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WD 2005/ 056609 PCT/ SG2004/ 000413 CATIONI C OLI GOVER OF

A SACCHARI DE FOR RESCLVI NG ENANTI OVERS AND ASYMVETRI C
wWENFeEss0E CROSS REFERENCE TO RELATED APPLI CATCTIIBIS2004/000413

This application clains the benefit of United States ‘

5 Provisional Application No. 60/529,112, filed

CAT Decenber NEFEEC%Q%E S\/}Aﬁg@:h I S | r%{‘{por at egg\gﬁrﬁ&z{hﬂyowﬁms

i nvention rel apgp h@yﬁm@@ktc@nsqwhgg@ger of a
saccharide for resolving enantionmers. In particular,

the 10 invention relates to a cationic cyclodextrin
CROSS {RHFERIENTY | Ty RERAREP oePBICEALREROUND OF THE
| NVENTI ON The resol ution of racenmic conpounds has

at”afﬂfg a%ffi‘ga 5T EBL 5 é‘ﬁ@é" Méﬂhéf‘it Cgf%ﬁifé‘d States

especi a arnaceutlca anal ysi s.
Prov1$fmmﬁﬁ|Kppbﬂmanxeutmﬁal6@]5@3 1izeqﬁﬁh¢dyD@a¢mm¢I Bone
ster oselect|V|t .for garnaco 0g activity

2003, VSR b RHETEOEAr St Bt Ors SRR FrEP R wt b es s

one of the nost |nportant i ssues i n pharnmaceutica

FIELD A& el neteNTootther nore, rapid, sensitive and
sel ective 20 analytical nmethods are required to

control the chiral purity of_the products. Natur
-CyC|dﬁ@@t?¥%§e?ﬁiﬁn%ﬁﬂt%ﬁ%lFeH%F?%aFPV%sC%P%inc oligomer

of a §gé§$§f¥§ény§ege§§199h§aénéﬂ@ﬂ&ﬁek@ Sepﬁrﬁéf@ﬂc@ﬂgr the

purification processes such as I'iquid chromatography
inven{ i@, r@baheéghtpeaf onthauic| cyalddekt oimt bgr aphgolving

é HPLC), capillary electrophoresis (CE) and super- and
enant{oMerFitical fluid chromatography (SFC) due to their

uni que property to form inclusion conplexes with
BACKGROGD orerher tRyenopbrbi ¢ nol ecul es -1 WO 2005/ 056609

PCT/ S&004/ 000413 The use of an ionic cyclodextrin as
a chiral agent
The ré&solution of racemic compounds has attracted

great interest in analytical chemistry, especially in
pharmaceutical analysis. Many isomeric pharmaceutical drugs
frequently exhibit some stereoselectivity for pharmacological
activity. Therefore, the separation of enantiomeric mixtures
ig one of the most important issues in pharmaceutical
development. Furthermore, rapid, sensitive and selective

analytical methods are required to control the chiral purity

of the products.

Natural cyclodextrins (CD) and their derivatives are
extensively used as chiral agents in separation and
purification processes such as liquid chromatography (LC),
high performance liquid chromatography (HPLC), capillary
electrophoresis (CE) and super- and sub-critical fluid
chromatography (SFC) due to their unique property to form
inclusion complexes with other smaller hydrophobic molecules

[1-4].
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i n chromat ography has shown great potential as an
efficient chiral agent, offering enhanced
wale@sosainat i on for many chiral drugs. AdditiPCEEG3004/000413
ionic CDs have been shown to be 5 effective in
cont roI ling enantiomer mgration order in
t he degree, of substitutjon of

h h h
on CTHH e Ch e TS CBYCAGELT b AheR r SRbTHE | BAERE
in chfgmawlf‘g A %‘és'msgféats] oigé’rﬁ’tﬂéﬁré/s an efflcTent

el ectrophoresis (CE) has becorre a powerf 10 t
chirak o&g@ﬁamcpﬁ)w;rw s@piaatmee@n@l@h;urlmgnamzeom a%cpr dagayiechiral

ntioneric arati,on | e
arugs pOSTE IShELAT LAELC TP PR e i e HE)
effeca;g\e@tlme@orﬁtf@nm@m@dtl&yeﬁ mfgritidM esrasd B C

Rowe [9]. Native CDs and_ derivatives have been w dely

Chromae QR aNSHRYeF - a%t%emﬁeet%f 1subsgfeifution of an
101’110 C(Eﬁlrﬁ&é ec{ I(,SJHJ{: CQI % di-‘@ J)iltliyloﬂ\e&g Hye
S I r a ()

orption and exce ent crimnation toward
opticalrisomerar Bfedl ¢ enanti omers [10]. However, all
enantioners are not al ways separ ated wi t h native CDs

or t rlvat ves because, e electricall

ot (G TR R S aRiaH S T B TSebherf werur
tool BEENSantSidhetidetdpatat PEEHPAESi EANIE Dest egotyad.

unl ess a different discrinnation mechani sm such as

Conceypiing enarlel PBRTr 0| SAPIT2EIPBPY SCRddReEiMmie Hhecrgkical
I Se N | b o)

mode L e e P e T oLt G Tover e R el

by S. 25. dppdérer akd e&t i©n Rowan[ahal yNsetHvreI Ghowsnd

apabi l.it s anip airin nta s_enhancin
Ger VBT AR (eIt T O o 199 CHGHT D PRI TAANE to
their SENEFad:t vt dgest fiigh h@at@ﬁ%l%ﬂlﬁﬁpa&@ékm
over natural CDs. Strong electrostatic interactions

absorpfet g adN@re¥enl kemp drtirah Sppesininst tvmryevend various
aroma@{‘é" é(ﬁa?n@{c?m@ﬁ epfhye fl%w{zﬁe 1acfrlgié‘t%r9§&?91mﬁ‘é‘rs are not

I'ncl usi on npl ex.” Al so erence
alwaye| sepacaphed esbitch nat Wee Zﬂ%léﬁmfﬁéﬁﬁ@@ﬁ@@%&&use
they are electrically neutral. One limitation of neutral CDs
as chiral agents is that neutral racemates cannot be resolved

unless a different discrimination mechanism such as ionic

micellar solubilization is added [11].

The use of an ionic CD offers new possibilities to
separate neutral racemates because an ionic CD can move in the
opposite direction to an analyte and shows capability as an
ion-pairing agent and thus enhancing the resolution of
enantiomers [12]. TIonic CDs have several advantages for the
enantiomer separations over natural CDs. Strong electrostatic
interactions between an ionic CD and an oppositely charged
analyte are effective for the formation of an inclusion

complex. Also, the large difference in electrophoretic
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nobility between a free anal yte and an i ncl usion

conpl ex enhance enantioneric resolution [13]. lonic
weywbsostesd ri ns that are commonly used in PCT/SG2004/000413

chr omat ogr aphy can be cl assified as anionic, cationic,

and 5 anphoteric or zwitterionic. A conmercia

Lo oteric [- (AM [ 3-CD)_such as r boxynmet h
mob L4100 KBS Gy CPide T ST I T 43 SR O b o e
enhandeld e ik ani L auRst | fuents [14] . Wien the
degree of substitution is equal between cationic and

anioni c A substjituents, the CDs have no net charge in a
buf f kot (Y BPAerth i sThathea iy FeRR+2ieFSA [ bv or

chromér}%c?ﬁ}lar#}g{]}cf%rp e kioyw, Whet hers these, (Ds are; Shek geshr

er solution. At present, nore anionic than
amphotcati®nic owiditoeeddnia. derdomtéevetsahranpisetetic chi @Rl (AM-

chraomat ogr aphy separations. Al though cationjc .
B-CD) (TR AT Vo P BaBA. SPTHRSIBEGPL b Bt BT T BUS TR Hay -
CD had&&HMafdere used dili SeParaiboi t kit s ekenpl e, Wigdh the

am no-functionalized cycl odextrin was used as a npde

degred of sewlely Hy tekaty ried | *w bl lorfi eeen praetents 324 AR eRic
substh:l%g@éé,t ! l%/}gel: y(f]%%?{%ﬁ% 185 QU | <E‘h£P§e Vig' g ]!Slyff’értgglution

active si
unlesd$tite K al K ydantemgly 6oy cdodekghi nslal 39 havekbeen 20

used for studying the chani sm of copperative binding
whethey Chr s (R (BB A P e b R AP TERFE &P RYFEOR:
cyclodextrin [16]. The earliest cationic cyclodextrin

deri vt i yessdix Panorts esh{ ohi EEcnpp! tseibeDs ¥@eEodextrin
mono- ( 6-, 6- am noet hyl am no-6 deoxy) -/3-cyclodextrin
deriva{tqimgs Gasrqqelﬁp@cﬂ akit reh el 6¢t1g>rgzgtography Sseparations.

Altho‘gé}g%%%i(?@j:%s%%%fd%{ 2 P\ygétl{sé{g? %%%Jv synthesized:

rin
previdu€lhy!| ehevi wvetraend3-cycéndesedi in[ 28pardt comrer Edal

examp Lo, o, E) 1SS SR YL PR LT L SR P bE o head as =
model 068 €8 @by Sk Sdih - thd O 0biol bE €8al Optb¥€s8E8UPSVOSNg a

~ been successtully used as chiral 30 selector for _
prositivahy i oherge@paradl oz ofe vl ¢oustdcPli Eherackhutesiby

[15] é:rllzd[r%é o-f‘—s(&ﬁc”i?f‘éx%f’né?-E-e&t;é%d&@tgfﬁévéiéééeﬁave'§een
used for studying the mechanism of cooperative binding of

organic guests by aggregated cationic alkyl cyclodextrin [16].

The earliest cationic cyclodextrin derivatives to be
used for CE applications were mono- (6-F-aminoethylamino-6-
deoxy) -B-cyclodextrin [17], 6*-methylamino and 6*7°-
dimethylamino-gB-cyclodextring [18], 6-amino-f-cyclodextrin
[19] and 6-ethylenediamine-fB-cyclodextrin [20]. A commercial
quaternary ammonium hydroxypropyl-g-cyclodextrin (QA-(-CD), a
randomly functionalized CD with a degree of substitution of
three to five groups, has been successfully used as chiral
selector for enantiomer separations of various acidic

racemates by CE [14]. As compared to neutral CD derivatives,



WD 2005/ 056609 PCT/ SG2004/ 000413 QA-a-CD is effective
for the enantioner separations at | ow concentration
whedosnsdsonM due to the strong electrostatic  PCT/SG2004/000413
"interaction between cationic CD and ani oni c anal ytes.
However, the QA/ CD is not useful for the enantiomer

ar n of hobi ¢ co ounds such. a
Qh-§- Cilr % Gf?)ﬁ[ D vaea gfﬁ]l SR Y F‘E lbe%eaqfs‘fect@forfsooatst FOhg
concerid¥=fiast iKHIHwMd hawt LR o dies tar ddiey deigfr@eradtatic
substitution. The substitution distribution

interasqtgimnr iRefritasp (9t irsHee S r@%rﬁ&%ﬁtqr&sc‘elaé&lixm%/ and

g I
Howeveg(g’rl vat i ve? (@g; tgsu C L?Lalsﬁcgge‘ﬁ%éstag%g’?l pr OVI de a
5 separdtigin of &t}&inuptbﬂncanﬂ:mmmdsemwucai)ldr}t@pﬁmlonlc acid

enantj oner ti CE. SUMVARY OF
and WATRIEN G SR i 9% SHPE JI et L the D

due td RN dYkee BF ALK ItuPIsy] dethd Sals 0N D gorTer
of a saccharide of the general formula (1) RR Ra

distripotdorO R B Lrap R IR Of Rgnces RhR emarﬂ:q:ps@q:pt1v1ty
and peak shapes. Therefore, pure single charged CD

10 derivatives (DS = 1) as chiral agents should provide a high
plate number and good reproducibility for enantiomer

.gseparations by CE.
SUMMARY OF THE INVENTION

According to one aspect of the present invention,
15 there is provided a cationic oligomer of a saccharide of the

general formula (I)

Ry

%ﬁ;

PR

wherein n = 0 to 8;

-n (1)
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On () whereinn=0to 8 -4 W 2005/056609
PCT/ S&004/ 000413 X is nitrogen or phosphorous; Ris
w@20wpadsoenyl , an ester, a carbamate, a car bonat BCT/8G2004/000413
phosphi nate, a phosphonate, a phosphate, a sulfinate,
a sulfite, a sulfonate, a sulphate, or RIO-, wherein
s 5 linea branched (Cl1-C20) al kyl, hydroxy
X is P&freﬁﬁP SFK§EOSPEQF88§y (O -c20) alkyl, aryl, or aryl
(A -C20) alkyl; and R, R2 and R3 are each

R is andgpensent,| }inséb@@j:ﬁ‘d af EARbERABLES OHP cagBBsbskl, NG Of
hydr ogen, |inear or branched (Cl- C20)a|k I, linear or
phosp‘ﬁtﬁaﬁ&ﬁeda( plhoephpapkeny R, PhraRERtEr Br sHdKa8aLE1 20

sulfﬁ;%o) 2akky Bpharand ,Cx pgagw RQXRt 'Swﬂ2§8% Ranqs

nd R3 are taken togefher w't forma ri
llneaMawmn@rahehédlKﬁMk@g)aﬂkyﬁtuhydroxﬁ$clximbhlkyu R4

wher ei r 1, 15 Yis rbon ro en; R4 is
carboﬁygpbﬁgﬁ?]ﬂkﬁéara5ylbrgﬁcﬁ68 8?1 anfi near or
branched (Cl- C20) al kenyl Ilnear or branched (C1-

Ri, REHNG al;k¥ryl eachr inekpkaakkyhy, 8BUcRecls FRYAr €88Ngroup
2- (2-et hoxyet hoxy)ethyl, linear or branched 20
consigtingogf AVR¥PIeRindanear prahehaghed1(€20Yz0dpREmN}L,

11neahR%E$?r9 chgﬁaqggedﬁ gé;&ﬁ?i ah% XE oY b nghéd’(er—

erelrn e eac | ndepen

Ca0) aldnimdt,ecirfd apdlloe deydup caonsi sting of  hydrogen,
Iinear or branched (Cl1-C20)al kyl, Iinear or branched

Ry isg% ent g£ eﬁyﬁuui&PEQQeOEaEE%nEQSgtﬁg% %§g£ %lk%n¥orm a

ring having the following structure:

Cr
xxjj X

wherein m = 0 or 1;
Y is carbon or nitrogen;

R4 is hydrogen, linear or branched (C;-Cap)alkyl, linear or
branched (C;-Czo)alkenyl, linear or branched (C;-Ci)alkynyl, or
cycloalkyl; and

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
(Ci-Cz0)alkyl, linear or branched (C;-Cz)alkenyl, linear or
branched (Ci-Cyo)alkynyl, cycloalkyl, or NRgR;, wherein R¢ and R,
are each independently selected from the group consisting of
hydrogen, linear or branched (Ci-Cy)alkyl, linear or branched
(C1-Cs0)alkenyl, linear or branched (C1-Cz0)alkynyl, and
cycloalkyl.



25 cycl oal kyl . -5 WD 2005/ 056609 PCT/ SG2004/ 000413
Accordi ng to anot her aspect of the present invention,
W0 b@ses4689 provi ded a cationic oligonmer of a sSBCTRGI0EHR00413

of the general fornmula (1) RRL OOl ORR3 O ORR

O RR RR RR RROR O Rn (I) 5 wherein n =0

to 8; nitrogen o hosphor ous . 1s a hydroxyl,

an es%gcordl%%rg%n%?%éhgrcﬁgB%ﬂﬁt%f Bhepﬂﬁgﬁﬁﬁﬁate a
invenpliegphenate, i8 phosphalica datubhifabBigdmesUbEi ke, a -

sul fonate, a sulphate, or RO, wherein R is 10
sacchpihdgr obr the ageReret ciompalaakkyl, hydroxy (Cl- C20)

al kyl, carboxy (Cl-C20) al kyl, aryl, or aryl (Cl-C20)

aIkyI; and R1,R2 and R3 are each i ndependent |y

sel ected fromtheRgroup consisting 8% hydrogen,

l'i near or branched(\Cl- C2@) al kyl, Iing¢ar Rer branched

(C1-C20) al kenyl, | nmMrre Or-.br anched eCi- C20)

al kynyl, 15 andoc .

R O Rs
O R R 0
R
’ R
R
R
R
e R
o) R 0+
A\
R o)
R
T —n (1)

5 wherein n = 0 to 8;
X is nitrogen or phosphorous;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a
sulfite, a sulfonate, a sulphate, or R’O-, wherein R’ is
10 linear or branched (C;-Czo)alkyl, hydroxy (Ci-Cy)alkyl,
carboxy (C1-Cy)alkyl, aryl, or aryl(C;-Cz)alkyl; and

Ri, Rz and R; are each independently selected from the group
consisting of hydrogen, linear or branched(C;-Cz)alkyl, linear
or branched (C;-Cy)alkenyl, linear or branched (C;-Cy) alkynyl,

15 and cycloalkyl.



-6 WD 2005/ 056609 PCT/ SG2004/ 000413 According to yet
anot her aspect of the present invention, there is
w@e@siostedd a cationic oligonmer of a sacchari dePOf/SGH®4/000413
general formula (I1) R ON R OROR4A RORRZO
RR ROR RR RR ORRO ORin (Il) 5 wherein
0 8, R drong, an ester, _a carbanate
ar

carbo%g?graéngpﬁgé%ﬁ naPethgT pAsRERbNAf eChg Bﬁ%%ﬁﬁ%te
inven®8iéd| f tRate, 1§FF§§biﬁé§ aac§Hi£ﬂﬂ@t811§oﬁé£p8§t§ or

RO, wherein | i near or branched (Cl-C20)
saccharkge, ofybhexgerarabofomnuys, (10) car boxy (O - C20)

al kyl, aryl, or aryl (d-C20) alkyl; and R4 is

hydrogen, Iinear or branched (Cl- C20)a|ky| i near or

branched (Cl-C20) Ral kenyl, |inear or rancﬁed (C1- C20)

al kynyl, or cycl ogl kyl ; pand //

R4
R I .

