

Example 18: Preparation of SSBPGCys344Cys432-(8-SePh),

Multiple site modifications were investigated using a mutant of the thermophilic
B-glycosidase from the archeon Sulfolobus solfataricus containing two cysteine
residues (SSPG-Cys344Cys432). SSPG-Cys344Cys432 (1 mg) was dissolved in
aqueous buffer solution (1 mL, 70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5).
PhSeBr (2 mg, 0.02 mmol) was dissolved in acetonitrile (200 pL), of which 20 pL
{74 eq) was added to the protein solution and placed on an end-over-end rotator.
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 SSBGCyS344Cys432——
(S-SePh),; m/z (ES") found 57700 caled. 57697.

Example 19: Representative protein glveosylation with suear thiols and reaction

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



5

(27233) 27878 SBLCysl56 G1cGIcGlcGIcGIcGIcGIcSH 10 >95 (27881)
SS(3G- 57760 GleSH 60 >95 Cys344Cys432 (57775) 27030

SBLCys156 BocCysThrOMe 20 (27047
(Glu-Cys-Gly) 20 (27020) 27058 SBLCysI56 ManSH 20 >95 (27062)
S%%x%é%@#&ﬂa%éh&&%%ﬁéﬁ%@&SS%Z@&% A4

(AcO)4Man \'Z1,6) SBL

Man(1,6)ManSH 1
;2? OB B A DN dhin, ey dviieiE6) 278

EREOIZM:

27d8hle

0>95 (270
aﬁs’ﬂez‘@sigsg(

SBALYSL ROV ZEH S 31%19%@9 %@m%@@;@c’tﬂ)metry.

7022 SBLCys156 Glutathione

?hé%%%lg? (see

Results
] ESIE-MS
Proteid! Thiol Equiv of Conv.
rotein i0
thiol % Found
(theory)
26908
SBLCys156 GlecSH 5 >95
(26909)
26908
SBLCys156 GalSH 5 >95
(26909)
26944
SBLCys156 GlcNAcSH 1 >95
(26950)
27228
SBLCys156 GleGleGleSH 5 >95
(27233)
27878
SBLCys156 GleGleGleGleGleGleGleSH 10 >95
(27881)
SSPG- 57760
GleSH 60 >95
Cys344Cys432 (57775)
27030
SBLCys156 BoceCysThrOMe 20
(27047)
27022
SBLCys156 Glutathione (Glu-Cys-Gly) 20
(27020)
27058
SBLCys156 ManSH 20 >95
(27062)
27080
SBLCysl56 (AcO);ManSH 10 >05
(27060)
27075
SBLCys156 Man(1,6)ManSH 10 >035
(27071)
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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)2 compound prior to adflition of the thiol. 2 Reacted with
PMSF (phenylmethylsulfonyl fluoride) prior to glycosylation to 5 prevent

protein degradati fg&@)gmgpteoiytic activity. The resuttsintheabove
Thble demonstrate that the wet#dd of the invention provides high 27054
PERENtBgepnversion to the desiigdl pradigts usings little asgne

equivalent of thio| compoung/(' Y thermore, the results demonstrate thai27053)
the method of the| X&.ad¥eiion ¢an be used for single and multiple site

oance—The-th citee in-SRE _CyuclBE6G and
QOICO T U UYOJOLJU TTATTO

pretein-glyeosylatigns—The-three—glycosylatior y
SS(SGCys344Cys;\2¥§§n ¢X®ind in very varying protein structures and 27084
qum;upgmszwith differentNeuetsiof exposure,; illustating the bygad

applicability of the methg(al‘pf3 he invention. 15 Example 20; (27086)
Representative protMﬂngl);cb ylation of SBLCysI56 using

IO RIRIRIT At mined by ESI-MS _
1-Thio-2,3,6-tri-O-acetyl-4-O-(2,3,6-tri-O-acetyl-4-O-(2,3,6-tri-O-acetyl-4-O
. Activated by reaction with phenyl selenium bromide to give the corresponding

(g ,gng&é{ﬁ-@:@5@9{'&-}9@(&&%@5@@, P RAc ML AP r3ibr - QBB b (a4

tetrdesee tyith Rl Sopsratibefylautsogn dppraabsyiprdreliascbyians
SYBr@vent protein degradation due to proteolytic activity.
D-glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyranosyl)-(3-D-glucopy
ranose (15 mg, 0.007 mmol) and sodium methoxide (2 mg, 0.007 mmol)
wersAddek i smstisird sabtion abMeQk Al Alleld br (RetOLRI Srovides
1:2) indicated the formation of a product (Rf 0.0) with the complete .
coRUNREHISH BESHORISFNG tSthsteriEad RIGRISTIE Eetidibls waane equivalent
neytraliseebwitidhe aelaitiemriDonexkRUioR. exehangs ESINAHRI of the

which point the reaction was filtered and concentrated in vacuo. The
crdBEeRtipfaa bs- Histdhepieieeiaaubinin U5 profciady (oSt orswiibn three
3%13,@95&1&%1’%1?&&&’%%@‘3’9 @%%H@@E@@%ﬁé&@%%@?@&@m

in 500 L of aqueous buffer (70 mM CHES, 5 mM MES, 2 mM CaC12, pl—f
9.5RITHE m@@t@%ﬂ;ﬁ@ﬁl@&%f@@@@@tﬁ witle diflstat brvdlporaromosttes: |

h thﬁﬁ&é&ﬂgEh@“Bch?a‘ﬁﬁﬁcé@ﬂﬂ%%%@rﬁe%dl&%%’ﬁ%gﬁ%&ﬂg25 column
and eluted with 70 mM HEPES, S 2 mM CaC12, pH 7.0. The protein

fraction was collected to afford GlcGlcGLcGlcGlcGlcGlc-SBLCys156; m/z
(kIR A 5 R R AT i B AXPAE SIRRIRNRS O

SBLCys156-S-GIcNAC
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-4-0-
(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-a-O-glucopyranosyl)-o-D-glucopyranosyh)-a-D-glucopyranosyh)-a-
D-glucopyranosyl)-a-D-glucopyranosyl)-a-D-glucopyranosyl)-f3-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, (petrol:EtOAc, 1:2) indicated the
formation of a product (R¢ 0.0) with the complete consumption of the starting
material (Ry 0.2). The reaction was neutralised with the addition of Dowex®-50 ion
exchange resin after which point the reaction was filtered and concentrated in vacuo.

The crude 1-thio-f-D-maltoheptaose was taken up into water (5 mL) of which
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10 A. GIcNACc-SBLCys156 (3 mg) was dissolved in 1 mL of aqueous
buffer water. Phenylmethylsulfonyl fluorjde (PMSF) was added (50 L of a
100 mg/mL solution in acetonitrile; 500-441d excess). The reaction mixture
was incubated at room temperature for 30 minutes and purified over a

Sej@?ﬁgﬁ%ﬁ %‘)zéa(sp Q) desing ot @ﬂﬂCE@?SB%ltge‘?ﬁltPfemg in 500 pL of

deactivated protein was assessed by ESI-mass$ 15 spectrometry (found:

27800 GuBfer 64 ImMeCHBISI radeltivhfuad YRz drdh. e Thisgoivddng
in 3,0.7h QfQ- st sedivm cagashipis puliar P erdh %g%%ﬁdﬁ%&@% was

mg; 16 mol) and uridine diphosphate-galactose (UDP-galactose, 2.3 mg;

3.4oaded, ajowd Pidkkep30l4s(B eXéasdiwe paddivet! REboRbIMAMIETTVme
3'%@9@@5&?5;3{;'1@5%? 9idsF:JRM FRAfaPRadgReTda,fhy2-4-1.22,

100 mU, 20 Calbiochem) was added and the reaction mixture was
indelisatis he FlotabhapieabireCrirl 20: nivetF&TbFonad L7878 caled. 27881,
(31-4G1cNAc-SBL-Cysl56 (ESI-MS, found 27265, calc. 27266). B.
GDP-fucose (3mg, Kyowa Hakku) and human a-1,3-fucosyltransferase

ple 3d b O erslaneet SR B-faldNAalbiochem) were
added and the reaction mixtures was incubated overnight at room
temperature to afford Lewis'-S- SBL-CysI56 (ESI-MS, found 27410, talc.
2741 Kyl eSB! defionet ates diseelyRib 85y me b rausivies prelferaater.
acpReding (&A% PIeHIG Rf iher dpyantionsmay be ferther 1ediad P¥ortion
reaction with suitable carbohydrate modifying enzymes, for example
glyedsyanigier a88deldreass3Tha raattietonyiraresferastyiaien at room
Se!@z%%?ﬂuﬁ@@?%%@ﬁt@]aﬁ%ﬁ%ﬁ@dl'WS%Q@@%%P%?@ Mesalting
phenylthiosulfonate (NaPTS) 0 S 11 -SNa O "Sodium benzenesulfinate
(168wen-nirhe ey efither qaaobvglatpriit)wee asseisebRel $hrmass
AniUS RN IHNG 69710, 1 ftive7a 1Bl Iov, SO ARG SR IFIOR J¥ARDed and

stirred under ‘argon and after 1 It gave a white suspension. The réaction

wasflissrdve il vhashedf WitV astyaro aacaibiag stHér REEA/SMNaGdn4 L0
frq aplydwumethatPlridine diphosphate-galactose (UDP-galaciose, 2.3 mg; 3.4

umol, Kyowa Hakko; 30-fold excess) were added. Recombinant bovine

B-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 Gal B1-4GleNAc-SBL-Cys156 (ESI-MS, found 27263, calc.
27266).

B. GDP-fucose (3mg, Kyowa Hakku) and human o-1,3-fucosyltransferase from
Spodoptera Frugiperda (EC 2.4.1.65, 100 mU, Calbiochem) were added and the
reaction mixtures 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 Galp1,4GlcNAc linkage.
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afforded the title product (10.5 g, 88%) as a white crystalline solid; m.p.
305-306C [Lit. 287C, Sato, R.; Goto, T.; Takikawa, Y.; Takizawa, S.
Synthesis 1980, 615]; 6H (200 MHz, DI\?I%O-dG) 7.28-7.76 (5H, in, Ar-H).
10 Example 23: 23 ,4,6-Tetra-O-acetyl-(3-D- Ig ucop r~ 1y
PheayiiiRIAtanAte AR ARG MG 2: 3B HCO
2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide (207 mg, 0.5 mmol)
was 15 dissolved in anhydrous acetonitrile (5 mL). To this sodium
phenylthiosulfonate (201 mg, 1 mmol) and tgtrabutylammonium bromide
(16 mg, 0.05 mmol) were addeg. Th esult‘hg mixture was stirred under
argon at 70C. After a 4.5 h peKod, thireyeserramatography (t.1.c.)
(petrol:ethyl acetate, 1:1) indicated the formagtion of a product (Rf 0.5)
with complete consumption of the starting m@terial éRf 0.3). 20 The

soRRIBAMAPEsRrHIEd 1R §ablcnmAb anddadBnblWaspahmEly were

befesrdichiarameiane i@k andk WalaldRQmMide ANt R action was
aq ueouswger re-extracted with DCM (2 x 20 mL). The combined

or§HARS WErE Werhauhaisr 6rhq%ac?oamﬂ}}ted$}§a%\$é?lmﬁmaﬁit@iae‘aaaﬁ&tered

copeeRisaked IRasHRdINe @&ﬂyﬁm&sm@qim& A8HeRMARy drous ethanol
chromatocgraph (petrol:ethyl acetate, 1:1) to afford the 25 title product

(285 Rip %%Hfﬂe(& SIRSER SR Wpts sorsigbine pabbsns; PIE06°C
1.Grigy. ORtBE3BAIR (KoL 1541 ) M3 TAUB bz R, Shinsiit (488, 6157; 5,
MHz, C6D6) 1.68, 1.72,1.73, 1.75 (4 x 3H, 4 x s, 4 X OAC), 3.09 (1H,
dd@09\EHg, PMSOsle HUA7 06 E, maMAIH- -5), 3.83 (1H, dd, 35 62.4
Hz, J6,6' 12.7 Hz, H-6), 4.08 (1H, dd, 39 J5,6, 4.2 Hz, J6,6 12.6 Hz, H-6"),
517523(2H in, H2 H4) 540(1H d Ji,2 10.2 Hz, H-1), 5.44 (1H, at,

1pig 29 B 1A X , opmnom nhemﬂibabsuh‘enate
structure of the product was further conflrmed by smgle crystal X-ray
diffraction. 5 Example 24: 2.3,4,6-Tetra-O-acetyl-(3-D-galactop r~yl

phenylthiosulfonate OAC*Q&/
o
AcO
AcO S——S0,Ph

AcO

2,3,4,6-Tetra-O-acetyl-a-D-glacopyranosyl bromide (207 mg, 0.5 mmol) was
dissolved in anhydrous acetonitrile (5 mL). To this sodium phenylthiosulfonate

(201 mg, 1 mmol) and tetrabutylammonium bromide (16 mg, 0.05 mmol) were
added. The resulting mixture was stirred under argon at 70°C. After a 4.5 h period,
thin layer chromatography (t.l.c.) (petrol:ethyl acetate, 1:1) indicated the formation
of a product (R¢ 0.5) with complete consumption of the starting material (R; 0.3).
The solution was concentrated in vacuo. The crude solid was partitioned between
dichloromethane (DCM, 20 mL) and water (20 mL), and the agueous layer
re-extracted with DCM (2 x 20 mL). The combined organics were washed with
brine (20 mL), dried over MgSOy, filtered and concentrated in vacuo. The residue
was purified by flash column chromatography (petrol:ethyl acetate, 1:1) to afford the
title product (225 mg, 88%) as a white crystalline solid; mp 129-130°C; [a]n™ +51.2
(c, 1.0 in CHCL); vmax (KBr) 1754 (s, C=0), 1376 (s, C=C) cm'l; on (400 MHz,
CeDg) 1.68,1.72, 1.73, 1.75 (4 x 3H, 4 x 5, 4 x OAc), 3.09 (1H, ddd, Je s 10.2 Hz, J5¢
2.4 Hz, Jsg 42 Hz, H-5), 3.83 (1H, dd, Js 5 2.4 Hz, Js¢ 12.7 Hz, H-6), 4.08 (1H, dd,
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Ac0 S-S02Ph AcO 2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl bromide
(2.0 g, 5 mmol) was 10 dissolved in anhydrous acetonitrile (80 mL). To
this sodium phenylthiosulfonate (2.02 93,/9_L0.3 mmol) and
tetrabutylammonium bromide (160 mg, 0.5 mmol) were added. The

resuling mityre wa5 FITRGNAer Asgenatir ot hiena Y ieriad, be,

(petrol:ethyl acétate, 1:1) indi¢ated the formation of a product (Rf 0.4) with

colipldié.ddriduimfiohbiathéd SthHiagmbidridd(REDBTL TheAvoltitiohWas92 (2H,
15,congentrated M%ﬂﬁ@%&ﬂﬁ%@wwm@&w%&g%@
mL) and_water (50 mL), and the aqueous layer re-extracted with DCM (2

x 3oLyl fffsetieBmbined organics were washed with brine (100 mL), dried
(MgSO04), filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petrol:ethyl acetate, 2:1) to afford the title
profdagple 24 ] (Dagstlvihiletneioprhineyd i 5 Suing
[@Jo27+24.2 (c, 1.0 in CHC13); SH (400 MHz, CDC13)
1.98,2.03,2.06,2.11(4x3H,4xs,4x0Ac),3.85(IH,dd,J5,68.8Hz,J6,6= 14.0
Hz, H-6), 3.95-4.00 (2H, in, H-baH-6), 5.11 (IH, dd, J2,3 9.7 Hz, J3,4 3.3
Hz, H-3),5.23 (1H, at, J 10.3 Hz¢H-2),5.25 (1H, d, J1,2 10.2 Hz, H-1),
5.43 (1H, dd, J3,4 3.6 Hz, J4, HzpH-4), 7.54-7.68 (3H, in, Ar-H),
7.93-7.97 (2H, in, Ar-H). 2348 —S0,Ph
2,3,4,6-tetra-O-acetyl-I-dithio-[3-D-glyogp, r~yl disulfide 40 AcO ACO O
AcO S-SEt AcO Method 1: 2,3,4,6-Tetra-O-acetyl-(3-D-glucopyranosyl
phenylthiosulfonate (100 mg, 0.2 mmol) and triethylamine (0.03 mL, 0.2
mol frdretidisaiinllin dhisptheosy BENY toomiye@Fd)irfataptbons

T R s S e

dr6pWise VinZneymignietrptodsiam B mim e iodkadien a0 hiimpetiodsre
t.l tral: 1) indic [ 13 iQr s

R b e L e i ge.
THd-solpeispl:ethyl acetate, 1:1) indicated the formation of a product (R 0.4) with

Wk

8
‘e

complete consumption of the starting material (R¢ 0.6). The solution was
concentrated in vacuo. The crude oil was partitioned between DCM (50 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 (MgSQy), filtered and
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:[a]p” +24.2 (¢, 1.0 in CHCL); 81 (400 MHz, CDCly)
1.98,2.03,2.06,2.11 (4x3H, 4 xs,4x0OAc),3.85(1H, dd, Js5 8.8 Fz, Js ¢
14.0 Hz, H-6), 3.95-4.00 (ZH, m, H-5, H-6), 5.11 (1H, dd, J»3 9.7 Hz, J54 3.3 Hz,
H-3), 5.23 (1H, at, J 10.3 Hz, H-2), 5.25 (1H, d, J1 2 10.2 Hz, H-1), 5.43 (1H, dd, /34
3.6 Hz, J45 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-B-D-elucopyranosv] disulfide
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was concentrated in vacuo. The residue was purified by flash column 10
chromatography (petrol:ethyl acetate, 1:1) to afford the title product (70
mg, 82%) as a white crystalline solid; 95-96C [Lit. 100-102C, (Davis,
B. G.; Ward, S. J.; Rendle, P. M. Chem. Commun. 2001, 189)]; [a]o22
-164.9 (c, 0.2 in CHC13) [Lit. MD 24 -178.0 (c, 1.0 in MeOH) (Davis, B.
G.; Ward, S. J.; Rendle, P. VG Commun. 2001, 189)]; SH (400
MHz, CDC13) 130 (QH, t, 3¢ ©2.00, 2.02, 15 2.03, 2.06 (4 x
3H, 4 x s, 4 X CH3), 2.79 (2H T, 5, JHH 2.7 Hz), 3.73 (1H,
ddd, J4,5 10.2 Hz, J5,6 2.5 Hz, J5,6, 4.8:#biz, H-5), 4.14 (1H, dd, J5,6 2.4
Hz, J6,6' 12.4 Hz, 14-6), 4.22 (1H, dd, '5,6, 4.7 Hz, J66' 12.4 Hz, H-6"),

ﬁ{ﬁg@igﬁ g) ‘92%%#(?&% éﬁgfﬁt?} f)Hgigéo‘;])?frgn%gy %ﬁgﬂﬁtﬁosuﬁfesn(a%e (100
2,304, 6} raxObpoel ik talaneny €y fiderD-(2 ghmopysanodiske (28 imgnhydrous
0. a tr| | e O 0. 15 ere dissolyed in freshly
diﬁﬁ%@@ﬁﬂﬁ l‘SY en(so lré%g < Stirre (@ﬂ?ﬁ ﬁqdun%ler\{ms?here O% argon.
atmospinere of edtgwthéokdmﬁikﬁwmletﬁ@nﬂﬂ@ﬂ)holahhy&dﬁ ARl ) i mL) was
anhydrou 10 mL Wasaddedd wise v r 2.5 h.After 3 h, tl.c
(perprgo I%%Ee 9%% h ?ca ed e 75 Poran o%rgf a nr%lélf eﬁlr%%u%ﬁ ?805511111
alqn:gwdlluborﬁ;ﬂmé wfykampﬁie,rﬂ of ithetistaditige fiateniadfRE @ Hajdheroduct (Re
was G ncentr ed in yacuo. Th was

o R O o ST SERtAS R e, 8 [ sguion

mg’y'@zi}z&)castaawmfa erystaliihe solid:8vExpmiledty Bisflcolumn

Ozl—ﬁgﬁﬁggr%}g@%ogéw& g.%e%‘_[ga aﬁt%) X@&ﬁ%ﬂeq %lggodugt (9)06‘ thg, 82%)

hod
2 3§4@6¥1iéﬁar@tabetyls(2®b®{gal%’f@ﬁiﬁf&ﬁﬁmsyl%hé@@ﬂ@ll(EaiﬁsnBteG(m’@ard S.I;

an y%‘é)eg?%%%mmf%grr? 3 #@3@%&&8@ a%gat OSp éreo %&351 [Lit

argaly A 500 O MEOBIIDR(GOBE G WA NN RenA I IOUE Fem.
DCM (10 mlg_Az}was slowly added dropwise via a syrin ump over a 30

ep
i 5B, A S (ORI € b bl Hthded 1ty Ghinbardtl 202
the fermationof armaieis praduet,(RIC:4) along, with .complate joonsumpfian3
of the starting material (Rf 0.3). The solution was concentrated In
( dd , 4.5 10 2H7 J562 5 Z,Js(, 4.8 HZ H~5) 4.14 (IH dd J5624HZ J66
12.4 Hz, H-6), 422 (1H, dd, J5 5 4.7 Hz, Js 5> 12.4 Hz, H-6"), 4.52 (1H, 4, .J,»

9.8 Hz, H-1), 5.10 (1H, at, J 9.8 Hz, H-4), 5.21-5.26 (2H, m, 1-2, H-3),

Method 2: Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-B-glucopyranoside
(75 mg, 0.15 mmol) and triethylamine (30 pL, 0.15 mmol) were dissotved in freshly
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 2.5 h. After 3 h, t.1.c. (petrol:EtOAc, 1:1) indicated the
formation of a major product (R¢0.5) along with complete .consumption of the
starting material (Ry 0.5). The solution was concentrated in vacuo. The residue was
purified by flash column chromatography (petrol:EtOAe, 5:3) to afford the title
product (50 mg, 82%) as a white crystalline solid |

Example 26: Ethy] 2.3.4.6-tetra-0O-acetyl-1-dithio-B-D-galactopyranosy! disulfide
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vacuo. The residue was purified by flash column chromatography
(petrol:ethyl 10 acetate, 1:1) to afford the title product (78 mg, 91 %) as a
white crystalline solid; mp 65-66C,; [a]Dﬁé -52.1 (c, 1.4 in CHC13); u,,.
(KBr) 1746 (s, C=0) cm-1; 8F1(400 MHz, CDC13) 1.30 (1H, t, J7.4 Hz,
CH3), 1.95, 2.01, 2.02, 2.13 (4 x 3H, 4 x s, 4 x CH3), 2.79 (21l, dq, Jca3-x

7.0 Hz, J6,6.11.2 Hz, H-6"), 4.51 9.9 Hz, H-1), 5.05 (1I1, dd,

J2,3 9.9 Hz, J3,4 3.6 Hz, H5} 5:35-5" i, A5 H-4). Method 2:

Phenyl 2,3,4,6-tetra-O-acetyl-l-selenemytsulfide-D-p-galactopyranoside

(75 mg, 0.15 mmol) and triethylamine (30 L, 0.15 mmol) were dissolved in
freshl distill M (30 mL)..The solution was stirred at RT under a
A D SRR T e Ty o oo
anmgl (bR sipON (id tndthywas md@eeb drdpwiderovel) av2:5 disditerdIhathygirous

(p , c; L:1).indicate farmation of a major. product (Rf0.5
algélg wiiﬁ c%l%?é%% Sc%esu??létlo%ngF the as&%?tslﬁgergﬁa %f%ﬁ%?f%%g Q%Of ethane
sotbiidri (3 cohctrated nnvadual dimePENE () ws) 2 psilified bidtdshopwise
colymn chromatography (petrol EtOAc, 5:3) to afford the title .compound .,
o BB SR T A5 B BRteoEy
6-acracdty|) hdvetadibloi2roetru-{8-Dagliegpyrano Rk (0dS ulficke B0 2omplete
Ac O _Ac AcO S-SEt AcNH 5 . . . .
ore P ch ST AT Bteria (R bl s solvsomys vaeerpgd i
gllmpl g1 divesickad(k )@’mg?ﬂfﬁl Mnfmlsmmudmhmmh)tegi@;ﬁfy I(llpbtzﬁlﬂe@hyl
mmal). were, disselved.in fres iSt] DC mL). The solytion was. ,
e IS o R R P R S S e B mp
mIGHIFeACTRYeTouE DGV (2 Gl Olvas addacRdiamwisg, aveo) bmAfter 8100
h, 1.).C. ( ingicated the formation of a 10.major produyct (Rf 0,4)
aéﬁ}gﬁ%viﬁﬁz@ﬁgka% @(ﬁiéu?ne]pé)giéo Qﬁs@%ﬁ%@é% ByPHgxs,
solukidiT Wa g .conentigtelinyacudz The fesituy, was puifidd.hy fashz,
Js,6 6.3 Hz, J5 5 7.0 Hz, H-3), 4.06 (1H, dd, Js ¢ 6.3 Hz, Joe 11.3 Hz, H-6), 4.12 (1H
dd, Js¢ 7.0 Hz, Jss 11.2 Hz, H-6), 4.51 (1H, d, J1 5 9.9 Hz, H-1), 5.05 (1H, dd, /23
9.9 Hz, J34 3.6 Hz, H-3), 5.35-5.40 (2H, m, H-2, H-4).

