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cationic cyclodextrin for resolving enantioners.
BACKGROUND OF THE | NVENTI ON The resol ution of racem c
conmpounds has attracted great interest in analytical
chem stry, especially in 15 pharmaceutical anal ysis.
Many idrerpplphatiecectaied tdrugeneffiequentitited States
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deri vaheveseaent éuv@nmsimeh;e}lm &s eshcaaloraigeniisidomer
ati.an nd flcatl on rocesses.such 8 |
of a a?:g%a 6§ra% 8 tp S Prrantd ??ﬂd‘rcdﬂa% he
invernﬁromrrataagtaphyo( EHPEL) mmapldx_,rcarcﬁemh:ent FOPhERSIG ng

,CE) and super- and sub-critical fluid
enantg"r?f'%ﬂfﬁt'ography (SFC) due to their unique property to

form inclusion conplexes with other smaller
BACKARiRGDD Deh TEENDNEENTBEN

The resolution of racemic compountds has attractad
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
is one of the most imbortant issues in pharmaceutical
development. Furthermore, rapid, sensitive and selective
analytical methods are required to control the chiral purity

of the products.

Watural cyclodextrine (CD} and their derivatives are
extensively used as chiral agents in separation and
purification processes such as liguid chromatography (LC),
high performance liquid chromatography (HPLC), capillary
electrophoregis {CR) and super- and sub-critical fluid
chromatography (SFC) due to their unigue property to form
inclusion complexes with other smaller hydrophobic molecules

f1-4].
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-1 WD 2005/ 056609 PCT/ S&2004/ 000413 The use of an

ionic cyclodextrin as a chiral agent in

chr omat ogr aphy has shown great potential as an
WORSI0EMI® chiral agent, offering enhanced PCT/SG2004/000413

di scrimnation for many chiral drugs. Additionally,
ionic CDs have been shown to be 5 effective in

contr enant.i o m
o ot M BN BhOTER 01 S 8 o QS bl B sbirat agemt
in chiomatognamhy‘Gashahoﬁncgreatxﬁoteﬂﬁagata@nahhéfflclent

solutlon tica oners [5-8]. Capillary -
ehirg e S Sr PO PSSR LA i RO TDRRpoPRizal

drug§ Or ZAfaintiicensiiyG Seﬂ@&a@b@%aﬁw}jé&z thewhast gecade.
Concernin enanélonerlc separation by CE a sinple
effE?‘h’e%? ettt CRPTTRLAAPIUSTRGE £98e T dEbETRLA ofls Oxde i 1Al
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ROV\E

Nati ve derivatives have been
ionig %ITF%@Céﬁﬂéécae eﬁfeet @R s Thgelubies ofiethe

opti&daragifiistiscgyof high water solubility, weak W
absorption and excellent chiral discrimnation toward

various aromatic enantionmers [10]. However, al
enant i‘GPErd 2a¥ e hBEL TaPhRYes vt piElt Sdswbehonat & vieoWEBstul

tool Ofo:.t 'Eiath%Fné\f%' ¥§]{§5.P§§%%‘x§§a a&ﬁ% 3he ¢ %s&téé.ggéé y

neut r al limtation eutra as chiral
COHC%@E%EBanenthementh$€mar®bbnaﬂesCﬁhnaoeibpleeshémfmtlcal

dj {i h
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by Sofharf.i dimeo @DIoR! ef's Rewe piEdsi biNaittivescbe ase@par at e

utr e tes because an can nove in_the
deri opp03|t% Fréction 5 ‘%ﬁﬂgﬁ%rfﬁecghﬁaghﬁﬁﬁnts due to
thein-; aﬁmmaldttaylaslaa oD nh:o@m rwatgamwﬁ;bamdtyh UsegiRhanci ng

e resol_ution e antlonersxg L onic CDs_have

absogP Pngdggﬁeég%gt 1¥q&3dlsc ation toward various

aromatic enantiomers [10]. However, all enantiomers are not
always separated with native CDs or their derivatives because
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 [117.

The use of an ionic CD offers new possibilities to
geparate neutral racemates because an ionic CD can move in the
opposite direction to an analyte and shows capability as an
ion-pairing agent end thus enhancing the resclution of
enantiomers [12]. Tonic 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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enanti omer separations over natural CDs. Strong

el ectrostatic interactions between an ionic CD and

an oppositely charged 30 analyte are effective for
Wwheoosozoneet i on of an inclusion conplex. Al SOpPCTRE2004/000413
| arge difference in electrophoretic -2 WO

2005/ 056609 PCT/ SG2004/ 000413 nobility between a

oo 57 1AL 280 B ADEIS oy SO SO0 o

enharare gempoingrisedesaluichronitdgr aphy can be
classified as anionic, cationic, and 5 anphoteric or
Z“”tt%kmﬁ%'%gcfb&&ﬂﬂfi&éfﬂh£¥“§¥g‘%&ﬁ&oﬁ1§£hééﬁ41§’CI»
such as car boxynet
hronwpyiutrgmepbryo pyrbt beweldwéafﬂminmqr&orﬁla hastbonhc, and
nSationi ¢ and g oni ¢ substituents. hV\g gﬁ (AM
APhYSTre 5t “ubSTTEUTTOn i SUR b € ?Fo’ﬁi Hhq'AM-
B-CDRAM@N &s SUbBbbikinerhyl mﬁﬁr&@@mﬁmmhﬂm@m&rﬁw-

a huffer sqlution 10 unless H is extre ly |
CD hast bty catpopdc nﬁ?& %Wﬁghﬁﬁi aréWhen the

degréél&r&%%ﬂymegtmﬁ bafd @ha Ghativietih eattlah@aeahd AT Shic
anioni c than cationic cyclodextrin derivatives are |

ubstidatents - c fiealPe nharRt Yy riaffhCRasstr 4 nbutiar tfotighion
unleﬁtﬂb@b@; der bxalinedy heve Hean gynt hesiizedod Sknown

previously, they were not often used in separation.
whetlry théé%ﬂDé app ahpreed e tidgnaln 2ed teycPodakionn
was used as a nodel for studying enzymatic

bi ol 0gjCal-cBEAEESHESe | AWV NG Hhn r&%%llbhxel ¥ @h@&&&%m
group in"the vicinity of the active site %

derivRiHoe (aenekyrsaén hB)chiral cfrf@éf@saﬁq%@p@nfs §ehé39@tb@%$1
Althé?%ﬂ“ﬁ%%l Sﬁgg¥%§91$§§ %Qﬁﬁéét've
organi ¢ guests hy aggre ated cationic
prevmuﬁﬁly,c mewdmrm nof 16ften Tikedal issparestiponi cFor
v.cl adex Lvatiy
examﬁi %%%t%%ns mg?e %%naf%%ég<§ﬁ%&§¥%ﬁzﬁ%n§Es %sed as a
model Ior studying enzymatic biclogical processges involving a

positively charged group in the vicinity of the active site
[15] and mono-6-(alkylamino) -f-cyclodextring also have been
used for studying the mechanism of cooperative binding of

organic guésts_by aggregated cationic alkyl cyclodextrin [16].