— —In (II)
5 wherein n = 0 to 8;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a
sulfite, a sulfonate, a sulphate, or R’O-, wherein R’ is
linear or branched (C;-Cyo)alkyl, hydroxy (C;-Ca)alkyl,

10  carboxy (Ci1-Cz) alkyl, aryl, or aryl (Ci-Cz)alkyl; and

Rs is hydrogen, linear or branched (C;-Ci)alkyl, linear or
branched (C;-Cy)alkenyl, linear or branched (C;-Cao)alkynyl, or
cycloalkyl; and

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
15 (C1-Czo) @alkyl, linear or branched (C;-Cy)alkenyl, linear or
branched (Ci-Cg)alkynyl, or cycloalkyl.
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R5 is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or
branched 15 (d-C20) al kyl, linear or branched
W@ BD50A0Y9 al kenyl , linear or branched (Cl- C20PCT/SG2004/000413

al kynyl, or cycloal kyl. -7 W 2005/ 056609

PCT/ SG2004/ 000413 According to still another aspect

of thgcg §§Ht énveﬂtifn there is rOVI a cationic

ol i gonerobra9 EQcthat f ddnSF ehe? %?a? TMPEEITHY)
invenRi&d, €h&R RstQ)Rl&’e@ aReR itk R)lﬁg&brﬁér &Q On

(I1) 5 whereinn =01to 8 Ris a hydroxyl, an
sacchakide of Ehehanaesal afewrubrafBIIh phosphi nate, a

phosphonate a phosphate, a sulfinate, a sulfite, a

sul fonate, a sulphate, or RO, wherein R is Iinear

or branched (Cl-@®0) al kyl, hydroxy - C20Rs al kyl , 10

car boxy (Cl-C20) aryl, or ar (CTr- C20) al kyl;

and ) R5 is hydrog br@gdched] (d - C20)

al kyl, l'inear or nyl, linear or
branched (Cl- R ofal kyl, or NR6R7,
wher ei n R7 are each I rklgpeind ntIy sel ect ed
fromthe , linear or
R
R
R
R
R — p—
o) 0
N
O
R
- L (III)

wherein n = 0 to 8;

R is a hydroxyl, an ester, a carbamate, a carbonate, a

phosphinate, a phosphonate, a phosphate, a sulfinate, a
sulfite, a sulfonate, a sulphate, or R’O-, wherein R’ is
linear or branched (C;-Cz)alkyl, hydroxy (Ci-Cs)alkyl,
carboxy (C3-Czo) alkyl, aryl, or aryl (C;-Cz)alkyl; and \~,

Rs is hydrogen, linear or branched (C;-Cz)alkyl, linear or
branched (C;-Cy¢)alkenyl, linear or branched (C1-Ca0) alkynyl,
cycloalkyl, or NReR;, wherein R¢ and R; are each independently
selected from the group consisting of hydrogen, linear or
branched (C;-Cgp)alkyl, linear or branched (C1-Cgo) alkenyl,
linear or branched (C;-Cap)alkynyl, and cycloalkyl.

According to a further aspect of the present

invention, there is provided a method of preparing a cationic

-8-
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15 branched (Cl-C20) al kyl, linear or branched

(C1-C20) al kenyl, linear or branched (Cl-C20)al kynyl,
wanpsosehoal kyl .  According to a further aspeceCDS$GL00€000413

present invention, there is provided a nethod of

preparing a cationic -8 W 2005/ 056609

oligoﬁgglg%zgoé %%%é%%d O|I%ogg%lggggpgﬁéggzr8ﬂpﬁﬁlséng

ned herein, conpris
reactpngsphi asinen anpli@spheneQr ad BifiddikzBee, Wokhadpyridine
ol i goner of a sacchari de having a IeaV|ng group.

with .0 FQPW&rtB aﬁo?ﬁ@FhééﬂééthéVlﬂHeapﬂ§§§hﬂ959rOUP
invention, there is provided a use of a cationic

0|i9°ﬂ§&o§ﬁlﬁ %C%E%Ehg§ aégeQEfB@eéhEegﬁéBenés
chiral agent for resolving nanti onmers

invenghpanatbgraphisc previded Acusedpﬁgatoa&mohherohsgem&robf a

resen ntion. there use of
sacongdl ol F a8 e R e Ram, o ehial aBuehs fef fegolPing
enanthemeirs, bysaachhbmatoggaphltomeﬂﬁodasynﬂEtfiC
synthesis. BRI EF DESCRI PTI ON OF THE DRAW NGS | n order

that the present invention may be nore clearlz
under§F88g dippefer PBRTERBoBFRBAESOEhERBOPTRFERENOW be

invent2ofesenbbediknpdetageaby way 8t QXQHPL8n1$”§£1%ﬁmer of a

reference to the acconpanyi hg draw ngs,
sacchrrgdeesag, defangd3hereiohr smnaoghameldegenti igrthe CE

asmm%g?ﬁ%: Igﬁ]lelggr gﬁl on of racenates U_SI ng _ . 0

azol'ium, 6- cyclodextrin as chiral agent;
Figures 4, 5 and 6 are chromatograms depicting the CE
BRIEFeDasCROBEPaNaOFoTHEf DRAWENESes using al | yl ammoni um , Q
cyclodextrin as chiral agent; Figures 7, 8, and 9 are
chro d ng the CE, enantioseparation of
race gragrnaﬁgﬁ %b?aﬁﬁﬁﬁ?ﬁﬁ}lgv%ﬁt%9%l%ﬂ%x@?lﬁoﬁﬁ

clear@?lﬁﬂ?eﬁgﬁabd Fhodkerila ddbeddndR: &M enshEOFBYP9f By be
Ictin
descrlbed in getall by way of example, with reference to the

accompanying drawings, in which:

Figures 1, 2 and 3 are chromatograms depicting the
CE enantioseparation of racemates using methylimidazolium-g8-

cyclodextrin as chiral agent;

Figures 4, 5 and 6 are chromatograms depicting the
CE enantioseparation of racemates using allylammonium-g-

cyclodextrin as chiral agent;

Figures 7, 8, and 9 are chromatograms depicting the
CE enantioseparation of racemates using propylammonium-g8-

cyclodextrin as chiral agent;

Figure 10, 11 and 12 are chromatograms depicting the
CE enantioseparation of racemates using pentylammonium-g8-

cyclodextrin as chiral agent; and
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CE enanti oseparation of racemates using
pent yl ammoni um j 3- cycl odextrin as chiral agent; and
WO 20956005/ 056609 PCT/ S&2004/ 000413  Fi gur e 1BCTISE2004/800413
asynmetric reactions using a cationic oligonmer of a
saccharide, for exanple a cationic cyclodextrin, as a
chirak“aﬁ%nt DETALLED DESCRI PTI.ON. OF THE PREFERRED
EMBODFIVENTS 53 THEPHFESe AEYIRGEAL Fof SREKES s B55PIa2
catiokdld eNiigomeli gENMEI sAtchagaaeharbeeckampiesal ¥hbfonic
enantioners. The cationic oligoner of a saccharide
cycloggytidngt pgi ghehékalnagent. cyclic, and functionalized
by a cationic group such as an anmoni um phosphoni um
DETAI&%?F%@%%?&?TI@& BY pgienipg kﬁﬁg-Eﬁ%oB&ﬁEﬁ&éb'y’ the
cationic oligomer of a saccharide I's singly charged.
Exanpl es of a saccharide include, without Ilimtation,
gl ucogbe precenseinvenndise, mgikactissepfr aboséionic
13 ar abi nose, xxbose I¥xose, eﬁ&Lhrose and threose, The
oligofier, okt &r FEECEALEHE: FRE FSSQIILE9e SPPREIGIGESse MBFet y
catidiBY¥ R igbweet benal kaednat-iaky mapebefl stheidhs -haifkd or
6-positions by the cationic group. Additionally, any
cyclipydieady fugesipnaf igre &at osRE1oBlcgeKerPoRUgh as an
chag.i e 40 ed.. anppl . uj e
ammor 386 { BLLEPLERAUE TR eaetd ol O o8, By ThiAt B phetes
Prefe2Mal, kyhe bwdioxyc( 6ligGdterablfyhk, saarhaxydeCisCa@hgly
al kyl, aryl, aryl (Cl-C20)al kyl, ester, carbamate,
‘bonat e, phosphi nate, phosphonate, phosphate,
sulfinate, sulfite, sulfonate, and sul phate. 25
Pref erabipl eshercat serichaglidgonaelolieg sacabati de is
. acyclic _cationic oligoner of a saccharide, especially
limitation ghveoepel SdBctOSe, TRENOFE! | g2dactefre sLbg6Rer

arabi?rrl%zls%t,i gngi%%%gi 96xBLE el3Dl Y GAIPLIFEE hRbBe13 ghucose

preferred saccharide is glucose. The glucose moiety may be

char

functionalized at any one of the 2-, 3-, or 6-positions by the

cationic group.

Additionally, any hydroxyl group of the cationic
oligomer of a saccharide may be modified. Examples of
suitable modifications are linear or branched chain (C;-
Cao)alkyl, hydroxy (Ci-Cap)alkyl, carboxy(C;-Cap)alkyl, aryl,
aryl (C;-Cy) alkyl, ester, carbamate, carbonate, phosphinate,
phosphonate, phosphate, sulfinate, sulfite, sulfonate, and

sulphate.

Preferably, the cationic oligomer of a saccharide is
a cyclic cationic oligomer of a saccharide, especially a
cationic cyclodextrin. The cyclic cationic oligomer of a
saccharide preferably comprises 5 to 13 glucose moieties, and
most preferably comprises 6 to 8 glucose moieties. However, a

straight-chained cationic oligomer such as a cationic
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nost preferably conprises 6 to 8 glucose noieties.
However, a 30 straight-chained cationic oligoner such
W@2008/086@09 oni ¢ - 10 WO 2005/ 056609 PCT/ SG2004/ PODEAB)04/000413
cellul ose, anylose or pullulan is al so contenpl ated.
They may be used in the formof their ester, for
npl e ¢ | ose The. term "al k refers to
ce11u 807, S oot SR I M 5 ot eR iRl glpeld o Thd? may
be usédcCinding Sbrmi @httl@‘é'lﬂj:negtéyl 66 UgSamp bé %@mﬂl@é@i n
al kyl groups, cycloal kyl (alicyclic) groups, alkyl
acetakgpstituted cycl oal kyl groups, and cycl oal kyl
substituted al kyl groups. Typical alkyl groups

i ncl ugige BUim a%@k?@“lﬁéﬁéfgjﬁé’tﬂ§t9¥alc§ih5E saturated
propyl, isopropyl, 10 isobutyl, t-butyl,

aliph@EHCylgrosppentyhclhéxyg stmalﬁhe abhyﬁn gﬁd&g@ c@roups,
e.(Cl-C20)_-al kyl . A "substit y
brancf?%%gﬁ%%nt%ﬁwép| SEORES4 hydFeg ﬂkxi Btk groups,
alkylcar papstatutkbe hydfacmgn backpenss, SUCAnd  cycloalkyl
substituents can include, for exanple hal ogen,

subst hijdr ety BLkyar BBIRHP-suc AYRS Cadr Bl I5owes oh§§1Ude but
nc I yl gﬂg,ary ny

axe négtéfgﬁf?%%?hgrngegpgﬁ oXy¢C oﬁgﬁigﬁg a?? rbon vl

isobugybup$}butyhboq&ﬂbaﬁ¥ 1aopénuyl,ahh&yyh,q@@osphﬁhylalkyl
hos ate,, phgsphinate, amn m no, am ,

9r°uP§ i r]O |n(|(J12 8°§yaﬁ‘gﬁ<y’r]ntro Zgazﬁ%ba%htr tlh‘ifg dﬁ{Yl’ has

substﬂtﬁéﬁt@'er&ﬂbﬁ@beeizﬁ avbbenats &l f 8WMore carbons of
sul f onam do, heterocyc? aral kyl, or an aromatic or

the hydreceabemateackhang y . Sqrﬁb mstidaientsstanyt eaclyde, for
exampi$e h)&Qﬁ%%éth” S@%Jor}‘{yﬁa” theng X Sug @#ﬂbsg' t uc%q:'boxyl

appropri ate:. St ance, uen
ketonsgb$ﬂntMtéﬂngahkleaaybonyuudadsaﬁyﬂbhubeﬁyan@roups) and

unsubst i ed for 25 a nos, azidas, im
estergpy g %ncﬁaﬂééﬁﬂoryla k@fﬁﬁa&waﬁf §7Y3hos BREnat G YARIYcaTbonyl

sroupBpTEn stk AT SIS DO SS, o,
phosplypnaips; ahosmlinas et kaso,al kRgVLANEEe, cabichyl s amidine,
1m1no$|n éﬁgfw gt8n6a21do, sulfhydryl, alkylthio, sulfate,
sulfonate, sulfamoyl, sulfonamido, heterocyclyl, aralkyl, or
an aromatic or heteroaromatic moiety. The moieties substituted
on the hydrocarbon chain can themselves be substituted, if
appropriate. For instance, the substituents of a substituted
alkyl may include substituted and unsubstituted forms of
aminos, azidos, iminos, amidos, phosphoryls (including
phosphonates and phosphinates), sulfonyls (including sulfates,
sulfonamidos, sulfamoyls and sulfonates), and silyl groups, as
well as ethers, alkylthios, carbonyls (including ketones,
aldehydes, carboxylates, and esters), -CF;, -CN and the like.
Exemplary substituted alkyls are described below. Cycloalkyls
can be further substituted with alkyls, alkenyls, alkoxys,
alkylthios, aminoalkyls, carbonyl-substituted alkyls, -CFa,

-CN, and the like.
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15

al dehydes, carboxyl ates, and esters), -CF3, -CN and
the like. 30 Exenplary substituted al kyls are
waele®snsdsed bel ow. Cycl oal kyls can be further PCT/SG2004/000413
substituted with al kyls, al kenyls, al koxys,
alkylthios aninoalkyls car bonyl - substituted al kyl s,

-CN, . and the_| J1 WO 005/ 609
PCT/ 5851604/ 5609%3 je’“‘t‘%?ﬂrns nyl'@ gﬁalylal kyhgfer to
unsatiebeed alusaiiiateebabd pQﬁél@g@lﬁQU@ﬁ @'é@lb@.@lo%d Nbossible
| engt h and possible substitution to the alkyls

substdéytipped-abbhe, By lehateswritsich akeve eabutondadoutdretain
at 1¥stt rdrﬁé €a el Sfﬁ‘pggig;{‘él %or(ll re@pkeecri%lvelycl %lgfm“alkenyl "

unsat ur at ed branche rai ght ¢cha
is dwdronaabunatadicwraﬂdﬁé&ﬁ | sastighite cahhon; cardion cyclic
d The r%g|cal can be in either the cis or

hydro??ﬁﬁgn cﬁﬁ b?ﬂﬁtl bdht tFRSHofi% BBRAPE) ca¥pppcafouble

bond.al ket gk-auRSall NebHdepebuinarg; Rty ighied-$9. or trans
et henyl, propenyl, 10 isopropenyl, butenyl,

confonfgl@mpén OUfCerttheblﬁoeﬂp}J mﬂ(@ayl Tyreocaﬂylallestrwl Aroups

| ky u tur ted b an rai ht chai n
1n01ud% cyc |c hy&ﬁgcagégn rg at Fg% OneproPényl

1sopropehym caﬂhﬂnaﬁﬁnplelbebdteﬁyplcake&&kbﬂxbnguqup entenyl,
i nclude, but are not limted to, ethynyl

hexenlkfgt yn§EC- 15 PBoblR{kyRYlhenignyan HEEH ‘Wra‘%@% ™ hranched,
straiBhef &L embedi RNt c tHﬁdf@&éﬂFBxﬁo Q%@?I ‘pfF}:}hl at_least

Saccharide may be of the genera
one [cCRZboD-CaRRE: QR Pomi. R Typical alkynyl groups

include, but are not limited to, ethynyl, propynyl, butynyl,
isobutynyl, pentynyl, hexynyl, etc.

In a preferred embodiment, the cationic oligomer of

a saccharide may be of the general formula (I)

Ry

R
R
% =,
\
OR OR
R 0

R
R
R
R
O B — _R
o) R 0O
N
R

- (1)
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R RR O1, JROR RO Rn (lI) -12 WO 2005/056609

PCT/ S&004/ 000413 wherein X is preferably nitrogen or
web@sphworous, and n is preferably 0 to 8, andP@mDs&2004/000413

preferably 1to 3. The R group may be a hydroxyl, an

ester, carbamate, a carbonate, a phosphinate, a
phgn at e fin te, 2 sulf te,
Whereﬁg] ? oﬁ%t g&ggeg L??)lﬁh?l il%qfo?ehR%{} gh rﬁel noR’ | gldl n%

prefe@ﬁbﬁyanched86ChnﬁZ&b&bkpkefbydeyyl(E& €20) al kyl,
carboxy (C1- C20) al kyl, aryl, or aryl (d- C20) alkyl.
The R2 and roups are each_i ndependently 10
“gﬁ’og’ﬁ

sel ecFE‘& fr §rPlRe BoR¥ALPERY  ofh§EFEFen® | i near

carba%%tebran@a%@oﬁg%eczg)pﬁb%ﬁhanbt@eaé Bﬁogbﬁaﬁgﬁg, a
1- €20) al kenyl, I'inear or branched™ (C1-C20) al kynyl,

phosp t@ycﬁoéllllﬁllnal&melanéuﬂ\ﬁety, Rlsuéfoabt;emta andphate, or

- SERR £ SEERRE D il Sl S 831400

"hav | OW n "wher ei n
hydroXyi(Slpﬂiﬁﬁ afablly earrb@&chlmgov agﬁyl aa@lym I 8r aryl (C;-
preferably O or 1. The R4 group may be selected from
Cz0) 2l9r-0gen, " |inear or branched (Cl-C20) al kyl, |inear
or branched (Cl-C20) al kenyl,

The Ri, Ry and R; groups are each independently
selected from the group consisting of hydrogen, linear or
branched (C;-Cpz) alkyl, linear or branched (C;-Cg)alkenyl, linear
or branched (C;-Czo)alkynyl, or cycloalkyl. Alternatively, R; is
absent, and R; and R; are taken together with X to form a ring

having the following structure:

xxﬁi'

wherein Y is preferably carbon or nitrogen, and m is

preferably 0 or 1.