2

Method 2: Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-B-galactopyranoside
(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 uL, 0.15 mmol) in anhydrous DCM (10 mL)
was added dropwise over a 2.5 h. After 3 h, t.lc. (petrol:EtOAc, 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
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-O-acetyl-2-acetamido-2-deoxy-B-D-glucopyranosyl
disulfide
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column chromatography (EtOAc) to afford the title product. (75 mg, 93%)
as a white amorphous solid. [a]025 -70.1 (c, 2.5 in CHC13); 6H (400
MHz, CDC1.3), 1.32 (3H, d, .JcH,cH3 66 Hz, CHCHB3), 1.96, 2.04, 2.05,
2.08 (12H, 4 x s, 4 x COCH3), 15 2.82 (2H, q, J 7.4 Hz, CH2), 3.75 (1 H,
ddd, J4.5 10.1 Hz, J5,6 2.5 Hz, J5,6' 4.7 Hz, H-5), 4.12-4.25 (3H, in, H-2,
H-6, H-6"), 4.73 (1H, at,.J12 10.4 Hz, H-1), 5.10 (1H, at, J9.8 Hz, H-4),
5.30 (1H, at, J9.9 Hz, H:3).5~(0 (IH, d, JNH,2 9.1 Hz, NH). Example 28:
bis-N-Acetyl-L-cysteinyls j thylester 20 OH NHAc NS Y H
cooMe 0 2 bis-L-Cysteit® ytestért (100 mg, 0.23 mmol) was
dissolved in methanol (5 mL). Tathis solution acetic anhydride (0.09 mL,

0.9, 408 %')4%“&1@/%{9&@? @aoc%?amﬁdooz%&;%‘qbs}ﬁ{%ﬁ %ﬁ’%ﬁﬁdéﬁ% 215

min pefiod, f.1.c. (ethyl 25 acetate:methanol5:1 ated the formation

of almammd@( (Q@o@ AldRgrwied) @@ﬁﬁp\l@tﬂ@mm@ﬂémﬁf thé 9 mmol) were
staftingmaterald] (Lt eacian1as 15aneeh @E%g&%{ﬁ%ﬁ% Runder

residue was purified by flash column chromatograp

acé’tﬁ‘?@ rﬁe&ﬁlaﬁfﬂ@p@iﬂ}éﬁaﬁbtﬁlﬁfboﬂﬂelﬂro@d@t iqsoqﬁgn ao%ﬂwamwé(l 0 mL)
wabsialing, IR ORL A e galln?isc %{bg&l-f’d dﬁ@a%ld %963%01"%’[1011 ofa

(400 MHz,  CDC13) 2.04 (3H, s, COCH3), 2:96 (1H, dd, JJH,H 13.9 Hz,
JORRiH r okt (@y@dﬂi ryng wg}(ypma@t@ CHIMMBOHL u@ﬂ@r}mgnmzeriai (Rs

CW?@ e 3o@Hvss MEh 83 G Hacd, %ﬁ%l&&&%@ﬁ&%g@yﬁﬁm

erCHH), 3.93 (1H, dd, JCH,H 11.3'Hz, JCH,aH 5 4.9 Hz, SerC
4. 55%4%5%@@1921’%1an@eﬁﬁt@év)mffoqht@e aﬂI@md@eﬂ%mg@%) asa

S SO ey o s Bl g CE0Y

wasHiskolvedind.6 Hz, CHCIL), 1.96, 2.04, 2.05, 2.08 (12H, 4 x 5, 4 x COCHj),
2.82 (2H, q, J 7.4 Hz, CH,), 3.75 (11, ddd, Ju5 10.1 Hz, Jss 2.5 Hz, Js ¢ 4.7 Hz,
H-5), 4.12-4.25 (3H, m, H-2, H-6, 11-6"), 4.73 (111, at, J;» 10.4 Hz, H-1), 5.10 (1H,
at, J 9.8 Iz, H-4), 530 (1H, at, J 9.9 Hz, H-3), 5.70 (1H, d, Jyir2 9.1 Hz, NH).

Example 28: bis-N-Acetvl-L-cysteinyl-L-serine methvlester

NHAC

o)

COCMe

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.L.c. (ethyl
acetate:methanol 5:1) indicated the formation of a major product (Rr0.5) 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
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wet chloroform (100 mL) and methanol (10 mL) and stirred. To this stirred
solution tributylphosphine (1.1 mL, 4.36 mmol) was added. Aftera 2 h
period, t.l.c. (ethyl acetate:methanol 10% indicated the formation of a
product (Rf 0.6) along with complete consumption of the starting material

(R C pic ] \ stallj
e S A Rt R M,
wtﬁl@@ty)szavméﬁpudc@raﬂaazzmcﬂa@dz&rﬁz 10.9814.. Ui Me D, Gy sCHH),

o B3 G5 T M ST 4 G e R 17 (PR .83 (1.

OMe) 3l QlHHdotfcmhi AN 1A SeCh),am8.4 Hza8erGHN). 3193, (K
dd, 20 JCH,H 11.7 Hz, JCH,UH 4.2 Hz, SerCHH), 4.61-4.65 (1H, m,

all$S1z SarGid) i35 [ Falle)d) ElozodBery, 481 (b8 ﬁr§ RHEys),
7.73 (1H, d, JUHNH7.4 Hz, NHSer). Example 30: N-Acetyl-L-cysteine
(2,3. 4 6- tetr% O- acet I-I- dlthlo I3 E) Igucopyratnosyltdlsulflde) L-serine

2,34, 6 Tetra O acetyl (3 D- glucopyranosyl phenyithiosulfonate (61 mg,
0.12 mmol) was dissolved in anhydrous DCM (5 mL) and stirred at RT
under an atmosphere of arggn. To this N-acefyl-L-cysteine-L-serine
methylester (32 mg, 0.12 mmol) and trlethyl mine (0.015 mL, 0.1 Immol)

period, t.l.c. (ethyl acetate:methanol, 10311) indicated the formation of a
major product (Rf 0.5) along wi pl&te consumption of the starting
material (Rf0.3, (t.I.c system (petrol:ethyl acetate, 1:1)). The solution was

COB‘&%%&@G&”L"&&%Q hﬁ' Egﬁigéjﬁ%@% n%{xlf ]%)% ?%r%%%@m s dissolved in

chromatography 10 (ethyl acetate:m
pretch{Ts foan 9998 ak)apvhitsthanol (10 mL) and stirred. To this stirred solution

tributylphosphine (1.1 mL, 4.36 mmol) was added. After a 2 h period, t.l.c. (ethyi

acetate:methanol 10:1) indicated the formation of a product (R;0.6) along with
complete consumption of the starting material (R¢ 0.3). The reaction was
concentrated in vacuo. Recrystallisation from ethyl acetate/methanol afforded the
title product (1.77 g, 93%) as a white crystalline solid; mp 127-128°C; [a]p® -32

(c, 1.0 in MeOH); 84 (400 MHz, CDCls) 1.89 (1H, at, J 8.9 Hz, SH), 2.06 (311, s,
COCHj3), 2.84-2.93 (1H, m, CysCHH), 2.97-3.04 (1H, m, CysCHH), 3.79 (3H, s,
OMe), 3.91 (1H, dd, Joun 11.4 Hz, Jop o 3.1 Hz, SerCHH), 4.03 (1H, dd,

Jeun 11.7 Bz, Jopen 4.2 Hz, SerCHH), 4.61-4.65 (1H, m, aHSer), 4.71-4.76 (1H,
m, aHCys), 6.93 (1H, d, Jounu 7.8 Hz, NHCys), 7.73 (1H, d, Juung 7.4 Hz, NHSer).

Example 30: N-Acetvl-L-cvsteine (2.3.4.6-tetra-O-acetyl-1-dithio--D-

olucopyranosyl disulfide)-L-serine methvlester

MEOOC

AO

Acg o
“ NHAC



10

I5

20

25

crystalline solid; mp 126-128C [Lit. 125-128C (Davis, B. G.; Ward, S. J.;
Rendle, P. M. Chem. Commun. 2001, 189)]; [a]Jo25 -47.9 (c, 0.7 in
CHCI3) [Lit. [am 24 -178.0 (c, 1.0in Me‘@‘ﬁ‘H) (Davis, B. G.; Ward, S. J.;
Rendle, P. M. Chem. Commun. 2001, 189)]; SH (400 MHz, CDC13) 2.03,

2.06, 2.07, 2,115 X 3H, 4 5, 5 X CH3), 3.05 15 (1H. dd. JCH.H 13.

S 3B bR R A FR AT b 32 3 P
Cys@HIEoBE0 iBihhy JOMe) MY bH,)duid, siidrBdlA. B Handé; Gr2addaphere of
15.6' 4.1 Hz, .H55), 3.94.(1H, dd, JCH.H 11.7 JC H 3.0, Hz,
sl e S e S el g i mpyand
(1 kiadloly13515:4 (2.4 36,6012 thidal) H-&)hd8&:¢l B (38 6i12.8nd anhydrous
J6,6.1.2. -6'), 4.62-4.65 (1H, in, allSer), 4.64 20 (IH, d, J1,2 9.5
el .5 ) SHEE A Haadd RS SRS SutarBn,

in, peeRdHAG)e 1 peticel], IV, (4Thol s thbAeThTuBR (D) dnditticH (.6

H er). Example 31: N-Agetyl-L -cystein . :

o SRR oA AR st R RS} SRS complere ponsumption of the
distrificled-tnaeriale Raéth, (1. bstersiMeG@@ol:Ah @ Acelires NH)HIBcO18:HSn was
NHAc. A . 2.3.4 6-Tetra-Oracetyl-(3-D-galactopyranosyl . ‘

P A R RS RA aPAARNEIR0 chromatparmohy
(5 (uthy s tetimpdiaarRT, Uhdetanifatthtspitreotiang6is hsdtiomoh white

N- -C ine-Liseri | r Q.12 ol).an ,
e o 1) Ao 2 BV e £ AL S Rendie
anPyiitolisamethramob(0 BL) R&5; Joiuly dddect diopinieeiah | Bitrifgl* -178.0
pu ver jod. After.a 2 h period, t1.c. (ethyl acetate:methanol
10@5)1% .cg{eg‘al‘tﬁffﬂ%%o%@%%érﬁ% 3916? f'é‘.)@)8 8%%’6’?{”’“’”' 2001,

conhipigie, cons amiptiarDaf e s@rting mareral (REG3H, | £sysientTHs), 3.05
petrol:ethyl acetate, 1:1). The solution was concentrated in vacuo. The

rebldteithaspunfiett By flasnicbRih toCHsMatodrabydditigan 13.9 Hz, Jonan

aceiie meisenl) 105 torafforonns, ttleonnadugd {59, w (Naoyaspwhite

amorphous solid; [a]D25 -48.8 (c, 0.25 in CHCI3); SH ﬁoo MHz,
Jse 4.1 Hz, H-5),3.94 (1H, dd, Jeuu 11.7 Hz, Jepan 3.0 Hz, SerCHH), 4.00 (1H,
dd, Jenn 13.8 Hz, Jepen 3.7 Hz, SerCHH), 4.23 (1H, dd, J54 4.2 Hz, Jye 12.4 Hz,
H-6), 4.38 (1H, dd, J56 2.0 Hz, Js 5 12.5 Hz, H-6"), 4.62-4.65 (1H, m, aHSer), 4.64
(1H, d, Ji12 9.5 Hz, H-1), 4.90-4.94 (1H, m, cHCys), 5.18 (1H, at, J 10.1 Hz, H-4),
5.24-5.29 (ZH, I, H~2, H-3), 6.94 (IH, d, JNH,H 7.9 H'Z, NHAC), 7.52 (lH, d, JNH,H
7.6 Hz, NHSer).

Example 31: N-Acetyl-L-cvsteine (2.3.4.6-tetra-O-acetyl-1-dithio-B-D-

galactopyranosyl disulfide)-L-serine methvlester

MeQOQC

H
OAc OAc NH )

S——8
ACO NHAG

AcO
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CDC13) 1.99, 2.04, 2.05, 2.08, 2.18 (5 x 3H, 4 x s, 5 x CH3), 2.80 (1H, bs,
OH), 2.99 (1H, dd, JCH,H 14.1 Hz, JCH,aH 9.2 Hz, CysCHH), 3.32, 3.77
(3H, s, OMe), 3.92 (1H, dd, JCH,H 11.7481z, .TCH,aH 3.0 Hz, SerCHH),

4.01 (IH, dd, JCH,H 11.7 Hz, JC3,aH 15 3.7 Hz, SerCHH), 4.06-4.14 (2H,

in, H-5, H-6), 4.20-4.2 , m, H-6"), 4.61-4.63 (1H, in, allSer), 4.65 (1H,

d, %’,é*é.‘éﬁ %‘? :?L‘j?*l?ag"ﬂ?6@%&%?3’6%&3&??{%%@@%5&8&‘%@9 @%’(Hz,

J3 4 Bednldd ) tad XidedR&t 4l ekl F2C M09, 181086 e d MHE fuher an

Hz, NHAg), 7.28 (1 H, d, JNH,H 8.1 Hz, NHSer). 20 Example 32:

z.s%ﬁl}@??%ﬁfs.@%@ﬁgyﬁa%@wae P ReERGLyIBRTHISE B BRe e BiEr

S‘n@ ?h%@mﬁhﬁgafwtﬁﬁke L Wg : hydi Qh@lgﬁ%ﬁiﬁ]&m ?()%% o
ISsQlved. In an rous m and an rous 4 ML) unader

arés(l_)ﬂ ﬁﬂ%ﬂ}@%ﬂ#ﬁ@r%m%haéfals(%%rfaB)a‘%%wms?é( TABVIERia sy ringe

in P&hp, RAmmolpaasd2 added Hiepwise Dyefethbl miBtpeinehilg, 10:1)

reactjpn wag stirred at RT, After a 40 min periad, t.l.c. (petrol:ethyl
e AR oA GO SR At 1 67 e

reaciginyaheeoied m&%gﬂﬁ@ﬁangmdwﬁnd@@mw %&%’eﬁre&ﬁm&ekate, 1:1).
added over.a 5 min period. The reaction was partitioned between DCM
o L AT PR RIS i o et SRR R g

mlghihie Lombine defity lorganicaymasovere: washetbwithosine gt )59 mg,
dried (MgSO4), filtered and concentrated in vacuo to afford the title

produet ¢ a yiyiosasrBRossole Jempw 88 §H (450 MEICE b &rs§ 08 Yz,

(191 Y1128, 5 bz, 3853 Dk Hzi 81c8 ) 318& (L H 5ddePh)62 24 g, 88, 611), 2.99

11.0 Hz, H-6), 3.79-3.84 (2H, in, H-4, H-a(%g4.o7 (ﬁH, at, J9.1 Hz, H5 3),

4,678 89 (e HLsiZa/a7es 82 B GisPHENR 3,327 14 (38, pRde),3.92 (11,

4. 89 ( CH), ; , RhC H,d,

A T e B O B D e

-DylutepSgrahtyfpbleryithiéElifontté, BrnO, Bi0-9.26 (1H, m, H-67), 4.61-4.63
(1H, m, aHSer), 4.65 (1H, d, .J; , 9.8 Hz, H-1), 4.88-4.93 (1H, m, aHCys), 5.11 (1H,
dd, J253 9.8 HZ, J3,4 3.3 HZ, H-—3), 5.42-547 (ZH, m, H-2, H-4), 6.68 (IH, d, JNH,H

7.8 Hz, NHAc), 7.28 (1H, d, A 8.1 Hz, NHSer).

Example 32: 2.3.4.6-Tetra-O-benzvl-a-D-glucopyranosyl bromide

BnO
8nO
BnO

BnQ
Br

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 mlL) 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. (petrol:ethyl acetate, 2:1) indicated the formation of a major product (Ry
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
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BnO S-SO2Ph BnO 10 2,3,4,6-Tetra-O-benzyl-D-a-glucopyranosoyl
bromide (3.55 g, 5.88 mmol) and sodlum phenylthiosulfonate (4.76 g,
24.3 mmol) were dissolved in anhydrous (i 4 dioxane (90 mL). The
reaction was heated to 70C under argon. After 20 h, t.I.c. (petrol:ethyl

acsiaigi Al dpdicated 40 JQrmateRof %@J?W@f’%@& AR Ay

complete consumption of the starting materlal he feaction was

coeBEeR T andlaivertualieddisciplepsodiae éﬂéd%?(ﬂ Eéﬂféﬂéiﬁyleﬂow oil;
acgﬁ A LU G A 32%'7%@5@2?%“ Y3G40 508, ﬁeﬁg%—"@s ISR gf'ﬁfjdd, s

ash column chromatography (pe ol ethy [ Acetate, 4°1

234 mm¢1ﬁbﬁymg|aa@a§r%m@§l zphamtﬁr@gwmatéfmafge 1 Hz, H-
78%) AgAmh 14.‘51%0‘1‘? Satlogﬁ%tr‘?no%’% 20 gom oﬂﬂd% gz?szt.-

rafio of 3:1. Selective’re-c yst rom'et etate/pétrol ‘a
puteB? @H;ﬁrteﬂlacﬁabeﬁkQI(@iDigYubbbﬁaanﬂLﬁje@%ﬁlﬂéu&oHale asl@-7.41
35@1 ryﬁt%l solid; m.p. 106-108C; [a]D22+21.4 (c, 0.35 in CHC13);
(500 MHz, C6D6) 3.21 (1H, ddd, J4,5 9.7 Hz, J5,6 1.4 Hz, J5,6. 3.8
Hz, H-5), 329(1H dd, J5,6 1.4 Hz, J6,6' 11.1 Hz, H-6), 3.34 (1H, dd, J-2

(2H ABq, J 12. 1Hz, PhCH2) 452, 4 58 (2H ABq, J 11.0 Hz PhCH2)

4.72, 4.76 (2H, ABq, J 11.380a
PhCHZ2), 5.25 (1H, d, Jig o .82-6.88 (3H, in, Ar-H),
7.05-7.26 (20H, in, Ar-H), 796-7- ' r-SH 33(975’7 Example 34:
Ethyl 2,3 ,4,6-tetra-O-benzyl-I-dithio- (-molg ucopy anosyl disulfide BnO
BnO O BnO S- SEt BnO 2,3,4,6-Tetra-O- acetyl (3-D- glucopyranosyl

pheny|t fo (éy Qyng 14 mmo trletlag 1

mhnf;’?)lf{v%grsg% issoved in aO%x%l Soa ];f]f? gg sﬁi‘re ES) Lé

ursheian phmgﬂﬁheﬂ%atg@h?ﬂ'(g,thﬂskﬂmn@ thiok dissolved in anhydrous 1,4
dioxane (90 mL). The reaction was heated to 70°C under argon. After 20 h, t.l.c.