The earliest cationic cyclodextrin derivatives to be
used fér CE applications were mono- {(6-f-aminoethylaminc-6-
deoxy) -g-cyclodextrin [17], 6*-methylamino and &*°-
dimethylamino-g-cyclodextrins [18], &-amino-f-cyclodextrin
[19] and 6&-ethylenediamine-f-cyclodextrin [20]. A commercial
quaternary ammonium hydroxypropyl-f-cyclodextrin (QA-S-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 varioug acidic

racemates by CE [14]. As compared to neutral CD derivatives,
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6- et hyl enedi am ne- C}cyclodextrin [20]. A commercia

uat xﬁ%ﬂggﬁ dr oxy l-fi-cyclodextrin
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_Cﬁagﬁexm&ﬁlqnnhHdena ant aﬁ= @r@ﬁ;tgtﬁdﬂgaéygyupgstgg§ﬂ
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~chiral agents should provide a hi ate nurrl&ﬁ and
YR T EPBodciFi-l ity for enantiomer . separations by
CE. SUMMARY OF TEE | NVENTI ON According to one aspect,

‘stiheter ice REQV TASS@eati onic ol i goner of a
~Saccharide of the general formula (1) RRL 0 Ol Rz

O0OR BcE@rdfﬁ&Q B0 one aspect, there is provided a cationic

oligomer of a saccharide of the general formula (I)

‘wherein n = 0 to 8;

wherein when X is phosphorous;



RROR RR RRORO ROR whereinn=0to 8
wherein when X i s phosphorous; 4 R is a hydroxyl, an
ester, a carbamate, a carbonate, a phosphinate, a ph
osphonat e, a phosphat e, a sulfinate, a sulfite, a
sul fonate, a sul phate, "RIO, wherein R is linear
Rorlsbﬁah}zfﬁe@iﬁ(hl @OE)%W@I a W@fb@my’ce:a L203abkydte, a

sepbd - iyl ml, e ol (chanaliol.

scdrrbhaspt 2, sl Tarbonat e, sxﬂpmlamephblaake@ A whersin R’ is
phos honate, a phos hate a sulfinate, a sulfite, a

TSOFRF nat 0T 2Chaf ph &) Gkl o hl’%%iﬂé (G2t a5kyl,
JitBEAY (Or-c,branched {Gr, C%Q) a@cly&xb H@X-ﬂéﬁ%yl!%‘ﬁo). -
aI kyl, carboxy (Cl- ) j[ :
ryl (C1- C20) al kyl ; and Rl R2 and R3 are each
|hn6§b€nﬂ1é?ﬁ I%/ JS%I%E%@EEeﬂTfom the group consisting of

hydrogen, |inear or branched (Cl C20) al kyl , I [ near
Rorlsbéﬂné:ﬁ;e@r(g- Qﬂ%é’tﬁiﬁ%‘yla’ L i-ReaL+ or % Cfﬁz
C20) al kynyl, and cycl oal kyI or Rl is a s‘en dEl

PandPRenake takereIBytitherd WERIXate, f@rsmlhfltenga
SQ§¥bﬂgtepea,fsq‘llp%{]§, St_rlﬁcblir,ewhgreln R’ is linear or

‘branched (Ci-Czo)alkyl,” hydroxy{cl—czo)alkjfl, carboxy (C;-
Caodalkyl, aryl, or aryl(Ci-Csyg) alkyl; and - -

Rl,' R: and Ré are each independently selected from the group
consisting of hydrogen, linear or branched (C;- Czo)alkyl
linear or branched. (Cl—Czo)alkenyl linear or branchmd ( _

Czo)alkynyl', and cycloalkyl, or

Ry is absent, and R; and R; are taken together with X to form a

- ring having the following structure:

. Ry

whersin m = 0 oxr 1;
Y is carbon or nitrogan;

Ry is hydrogen,.' linesar or branched (C;-Ci)alkyl, linesar or
branched (C1-Cp)alkenyl, linesar or branched (Cy-Cgp)alkymyl, or
cycloalkyl; and

da



R4 wherein m= 0 or 1; Y is carbon or nitrogen; R4 is
hydr ogen, |inear or branched (Cl-C20)al kyl, linear or
branched (Cl-C20) al kenyl, linear or branched
(C1-C20) alk nyl, or cycloalkyl; and 4a R5 is
hydrogen, 2- (2 -ethoayethoxy) ethyl, linear or

'Rs bmammqﬂn(% C2oytmbasydts hdsiyneaty0l bxm@hegr(&a%
al k Ilnear or granc ed §C1 C20 al kynyl
Clc F%]éﬁ’fgyl L1BRERRER7OTRABERT n (R Comd enygr,eléa@hr or

brabhBESpengenth ¥1 ¢t edyElomiiNe G Qupr CONs{St;ng H0f
hydr ogen |0I nethgr b?%nchedk%m CZO)gleyl eisrﬂfr%glgrR oarmd Ra

ar%?%ﬁ%hé@@@(&@i@@feéy aRkeryed fmf@a?heogrbmncnedwszmg of
,hyﬁES&eE2QLn@5§y8¥l ﬁéﬂgh=&y?on% Mbkg& U 0? branched

anot her “aspect, ere 1's provi “Yed on c
Cloqfaog@liﬁnyéﬁ él:sa@charl bzapthefe(Gefan aﬂ_k&myfml an(il) R
CYCEQ’%N%’IR 2RRORI 0OR 0O RR RR RRR poO

Accordlng to another aspect, There 1is provided a cationic

oligomer of a saccharide of the general formula (1)

wherein n = 0 to 8;
wherein when X is phospﬁorous;

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

rhosphinate, a phosphonate, & phosphate, a sulfinate, a

sulfite, a sulfonate, a sulphate, or R'0-, wherein R’ is.

4b



n (l) whereinn =0to 8 wherein when Xis
phosphorous; R is a hydroxyl, an ester, a carbonate,
- a carbonate, a phosphinate, a phosphonate, a
phosphate, a sulfinate, a 'sulfite, a sulfonate, a
sul phate, or R O-, wherein R is 4b linear or
branched (C1-020)al kyl, hydroxy(Cl-020)al kyl,

car boxy(Cl-C20) alkyl , aryl, or aryl (d-C20) alkyl;
anieh e akh érte o aplars AX (Cs— Ruot ROGRA; Ryisozan Gestey) alayl,

C J_QQ%; _ ate phaosphi e,

'p‘%([)sp -ngjtle@“z%%%g]gbhg{g?’ a%u%?’ﬁg(%lé,czg addivlirt @ncy
sul fonate, a sul phate, or R O0-, wherein R is linear
ofhergrianehed KClsCZOrabkyh; hydroxy(d -C20)al kyl ,
carboxy(d - C20) alkyl, aryl, or -aryl (d-C20) alkyl;

and R1, Rz and R3 are each independent|y sel ected
© fTom the grodp a08ﬁ§§§?liaﬁ§'o? RyHr ot 15 hegembinate, a

hrrenghet 26, - €28hakkyhie, | Engéllfgﬁa@é,a@c@%qfite, a
(C1=C20) al kenyl , linear or_branched (d - C20)
& dteand syAPBAFRy| OTARSS- di SetEed H's iz ddticoni or

BT BT O e R A R

Czo)alkyl, aryl, or aryl (C1-Czo) 2alkyl; and

Ri, R» and Ry are each- independently seléected from the group
consisting of hydrogen, linear or branched {Ci~Cyp) alkyl,
linear or branched (Ci1-Cgg)alkenyl, linear or branched (C.l—

Coolalkynyl, and cycloalkyl.

Rlso disclosed is a catiocnic oligomer of a saccharide of |

the general formula (I)

R

wherein n = 0 to 8;

4c



R POOARN (1) whereinn=0t0 S 4c WO
2005/ 056609 PCT/ S&2004/ 000413 X is nitrogen or
us; Ris a hydroxyl, an ester,
‘g&g@g on@te a phosphinata, a phosphonate ag@ﬁ&@io&mmm
phosphate, a sulfinate, a sulfite, a sulfonate, a
sul phate, or RIO, wherein R is 5 |inear or branched
X ig giteegyal «yphdspdeeopEEl- C20) al kyl,  car boxy
(C1-C20) al kyl, aryl, or aryl (Cl C20) al kyl; and R1,
r 1% 053, ar dep . Sel ect dfromthe
lE;gr oug gﬁny 31?%9%1&0 h)%d?oggn Thear® dﬁ%q&a& feh&d
phosEBLnERe) ad I@hquque:@r ar phbanndma@l (aCblﬂZQha&[ekeﬁw

ear or ch d al kynyl
Sulgé" &l odl ﬁu Ona %‘%B’é@‘ﬁ h ’ar‘fﬂ”‘e’rr%naﬁe t8ken
llndamgelrhbramﬁéd Xdlecioomk@l rh@@rcbbqvwlgc;chglﬁ{gm owi ng

f wh Y
a0 O og Y Ika oF o Ry b GgShe) Ay R
branched (Cl-C20)al kyl, Iinear or branched

Ri, (eg:hxﬁzm aduk@eradch I:Jnﬁ%@énﬂén’@iﬁ@éﬁ%&t(éélf@%&) ahkyB¥bup
éd g:lfk and R5 i s hydrogen,

consiStiFhoRy Tot APeaF] Rbapeahoinchrihetho) alkyl,

linear or bramnched (Ci-Cyp)alkenyl, linear or branched (Ci-

Cao)alkynyl, and cycloalkyl; oxr

R; is absent, and R, and R; are taken together with X to form a

ring having the following structure:

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

Ry is hydrogen, linear or branched {(C;-Cag) alkyl, linear or
branched (C;-Cy)alkenyl, linear or branched (C1-Cye) alkymyl, or
cycloalkyl; and

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
{Ci-Czp)alkyl, linear orr branched (C;-Cy)alkenyl, linear or
branched (C;~Cg)alkynyl, cycloalkyl, or NReR;, wherein Rs and Ry
are each independently selected from the group consisting of
hydrogen, linear or branched (C1-Cap)alkyl, linear or branched
(C1-Cy)alkenyl, linear or branched (C;-Cug) alkynyl, and
cyvoloalkyl.
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S C20) al kyl, linear or branched

‘W@f‘b§63§1kenyl linear or branched (Cl- C20PEFRGHpH000413
cycl oal kyl , or NRGR?L wherein R6 and R7 are each
independently sel ect ed fron1the gr oup consisting of
hydr en, I|near or. _branched C20) al kyl, linear or -
br BAt CF) afkengitH 9 eﬁ}l?ﬂmeﬁrg chetpccharide of

the(&ﬁxﬁﬁm)ah&ynylxlﬁnd 25 cycl oal kyl . S WD 2005/ 056609
PCT/ SG2004/ 000413 Further disclosed is a cationic
ol i goner of a saccharide of the general fornula (1)

-RRL ORR C"-RORRJRRRO RR RR RROR R

O R 5 whereinn=01t08; Xis nitiogen or

phosphorous; R, is™a hydroxyl, an estér,_ a carbamate,
. a carbonate, a pho gpd%%, a
phosphate, a sulfi sul fonate, a
sul phate, or Rl Qy i r or
branched (G gbaﬁ yI,'hyé?ogg - C20) al kyl ,
| kyl, o0 -C20) al kyl;
tly selected

(I)

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

R 1s a hydroxyl, an ester, a carbamate, a carbonate, a

phosphinate, a phosphonate, a phosphate, a sulfinats, a

sulfite, a sulfonate, a sulphate, or R/'0O-, v&h_erein R iz
linear or branched (C1-Caplalkyl, hydroxy (Ci~Cso) alkyl,
carboxy (C1-Cao) 2lkyl, aryl, or aryl(Ci-Clalkyl; and

Ri, .R; and R; are sach independently selected from the group
comsisting of hydrogen, linear or branchea(crczg)al}cyl, linsar
or branched(C;-Cyplalkenyl, linear or branched (C1-Cz) alkymyl,
and cycloalkyl.
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consi sting of hydrogen, linear or branched(Cl-020)
WPRYSeS480hear  or branched(C, - C20) al kenyl, PCRES&20081000413
branched (G -C20) al kynyl, 15 and cycl oal kyl _ -5 WD
2005/ 056609 PCT/ SG2004/ 000413 According to yet

anot her aspect, there i's provided a cationic :
oRcgomeimgof ta mham’fd@rofa&pﬁe:tgenemwe f@)ErTLEbJaDV(lIdE)i a .

| cau%l% ﬁQﬁ% J)?Q ﬁhQrEh(B £ tBeQéer%rglRf&nﬂﬁ r (BI)R O

ereln n = s a oxyl ,
an ester, a carbonate, .a carbonate, a phosnhl nate, a
phosphonat e, a phosphate, a sulfinate, a sulfite, a

- sul fonate, a sulphate,  or RO, wherein R is Ilinear
or branched (01-02¢) al kyl, hydroxyfgq;c’z}% al kyl ,
10 car boxy(C2. - C20)\al kyla._aryl, or{aryi™ (O - C20)
‘alkyl; and R4 is h near © anched

(G- 020) al kyl, |jire . ched”(01- ) al kenyl ,
linear or branched® yawli, or ¢
e R o
R R
5 R

wvhersin n = 0 to 8;

R is a hydreoxyl, an ester, a carbamats, a carbonats, a

phosphinate, a phosphonate, a phosphate, a sulfinate, a

sulfite, a sulfonate, a sulphate, or'R’O—r wharein R” ig
linear or branched (Cy-Cg)alkyl, hydroxy (C1-Cap) alkyl,
carboxy (C1-Cao) alkyl, a.rjrl, or aryl(Ci-CUu)alkyl; and

R: is hydrogen, linear or branched (Ci-Cpy)zlkyl, linesar or
branched (C1-Ci)alkenyl, linear or branched (C1-Ca)alkynyl, orx
cycloalkyl;: and

"R; is hydrogen, 2-(2- —ethoxyethoxy)ethyvl, linear or branchs=d

(Ca-Chp) 2lkyl, linesx or branched (C1-Cyo)alk=nyl, linear oxr

branchad (Ci-Cy)alkynyl, or cycloalkyl.
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| oal kyl 7 and Rs is hydrogen, - ‘ ,
gx%ﬂa&ﬁg&yet hoxy) et hyl, linear or branched ZEf5/5G2004/000413
(C,-020)al kyl, linear or branched (C1l-020)al kenyl,

- linear or branched (C, -C20)al kynyl, or cycl oal kyl .
- 7AV\4!8r 905/ 056609, PCT/ SG2004/ 000413 According to :
stiTI°"8nBT het aSpct , 2YherE i$P5Fbyi d&§T8 ciit i prfvgded a
catiginigoperganferacs at charchdei df orhengenerakl f egsadia (111))
RRR OON RR ORRO RRRR RR ROR (IIl)
5 wherein n 0 tos; Ris a hydroxyl, an ester, a
carbomate, a carbonate, a phosphinate, a o
phosphonat e, a ph \phate, a sulfinate, a sulfite, a

~sul fonate, a sul phate, or RO, wherei 3 linear
or branched (C, -C20)_al hydr oxy, ( C1- £20) al kyl, -
: , A

N

R

{II1)

wherein n = ¢ to 8;

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

phesphinate, a phosphonate, a phosphate, a suifinate, g
sulfite, a sulfonate, a sulphate, or R'O—-, whardin R’ is

lin=ar or branghed (Cw_-Czo)alk’yl', hydroxy (C1~Cqae) alkyl, .

carboxy(cl—czg}alkyl, aryl, or aryl(Ci-Cy)alkyl; and

Rs is hydrogen, linsar or branched (Ca-Coplalkyl, linear or
branched (C, —ng)alke}.nyl, lin=ar or branchad (C1~Cao) 2lkymyl

cycloalkyl, or NReR,;, wherein R and R; ars sach indepandently
sal

.

cted from the group comsisting of hydrogen, linsar or

branched (Ci-Czs)alkyl, linsar or branched (C1-Cao) alkanyl,

=

inear or branched (Ci-C.p) alkynyl, and cycloalkyl.

According to a further aspect, there is provided a method

of preparing a caticnic
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10 carboxy(G -C20) alkyl, aryl, or aryl (C. 1-C20)
wibkydsioseaed RS is hydrogen, |inear or branche®cr/sgao04/600413
(C, -C20)al kyl, linear or branched (C, -.C20) al kenyl
Iinear or branched (Cl- C20)a|kyny| cycl oal kyl, or -

~FMae nd R7 Le each i ndependent|y.
e ecf%ggféggg?%g %rbu §§F§ Eﬁr%%nhyﬂ?%&ﬁﬂﬁlng

r:;ad:mn&gm*annmﬂ&brﬁhﬁllﬁ]@@}éﬁep%&) akky¥hzold Near aorDyTldmm
br anched %C C20) al kenyl i near or branched

LR G AFRY G 15 MO ! By A8 o e s
further aspect, there is provided a nethod of '

pr epadidlgqac6abhOM L 815%0@0051/1@_%6@%9 rovided a use of a .
PCT/SGQOO4/OOO413 oligoter of a saccﬁ%rlde as