The R, group may be selected from hydrogen, linear or
branched (C;-Cyo)alkyl, linear or branched (C;-Cyp)alkenyl,
linear or branched (Ci-Cz)alkynyl, or cycloalkyl.

The Rs group may be hydrogen, 2-(2-
ethoxyethoxy)ethyl, linear or branched (C;-Ci)alkyl, linear or
branched (Ci-Cyo)alkenyl, linear or branched (Ci-Cio)alkynyl,
cycloalkyl, or NR¢R;, wherein Rs and R; are each independently

selected from the group consisting of hydrogen, linear or

-13-



20 linear or branched (Cl-C20)al kynyl, or cycl oal kyl .

The R5 group may be hydrogen, 2-(2 ethoxyethoxy)
w@edvgloseshd near or branched (Cl- C20)al kyl, | i neBCT/S6G2004/000413

branched (Cl1-C20) al kenyl, linear or branched (Cl-C20)

al kynyl, cycl oal kyl, or NR6R7, wherein R6 and R7 are

ach i ndgpendently 25 sel ected fromihe grouyp
oran it (i eI N daRiF =T (e 201 R § Gol 20 9 H056d00
1ineRCH:SGAREAHHIG0ALS - chanahied,1(, Chr @y aldailky 1.1 near or
branched (Cl1-C20) al kenyl, ~ I'i near or branched
(C1-C20) al kynyl, and cycloal kyl. The cationic
cycl odét Gk 1OP Sy Hiaslestain i)t mapherdest be a salt

' ; u ' . A prefer '
e e P om T o o bar g o Fribdach iy
5 be saldaradddrobr diiedgraupdidmsimttimat ef HIYride)32hloride,
HS04-,, BE4-, BCl4-, PE6-,_ SbF6-, AsF6-, ALCl4-, _ .
brom%'cdf-dBlélﬁd ﬁ@’-%§@§-e,' Wikei C%0 1 1504 hyBFoge®Clni nddis
SbF,” pradranched: ((C1rG20pal kg R,LB6aT, %e%a@ﬁ&gdis a
(C1- C20) al kenyl, linear or branched (Cl-C20) alkynyl,
hydrogggodiifaprr or0baanghad ((Ci-Ca0pldykyl 1ingafyorhdranched

ref e [ ; i oni trin.m
(Co-cRY IRt THACLTE RS pr et | @O o) SARVRRAY) o,
10 or aWlNth-82)a0kR1I\R3 O RRORRR R RR RR

In further preferred embodiments, the cationic
cyclodextrin may be of the general formula (I), (II), and
(III):

R Ry

Ro

() @X/
o) \R

R OR 3

O R 0
R
R

R
R
R
R — _ R
0 R 0O
\
R %
R

- n (1),
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0OR O Rn (1) -14 WD 2005/ 056609 PCT/ SG2004/ 000413
R-NRS OO\ ORRpPRI ORRZpP RRO RR RR
WARISIRGB® R OO R in (11) , RRs 0 (D OR R ETBGRIBM0413
RR RR RR '

Jg%j\%{
»
sy
ﬁ}%g}j‘

wherein n is preferably 0 to 8, and more preferably 1 to 3.

pram—
<\ /2

>

(I11),

5 When n is any one of 1 to 3, the cationic cyclodextrin is

referred to as an a-, B- and y-cyclodextrin, respectively.
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RR OO0- On (IIl) , whereinnis preferably O to 8,
and nore preferably 1 to 3. 5 Wien n is any one of 1
W@ 2003/05d6be cati oni ¢ cyclodextrin is referred tPCEHSGZN04/000413
a'-, f3- and y-cyclodextrin, respectively. -15 WD
2005/ 056609 PCT/SG2004/OOO413 The cationic

The c%\écilo?lq.@( o(dleh( f unct I on%lu ?d olb g’_%ed by an

annonlum nwgroup, the
ammongyel edext Iphﬁaspl“ldn)lum gmm@-,f ihet iceraldrnaed 1¥dextrin
|n1dazoI|u roup, .and the cationic_cyclodextrin

(I1) @ PPocs Srgd-iamedtizsita vz é@ Biridaz oy igriowm, g eddp the
catiohR @GR 16 ihe @(ﬁl)oqesxﬁ‘r{ B-IERnIR@nahYRel %E}alta]'qzed

at thée 6-position, however functionalization at
ledznlamdggﬁmm8|tLMH1aayhmca@ecomheanaﬂedexfhaangrmnno—

sunce fEbelT R4 TRS SPRatE 150 pRoubRenatency palization at
the 2pha$1ﬂhat—©osatauirf liRA0.sA corickip@ataagsul fonate, a
sul phate, or RO, wherein R is linear or branched

(C1- C20)a|ky| hydrox¥6§C1 C20) al kyl, carboxy

(d - aa#mire@yl ,C2D) egtRyl, . aThe R1,
carbaﬁ;%t@ndaR%a%%'ﬁF&Stear e Phel g)ﬁﬁﬁlaléeeagh %E)Sgﬂgﬁg%gdegt ly

sel ected fromthe ‘grotp consistin rogen
phosphiatiear aosudifdmelred @Csuciﬁﬁealhybplwbnaae oe buiapbhed, or

kenyl i_near n ( al kynyl ,
RTO- gsﬁgygﬁoa%k Sylfﬁ§a§4°§}%58 g érggéréépggggarogen
hydroki/fiearca ammnc@&bbﬁ%r(@%%oabuw | La&@@r 8k Brgnqoed
Cm)algg} C20) al kenyl, 20 linear or br anched

ﬂ-CQO)aIkynyI or cycloal kyl, and nore preferably a
hydr ogen or nethyl group. The R5 group is preferably

hydrogen. rZ; (B; and R, groups are preferably each
independently selected from the group consisting of hydrogen,
linear or branched (C;-Cz)alkyl, linear or branched (C,-

Czo) alkenyl, linear or branched (Cy-Cz)alkynyl, or cycloalkyl.

The R; group is preferably hydrogen, linear or
branched (C;-Cyp)alkyl, linear or branched (C1-Cy) alkenyl,
linear or branched (C;-Cy)alkynyl, or cycloalkyl, and more
preferably a hydrogen or methyl group.

The Rs group is preferably hydrogen, 2-(2-
ethoxyethoxy)ethyl, linear or branched (C;-Cip)alkyl, linear or
branched (C;-Cy)alkenyl, linear or branched (C;-Ci)alkynyl,
cycloalkyl or NRgR,;, whereby Rs; and R; are each independently
selected from the group consisting of hydrogen, linear or
branched (C;-Cap)alkyl, linear or branched (C1-Cz0) alkenyl,
linear or branched (C;-Ci)alkynyl, or cycloalkyl.

The cationic cyclodextrin (I), (II), or (III) may

also be a salt thereof comprising a counterion. A preferred
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et hoxyet hoxy) ethyl, l|inear or branched (Cl-C20)al kyl,

| inear or branched (Cl-C20) al kenyl, linear or
whe@soswo (CL- C20) al kynyl, 25 cycl oal kyl or NRER3G2004/000413

whereby R6 and R7 are each independently selected

fromthe group consisting of hydrogen, |inear or
br anched - 20 | kyl .. linear_or_branched 1-.C20) .
count FFFARFE SETREERA oF rbahiRcE L. CO0PEFky g OTof Tookide,

chlortge) datdaide Theodasiepnhet exek pdreOST, N LY, @EHIOL,, ®F,™,
_(1Lll) may _30 also be a salt thereof conprigingla .
BCly ,cSHnterdBhs. - AAPFefePléd ~ B-WP2200%] 056668 + wherein Ry
is a DHILE20P4,0004184 REUIEST APRyL 2 §§£S§£eé fE?HlaEH@d (Cs-
group consisting of ftudride,” chloride, br om e,
Czo) alkediyde, lanepat ©or HEEB:che@)3IZ:  CHIGIkynBR4- cydBChlkyl, or
Q&EG- ﬁbFG 1 AsF6-, Al1Cl4-, R9-C02- and R9- S03-
(Ci-Coppdteyh #9Y1ts a Iinear or branched (Cl- C20)al kyl
| inear or branched (O 5 C20) al kenyl, linear or
br anchede€kddC28)Y prkpaylingclctatibylic 61igbhkdrC36)a
al kyl aryl. A method for preparing a cationic_oligoner
sacchafide caBRFifractBBnpeRrSEsOPhel 8RcPTNbRSof 2aRRAAPRENCy AR
o hine mda o Cdine. v .
mida e B e ThS 20 Tt onal | Jed By g7 i0e
functieasl hgedrbypa Peeféngbgypuphe Bnefherabpiosphenemine,
h jﬁgidazolea an pyrigine are NN RBRS R(\ 3R R3
PhosSpEAnRy HHU“2*PeSpeltPvBY y “*RefEfn R1, R2, R3, R4, RS
and R6 are defined herein. The cationic oligonmer of a
sacchari de nmay be, 15 exanple, a cationic
ol i gomer of a glucgse, yherein a hydroxylk, group of
#-he gl ucosepnmi ety a ciel odext ¢#h T converted to
R a @éavimq/gigﬁﬁ at the 2-. 3-, orle-pdbition,
pPéfeyany at? the 6Rnositionan§X§' s of arbgp¥bPfvely
group i nclude, w thout ’ ’

wherein R;, Rz, Ra, R4, Rs and Rs; are defined herein.

The cationic oligomer of a saccharide may be, for
example, a cationic oligomer of a glucose, wherein a hydroxyl
group of the glucose moiety of a cyclodextrin is converted to
a leaving group at the 2-, 3-, or 6-position, preferably at

the 6-position.

Examples of a leaving group include, without
limitation, a mesylate, a tosylate, a triflate, a haloformate

ester or a halide group, such as iodide, bromide, or chloride.

Examples of reagents that can be used to convert a
hydroxyl group of the glucose moiety to a leaving group
include, without limitation, SOCl,, PBriz, tosyl chloride, mesyl
chloride, triflic anhydride, and an ester of chloroformic

acid.
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20 limtation, a nesylate, a tosylate, a triflate, a
hal oformate ester or a halide group, such as iodide,
wheosisie) or chl oride. Exanples of reagents tP@EI/SGZN04/000413
be used to convert a hydroxyl group of the glucose
noiety to a Ieaving group include, w thout
limt t or yl _
chlor?géggf?? ic anﬁ gr|d§§&kogggn Eg?gﬁ a% tne”?
positdébhoptf bhai gluaockd. moi%t%ﬁbZ@Qé/&Bﬁﬁ@&ted to leaving
PCT/,SG2004/ 000413, Preferably, only the hydroxyl
JToUP§r o GREVEFSLRB @%pBXgFPﬁﬁloﬂrPHQSgP c68€ roi étres-are
positORYer tRdabQ: L eaui 8 tggogpﬁos§9a$ﬁfSh%nlggvﬁhgf%éxhgs,
groups at the 2- and 3- positions, in addition™to th
is algoposPvevar,twitbavi hhegsoops, oF tbeauguenh@wever,

h Q of _the inye nver on of .
Conve%ﬂégoxyF ﬁya%pgy%tgfﬁgpf_a¥ ghgr 6 p SIPFO pﬁ&ﬁtlsgs may
be papatibilabrotomphptete. As primary hydroxyl groups react

nmore readily than secondary hydroxyl groups, |t 'S

possible to ensure that _only 10 the primry rox¥
groupésapsleaﬁ¥eh¥é60¥zl|g§9pﬁg gﬁaeﬁsmsyeséﬁééﬂﬂan hen
seconhB®yaRPELBL ¥§t§r8ﬁb§r E@thgspBEsEBQQeEE Eﬁsugngﬁé¥lonly
groups. Preferably only some of the primary hydroxyl
the pyivapy bYdrﬁéYélgcgspSnbretpesvetteﬂetolﬂgewengograups by

corecEISTOELFhic BESICERLELACHEL| SB1LRE BroLRsy 00, IoTe

hydrogymugSouﬁsCOPYéféﬁébly anligavbng B8FOURe bRikmBeyCA§FEroxyl
wher e converS|on of 'a hydroxyl group at the 2- or
groups. Bhstir oAl ieoaesTPEatiPE PS” pREf BligameRaPtoAl fagRbaride
are cBhvkPeed- t8rl§a99ﬁ?t§985 53 QBBVEBEEdpkgg@rEB ViNGn1y one
group. 20 Preferabfy only Sone o roxy groupg ,
of thsfprhmagYubp@eoxnblgroapsoﬁsthenubrgedetooh deaving
saccharide are converted to |eaving groups, and nore
preferably, only one of the hydroxyl groups is
converted to a | eaving group.
In the case where conversion of a hydroxyl group at

group

the 2- or 3—posi£ion is desired, it is preferred that only one
of the 2- or 3-positions is converted to a leaving group.
Preferably only some of the hydroxyl groups of the glucose
moieties of the oligomer of a saccharide are converted to
leaving groups, and more preferably, only one of the hydroxyl

groups is converted to a leaving group.

Once functionalized cationically, any remaining
hydroxyl groups at the 2-, 3- and 6-carbon atom positions of
the glucose moieties of the cationic oligomer of a saccharide
may be modified by a protecting group. These remaining
hydroxyl groups may be partially or fully functionalized. The
expression "fully-functionalized" as used herein indicates
that all of the hydroxyl groups of the glucose moieties have

been either protected with a protecting group or derivatized
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Once functionalized cationically, any remaining 25
hydr oxyl groups at the 2-, 3- and 6-carbon atom
w@omsnsens of the glucose noieties of the catPONBEG2004/000413
ol i goner of a saccharide may be nodified by a
protecting group. These renai ning hydroxyl groups nmay
; e d . r y ne¢lipnaljz pr
M B B A R T A e
that thet fahbtabnbahizhydroxydegioapszohgt heagtilonsmay not go

. iefies haye .been either protected with a protecting
enti gy oo PoRBl FriPhreto Rt ANSBOBPOSBE0ST Hobe hydronyl
groupgcgeﬁﬁﬁogﬂé9@Q613 avEPnac dpeiyat LRENgyag8RY1 Liolip b8 a

_ e appreci ated, however, that fhe functionaliZzing or
oligoweri 94t RzBAgchantde onayahe noodgbiednbeferg addition of a

. ].Qn, so there may be one or nore hydroxyl
catloé?gﬁ ggggrll present. Alternatively, the hydroxyl

group of a '5 otigonmer of a saccharide may be nodified
bef or Ehaddehadning hAydeakidongeogpoupf The eatmoniag

. _hydroxyl groups of the catiognic  oligoner of a
oligomdE b RiBfE aﬁéd?u%%Yi%ﬁaf?%%ﬁl?ﬁangﬁ? for form, for

examp€XaTBhealRBxP) KMYarploRlY! 9XYardDatkyliakly! 94YestBy, a
ester, a 10 carbamate, a carbonate, a phosphi nate,

carbamgapfesphopsbenake, paoshhapkinateul #i phoephansbefi ae, a
onat . | phate, -.1f the hydroxyl group i 0
phosp%ng a SnglﬁaEg Q éulg%{?bx§ %PX ?9?%?k§Fo§y§u?Pﬁate.

€ cbnver 0 al koxy, y
could be done, for exanple, by alkylating with a

conpolifidthé hpdnokal (¥FroupbiR1IOY b¥) comhereed BiOalRoxy,

an al kyl, an aryl or, an arylal kyl group, and Y _is a
arYlOF%annér§}BEb¥£¥§Y'e&%nﬁ?%¥dgbﬁa@?6%'sg€ﬁ §%2TBPdeby
alkleEQH?dﬁigh ght8hbdEend Obr arbpayi gt ¢v) @ mesylate or a

triflTate. If the hydroxyl group is to be converted to

an ester 20 or a carbonate, it could be done, for
exanpl e, by acylating wRhYa compound of forf¥#da
(M): O

wherein Rip is an alkyl, an aryl or an arylalkyl group, and Y

is a leaving group, for example, a halide such as iodide,

bromide or chloride, or a tosylate, a mesylate or a triflate.

If the hydroxyl group is to be converted to an ester
or a carbonate, it could be done, for example, by acylating

with a compound of formula (VI):

PN

Rll Y

(VI)

wherein Ri;; is an alkyl, an aryl, an arylalkyl, an alkoxy, an
aryloxy, or an arylalkyloxy group, and Y is as defined above;

or by acylating them with a compound of formula (VII):
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""K Rzi Y (VI) wherein R11 is an alkyl, an aryl, an
aryl al kyl, an al koxy, an aryloxy, or an aryl al kyl oxy
w@emapseoend Y i s as defined above; 25 or by acRCHSGIIG4/000413

themw th a conmpound of formula (VII): -19 WO
2005/ 056609 PCT/ SG2004/ 000413 O OR12 -"KO )~ R 13
(VI1) wherein R12 and R13 are independently an al kyl,

an aryl, an arylal kl, &n al koxy, an aryloxy, or an
aryl al kyl oxy group. If t e hydroxyl group is to be
converted to a t &gyt could be done, for

exanpl e, by reacﬁing wth a conpound of fornﬁVéI)
(Vi) : Rl4- th;C)(VIII) where R14 is an al kyl, an

| al k Jof. the hydroxy]
where b ool 8t P RN Tt o b aAL e, Thr

aryla@kphpsahawkoky cadl @Irfppoﬂpneor 401 a EXBADK L1 oRY group
reacting with a conpound of fornmula (1X): R15\ -Y
R1/11 O (I X). where_Rl5 and, R16 qg |nde$ gentl ,
hydr o§&nthanh¥AkpRY L grouwpyis &R BF yFaPKRGFT t‘al%oxy,

carba@QFéfy PX¥oufl B aéﬂéalfafoéﬁaﬂélgroHQ é&gt¥h§3w§§h a

ef I ned above. t he hydroxyl group is to be
compoundveft Eédrmgla (Hmlibnate or asulfite, it could be
done, for exanple, by reacting with a conpound of

formula (X): Rys-N=C=0 (VIII)
where R;, is an alkyl, an aryl or an arylalkyl group.