H2), 4.78, 4.52 (2H, ABq, J 11.3 Hz,

(petrol:ethyl acetate, 2:1) indicated the formation of a major product (Ry 0.6) with
complete consumption of the starting material (R 0.7). The reaction was cooled to
RT and filtered, the precipitate was washed with petrol/ethyl acetate and the filtrate
concentrated in vacuwo. The residue 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.p
compounds in a ﬁ:d ratio of 3:1. Selective re-crystallisation from ethyl acetate/petrol
afforded pure 2,3.4,6-tetra-O-benzyl-B-D-glicopyranosy! phenylthiosulfonate as a
white crystalline solid; m.p. 106-108°C; [a]p™ +21.4 (c, 0.35 in CHCly); 84 (500
MHz, CeDe) 3.21 (1H, ddd, Js59.7 Hz, Js 6 1.4 Hz, J5¢ 3.8 Hz, H-5), 3.29 (111, dd,
Jss 1.4 Hez, Js 11.1 Hz, H-6), 3.34 (1H, dd, J,» 9.9 Hz, J, 5 8.7 Hz, H-2), 3.49 (1H,
dd, Js6 3.8 Hz, Js¢- 11.1 Hz, H-6%), 3.51 (1H, at, J 9.4 Hz, H-3), 3.60 (1H, at,

J9.4 Hz, H-4), 4.15,4.25 (2H, ABq, J 12.1 Hz, PhCH,), 4.52, 4.58 (2H, ABq,
J11.0 Hz, PhCH,), 4.72, 4.76 (2H, ABq, .J 11.3 Hz, PhCH,), 4.78, 4.52 (2H, ABq,
J11.3 Hz, PhCH)), 5.25 (1H, d, Ji 2 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).
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(11 L, 0.14 mmol) in anhydrous DCM (10 ml) was slowly added dropwise
via a syringe pump over a 90 min period. After a 90 min period, t.l.c.
(petrol:ethyl acetate, 6:1) indicated the formation of a major product
(Rf0.4) along with complete consumption of the starting material (Rf 0.2).

fonavas,cpacentated i 10 vaguo The resid ifisd

flasn column chromatograpny (petrol:ethy
product (83 mg, 95%) as a clear 0|I [a]ln22-164.9 (c 0 2 in CHC13) [Lit.

[a]n25 -80.0 (c, 3.0 in McOH}E# B. G.; Ward, S. 7.; Rendle, P. M.
Chem. Commun. 2001, 189) z,CDC13) 1.22 (1H, t, J7.3 Hz,
CH3), 2.68-2.86 (2H, in, CH 259 Hz, J5,6 3.3 Hz,

35,6, 2.1 Hz, 15 H-5), 3.56-3.60 (21-1, BaoH-6, H-6"), 3.61 (11-1, at, J9.1
Hz, H-3), 3.72 (1H, at, J9.4 Hz, H-4), 3.89 (1H, at, J 9.1 Hz, H-2), 4.34

(1 437, 4.31 b@e PhC 2}234 .56,

.05 (T Rpe Ao B B AP T T
d, 0.14 1hihid) Bm(}hﬂbﬁl,y&aﬁﬂr(d(ﬁ @, ﬂlﬂDO?IHmlﬁm Ibkt); d?sﬁlﬂv?:n?il(ﬂlﬁiyldrous
in ) 27, (2H 29-7. 2H in, Ar-H), 20.7.36-7.38 ..

Il"ﬁtﬁﬂ g I-Iﬁq;%l(%(}n %’rrééga@ifgggeir L ?/S 10 n%hizéeff alggh. 0 1?1.13 etl%ane thiol
4 ,6-tatla-0O18enayh)-tithidsfG:aus P Ubb Pl amdgyivdisilfieh) dddetid@pwise via a

P

m C NHH BnO 0 SSNHCBn

2 S SR M R e PR b by s
0. @71mmbt)aWd§1thsfSUle3m0dlahydj@qsr®ﬁM (ﬁfﬂlﬂ) AodgstiitbdanRete

{ of- Ar. T th| tykL-C t ine-L-serine

e T S e R g
ani’rydr@ti’éhﬁ)wfﬁﬁi mbj andﬂi:@hhﬂh&fuwin&iha;h&r(&ﬁgr&@lw@eﬂlowﬁlyl
adde rin riod. After peri
£ 198 (%a%h eta rd% gés% ;?ho@ r{\,lﬁg{ ‘,#‘23] X! -deat odl: 5[0[8]9 —9(94,9 (c,
0.2 in CHCl,) [L1t {OL]D -80.0 (¢, 3.0 in McOH) (Daws: B. G.; Ward, 8. ].; Rendle,
P. M. Chem. Commun. 2001, 189)]; 64 (400 MHz, CDCl3) 1.22 (1H,1,J 7.3 Hz,
CH3), 2.68-2.86 (2H, m, CHy), 3.24 (1H, ddd, J4 5 9.7 Hz, J55 3.3 Hz, J55- 2.1 Hz,
H-5}, 3.56-3.60 (2H, m, H-6, H-6"), 3.61 (1H, at, J 9.1 Hz, H-3), 3.72 (11, at,
J9.4 Hz, H-4), 3.89 (1H, at, J 9.1 Hz, 11-2), 4.34 (1H, d, J,2 9.7 Hz, H-1), 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, PhCH»), 4.90 (1H, d. J 11.1 Hz, PhCHH), 4.97 (1H, 4, J 10.7 Iz, PhCHH),
7.07-7.21 (14H, m, Ax-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-O-benzyvl-1-dithio-B-D-

glucopvranosyl disulfide)-L-serine methvlester

MeOOC
NH H

BnO
BnQ Q s s
BrO NHAG

BnO
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product (Rf 0.6) along with complete consumption of the starting material
(Rf 0.9). The solution was concentrated in vacua. The residue was
purified by flash column chromatographﬂsg(ethyl acetate) to afford the title
product (48 mg, 82%) as a white 10 crystalline solid; mp 96-97C,;

COs, S B e o T S R A e s 5,
1 WHmmxmqﬁngm@HM@@mC@yétmm aBdexti(kid atiBd, WAdSr an
3-&%&@@@9 drH ZroJéY@_, z% QCE'@ - %% S@ife- ﬁlgég%fe gﬁm%f@ g}ﬁhg

, at, 8 Hz, H-3), 3.8
H-6 0fims o) gectmathmlarmmdﬂ M1 0, ?&m, ,4J®HB;IL31H113§I3(H2 IsavoisEnLL) and

2 SRR D A e AR R v bl g over e
4, é?h(QmoABfiqftgu@ fsszermchZ:) (gt e 972 HdBIgd Jhelf@iHation of a major
RS B S AR Gl 00

Exﬂm @@%@Wcmcma@*@@m»@q@s’mﬂ@@@ewgs @ﬂcf(@ds*m flash column

6- I
e S D SR Pl

AcBS8HaRkIEE @R E6-97°C; [oln™ +56.2 (¢, 1 in CHCly); SH (400 MHz, CDCl;)
2,3, T -O- ---2, ,4,6 ce Q-
gléc%pyrlé%os@é%gj#u%c,cg);@%n%as%% ucobﬁ‘éﬁ%sy brom 375(%%% 337
mgl H).24, imel) Aasidissalyed. Han t@gd(ouﬂﬁ@mmg{@ dd@ mk).6athis
sodiu nzenethi 0 mg, 0.41 mmol).an ,

el o oA (10 A M Sl e kB o 8 .

resUBING BYXBFE WaNHYraRuBien arHOm a8 AQHHAMR? a2dI HesioB 61T, dd,
(petrol: eth¥l acetate, 1:2) indicated the formation of a UV active product

(Rf0:8) Wit Borfiptete chRGunpian Br e dtbitin fhatefidl4r 45751, 4.70

(2H, ABq, ./ 11.6 Hz, PhCH>), 4.55, 4.85 (2H, ABq, J 10.4 Hz, PhCH,), 4.59-4.62
(1H, m, aIISer), 4.81, 4.87 (2H, ABq, J 10.6 Hz, PhCH>), 4.91, 4,97 (2H, ABq,

J 11.0 Hz, PhCH;), 4.93-4.98 (1H, m, aHCys), 6.88 (1H, bd, Jypn 7.9 Hz, NHAC),
7.13-7.39 (20H, m, 20 x Ar-C), 7.48 (1H, d, Jyyu 7.6 Hz, NHSer).

Example 36: 2,3.6-Tri-O-acetyl-4-0-(2.3 6-tri-O-acetyl-4-0-(2.3.4.6-tetra-O-acetvl-

o-O-glucopyranosvl)-a-D-glucopyranosyl)-B-D-glucopyranosyl phenvithiosulfonate

2,3,6-Tri-O-acetyl-4-0-(2,3,6-t11-O-acetyl-4-0-(2,3 4,6-tetra-O-acetyl-o-O-
glucopyranosyl)-a-D-glucopyranosyl)-a-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,
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At which point the solution was allowed to cool to RT and filtered, the

filtrate was 5 concentrated in vacuo. The residue was purified by flash
column chromatography (petrol:ethyl adtate, 1 2) to afford the title

product (140 mg, 62%) as a white amorphous solid; [a]n22+69.9 (c, 0.75

I ORISR GO DO R 08000 A0SR0 Al 209,
(30H. 10 x COCH3Y, 3.77-3.79 (1H. Tn DA-400 (AH. nt H-da
H-Adteriashh laes@ﬂ 411@ (petcadtag ze@ateHZ 2y Gogided Pz forepion®fa UV

TSR R R B
Ji,A8vehie2 1928 ilwaimzonﬂs@a)aihas@dmmo@mo IRTHY 2d), tBe 1P itat, was
2tedncdfidd Ma&z%ﬁ%deﬁd&éa%%t&%ﬁw@ @a%é&iﬂmﬁ @%tzg%hy

H-1c), 5.37 (1H, at, J9.1 Hz, H-3c), 5 J10. 1Az H3
5 ApeBAdsipl aentaeb; %iga")ffWQZhﬁ %emq@ct il 4Rmpg), 62761 48 B prhite

Ethyl O-
AR A R EIN SRS 888205, 206,
oy AROTA) i Df»gzu&nﬁmmom CQNEHI0-IBTD-HLROFYranddysa), 3.94-4.00

ciR4fld5 A5Q,AP90 S8 BAGAIQR R ATC,OATE /AT SHEL SR
2,3,67FHD BTty ﬁ@a(zw@smﬂcﬁaa;em% LB 46 ?zéirﬁzooa@elgléa%ﬁ;

|
LR PRy RN 0 2
(10 GﬁiLI)Iarid éa}réCB%ﬂFSﬁ lﬁihldem,alﬁ ahnﬁslrheﬁelaf(afgm ASpHEoHdb), 5.28
| I ,
t“ m gmine; {ﬁé cﬁm%f@@a Afdse e 32? ﬁ“ﬂo@ kO ?sﬁinémbgafﬁz

ydrous was slow PwWis€’via a'syringe pump
ovHrfhle hetiddl. anftet 4 IHpetivdb ). I5c} (Fetd(2thyhatetdtdl-323) 7.62-7.65

N e AN e A %lg{)p?cgﬁ'r%@%ﬁnal gogyith complete

sumption of artl’ng mat e $olution was
concentrated in

Example 37: Ethvl 2.3 6-tri-O-acetvl-4-0-(2.3.6-tri-O-acetvl-4-0-(2.3.4.6-tetra-()-

acetyl-a-O-clucopyranosyly-o-D-glucopyranosyl)-1-dithio-B-D-glucopyranosyl
disulfide

ACO

AcO
AcO

g =

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 (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 nL, 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.Lc. (petrol:ethyl acetate,
1:2) indicated the formation of a major product (R¢0.6) along with complete

consumption of the starting material (Ry 0.4). The solution was concentrated in
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50 vacuo. The residue was purified by flash column chromatography
(petrol:ethyl acetate, 1:2) to afford ethylftge title product (43 mg, 93 %) as
a clear oil; [a]D24 +26.4 (c, 1.5 in CHC13); 6H (500 MHz, CDCI3) 1.30 (1
H, t,J 7.2 Hz, CH3), 2.04, 2.05, 2.06, 2.07, 2.10, 2.14, 119, 2.20 (30H, 8
X Syt PRGE R g1t by ashehl (ki) h%&%iéﬁ&p(&'}p%ﬂéﬁﬁ)k
3.96-4.00 (3H, m, H-4b, H-5¢c, H-5b), 4.03 (1H, at, J9.3 Hz, H-4a), 4.10 u
(LAcaLeas:) dopfiordigtiey theditle pepdsgt WD marP3dy) 38 scleag pi; 146

A LA S G

122408122 96.60074 5Y0 1HL A . U5, 8. 203 HiH, J6:65,12 4 HOHHHa), 76.5B(LEH, m,

s SR T S A T S RS R 40
H-4¢)/ 8.1 6i¢1 H; 4}, 3019 HilL.HRah,S3BHaH ¢, 15D Bz HiheH 492 5137, dd, Js¢
(1'i:9ahzf§-69Héazi’h%?ﬁ%ﬁ%%‘é@*dﬁ“z]%@% L3 }; 398 113H1% 92 33

4.1 Hz, H-Icﬁ. 15 Examp utéxyéaronvl-L-e Steifie
(2,8 B:tdidOlactk e, Ou @212 8-Hie OH-@ekty 4- O IR Bl4b et i aketyRat Oz, H-

I Na-D-al ranosy)al Aithioz(3:D yranosyl T
e O A o S K G R g 1o
N SHR(IONAL SATH/DYIACEZGE MDD C0H-~EL AcCH¢z, /o3 10.4 Hz,
2,30 l-Orpeelyl4-Gd S io-11-Q ?‘;j?'gﬁ?a@:ﬁg%‘s%‘f%ﬁﬂﬁ%?kﬁf&, Ji2
glucopyranosyl)-a-B-glucopyranosyl)-(3-D-glucopyranosy
phédytridsulfonate @91.mig /@ G8Hnnbhands disséivetHimarihyidndd S DCIMS

(5 {pﬁ) &mﬂ ;,_sgriegzaiﬁl'lé}mder an atmosphere of argon. A solution of
triethylamirie (0.0 T4 mL, 0.2 mmol) and

Example 38: N-Butoxvearbonvi-L-cvsteine (2.3.6-iri-O-acetyl-4-0-(2.3.6-tri-O-

acetyl-4-0-(2,3.4,6-tetra-O-acetvl-o-O-glucopyranosyD-a-D-glucopyvranosvl)-1-

dithio-B-D-glucopyranosyl disulfide)-L-serine methvlester

AcQ o HO
AcO &
AcQ OAc H
Ach O N Oile
. o 8] N
O H
ACO

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)-c-D-glucopyranosyl}-B-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 vig a syringe pump over a 3 h period. After a 3 h period, t.1.c. (ethyl
acetate) ndicated 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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N-butoxycarbonyl-L-cysteinyl-L-serine methylester (30 mg, 0.09 mmol) in
25 anhydrous DCM (10 mL) and anhydrous methanol (1 mL) was slowly
added dropwise via a syringe pump ovet‘a 3 h period. After a 3 h period,
t.l.c. (ethyl acetate) indicated the formation of a major product (Rf 0.6)

along,w '“i‘l&ofé‘ﬁlﬁxt@w%gﬁfffﬁé’&%'g} ﬁ%’éﬂ%éﬁ%‘gh”%%’iﬁ{bagﬁ Eﬁf(@h? h‘i%elale) to

solution was concentrated in 51 Vvacuo. The residue was purified by lash
cofdfnri chesrtlatompdsh(Oethg %‘&h@mmﬁmumwm@m@dhdu@@ mip.1 (c,

38 MR s R e OB 2

2 Qa)ez 19922118, (30Bl{ M s§ mxzﬁamﬂgzﬁﬁ&zwmmrﬁ;iﬁlﬂmSL 3.16-

) B R G P et S A S g o

H -641, @i-IHSaD) 349064, (IH( 8, :15]6- 212 IHED, 16,6 1K 62 HE-6a-6C) {1 Ser), 4.06

1 G5 Gt e Ceeh o N S et S

H-64)/54.34 @H J@iéi 132 THHEE D 24B3D043HH T | HL- 20 CHES &) 4132-4167 (41“1 m,

(WZ’???’ Z£%S%ZS dgr,l% bﬁﬁ@ﬁf‘%) 5%5%%{%@% 1515%%36 85

H-8a1, NdHCysh. B2 (1, 10, it 2318 K7, H01q)LIT, 2b (blokily INH@H6.7-5.13

Hz, NHSey). EXx le 39: Phen _

o 0oL 28l RS ey bt el bl 6376 Hdign. Bda. 30, -3
O-N:4s5- ra@raetyl:a-01gucepyianosylla; Baglacopysanpsy HrefSel):

Ig ucopyranoside AcO O AcO OAc Ac'jAc0 0 O AcO OAc Ac O O*0 AcO
2,3,6-Tri-O-acetyl-4-0O-(2,3,6-tri-O-acetyl-4-O-(2,3,4,6-tetra-O-acetyl-a-O
glusepyyanosybhankaluanRyreneey EreraleeerRiraneayithiol {#00i macetyl-4-
20 0.53 mmol) and phen | selenium bromide (200 mg 0.9 mmol? were

did2didettib-tananednass b -Gucemyrasesy D-ouhrE hisaBye

(p%‘i@o%@“rﬁh@%@te 1:2)

AcO

AcO
AcO

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)-p-D-glucopyranosylthiol (500 mg,

0.53 mmol) and phenyl selentum bromide (200 mg, 0.9 mmol) were dissolved in
anhydrous DCM (20 ml). After a 5 min period, t.[.c. (petrol:ethyl acetate 1:2)
indicated the formation of a major product (R¢0.4) along with complete
consumption of the starting material (R¢ (.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]n™ -2.6 (¢, 1.0 in
CHCIl3); 8y (400 MHz, CDCly), 1.99, 2.01, 2.02, 2.04, 2.06, 2.10, 2.14 (30H, 9 x s,
10 x OAc), 3.79 (1H., dat, Jy 5 9.7 Hz, J3.4 Hz, H-5a), 3.92 (3H, m, H4b, H-5b,
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indicated the formation of a major product (Rf0.4) along with complete
consumption of the starting material (Rf 0.3). The reaction was quenched
with the addition of triethylamine (5 ml) &hd then concentrated in vacuo.
The residue was 25 purified by flash column chromatography (petrol:ethyl

ac ; ford t roduct (524 91% nam S of
B A e e A LR e S S
2.611 2(0PL, 20475 2 D8 12216, 62 1226(BoH I PRIs 410 R OATY, B 7D (1H, dat, 12.0 Hz,
J4 7 , H-5a), 3H, iR HA4p, H-8b, 52 O«H, -
R A e R e B I A PR e
(IH1dd 33,6284, 36,67 9218, Mz | B)-6Y 44122, (i /gdd J518.37373 HIR 4086 H-2b),
1.2. a1Hi68a) 4 dqJ5+6.3:3 K1z, 12 )ree
e g g A O T
ddatd ¥, 2.8 Hall-32) 35105 4 1z A /pp¥, S 1A8Bl(1H, 832352854 BHzn 2133206630,
Hz H-2c), 1 H,at, . H46)05. » 39, , - ;
e ey B s R A s e i
d, dirdR.2 Hz, H-Ic), 7.27-7.29 (3H, m, Ar-H), 7.64-7.67 (2H, m, Ar-H). 10
Example 40: bis-N-Butox ccarbonvl-L-cysteinyl-L-threonine methylester
OH NHBOC H N ~S COOMe p 2 bhis-N-Butoxycamoyl-L-Cysteine (4.0

il inPedhitex yaetbgiestbromsigmpl-IEuepip sk sEr (3,75
g, 18.2 mmol) HOBt (2.46 g, 18.2 mmol) and DIPEA (2.5 ml, 18.2 mmol)
was dissolved in freshly distiled DCM (150 mL). After a 18 h period, t.l.c.
(ethyl acetate:methanol 9:1) indicated the formation of a major product

-(Rf 0.5) along with complete consumption of the starting material (Rf 0.0).

The reaction was diluted with water (2 x 100 ml) and the phases were
partitioned. The 20 organic$ wgfe washed wjtfi%ring (1.00 ml), dried
(MgSO04), filtered and the solvent remavedir vac he residue was
purified by flash column chtomatographyl{ethyl "acetate:methanol 9:1),
and recrystallisation from methanglidiethyl ether affgrded the title product
(3.26 g, 60%) as a white cry§talline solid; mp 145-14¥C; [a]o25 +20.8

bis-N-Butoxycarnoyl-L-Cysteine (4.0 g, 9.1 mmol), L-threonine methylester (2.42 g,
18.2 mmol), DCC (3.75 g, 18.2 mmol) ,HOBt (2.46 g, 18.2 mmol) and DIPEA (2.5
ml, 18.2 mmol}) was dissolved in freshly distilled DCM (150 mL). Aftera 18 h
period, t.l.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 (MgSQy,), filtered and the solvent
removed in vacuo. The residue was purified by flash column chromatography (ethyl
aéetate: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; [a]p® +20.8
{c, 1.0 in CHCL); 8y (400 MHz, CDCls), 1.23 (3H, d, Jep.cms 6.6 Hz, CHCHj3), 1.44
(9H, s, C(CHs)3), 3.11-3.12 2H, m, CH»Cys), 3.26 (1H, bs, OH), 3.75 (3H, s, OMe),
4.32-4.36 (1H, m, CHCHj3), 4.61 (dd, Svnarhe 8.7 Hz, Jon cucms 2.15 Hz, CHCHa),
4.63-4.68 (1H, m, aCys), 5.75 (1H, d, Jniancys 7.4 Hz, NHCys), 7.56 (1H, d,
Migater 8.6 Hz, NHThr).
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(c, 1.0 in CHC13); 6H (400 MHz, CDC13), 1.23 (3H, d, JCH,CH3 6.6 Hz,
CHCHB3), 1.44 25 (9H, s, C(CH3)3), 3.1533.12 (2H, m, CH2Cys), 3.26 (1H,
bs, OH), 3.75 (3H, s, OMe), 4.32-4.36 (1 H, m, CHCH3), 4.61 (dd,
JNH,aThlr 8.7 Hz, JaH,CHCH3 2.15 Hz, CHCH3), 4.63-4.68 (1H, m,
aQyaindIZF (1N, 8hitdkRArdbIGYS Zcdskdin WHH A B)orlibnidtiy thstdNH,aThr
8.6 Hz, NHThr). 53 Example 41: N-Butoxycarbonyl-L-cs~yl-L-threonine
methyleste OH NHBOC H N®&H COOMe 0 NHBOC
bis-N-Butoxycarbonyl-L-cystejnyl-L-tht¢onine ethyl.ester (2.0 g, 3.3
mmol) was dissolved in w rofertt Maper methanol (20 mL)
and stirred. To this 5 stirred solutipn tributylphosphine (1.0 mL, 4.0 mmol)
was added. After a 2 h period, t.i 5 ethy aeeta ~e:mewianol 9:1)
indicated the formation of a product (Rpv.8) along with complete
consumption of the starting material (Rf 0.7). The reaction was

corigeltkuted ynarbewn- e siesialib Wasopurifisw by ftssh Collgnd. 3 mmol) was
chipmataaraniy &ﬁf@%@g@%t f@b'&%@‘f.&}(ﬂ ﬁpégz{%ﬁla%%(%&%gn%c%lg%ﬁéggls

a white foals; [a]o” -11. ¢, 1.01n CHC
(3HirUDHICHIGuphoRBel B4 (H, 44) OOHB)RY added Udieat 3 B Feriod,
H2; 31 Mhnd 42:2:89,(2H, 10 SH08.60. 3. 5, QM) 3:96,(1H IO atone
434438 (0 in CHCHS), 434436 tlﬁﬁ%, ar'ICys‘jf4.49§’(1H, dd, ! %) along

JovHi, agrerdes: [engwHrinn cHOHSptingHRatsaiati B 8.82 Thedeaktion was
JaldCNS L8 7, 70 N HEY ?ésgi@v@%zlnr%ﬂ@y@]ﬂ%k | 8ia:hi? CM’BEQQ nga%hy

Example 42: N-butoxycarbonyl-L-eys
(2(8tiayb aeatatadtacsiytd-dietitl BDAucUCD w AN Sy heliswhide faathrboiiel 1.4

ekeipyalaaserchiby s n et e e e SRR

meg, C(CH3)3), 1.65 (1H, at, J 8.7 Hz, SH), 2.72-2.89 (2H, m, CH>), 3.66 (3H, s, OMe),
3.96 (1H, m, OH), 4.24-4.28 (1H, m, CHCH3), 4.34-4.36 (1H, m, aHCys), 4.49 (1H,
dd, Jopmwenn 8.5 Hz, Jummiecnens 2.7 Hz, aHThr), 5.82 (1H, d, Jaucys i 8.2 Hz,
NHCys), 7.38 (1H, d, Joprarna 8.5 Hz, NHThr).