AL AR 1T OB R AT dc(PRG Sh HRde, as chiral

agepha@phbhesnaan i bié oz GearoOficd pyri dindemawdddohldc method.
oligoner of a saccharide having a |eaving group.
According to another aspect, there is provided a use
of a 5 cationic oligonmer of a saccharide, as defined
herein, as chiral agent for an enantioneric
se%%%’fﬁleﬁ by areHronmaEregraphitenretifosrobdot di ntgset ®f a

catﬁﬂﬁ'i:hgilg?kﬁ{%%CEf L hel@nkbs i OVvis dggf%éﬁsﬁegélr@ s a chiral
cationic oligoner of a saccharide, as deflnedE%ereln ‘

agenfs fRT ot A B g SHPtReT%n asymmetric synt hesi s.
BRI EF DESCRI PTI ON OF THE DRAWNGS I n order that the -
present invention may be nDre cl early understood,

S S R O oW e T et er ence

to the acconpanying drawings, itn which: Figures 1, 2
and 3 aieoefieomahegrane depietd nevkhe: olhay be more

_Clpﬁﬁfntl oquﬁrpar ation.of. racemates_using

&5?8PVURFF§ Eyél%ﬁﬁﬁﬁﬁﬂﬂﬁbﬁst%¢ﬁ?%ﬁ igehtnow be
de saﬁl]Eécg Uesiedaid BRdwayare Shigimt ograns. depicting ! I"E%e

accowpanying drawings, in which:

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

cyclodextrin as chiral agent;

Figures 4, 5 and & are chromatograms depicting the
CE enanticseparation of racemates using allylammonium-4-

cycledextrin as chiral agent;

Flgures 7, 8, and 9 are chromatograms depicting the

-CE enantﬂoseﬁa:auon of racemates using Propylammoniiim- 8-

cyclodextrin as chiral agent;

Figurs 10, 11 and 12 are chromatograms depicting the

CE emantioseparation of racemates using pentylammoniim-S5-

cyclodextrin ag chiral agent; and
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CE enanti oseparation of racemates using
al I yl ammoni um 0-- cycl odextrin as chiral agent;
W@E%gsro%ﬁ'oz’ B, and 9 are chronat ograns depi Ctﬂ&%ézﬁh%moous
Aan I oseparation of racemates using
propyl anmoni um p 25 cycl odextrin as chiral agent;
Figure 10, 11 and 12 are chromatograns depicting the
CE enantguosepar depontsf agpweriaties reschfons using a

,Pent yl.ammoni um.6- cyclodextrin as chiral agent; and
cat 108 15 DRORFGSB508 PLrF oty 04 T9- "B §uf o150 s
cyclégpketin asymeethi eal eagbhons using a cationic

ol i goner of a saccharide, for exanple a cationic
: cvelo ri S Lr . SCRI PTI ON
pea gL ERaeeein R B MRS s PelER: S nvent  on

makes use of a cationic oligonmer of a saccharide for

r esol vig peraghicoteventThe madatd amiec odl egoaetionic a

. sacchari de may be strai ght-chai ned or -.cyclic, @Qd
oligpRREt PofhIFLER By g C]EI BRTR ‘@“ﬁ%ﬁ“&ﬁ‘&‘ﬁ"é‘grﬁn ~he
catisAiBNb HGorRROSEhaNcub-hk il dazfdy W8 s@fapyhtdbRbiied or

group. 10 Preferably, the cationic oligoner of a
cyclige chat i GBSEOBPAGETS PHat oo’k L EamFresPofugh as an

- ammop@ e N AFASSHRC O { mdibRBYS um| | I LRGN 11 GUEOSEp .

fructose, mannose, gal actose, ribose, arabinose,
Prefeypbds, IhaeeEioaiyt Ridgerandot i esseharidelss singly
charRegf erred saccharide is glucose. The gl ucose noiety

y be functionalized at any one of the 2-, 3-, or

6-positions by the cationic group. Additionally, any

hydr ox§Famgias ot a Receherdif cinotIdondt tHrug
1iud%%%9gﬁ['é@héggé,b%r%Qﬂbgb?dmaﬁﬁéggﬂEﬁéﬁﬁhtose, ribose,
arabinose, Xylose, lyxose, erythrose and threose. The
preferred saccharide is glucose. The glucose moiety may be
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 o=
suitable modifications are linear or branched chain (C;-
Cao) alkyl, hydroxy (Ci-Cao)alkyl, carboxy{C:i-Cz)alkyl, aryl,
aryl (Ci~Cap}alkyl, ester, carbamate, carbonate, phosphinats,
phegphenate, phosphate, sulfinate, sulfite, sulfonate, and

sulphate.

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

stralght-chained cationic oligomer such as a cationic

-310-
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20 suitable nodifications are |inear or branched

chain (Cl- C20) al kyl, hydroxy(Cl-C20) al kyl,

car boxy(Cl-C20) al kyl, aryl, aryl(C, -C20)alkyl,
vasloesgseear bamat e, carbonate, phosphinate, PCT/SG2004/000413
phosphonat e, phosphate, sulfinate, sulfite, :
sulfonate and sulphate 25 Preferably the cationic

| oner acch e |s

cellé# gomsT Sg §ac%ﬁ o 6@' aFPy Smpigg?%hl They may
be-u@ytknﬂeXEyinrmThE tyeirCegﬁﬁﬁ(Mﬁoz ekbgphercol 1wl ose

saccharide preferably conprises 5 to 13 gl ucose
acetalsieties, and -nost preferably conprises 6 to 8

gl ucose moi et es. However, a 30 straight-chained

cati onhe adrgomesiksieh rafFeasCabl GhieC radi@aWOof saturated
14 2005/ 056609 PCT/SG% 84/000413 el lul.ose, anyl ose or
aliphGitiq) ST9995al sGREGHEEREI aF BRI ey TR b@HRdd PROUPS,
brandHes fc@amyof atigl &, fé@ciﬁﬁﬁﬁ%ﬂﬁ ¢RI @58) groups,

acetate. The term"alkyl" refers to the radical ?
alkylgat Lﬁ%}?%&t“}'eﬂ i pHtGiCadiatdps, FP8PEdi ng 28fr aj ghicloalkyl

substchaife@ 19r PRsps . br apshegh cgﬂkgl abk¥lip@r Qﬂeﬁéde but

cy cIoaIk (alTcyclic) groups, substitute
are J@fgﬂél éamkgﬁd gF@up§ietHﬁ :c;@@h@éb )ﬂrOPQFQbStMSPQF-"@EYé} kputyl,

b UpPS; };ﬁﬂ;cal qggg Jbut . are
iso Lg{y%ted to, netﬁﬂ} ethy p oﬁropy b§? alkyl
grougs) |c§@bubszl (- 5!u¢)y| albyﬂ;tyl Asdpabsyhtut@d(yla,llqﬂc. has

e N e e

the hy@k@gﬁﬂb&ﬂ]hﬁmkhmnamwauchrbnhstrﬁueﬁmm hyﬂr@ﬁﬁl@@@, for
ckb Such su ents c clude, . for
examiC o M QaRte T TR Lo iPuk i) B8hhn Be  carboxy1,

'ketonéykqudludiﬁgkauﬁyeeafbﬁﬁyydamﬁ a&ym&aﬁnamgaybraﬁgs) and

aryl car banyl, roup_k, and esters (including
estez] ky| Byl ANBYAPPVERSR ony|#d | aryloxycarbonyl
groups) ) , thiocarbonyl, acyloxy, alkoxyl, phosphoryl,

phosphonate, phosphinate, amino, acylamino, amido, amidine,
imino, coyano, nitro, azido, sulfhydryl, alkylthio, sulfate,
sﬁlfonate, sulfamoyl, sulfonamido, heterocyciyl, aralkyvl, 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, rhosphoryls (including
phosphonates and phosphinates), sulfonyls (including sulfates,
sulfonamidos, sulfamoylé 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,
-, and the like.