If the hydroxyl group is to be converted to a
phosphinate, a phosphonate, or a phosphate, it could be done,

for example, by reacting with a compound of formula (IX):

(IX)

where Rys and Ri¢ are, independently, hydrogen, an alkyl, an
aryl, an arylalkyl, an alkoxy, an aryloxy, or an arylalkyloxy

group, and Y is as defined above.

If the hydroxyl group is to be converted to a
sulfinate or a sulfite, it could be done, for example, by

reacting with a compound of formula (X):

0
I

=N
le/, Y (X)

or conversion to a sulfonate or a sulfate group by reacting

them with a compound of formula (XI):
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O Il R17 Y (X) 20 or conversion to a sulfonate or a
sul fate group by reacting themwth a conpound of
w0 ooosbaoq Xl ) : -20 WD 2005/ 056609 PCT/ SG2004/ OPOHSG2000000413

[l R17-S-Y 1l (XI) wherein RL7 is an alkyl, an

aryl, an arylal kyl, an al koxy, an aryloxy, or an

aryl al kyl oxy group, and Y is as defined above. Any of

t he hydroxyl groups that e to be 5 functionalized

are preferably functi nallzeg using a large nolar

excess of functlonallz?%g”agent in order to pronote

full functionalization. Breferably, the excess _is in

the range of fromabout 10:1 to about 50:1,

preferably fromabout 20:1 to about 40:1. 10 In a
wherel@l Ry £ Ul@rdy Aadwant agequs,1emediamata10dy,1t Nen iIMRIAL} or!an

there is a nethod of preparing a catlonlc ol i goner
aryloxysa®&hari axybeliylaknosrogpantindali ie aeadei@nedfabove

pre- synthesized regi odefi ned nonot osyl at ed

cyclo NPt h n
iﬁidaggptbforwg g???gx%qlaﬁgugspgﬂggsb ygﬁoggxtrins
functapaaﬂnpedtame preéerabﬂy Euncalmaaﬂet¢d0ﬁ31ﬁgdhfUedge
C odextr|E gcaus .a, nuclethlle can attack th
o

molarg EEeRAR | TUPE BN LEANParOtHE &5 Sndes. bOSPEPBREe: Sull

functﬁb@ﬁll@'.%atéoﬁor pesperdbny, f unet éﬁ&é%bZQQ Qﬁcicﬁéezﬁbhga of
[21]. nucleoghlllc dlsplacenent of the tosyl group

from @PO&ﬁyléné 6P 8ROPU &Ri:Ae, marphpsphicnablunfiraindakolis 20:1
to abdutdalyfidine affords a cationic amonium
hosphonlun1 i m dazol i um or pyridinium

In a particularly advantageous embodiment of the
invention there is a method of preparing a cationic oligomer
of a saccharide by an almost quantitative reaction of pre-
synthesized regiodefined monotosylated cyclodextrin with an
amine, a phosphine, an imidazole, or a pyridine. Mono-
tosylcyclodextrins are important precursors for a variety of
modified cyclodextrins because a nucleophile can attack the
electrophilic carbon atom at the 6- and 2-positions to produce
a corresponding functionalized cyclodextrin [21]. A
nucleophilic displacement of the tosyl group by any one of an
amine, a phosphine, an imidazole or a pyridine affords a
cationic ammonium, phosphonium, imidazolium or pyridinium

cyclodextrin, respectively.

Preferably, the amine, phosphine, imidazole, and

pyridine are

[\

N N~
N— B N Rs =
Ry \ R3 Rf/‘Y\R3 \T/ I
R R

2 2 N .
' p R4 , and X , respectively,

Rs
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cycl odextrin, respectively. Preferably, the am ne,
phosphi ne, im dazole, and pyridine are \\ N NR5 RS
WORW0SBHR P---R3 R Y 25 RR R R4 N, and , PCT/SG2004/000413
respectively,  -21 WO 2005/ 056609 PCT/ SG2004/ 000413
wherein R1, R2 RS R4, RS and R6 are defined herein.

In a f d d
where:h\:ﬁk%g H%e o?' E)% egbgélgrre tf’l]nege%llg%§§§“ 82 as

def i ned hereln, as chiral agent for resolving
enant IrnerSubyher @M@n@é@g&ﬁﬁﬂm&eﬁ hathe Rrefeartaliy,
the cationic oligoner, a saccharide is. based

makes i8¢ gt & SRY IR rq’ww@wﬁ Ve SREChiadds héf ﬁ%fe%rﬁed
hereit Or%éls&f\lsaj hey & réade aﬂ@gglvﬂﬂf SRR A G

od 1s prefeerably sel ected romthe group
chrommsphng rmétlgaé crﬁ’m@@mhphyt}(@(gatiqr@m dligpmer of

hi erfor .
2 sacqRTEeT ogf B FBL), CRaBTTT o7 Bt br S T icye a2
descrﬂ;‘i@dﬂh@reﬂﬁ Sopalise Cds tilgal chixad dwmnnat ogr aphy
(SFC). Figures 1-9 are capillary electrophoresis (CE)

chronatograns showi ng t he enantloseparat e
r acenBit®sChyemafogr rMFhed fﬁﬁl &ted

from &Rd %%%1315 eCélh@lg%ﬂﬁé‘tépr%éé r@%&ﬁaﬁ&@rwt {@PES SLiquid

meas in mnutes and is the resolution for a
chrom@abgr@¢hpnﬁh$)Dh@&gh Bpetofhaate yl i@l rehbomat egichhy

re t chr ranms illu ting.,th
(HPLC gh anty {)ﬁg?) f%%t 5‘?9]%?1??08 r gé%)?r’at elgd O?Sbeé cH SUPeET
cr1t1§aPhﬁDNi@U&Nféﬁa@@gﬂapﬂﬁn$chpheny|alanlne and dansyl
am nobutyric acid, respectively, using

Figures 1-9 are capillary electrophoresis (CE)
chromatograms showing the enantioseparation of the racemates
of a number of compounds. The symbols t; and t; are the
migration times of the enantiomers measured in minutes and R

is the resolution for a pair of enantiomers.

Specifically, Figure 1, 2 and 3 are three
chromatograms illustrating the enantioseparation of the
racemates of each 3—phenylbuty£ic acid, dansyl phenylalanine
and dansyl aminobutyric acid, respectively, using
methylimidazolium-B-cyclodextrin as a chiral agent in a buffer

having a pH between 7.5 and 8.7.

Figure 4, 5 and 6 are the three chromatograms
illustrating the enantioseparation of the racemates of each
dansyl norvaline, dansyl norleucine and dansyl threonine,
respectively, using butylimidazolium-gB-cyclodextrin as a

chiral agent in a buffer having a pH of 9.6.

Figure 7, 8 and 9 are three chromatograms

illustrating the enantioseparation of the racemates of each
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met hyl i m dazolium, 6-cycl odextrin as a chiral agent in

a buffer having a pH between 7.5 and 8.7. Figure 4, 5
w@anws0s@ne the three chromatograns 25 il ustrapCTHgGL00€000413
~enantioseparation of the racemates of each dansyl

norval i ne, dansyl norleucine and dansyl threonine,

pg tivel but dazol i um.f(3-cycl odextrin
mande&%% %lﬁira nagenpgl e ngghéplﬂﬁvﬁﬁa g B¥%5?X§ methoxy
mandeEuguaela" geapdcbitelyl husenghpeapl 28mABE 1 30~ -
i.llustrating the_ enantioseparation of the racemates of

cycloggkFiny asBhiEek/ 6568050PCHSEREEAFE0bAT NS nANEE| OF 6.5
acid, dansyl DL-phenylalanine and 3-hydroxy-4-nethoxy

”ande%h§u§%' 0, r§§p§ﬁ? YE'¥reu§h9gep5g$¥h§gﬁgféﬂg} 6

cycl odextrin as chiral selector in buffers ving a pH
i11USbta6159 tﬁeganenl@ps&paaadléﬁ afethhreacemabaatograaeh

tra t he en ti.oseparatio t he cema
aansyg; bl BRERE RdgRLAE, AR RER S BB by as T iE Aok ana
3- hydﬁBﬁ?ehLﬁe@hbﬁyaﬂQndéib&dé@iﬁ 4r€§b€@ﬁ¥v€§9dehg£n§CId
respectively, using pentylann0n|un}f3 cl odexttin as

penty¢arpgnigsr- ScE¥ElpAektTinras ahirag aebepb©r615 buffers
hav1n§u5t 8 o gpglgcatlon of the cationic oligomer of a
acchar i Such as the cationic cyclodextrin, is
their use for asymetric synthesis, for exanple, in.
r educFuwbhhamdappl icgtion oéathéonatleglceoblgemeri@ﬁ,a
Al der . reac 13.ilLlustrates

sacch3esse: PEh Bact Pancar 2016, SToMPUERbHLE, ana Hppie use

for a&?mmaeﬁlusbygtﬂeﬁﬁélOﬂbﬁ 8kb@BIB! Oh PedSAELHArLLE
such as cationic cyclodextrin. In the first reaction

pericyghéferearF}PEFi ofdof SRR BEFFtapdehDiel obtdes wereglion.
tetraallyl tin and a cationic oligonmer of a saccharide

such 89quedlhoni f1GYCLO0EK! EhD LOVRIOPHES PogBLIBL of
secondary al cohol 1 n 20 15% enantfonmeric excess n
aryl ahdebpdeadandastybnkschees, usieduat caniohi anohigdmer of a

saccharlggesggﬁugg gg{ggnfgdéyglbgégg¥g£[deIn the first
reaction scheme, allylation of an aryl aldehyde occurs using
tetraallyl tin and a cationic oligomer of a saccharide such as
cationic cyclodextrin to produce a chiral secondary alcohol in
15% enantiomeric excess. In the second reaction scheme,
reduction of an aryl ketone occurs using sodium borohydride
and a cationic oligomer of a saccharide such as cationic
cyclodextrin to produce a chiral secondary alcohol in 10%

enantiomeric excess.
Examples

The following examples are provided to illustrate
the invention. It will be understood, however, that the
specific details given in each example have been selected for
the purpose of illustration and are not to be construed as

limiting in scope of the invention.
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and a cationic oligomer of a saccharide such as

cationic cyclodextrin to produce a chiral secondary
wa@abk@shsdeod n 10% enantiomeric excess. 25 ExanpP@FSGHe4/000413

foll owi ng exanples are provided to illustrate the

invention. It will be understood, however, that the

i fol ' ' ' 1 _exappl ave be
ST ecPoavPIbRkyE iy e BuBBE IoRARIPLE, HRKE A EPavi proun
at thEo6bpo§¢nibnuwdsa§raﬁakédihbmggiﬁhécpﬁévﬂéukm? reported

i.nventi on. WO 2005/ 056609 PCT/ SG2004/ 000413
procedgrEy%VogexPFP Yrolof i¥BEMondt | QelUdf £ HaR! t EsyPhgFBupand

abyt hg267positi gp LEBak eHoHSKHA '
o Daregortqédj procegurgﬁ%yQBgegra 3, s §P§ﬁ$£$a 8§§£§ the

previpushy| reparted precaduandbyRT . wucgka@ﬁzz]K aldratat hand

ti was prepared using the 5 previously
S- Mogéggﬁ éggaocedure by T. Murakam , K Harata, and S.

Mor i not o [23]. Al kyl i m dazol i um, 6-cycl odextrin
tosylAlkymmmldazemaﬁmdﬁbyyelbdékﬂgln tosylate was

0; 6-tosyl -, 6-cyclodextrin with _alkylimdazole in
Prepaﬁﬁa By sbt rFBQ ?Oa‘ayé FASYer§-gvetogesrasn whHthy | v

alkyl@ngddakkybamaopiEnyg- 6y cé@dext rd raaty%sy'r?t\ﬁelsr % yields.

prepared by refIUX|ng nono- 6-t osyl
nono- 2-t osyl -, Kclodextrln W th aIIyIan1ne
propyﬁ%ﬁYheaﬂdpéh ylamneeiun- PhvEyalodexicrinrtEshbaras

I 1 he I f e, ani on
were Qe O S P oad oS oL S e
mono- zstugykﬁﬂecycledeﬁsrnn ﬁianpéblﬂlaﬁWMéhe@répyiamlne,

| | , 6- | odext
pency PRUPRE! 18 B ¥l B ot By iy 6 o i very good

yvield§l2.892g, 0.01 20 nol) and an excess of _
1-met hylimdazole (5.0 g, 0.061 nol) was stirred

under nitrogen at 90 C for 2 days. Excess 1
The tosylate anion could be exchanged with other

anions by ion-exchange using Amberlite resin.

Example 1. Synthesis of 6-deoxy-6- (methylimidazolium) -g-

cyclodextrin tosylate.

A mixture of 6-O-tosyl-B-cyclodextrin (12.892g, 0.01
mol) and an excess of l-methylimidazole (5.0 g, 0.061 mol) was
stirred under nitrogen at 90 °C for 2 days. Excess 1-
methylimidazole was then removed under vacuum to give light
yellow paste. Acetone was added to the light yellow paste and
stirred for 30 minutes to allow a solid to form. The pale
solid was filtered and washed with acetone followed by drying
under high vacuum to afford a white solid (13.50 g, 98.5 %);
mp. 257 °C (dec.).

IR (KBxr) w»: 3399, 2927, 1638, 1600, 1413, 1335,
1305, 1155, 1080, 1032, 943, 843, 754, 683, 577 cm'. MS (ESI,

-24-



10

15

20

25

met hyl i m dazol e was then renoved under vacuumto give

light vyellow paste. Acetone was added to the |ight
wQ@edosossopast e and stirred for 30 m nutes to aPCDYGZ04/000413

solid to form The pale 25 solid was filtered and

washed with acetone foI | owed by drying wunder high

/e, YIS AL 401 3290050 (G ol FaTh) 13 eaz,

171.304130T433%6) , 188bcd 115%1.1080, 1032, 943, 843, 754
683, 577 cmi. Ms (ESI, -24 WD 2005/056609

(W, TBOHIE oCr it 1 ocoubS™ &y ¢ onie " gl chard. 2.2

(t, 147171Z 61lblLNNR, (§00)VHz, 0BVEO, d@){ 67 2. éooéSHz3"h{ 4),
aBTs) |, 2.82 (1, 1 J = 6.01 H 2) 06 (t,
3.23 (f, 3B @ 659HR5 Hz4) H-53, 3323165s 47H(mJ izg,zs Piz4)

4 H, 5 7H,

115043 B G HE e 1 9 St S 2

99224H|z|z oHHses) 44550 (tt,, 1HH, JJ——55661HIZ|Z o@blsﬁ) 44556(1:
éH J = i g 84 (d_ 6H, J =

4. 8§ ?H 61m, 4384 4 606H|z JHEi § 28, Ez:sﬂsik)(m* 58

(d, 11-13HJ OH3268) HZ5- ﬁ912}0 (30'641|5| 8d Tmd- §§HHZ¢(>HOb+ 3), 1599

7.13 (d, 2H, J'=8.0 =CHnet a)
(d, 18,40 HZ5-82HBEt hOY- 2)7 681(38(d1H2H+OH- 5i &) 04 Hz69= C@sata),

7,09 4, T B o8 B, St e, 5 NG 5 oo

(s, 1HC63(H59:9 ,(C8)01 6%,6 MHD5)sCHA2:Q) (C5), 72.3 (C3) 15

73.3 (C2) , 815 (c4) , 83.0 (C4) , 101.8 (d) , 123.0
_CHIE@ 123. CHm, 125.4 (Creta) , 128.0
(Cort h NMR13(712<§> @’E@-»ll rﬁMSOrsi'zH (THar af CHarakb. 5. 8

C pso hesis o
(CH“‘“é (%%té l%égg‘gz &gsdeggy éCS&yc Badx{FPhs 72-3 (C3),
73.3 t(agyl, aBe. 52(0cA)m xtauoe (ah) 6- @anosyl(eQ cyn;izgdaxt(iéfcnm) ,
). and 1- butﬁllmdazole (0.74

123.36 158l 12 BR Costah) 120m8 Stprerald G900 rfl—l‘:%@)ern 877
(CparaPO 2504 2ogdays. After cooling

Example 2. Synthesis of 6- (butylimidazolium)-6-deoxy-g-

cyclodextrin tosylate.

A mixture of 6-O-tosyl-f-cyclodextrin (2.578 g, 2.0
mmol) and 1l-butylimidazole (0.745 g, 6.6 mmol) in DMF (5 mL)
was stirred under nitrogen at 90 °C for 2 days. After cooling
to room temperature, acetone (25 mlL) was added to the
resultant solution and vigorously stirred for 30 minutes. The
solid formed was separated by filtration, washed with acetone
and finally dried under vacuum to give a white solid (2.75 g,

96.6 %); mp. 254 °C (dec.).

IR (KBr) v: 3402, 2929, 1638, 1410, 1335, 1157,
1080, 1033, 945, 844, 756, 683, 578 cm''. MS (ESI, wm/e,
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to roomtenperature, acetone (25 nL) was added to the

resul tant solution and vigorously stirred for 30
wWOorRewanss09 The 25 solid fornmed was separat ed byPCT/SG2004/000413

filtration, washed with acetone and finally dried-

under vacuumto give.a mhite solid (2.75 g, 96.6 % ;

et T, SRgC855y), VBB i, 3005 2o b, 1490

171 .30 (&%, 4adke, caIEaVM12ﬂ057056609 PCT/ S&004/ 000413
relative intensity 9 , 1241 60 (M, 100), cal cd.