Example 42: N-butoxvecarbonvl-L-cysteine (2.3.4.6-tetra-2-acetyl-1-dithio-B-D-

glucopyranosyl disulfide)-I-threonine methylester

OAc
0
AcOZ s—s
O
OAC
N AL
BOCN l OMe
© OH

Phenyl 2,3,4,6-tetra-O-acetyl-1-selenenylsulfide-D-B-glucopyranoside (130 mg,
0.25 mmol) and triethylamine (0.02 mL, 0.18 mmol) were dissolved in freshly
distilied 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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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=I-threonine methylester (30 mg,
0.089 mmol) in anhydrous methanol (4 mL) was added sIowa to the

angﬁfgs& WD ATLR! & rQmiRidResiofle bt H;g Y, %gt@n%e & lution was

indicated the formation of a product (Rf 0.2) 54 along WI mplete

cobrnsTtRseda tecten ingyasidesiaaRnoi By dtneflshugolmashromatography

co [ flashG@
T o T e a5

m@Bhpussalidhiteliamsiphtud 86lis; (AI02% B1(40EMIR5 GDCHEL3F, (3H., d,

e L L

O ©.00)(DH86dd I OHCHIB RS I SOH 139187 OGS BALLIICys).

5 8PILH 14 ity W aian o o CH ALY 803 AE et - 157
ICHOHEE h HESICHOH, S5 (o HO} 145 604365 (Bl &HTIE, Ui

(xHCys), 5.20-5.32 (3H, m, H-2, 10 H-3, H-4), 5.42 (1H, d, JNHaH 8.0 Hz,
155, GO 14,40 SRFIGH 610 o, RHFTA, o i 5532 11 m. 112,

N-{uto ar cysteine tyfqlrdithi (3
gﬁ%ﬁ%‘ﬁaﬁggﬁf Id%glﬁlﬁg%jaf_ %fﬁ%ﬁﬁ?gn?ést ;ngtgr}l%&%&g% BAC 5 OrATS™:

SSOOAC BOCNROMe O /I~ OH20

Selaile Afre SRR K sy : uItlng solution was
stlrred at RT A solutlon of N- butoxycarbonyl -L- cystelne L-threonine
methylester (26 mg, 0.077 mmol) in 25 anhydrous DCM (5 mL) and
anhydrous methagol (4 6'}&'-) was added slowly to the above solution. After

a 10 min period, t1.4.
a product (Rf0.2)

e(tjfol ethyl acetate, 1:2) indicated the formation of
ete cons%npnon of the starting

Nl

OMe

Phenyl 2,3 ,4,6-tetra-O-acetyl-1-selenenylsulfide-D-f-galactopyranoside (140 mg,

BOCN

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.l.c. (petrol:cthyl acetate, 1:2) indicated the
formation of a product (R¢0.2) along with complete consumption of the starting
material (Ry 0.6). The solution was concentrated in vacuo. The residue was pufi.ﬂed
by flash column chromatography (petrol:ethyl acetate, 1:2) to afford the title product
(49 mg, 93%) as a white amorphous solid; [c]p™ -81.2 (¢, 0.25 in CHCl5); 6;1 (400
MHz, CDCl;) 1.24 (3H, d, Jencns 6.4 Hz, CHs), 1.46 (9H, s, C(CH3)), 2.01, 2.06,
208,220 (12H, 4 x 5,4 x OAc), 2.79 (1H, bd, Jeyon 4.1 Hz, OH), 2.99 (1H, dd,
Joncm 8.8 Hz, Jopn 13.9 Hz, CHHCys), 3.32-3.35 (1H, m, CHHCys), 3.76 (3, s,
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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 30 (49 mg, 93%)?1% a white amorphous solid;
[a]D25 -81.2 (c, 0.25 in CHC13); SH (400 MHz, CDC13) 1.24 (3H, d,
JQb—tgl—B,B 6546 (B 1S4 GEHR) ) 12- AL 1266 1. .
(12H, 4 Xf@% ggp%@ 2%29&(%“?1!;5& %%H,OH?&EH% %H ’,%.12998(%% ,&ga{”
JabilGH2 8.8 Hz8 JbsxHiaE 0 H - HtE s )ns GG 4196, (M. AdHRys) o1

e (RS

CHIDH) 54.561 (i ddd /- BEH E H, 2.9 8467 JEER N . 8L 1HEZ, b ERE) s 8.3 Hz,

4.57-4.64 (1H ICys),.4.65 (1H, d" Hz, H-1),5.13 (1H
s BACE L AT v frh el ¥ Bs B salde, o
5. 473 Hu .03k 33 BH-4), 5.52 (1H, at, J9.6 Hz, H-2), 6.91 (1H, d,
Ja}TThr,NH 9.0 Hz, NHThr). Example 44:
Butoxycarbonyl-L-cysteinyl-(S-3,4,6-tri-O-acetvl-2-acetamido-2-
depxyninicD4lgRigepytanasidiselfiee-threaning metayesendd -2
AcO ACOZ) 0O S-S O AcHN ON N ' "NNOH 1 The title

pré&gEy R : B9 as SRHHESIG AL solid by a
method analogous to that of Example 43 utilising phenyl
3,4,6-tri-O-acetyl-2- OAc

acetamido-2-deoxyx oylsulfide-D-(3-glucopyranoside as starting
material. [(X)025 -42Q i 3); 8H (490 MHz, CDC13) 1.17

CFS
. 1.48 (9K, s, fL(CH3)3), 1.91, 2.00,

(3H, d, JCH,QH3 6.4 Hz/ S0"CH3), 1
2.02,2.07 (12H, 4 X S, 4 X, co@&ﬂ‘} 2.9Y (1N, ddPMEHH,CHH 13.5 Hz,
(CHNGB Hz, JCHH,CHH 13.5

JaH,CH 10.0 Hz, CHH), 3.38 (1H, dd, J
Hz, CHH), 3.88-3.91 (1H, m, H-5), 4.16-4.32 (4H, m, H-2, H-6, H-6',
CHCHB3), 4.45 (1H, d, JaH,CH2.7 Hz, aHThr), 4.54 (1H, dd, JH,CBH 9.7

Hzp sl HEChiuct was obtained (55 mg, $8%) as a white amorphous solid by a
method analogous to that of Example 43 utilising phenyl 3,4,6-tri-O-acetyl-2-
acetamido-2-deoxy-1-selenenylsulfide-D-B-glucopyranoside as starting material.
[a]p™ -47.1 (c, 0.1 in CHCl3); 8y (400 MHz, CDCl3) 1.17 (3H, d, Jencus 6.4 Hz,
CHz), 1.49 (5H, s, C(CH3)3), 1.91, 2.00, 2.02, 2.07 (12H, 4 x 5, 4 x, COCHjy), 2.99
(1H, dd, Jepncup 13.5 Hz, Juicn 10.0 Hz, CHH), 3.38 (1H, dd, Joncn 4.8 Hz,
Jomicnn 13.5 Hz, CHH), 3.88-3.91 (1H, m, H-5), 4.16-4.32 (4H, m, H-2, H-6, H-6’,
CHCH;3), 4.45 (1H, d, Jusen2.7 Hz, oHThr), 4.54 (1H, dd, Jon cun 9.7 Hz, Jascrn
4.7 Hz, aHCys), 4.79 (1H, d, J;:» 10.1 Hz, H-1), 5.06 (1H, at, /9.7 Hz, H-4), 5.28
(1H, at, /9.7 Hz, H-3).

Example 45: N-Butoxvearbonvl-L-cvsteinyl-(S-1-B-D-elucopyranosyl disulfide)-L-

threonine methvlester




4.7 Hz, (xHCys), 4.79 (1H, d, J1,2 10.1 Hz, H-1), 5.06 (1H, at,.19.7 Hz,
H-4), 5.28 25 (1H, at, J9.7 Hz, H-3). Example 45: N-Butoxycarbonyl-L-c
s~yl-S-1-p-D- lucopyranosyl disulfide)-L Sthreonine meth llester 30 H O
HO S HO -S OH 0 BOCK N OMe 0 OH 56 Phenyl

Isylfide- n05|de 70m
e R R S B o B e
restul@ﬂhglwnlnm@M%bt@ré@a&tdkﬁw@msdﬂsﬁmﬁmﬁfm MeOH (8 mL) The resulting
N butoxyearbo e- Lt reonl eth lester
ult n(gv erg}%rv%tha%%in SToW tyfot% Elsl‘:o ugﬁ' 1 6_%”#\90111116
t 1me‘(i5tk@.%@r M2@td, 0:.04) mdlob)t&thé)ﬂdrma;mmmwﬁmmm@mt}(Rﬁbwe
The sqlution was ¢ ted | uQ.,The,resid S urlfled by .
> flaé)ﬂ1 um%ié(t: rli'o(;na og{r)gp {é@Aﬂgiﬁ%gg %d%cat fPo?(l]etﬁ oD Ofa%jajor
co mrpductd REB2 gl }Qzl%l)dasrawmit@mﬂrpmﬂ solidy [aJiR25si 888 waTpurified

O F A e DA e S0 5 4 opgpune

al—|(9251‘rgz SCHPEYSH 318 2rBodphit solidHFa] #1241 3BLB5(CHEN IBOR G 31 (500

&40 EPOR Y B iy ase i U3 Pk 1 O o

10 d, (Jazt aﬁjbrc%&hlzlﬂmla,r)lcﬂ@@(slﬂzﬁd;}ﬂﬂ;@ﬁbl@CB He,([daH@HAL S . 214,
H g g %b éE mple 46: N- Butox%carbon
okl o A e G f-6). 3.78 I 5, OMo),
dissmwle)% threanine methylestes ki b QR SESQIH, d, /i, 9.3 Hz, H-1),
4.48 (IH, d, Jag.{,c}{ 2.9 HZ, OLHThl‘), 4.69 (IH, dd, JocH,CL—B—I 9.0 HZ, J&H,CI“IB 5.2 HZ,
oHCys).
15

Example 46: N-Butoxycarbonyl-L-cysteinyl-(S-2-acetamino-2-deoxy-1--D-

glucopvranosyl disulfide)-1L-threonine methvylester

Hc'ga,
20 HO
AcHN
BOCN :L“/ J\

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

25 method analogous to that of Example 45 utilising phenyl 2-acetamido-2-deoxy-1-
selenenylsulfide-B-D-glucopyranoside as starting material. [o]p” +6.21 (¢, 0.451n
MeOH); 8y (500 MHz, CD3;0D) 1.19 (3H, d, Jeneus 6.7 Hz, CHCH), 1.49 (OH, s,
C(CHs)s), 1.99 (3H, s, COCH3), 2.97 (1H, dd, Jeuy 13.8 Hz, Jopan 9.6 Hz,
CHHCys), 3.31-3.33 (1H, m, CHLI), 3.38-3.41 (1H, m, H-5), 3.45 (11, at, J 9.3 Hz,

30 H-4),3.54 (1H, dd, J»3 8.6 Hz, J34 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, Jeucus 6.3 Hz, Joy on 3.0 Hz,
CHCHa), 4.48 (1H, d, Jurcn 3.0 Hz, aHThr), 4.59 (1H, d, J12 10.3 Hz, H-1), 4.63-
4.67 (1H, m, aHeys).
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AcHN BOON ( We O OH The title product was obtained (32 mg, 91%) as
a white amorphous solid by a 25 method analogous to that of Example 45
utilising phenyl 2-aeetamido-2-deoxy-1-
selenenylsulfide-(3-D-glucopyranoside as starting material. [a]D25+6.21.
(C1adn: MO IH ORI BRI BHldeHiC3 6. 1z
JCH H 13 8 Hz, ch an 9.6 Hz, CHHCys) 3 31 3.33 (IH, m, CHH),
3.38-3.41 (1H, m, I-I-5), 3.45 (1H, at, J9.3 Hz, 30 H-4), 3.54 (1H, dd, J2,3
8.6 Hz, J3,4 9.8 Hz, H-3), $96-3.X7 (151, m, H-6), 3.78 (313, s, OMe),
3.79-4.01 (2H, m, H-2, H'¥6\}04.33 (1H. g, J 3r6.3 Hz, JCH,aHH 3.0
Hz, CHCH3), 4.48 (1H, d, JaH,CH 3.8 Hz, (xHThr), 4.59 (1H, d, J1210.3
Hz, H-1), 4.63- 4.67 (1H, m, alleys). 5% Example 47: Phenyl-|
-selenenylsulfide-p-D-glucopyranoside HO O HO HO S-SePh HO 5

1 Thio [3-D-glucopyranoside (200 mg, 0.9 mmol) and phenylselenenyl

0 10mm e ad toah sl4 ioxa
mL) sfq rre%2 Ié ugcgjﬁfr m(le f) \5’8(505 h(aeegél %{15{ ??ﬁ?ﬂ%l(or%él ¢
t.i.€ 3 chacatateniodi wm:&chttﬂedﬁo dohmnhtian nﬂaimagme ;QﬁQdD@tsﬁEifea 2)der an
The reactlon was uer}jct:hed with.the a.dglthn of qlethylgmbjne (2 mL),. The

Nnere min
softtioniwas concentrated in vacud The resialen G pdnfieddy 580

commnbmﬁamg;apm@mymeaat@m ethaiiol, ©at eaffediie th’delddnion
T ey e T T
(2 Iehurifild 2y ﬂasﬁ)gmeﬁr(mlﬂpdmtdgc@ﬁywrzymﬁammznm 6)] B18ilibtd the
9@‘2%&3_:1%65] %%Hi%?%ﬂ)s ﬁ}gﬁt ‘13]1‘)% 5%19 f [I&I]Zﬁzﬁé%%’z (c, 1in
CHCIg) 81 (400 MHz, MeOD) 3.31-3.33 (2H m, 11 3, H-5), 3.39-3.45 (2, m, H-2,
H-4), 3.62 (1H, dd, J5 ¢ 5.3 Hz, Je 12.1 Hz, H-6), 3.83 (1H, dd, Js¢ 1.9 Hz, Jes
12.2 Hz, H-6), 447 (1H, d, /12 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-selenenvisulfide-B-D-galactopvranoside

OH OH

HO §S—3SePh

HO

The title compound was obtained (193 mg, 20%) as an off white amorphous solid by
a method analogous to that of Example 47 utilising 1-thio--D-galactopyranoside as
starting material. [a]p™ -111.4 (¢, 1 in MeOH); 81 (400 MHz, CD;0OD) 3.52 (1H,
dd, J>3 9.4 Hz, J34 3.3 Hz, H-3), 3.56 (1H, at, J45 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, J9.3 Hz, H-2), 3.91 (1H, dd, J3 4 3.2 Hz,
Jas 0.7 Hz, H-4), 4.45 (1H, 4, J12 9.7 Hz, H-1), 7.27-7.30 (3H, m, Ar-H), 7.76-7.79
(2H, m, Ar-H). |

Example 49: Phenvl 2.3.4.6-tetra-O-acetyl-1-selenenvlsulfide-B-D-glucopyranoside
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Example 48: Phenyl 1-selenenylsulfide-(3-D-galactopyranoside OH OH
20 HO S-SePh HO The title compound was obtained (193 mg, 20%) as
an off white amorphous solid by a methodl analogous to that of Example
47 utilising 1-thio-G3-D-galactopyranoside as 25 starting material. [a]025
-111.4 (c, 1 in MeOH); 8H (400 MHz, CD30D) 3.52 (1FI, dd, J2,3 9.4 Hz,
J3 4 3.3 Hz, H-3), 3.56 (1H, at, J4,5 0.9 Hz, J6.5 Hz, H-5), 3.67-3.69 (2H,
d, J 6.0 Flz, H-6, H-603.7 (1I—bat J 9.3 Hz, H-2), 3.91 (1 H, dd, J3,4
3.2 Hz, J4,50.7 H£3E4 ,d,d1.28.4,Hz, H-1), 7.27-7.30 (3H,
in, Ar-H), 7.76-7.79 (2H m, Ar- ). 30 Example 49: Phenyl
2,3,4,6-tetra-0-acetyl-I- selenerﬁﬂ%ulfrde -0-D-glueopyranoside 58 AcO

ACQR:AER BreRN AR %Tﬁ'%c%ﬁy]ﬁaﬁ%@@@ﬁ%/ b@ mmol) andﬁ’hSeBr

-D-glucopyranose (200 mg; 0.6 mmol) arid PhSe
weére datad m@@mmmmmmmma@@mu lﬁmdp) aﬁédﬁna@@tmder

Af@dgam{rm | & flRefrahEQAC Ay indisated the imatPhot@ nRalN of a

product (Rf 0.5) along with complete consumption of the starting material

(R PR GedbtidAvelang et semmlaly toasdention of themigitingmeaterial (Re
mlg) angHOstited sy TR LERS RIS MRS RASHIQRRT RE e BN RAGMLP

mL) and water (10 mL) and the aqueous phase was re-extracted with

DM X FinjnThee wsidBmeasargaiiencddriwrasHad Mith mrinedovater
mle) odtieq venMarQshsTliered.and.1ogsehant raprved nvaguo, The

resulting residue was purified by flash column chromatography

(pERPEEsY 2oR10sty e oTashs tidhhreaa € QZB@H@@B%?%M&S@ yidlteted and

crystalling solidiRd b1k 2. T@%é}f&%%x&ﬁzév&é;b%&% B 0umn
MHz, CDC13) 2.02, 2.01, 2.00 (12H, 4 X §, 4 x CH3), 3.75 (IH, ddd, J4,5

9. 9@9@@@6@9@}@%@@6%2 1)1’1551%1(9381‘@41‘5%&195%"@?@69@%@@%) asa
1241144 ERadiddstHdmp 111-112 °C; [a]p2-250.1 (¢, 1.0 in CHCLs); 81 (400

MHz, CDCl3) 2.02, 2.01, 2.00 (121, 4 x s, 4 x CHy), 3.75 (1H, ddd, J3 5 9.9 Hz,

Jss 24 Hz, Js ¢ 4.6 Hz, H-5), 4.08 (1H, dd, Js 6 2.6 Hz, Jg g 12.4 Hz, H-6), 4.16 (1H,
dd, S 4.5 Hz, Joe 12.4 Hz, H-6"), 4.62 (1H, d, J15 9.8 Hz, 11-1), 5.12 (14, at,
J9.7 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
(2H, m, Ar-H).