-11-
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15

groups)), thiocarbonyl, acyl oxy, al koxyl, phosphoryl,
phosphonat e, phosphi nate, am no, acylam no, am do,
am dine, 1imno, cyano, nitro, azido, sulfhydryl,
wa) togdeson, sul fate, 20 sul fonate, sul famoyl, persc2o04/000413
sul fonam do, heterocyclyl, aralkyl, or an aromatic
or heteroaromatic noiety. The noieties substituted

on th dr carbon ghain can thensel ves be
subst i %( e app?gllﬁ?li‘zg]t e. BBY i n&ldnewl’t herefer to
unsasubsted uehiph@élca Sudshd t aktexbgorsk Uin g’t@i:lé,_;gp possible
ubstituted forns of 25 am nos

tituted d
S g R R R i r’@at contain

at lehespbasatissnand @h%egwabs&a,réégé&&w &1 &y »
sul fates, sulfonam dos, sul fanoyl's and sulfonat es])

is &4 MSACUERSESs, Rrencherl astsehahs, s:lhlaym hi o, cyclic

hydr68sheay | $-aGkRehuding, kSEO'h%fa
Yo ar boxyl ates, and esters), - I(EI%N %bPhgan‘ﬁ% dggible
bondy enplhs y zaskseilt uced ab&ylm aleetﬁescrthed fbk owbr  trans

cont YO IhP SILNBenBBPL LS LN Yroups

OXYS

mcl@@%on;vlutsub@mtumed allcgnllﬂ,ed.-CHB:p 6Nhea9;u t h@ropenyl,
11 N0 / 056609 PCT/.SG2004/ 000413 _The terns
+sop J:%IF{%}BI Of‘kynﬁ' Vet o (RTEAT¥d . pentenyl,

hexe:ajrl.phaitlcc. gr OELpS aabkeaglrs i | aAgt tndfe ROSSE bll:f?canched
Strall,thStlfﬁutl on to the al descri bed above, but that
co At PEast E%’(fi‘ioé’a& Popr g Pdnawith at least
one resﬂ&cﬁtkyﬂbbn Arcrigiikenydond 1S anpikgat uraqtk%gx groups
anched, s%r ai %ht chain, or cyclic_ hydrocar bon

m‘*‘l‘%‘i cHFE WRE | d4EFE6Ae toar SERYEELboPTEPIDYS . buksmyl,
isobdthehyfladigedit vedh , beekPnpl t h&lc the cis or trans

conformati on about the doubl e bond(s). Typical
al ken oups include, _but are not limted to,
et henilzqn %ppaﬁgﬁyﬁdl%“ﬂ?%%?%'ﬁen)‘?m pateayic oligomer of

a sadSOlRNWay ber brbuheNYlneRENteMhia (1)

R Ry
. Ry
0 @|/
\
O R. 0] Rs
O R R
R R
4 ,
R
R
R
o S __R
o) R 0+
N
R O
R
o , -n (1)

-12-
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hexenyl, etc. An "alkynyl" is an unsaturated
branched, straight chain, or cyclic hydrocarbon
radical with at |east one carbon-carbon triple bond.

wiymiosredse®@l Kynyl groups * i nclude, but are notetistioedoooss .
to, ethynyl, propynyl, butynyl, 15 isobutynyl,
pentynyl, hexynyl, etc. In a preferred enbodi nent,

a I, QN ' r.. of cchari.de nmay be .of the
wherEif £244 Mbere il e o &P SR RISk A3 R 1 R
preifréblR R 80 RiR @oRe Br&fefably 1) to B2 WO

20051056609 PCT/ S&2004/ 000413 wherein X is

prefer ' ot __pho ous, .and n is 7

prefer§%%¥Rgh%%&%?ggh%eh%r§$%$%$éﬁaﬁF§efth’Bé The R
carbgmatp, naycdbananedr exphpzphiester a dhcsabbagake, aa

carbonat e phosphi_nate,..a phosphonate, a 5
Phos%ﬁ%s%haﬁefu§%¥§ & Vngtgyiglgﬁif?tégl "&b oRafllPhate, or
R’O-SUWhEedy FOr isR1@neawhekebPaithdd {d;nea a0kyhr anched

1- | kyl

hydrggy(cgz—(g.)gs ak.l.)fty’l, carboxy (C1-Cze) alkyl, aryl, or aryl(C-

Cao)alkyl.

The Ry, Rz and Rs; groups are each independently
selected from the group consisting of hydrogen, linear or
branched{C;-Ca)alkyl, linear or branched{C1~Czo)alkenyl, linear
or branched{C;-Czo) alkynyl, or cycloalkyl. Alternatively, R; is
abgent, and R; and R: are taken together with X to form a ring

having the following structure:

wherein Y is preferably carbon or nitrogen, and m is

preferably 0 or 1.

The Ry group may be selected from hydrogen, linear or
branched (C)-Czlalkyl, linear or branched (C;-Csp)alkenyl,
linear or branched (C:-Cze)alkynyl, or cycloalkyl.

The Rs group may be hydrogen, 2-{2-
ethoxyethoxy)ethyl, linear or branched (C;-Cue)alkyl, linear or
branched (Ci-Ci)alkenyl, linear or branched (C;-C,o)alkynyl,
cycloalkyl, or NRgR,;, wherein Rs; and R; are each independently

selected from the group consisting of hydrogen, linear or

-13-



hydr oxy( C1- C20) al kyl, carboxy(Cl1-C20)al kyl, aryl, or
aryl (Cl- C20) alkyl. The RlL, R2 and R3 groups are
each i ndependently 10 selected fromthe group

waonss/ebénag of hydrogen, linear or PCT/SG2004/000413
branched( Cl1- C20) al kyl , |inear or '
branched( Cl1- C20) al kenyl, |inear or

br anched(Cl- Q20)-al kynyl , or cl oal kyl .
bran R Rl Sy (Mg & Branahed” ki e atkemaken
linehegetrhbramdiidt X d;6 CbOraMigiilNg anhayyebod N 1f ol | owi ng
structure: } n R4 15 wherein Y is preferably carbon
or nit&g‘ge atfon%cmés eferably O or 1. The R4
group iay be serécted frytr ééén‘,“aYi b5y a salt
therbbanebeor{€indC20)alugtderildnnean prebésrcd@bunterion may

5 b %gl ng)%ken |, 20 linear or branched .
© SPCECESD) ?%E‘/H%}e, By QoBSiRGERY Thef hgdsup chdpribde.
bromiiydl, 0968 de- (& telhexy &idmgxy Joagt Y kgol 1, N@aL- Okcy - -
rom_br anchgadJL Cl-_CZCI){) al kyl, Iiynecac% orhsgr an%%ed BCly, PE
SbFs (:cf5€20) nyl s PRearnsr Ror S hedh$GIICR0) akkyny!
hydr¥ehoat kydar x %%Ehe@ﬁ@?l@mﬁgﬁw, RG L6 %gcgranched

i ndependently 25 sel ecte rom the group consistihg

(C1-Gh) aylemgen, LinagaaorobrantBedD( 20054 0866081, cycloalkyl,
' 1 8GZQ0A/ 413 branched (Cl-C20)al kyl, |inear or
10 i) :
or abr ar(1(: eéQ)( C%%%ZO) al kenyl, linear or branched
(C1l- C20) al kynyl, and cycl oal kyl. The cationic
cycl odBxtfyather) nrgfesired bubadéments t dweeoktionic
1680RF 184 NGk ount gki.0 eterr caynt ec.L.on may
c:yc g be sfeilf e(:tyfel flr&’om%t eeggfl%ﬁ%icbﬁﬁg% n(glidf etft”r#EOrimaé
IIT¢hl ori de,

R R:

R

/é//oﬁ\ A

\\
G " ] R3
0 R R
R R
R

R
R
R
\R_ _R
o) R O
\ -
\%%/
R

T - (1),

-14 -



brom de, iodide, nitrate, HCO3-, CO32-, HSO-, BF4 ,
BC14-, PF6-, SbF6-, AsF6-, Al Cl4-, R9-CX2- and
R9- SB-, wherein RO is a hydrogen, linear or

wior mosziseed ( CL- C20) al kyl, |inear or branched - peT/5G2004/000413

| i near or branched (Cl-C20)al kynyl,
(C1-C20) al kyl In further
the cationic. cyclodextrin may

(C1- C20) al kenyl
cycl oal kyl, 10 or aryl

preferred enbodi nents,

R

be of the generalRfornula (1),

RL OR ROO
-14 WO 2005/ 056609

O

R O N RS OON~

(1) ~and (111) :
RoR R R R&E@’F@EOR 0 R
['SG004/ 0941

ORRa ROR g R R R
R
0] R R
R R
R
R
R
R
2 — R
R R 0
N
R @]
4
— —n (X%},
R . SN Rs
ol
o
R
R R
0
R
R
R
R
R o
O\ B
0O
R
. —n (II1),

wherein n is preferably 0 to 8, and more preferably 1 to 3.
When n is any one of 1 to 3, the cationic cyclodextrin is

referred to as an o-, B- and y-cyclodextrin, respectively.