1241 1 OTs, cal cd. 171. 17 1H NVR (500
%%/é@%m 5%0 90‘31(1% ~dg) 03 := 07991 (tpy 3HgHg) = 221
7 {52 74 20 78 1( &, %Q2.
Hz, C'i]I::,)Z iczl?jlz)t‘é DF, (c; Stl'zzczﬁg?s)cﬁa ol 2885('6}( ~bH- LT .02
Hz, CHla)z, @)293(@4 Qi.omqm).ll—z %’42063)(18' TH - }&23'830), 3.04-

207 R )02 T scn o (B AR HibPop0s, By 10H, H-

2cp anZHH—@IEQ)) 34 @D—ilelFlilgthS-’H,lQ{%J(f,'tZ HL-Bé, ?BH H46%§) (t3.83
= Z%H 63{2):44470C(t(t:101f2'H J = 5L G, @zH'sz’HGJrcs 4. Sﬂ ((t, 2H, J

- 6. 6§"h)z 5 ? r'ﬁllgl@"g(@_ %68%_'2—( %H %HHZ, 05136218%'2’47 (t,

2H, JlSFE ZBFEZan@HEFQB)ﬂ 5498t(d3H1FU 3 5.590BzHzOH- G}+2§ 85

o, on. 788 G i OL IO oA B

5.63- (53841+clm @B‘H4|OI)I 2 8:1&901-115)(85 é!ﬁ (&CH_UZI ny 1353 Wﬁ{z
(125 M. DVSO-d6) 6: 13 2 (OB), & 20. 7
OH- 2>(c?|3}2 (dg. %H(om27 -84. Hag, (fﬂz)et;) ,497 493( )2H, 50.9 7.62

—&:@O%h 869 7672( H71_7:H(—§52.)9, (7 '?8 )22}%3(%&4%%‘) , 9.09

(s, 1H23= G:H(%QHLIT) , 125 4 (Cmeta) , 128.0 20 (Cort ho)
136.6 (=CHim , 137.5 (Cpara) , 145.7 (G ps0) -

a e 3. SyntheS|
6- dggliy BMRo i PﬂﬁaazaMSer)ds) 69: cliDdeSHxi:n18.8 (CHz),

20.7 ggﬁ%}%‘t%eg {)E}i“)lﬂ@l‘?fo Qe 0SYb: b1 (EYF) 008XtE1 gy | 69.6
(C57), 71.7 (C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.2 (Ca’),
101.9 (C1), 122.2 (=CHjy), 123.1 (=CHin), 125.4 (Cpeta), 128.0
(Cortno) » 136.6 (=CHim), 137.5 (Cpara), 145.7 (Cipso) -

Example 3. Synthesis of 6-deoxy-6-(octylimidazolium)-g-

cyclodextrin tosylate.

A mixture of 6-0O-tosyl-B-cyclodextrin (2.578 g, 2.0
mmol) and l-octylimidazole (1.082 g, 6.0 mmol) in DMF (5 mL)
was stirred under nitrogen at 90 °C for 2 days. After cooling
to room temperature, acetone (25 mlL) was added to the
resultant solution and vigorously stirred for 30 minutes. The
solid formed was separated by filtration, washed with acetone
and finally dried under vacuum to give a white solid (2.88 g,

98.0 %); mp. 256 °C (dec.).
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mol ) and 1-octylimdazole (1.082 g, 6.0 mvol) in DW

(5 nm) 25 was stirred under nitrogen at 90 C for 2
w@l2008/056804 er cool ing to roomtenperature, acetBﬂESGﬁﬁMmm4m

nm.) was added to the resultant solution and '

vigorously stirred for 30 mnutes. The solid forned

was SQWS%E%‘? by Bhbbrabi,op, T@ﬁ'gedl%;‘t 222%??23@%?%8

finally dried under vaclimfo givé a
1334,913030 93570 @p8o, np032569€3(degs) 756726699, 575 cm™. MS
(EST 2%2%/0 PCT/SG2004/000413 | R KBr% v: 3392, 2926

’ 15 % 11916759888t Y1334, 1338180 114Y, 1QBo, awlsl

1297.943, 1846307%60T$8%8 572 L1ed. M (ESI, ne, rel ative
intensity %, 1297.80 (M, 100), calcd. 1297.53;

171.30 (- OTS 48), calcd. 171.17. 5 1H NVR (500 Mz,
DVBO- o) MR - (30 @3z, DMEOIe 6. 810.85, (CH3BH,1024 6mB1l

) . (. 7 7..02
2 Cﬁ%H CHETS) (ct; SEost 9. cig, (;71] s ?ﬁcD?@ ) '70253‘2"67(%%%
2-20 {8 Bhg G322 e Bl T g [ 8D oD ™

C C
1H, Haﬁdgﬁa %c%)z é g% (Pvesiap yi mﬁDO 3Mge1RH, Hr2ey and H-
cp) + H- , 413 (.
4p), BQSB-HZeaH@E, 6B, m 5%,3 (ri 3k "!anci Hq_ing), 35'%34(& 2.

H6'cD), 4. 30 (t,
CH:) , 74496 G 6)1H4 B4 (Jg) B H23|-|1L1<5|—'|f{~5)),s 4.82 (s, sz, = 6.63

9 1 5..62-5,.7
Hz, H"%d26+§)§o(5(55 ELg '{'H= 1§) 532 HZg E@ gb—l—ﬁ) 2 -}S%L(dZH
OH-6) 2H: .34 = (§t]ﬁ£ Hrw, Igﬁ'lrﬁlﬂ)él 827_g+ﬁélldmé15 %H1ﬂ(—489§1(s
b, 115'Zcﬁ4ﬁ?,°r " oy-1 18, Yy 13%}—#%?3 qrytqamx,lzss NHz(d, 1H,
- 6%@196)018—’)13 P, iﬁ@,) 29, 7J(CH;3C'% szz m(eCHz) 7.47 (4,

(CHQ) er12)
2H, J39.% 01 @), =CHardnol CH2) 714959 (H5' %CHSSmS (@Y7 62,51H,

_ 1. 2 2. 4 (C3), 73.0 (), 81.5 (CA)
—CH- 4,%?51}9(& (g, 3§ %l’gj 122, 2 (=CH m) , 123.0

(=CH ' m 125 4 (Cmeta) , 128.0 (Cortho) , 136.6

( CHllﬁb: NM23T(126 I(Iﬁ%)af@hm QI‘B5S 7160 S@k, FXagpl & fep,y

nt hesi s of 6- deoxy-6- -

22.0 (CHz), 25.5 (CH,), 28.2 (CHZ), 28.4 (CHz), 29.1 (CH,), 30.6
(CHz), 31.1 (CHz), 49.9 (C6’), 59.9 (C6), 69.5 (c57), 71.6
(C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.1 (Car), 101.9 (C1),
122.2 (=CHin), 123.0 (=CHiy), 125.4 (Cpeta), 128.0 (Cortho) , 136.6

(=CHim)l 137.6 (Cpara): 145.7 (Cipso)-

Example 4. Synthesis of 6-deoxy-6-{2-(2-
ethoxyethoxy) ethylimidazolium}-gB-cyclodextrin tosylate.

A mixture of 6-0O-tosyl-B-cyclodextrin (2.578 g, 2.0
mmol) and 2-(2-ethoxyethoxy)ethylimidazole (1.105 g, 6.0 mmol)
in DMF (5 mL) was stirred under nitrogen at 90 °C for 2 days.
After cooling to room temperature, acetone (25 mL) was added
to the resultant solution and vigorously stirred for 30

minutes. The solid formed was separated by filtration, washed
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et hoxyet hoxy) ethylim dazoliunt}-, 6-cyclodextrin
tosylate. 25 A m xture of 6-0Otosyl-3-cyclodextrin
W@ 200588609 2.0 nmol) and PCT/SG2004/000413
2- (2- et hoxyet hoxy) et hyl i m dazole (1.105 g, 6.0 nmol)
in DVF (5 nL) was stirred under nitrogen at 90 Cfor 2
. Af t r ¢c00 to room.tenperature, acetone

with ﬁfsgg%lg a eglnfa grllEguPPgﬁFHQ‘BFﬁFWo’HOaﬂHV‘E Rewhfle
solidvi(gosougl yogt ur ped fnpr_ 3643 nidut ©s. The solid forned

was separated by filtration, washed -27 WO

2005/ 056609 PCT/ S&2004/ 000413 w th acetone and

final t§ dFPEd dndéf VacaddPiolPde h4hhit&368el 1435,

1302, (21§¥ g%%%§ 1232% 13983 igég %%%g %53305%5 é@g 1978 o™
t. Ms 1m 1033, VBt BAS, 1755 s BH8, $)608,3 BZHENMM'S 100VS

t t 1301. 60 (M+, 100) ,
caledy Ef%gl igmﬁigagé i@g“en ) "%‘)éd a3 Tt 171(71 17. 1?—|
NVR (500 MHz, DMSO- d6) s 2 09 (t, 3H J = 6.84 Hz,
CH3) 12, M(ﬁo@mﬂﬂ-ﬁi@owdﬁ 83-:21899( Mk, 1|3|H H32'-cB). 84
-307(m 1H, H4'CD) 3.22 - 3.48 overlapvvlth
Hz, Cii»jo 28 8f%, 13 OFErs - v 89 40D) 1H.3 BR'3pbg 3P4~
H, H 3 d 8 H,
3.07 ﬁrﬁ 1@0313 -4 D5°3'3 926'?(;3@ 5 (3‘%@%}3 w§tﬁ H&b f }%H
OCH., H-3%p(end2H-4d)s 6..63 -Hz 68H-(6i, QDﬁ,,O¢H45 KS5&y,, H2Bp and
O—I—6 52 H, 6 84
H-6cp) g, 3 )ﬁp )Azt E%SB{J ﬁlﬁlogf )E’Hz& r&(gﬂ% gH64J5‘7]80 5

Hz, H(mCD13H4 @Izﬂr2(ta)n<iHJ,5JOlzl- 3).635u28 tds M, b ab. &2k, 2H,
7711 (d, 2H J = 801 Hz, =CHneta) , 7.48 (d.

- OH- 6)2H4 2=(8. b4, HBH, =0¥i0F} hot -84 7(d3 €8, D 2=RPLHZ, 5‘&11@)

295 (@7 M8 = 02T Terel D) 2ooet o ?35&%”%1%%3%6?%%
OH-3) ( CEHRY, (68. DH( GTHR) 6. @3 Hz(cm;z;), 201 69(&, (£61)g 718 601
nz, ~Gfpky (918 b FHodime-opkin (T 12573 18, 28,

=CH-4 [ 13t a)g 01 128. 1& (O@Ht_bor)) 137. 0 (=CH m , 137. 5
(Ceara) , 145. 7 (Cl pso) Exarrple 5. Synthesis of

nono- 6 deoxy- 6- pyri di ni um, 6-
C NMR (125 MHz, DMSO-dg) &: 15.0 (CHs), 20.7 (CHs),

49.8 (Cé6’), 59.9 (C6), 65.5 (OCHy), 68.0 (OCHp), 68.9 (OCH,),
69.5 (C57), 71.6 (C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.1
(C4’), 101.9 (Cl), 122.6 (=CHin), 122.8 (=CHin), 125.4 (Cpeta),
128.0 (Cortho) , 137.0 (=CHin), 137.5 (Cpara), 145.7 (Cipso) -

Example 5. Synthesis of mono-6-deoxy-6-pyridinium-g8-

cyclodextrin tosylate.

A mixture of mono-6-deoxy-6- (p-toluenesulfonyl) -B-
cyclodextrin (1.289g, 1.0 mmol) and pyridine (0.237 g, 3.0
mmol) in DMF (5 mL) was stirred under nitrogen at 80 °C for 2
days. After cooling to room temperature, acetone (25 mwl) was
added to the resultant solution and vigorously stirred for 30

minutes. The solid formed was separated by filtration, washed
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cycl odextrin tosylate. 25 A m xture of nono-6-deoxy- 6-
(p-toluenesul fonyl) -,C - cyclodextrin (1.289g, 1.0

wornwbsps@nd pyridine (0.237 g, 3.0 mmol) in DMCT/SGI00)/000413
was stirred under nitrogen at 80 C for 2 days. After
cooling to roomtenperature acetone (25 nL) was

.., add 0 i on jand vi orou stirre
with (& e‘%dltel% m nu?fggi?r éd Peffed Vi ‘ér%p%%t guVby ¥ White
solidfilt1asion, svashey, m2§.V@BQOQ5iOﬁ§509

PCT/ SG2004/ 000413 w th acetone and finall y dri ed

de(r cuum to |ve white solid & 163 9,

ﬁﬁg K%g 2hi &3 4er BREP) \63$394143675 131%6 11154 1158,
13 133 115 10807 10321 9 6 577

1080 (Eﬁfp?zrﬂe%?el atgle\%e %Q?nt gﬁhsn ty%g% ,&:?LSlIQ'G 60 (M, , refative

intengppy %) caldq6-£096(M72; 10P1.,3@al-cOFs,11900)2 ; ch’VJ:cBO ("OTs,
(300 MHz, DMBO-d6) 6: 2.29 (s, 3H,
100)'(:%—%%‘%} AR A (overlap with HDO, m 14H, H 2cD
and H-4cD) , 3.55-3.67 (m 26H, H5cD H 3cD and
‘&E(NMR (3(3) @13, IMEM dAH,6 HACD) (s 4318, (AH3rHH, 31103 .47
1083Hz o+6) , 4.28 (t = 6.03, 5.61
(over;ap VPFK6¥ 4 W5 @ﬁHﬁl %pra@ﬁzé 4@’613H§51§+Q% (m, 26H,
H- SCD,4H5§8D(tandZ*ﬂI $¥ 5., @%b35982_§#ﬁ'2 29"’@681‘}' 6Q; . ( 8 @"021%{ J

= 10.04, 1P.83 Hze. @H-IzG),H-‘l )38 5(1638 H(.d JlH 6J03, 250151HH,Z, OH-

A A B 15006 (8 -

" 5.61, -€I—|rmt HES) QH-%)48 4d602Ht JiH,8340 H, 6 FCHor 6h, HES) ou-6),

13 (t, 2H J.=  7.23, 6.84 iz, c}ps&l/ 8. 64 (1,
+.77-4188 @, g B - bb 15, 2c4d14 oz pHH-3 ). 5.58

03 Lz 13 5
o 28,18 57 0By S LD U B By
6.06 611 6 {C6)7 70.2.QCHY,, GA-B),, 71.90 7&A,1,2H72J3,=73.62 Hz,

~Chmegehy's) (6 {0 4818, 18148 For ey i (£, H, T -

7.23, (et afis) =cHLZZ,.9,(@Bpw ) (t, WaB. @ (Lost baTsy.6s8lBZ,5=cu-
(CparaTs) 145 4 éCI sQrls)

doyr), 9.01 (d, 2H, Hz,  =CH-2pyr) -

¥C NMR (125 MHz, DMSO-ds) &: 20.7 (CHars), 58.7 (C6'),
59.8 (ce6), 60.8 (C6), 61.6 (C6), 70.2 (C57), 71.3, 71.9, 72.1,
72.3, 73.0, 73.4 (C5, C3, C2), 80.6, 81.4, 82.9 (C4), 83.6
(C4’), 100.9 (C1’), 101.8, 101.9, 102.3 (C1l), 125.4 (Cpetars),
127.9 (C3pyr), 128.0 (Corthors), 137.5 (Cparars), 145.4 (Cipsors) .
145.5 (Cdpyr), 146.1 (C2pyr) -

Example 6. Synthesis of mono-6-allylammonium-6-deoxy-g-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl)-B-
cyclodextrin (2.578 g, 2.0 mmol) and allylamine (0.343 g, 6.0

mmol) in dimethyl formamide (5 mL) was refluxed for 5 hours
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145.5 (C4pyr) , 146.1 (C2pyr) 25 Exanple 6. Synthesis
of nono-6-al |yl anmoni um 6- deoxy-, 6- cycl odextrin
w0 owglostee2? A sol ution of PCT/SG2004/000413
nono- 6- deoxy- 6- ( p-t ol uenesul fonyl )-p- cycl odextrin
(2.578 g, 2.0 mmol) and aIIyIanine (0.343 g, 6.0 30

f was refl uxed
undex Bitkobgat) TREEKY RCTRGLCE! 2a0h) SRS tey qar etone
(25 mhi)t wegenddAfit e thel irﬁ%utlﬂiah@logbﬂ.ﬁﬁﬁe)lhabhﬂest@%@%@lﬂ@or 30
. 25 dded_.to the resultant _sol ution an
minueEE?, ey Bhi85" Sk EormeRo AR Lo1S0TRd Pornaainds under
e [ n g i v
et o pr ot (3 e (545, BYSREOT2 1§ 082

%) ; mpded4P *C|{I¢®BY) v: 3426, 2926, 1638, 1445, 1411,
1334, 1157, 1080, 1032, 943, 760, 700, 639, 575 cm 1.