Example 50: Phenvl 2.3.4.6-tetra-O-acetyl-1-selenenvlsulfide-B-D-

galactopyranoside

OAc OAc

AcO S——-=ePh

AcDO

The title compound was obtained (402 mg, 95%) as a yellow crystalline solid using
a method analogous to that of Example 49 utilising 1-thio-2,3,4,6-tetra-O-acetyl-p-
D-galactopyranose as starting material. Mp 123-125 °C; [a]D25 -172.4 (¢, 1.0/in
CHCl3); 8y (400 MHz, CDCl3) 1.99, 2.02,2.16 (12H, 4 x 8, 4 x CH3), 3.94-4.03 (311,
m, H-5, H-6, H-6"), 4.64 (1H, d, J,» 10.1 Hz, H-1), 5.04 (IH, dd, />3 10.2 Hz,
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dd, J5,6. 4.5 Hz, J6,6' 12.4 Hz, H-6"), 4.62 (1H, d, J1,2 9.8 Hz, H-1), 5.12
(1H, at, J9.7 Hz, H-4), 5.20-5.30 (211, in, H-2, H-3), 7.25-7.28 (3H, in,
Ar-H), 7.67-7.70 20 (2H, in, Ar-H). Exanﬁﬁe 50: Phenyl
2,3,4,6-tetra-O-acetyl-lI-selenenylsulfide-(3-D- a~pyranoside 25 OAc OAc

AcQ Sy c ' 0 a}nﬁp m %

a ;gfgjw§ g%;%)l ﬁﬁeg)s%{{g %g&%%@gg rrl?gg%\gi} ahaiog'oué%%%%‘é’t%jf"@’a?ﬁiglsé7'71
49(2Hlising\r-tHio-2,3,4,6-tetra-O-acetyl-(3 D-galactopyranose as starting
material. Mp 123-125 C; MD 15 -172.4 (¢, 1.0 in CHC13); SH (400 MHz,

CDC13) 1.99, 2.02, 2.16 (12H, 4 x s, 4 x CH3), 3.94-4.03 (3H, in, H-5,
4164P H,8-r.D-piz -1 Yadi0m{d; Hded? 3 16! 2nicizy ISl fide-[3-

H-
J3,4 3.3 Hz H-§gid5.40-5.45 (2H, in, H-2, H-4), 7.27-7.30 (3H, m, Ar-H),
7.%‘2&%’% 1, Ar-H). Example 51: Phenyl

3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-I-selenenvisulfide-I3- 5
D-glucopyranoside Ace: O AcO S-SePh AcNH 10 The title

compound was obtai g,O 6%) as a lthe crystalline solid using

a method analogous 6% e 49 uti Efsmg

I-thio-3,4,6-tri-O-acetyl-2- acetatido-2-deoxy-(3-D-glucopyranose as

starting material. Mp 177-179 'C; [a]D2 -134.0 (c, 1.0 in CHC13); 6H (400
MHbe@DCABN 1000 Stds shNIHEOBMa)l 9962 B0; whi8 (BHaBinssdid using a

AR o R R S T R e &
Hzct 6012 -2 HayxiHb)-¢l 1S py2an (b anstamkid) datsridH Mp 1772 19°C; [alp”
e S DR, B .S 80 28 Rt e BTG 2.0,
2.03 (9H, 3 x 5,3 x CH3), 3.76 (1H, ddd, Js 5 10.1 Hz, J56 2.3 Hz, Js 6> 4.7 Hz, H-5),
4.07 (1H, dd, J5 6 2.3 Hz, Jog 12.3 Hz, H-6), 4.15 (1H, dd, Js ¢ 4.6 Hz, Jog 12.2 Hz,
H-6"), 4.19-4.24 (1H, m, 11-2), 4.78 (1H, d, /2 10.1 Hz, H-1), 5.09 (1H, at,
J9.7 Hz, H-4), 5.28 (1H, at, J 9.5 Hz, H-3), 5.79 (1H, d, J 9.1 Hz, NHACc), 7.24-7.28
(3H, m, Ar-H), 7.68-7.70 (2H, m, Ar-H),

Example 52: Phenyl-2-acetvlamino-2-deoxv-1-selenenvlsulfide-B-D-

clucopyranoside
HO
HO Q
HO §——SePh
AcNH

1-Thio-2-acetylamino-2-deoxy-B-D-glucopyranoside (230 mg, 0.98 mmol) and
phenylselenenyl bromide (250 mg, 1.08 mmol) were added to anhydrous
1,4-dioxane (5 m1L) and anhydrous methanol (3 mi) 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 (Ry0.4). The reaction was quenched with the addition
of triethylamine (5 mL). The solution was concentrated in vacuo. The residue was
purified by flash column chromatography (ethyl acetate:methanol, 9:1) to afford the
title product (270 mg, 70%) as a white amorphous solid; [0]p™ -174.0 (¢, 1 in
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(3H, m, Ar-H), 7.68-7.70 (2H, m, Ar-H). 20 Example 52:
Phenyl-2-acetylamino-2-deoxy-I-selenergllsulfide-(:B-D- lg ucopyranoside
HO HO f HO S-SePh AcNH 0

1-Thio-2-acetylamino-2- deoxy (3-D-glucopyranoside (230 mg, 0.98 mmol)

e QPUSEIRADrOIs (35 e LOBImmo) o oot Oy 1)

anhydrous 1 4-dioxane (5'm ydrous methan

undiéd éﬁhtmoéﬁﬁe}@oﬂ"abgoﬁ%iﬂér édlufmrﬁ rﬁeﬂodfael él (éthg) H-6), 3. 82 3.90
acetgte;mgtha ) tqd the t

Th{aej%eactlor? ngshq%ékn%%qéig%v%hfhel g(gﬁ%rlrﬁn (%? triet ylam '%‘f'(‘éﬁmf%

solutidbr Whedbrigehtdied in vacuo. The residue was purified by flash
column chromatography (ethyl acetate:rnethanol, 9:1) to afford the 30 title
product (270 mg, 70%) as a Whlte amorphous solrd [@]o22 -174.0 (c, I in

EXanmig)d s 9 - JADEY IBIaEY] iR 3.31-3.39 (2H, in,

H-4, H5) 351(1H at, J81Hz I13) 365(IH dd, J5,6 5.0 Hz, J6,6,

: 96\ (2H, in, H-2, H-6"), 4.65 (IH, d, J,2 10.2 Hz, H-1),
7.27-7.34 (3H, np, 74 (2H, in, ArH). 5 Example 53: Ethyl
1-thio-13-D-glucopy® SHO#§0 O HO S-SEt HO 10 Phenyl
1-selenenylsulfide-(3-D-glucepyranoside (140 mg, 0.4 mmol) was
dissolved in MeOH (10 mL) and stirred at RT. To this solution ethanethiol
(20 L, 0.1 mmol) and triethylamine (60 gL, 0.4 mmol) in MeOH (5 mL)
were added dropwise over 15 1 h. After 1 It, t.l.c. (EtOAc:MeOH, 9:1)
mt%%blﬂ?él?@%ﬁhﬁé}ﬁéﬁ'&rﬂa&lﬁmd@%%(ﬁﬁ oM mor@drx\mm@am@rerbssolved

copsvmpiion §hins statingrateia tRis 3 il8n ethanethiol (10 uL, 0.1 mmol)

and triethylamine (60 ul, 0.4 mmol) in MeOH (5 mL) were added dropwise over
1 h. After 1 h, tle. (EtOAc:MeOH, 9:1) indicated the formation of a major product

(R 0.4) along with complete consumption of the starting material (Ry 0.5). The
solution was concentrated in vacuo. The residue was purified by flash column
chromatography (EtOAc:MeOl, 3:1) to afford the title product (30 mg, 90%) as a
white amorphous solid; [of]p™ -65.3 (c, 0.4 in CHCls); 8y (500 MHz, CD50D) 1.33
(3H, t,/ 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 (1M, at, J9.0 Hz, H-3),3.49 (1H, at, J Hz, H-2), 3.67 (1H, dd, J5,5 5.3 Hz,
Jeg 12.0 Hz, H-6), 3.88 (1H, dd, Js ¢ 2.1 Hz, Js¢ 12.0 Hz, H-6"), 4.35 (1H, d, J1»
9.1 Hz, H-1).

Example 54: Fthvl 2-acetamido-2-deoxy-1-disulfide-B-D-glucopyvranoside

HO
HO
HO §——=S8Et

AcNH

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
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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; F&]DZZ -65.3 (¢, 0.4 in CHC13); 8H
(500 MHz, CD30D) 1.33 20 (3H, t, J7.4 Hz, CH3), 2.86 (2H, q, J 7.4 Hz,

C 5 ' -4, H- 4% 99 ; 49.(1H, .
PRSI RSB ARG He
J5the Qo 008) 62 10ad Hrodugt) (Rl 852 (1 FhedsolmiRnoyvasppeedrarg in vacuo.
£ _ ] e I distlficde-3-D-alu ide
Exan) ﬁ%a%%%%f@% Bg%ée‘%iﬁm AiRHfides3R-aldcany rRSIdEMeomH,
2-8cetammitford-deditle prodien éAY InglfitR4Bab aghvittpynanpbide 040;fugp™ -7.9

SOl BhSRHTOT I E s oy et ey e G ol B >

in OlEOI L BR-IBen{2HyereCEddesl dirapyaseioyver, Hhi, Aftey, 3.51t3.66 (1H, m,

(EtQOAC:MeO, :1).indicated 1 ign of jor prod f0.2).
TSI e bbb P G ety b i
pwifidd Byt tladh-thlumn chromatography (EtOAc:MeOH, 9:1) to afford the
title product (38 mg, 99%) as a white amorphous solid; [a]p25 -7.9 5 (c,
1.0 in CHC13); 8H (400 MHz, CD30D) 1.30 (3H, t, J 7.3 Hz, CH3), 2.01
(3HxanDALY; Pi8Ria 86 ¢akVlatipptakedudds 338 A smfbhate bddents
3.51-3.56 (1H, m, H-3), 3.68-3.72 (11-1, m, H-6),3.84-3.91 (2H, m, H-2,
H-§", 4.5 +J 0, J1.21 Hz, H:-1), 10 Example 55: Protein

ohimey i T A RGO G e otter
mutaoti¢a4 1agmQ. ST mol) WBBIhs Solvieti(aigusiawsobuiiers solution(2detyl-p-
mlL, 70 mM HEPES, 2 mM CaCl2, pH 6.9). 2 3,4;6-Tetra-O-acetyl-(3-

D DSOS T DR B HOhALs (LR D, TARTb oA GRNE i
watatiacetaaiiie LIGTL, 977 viv). A pertion of dhessugascsolidios €90 b hvas
was, 15 added to the protein solution and placed on an end-over-end

roffiBrd ARt B GG sttiopauraaseeen AisPiaY ShowliHgteMAk2S min,
anagly sisséEHMATrde thio el shown by Ellman’s analysis (Ellman, G. L. Arch.

Biochem. Biophys. 1959, 82, 70), at which point another portion of sugar solution

(50 uL) 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 Sephadex® G235
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 the glycosylated product m/z
(ES) found 27072 caled. 27078.

B. SBLS156C mutant (24 mg, 0.89 umol) 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 ul.) was added to the
protein solution and placed on an end-over-end rotator. After 25 min, the absence of
free thiol was shown by Ellman’s analysis, at which point another portion of sugar
solution (50 ul) 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
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Biochem. Biophys. 1959, 82, 70), at which point another portion of sugar
solution (50 L) was added. The reaction was placed on an end-over-end
rotator for a further 5 min, at which poirﬁgche reaction mixture was loaded
onto a PD10 Sephadex(r) G25 20 column and eluted with 70 mM HEPES,

B A

fopori2 KeRHdorvas mihgctedafidrdisheglyddsyate dpiddibrirgaiEs)0 mM

fo 70 . 7 : 1 t ng,.Q.
o A s By elbeon (o s i 0 TP AL ELTS
Cabyresplitedpralg evetiashiawedyd(E/Degathciopifanosyl
phenylthiosulfonate (50mg, 0.1 mmol) was dissolved in water/acetonitrile

(2.0 mL, 1/1. ratio). The sugar solution (50 L) was added to the protein
sofution &NAYEd wrtant € hdlroget-8Adunoihtorasiiierc2edun dixesabdenuevus

T o R RARES Z DB AT v

portion of sugar “solu ywas a e’reaction w acéd on an

eng-aveehd (2R - frir @-detyiet-DrilR, apvibich Paindttherengtianpyranosyl)-
mixture was loaded gnto a PD 10 62 Sephadex(r) G25 column and eluted
Wit T EDES %Mﬁ&ﬁqwhﬁﬁw foteiP RalEfohiad- 03 mmeb)

collpstedand gialysed (MG D3 2114 KRa)agaiast i ﬁMﬁvﬁaaslam% to the
CaCl2, pH 5.8, (1 x 4L for 1 h, 2 x 2L for 30 min), to afford the
glyeeksimieiradud Maseds) s 6rd-ovorendarigtor 7o figr 3loninpibs aberce of

mMigtant {10 Wig sBe3nBo b naaissoluaskindearssed AqHe AUS bH R rure was
solution (1 mL, 70 mM CHES, 5mM MES, 2 mM CaC12, pH 9.5).
2. éggdf:ﬁ_onto a PD10 Sephadex™ G25 column and eluted with 70 mM HEPES,

O-2aalylcd@; A B0tk B 4riSmdhScialRIQr 88 ARy QAINPRRYIR 2-14

nosyl)- a-D-glucopyranosyl)-(3-D-glucopyranosyl phenylthiosulfonate

(35114 828 HOMYDM/AS: digauhVerlh-abéRitiles A5 dor)! rndsddpr

sobatiom§/ & deowpsadreddathe petein %9&1(@5?@3@]9'@?@94%1@& 27653.

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 PP10 Sephadext GPhGahunnaedsidicdavitn (R MVHBERESuadEM mL, 50
CaCl2 pH 7.0. The protein fraction was collected and dialysed (MWCO

120 TS kbhy dgatabt 40 Fave WSSt nivPeTIoppeNs8] phsnglitfiosdlfonate
2 Ygoro W IR AR IR RHAIEEL BRI (16 HEDHPHRR). The

2765
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®™ (25 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 pure water, (1 x 4L for 1 h,

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

E. BSA (10 mg, 0.14 pmol) 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 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
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D. BSA (10 mg, 0.14 mol) was dissolved in aqueous buffer solution (1 mL,

50 mM Tris, pH 7.7). 2,3,4,6-Tetra-O-acetyl-(3-D-glucopyranosyl
phenylthiosulfonate 20 (10mg, 0.02 mnﬁﬁ) was dissolved in

water/acetonitrile (1.0 mL, 8/2 ratio). The sugar solution (150 p1l) was

ad t totein. ; i 0 -Qver- ator. Afte
o e T o 0
whibkqgoirithhd radEiBP ke M&s(dagBd’dhtbhe PRILD Sephadengollected

G p@ﬁl\ﬁ ' g H.7.0

pr%?le(?r(]a %lzrialgz%on Waswgqcégj[?cltze%ig%%%ﬁgg WC%?%%%&H&)ZWL for

agathatipluite effaet the slutorsiater [Rodatt fov B0EMIMpuad i 6aid ttrded. 66794.

glycosylated product; m/z (ES) found 66798 calcd. 66794. E. BSA (10

mg, 0.14 mol) was dissolved in aqueous buffer solution (1 mL, 50 30 mM
HOFe D0 X3em Thieasglaonypregefumps| astopyelmsaylsulfide reagents

phenylthiosulfonate (25mg, 0.05 mmol) was dissolved in acetonitrile (0.5

mL). The sugar solution (75 L) was added to the protein solution and

plated oﬁ%%hiﬁ@@ﬂ@ﬁﬁ(mbwmﬂéﬁmqﬁim_ dhgaaW@m@éfmmiuﬁon
wag Show M@E@'S%W%sﬁtz%‘b@%u?ﬁﬁté% %@%@%h@%%‘ﬁgﬁa-o-

was loaded onto a PD1 0 Sephadex G25 column and ™ elute
HEPEF; > hivlowaidspHide@ ! Tt protesit dtfionen 8 oltectvaanissolved in

O A A R

66z phderdam plechd: Reateinl ghyansylafion Iphpdedssesitisittfree thiol was

selenen (‘lis ide reagents A. SBLSI56C.m tanté;m was dissol eg%i
oS L SR G AT I TG A T e onto
MVTDAGERhpd:d. B2 PhdnyliPaddichatetrasdh 10 mM HEPES, 2 mM CaCl, pH 7.0.

acetyl-(3-D-selenenylsulfide,gluc 10sid : ) was
AT sob SRR S8 TR R it v
the Iproteifosdltidrx 2indoplaCed:on tan od-dvesigock yhiaio HrAdiern Inf)z tTs)

absen e thipl shown by Ellman's analysis, at which point the
rea%%%ezrgpxgtrf%i\?vdgsz\%gjgéd onto a PD10 Sephadex(r) G25 column and

eluted with 70 mM HEPES, 2 mM CaC12 pH 7.0. 15 The protein fraction

Il d dial 0 12- [ ” ,
fort h, 259 (oF 0 T TS A SR Tt R

fochiMOTUIERI SAnRYOTHS, 2 mM CaCly, pH 9.5). Phenyl 2,3,4,6-tetra-O-acetyl-B-

D-selenenylsulfide glucopyranoside (10 mg, 0.02 mmol) was dissolved in
acetonifrile (800 ul). The sugar solution (800 ul) was added to the protein solution
and placed on an end-over-end rétator. After 1 h, the absence of free thiol was
shown by Ellman’s analysis, 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 water,
(1 x 4L for 1 h, 2 x 2L for 30 min), to afford the glycosylated product m/z (ES)
found 66792 caled. 66794,

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-f-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
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B. BSA (5 mg) was dissolved in degassed aqueous buffer solution (1 mL,
20 70 mM CHES, 5 mM MES, 2 mM CaCl2, pH 9.5). Phenyl
2,3,4,6-tetra-O-acetyl-(3- D-selenenylsuﬁfde glucopyranoside (10 mg, 0.02
mmol) was dissolved in acetonitrile (800 I). The sugar solution (800 I) was

adgled io the pratein soWton, ARAPIACRAQN 3D GRARVGELHEHIAI0k %‘&sr

1 h, the absence qf free thiol was shown by EI’Iman's analysis, at whic
poHiPe P didtsrnrsisaatesivast wAHkoPeHibtheaS P TS phades(l9akg onto a

copifn aaphaliuet it SR MM AIRRES: &M EAERBES O JN@(%@I?}(%{ 7.0.

fraction was collected and dialysed (MWCO 12-14 KDa) against water,
x dihegpretpindiagtiorowapctisyied ambrdpitecq (AN A dd prblil meaiiESyater,

foyng 66732 raled, 66794 -3%%3?%%(%%?@ %1%4%‘3&@%‘&&%’2@%/ ?czﬂmd

in degassed aqueous buffer solution (1 mL, 70 mM CHES, 5 mM
mI@I7§FéfC‘P21,°§H2§9§)7.'-PhenyI 2,3,4,6-tetra-O- acetyl-(3-D-selenenylsulfide
galactopyranoside (10 mg, 0.02 mmol) was dissolved in acetonitrile (500
). The sugar solution (500 Pﬁwas added to the protein solution 64 and

pldéed orvBhehthoveiant(idiae) wricliisnl vhe iankesse draeowibiiies

SR8 BIHATD AAINSHEE Q! WRIENARSL NGNPRAKID PIRALES PRSL1-
loaded onto a_PD 10 Sephadex(r) G25 column and efuted with 70 mM
HepEsny pyiideaE Poghis ppranesids blimealtBrmine oons dissphied in

diglysgo (MYKGS %ﬁ%‘HﬁD%%ﬁg}?W@Eﬁ a? $412%:8h (30d ) 342k 880 30 the

min), to afford Glc( C)4SBLS 126C miz (ES) found 27074 cédlcd. 27077.
D.reEti8 FoUenaahpECdHy) wandissoiverd i dégaddiat aguaouthbalfeance of

S Oﬁ‘g@?n@i ks igmgﬂﬁaé J@Ml%%,st}% P%Mé%?t%%%%g%?n rr?r?] Sﬁd—over«

Phenyl-I- 10 selenenylsulfide-(3-D-glucopyranosi . _
wasdredeivethirn Watbeiat oiitriievdismeint the asti Thmstgerseiteded onto

(5A0H ypsAdded tihe Aol AP 4IN ARt PRGag ?fk@@b%‘éﬁ%\‘{fn&g@ﬂ pH

rotator. After 30 min, the absence of free thiol was shown

anafysidiaecteisctior was plasdt oadamé dirloved- (MY fdtatar Fo ke rRjragemst
3%?1{93 2 Whichqaaint the seagtiommixtig %@gﬁﬁc%@s%%@@%%)

Se@p adex(r)G25 column and eluted with 70 mM HEPES, 2 mM CacCl2
7. domnbdfotientedcBbPldias collected and dialysed (MWCO 12-14 KDa)
against water, (1 x 4L for 1 h, 2 x 2L for 30 min), to afford

AcGIcSBLS126C m/z (ES) found 27072 calcd. 26911.
E. SBLS156C mutant (5 mg) was dissolved in degassed aqueous buffer solution

(2.4 mL, 70 mM HEPES, 2 mM CaCl,, pH 6.9). Phenyl -2-acetylamino-2-deoxy-1-
selenenylsulfide-B-D-glucopyranoside (5 mg, 0.01 mmol) was dissolved in
acetonitrile (200 uL, 1/1 ratio). The sugar solution (100 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 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.
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20 E. SBLSI56C mutant (5 mg) was dissolved in degassed aqueous buffer
solution (2.4 mL, 70 mM HEPES, 2 mM CacCl2, pH 6.9). Phenyl
-2-acetylamino-2-deoxy-I- selenenylsulfi@é-(&D-glucopyranoside (5 mg,
0.01 mmol) was dissolved in acetonitrile (200 L, 1/1 ratio). The sugar

ti h tel lyti d placed .
cofion 4903655 e AR SMISMANLRSSELD B i

Iol'was shown
by(Elindar’s addifdid;athmidhvomandiHerPoribh%f s RhanysSldtiotric1Bacetyl-
PHWAS. e reactio I OR_an end-over-end rofator for a
S0 o2t R Lt e S S R e

PO Septiasex(d)sS2Eedaluacatamicr BtutEeDwith 7Beradddd ERESNA FHMuD) was

CaCl2 7.0. The protein fraction was collected and dialysed (MWCQ 12-14
pE i R e e e PR E AT
foraBeeminhfthafthidl WO GicMAoSBIIBASEGErmilysiE S) fdticd [ R6A50caaction
26950. 65 F. SBLS156C t(5 issolved in e
ol A DR e SR and SRR aapmne
pHEBER Benid & 4(8. ppid0-8célyd-protein fraction was collected and dialysed

2- inp-2- y-1-selenenylsulfide-(3-D-glucopyranosjde (10 m
0O R e ot | el R ore
pLAvEENARGdE B IG the pratdin shiutid 8 Hvd pldced2@678n end-over-end
rotator. After | h, the absence of free thiol was shown by Eliman's

analysis, at which point the reaction mixture was loaded onto a PD 10
SefphadeSBLG 28! 66l(imeamchetitediveithiry Qegivked BRES)hmidr solution

C : in fract] s collected and dialysed O,
210 A S G er T L 8 S0 e o T
AcfateMAcSE B e fidz4 EB) Xouha 2T04t sale 47 318 6 Get BEOGY 86 - -
(5 as disspl in degassed aquequs, buffer solution . (500 mM