-15-
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RR RR RRRo RORINn(Il), RRE OO0OR ROR
RO RR RR RR RR ORO Rin ((Ill),

wherein-n is preferably 0 to 8, and nore preferably 1
Wm2085/056609\\hen n is any one of 1 to 3, the cabcOBGHO4/000413
cycl odextrin is referred to as an a-, ;6- and

y-cycl odextri-n, respectively. -15

The cationic cyclodextrin (I} is mono-functicnalized by an
ammonium or a phosphonium group, the cationic cyclodextrin
(IT) is mono-functionalized by an imidazolium group, and the

cationic cyclodextrin (III) is mono-functionalized by a

pyridinium group. In each case, the cyclodextrin is mono-

functionalized at the 6-position, however functionalization at

the 2- and 3-position is also contemplated.

The R group may be a hydroxyl, an ester, a
carbamate, a carbonate, a phosphinate, a phosphonate, a
phosphate, a sulfinate, a sulfite, a sulfonate, a sulphate, or
R’0~, wherein R’ is linear or branched (C;-Co)alkyl,
hydroxy (C1-Cae) alkyl, carboxy (C;-Cue)alkyl, aryl, or arvi (Cq-
Cao)alkyl.

The Ri, R: and R; groups are preferably each
independently selected from the group consisting of hydrogen,
linear or branched {C3-Cao)alkyl, linear or branched (C;-

Czo)alkenyl, linear or branched (C;-Cpp)alkynyl, or cycloalkyl.

The R, group is preferably hydrogen, linear or
branched (C;-Cze}alkyl, linear or branched (Ci-Cag) ;alkenyl,
linear or branched {(C;-Cap) alkynyl, or cycloalkyl, and wmore
preferably a hydrogen or methyl group.

The Rs; group is preferably hydrogen, 2-(2-
ethoxyethoxy) ethyl, linear or branched (C;-Czlalkyl, linear or
branched (C;-Czo)alkenyl, linear or branched (Ci-Cag) alkynyl,
cycloalkyl or NRgR,;, whereby Rs and R; are each independently
selected from the group comsisting of hydrogen, linear or
branched (C;-Cy)alkyl, linear or branched {C1-Cz0) alkenyl,
linear or branched (Ci-Ca0)alkynyl, or cycloalkyl.

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

also be a salt thereof comprising a counteriom. A preferred

-1&6-
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WD 2005/ 056609 PCT/ SGR2004/ 000413 The cationic

cyclodextrin (1) is nono-functionalized by an

amoni um or a phosphoni um group, the cationic
waymboabesobrin - (I'1) is nono-functionalized byp@msc2004/000413
"~ imdazoliumgroup, and the cationic cyclodextrin

(I'11) is nono-functionalized by a 5 pyridinium group.

coun%é}fﬁﬂ:QS %ége Qﬁ E%S&ogﬁéé§%6##:%0%%ﬁgiing of fluoride,

unctionalized at t
chlofifdect bopatideat iodide, ntmréteguﬁﬁog,paxh?nomsns,amﬁa

51 goPhr 1 2T ar BARar o Ak ey BOLATE, SB ROk halEredn R

is a p]lm&;ahonat braach@dpliosfhsl£kd ,sUliheaat 6 Bratuthed e(c, -

Cao) & %lgéi,o ate, 2 SU| phat%eg )(gjr—lg;q-élkm@neyrle,l ncygloiaikyl, or

(cr{gwdﬂg@y(giyi20)alkyl, car boxy(Gi - C20) al kyl, aryl, or
aryl (A - C20) alkyl. The R1, R2 and R3 groups are

r ef er abl ch 15 |nd endentl selected fromthe
P oun DR e PaT P r AR CRHinRAr BLiBPREIRH 2

saccHdtide? @bk kes! tn@afe@&tmraw%@l Geinc20) g@{mne, an
| i near or branched (d -C20) al kynyl, or cyc

imidaged opg OFr BUBYFEIHRRT Wi DI 3 PNIEHFEN Of| pnEafchpride

unc ar file ed ine
ool ol Lo i e
=

PhOSI(@PGGZG)T%ﬁWﬁ BRAcpErbding |1areand m)r e preferably
a hydrogen or nethyl group The RS group is

preferably hydrogev=:§ - et hoxyet hoxy) ethyl,
I i near or brancheqq(C1NC20)aIkyI Ilneakég branched
“ORs br anchet 0) al kynyl ,

' 1- C20) al kﬁ\){l%, I
R{" 2 %yclaarﬁ9§' r NR6R7, whereby R6 H R7 are each
pendent | y2? sel ecRed fromglye~gretdp consjst Qfe1
hydrogen li near’ or branched (C1- C20) al kyT, ?%%ﬁiug Y

or branched (Cl-C20) alkenyl, _linear or br anched
Wher?%ﬁﬁ%ﬁOEal%?nyF4 dis @Fg|8a@g§|deflned 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 wesylate, a tosylate, a triflate, a haloformate

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

BExamples of reagents that can be used to convert a
hydroxyl group of the glucose moiety to a leaving group
include, without limitation, S8S0Cl,, PBrz, tosyl chloride, mesyl
chloride, triflic anhydride, and an ester of chloroformic

acid.
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The cationic cyclodextrin (1), (1l1), or (Ill) may 30

al so be a salt thereof conprising a counterion. A

preferred -16 WD 2005/ 056609 PCT/ SG2004/ 000413
woownteséen i s sel ected fromthe group consi SeCTIgGD64/000413

fluoride, chloride, bronmide, iodide, nitrate, HOOB-,

CO '-, HSO4-, BF4-, BCl4-1 PF6-, SbFG, AsF5 , AlCl4

RO- Gt SR8y, HOSEEEDLRO diSnibd LRCRE0
branched (Cl- cgg) al kyl | W? O%bd{ar%w & ghes

posiighoy aﬂﬁ@tﬂaﬂ sllupﬁ\(sar m@nebata? Edzmeel qc@ivet?@dalttlﬁy ﬁy&lgw_ng

cl Qalkyl, a ar 0 or
grou}g%eparlng ésba?Foﬁ§ %%1 gﬁ%) é%'%é%c g
pOSltImmsasasaﬁﬁetneactoonhefsapo@ﬁnimn axpﬁﬁﬁpﬁngegraﬁps,

m d ri ne with a_al.i oner
is as%%charﬁggriowﬁﬁ 'gh3|?58%359f IF% éPGup
Convék&idﬁzﬂﬂ %ydkb&yangﬁeupspﬁﬁsﬁﬁbTE% i30 @3z @l-go=afflons may

ne are E N-RSJ RS R \ RBRR Pl Rz R R4 N

be Péﬁﬁﬂa B GOUPLEERy,  wherein RL, R2, R3, R4, RS and

R6 are defined hereln The cationic oligoner of a
SaCChak!@Elm&yybhydfﬁkyll§r@%§éﬂﬁéhcﬁim5¥é eBheily than

Iucose wherein a _hydroxyl grou
Sec"?‘il’naelglgq’g’ EPVP%f Bt YR | RS s SRsHTEr Fgat tenly
the ﬁtiﬁﬁﬁﬁ'ﬂ?dﬁbﬁym %&oﬁﬁg Bre ébnvé&téﬁ:&%ﬁﬂ%b@ﬂn groups by
osition. Exanples of a Teaving

f bl
Sﬂegr%&grqa}% éPPﬁPPﬁéﬁlE—)e 28Rl aFi ¥aitigh ofa TRESPREL B9 a
hydr&)@i ﬁta:%:psa bﬁréféi‘éﬁlyaoﬁﬂr of QhdrRi e th%sﬁ%mgfix ¥droxyl
all de

group, such as iaodide, bromde
groups o |tde Sflureagempicthas ehrile alsadrer ofneestceharide

are converted to leaving groups, and more preferably, only one
of the primary hydroxyl groups is converted to a leaving

group.