MBS (E i o} 174. (

Yooy - ERu(RE) 1 15q30550  293bg0 Tty ohuggy Tadl (1SS
1157, 1Im8m7 10821 HoABR (7500 Nblb @B@Q d6k ém“l éDlv)@ ((EI 3|ﬁh/e,
reac G byt 83ubt 13t doz G2l & Sl i

171,381 (hor0 26 , 1k &t 269 +h4cD and  CH2), 3. 60- 3. 63
U o A s e e 1 Gy 3. 80 (1, ik H

3 cD), 480 (s br. TH OH6), 4.83 (d 6H J = 3 65
Hz, HTIi)NMR_Ls 50 B MK, IlMBOst:) :§. 25 2H29 Hsl) 316, THih:)38

, 7 r, 8
283 g]—k s §58§ Bl E‘5§7°D fﬁ‘%&% 3“'7@ itz,
H-4'3H3 :Bz_ -833(54Hz(pve<ﬂﬂlrm;t aalt;h HD@S (xddéalﬁ; _ lem I&CEsisésizand
o) 25 e | (Mo B il ) I g@%%&@)sc@g 20t i, .
3'w) , 72, @)o( Q%) br!21%,( S0-6 g73 40 83(Q%1) 62l & C@Tgﬁﬁz, H-1),

01.9 (4 125. 4
4.87 {dg. 1H(Oé5r‘r‘h3))25 1130 B-1) %)1613739 (@eaﬁH) cmg)s 15.67

( S0):;_Exa S%nth f _ _
(s brfmoﬁ% 6@_)13(3%2231[7%:?%_6?0 o a nﬁ)gn%_z’:u%c_i OH-3), 5.81-5.87
(m, 1H, -CH=), 7.12 (d, 2H, J = 8.30 HzZ, =CHpe), 7.48 (d, 2H,
J = 7.85 Hz, =CHoreno) -

3C NMR (125 MHz, DMSO-ds) &: 20.7 (CHs), 40.9 (CH,),
50.6 (C6'), 59.9 (C6), 69.0 (C5’), 72.0 (C5), 72.2 (C3), 73.0
(C2), 81.2 (C4), 83.6 (C4’), 101.9 (Cl), 119.8 (=CH,), 125.4
(Cmeta) , 128.1 (Cortno) , 130.8 (-CH=), 137.9 (Cpara), 145.1 (Cipso) -

Example 7. Synthesis of mono-6-deoxy-6- (n-propylammonium) -g-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl) -3-
cyclodextrin (2.578 g, 2.0 mmol) and n-propylamine (0.355 g,
6.0 mmol) in dimethyl formamide (5 mL) was refluxed for 5
hours under nitrogen. After cooling to room temperature,
acetone (25 mL) was added to the resultant solution and

stirred for 30 minutes. The white solid formed was filtered
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cycl odextrin tosylate. 25 A solution of _
nono- 6- deoxy- 6- (p-t ol uenesul fonyl)-, 3- cycl odextrin

W@ 200588609 2.0 mmol ) and n- propyl am ne (0. 355 PCT/S62004/000413
mrol ) in dinethyl formam de (5 nmL) was refluxed for 5
hours under nitrogen. After cooling to room

t 25 dd t he
and abEERELAMEE CuacBiR RSN S3BE) HPaqiPe: Che AeRaTed. prRGuct
(2.64whi te7sel &l; fapredswascf (déered -30 WO 2005/ 056609

PCT/ SG2004/ 000413 and dri ed under vacuum over ni ght

t t he desired product 2.64 97.9 %; np. 260
co(gleilﬁ) (KER (eisr 97, 33828, 20688, 15480, 14394, 13341,

1155, (1§@é-o i@@% §Q§0 7§9327034357;5?&“—170%65@831‘:mﬂ( M

rel atlve |ntenS|ty
relati1ye) intahedty 1976, 1476 . 501(80°(-10®),, lehletalrtiie. 44;

500 PVBO- d6 6:085t3HJ
17138 "ol ﬂrz‘ﬁ 1(cc91 le\@z( - 2H, J)= 7.23 Hz,(CH2) ,
2.29 (s, 3H, CH3TS), 2.63 (t. 2H, J = 7.23 Hz, CH2),

2 89 ’(HtNMR 1t300) MEA. FMdd.d i B0 :20'. 85 .(£3. B, (& =1H, 62
4' CD) 3.34 - 3.44 (overlap Wi th HDO,

Hz, C%Iﬁ> rlzé‘H 4%%%d 4+—4c70)23 31543183 e 927K, BHSCOHz#d) |

d b 7 7 4. [ _
2.63 8\|E_3l,D %ﬂl b+ £ Gli))23 I?z,S?CI(I »]—%_Igﬁd_l- g&% J 488}_%%}[32 H
2’ ) /536125, (¢-9 Q-H]a 'I4H 1@452 HandHa%l- &)) 3. 3@ -( &} .42H, (vexlap

= 62 Hz,
with inl‘?%ur'{‘hol';‘”g';r‘g 4%2% %ﬁﬁsdo%% g R fogsy, H-
3co and0HZ6LOH3),. 7830(t 61(&9-@ ) 54(%#|2§s  b20. QHK%HJG)

c5' c3), 73’0
4.83 ?@)Gé 1)‘51)(04‘5 S85(= )(@i')H 31)011 9.6+, o b aan, -
t 21 (Gprihg)g, ( Cpar g 4 _
and Ofg%%'sgg' 20 @'aﬂf Q’é Synt eS| s of metal s .48 18 m, o
7.62 Wopno-GidenXy- 6-(n but yl ammoni um -, 6- cycl odextrin
tosyl ate. A solution of f | odext
nono deoxy- 6- (p-tol uenesul fo - cycl odextrin
(2. 5713 CogiM yél IilzanHMﬁngt)yI%:mWe?( O(%Q g20.7 (CHs),

30.6 (CHz), 34.5 (CHp), 50.2 (C6’), 59.9 (C6), 69.0 (c57), 72.0
(C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.5 (C47), 101.9 (C1),
125.4 (Cpeta), 128.0 (Cortno), 137.7 (Cpara) , 145.4 (Cipso) -

Example 8. Synthesis of mono-6-deoxy-6- (n-butylammonium) -3-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl) -B-
cyclodextrin (2.578 g, 2.0 mmol) and n-butylamine (0.349 g,
6.0 mmol) in dimethyl formamide (5 mL) was refluxed at 90 °C
for 5 hours under nitrogen. After cooling to room
temperature, acetone (25 mL) was added to the resultant
solution and stirred for 30 minutes. The white solid formed
was filtered and dried under vacuum over night to give the

desired product (2.65 g, 97.3 %); mp. 263 °C (dec.).
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6.0 mol) in dinmethyl formam de (5 nL) was refl uxed at
90 C 25 for 5 hours under nitrogen.. After cooling to
WO omssdeenper at ure, acetone (25 nlL) was added POI/8GE04/000413
resultant solution and stirred for 30 m nutes. The
white solid forned was filtered and dried under

o2 oy TRodet 3 56820 ¥8okl V16955, R D05 caaa5
1302, PC16$(20040000433, bR3( KBkl V7033827529481 . 31@540@3114131» e,

1369, 1335, 1302, 1157, 1080, 1032, 943, 756, 704
relatdje] InVBREESY, Sht e 119PeKAt i(VH' | nt@Pbi t gabid. 11980 406 ;

00 4 171.30 (-Ors, 28 | cd.
171 ) A 00t Wb ovBO o) S 085 (1, aH 3

= 7.23 Hz, CH3), 1.27 (s, 2H, J = 7.65 Hz, CH2), 1.41
(s, 2|1—I;I NMR 7560 Mz, IR - ds)2 28& (cs 8=BHt CH&Is)J 7.23
. J =7.64 Hz 83 (t,
nz, by b2l G, 5707 (b T A8 ) T ey 62

Hz, c8,8] 2.3:46s( over! thz"EP d2H sH26Dsan8,  cn
g Ff);gch) , 188( 54- 3@%§V\ym 27H, IB—?-SCD H 3cD and IZ—I5 D3)

2.83 <t3 ?E (¥, =18 8B+ EZ@D){ 2" . 5 (05 bd, GHE, CJ—I—=6)114228312,

, H 4. H, .H
i ann, 0 g e i o, b Wagaddh-ew
3.54-3.48 ((nh 2HH, JH=58&,,041-Hz;, awm;m) 13&:;@2/51:(,1251 SMHZ3 ),
8: 13. :

4.50 2'\/5bre3 @gHZSJH 61 ( %B(F sgg Hsae @6} - 856457 %@5 ;-I 1),
5.64-82810 (m(CE)aH 78}142(@%&1 oﬁ33§) (Q?Z)LQ 34, 52h04b =83, 64 Hz,

(CAl 9 (d), (Cme 0 (Cor ho)
=CHyeta) 137 748 7(@Cp%Ha)J —181 (5441{7((: *@é&}ho) Exarrpl e

Synt hesi s of nono- 6- deoxy- 6- (n-pentyl anmoni un) - f3-

I 20 A I f
%ﬁt"‘é’?ﬁé@i@ GI M RB R85t 2367 (omroucd -6 nictt)
20.7 ((@H?)78 & Gomyol hsa@d <r¢raoqnt HaE ned)0. %32 0. <c56 )0 72.0

in di msthyl formani de (5 nl) was refluxed
(C5), c72fér<§3heuﬁ§ gndga)nuaaogemC4»¢téB Sodlng , téoﬁoanﬂCl),

125. 4tg )at U gs GCREONE) (2239Ly vRS addef Lo the .

tant

Example 9. Synthesis of mono-6-deoxy-6- (n-pentylammonium) -8-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl) -8-
cyclodextrin (2.578 g, 2.0 mmol) and n-pentylamine (0.532 g,
6.0 mmol) in dimethyl formamide (5 mL) was refluxed at 90 °C
for 5 hours under nitrogen. After cooling to room
temperature, acetone (25 mL) was added to the resultant
gsolution and stirred for 30 minutes. The white solid formed
wasg filtered and dried under vacuum over night to give the

desired product (2.65 g, 96.3 %); 266 °C (dec.).

IR (KBr) v: 3402, 2922, 1639, 1418, 1370, 1335,
1302, 1157, 1080, 1031, 943, 755, 705, 577 cm™*. MS (ESI, m/e,
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25 solution and stirred for 30 m nutes. The white
solid formed was filtered and dried under vacuum over
wor@hnsdee® gi ve the desired product (2.65 g, 9PCBSE004/000413

266 C (dec.). IR (KBr) v: 3402, 2922, 1639, 1418,

1370, 1335, 1302, 1157, 1080, 1031, 943, 755, 705,

577 cm1. M5 (ESI, me, -32 WD 2005/056609
relatpegy 35!@%’6%?-5@0&13 120f 850 VO nt iy @glcd ool Bh-47;

( 1 1 v 171.3 (-COrs, 16) , calcd.
1713 E}AMN o%)ﬁ ’N%I(:"g%o%ﬁwmde) 6 : 0.86 (t, 3H, J

= 6.42 Hz, CH3), 1.25 (s br, 4H CH2) , 1.47 (s br,

CHD NM sMHz,s I3GO-CHBTS) : 2.-85 (U, 2H, OHR) 6.42

2H, B. (2390
e, B8P allos th $E2 4 1200 e s 28, Eidly M 300 (e
3H, cnﬁg)HzC@ (t3 5}1 3cﬁ§ (m. 8%7Ht HECD u 30D, andi2 (4,

CD) g 1H H3'CD), 4.48 (s br, 6H OH6),
1H, J4-8141(%2 %w Er jeo) 3.-88 ¢s3-46, (AVErlap sEtd EDO,nm,

2 OH-
o, A B a5 Gy GRS BAS e e
3.75 (ﬂZSlWHZH @Nﬁﬂ}d@) 48: (353b8‘ (6H3) OH2@)7 @CH32) (S ZH, 8&-1),

8,.5 0,6 .3 ; 59.
486 {6) 10 o6 1h7 BCBE)5 95, bR CBAR 7989, aaf Omk2b. (Bof2 (.
28, J84. é £$41z, 83cE, LG4 )7. 4810(592(}9 )3 125, du (KBt eo) -
128.1 (Cortho) , 137.9 (Cpara) , 145.1 15 (G ps0) .
Exanpl e 10. Synthesis of
nono- ZCaNMR| dh@on Miim, 2 DNEOXx s) 63 : cy@laadéarﬁ;)i,n 20.7 (CHs),

218 GRNG dhes h Fliiyt pO SoyeRabottin (465bo 59-1. 6ol §5-2

(C57 )anwzad)lydzs)am ng.42(03) 3579.020canpl 31in deapthys.s (ca’),
sul foxide (3 nL) was refluxed for 6 days under

101.9n{€}bgeh25 The (Fesel t a8 -slol (Horon) wad3 208! étotro + OAR -1

)t enper at ure, added with acetone (25 nlL) and stirred

for 30 mnutes. The white solid formed was filtered

and dried under vacuum over night to give a desired

Examppe otilct $unkBegis9af omofo-2-2blypamBS0i@nf dededpxy-L-

cyclodextrin tosylate.

(Clpso

A solution of mono-2-deoxy-2- (p-toluenesulfonyl) -8-
cyclodextrin (1.289 g, 1.0 mmol) and allyl amine (2 g, 35.0
mmol) in dimethyl sulfoxide (3 mL) was refluxed for 6 days
under nitrogen. The resultant solution was cooled to room
temperature, added with acetone (25 mL) and stirred for 30
minutes. The white solid formed was filtered and dried under
vacuum over night to give a desired product (1.25 g, 92.9 %);

mp. 250 °C (dec.).

IR (KBr) wv: 3438, 2929, 1639, 1448, 1413, 1335,
1158, 1079, 1031, 942, 761, 701, 640, 574 cm™t. MS (BSI, m/e,
relative intensity %), 1174.40 (MH*, 100), calcd. 1174.42;
171.30 (0Ts, and 26), calcd. 171.01.
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IR (KBr) v: 3438, 2929, 1639, 1448, 1413, 1335, 1158,
1079, 1031, 942, 761, 701, 640, 574 cm 1. MS (ESI,
wWont@s/056ed ati ve intensity %9, 1174.40 ( M+, 10BJT/SG2004/000413
cal-cd. 1174.42; 171.30 (-Ols, and 26), calcd. 171.01.
-33 V\D 2005/ 056609 PCT/ SG2004/ 000413 1H NMR (500 MHz,
Q- d6), 5: 2.29 (s 3.25-3.46 (m 14H,

EMB: $val XAy tIPMSrQJ:%s) @ 5@ ?998(9(m3128HCHd+ 3.25-3.46
6 4 4 80 49 7H
o, fP O ATy I 088, 420 oy ey
3,5,6) 4.B7-%.145 m+37H, 50B- 65, 54680 { f 92H(m;(:|m,, CH-1), 5.16

@, 5185 2 T I 5 Bl 5 80 (M L (@00,

5. 56-3H,6OJ (-m 8.230 HECH2=)QHOJ 1g%0-sArgBln,C)12H,7" G- NVR ,(1§581 5.86
DVBO- d6) 5: 20.8 (CH3), 30.7 (CH2), 48.8 (C 6),
(m, 1@8 2CHe) 6) 7-89. 49,C28), J76. 1-86- By, ?@Hzetzsasor(wfl » 7.48

@, 8§ 8 8spried (il B, 29 (S0,

125 5 (=CH2), 128.0 (Cneta), 130.9 (Cortho), 137.6
C:COEMR  1BY5 6MECpabHpO-daM5s 7 2T P5OTH;) EX&&pVe((EHIg) 48.8

(C-6) oy Ao kTR Todydh o1 m BBt T O o 7373 (m, ¢

2,3,5)2- denxy- ee(ﬁrioheeeeqld-fzonylﬁg ,H- (eye) pdext pi- @2(6 2Gh, cC-
4.81 mol ) and n- 5) am nemg9 950 168.
4) 1§~ Jr‘P\zd?ne(t"hyl Csi) # ox Qfeﬁtldc ) wak2pefl u(><=&i{29@r 528.0

(Coocafi2VE20NIe(0 DL 00907 ENG_ERSY, {897 g0l on vess epoled, )

room temnper at ure acetonéarf
stirred for 30 20 m nutes. The white solid fornmed was
Exampflie] fldr ed Sandhgsiied ofindeno-2adeanyoele nnpghpyilemgonéun) - 8-

red prod (5.95 9, 92.7 %9 ; np. 255 C (dec.)
cho%ﬁ"HEéPe g?&@ 2929, 1639, 1411, 1335, 1302, 1154,

1079, 1033, 944, 758, 701, 576 cnml. Ms (ESI, me,
rel at avesoAotidw e t ol -2 -ddaBy /8- (Mtolddfesul fonyl) -B-

cyc1occ:i‘:i=1:|x?:(:I.jclnl1(766 o 9,174% é310 rglmc?]-.r )S angn% %gépyciala%%nel?(lé .09150 g,
168.3 mmol) in dimethyl sulfoxide (10 mL) was refluxed for 6
days under nitrogen. The resultant solution was cooled to room
temperature, added with acetone (50 mL) and stirred for 30
minutes. The white solid formed was filtered and dried under

vacuum over night to give a desired product (5.95 g, 91.7 %);

mp. 255 °C (dec.).

IR (KBr) v: 3395, 2929, 1639, 1411, 1335, 1302, 1154,
1079, 1033, 9544, 758, 701, 576 cmt. MS (ESI, m/e, relative
intensity %), 1176.70 (MH", 100), calcd. 1176.44; 171.30 ("OTs,
and 26), caled. 171.01.