R B RN Rt b & o) NS Pa i S . 0.915 Tafhon
acatad-&ﬁ@@mhﬁil wkﬁdlﬁ)ﬁ-ﬂﬂ@((ﬁiﬁmrvecqyalﬁdﬂﬁ@iﬁu&&%t%@(ﬁ@&hé
-a-0 15 glucopyrangsyl)-a-D-glucopyranosyl)-a-D-glucgopyranoside, (15
mgro'815 '%aa%g)fm&é&k}@& TR YEter 14 8T Y thabsence of

soﬁi&@ﬂ}waﬁr@ﬁﬁﬁﬁivtoﬁjﬂEllﬂﬁ@zﬁeﬂhﬁ@%i@.ﬂm@dd@tﬁmﬂm et pacthver-
in, the absence of .free thiol was shown by Ellman's

rotatqr. After 30
PR AL iR 84 Sh dhPeriy- BieicasHaT BRAtBI oy 3 AR onto
301D | atSaliadpdit e sractianeikikEwas o aded HIB 20 adRDEACT, pH

h G2 I nd elyted with 70 mM PES, 2 mM CacCl2, pH
Se’P.O a’?ﬁe):( proteSmC ‘rgcqggn%was co Eectgyil an digiysedl%MWCO 12-14 KDa) a%ainst
water (1 x 4L for 1 h, 2 x 2L for 30 min) to afford Glc(Ac)sGle(Ac);Gle(Ac);-

SBLCys156 m/z (ES") found 27644 caled. 27653,

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-p -D-galactopyranoside (15 mg, 0.04 mmol) was dissolved in
watet/acetonitrile (600 pL, 1/3 ratio). The sugar solution (600 ulL, 230 eq) 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,”®! the reaction was placed
on an end-over-end rotatbr 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-
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7.0. The protein fraction was collected and dialysed (MWCO 12-14 KDa)
against water (1 x 4L for | h, 2 x 2L for 30 min) to afford
Gle(Ae)4Glc(Ac)3GIc(Ac)3- SBLCysI56 oz (ES) found 27644 calcd.
27653. 25 H. SBLCys156 (5 mg) was dissolved in degassed aqueous

buftek sy %Qm@%ﬂcr (P! SHER, Bl MER iV GGG RESBR:ys1 56

Phenyl 1- se enen\%lsulfide-(S -D-galactopyranoside (15 mg, 0.04 mmol)
waBdisEove@mdwatel satadnmei8600 L, 1/3 ratio). The sugar solution

(600 L, 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

byIEIImaﬁ'gé%%mitQW®éé96Mg@-%m) onadisetvelar eIl (5 mL)
roiatanich 3 Wihen3Q PHSeBt W%%%Pﬁ@ﬁﬁ%f?ﬁ?ﬁ?@fg@xi%%% added. After

loaded onto a PD10 Sephadex column and eluted with 7
HEPES triztiNrcaciZ pihMos Thdegrandithér autisionvassodilectbwignayvater

di%b@ﬁ&ﬁ%ﬁi&%@%ﬂﬂ ﬁl%g%hﬁ%‘%@@és&@t@& Al ugoﬁ%%ho%?: was

30 min) to afford Gal-SBLCys156 m{z (ES+) found 26908 calcd. 2
1. warbid-vath nelaottiask) (b4 ang lpophminwd) WaesciisisatbetsihiMeOH (5

My danhictia spivtien el Gh>98¢ (79mg:%3 Mipe) -Q\rfl%%gn(aﬂ”ﬁlrt)o water

was added. After 2 min triethylamine (2 mL) was added and the reaction
wasbintedividhchate pfl e ames pdtked (6 anoluihe pHABEE weéf® (1 mg) in
L

separated and.the aqu S ed.wi tro 10.m .
e e e o R S utine
7557 (MasB i a0 grvead-takere ngd iotaovateiet @ GLD i Jeatudrichi bQre was
L §2§ deg) was %ﬁg@éo a a?g%lueio %fCSELCysl 6I &L mggé&nﬁoqishﬁmas :
bgmengi @;gybﬁéﬁ(ﬁgg «E& i r%d aaetmgégfih'a Bth h? lkt DR
S P reoidioerednd voia affoto€teabiGRr-
mi was loaded.ontg a P e G25 column and eluted
Wlﬁwﬂggﬁ?}ﬂ éllydﬁéi‘ %ﬂrrf lgagé ?%% 5p ﬁ?%déﬁé% ‘protein fraction was
collected to afford GIcGIcGIq- 15 SBL.CysI56 m/z (ES) found 27226 cal'cd.
T R T SR o
é_-§6ITﬁi@ﬁﬁﬁﬁfﬂﬁ-ﬂﬁ&@ﬂ?ﬁ@ﬂf&ﬁgﬂ@?ﬁ ,P(hxﬁ%}rr]n mdlanmmﬂ?ul_ﬁde-ﬁ -D-
issolved in water/acetopitrije (Q.7.m ratio). sugar.s .
T R e e R e B R U . 25
endtieitbasuptasohhdtef70(hpthe 2bsghoaofidied thitlayastsimontyn and

placed on an end-over-end rotator. After 1 h, the absence of free thiol was shown by

Ellman’s analysis,®

at which point the reaction mixture was loaded onto a PD10
Sephadex ® (25 column and eluted with 70 mM HEPES, 2 mM CaCl, pH 7.0. The
protein fraction was collected and dialysed (MWCQO 12-14 KDa) against water

(1 x 4L for 1 h, 2 x 2L for 30 min) to afford Gle-BSA m/z (ES") found 66620

caled. 66625.

Summary of glycosylation reactions utilising selenenyl sulphide reagents

Reagent EtSH | BocCysThrOMe | SBLS156C | BSA
Glc(Ac)SSePh 82% 75% >95% >95%
Gal(Ac)4SSePh 82% 93% >95%
Gle(Ac)sNAcSSePh 93% 88% >95%
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Ellman's analysis,j8" at which point the reaction mixture was loaded onto a
PD10 Sephadex 8 G25 column and eluted with 70 mM HEPES, 2 mM
CaCl2. pH 7.0. The protein fraction waéollected and dialysed (MWCO
12-14 KDa) against water 25 (1 x 4L for 1 h, 2 x 2L for 30 min) to afford

L OO

reactions utilising selenenyl sulphide

%(@GZESTS‘EIWV’UFQPL(&Q%@}MH
reagents Reagent EtSH | °

>95%

BocCysiiwe¥ie SBLS156C BSA G

c(Ac)45SePh 82% 75%

A

>95%5505%

Gal

STETIEGEL, 0106 2005 2064

hY IA-~QCaDRDlh- 020/
YINACSSePh-93%

( 8894 595%
;7\ ﬁé’ll SSEPh >95% GlcNAg?éePr

779

PP |

) T \= D5 (SH0{BEYG)eHACHRC

naricean-of-camne

Ic(AC)3SSePh 90% >95P6

90%

>95%

Gl
form

a

GleGleSSeRPh>95%Exampte 57€or
tﬁlctﬁc eSSeP 1y :
ula | with glyco-MTS reagents |

}Jal ISOTTOTCOTI LI o4

n Tablas | and 2, MTS d

PNOLES

unds-ef
YA

CH3-S02-S-, and PTS denotes Ph-S02-S-. 5 Table 1: Preparation
4-TtSS

Glycos Itig Reagent Preparation' Tota
~Gantpanson gt campot

46 dIERIC A

SRy
Aot \Y,

ield (%) Steps Gl
Larnia AN

Gal(Ac)43-MTS 47 3 Gal(Ac)43-PTS 65 3

coll BRI B L BV ALL D OfcodB Iy BHRBUBIORCH) or

Glca(l,4)Glca(1,4)Glc.
Table 1: Preparation

A

Glycosylating Reagent Preparation’
Total Yield (%) Steps
Gle(Ac)B-MTS 46 3
Gle(Ac)4p-PTS 64 3
Gle(Bn)sf-MTS 43° 5
Gle(Bn)sp-PTS 67 5
Gal(Ac)sp-MTS 47 3
Gal{Ac)p-PTS 65 3
Gle(Ac) o1, H)Gle(Ac);a(1,4)Gle(Ac):B-
PTS 60 3

1. from the corresponding parent carbohydrate D-glucose (Glc), D-galactose (Gal)

or Glea(1,4)Glea(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.
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10 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. 68 3. Taken

from B. G. Davis, S. J. Ward and P. M. Randle, Chem. Commun., 2001,
180. Pgshpwin iB. Talbedisie Pinca kg reageRis@ecoIding tdiaun., 2001,
invention were 5 synthesised in superior yields to the corresponding

gl)@ -MTS reagents. Moreover, the costs of the starting materials for
synthesis of the glyco-PTS reagents was approximately ten fold lower

than for the c nding.glycQ-MTS reagents (at 2003 costs). |0 In

T e e B NG G gatenafg were

B|an€ﬁ§|'§i58d is bopéne ﬁ%m?s &Jbﬂﬁtéﬂrr&'@hlﬁdd I n CARPANBIN @k gents. Moreover,
osylatiop reactions o cQ-MTS a cQ-PTS re ts.

AR R AN R M B A

BSApeyshd eYyakth Tokkl dieldTimaieid Jirag diald Timeo (4] §et¥ehih ) at

(0/2 ﬁ‘gin %) (min) Glc(Ac)43 MTS 965 3 6255 1004 504 - -

Gl ? )c -SQ’TS 821995100 3010030 Glc(Bn)4(3MTS 7851.565 4 -

- - - Glc(Bn)4(3-PTS951.582 5 - - - - Gal(Ac)43 MTS 831 --- - - -

CHAIPTISH 982100 20100,3089 G40 CRASRA. .

is bovine serum albumin.

Table 2. Comparison of glycosylation reactions of glyco-MTS and glyco-PTS

reagents.
Glycosylatin Protein’ Protein’
© EtSH' Peptide? ‘
reagent SBL-Cys 156 | BSA-Cys58
Yield Time Yield | Time Yield | Time | Yield | Time
(“0) (h) (%) | () (%) | (min) | (%) | (min)
Glc(Ac)4f3~
MTS 96> 3 62° 5 100° | s50° - -
Glc(Ac)4B-PTS 82 1 99 3 160 30 100 30
Gle(Bn)4p-
MTS 78° 15 65 4 - - - -
Gle(Bn)sp-PTS 95 1.5 82 5 - - - -
Gal(Ac)ap3-
MTS 83 1 - - - - - -
Gal(Ac)B-PTS 91 1 95 2 100 30 100 30
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1. Et3N, DCM, RT, | equivalent (eq.) of thiosulfonate. 2. Et3N,
DCM/McOH (20:1), RT, 1 eq. of thiosulfonate; Peptide [P]-Cys-Ser-OMe,
[P] = Ac except for reaction with 69
Gle(Ac)4a(1,4)Gle(Ae)3a(1,4)Glc(Ae)3(3-PTS 5 where [P] = Boa 3. 70mM

GHES—Smi-MES2mi-GaC2-ph-9-5-of 5omM-Fris-HGEpH 7-7-RT-
BRI EATS, -1d eq. for Gle(A)43-PTS hnd GAL(AC)4(3-PTS

PTS and GalfAr)43¢PTH with -

<

/i SRe),&y5158, -2 eq) for Glc(Ack(3
BSA-Cys58, -40 ¢q. for Glc(Ac)49(1,4)Glc(Ac)3a(l,4)GIg(Ac)3(31PTS
WitAlgBeiByR % 6. 10 4. Tlaken from B.G| Davis, R.C. Lidyd and §.B.
Jones, J. Org. Chem., 1998, 63, 9614, apd B.G. Davis, N.A.T. Maughan

M.P. Green, A Ullman and J.B7JOAES,” Tetrahedron Asymmetry, 2000,
11, 245, 5. Taken from B. G. Davis, S. J. Ward and P. M. Randle, Chem.,
Commai;, Dodk, Rigd. ersrinaleni ¢ fdhingioraisie 2, the glyco-PTS

fe@Q%&NQﬁ@MW@@F@@OQ?{Jﬁ?}'Y REOVIAER & MADRE IR 119-Cys-Ser-OMe,
glycosylation reaction than did the corresponding glyco-MTS compound.

20l Ekariplexseptdwyssasimionist SBLEystt64iir GleBidGS g aph b TS
vapvig, ]f& R Unreacted protein Time SBLCys-S-S-SePh GlcGlcGlc-
SBLCys156 6 (h) SBLCysI56 7.5 a 10% 1 80% 10% 8.5 10% 1 80% 10%

9.5 <8gxM OBk%. 730 9/B vl 48d GatBopHdEo07 0 VReAdtionttohditiohs; RT,

S I e RS A .
8_._@3{!{11]5:5;) mﬁ/le?l{rliﬁ)pﬂl@'(ﬁ;cﬂ@[ﬂ JR)lt“ [v) M@Szﬁf&@ﬁﬁl\ﬂ’%&tﬁ BISM«CgﬁB:LZSTgO eq.
. a . Represe 1V I ame [0]] S
L i A T A S o S LT CHES 5
""’%m‘t 165 BT Ater 10 ML 0 1€3CHO LG P
o E%t?ﬂfgelg . Davis, MLAT. 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.

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.

Example 58: Glvcosylation of SBLCvs156 with GlcGleGle-S-SePh at varving pH

pH Unreacted protein | Time | SBLCys-5-S-SePh GleGleGle-
SBLCys156 (h) SBLCys156

7.5 110 % 1 80 % 10 %

8.5 1 10% 1 80 % 10 %

9.5 | <504 1 25 % 75 %

9.5 1 <5% 3 <5% >95%
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10 on a Vivaspin centrifugal filter (10 kDa MWCO, Sartorius); this step
was repeated 3 times with addition of 3%)”L of Milli Q water. A portion of
the resulting deactivated SBLCys156 (1 mg) was then dissolved in 200 L
of buffer (1 ml,, 70 mM CHES, 5 mM MES, 2 mM CaC12, pH 9.5).

FapnasybRrienyiitiaswionales so& ks M BBl 31d6128-SePh 6d
equivalents) were added, The mixture was 15 |‘%Iaced in an end-over-end

rotafdrIAftaial ki weNebiashivay Bbddmet A EEnd Y aCle. pH
filtgrs, %}fii@aﬂw%\i\étﬁ}m@i,ﬂwg 26 Mili Qryrageskand AnalySea Ry MASEH 9.5.
spectrometry. This Example shows that the methods of the invention can
also be used to attach 20 farnesyl groups to proteins. Farnesylation is a
napyrahpRstgrangiatienakmodilealionrassesirigd with many proteins.
Example 60: D-Mannose pentaacetate AcO AcO ,0 AcO AcO 30 OAc
Mannose (50 g, 280 mmol) was suspended in a stirred solution of acetic

anbpdiide 1 §3Q0hg)aRsk RISIIRR (20l dud et dhtd dh (Patol:ashyhM

acetate, 1:1) indicated the formation of a product %RfO.B) with complete

coﬁ%pﬁdﬁ%f%s?aﬁﬁ%cﬁ%eﬁg PRP O O ST 18 aidtishal 48 sgitaly solution
With WatehHa8) ks Ak artitioned3aundihirthvl Acstate (3RO} dh€entrated

phases were separated. The acéijeo_us layer was re-extracted with ethyl
a

cBtdte’ RPBETRENUERL UGB e 8ryaNic Payraidoniss thiastaagitrepeated 3
dilytgehyeachighieaeich(® lleM)Dvﬁﬁf"ty%A@&H@%ﬁ‘tﬁﬂ%@ﬂ%ﬁ‘a@ﬂiﬁ@%g 5
g :

mL of a saturated aqueous solution), brine (300 mL), dried over (M

filtdpaeiApgE oM <ntra(ihvatnetdhardisseiecttia eothpbundyfiior(d mlL,
9894) i bej ixt ©432:1); H
890) A% Al beingya ikt %(IRE anemess Mg P%%S,%ﬂéggl%?%gz?ates

CDCI3) 1.95,1)99, 2.05, 2,16 (15 H, 4%’s, COCH
2.136 2113125 Hhetind s5abOOHB(XHE 30781 (iMalddt) 346 abiedz 135, G Bire was

O T kAR g
5. 8441368 sk KHz{ikr@io))sSaith @ithticd p 0 3318 Q WatedBaddOudalyzed by mass

spectrometry.

This Example shows that the methods of the invention can also be used to attach
farnesyl groups to proteins. Farnesylation is a natural post translational modification

associated with many proteins.

Example 60: D-Mannose pentaacetate

AcQ
-0

AcO

AcO
AcC

OAc
Mannose (50 g, 280 mmol) was suspended in a stirred solution of acetic anhydride
(200 mL) and pyridine (200 ml.). After 24 h t.l.c. (petrol:ethyl acetate, 1:1) indicated
the formation of a product (Ry 0.3) with complete consumption of the starting
material (R¢ 0.0). The reaction was diluted with water (400 mL) and partitioned
with ethyl acetate (300 mL) the phases were separated. 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
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H-3(3), 5.20-5.21 (1H, dd, Ji,2 2.1 Hz, J2,3 2.5 Hz, H-2a), 5.24-5.30 (3H,
in, H-3a, H-4a, H-4J3), 5.43 (1H, dd, J,2 1.2 Hz, J2,3 3.2 Hz, H-2(3), 5.83
(1H, d, J1,2 0.9 Hz, 10 H-1{3), 6.03 (1H7H, Ji,2 2.1 Hz, H-la). Example
61: 2,3,4,6-Tetra-O-acetyl-a-D-mannop ram nosoyl bromide 0 AcO Ac O
Ac 0 .20.Br D-Mannose pentgacetate (103 64 mmol) was
i e R R GRS s
acéiiezdidp@00nuintwad addedoheffoidttre tvkscleftponddn 80g e OBE) as an

Aft 2 h period, t.I. trol:ethyl tat 1) indicated the farmatio
o LS TR 0% G CEREDIEAD bt AU S5 Ay e
(REQ2)13he reastionikpyel wasnantitangd hetweer BAM sGQOMUOH; ),
and ice water éZOO mL), and the aqueous Iaé}r/er re-extracted with DCM §3

« 20651l FHE: cdombih i okt 1y el ek G ifl <o . 11-50)

hydriegan Farhonate yatipies, was optaingd thengwith bilj?qq;iﬁoﬁif‘hlsa 426

dried over (MgSO4), filtered and concentrated’in vacud. The resulting titl

cothPoddd/zs clehFail-B0 (D6 B2)Hvadbarded dVeddvithodpliffidatidn;3 Hz,

e U REAN AR A0 1 R

2. iy, J5.6P4, 8.4z (HESIAARS [PHIAJLIS8 M9, H2 06 6/31 2UBIHE 6 Hz,
5. , 1 Hz, H-4), 5.39 (1H, dd, Ji,21.6 Hz, J2,3 3.5 Hz, H-2),
5%%@8&5 é@%%éﬂg;l\%ﬁi%ff‘ iz, H-3), 6.26 (HH, bs, H-1). 35

Example 62:

(2];;; mlgopyranosyl)-1-isothiouronium_bromide
725330 styl-a-D-mafinopyranosoyl bromide
AcO AcO
-0
AcO
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.l.c. (petrol:ethyl acetate,
2:1) indicated the formation of a product (Ry 0.3) with complete consumption of the
starting material (Rr 0.2). The reaction mixture was partitioned between DCM
(100 mL) and ice water (200 mL), and the aqueous layer re-extracted with DCM
(3 x 200 mL). The combined organic layers were washed with sodium hydrogen
carbonate until pH & was obtained, then with brine (300 mL), dried over (MgS0y),
filtered and concentrated in vacuo. The resulting title compound, a clear oil

(106.6 g) was carried over without purification; &y (400 MHz, CDCl3) 1.96, 2.03,
2.06,2.13 (12H, 4 x 5, 4 x OAc), 4.09 (1H, dd, Js 2.2 Hz, Js 5 12.5 Hz, H-6), 4.18
(1H, dd, Js 5 10.1 Hz, J55 2.2 Hz, Js 5 4.8 Hz, H-5), 4.28 (1H, dd, Js ¢ 4.9 Hz, Jy¢
12.5 Hz, H-6"), 5.32 (1M, at, J 10.1 Hz, H-4), 5.39 (1H, dd, Ji 2 1.6 Hz, />3 3.5 Hz,
H-2), 5.66 (1H, dd, J,3 3.5 Hz, /34 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
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S 10 NH2 The title compound (80.6 g, 60%, 2 steps) was obtained as a
white crystalline solid using a method analogous to that of Example 3
utilising 2,3,4,6-tetra-O-benzyl-D-a- mar#¥opyranosoyl bromide as starting
material. Mp 123-126 'C [Lit. 125-128 'C (H20)]; [a]Jo26 +119.0 (c, 1.0 in
McOH) [Lit. [a]D27 +103.(c, 4.0 in Acetone); SH 15 (400 MHz, DMSO-d6)
1.95, 2.02, 2.03, 2°4% , 4% S, 4 x OAc), 4.08 (1H, dd, Js,6 2.4 Hz,
J6,6' 12.3 Hz, H6%db . J5,6, 2.4 Hz, J6,6' 12.5 Hz, H-6), 4.32
(1 H, ddd, .J4,5 10.0 Hz, J5,6 2.2 Hz, ,JR8s,5.2 Hz, H-5), 5.05 (1H, dd,
J2,3 3.4 Hz, J3,4 10.0 Hz, H-3),s&if H, at, J 10.0 Hz, H-4), 5.36 (1 H,
)

dd, J1,2 1.5 Hz, J2,3 3.4 Hz, H-2), 6{36 (1H, d, Jig 1.2 Hz, H-1), 9.40 (4H,
bs, 2 x NH2). 20 Example 63: 2,3 ,4,Qs] etra-O-acetyl-a-D-maunopyranos

Iv fhiol AcO AcO 25 Aco'0 AcO SH 30 The title compound (14.5 g, 98%)
wakhebidénsorgeadaRibifess Bibuibmnepa) mathsdamed agouhie dratafline solid
Example 2 utilising (2,3,4.6-Tetra- -acetc!- -D-... .

Usin ay méﬁlo%] f_aai(llg‘%?huﬁqo Rator Easmple s gtgtxg})tll% é’?r’i%’t%?% a-O-benzyl-D-o-

.9
mann ranosyl ijouronium promtde a:

[aJ03AR GRS BrinBIACARfHin falnee a8\ d 20-816 THCIL3)JIA4128 “C
S 4 . Z 1.98,. . 7 . .
> AR B BT T O i e 10 ® B i
35(46)6M L HAMIBOBHAR D612, 62:6),08.2B 14H 1 2H, 356, 5.4 Be)]16,681210, dd,
Hz, H-6Y), 4.32- 4.36.(1 H.m. H-5), 5.26-5,34 (3H, m, H-2, H:3, H-4) 5,54
R S A SR B S A ,
2,814 6didsdraQ-Hbe izl -del SrieHiyls il fide 2aHR; 4eSmartisapyiaddsite 78 Hz, J; 4
ACRATRAGER sAG IS\ 10.0 Hz, Ho4), 5.36 (1H, dd, iz 1.5 Hz, Jis 3.4 iz,
H-2), 6.36 (1H, d, Ji 1.2 Hz, H-1), 9.40 (4IL bs, 2 x NH).