In the case where conversion of a hydroxyl group at
the 2- or 3—posi£ion is desired, it is preferred that only one
of the 2- ox 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

hydroxylrgroups may be partially or fully functiomalized. 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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hydr oxyl group of the glucose noiety to a | eaving

group include, wthout limtation, SOC12, PBr3, tosyl

chl oride, nmesyl 25 chloride, triflic anhydride, and
wanzeestweosof chloroformc acid. -17 WO 2005/ BS5660804/000423

PCT/ SG2004/ 000413 Preferably, only the hydroxyl

gr oups at the 6 position of the glucose noieties are

C ' 0 f hydroxyl
i th o R o A6, 8 ShE o 0 Rl b Y
that6E®%sﬁ¢nqﬁlonailkéagiﬂg @ermmatlzhng;nﬁagn;ohoweyenot go
it i nvent.iqn. CbnverS|on of
ent il ob | OFRREttap o Faetd Py B cne B B g ey
group@r$nrﬂl(praammm etﬂltéﬁnﬁmiﬁﬁﬂyh|ﬂhﬁwﬁﬁﬂrog§QUQ30ﬁ§a§i a
nor e ad| han seco ro roup
olioiu B ARl s R A
catl@ﬁﬂygﬁxﬂge converted to IeaV|ng groups by selection
of the appropriate nolar ratios of reagent to

hydr oxyl groups. rably onl so f the primry
nyar ofte SGRERRIngr Eraggrt the GRtiRmic
olig@hd: Wela Hacahsatabanhfcoe aﬁm&piweﬂtl%dt ol E@Hﬂngfor

oups, and nore preferably, only one_ 15 of the
examfgi A PRExy PRgPBYPREY s b ifar e ile=y | eBveRkeT, a

carb&h, al RABBNGREE MWNEKESHONVA!S) %p%sghaﬁgﬁexyél
at the 2- or 3-position is desired, it

r
Phosl%?%%‘%r FeFUEARabRl y2 ofiel fife £ e SZJlféanaEEpeeu i en%ph%t&
converted to a |l eaving group. 20 Preferably only sone

of t heryHeORYlr8&PUPSrOip e A WD RnvaRELERI 85 koxy,

the oligonmer of a saccharide are converted to

arylegaRth@rgredpelontd Hereowrbfes slsing, Solryesaurds, tie
allky TR Wi t HIGOWBRpbind OO efd AL @&)l.eavi ng group.

R1o¥Y ()

wherein Ryp 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):

o .

A

R
. (VI)

wherein Ri: is an alkyl, an aryi, 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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Once functionalized cationically, any remaining 25
hydr oxyl groups at the 2-, 3- and 6-carbon atom
positions of the glucose noieties of the cationic

waol 20¢5m038000 of a saccharide rmay be nodified byp@/sG2004/000413

protecting group. These renai ning hydroxyl groups
may be partially or fully functionalized. The
expression "fully-functionalized" as used herein
i ndi cates 30 that ald of®the hydroxyl groups of the
gl ucose noieties ggﬂgkrgﬁggheither protected with a
protecting groumk I vakr,zed -18 WO 2005/056609
PCT/ SG2004/ 000413 with a derivatizi ng agent {(V}¥
to be appreciated, however, that the functlonaI|2|ng
wherdiin G6L I 4@ IFgl Nrd %ﬁép%dgﬁywoang@lk}ept I41elaf1Q an
conpletion, so there be one or nore hydroxyl
arylajdgilps ag ﬁﬂkogsyeséﬁtarm{q 2hn & ¢81 FryiREEhyerEngHouPR -
group of a .5 oligomer of a saccharide may be

nodi f irgd chef 848+84¢1 td@RP: 52 toC8hi OBheeBEOHPro ThE
remai ni ng hydroxyl groups of the_cationic oligoner

carbayate s déc FarildebRugorr: Finte CPORRILEz cBYt 52ReF O fEth

compéﬁﬁﬁnyfefo@%u§5k9¥¥11?n aryl oxy, an aryl al kyl oxy, an
ester, a 10 carbamate, a carbonate, a phosphinate, a

phosphonate a phosphate, a sulfinate, a sulfite, a
sul fonate or a sul phEeeN=C+® the hydroxyl gré&%bIHs to
be converted to al koxy, aryloxy or arylal kyl oxy, it

herd QY), di 008y If Oare %2Rl 6 Y adlaihahi Bt h a
v ercgﬁbdhnd of fornuﬁa (V): 15 ngggtV)k%%hg?éPE Riois

an al kyl, an_aryl or an aryl al ky h group, and Y is a
IeaviHéf&P@uﬁdeeﬁyéﬁﬁﬁﬁﬂéiﬁatﬁa edEOBUERTSS ?%d?de

phos ﬁm&iﬁ & B's%hbﬁgteoroﬁ d RphBred TESYbALE B done,
riflate. roxyl group is to be converted to
for ewprepdtegr by reactzng with a compound of formula (IX):

(IX)

where Ry; and Riy¢ 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):

o]
g
Ray~ Y .
{X)
or coaversion to a sulfonate or a sulfate group by reacting

them with a compound of formula (XT):
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20 or a carbonate, it could be done, for exanple, by
-acylating with a conpound of formula (VM) 0 R ~Y
(VI) wherein RII is an alkyl, an aryl, an aryl al kyl,
Wanodddsesty, an aryloxy, or an arylal kyl oxy grouRGr0840413
-Y is as defined above; 25 or by acylating themwth

a conpound of formula (VII): -19 WD 2005/ 056609

PCT/ SG2004/ 000413 OO0 RL AOR13 (VI1) wherein R12
and R13 are independently®Qan al kyl, an aryl, an
aryl al kyl, an al koxy, au___y oXy, or an arylalkyloxy
group. If the hydroxy? grqup is to be converted to a

5 carbamate, it could be d@one, for exanple, Q%I)
reacting with a conpound of forrmula (M 11):

R14-N=C=0 (MIl) where R14 is an alkyl, an aryl or

wherganaRyl abkgh ailgub. dd a@ryd , hwpdr exylaljegup drs dlkdss, an

o DR G oA ARSTP AR oy MSPINELE 9 oo

reacting with a conpound of formula (IX): R15\ P-Y
Rl. iiAfy (diXjthewhardeoRyd gndubd G:larte ariendepdadent | vy,

r O an.al kyle aryl ., an aryl al kyl., an
uncllRA20ERg Ul pEkrer B b P PR it S6na™ 1arge
molar excess of functionalizing agent in order to promote full
functionalization. Preferably, the excess is in the range of

from about 10:1 to about 50:1, more preferably from about 20:1

to about 40:1.

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 monotosyléted cyclodextrin with an
amine, a phosphine, an imidazole, or a pyridine. Mono-
tosyleyclodextrins are important precursors for a variety of
modified cyclodextrins because a nmucleophile can attack the
electrophilic carbon atom at the 6- and 2-positions to produce
a corresponding functionalized cyclodextrin [21]. A
nucleophilic digplacement 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 X Rs =
Ry \ R3 Rf/Er3R3 \T/ !
R, Ry R4 Nx
' . , and , respectively,
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15 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 exanple, by reacting

wo dobs:asaponpound of forrmula (X): 0 R17 Y (X)p@0s®004/000413
conversion to-a sul fonate or a sulfate group by
reacting ‘themw th a conpound of formula (XlI): -20

VD 2005/ 056609, PCT/ SG2Q04/ 000413 . RIZ I-Y O
whereagy %1' 9‘ (7:}_"{5 %‘g g RYT, %%l%er(i;l)kleraeﬁnaryl al kyl ,

an alkoxy, an aryl oxy, or an aryl al kyl oxy group, and
Yis as defim’eldeaaamﬁe‘ierm@/ enboﬂhsewydrtbqlirgmomg'sn

K that are ta, c tionali ed arg greﬁ;rab defined
makes W\ P5ndl F2 1?Jlsl ny 1agcf“};lerrg grodkeedy g oerine

hereifdjnelsi ehakam agemig eftbr mfesaﬂebemgt enanbmme:é Wyt a

functiopalizatjon. Prefera e excess.is.i.n the
oA RgE g ot PO B U PR o A Vab e SREHonT byl 100mes of

a sac@l&fxﬁﬂébhbt baosa abo 2ibnilk0cabbledbrin di-iktave as
particul arly advant ageous enbodi nent of the

descﬁ%?@@nPFEﬁlﬁhg?ﬁ e AgdthfoFhéfF2pr 888  ng a cationic
oligoner of a saccharide by an al nost quantitative

react g8 ehrfh&rody: ﬁlﬁﬁln&%oﬁe%ogﬁémﬁﬂﬂy selected
nopnot osyl ated cy cIo extrin with an am ne,

Erom jhes BEPHE, caﬁsm%%a e, 9357 c&rﬁy@Faﬂﬁ%théﬁ?ms ligquid

chror&é&\er%ﬁw‘éﬁét [ RS ISe #RIREHRAT 1REEEYT SOFShdtUgrRphy
varl et
(HPLC) , caplllary electrophoresis (CE), and sub- or super-

critical fluid chromatography (SFC).