'H NMR (500 MHz, DMSO-ds) 6: 0.87 (t, 3H, J = 7.23 Hz,
CH;), 1.54 (g, 2H, J = 7.23 Hz, CHp), 2.28 (s, 3H, CH;), 3.29-
3.41 (m, 15H, CH,, CH-2 and CH-4 overlap with HOD), 3.54-3.70
(m, 27H, CH-5, CH-3, CH-6), 3.98 (d, 1H, J = 12.45 Hz, CH-3
with *NH, group), 4.46 (s, br, 7H, OH-6), 4.67 (d, 1H, J = 6.81
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1H NMR (500 MHz, DMBO-d6) 6: 0.87 (t, 3H, J = 7.23 Hz,
CH3) , 1.54 (q, 2H, J = 7.23 Hz, CH2), 2.28 (s, 3H,
WERBF/0568029- 3.41 (m 15H, CH2, CH 2 and CH 4 PYESGZN04/000413
with HOD), 3.54-3.70 30 (m' 27H, CH5, CH 3, CH6),
3.98 (d 1H, J = 12.45 Ft, C}+3 mﬁth +NHQ group)
4.46 (s, by OH 6) 4 WO
Hz, C@o@sﬁ@@%@so9\“1‘-2GEPSGEE@O4/éoé)%,léd HzGHcrl?z—\M%fﬁ%Nﬁ% CH-1),

4.91 g&?“gﬁe 3 8’23&5_'811@\% %H_FJN@_.S.&?;%\THZC@T&S) 459%0( d(dc Hu, g

- Hz, HoH-BH, 35,6%. 63,.( 6H, OH-2DH 2)705 (to BH, EH :6 ﬁ26H4az OH-

5 5 , H,. 3 t
3, e T, By W2 Bk e dr ikl o ad 0D 7,
8.04 @1‘%’, 2, = a@oﬁléth“lé) —@4(4,8”(@ mprrat i=C)s . oz1131€)zl\ll\/Bc:Hom20
M, DVBO-d6) 6: 11.3 (CH3), 20.5 (CH2) , 20.8

aroma(i@ﬂB) 48.1 (CH2), 58.9 (C-61), 59.8-60.2 (m C6),
69.6 (G 5'), 71.7-73.2 (m C2, G3, C5), 74.9
tﬁ:-sng (76,5 Miz 2" Iyqued67)967 (nzB)(CIM.,o-@z-.% (¢H2) , 20.8

(e g1 hRh (8% 9 gleys!V 4 ga¥ee el (ggfy” 658

57), (. Jﬂig)adExa(mpl et(:Jaﬁ Syhtalt,hesrlSs) ,0f74.9 (c-37), 76.6 (C-27),
nono- eoxy- 6 i met hy but anmoni u
79.7 &t hyl Bt U 98-QyéPod&xerin {%%‘elol%% m(‘ﬁ' c-1), 103.6

(C-1° ‘)hrel% neck(c290s . round-potéoneg § askeqi pees, )W tins 7

condenser, nitroden inlet, stoppefr and magnetic
(C- 1T5t|rrer was pl aced nono-
6- deoxy 6- n- but yl ammoni um 1i - cycl odextrin (6.82 g, 5

Exampgm) é(%obt | %%?xe%risa%efl ‘% cﬂgﬂ)ﬁh é']a(qllqr?e% ri eﬁj-butyl

under vacuu

ammond Bt Pii-iet Aphdad( ﬁgayﬂ‘ﬂ.bdeﬁﬂri'helsdidél on was
stirred and cooled to O C by ice-acetone bath and

th di hydri d 5 . [
o, Sogtn b e [ 20 00 Bl B0 L spol e
with tae'r:'})&ld%tn%%?% lerltx%glén nefiy!, 1R A Hhd tdgndtid? stirrer

was added and the mxture was stirred at 0 C for
was pﬂwedrmn@ﬁod@wémwwlm%%mycmxtrm (6.82

g, Cn?n%i)nugkljlsaf}léér fEQc;rpe%cipne%@d g,hexm%{&qrﬂgw been dried at
60 °C for 1 d under vacuum, and dry dimethylformamide (100 mL) .
The solution was stirrea and cooled to 0 °C by ice-acetone bath
and then sodium hydride (5.28 g, 0.22 mol, 60 % dispersion in
mineral oil) was added. After maintaining the temperature for
2 h, methyl iodide (14.0 ml, 0.22 mol) was added and the
mixture was stirred at 0 °C for 1 h. The temperature was raised
to 10 °C and continuous stirred for 1 h and then to room
temperature for 3 h. After the addition of ethanol (18 mL) and
saturated aqueous sodium chloride solution (200 mL) containing
Na,S,0;, the mixture was extracted with ethyl acetate (3 x 200
mL). The organic layer was dried over Na,SO; overnight,
filtered and removed by rotatory evaporator followed by high
vacuum overnight to give a foam sgolid (7.30 g, 89.8 %), mp.

79.0-81.0 °C.
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tenperature for 3 h. After the addition of ethanol (18
m.) and saturated agqueous sodi um chl oride sol ution

W@ 2068/0sd6Y9 cont ai ni ng Na2S2QBi t he m xt ure wasPCT/SG2004/000413
extracted with ethyl acetate (3 x 200 ni). The
organic layer was dried over Na2SO4 over ni ght, 30

f||t and renpved rotatory evaporator foll
‘éﬁg) v3du er l"ﬁgéﬂt the %‘%‘\/e1§6£oan3r%%q'l d1??330 1159,
1105, 910&% 8 #o, Mos.59.4581. 9L 735, W 2005/ 056809 EsT, m/e,
"PCT/ SG2004/'000413 " I R (KBr) v: 2931, 2831, 1654, 1462,

relatizpo inf3mity153) 120%.91008, 97a0) ,908a$cd8564973528, 126.8
- (ESI, me, relative intensity %
, {8, é%m&* %‘&cﬁ@ cal cd. 1498.8; 126.8 (I-, 100) .,

calcd. 126.9. 5 1H NMR (300 MHz, CDC13) 6 0.93- (t,
3K, NMR= (Z020MHzZ, CB33)13) 51.0363(qt,2BH,J & 7.232bzHz, CH;),

1. 70 = 6.84, CH2 3,06 -
1.36 C&?) 1By J3= (2 33%%7 (Fhiz)20H - Wé(q' 52H, cﬂzﬁ(@é“}m 2§ Hz)

3.06 »-3. 33021(S(n121H7HOCh$~)2) 334327(3 13H, - OGEB) 298, 52H(§ 4.5,
21H,~ OCH3) , 3. (m 12H, H6), 4.25 (t

CH,N (€H8) 32 31@0Hz(s H-251)H 40@13), 5.20 (m mHHch;Hg)’sca\m (s,

21H, goé_%y“zgi%gcl 6;813 y 61_1—12 %)(t %ﬁ J = 8.82

Hz, H-G)5) 4.65%. 9 6C&05Xm,68H1 fC1%)., 70 6 - 71 7 (m
C-5,6), 72.8 (C-6), 75.9 (C 6), 78.4 (C 4), 80.88-8
4 - 4,2 3 C: 97. 15 1) , 98,
(8%3 1& 9&51 Mgz ') CD%)(z ‘?Ic)13) g‘é&?( )3, EHahpl 24-7
(CH,) 1351%”?113@13%)3 Qi7 @m &1 391 (R; %@ﬁqu -645; 1Cy€d-<lﬂe><tefé N (c-

A m xture of nono- 6-azi do-6- deoxy /'6-cycl odextri n
5). 6(95180(@-5)5 "of) - pilepar e f@ome6), 72.8 (C-6), 75.9 (C-

9) . 78 L by R S B o T2 Y VY e (o

1), 98i IBor(S,'kll) G99Kmnr&caxzel 390 2F{T- 1, nopl161l(cany.
tri phenyl phosphine (1.443 g, 5.5 mvol) in DVF (10
red at roomtenpneratur for hours. The

Exampﬁjés&paaﬁynlggfaﬁ%?oﬁfvﬁgngd&e gniger BrfsedY nAr 8Y CLedeXRE T -

and reflux for 2 hours. The sol ution
A mixture of mono-6-azido-6-deoxy-B-cyclodextrin (5.80 g,

5 mmol) , prepared from 6-0-tosyl-B-cyclodextrin using
previously reported procedure by R. S. Petter, J. S. Salek, C.
T. Sikorski, G. Kumaravel and F-T. Lin [16], and triphenyl
phosphine (1.443 g, 5.5 mmol) in DMF (10 mL) was stirred at
room temperature for 2 hours. The resultant solution was added
deionized water (1.0 mL) and reflux for 2 hours. The solution
was added acetone to precipitate the white solid and the solid
was filtered, washed with acetone and finally dried under high
vacuum for overnight to give pure product 5.50 g (97.0 %), mp.

275-277 °C (dec.).

IR (KBr) wv: 3428, 3311, 2928, 1659, 1438, 1414, 1389,
1369, 1334, 1156, 1080, 1030, 947, 755, 707, 609, 580 cm™*. MS
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was added acetone to precipitate the white solid and
the solid 25 was filtered, washed wth acetone and
wo pwalosesodr i ed under high vacuum for over ni ghPCT/8GHI0¥@00413

pure product 5.50 g (97.0 %, np.: 275-277 C (dec.) .

IR (KBr) v: 3428, 3311, 2928, 1659, 1438, 1414, 1389,

1369, 1334, 1156, 1080, 1030, 947, 755, 707, 60 9, 580
(ESI, ci/e, WBlabigewdryousiioneeoy PEF?6c2004MoB041300) ggcaled.
1134. ige, relative intensity o), 1134.50 (MtrH+, 100),

calcd. 1134.30. 1H NWR (300 MHz, DVMSO-d6) 6: 3.34 (m

30H, H3,5 H6, NH), 3.56-3.65 (m 14H, H 2,4),

W AQME. 46 00m MG, mas@)dgn 83 .34, (8H, 3PE 2HO3Hz, H-6,

ony, e 8 b ey 06 g e tend BR T 4,00

514?2 &) (@R)o H2, 41-11G 32,8938, (G15)7 .= 8. 6,182, 1&1”@ A5, 61~
9 (C1). Exarrpl e 14. Synt hesi s of

5.77 h’onol‘BHde@%yZG?*)(trl met hyl ammoni un) 10 pernet hyl at ed
P-cycl odextrin iodide. In a three-neck, 250 nL

1eURLARDOL4OMRE, f | aglsoeqyl PRed sgnd h(élév)ondﬁﬁs@r (C2), 72.4

ni'trogen 1 nlet, stopper an magnetic stirrer was
(C-3) plazed (@D}, 68:an$no8:6 Bebxy4) 3-19Ll 2dEXtEN n (2. 268 g,
2.0 mmol) obtained in Experinment 13, which had been

ri at .60 15for 1 d unde ug
Exampﬂ mgtq‘ﬁyl ‘?’%ﬂtﬁ:e m?ﬁlo %h&egﬁgl uﬂ%ﬁm\/\%gﬁ%% irred nium)
perme@lﬁ'ﬁlé}@@dieﬂ &ﬁcﬂo@eﬂtyriﬁel@@ﬁd@ne bath and then sodi um
hydride (3.68 g, 92.0 nmol, 60 % dispersion in

m neral _oil) vvas added After i ptainin .
Fomger SPGRE-PEEE: 2 50 malihy FOPBr BECEEBe0s 6 2l cptuipped

with ?r@l)}déﬁée@ddﬁ@t%BSehhgnggtm P etasindt inf t%tc GG rrer
hé tenperature was raised to 10

was pdmiad]uﬁlgsosﬁramerlOf-GrdQOhYaﬁdCYﬁbﬁdeﬁtrmm(2 268 9, 2.0
o) | IPELALNT S0 ol pehitl 95 ¢ IR0 L gy Shfonel o o o
for 1(H00uder coataimi ngndNaiZz%z@iméﬂeymdfmma@s(so mL) . The
solutiezv(lgr%g;egtx\ﬁrtrgdeég lcggfégtgo(g 3(0 ]b(j)yg ice-acetone bath and
then sodium hydride (3.68 g, 92.0 mmol, 60 % dispersion in
mineral oil) was added. After maintaining the temperature for
2 h, methyl iodide (13.058 g, 92.0 mmol) was added and the
mixture was stirred at 0 °C for 1 h. The temperature was raised
to 10 °C and continuous stirred for 1 h and then to room
temperature for 3 h. After the addition of ethanol (5 mL) and
saturated aqueous sodium chloride solution (100 mL) containing
Na,S8,03, the mixture was extracted with ethyl acetate (3 x 100
mL). The organic layer was dried over Na,SO;s overnight,
filtered and removed by rotatory evaporator followed by high
vacuum overnight to give a foam solid (2.67 g, 84.2 %), mp.

89.5 - 91.5 °C.

IR (KBr) v: 2929, 2833, 1459, 1369, 1232, 1192, 1159,
1103, 1037, 970, 893, 854, 752, 705, 555 cm™. MS (ESI, m/e,

-37-~



10

15

20

25

25 nL). The organic |ayer was dried over Na2SO4
overnight, filtered and renoved by rotatory
weraposador foll owed by high vacuum over ni ght P€DSG20€000413
a foamsolid (2:.67 g, 84.2 %9, np. 89.5-91.5C IR
(KBr) v: 2929, 2833, 1459, 1369, 1232, 1192, 1159, 30
1103, . 1037,, 970, 893, 854, 75 705 5 ESI
relatfye, 1REIYFL0GE/ 056668 -BET/ S 001Wobu1 o098 1 1ABE - 75

127 3bngfﬂs'1td’0)°/9 caldP. 96,4 My, 100), cal cd. 1456. 75;
' 30 (1 100), calcd.” 126.91. 1H NWR (500 MHz,

CDC13) 6: 1.24 (s, 9H, CH3), 3.15-3.27 (m 7H H5),
31 38MB. 7((50@mMszJ,H CPF?33)6)53 1623 468 ( nPH18IGH:) b éeH:% 3.27

(m, 7%%5%’6 50 %"&32% 2%61838%) (m, 2%"4 4%}5"3)

OCHa,) Hré,) 42-4..33 (t(m,ll'ilHl 05:}@7 Hz3 . d6-4) 631 9(8&5 zzHcmOCH3)
H1). 13C NMVR (125 CDC13) _S:
3.72- %49@ 8. OLeH: 4H( Ry 4) 2 stlO 6!EH:31Hs ciils 4673]4 Hgg. -4

4.33 Z:Q,71ﬁ1 § Lmy 6375HZC'1@4) 19, 5@ § 258(n?f; 131@ 2H82) 1 (m
-4,7C3, C3j, 837, 96.1, .1, 9, 2, 99.4,
99.8, 100.1 (C1). Exanple 15. Synt heS|s of
E‘meww @-26meHzy | icmcdaxobt uBy - 66(cmoc,l gdexd,ris8.0-61.4 (m,
chl or i de, exan‘pl e of exchange - Ols vvlttz ot her
2-CH;z gniégfrdls, 1%CH 3), 67.4 70.7-71 m, -5, C-6),
76.4, Nb;%o?,ﬁ dg®xy- @z(imt(h\)ﬂ 'dU@aZ@LBUW)c (33) CV@i Oﬂexb%l B, 98.1,
tosylate obtained in Experinment 1 d9 .8 mmuol)
98.9,wa8.2di 980kvedi &, 5004 . Hei(Gni sed vvater An anberl ite
900 (d) resin was used for anionic exchange to

t aj rystal ol
o 40, YA Ty 8 014 a0
cyclo@exéﬁlﬁ4%lbhrlﬁe34‘(/ekhm§lé7&(cf SexcRang& oEOlmlE‘s @rith other
42.83% H 5.97% N 2.22% S: 2.87% MALDI - TOF:

aniong)gg 1831 (M|, Calcd. 1200.1920; IR (KBr) v: 3410. 4,
1639.7, 1410, 1158.1, 1079.8, 1030.0, 998.6 cm 1. 1H

R (408 M. s DVROLH6) 1 St 02881 amP- #9481 oQUEE L 2R
tosylate obtained in Experiment 1 (1.09 g, 0.8 mmol) was
dissolved in 50ml deionised water. An amberlite 900 (Cl) resin
was used for anionic exchange to obtain a yellow crystalline

solid (0.982 g, 100%); mp. 226.8-227.8 °C (dec.).

Elemental analysis, Calecd C: 42.84%, H: 6.34% N: 2.17% S:
2.75%, Found C: 42.83% H: 5.97% N: 2.22% S: 2.87%; MALDI-TOF:
1199.1831 (M+], Caled. 1200.1920; IR (KBr) v: 3410.4, 1639.7,
1410, 1158.1, 1079.8, 1030.0, 998.6 cm™

e

M NMR (400 MHz, DMSO-ds) 5: 3.23 - 3.49 (m, overlap
with water-shift of DMS0-d6, m, 15H, pcD  H-2 & H-4,
imidazolium N- CHs;), 3.54 - 3.84 (m, 24H, PCD H-6,, b, H-3 & H-
5), 4.49 - 4.57 (m, 5H, PCD OH-6), 4.77 - 4.97 (m, 6H, pco H-
1), 5.66 - 5.81 (m, 12H, pCD OH-2 & OH-3), 7.70 (s, 2H,
imidazolium C4-H, C5-H), 9.07 (s, 1H, imidazolium C2-H).
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25 with water-shift of DMSO-d6, m 15H, (3CD H2 &

H 4, imdazoliumN CH3), 3.54 - 3.84 (m 24H, (3 CD
woR®a/05d809 H 3 & H 5), 4.49 - 4.57 (m 5H, (3CEXTBEB)N4/000413

4.77 - 4.97 (m 6H (3CD H 1), 5.66 - 581 (m 12H

(3ICDOH2 & OH+3), 7.70 (s, 2H, imdazolium C4-H,

C5-H), 9.07 (s, 1H, imdazoliumC2-H). -38 WO

"ZQ05NIR 66090 PCMIBG200MSI00H13 813G NMRE.100-20HA4, 123.01

. .DM8O-d6) S 137.08, 123.34, 123. 91 i m dazaol.i um%, c5
(imidgzediwBsGect Freky§? TOPPEELIVSED @,1§l,°18§.645$l30?( r 81.45
c4) , : ), 11 ) syl 6
oo &); Bt MB35 W AT 56 NP ) - 5984
ﬁm L f~the ionic CDs in asymmetric
(pep ?ﬁl)ﬁ'?ﬁée%é& gA o) %{t?[oln&gfl@ cf
6- deoxy-6- (net hyl i m dazol i um -3- cycl odextrin tosyl ate
Exampl@. 06 g, AfpUE&imn )of ntlvat Bornie GEPE Simi asymgetrdg and
4-f | uorobenzal dehyde (0.180 g, 1.458 mmol) was 10

synthe$ifred for 24 hours to forman inclusion conpl ex.
Tetraallyltin (0.103 g, 0.365 nmmol) was added to the

conpl @Xso Biieh b | 6 F 8- dbx 246 h Ous Shl 1 hDdsad BNgeY a8 ur e.
The reaction mxture was extracted with

cyclodesht bR oret ke (8% @) hndo8 HEmol) cHP JrrRE M (5 ml
[ d d
. 2 n%?%/.eérf%a?-ﬁﬁ%ﬁbﬂé\}%eﬁf?% d(gyf %3_2 1.5, Y ARAE B Gfhs

e residue was puri { rohr
stirrdidstor| 24 ibout® g vEothean eshebds ponduotpl@x 210 g,

86, 64 0), t . 0 d2 0 N 300
retragiirlenti 6 K o 380 WPl Lyt el B the Yies
and s€trr&ilieor L4 2hdEEs At rdof, tdmBetBruddl CH)xredetdlon

20 5.19 (m 2H, CH=CH2), 5.72-5.86 (m 1H, CH=CH2

mixtugegBagt exyraced with i chlerereehane) (3¥5 8Ll RRA JHee

, = 4 J = 5, . 2H [ 3 MR (75
orom bt oA OBt e
evapo#dBed ¢£B), 1Rd.bed{Bu¢, wdlS4pir{2ed, biJudelidit) |,
disti%féggﬂécéé)giég L G BRI L Ol 85,808 SFELS, Ok 18 ),

oven temp. 100 °C/2.0 mm Hg.