Example 63: 2.3 4.6-Tetra-O-acetyl-g-D-manmopvranosylthicl

AcO AcO o
AcO o
AcQ

SH
The title compound (14.5 g, 98%) was obtained as a colourless oil using 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,
1.5 in CHCly) [Lit. [a]p™ +78.6 (c, 0.8 in CHCI3)]"™; 84 (400 MHz, CDCl3) 1.98,
2.04,2.08,2.14 (12H, 4 x 5,4 x OAc), 2.28 (1H, d, Ji s 6.7 Hz, SH), 4.10 (1H, dd
Js6 2.4 Hz, Jog 12.5 Hz, H-6), 428 (1H, dd, Js 5 5.1 Hz, Je ¢ 12.0 Hz, H-6"), 4.32-
4.36 (1H, m, H-5), 5.26-5.34 (3H, m, H-2, H-3, H-4), 5.54 (1H, d, J; 511 6.9 Hz,
H-1).

Example 64: Phenyl 2.3.4.6-tetra-O-acetyl-1-selenenvisulfide-a-D-

mannopvranoside
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10 The title compound (590 mg, 83%) was obtained as a yellow oil using a
method analogous to that of Example 49 utilising
2,3,4,6-tetra-O-acetyl-a-D- mannopyrandsyl thiol as starting material. [all)
25 +13.4 (c, 1.0 in CHC13); 8H (400 MHz, CDC13) 1.94, 1.94, 2.02, 2.10
(12H, 4 x s, 4 x OAc), 3.52 (1H, dd, J5,6 2.4 Hz, 15 J6,6- 12.4 Hz, H-6),
3.94 (1H, ddd, J4,5 9.6192..15,§ 2|3,Hz, J5,6. 3.9 Hz, H-5), 4.07 (I H, dd,
J5,6 3.9 Hz, .16,6' 124%z (1 H, dd, .12,3 3.2 Hz, J3,49.9 Hz,

H-3), 5.28 (1H, at, J9.7 Hz, H-4), 5.38 (1H, d, J1/26,Hz, H-1), 5.40 (1H,
dd, J1,2 1.5 Hz, J2,3 3.1 Hz, H-2), 7.26-728 ), 7.62-7.65 (2H,
in, ArH). 20 Example 65: 2.3.4,6-Tetra-O-acetyl s gnnopyranoside

AcO AcO 25 Ace ,O0 Aco OH 30 D-Mannose pentaacetate (26.4 g, 67.7
mmol) was dissolved in freshly distilled THE (150 mL) and benzylamine
(1THemtle 20MhBommehowasabiehl tothaiinerhselytitiow Aflesa24 fethod
iod, t.l.c. | acet edthe rmation of a

o SERILERT B3t EOPBR LRIt iSRSl (R
0 @aﬁﬁ@yﬁ@ﬁ@ﬂﬂﬁ%@%ﬂﬁﬁﬁﬁﬁkg%&wﬁaﬂhq%ﬁtﬁﬂ qf(dllmt@@inhyﬁ@gbﬂ@%moo
acjd.(10 rred for 10 min. The reaction wa rtitione
TR0 130 il S A AT S A s H
w%,g&@ﬂmgein@yﬁﬁwf(a&dm@ d HA he chmbf)mq @%%MQS;W@DSKS 07
w ith dijute_hydrochloric aci rine mL) a
B A S el M fedct THE g DFkngeraiids H-5),
pusified 1y, ﬂa,S,hQC’OIHmmwf@Bﬂ@m@ﬂbyi(PE%QH@IWH%OS@)?@}E,cﬂail /J.)Iﬁ 1| 5 Hz,

ite cryst cry fr petrol/ethy

aceztéé thgi g)tt?éiﬂvf%%ﬁ?ég §q1—§4? 8% %5}) étg[ %‘rystalllne
solid mp 92-94 C [Lit. 92'C]; [a]n2517.8 (c, 1.0 in CHCI3); [Lit. [a]o25+21.0
(c 74 1.0 in CHCI3] 6H (400 MHz CDCI3) 1.98, 2. 04 2.08, 2.14 (12H,

d At 2 -G g 1 ‘-‘ A '.1," FE 5L n’ H-5, H-6'),
459500(1H |n OH) 520523(2H |n H-1, H2) 527(1H at, J 9.9
Hz, H-4), 5.39 (1H, dd, J2,3 2.7 Hz, J3,4 9.6 Hz, H-3).

ACO ACO

e
AcO
AcO

OH

D-Mannose pentaacetate (26.4 g, 67.7 mmol) was dissolved in freshly distilled THF
(150 mlL}) and benzylamine (11.1 mlL., 101.5 mmol) was added to the stirred solution.
After a 24 h period, t.l.c. (petrol:ethyl acetate, 1:1) indicated the formation of a
product (Ry 0.3) with complete consumption of the starting material (Ry 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, IM), brine (100 mL) and dried (MgSQ,) 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°C]; [a]o™ +17.8 (¢, 1.0 in CHCl3); [Lit. [a}p™ +21.0 (c,
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5 Example 66: 1'.1',1'-Trichloro acetimidate 2,3,4,6-tetra-O-acetyl-a-D-
mannopyranoside 10 AcO ACO O AcOﬁO OrNH CC13 20
2,3,4,6-Tetra-O-acetyl-a-D-mannopyranoside (1.01 g, 2.87 mmol),
1,1,1-trichloroacetonitrile (2.9 mL, 28.7 mmol) and activated 4A molecular
sidvedn (CEHCHON mgﬁwemmscpbnﬂgd ipganidmos, DAM((201mily antideitac),

RBRC G RLLR ALBE RS Sl .

mdl.eﬁtédzm(@mrmaﬂon Bi-2) psAUGHRE 25 DDHwith-¢pripietd H, dd, J, ;5 2.7 Hz,
'51 She starting material (Rf 0.2). The reaction was f||tered
dﬁ%&i (tY’and concentrated in vacuo. The resulting residue was
purlfled by flash column chromatography (petrol:ethyl acetate, 1:1) to

afford the title 69m Ol]md( 42 9992a lear oil; [a]025+42.7 (c, 1.0
in S i1 -

C@_@@ﬁ@%&&? 2.09, 2 29 (12H, 4 xs, 304 x OAc), 4.15-4.22 (2H, in,
H-5, H-6), 4.28 (1H, dd, J5,6, 4.3 Hz,,16,6 11.8 Hz, H-6"), 5.40-5.42 (2H,
in, H-3, H-4), 5.48 (1H, at, 13 -2).6.29 (1H, d,,112 1.9 Hz, H-1),
8.80 (1H, s, NH) Example%"? annopyranoside HO HO HO
HO OBn 40 75 D-Mannose (30 g, 167 mmol) and acetyl chloride (13 mL,
167 mmol) was dissolved in benzyl alcohol3 250 mL) and heated to 50 C
for I h. The resulting solution was concentrate OW pressure
distillation. The resulting residue was purified by|flash column
chromatography (ethylacetate/ methanol, 9:1) afifi'tecrystallised from

2.3.4,6-Tetra-O-acetyl-o-D-mannopyranoside (1,01 g, 2.87 mmol).
1,1,1-trichloroacetonitrile (2.9 mL, 28.7 mmol) and activated 4A molecular sieves
(ca. 500 mg) were suspended in anhydrous DCM (20 mL.) and left stirring at 0 °C
for a period of 1 h. At which point DBU (0.085 mL, 0.57 mmol) was added. After a
1.5 h period, t.l.c. (petrol:ethyl acetate, 1:1) indicated the formation of a product (R
0.5) with complete consumption of the starting material (Ry 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; [o]p” +42.7 (¢, 1.0 in CHCL) [Lit. [a]p>
+50.0 (¢, 1.0 in CHCL)]PY; 84 (400 MHz, CDCh) 2.20, 2.07, 2.09, 2.29 (12H, 4 x s,
4 x OAc), 4.15-4.22 CH, m, H-5, H-6),4.28 (1H, dd, /56 4.3 Hz, Js¢ 11.8 Hz,
H-6%), 5.40-5.42 (2H, m, H-3, H-4), 548 (1H, at, J 2.1 Hz, H-2), 6.29 (1H, d, J;»
1.9 Hz, H-1), 8.80 (1H, s, NH)

Example 67: Benzyl-o-D-mannopyranoside

HO
| 2]

HO

HO
HO

0Bn



5 isopropanol/petrol to afford the title compound (29.34 g, 70%) as a white
crystalline solid m.p. 126-127 'C [Lit 128-129 'C; [a]n26 +102.0 (c, 1.1 in
MeOH); [Lit. [a] D +73.1 (c, 1.4 in H20)[{25J; 6. (400 MHz, CD30D) 3.62
(1H, ddd, Jos 9.5 Hz, J5,6 2.3 Hz, J5,6' 5.5 Hz, H-5), 3.68 (1H, at, J9.3

AT B e PO AR
7.28 788/ [5h¢ohn] AR 1Bk hangléB8:BerddyiC for I h. The resulting solution was
4,6-d1-Q-pi -a1D-mai r ide 0O HO..0 HO.R"O 20 OBnN.
By o oSe 10 . e i e by s
anbgironshpyndingr(2bs by lasdetdmatinopstels aidrectmgtimed Hiom

I ' t t j hi iphenyl methane ...
i R A

chisiddriprengbmathZn elitl G &/l Grbthie) 2B hdicated thefediatidritofo]n

J odyct. (Rf O,/swith te mpti f. the. starti
L G ) ) e P e il (50 Ly
angd.2thyl dcetateH20B-HL B.dhél phasesiierk sHpéxated Anfl (he, aquEdIF-6),

phayrss rEAlagsS i o o 0 o CATPRSE v

10 hydredeéhitardehate 18003 5of, an3@ ddturated aqueous solution) until pH

7 was obtained, brine (200 mL), dried (MgSO4) and concentrated in
vacuo. The resulting residue was recrystallised from ethyl acetate/petrol
to Effarghth éRitl8 eompbbnti-@2-H001g!-b6Tbhasaonhitacsiystalline solidmp
133-135'C; [a]n25+64.7 (c, 1.0 in CHC13); 8x(400 MHz, CDC13) 1.251,
1.254 (1814, 2 x s, 2 x C(CH3)3).-3.8%¢1H, at, J9.8 Hz. H-4), 3.92 35
(114, ddd, J4,5 9.7 Hz, J5,8 5. ‘.5 Hz, H-5), 4.05 (114, dd, J,2
1.9 Hz, J),3 2.1 Hz, H-2), 4.%17c( -J5,6 5.6 Hz, J6,6 ' 11.8 Hz, H-6),
4.42 (1H, dd, J5,6. 2.7 Hz, 76 J6,6 12.0 HZ, H-6"), 4.53, 4.76 (2H, Abq, J

20 11.9 Hz, CH2), 4.90 (1H, d, Ji,21.8 Hz, H-}}p.14 (1H, dd, J2,3 3.2 Hz,

30

35

BRI LT A Em et ST, o
pyridine (200 mL) under an atmopshere of inert argon. The resulting suspension was
cooled to 0 °C to which chlorotriphenyl methane (35 mL, 280 mmol) was added to
dropwise. After the addition of the chiorotriphenyl methane, t.1.c. (ethyl acetate)
indicated the formation of a major product (Ry 0.7) with complete consumption of
the starting material (Ry 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 carbonaie (800 mL of a
saturated aqueous solution) until pH 7 was obtained, brine (200 mL), dried
(MgSO,) 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; [a]p™ +64.7 (¢, 1.0 in CHCly); 8y (400 Mlz,
CDCly) 1.251, 1.254 (18H, 2 x s, 2 x C(CH3)3), 3.85 (1H, at, J 9.8 Hz, H-4), 3.92
(1H, ddd, Js 5 9.7 Hz, J56 5.6 Hz, J5 ¢ 2.5 Hz, H-5), 4.05 (1H, dd, J,2 1.9 Hz, 23
2.1 Hz, H-2), 437 (1H, dd, J5 s 5.6 Hz, Jg¢ 11.8 Hz, H-6), 4.42 (1H, dd, J5 ¢ 2.7 Hz,
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5 PivO Bno -O Bno PivO OBn Benzyl
4,6-di-O-pivolyl-a-D-mannopyranoside (15.0 g, 34.2 mmol) and benzene
15 trichloroacetimidate (17 mL, 91.4 mniél) were dissolved in anhydrous
DCM (100 mL) and anhydrous cyclohexane (100 mL) and left stirring for 1

It over olecular sjev g%’ﬁnd an jner o) % oata go
eI e R R AR ARl A R
It perind. L4 ¢l Rekiplielyt Heelqie. 3 Myintisated 1hrorsidtion afd)major
product (Rf 0.4) with complete 20 consumption of the starting material (Rf
0.0). The reaction was quenched with triethylamine (ca 30 mL) and the
softipnptesfilbered throughicedie ands coneeNiciedbihDvatHao phgoside
resulting residue was purified by flash column chromatography
(petrol:ethyl acetate, 5:1) to afford the title compound (14.4 g, 70%) as a
colourless oil; [a]D25 +29.0 (c, 2.0 ip CHC13); 6H (400 MHz, CDC13)
1.24, 25 1.25 (18H, 2 x s, 2¥C(C gﬂ’ )03.97-4.04 (3H, in, H-2, H-4, H-5),
4.25 (1H, dd, J5,6 4.8 HE? b .6 Hz\H-6), 4.44 (1 H, dd, J5,6' 1.6 Hz,
J6,6' 11.7 Hz, H-6'), 4.51, 4.74 (2H, ABq, ) 12.0 Hz, BnCH?2), 4.55, 4.61
(2H, ABq, J 11.7 Hz, BnCH?2), 4.57,4.80 %)H, ABq, J 10.7 Hz, BnCH2),
4.92 (1H, d, J1,21.8 Hz, H-1), 5.37 (1H, d ©32,3 3.1 Hz, J3,4 8.8 Hz, H-3),

7-%2@(@%0%1%@)—03@5@%%@@%‘@%.0 g, 34.2 mmol) and benzene
2,4-di-O-benzyI-a—D-mannopgranogde HO BnO ,O0 BnO HO 40 OBn 77

BeREM I ORcRtUNRIAN /308l RO AR TS ARG i BT @ o g1 0
MMep AN§ SRy MmetbxideHddR91 88 A1 Med MWerRidissolved Mover 4A

methanol (100 mL ) )
molecular sieves (ca 5 g) under an inert atmosphere of argon. After 1 h trimethyl

silyltriflate (0.31 ml., 1.71 mmol) was added. After a 18 h period, t.l.c. (petrol:ethyl
acetate, 5:1) indicated the formation of a major product (Ry 0.4) with complete
consumption of the starting material (Ry 0.0). The reaction was quenched with
triethylamine (ca 30 mL) and the solution was filtered through celite and
concentrated in vacuo.. The resulting residue was purified by flash column
chromatography (petrol:ethyl acetate, 5:1) to afford the title compound (14.4 g,
70%) as a colourless oil; [o]p™ +29.0 (¢, 2.0 in CHCLy); 8y (400 MHz, CDCl3) 1.24,
1.25 (18H, 2 x s, 2 x C(CH3)3), 3.97-4.04 3H, m, H-2, H-4, H-5), 4.25 (1H, dd, Js¢
4.8 Hz, Js5 11.6 Hz, H-6), 4.44 (1H, dd. Js¢ 1.6 Hz, J¢s 11.7 Hz, H-6"), 4.51,4.74
(2H, ABq, J 12.0 Hz, BnCH»), 4.55, 4.61 (2H, ABq, J 11.7 Hz, BnCH,), 4.57,4.80
(2H, ABg. J 10.7 Hz, BnCHb»), 4.92 (1H, d, J12 1.8 Hz, H-1), 5.37 (1H, dd, J» 3

3.1 Hz, J34 8.8 Hz, H-3), 7.28-7.35 (15H, m, ArH).

Example 70: Benzvl 2.4-di-O-benzvl-g-D-mannopvranoside

OBn
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and heated to reflux. After a 20 h period, t.l.c. (petrol/ethyl acetate, 2:1)
indicated the formation of a major product (Rf 0.2) with complete

consumption of the starting 5 material (Rf/0.8). The reaction was

neutralised with the addition of Dowex(r)-50 ion exchange resin after

which pqint the reactio iltered and concentrated in vacug, The

o A AL B 5y A S EHHSHRSEB g0 & 129 minol)
(petrdléatiymanefiaieid: 1). 15 affopditheditleworn naudol ¢d D M) (@80BmL)

clear ail; [a]o25 +45.2 (¢, 1.Q.jn, CHC13); 6H (500 MHz, CDC13) 2.83 (2H,

bs 5% ,§?§§- %s“ﬁﬂﬁ?%%ﬂ%t@ié:bﬁé?ﬁ%@éy'ﬁ%?ﬁtﬁﬁf»éi}ﬂ%@ed
H-&i)e: fatiad@Bolld4ndin b3 b GR{DED) dyvith E3udphize Earbbndtiber488e starting
(74?%’41}2%1)&% lﬁl}?’%oéé%ﬁ'ﬁ’@é?mﬁr%eﬁw i R 0% B ®-50 fon
Benayild ¢ cisDr bfter whd B -hisnOH(2 B4 thotetas Biacedyd{Kebackhtrated in vacuo.

T T R

2, 4litAde PN Yh ey RRgsdad 2550mg,78%Y si@bainods (R +45.2
(10 meand 1'.1' 1'-trichloroacetimidate-2,3,4,6-tetra-O-acetyl-a-D-

médfinb )ﬂhﬁ%&@éﬂ 4 Mi# %ﬁi%-%ﬁﬂl@rﬁl}ﬁ Weeaditréd (bl m,
drigdfjaskconi@iningactivaied 44 m@m@g,ai@weﬁ.ﬁﬁqﬁ@,%ﬁgﬁyjﬂss (1H, d,

cannular. The resulting solution was stirred for 1 h, after which poin

t
bororPthifitioroBiHeratt @1 (H Bsthitibly Mea adeist(1Akék 4 b e iddtD). 5.09
t.l.cipeyaliethyr agetate 1), indicated 4§ the formation of a major

product (Rf 0.3) with complete consumption of the starting

Example 71: Benzyl 2.4-di-O-benzvl-3.6-bis-O-(2.3.4.6-tetra-O-acetvi-a-D-

mannopyranoside}-g-D-mannopyranoside

AcO AcO o
AcO -
AcO
8] OBn
p'O
BnO
0
0
ACO
OBn
AcO OAc
OAc

Benzyl 2,4-di-O-benzyl-a-D-mannopyranoside (255 mg, 0.57 mmol) in

DCM (10 mL) and 1°,1°, I’-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 point boron trifluoroetherate (90 ulL,

0.85 mmol) was added. After a 16 h period, t.l.c. (petrol:ethyl acetate, 2:1) indicated
the formation of a major product (R¢ 0.3) with complete consumption of the starting
material (Ry 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
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material (Rf 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 78 was purified by #lash column chromatography
(petrol:ethyl acetate, 4:3) to afford the title compound (472 mg, 75%) as a

LRSS b SRR o e
OAtt)e BoMpBu?ﬁ (AFD, ing H-Ba),43. 81&!318:7a(ﬁcb1}pha:ub1 sBHAH DR H-8189,(6, 1.0 in
3.92- H-6b), 4.03- H,in, H-3a, H-5¢, H-6'h

e e A e e i3 55 S 24k 56 Bl B
Abglx b 180002 0)CHZ), 3476411118:% (BEbAN8I-122 (BB, &) 24,6554, 9@-6’3)

(21-1, Ab 114Hz CHz?%b 7()7H d, Ji.2 1.7 Hz, H- Ic) 500é{

1502 B CHc BL2 e - Foo LSy el e e o Tl-60),
H -41) 51313&)11*,@ slmﬁdlggﬁ H24§H5 3@%@3@3-5&[)4 fvi@g@g)lpaaﬁlz; 281z,
3.3H 1H J1.215Hz z

b A e e P e o Kbt 4 Hr, CH),
2 407 OrEicetyl 3,6:D19:042 3,4 Btetrar@;axetils a2 H-la) 5.19(1Hd, JI 2
mann yran S|de 5aé/)ﬁ -D- manno ranoside _AcO ACO -O AcQ 20 A

0 OARZ o OAL S ATIOE. OA BEndy0-1 Hz, B- 4536
2,410k Qd?GDZYlfBP&,b@gQ §2:8.462efra-:0-arEhdd- DM AW aRGSIge)H-2b),

: -D- ﬁ@%ﬁ%ﬁ%ﬁ}? 831; ﬁg z? 14%&5” ol) and earlman's catalyst
Ezsﬁén SO|UtIOSn was g;l@l ) thanol (5 mb). The

Example 72: Acetv] 2.4-di-O-acetyl-3.6-bis-0-(2.3.4.6-tetra-O-acetyl-o-D-

mannopyranoside)-o/B-D-mannopyranoside

AcO AcO 5
AcC -
AcO
Q QOAC
-0
AcC
8]
O
AcO \ OAc
AcO OAc
OAc

Benzyl 2,4-di-O-benzyl-3,6-bis-0-(2,3,4,6-tetra-O-acetyl-a-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 surged with hydrogen gas, then left to stir under an atmosphere of
hydrogen. After a 4 day period, t.l.c. (ethyl acetate) indicated the formation of a
major product (Ry 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-o-D-mannopyranoside)-o./-D-



degassed and surged with hydrogen gas, then left to stir under an
atmosphere of hydrogen. After a 4 day period, t.l.c. (ethyl acetate)
indicated the formation of a major produét (Rf 0.4) with complete
consumption of the starting material (Rf 0.9). 40 The solution was filtered
through celite an cent in vacuo. The resulting. yesi +
U HEGTE [R S TR 4D B o S R o)
int€nted dfateC3 Bri3: (X B(W DS D248 tylcanil- Ri@riteidy rHino sideaiGid:

I R e A D A S R Wi
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86(3. 2440 AThis 2t trhedipts o 2Ahyigicot @88 ol nasdrdsupentied if 2

fi i mL idi .mL 24 lttl.c. |
A R L AR ARG R T A0 SRR TR A, The
cqrwuﬁmtiwaso.ﬁth@@miﬁngaﬁ#a(éﬂah@ﬁﬁmpaﬂth@nﬁhmmthaheuﬂm@@0 mL)
with yate 1@%5”&&@@%9%%&%9%9 &y ?%%%erézegd&gec?@%ﬁgﬁ

phases were separated. The aqueous layer was re-extracted with e
acateite 220 mil)). The combindd wyganitjayemewerashasmeth withtdilute

Somtad (oD o e ditis
Rk e s S R

filterachandotoheenbbred 3 madudrivlgiver tidgkie.colivounen @3 negntrated in
oS B SRR RE B DS St 8
ﬁ'- 26830 Bansndis KM)IBMﬁJﬂgé\.&HfJGE@ﬂ @ZOﬂﬁgmd;ﬂloﬁtZZ-giﬂ 2.08,
e AR S ot s DR Se AN R A AR AR i
H-Blc,| FEBHLIHBCY, 76.QH(XH, ddk 32,313, dddz] 13 B9, B4 2)EB 38)(MR8dd, J, 5
SRS et RS BB oS VS AR Mg st blf oo
4B, ?2@55335 (BH/mIR B, H-20, W2 130, ol 30,383/ 4B.2 Hz
- 210, - . ng.seie a 0
R e R e S
3.5 14H5 46, I5BBR 1] H,416 HD)2 H0)-5I 5 ARH, 61 FLBY, i 2b213- 32 HH3p, H-
ﬁ?%@?%%ﬁ@ﬁ)&% ey ﬁrf?%é 20 B Eiollia Hged dara
2,4:iDi-D6ACET-Bits- 052, BIBAHQ- 208 EAEGR)ARO0S Y35 DEYH) H-B)25.76
MANRORYGNOIYL Omide,Q ALD 11 6ay, 4.01 (1H, dd, Jo3 3.2 Hz, J3 4 9.7 Hz,

H-3a), 5.50 (1H, dd, .J;: 0.9 Hz, J, 3 3.2 Hz, H-2a), 5.83 (1H, d, J; ; 0.9 Hz, H-1a).