'y NMR (300 MHz, CDCls) &: 1.87 (bs, 1H, OH), 2.41-
2.54 (m, 2H, CHp), 4.72 (dd, J = 5.6, 7.2 Hz, 1H, CHOH), 5.12-
5.19 (m, 2H, CH=CH,), 5.72-5.86 (m, 1H, CH=CH2), 7.03 (t, J =
8.8 Hz, 2H, aromatic Hy), 7.33 (dd, JHH = 8.4 Hz, JHF = 5.6 Hz,
2H, aromatic Ho). *3C NMR (75 MHz, CDCl; &: 43.6 (C2), 72.7
(c1), 115.0 (c4), 118.2 (C3), 127.5 (C3), 134.1 (C2’), 139.6
(cir), 162.0 (ca’).

While particular embodiments of the present
invention have been described in the foregoing, it is to be
understood that other embodiments are possible within the
scope of the invention and are intended to be included herein.
The invention is to be considered limited solely by the scope

of the appended claims.
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i nvention have been described in the foregoing, it is
to be wunderstood that other enbodi nents are possible
wowrakiossedhe scope of the invention and are i NPENS&ZOH/000413
be included herein. The'invention is to be considered
limted solely by the scope 30 of the appended
clainms. -39 WO 2005/ 056609 PCT/ SG2004/ 000413
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RR RR RR OR ORN(l) 5 whereinn=20to 8;.
X is nitrogen or phosphorous; R is a hydroxyl, an
W@2108/056609 car bamat e, a carbonate, a phosphi naP€@r/S@2004/000413
phosphonat e, a phosphate, a sulfinate, . a sulfite, a :
sul fonate, a sul phate,-or RO, wherein R is 10
_linear or branched (Cl1-C20) al kyl, hydroxy (Cl-C20)
Claimgliky|l, carboxy (Cl-C20) alkyl, aryl, or aryl (Cl-C20)
al kyl; and R1l, R2 and R3 are each independently ‘
1. sel eched.trgRithe: 96aMRy genal shbadaehalbydeogn. al
i near or branched {Cl-C20)alkyl, Iinear or bra c 5
formul €1{T20) al kenyl, linear or br anched (Cl 15 C20)
al kynyl, and cycl oal kyl; or -42 WD 2005/ 056609
PCT/ SG2004/ 000413 Rl is absent, and R2 and R3 are
taken together witfh X to form a rinilhaving t he

foll owi ng structur ~R5c¥+ ) m R4jwhergin m= 0 or
1; 5 Y is carbon or \qjt ; R4 i1s®
or branched (Cl1-

rogen, |inear

R
O R %{ 3
0 R o
R
R
R
R
R
R
R_ —
o) R 04
N
R O
R
- - n (1)

5 wherein n = 0 to 8;.
X is nitrogen or phosphorous;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a
sulfite, a sulfonate, a sulphate, or R’0O-, wherein R’ is
10 linear or branched (C;-Czo)alkyl, hydroxy (C;-Cs)alkyl,
carboxy (C1-Cyo) alkyl, aryl, or aryl(Ci-Cu)alkyl; and

Ri, Rz and Rs; are each independently selected from the group
consisting of hydrogen, linear or branched (C;-Cyo)alkyl,
linear or branched (C;-Cyp)alkenyl, linear or branched (C;-

15  Cyo)alkynyl, and cycloalkyl; or
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20

branched (Cl1-C20) al kenyl, linear or branched (Cl-C20)
al kynyl, or cycloal kyl; and R5 is hydrogen,
wQ2qo30stehxyet hoxy) et hyl , linear or branched BOI/SG2004/000413
(C1-C20) alkyl, linear or branched (Cl-C20) al kenyl,
Iinear or branched (C1-C20) al kynyl, cycloal kyl, or
R6R7, wherein R6 and R7 are each |ndependently
Ra 155%?%%?%d ??%nRQH%“bﬁbuﬁr@oﬁ§$§Plﬁ@géthemyWHGQeK to form a

hb b C | i near or branched
ring HRITEY Che E?%P’?"QF o R L (Cl-C20) al kynyl ,

and 15 cycloalkyl 2. The catlonlc ol i goner of a

sacchari de according to , Wherein Rl, R2 and
R3 are each |ndependentW§9t€ ected fromthe group
consi sting of hydrogen in or branched (Cl- C20)
al kyl, linear or bran 0) al kenyl, linear or
20 branched (C1-C20) al kyn I and cycloalkyl. 3. The
cationic oligoner of a sadtparide according to claim
2, wherein X is nitrogen. ~ 4. The cationic oligoner
of a saccharide according to claim2, wherein Xis

wherepRoBproPo8%. 1543 WD 2005/ 056609 PCT/ SG2004/ 000413 5.
The cationic oligonmer of a saccharide according to

Y is gggbghlormﬁgggbgeﬁa is absent, R2 and R3 forma ring,
nitrogen, Y is nitrogen, and mis 0. 6. The

catlonlc ol i goner of a saccharide according to 5
R: is digiraden wherredar Rir i lsrafbsiesd (@izcanohmx,ormweam Nk
Y,i s carbon, cationjc

bran‘:ﬁ(?aséﬁbr 8f S EREUY L p ot LBt OF hgra’éﬂf%?% (Crd?zs%%kx’wlR or
cycloﬁmkylf)ahdRZ ORpREORRO

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
(C1-Cao)alkyl, linear or branched (C1-Ca0)alkenyl, linear or
branched (Ci-Cz)alkynyl, cycloalkyl, or NRg¢R7, wherein Rg and R,
are each independently selected from the group consisting of
hydrogen, linear or branched (C1-Cz0)alkyl, linear or branched
(C1-Cy0) alkenyl, linear or branched (C1-Ca9) alkynyl, and
cycloalkyl.

2. The cationic oligomer of a saccharide according to
claim 1, wherein R;, R, and R; are each independently selected
from the group consisting of hydrogen, linear or branched (Cy-
Czo)alkyl, linear or branched (C1-Czo)alkenyl, linear or

branched (C;-Cz0)alkynyl, and cycloalkyl.

3. The cationic oligomer of a saccharide according to

claim 2, wherein X is nitrogen.

4. The cationic oligomer of a saccharide according to

claim 2, wherein X is phosphorous.
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RR RR RR RRpR O Rn(l) 10 whereinn =0
to 8, X is nitrogen or phosphorous; P. is a hydroxyl,
w@pooesseny a carbamate, a carbonate, a phosphPCES&2008000413
phosphonate, a phosphate, a sulfinate, a 15 sulfite,
a sul fonate, a sulphate, or RRO, wherein R is -44
WO 2003 0566Q9 PCT/ SG2004/ 000413 |i near, or branched
5. (Cl- C3BF SPkyPRify Qldeprer- eSoy §|awﬂﬂaré§|eb@>@§aordm9 to
cla1m(@1 Q%le@bkﬁha1§r¥55eﬁﬁ aﬁyhn&ﬁﬁzc%gkmalk 1n % RL
and R3 are each i ndependently Selected
nltrogﬁ@qu éensisrioggnof amgddmogen0 .l i near or branched
(Cl-C20)al kyl, 5 linear or branched (Cl C20) al kenyl
i nea r d _( Ikyn and cycl oa
°- g Thghgafggﬁggggl 1§ﬁgpegf%§ sacc 5éd§c@8F8F§éngoto
5 clalmcﬂalwhéreWheRelﬂsXébseﬁtIrngQﬂuiﬁh fb@wﬁ&tkﬁﬁgc
goner. of a, saccharide according to 10 cIa|n17
nltroﬂﬁ@re¥n1§ FarPRBpREFois iS18.- A cationic ol i goner of a
saccharide of the general formula (I1) R/ Nom O R5

7. A cationic oligomer of a saccharide of the general

formula (I)

R Ry
R,
A K
X\\\
R
O R %{ 3
0 R o
R
R RQ
R
R
R
R — R
0 R 04
A\
. \i};::;g://
R
- —n (1)

10
wherein n = 0 to 8;
X is nitrogen or phosphorous;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a

15 sulfite, a sulfonate, a sulphate, or R’O-, wherein R’ is

~44-
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Ct7 ORRORM ORRORR RO ORRR RR ORR
O ORN(Il) whereinn=01to 8 15 Ris a hydroxyl,

w@eosss@ny a carbamate, a carbonate, a phosphPCEHS&2008000413

phosphonate, a phosphate, a sulfinate, a sulfite, a
sul fonate, a sul phate, or RO, wherein R is -45 W

llnearg%%w 0566%&{?%5%9%%@%%3{13@&%@% g??? lé}{nclhed

carbox&ARORYL) GlIKGA0) aahKy,| oraramyl @ -apy)lal&A: C%Cﬁd al kyl ;
R4 is hydrogen, linear or branched (Cl-C20) al kyl,

linear or branched (C3. - C2 ) al |, Iinear or
Ru. Ra (3 chre FRECEEI0) y S R i R

| o N hed
T e

lineay ionedaragychest a&%h@@lo)(a(llce@@a), dliysant oo roxgrettesd kgﬂl-
11. The catio oner of a saccharide according to
C”)alﬁXP%}aJ%?ﬁ €%%?@“%9R4 i s hydrogen or nethyl. 12. A

cationic ol i goner of a saccharide of the general
8. formihe (dddiorRdRE igomer of a saccharide according to

claim 7, wherein X is nitrogen.

9. The cationic oligomer of a saccharide according to

claim 7, wherein X is phosphorous.

10. A cationic oligomer of a saccharide of the general

formula (II)

ot

— —'n (I1)

wherein n = 0 to 8;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a

sulfite, a sulfonate, a sulphate, or R'O-, wherein R’ is

—45-



OORROORRO RR RR RR RR OO0-0n(III)
wherein n = 0to 8 15 Ris a hydroxyl, an ester, a
w@anbasmd®e, a carbonate, a phosphinate, a phoRQIEGZNE)00413
a phosphate, a sulfinate, a -46 WD 2005/ 056609
PCT/SG2004/000413 sulfite, a sulfonate, a sulphate
RIO, wherein is linear _or_ branched (Cl-C20
11nearaPF€y Praﬁyaﬁéxffh@an ¢80y Cal ﬁt}ﬂ«:ﬂeah@éﬁ?xmfl oy a&ﬂwh
R ;%§20 Lk n hydr ogen,
carbox?ﬂ a?”gﬁqﬁygnghe (CI bra c@ éoﬁ?%ggg gr 5
branched (Cl1-C20) alkenyl Ilnear or branched (C1- C20)
R, is hydyogen, tyedaul kylbr@nchﬁéR?Clm}@ihykﬁ hhdeR? are

branchBA”ICaTCRRRIREPN Y, 3RS, SR keaPEEE R Bl L BYAN o

5 cycloallk@ar agg branched (Cl-C20) al kenyl, linear or
branched (Cl-C20) al kynyl, and cycloalkyl 10 13. The

. cationic oligoner of a saccharldf according to %
Rs 15 BURTQICR! of M2 1oTBOTISLAREY LERIKLT olanear BF Branghed

(Ca- chlaﬁk%tl 90 EaQ! Iogowan%ea S(egcego@ a8 &eGA0r diiR@ 250 or
one of clains 1 to urfher conprising a

brancheduﬁﬁbf@ﬂﬂalkY@leh@IC@WBdmaith .gomer of a saccharide
according to 15 claim 14, wherein the counterion is

11. fluo&h%eba%gbgﬁbd%iigomer of a saccharide according to

10 claim 10, wherein R; is hydrogen or methyl.

12. A cationic oligomer of a saccharide of the general

formula (III)

Q
A
o}
®]

(III1)

wherein n = 0 to 8;

15 R is a hydroxyl, an ester, a carbamate, a carbonate, a

phosphinate, a phosphonate, a phosphate, a sulfinate, a
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brom de, iodide, nitrate, HCO3-, CO2, HSO4-, BF4-,
BCl4-, PF6-, SbF6-, AsF6-, Al1Cl4-, R9-CO2_ or

WOORB0SOH609 wherein RO is linear or branched ((€TR6G)004/000413
al kyl ;- I'i near or branched (Cl-C20) al kenyl, |inear or
branched (C1- C20) al kynyl, cycl oal kyI or aryl (Cl- 20

al k 16. A nethod of pre cationi¢ .
Sulfli’cﬁ"l g%n%‘rd%‘?n%\tesa%cfﬁ PhRtes %P‘?n o i ‘gh%ﬁﬁ?l%n%po?s
lineaf! & MrintRed 5(CQML) §11081 , epetdRg(@N @p) Atkya,
hosphi ne, an imdazole,” or a pyridine wth a

pnho
carboxy [@orfen) at kel saetibr | o wawl ﬁ@-éfzbb@%ﬁb a8d17. The
nmet hod according to claim 16, wherein the |eaving

Rs is %ry%ﬁg $ 2 gldde.. .2 ﬂz%sfyér?etde g@yalm gtﬁégf

i1 Of ormat & est er group accor
branch&d ckmmzlyalmyb; nl izh)@ah ad>r dl&ramshad i OcH @he) alkynyl
bro , or_chlor -47 WD 2005/ 056609
cycloggy ‘67649‘366%741’5Vhef§1nTﬁe Y e Gitfith g 1 RRASHEL Y

selec@édcffbHStﬂé é?o&ﬁ coMbeLEiAgt b hPa¥bHENJr OilReb® 8r
tosyl ate. 20. The nethod according to any one of

branci¢di (€460l 11491, Wheeat nor heranchedelCofCa) sbleRdti de
TR T T T LT

according to any of clains 16 to 20, wherein the

13. am neThadcatbsphtnel agem&8 oRi a XgaBZhawhdeeancHrdiRig to
R2, gnd R3 are deflned as in claiml. 10 22. _The

any opgtAbdCLPLBFal nt9112 whBREFRIX Rsifi frogen®t 33. The

nmet hod of claim 21, wherein X is phosphorous. 24. The
14. et hoghaceat dbAdct 81 2g¥menecof ackakfBatfdko0adBording to

wherein the imdazole is K N R5
any one of claims 1 to 13 further comprising a counterion.
15. The cationic oligomer of a saccharide according to
claim 14, wherein the counterion is fluoride, chloride,
bromide, iodide, nitrate, HCO;", C0;*", HSO, , BF, , BCl,, PFe¢,
SbF¢~, AsFs , AlCl, , Rg-CO;” or Ry-S03”, wherein Ry is linear or
branched (C;-Cyo)alkyl, linear or branched (C;-Cyo)alkenyl,
linear or branched (C;-Cao)alkynyl, cycloalkyl, or aryl (Ci-
Cap)alkyl.

16. A method of preparing a cationic oligomer of a
saccharide as defined in any one of claims 1 to 15 comprising
reacting an amine, a phosphine, an imidazole, or a pyridine

with a oligomer of a saccharide having a leaving.

17. The method according to claim 16, wherein the
leaving group is a halide, a mesylate, a tosylate, a triflate,

or a haloformate ester group.

18. The method according to claim 17, wherein the halide

ig an iodide, bromide, or chloride.
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R4 15 wherein R4 and R5 are defined as in claim1l. 25.
The nmet hod according to any one of clains.16 to 20,
wob@sesaoe he pyridine is R5 N,, | wherein R5 PGI/SG2004/000413
defi-ned as in claiml. -48 WO 2005/ 056609
PCT/ SG2004/ 000413 26. Use of a cationic oligonmer of a
sacchari de gs defined in any of cl algs t1L %o 1
19.  chir dPeafEhPoRoRCERYIERANFPOREY i B8 efar & a&ﬁlsbg © 18,
wherelﬁhﬁﬁgaﬁgghﬁﬁg|QrgﬁthQ alfosyhgcruse of claim 26,
wherein the chromat ographl c 5 nmethod is sel ect ed from
the group consisting of gas chromatography (GO,
20. | i quithec ReshetogeapRsipacre BRYhONSePlofARRES Loqird 19
PLC r t r-Q IS,
whereifi ERE L IILBARE bE B Y RS ea
cyclodeRE€lin @ 2BnoUzedebxg-eatbegilc cokilgdmmt raf .a
saccharide as defined in any of claims 1 to 15 as a

chira for an nretric s nt eS|s 9. use
21, of iR o arEPRILRY BOy A Pc CIepEndS: 59 €04
wherel'heQ%‘ét @A rRf addPehbepeine heact | on 15 30. The use of

claim 29, wherein the pericyclic reaction is an ene

or a Dels Al der reacti onX -49
~ \\R3
Ry Ry

wherein X, Ri, Rz, and R; are defined as in claim 1.

22. The method of claim 21, wherein X is nitrogen.
23. The method of claim 21, wherein X is phosphorous.
24. The method according to any one of claims 16 to 20,

wherein the imidazole is

Ry
wherein R, and Rg are defined as in claim 1.

25. The method according to any one of claims 16 to 20,

wherein the pyridine is

wherein Rs is defined as in claim 1.
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26. - Use of a cationic oligomer of a saccharide as
defined in any of claims 1 to 15 as chiral agent for an

enantiomeric separation by a chromatographic method.

27. The use of claim 26, wherein the chromatographic
method is selected from the group consisting of gas
chromatography (GC), liquid chromatography (LC), high
performance liquid chromatography (HPLC), capiilary
electrophoresis (CE), and sub or supercritical fluid

chromatography (SFC).

28. Use of a cationic oligomer of a saccharide as
defined in any of claims 1 to 15 as a chiral agent for an

asymmetric synthesis.

29. The use of claim 28, wherein the asymmetric

synthesis is a reduction or a pericyclic reaction.

30. The use of claim 29, wherein the pericyclic reaction

igs an ene or a Diels Alder reaction.
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