Exampie 73: 2. 4-Di-O-acetyl-his-O=(2 .3 . 6-tri-O-acetyl--g~O-mannopvranosyl}-o-D-

mannopyranosvi bromide

AcO AcC

-0
AcO
AcO

@] OCAc
=0

AcO

O
?
AcO
Br
AcD QAc

OAc
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Ac 0 AcO AcO O OAc ,0 AcO 3500 AcO Br AcO OAc OAc 80 Acetyl
2,4-di-O-acetyl-3,6-bis-O-(2,3,4,6-tetra-O-acetyl-(x-D-mannopyranoside)-
a/(3-D-mannopyranoside (87 mg, 0.09 rﬁﬁml) was dissolved in anhydrous
DCM (5 mL). To this hydrogen bromide (33% in acetic acid, 1 mL) was
added. The 5 mixture was stirred under argon at RT. After a 2 h period,
t.l.c. (petrol:ethyl acetate, 1:4) indicated the formation of a product (Rr

0.6Yonith Zdripietecoyistimplion 4 thd, Glarting matstial-{Rbtid)oFhenoside)-
reaction mixture was partitioned between DCM (1.0 nd water (10

S A A K S L e L D A B T oM
copphiIgd T geRinapareniesemaghed withcsadisnihy didgemskded. The
carbonate (20 mL of a saturated agueous solytjon) until pH 8 was

obTEE BARE BEHE ,eaﬁ@%@éﬁ(%%@m,ﬁﬁw%w i EolRESFth fectate
vacu indefiesd the fite acompda BEb{BOtTRY: 0@Hoywah acnvipladeanywiielon of the

was taken on without fur urification; SH (400 MHz, CDCI3) 1.97
L S IGE SRR O 75 34 AN P B BB RCM

A 19583 £httl:ad6: 61 0 Tud Han i) 364 s(Hte fihad be Icfradtdl MzthIBOM
11,4 Hz, H-6'a), 4.02-4.09 %;H, in, H-5a, H-5b, H-5c, -6%H-60%1,< 4.24 (1
H, Gd fﬁ’s%f%a.)élﬁf,o 8 .ﬁ%f"ﬁ?)&ﬂfﬁﬂ% &rﬂ-@l&é,ﬂ%, 041y E;’Sz‘éz%en
12c6rbbmat- G042 diLids ka2 Aoz s o1 h i 2, I B3as Qi Gk, brine
bs -1% g.ga-5.04(§£ in, Helb, H;3b), 5.17-5,30 (5H, in, H-2b,éfj|-%f .
H-%¢] Bap LA QY eE! ﬁ&i?’aﬁ, tyryd anifigopcoptiatedy iqueLp 4505 the title
Hzoddpduh@ ¢80, 28096, 3da 2eh{feHo£8, whial. was taken on without further
purification; 8 (400 MHz, CDCly) 1.97, 1.99, 2.05, 2.06, 2.10, 2.12, 2.17, 2.24
(30IL, 9 x 5, 10 x OAc), 3.60 (1H, dd, Js 3.0 Hz, Jse 11.4 Hz, H-62), 3.77 (11, dd,
Jsg 4.5 Hz, Joe 11.4 Hz, H-6"a), 4.02-4.09 (SH, m, H-5a, H-5b, H-5¢, H-6b, H-6¢),
424 (1H, dd, Js ¢ 6.8 Hz, Jeg 12.2 Hz, H-6"), 4.29 (1H, dd, Js ¢ 5.0 Hz, Jse
12.6 Hz, H-6"), 4.62 (1H, dd, J»3 3.4 Hz, J34 10.0 Hz, H-3a), 4.79 (1H, bs, H-1c),
5.02-5.04 (2H, m, H-1b, H-3b), 5.17-5.30 (5H, m, H-2b, H-2¢, H-3c, H-4b, H-4c),
5.39 (1H, at, J 10.1 Hz, H-4a), 5.43 (1H, dd, Ji, 1.5 Hz, /53 3.2 Hz, H-2a), 6.34
(1H, bs, H-1a).

Example 74: 1-Thio~2 4-tetra-O-acetyl-3.6-0-bis-(2.3.4.6-tetra~-O-acetyl-g-0O-

mannopyranosvil-a-D-mannopyranose

AcO
-0

AcQ

AcO
AcO

C OAc

~0
AcC

-0

AcO
8H

Achy | OAC
QAc
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Example 74: 1-Thio-2,4-tetra-O-acetyl-3.6-O-bis-(2,3,4,6-tetra-O-acet IY
a0- mamnopyranosyl)-a-D-mannopyranose 25 AcO AcO ,0 Ac0 Ac0 O
OAc -O AcO O 035 AcO SH AcO OAL OAc 81
2,4-Tetra-O-acetyl-3,6-0-bis-(2,3,4,6-tetra-O-acetyl-a-O-mannopyranosyl)

-a ,4-%&399%@1@9%%.%%%@9,é?é@-mgab&;esamabmmég%@%@_a-D-

anhydrous acetorie (20 mL). Anhydrous thiourea (115 mg, 1
wé@@@é@ﬁrmﬂhbrmmdn@%mgaéh&édmm@fms@w@lmd atrpoRphers ofctone
e nfteR AR A4 CofBRHA VA Bi b IIhCIGAES P (R TRUOR. vas
of a product %R 0.0) with complete consumption’of the starting materia

(Rhenigyl tprellay ciganpaseapidistatd agpvaddisahd thelredpging ethyl acetate,
regidye wasRUTHeR Y FRN B, 1ash IR BIORRNYAG Y. consumption of the

acetate/methanol, 9:1) to afford the intermediate . _
2, Alagking aesn)I(B6-Ohid e mardotetyas coasemjtatedin vacuo and the resutling

m%@&wm%@ﬁ@@dmmmwwaﬁ%g}m?@ Bremide@Rhot, 9:1)
mg, 60%) 10 which was carried on. This intermediate (550 mg, 0.51

mircifarbtheirErogliar tdcoae?-assivh efe-diddad 1 eristivda-acetyl-a-O-
mi QML WAL O ML IXILIE o,
reﬂ%qﬁ%%(}’e@%%}oﬂﬁggﬁ%&goh 1 .8. Iél%pletrol : ;ﬂg@%a%fyﬁgﬂﬁgg%% 60%)

theVisehn ate K BT8dPBd b RIDBYdiate o prad-Sbmammipaod VktfeOs
St?ﬁ@?%%%%&@ QAL RPLIRL DL R AGHER MYREMARBThLS A0 Tater
and the phases separated. The aqueous layer was re-extracted with DCM
(10 mL). The mixture was heated to reflux under argon. After 2.5 h, t.l.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), 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 sodium hydrogen
carbonate (20 mL of a saturated aqueous solution), brine (20 mL), dried (MgSO,),
filtered and the solvent removed ir vacuo.. The resulting residue was purified by
flash column chromatography (petrol:ethyl acetate, 1:3) to afford the title compound
(350 mg, 73%) as a white amorphous solid; {a]-g)B +58.1 (¢, 1.2 in CHCI3); 8y
(500 MHz, C¢D3g) 1.74, 1.75, 1.78, 1.82, 1.91, 2.03, 2.06, 2.26 (24H, § x s,
10 x Oac), 2.07 (1H, bs, SH), 3.65 (1H, dd, J55 3.2 Hz, Js¢ 11.0 Hz, H-6a), 3.93
(1H, dd, Js¢- 5.3 Hz, Js - 11.1 Hz, H-6"a), 4.31-4.38 (411, m, H-3a, H-5a, H-5b/c,
H-6), 4.43-4.45 (1H, m, [1-6), 4.51 (1H, dd, Js 5 5.6 Hz, Js 5 12.6 Hz, H-6"), 4.56-
4.60 (2H, m, H-3b/c, H-6"), 4.91 (1H, d, J» 1.5 Hz, H-1¢), 5.20 (1H, 4, J;2 1.8 He,
H-1b), 5.43 (1H, dd, J1» 1.8 Hz, /3 3.1 Hz, H-2b), 5.45 (1H, bs, H-1), 5.65 (1H, dd,
Ji2 1.5 Hz, S>3 3.1 Hz, H-2a), 5.70-5.82 (5H, m, H-2¢, H-3b, H-4a, H-4b, H-4c¢),
5.85(1H, dd, /23 3.2 Hz, J34 10.2 Hz, H-3¢).

Example 75: Representative protein glvecosvlation procedures of SBLCys156 using
Man{1-6)Man(1-3)ManSH

1-Thio-2 4-tetra-O-acetyl-3,6-0-bis-(2,3,4,6-tetra-O-acetyl-o-O-mannopyranosyl)-

a-D-mannopyranose (20 mg, 0.02 mmol) and sodium methoxide (2 mg, 0.02mmol)
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(2 x 20 mL). The combined organic layers were washed with sodium

hydrogen carbonate (20 mL of a saturated aqueous solution), brine (20

mL), dried (MgS0O4), filtered and the softfent removed in vacuo.. The

resulting residue was purified by flash column chromatography

(p | 0 u

e e e A A TR e

MHgctae Dy Nimdicatershe . ignmdgom ofgprRd8; RO6) 226124, @mplet0 x

ORh AR PSR AUIB0 Bt IO AN i e

3.93 (1H, dd, J5,6' 5.3 Hz, J6 G 31-4.38 (4H, in

H aédlapsbyf:Dw& 3049}:43&@1@1@@ rﬁs%@&)ﬁmﬁm—h RANUB GGG ipiz was

‘]61‘9‘{6}6% %zco'ﬂcgr)trélt zg‘rfzac’fgg @E’c’ﬁld‘él S%E/Eﬁ’ anl )wafs ?z&(é%gjrn‘%g ’\%ater
1514z, H-Ic), 5.20 (1H, d, J,2 1.8 Hz, H-Ib), 543 (IH, dd, J7,2 1.8 Hz,

J2(3 sz wh:glb)% Mwaa‘rlad@bdmla)ql&%s (quﬂemaoiu@u G090 0279 3

e A AP B SR e e

glycssyiagonlprooadaves o My@ﬂﬁ&u@lr@aﬂvhaﬁ(ﬂte@)]\ﬁamp&hm%xtme

1- Th|o -tetr I tetra C
o S o i SR AR
mgnM@lRﬁiﬁoDPB? Qvé"rheamld@@htﬁza:‘sunrtadtsothlﬂtmtt@tmfhahbiaﬁm;)Mm-S—

%%%% P&%@%%wé’d ?I@(Mhe formation of a product

he co te consumption of the starting material (Rf 0.2).

The reaction was neutrallsed with the addition of Dowex-50 ion exchange
resin (r) after which point the reaction was 5 filtered and concentrated in
vacuo. The crude sugar thiol was taken up into water (5 mL) of which 38
pL was added to aqueous buffer solution (500 1,, 70 rum CHES, 5 mM
MES, 2 mM CacCl2, pH 9.5) containing SBL156CSSePh (1 mg). The
resulting solution placed on an end-over-end rotator. After 1 h the reaction
mixture was loaded onto a PD10 Sephadex (r)G25 column and eluted
with 70 mM HEPES, 2 10 mM CaC12, pH T.O. The protein fraction was
collected to afford Man(Man)Man-S- SBLCysI56 m/z (ES) found 27878
caled. 27881. 83 Claims 1. A method of forming a disulfide bond, the
method comprising reacting an
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5 organic compound comprising at least one thiol group with a compound
of formula 1: R-S-X-R ~ 10 wherein: X denotes SO2 or Se; 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 15 nagphthyl group; with the proviso that
when X denotes SO2 then R' does not denote optionally substituted alkyl,
arfdl®menotes farnesyl or a carbohydrate group. 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

madifyinghanpibusimffeptite erdismliid abide ompriging! avlopssmge thiting an
grB@nﬁﬁ%Sﬂ?éQ&?d%%% [sipg &?f’e%%f‘gn%%ﬂcﬁ vgg%‘% WRRPHS 08 gig%‘g%?&}%uia

with"a compound of for ula FF 25 R-S-X- in: X denote

Sd: 30 R denotes an organic moiety; and R1 denotes an optionally
substituted alkyl group, an optionally substituted phenyl group, an
optionally substituted pyridyl group or an optionally substituted naphthyl
group; 84 with the proRiseSthativh@l X denotes SP2 then R’ does not
denote optionally substituted alkyl, and R denotes farnesyl or a
carbohydrate group. 5 4. A method according to any one of claims'1 to 3,
wherein R jsfafesyl. 5. A method according to any one of claims 1 to 3,

wherein R is a carbohydrate group.
X denotes SO or Se;

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;

with the proviso that when X denotes SO, then R does not denote optionally

substituted alkyl, and R denotes farnesyl or a carbohydrate group.

2. A method according to claim 1, wherein the organic compound comprising

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:
R—8—X—R' I

wherein:

X denotes SO, or Se;

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;
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10 6. A method according to claim 5, wherein R is an oligosaccharide. 7.
A method according to any one of claims 1 to 6, wherein R' is phenyl. 8. A
method according to any one of claims 1 to 7, wherein Xis Se. 15 9. A
method according to any one of claims 1 to 7, wherein X is S02. 10. A
compound of formula I: 20 R-S-X-R" whgrein: X denotes SO2 or Se; R
denotes a carbohydrate moiety or farnesyl; and 25 R' denotes an

optionallystibdkitntedisikibgrdm, Hrﬂcxp:rtem S[@lz subshttdeds phiedelageaymionally
op. u r|d stituted naphthyl
gr%%gﬁw%ﬁyl‘?i%lfé&%& (%tg eno 8% d?%gngﬁq ‘oes not

denote optionally substituted aIkyI and whereln the compound is not
nylsel .
ac‘gtyl 31%5})[ %e%l:%/ ! tl(())%ln Or%ea%frl(gslynrlastniotsci(;é Wf]le r% c%rhs fdaﬂrﬁéyl
according to claim 10 wherein R' is phenyl. 84a 12 A compound
o co RN A SR it I P R AR e
5 U. A compoun accordl any one o erein Xis 58
14gravpompound according to any one of clalms 10 to 12, wherein Xis
S02. 10 15. A method for preparing a compound of formula | as defined in
claim 14, said method comprising reacting a compound of formula II: 85
MBS O2R rathadgheraimavoddmiotes avheetiad Ros enangieacthisiadi, Ca,
Cs, Zn, Mg, or Al; and k denotes 1, 2 or 3; with a compound of formula llI:
10

7. A method according to any one of claims 1 to 6, wherein R' is phenyl.
8. A method according to any one of claims 1 to 7, wherein X is Se.
9. A method according to any one of claims 1 to 7, wherein X is SOs,.

10. A compound of formula [:
R—S$—X—R! I

wherein:

X denotes SO, or Se;

R denotes a carbohydrate moiety or farnesyl; and

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

with the provisos that when X denotes SO,, then R does not denote
optionally substituted alkyl, and wherein the compound is not phenylselenyl-2-O-
acetyl-3,4,6-tri-O-benzyl-1-thio-a-D-mannopyranoside.

11. A compound according to claim 10 wherein R' is phenyl.



R-L Il wherein: L denotes a leaving group. 15 16. A method for
preparing a compound of formula | as defined in claim 14, said method
comprising reacting a disulfide compound of formula VIII: R-S-S-R VIII

20 with a sulfinite anion of formula R'S02 in the presence of silver ions.

17. A method for preparing a compoun%&c formula | as defined in claim
13, said method comprising reacting a compound of formula V: 25 R-SH V
with a compound of formula Vla or VIb: 30 R'SeL2 R'Se(OH)2 Vla Vib
wherein L2 denotes Br, Cl,.CN, or.l..86. 18. Use of a compound.of formula
ekt i e Dt A AR S T R
Useipéaadmmpduind of formula | as defined in any of claims 1 to 9, for
modifying a protein, a peptide or an amino acid comprising at least one
thiol group. 20. Use of a compound of formula | as defined in any of
cldifns 10Atedpdondpycasiitatingaaspoateid chapeptideton 2nvwimmian Xcisl Se.
comprising at least one thiol 10 group. 21.. A method of chemically
modifying a protein, peptide or amino acid comprising at least one thiol
grodip, thé wretipodcbanpeising coawe kingesaidithiol Ogroll imberain X is SO,.
selenenylsulfide group. 15 22. A method according to claim 21, wherein
the conversion is carried out by reacting the protein, peptide or amino

10 acld.cémmpeibinglat teeptmmedkimhgeong afifforanula I as defined in claim 14, said

method comprising reacting a compound of formula H:
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compound of formula Xa or Xb: 20 R2SeL2 R2Se(OH)z Xa Xb wherein:
L2 denotes a leaving group; and 25 R2 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, R2 forms part of or is attached to
a solid support. 30 23. A method accorozfﬁg to claim 22, wherein R2 is
phenyl. 24. A method according to claim 22, wherein the compound of
formula Xa is PWsS& %5 87 25. A methoglaccording to any one of
claims 21 to 24, further o)r‘hprising reacting the selenenylsulfide group in
the protein, peptide or amino acid with an organic compound containing a
thiol group. 5 26. A method of chemically modifying a protein, peptide or

amino acl eggl%prising at least one selenenylsulfide group, the method

comprisirlg deactisg: thetabs dteirx apeptide, 0faKINCaCs WithNag, organignd
compour}gforg eriﬁi@ a thiol group. 10 27. A method according to claim
25 or claim™26, Whersin the organic compound is a carbohydrate

compound. 28. A method according to claim 25 or claim 26, wherein the

or %{E]l%%gmﬁ]g&ggoﬁgng{ﬂﬁﬁz peptide or amino acid. 15 2.9. A protein,
peptide or amino acid comprising at least one selenenylsulfide group,

wherein the selenenylsulfide group is a group of formula: S-Se-R2, 20
wherein R2 denotes aq{gptionally substituted alkyl group, an optionally
substituted phenyl group, an optionally subBtuted benzyl group, an

wherein:

L denotes a Ieaving group.

16. A method for preparing a compound of formula I as defined in claim 14, said

method comprising reacting a disulfide compound of formula VIII:

R—S§—8§—R
VII

with a sulfinite anion of formula R'SO;” in the presence of silver ions.

17. A method for preparing a compound of formula | as defined in claim

13, said method comprising reacting a compound of formula V:

R—SH v
with a compound of formula Vla or VIb:

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

wherein L? denotes Br, CLCN,orL
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optionally substituted pyridyl group or an optionally substituted naphthyl
group. 25 30. A protein, peptide or amino acid comprising at least one
selenenylsulfide group which is obtainable by the method of any one of
claims 21 to 24. 31. A protein, peptide or amino acid comprising at least
one disulfide bond 30 which is obtainable by the method of any one of
claims 25 to 28. 32. Use of a protein or Eéptide as defined in claim 30 or
claign 31 hsthef deseipuinadion folproidinssiuiviabyn-say diffraction. in

disulphide bond formation.

19.  Use of a compound of formula [ as defined in any of claims 1 10 9, for

modifying a protein, a peptide or an amino acid comprising at least one thiol group.

20.  Use of a compound of formula I as defined in any of claims 10 to 14, for
glycosylating a protein, a peptide or an amino acid comprising at least one thiol

group.

21. A method of chemically modifying a protein, peptide or amino acid
comprising at least one thiol group, the method comprising converting said thiol

group into a selenenylsulfide group.

22, A method according to claim 21, 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:

R2Sel 2 R*Se(OH),
Xa Xb

wherein;

L7 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.

23. A method according to claim 22, wherein R is phenyl.

24, A method according to claim 22, wherein the compound of formula Xa is
PhSeBr.
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25, A method according to any one of claims 21 to 24, further comprising
reacting the selenenylsulfide group in the protein, peptide or amino acid with an

organic compound containing a thiol group.

26. 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.

27. A method according to claim 25 or claim 26, wherein the organic compound

1s a carbohydrate compound.

28. A method according to claim 25 or claim 26, wherein the organic compound

15 a protein, peptide or amino acid.

29. A protein, peptide or amino acid comprising at least one selenenylsulfide

group, wherein the selenenylsulfide group is a group of formula:
-8-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 naphthy!
group.

30. A protein, peptide or amino acid comprising at least one selenenylsulfide

group which is obtainable by the method of any one of claims 21 to 24.

31. A protein, peptide or amino acid comprising at least one disulfide bond

which is obtainable by the method of any one of claims 25 to 28.

32.  Use of a protein or peptide as defined in claim 30 or claim 31 in the

determination of protein structure by X-ray diffraction.