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
chromatogramg illustrating the enantioseparation of the
racemates of each 3—phenylbutyfic acid, dansyl phenylalanine
and dansyl amincbutyric acid, respectively, using
methylimidazolium-f-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 enantiose?aratibn of the racemates of each
dangsyl norvaline, dansyl norleucine and dansyl threonine,
regpectively, using butylimidazolium-B-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 racematas of each

~22.
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nmodi fi ed cycl odextrins because a nucl eophile can

attack the electrophilic carbon atomat the 6- and

2-positions to produce a correspondi ng o
womesasesal | zed cycl odextrin [21]. A nucl eopB&ta€r004/000413
"~ di splacenent of the tosyl group by any one of an 20

am ne, a phosphine, an im dazole or a pyridineaffords

oy £ O PR R

mandéhec anthe, phasphiiiely| Mdade | SropAtmib@lpe are
g-RS ~NRS R R'" RB3R \ Rz R N R4 a, 25, , , and
cyclodeXunt 135 diiral. 5216¢; 9D 05t ABEETr PERVERI08 4P 003 18- 5 -
wherein R1, R2, R3, R4, R5 and R6 are defined herein.

In a feddues yorefier aad enboel nBitee (iR ohB¥E8LLAS
nmekes. use of a cationic oligonmer of a saccharide, as

1LughFaTe s SORRtieceRrFaFioyait e TresBRIPAQEL each
1521 AL SHEREST Aardnd , CHLRPEE h G IR 14 ;
dang%’referablf,ﬂthe gétionic afgégﬁg?ng‘ agggg%hé?i%ﬁ}?s?nd
3-hyfeeg-brivethoaty sandetye| gk riesristiivelyy euaing
Lhadn ' Ghi gl n
P Ty DS ToIPREE SR 85 e deecPUeTly Bifrcrs
havipgea @R dorfsi sting of gas chromat ography (GO,
l'iquid 10 chromatography (LC), high performance
li qui %%Hk%@b%@&é@&&i&ﬁ'%@rbhé%Faéi'o%ri}é oligomer of a
CE), and sub- or Ptical

el ectrophoresi S ( super- cr

sacchaxide cwhategthphyat BRO)c cyclodextrin, is their use

for asymmetric synthesis, for example, in reduction and

pericyclic reactions, eg. ene reaction, Diel Alder reaction.

Figure 13 illustrates the asymmetric reaction of
aryl aldehydes and aryl ketones using a cationic oligomer of a
saccharide such as cationic cyclodextrin. In 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 schewme,
reduction of an aryl ketone occurs using sodium borohydride
and a cationic oligomer of a saccharide such as catiomic
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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Figures 1-9 are capillary el ectrophoresis (CE)
chromat ograns showi ng the enanti oseparation of the
“racemates 15 of a nunber of compounds. The synbols
wolo@ndesd® are the mgration tinmes of the enarin/sEreri®csts
- measured in minutes and R" is the resolution for a
pai'r of enantiomers. Specifically, Figure 1, 2 and 3

are tﬁt%ﬁcleaéﬁg§ﬁﬂ?&?%%F%ﬁ#ﬂfﬂﬂ%ﬁ&E@g %?g%a%htosyl group

enanti1 oseparation o racenat es

-at the fheeplbaoyr wesaprepavehsidinohehyl akanioeslanteported

oo Yo el et § 3 EyETbuG: P RUAE RN ¢ o 2agfary ~nd

R. Ddneva H@Rfler anfasingha phbdsituieen wésSpasfaBed . udir@ithe
A 5 and 6 _are the three chronatograns 25 - :
prevityl s B e R RR e T 2op dr aPHOARBRL  H- MR e gnd
S. Mafimeaoh [2ddnsyl norval i ne, dansyl norl euci ne and
dansyl threonine, respectively, using
butyl im dazol i,um 8- cycl odextrin as a chiral agent in
a buf ?@Yﬁgﬁﬁazgﬁw_ﬁ%-@{ odexttie YosglaiRl WRer e
prepédude ®yC BEOFBL0g I abto -4 iddywisigrabtngatRerin with

enanti oseparation of the racemates of each -22 WO
alky ;g5 ARE8RE06 PO SEE 0t G0BRTS? RISt o @oodansglds.

DL- phenyl al ani ne and 3- hydr oxy-4-net hoxy nandelic

aci d, Al @gpeand Vel Yyl afidig.uii-@Prh 8IBRSLUAS tosylates
cycl odext chjral selector in buffers having a

were RESGRYEUSDY ERLTELAD mOPP-AndoRy AP oY Hiedextrin ox

mono4jltaﬁ§logtafﬁlédékiﬁﬁﬁ'ﬁﬂﬂhﬂ%lﬁ?faﬁﬂﬁ@}'éé%ﬂ%ﬁéﬁﬂﬂ%q of
the racemates of each dansyl - phenylal ani ne,
pentydapigeokl)- B¥ietho%y Fafgs Pchaery aind days in very good
yieldgr. hydroxy-4-met hoxy nmandelic acid, respectively,

using pentyl amoni um/3-cyclodextrin as chira

selector in buffers having a pH of 6.5.
The tosylate anion could be exchanged with other

anions by ion-exchange using Amberlite resin.

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

cyclodextrin tosylate.

A mixture of 6-0O-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 20 °C for 2 days. Excess 1-
methylimidazole was then removed under vacuum to give light
yellow paste. Acetone was -added to the light vellow paste and
stirred for 30 minutes to allow a solid to form. The pale
golid 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 (KBr) v: 3399, 2927, 1638, 1600, 1413, 1335,
1305, 1155, 1080, 1032, 943, 843, 754, 683, 577 cm™>. MS (ESI,
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10 Further application of the cationic oligomer of a
saccharide, such as the cationic cyclodextrin, is _
their use for asymetric synthesis, for exanple, in

wioeslogdskem and  pericyclic reactions, eg. enepCrT/sG2004/000413
reaction, Diet Alder reaction. Figure 13 illustrates -
~the asymmetric reaction of 15 aryl al dehydes and aryl

K t |
oo ELPUER SRR 58905, 1 AOTRE, Oy, SHEEATT

171.3¢h&g s, aBeyl act:abendofl'an.:a:r.yl al dehyde occurs using
tetraallyl tin and a cationic ol i goner of a

sacch cationi¢c,c oduce
‘a chira secgﬁga?@ﬁ%‘l ?%%&F_dch é %gf/a(e{%n?&%n%%? 1.2 82
(t, eHceSs: d.01t He,sEecahd Beaet (ON WChene, 6.0edug] i @ Of
ar to ccurs__us sodi_ um_borohydride and a
3. 2305‘%1 oéni% clfjgl i goﬁg G H- §gcg?1rﬁ3r de Sudf-ad2Bat Fohi & -
3.50cycéodext oi7a,t a-pradage a, @@I [@,I secendasy al §.@h9é i1,
10% _enanti omeric exzess npl es The foll ow n

J = Bx&Enhptes K&’ prdvrle ttolli{t I‘iﬁs’t rEatGé BgmeOHn§bnt 4

4H, ,b—t vé |41 be,undeest ogdgahouevar, Fhat bhey,SpeCifi 04 98
details given in each exanple have been sefl ected for

(d: the PHur Pos€ BF-i Frader Bt PHn5 e e 138 0B-Be3), 5.99

a, s@nsyruedgasp30 byobiin &€0 ofy Lh vent i
( - 23 WD 2005/ 5156609 Pgi‘l'/ gé%om 08%413 § E@ }ﬁ%dex i) -
7.49 ntfhofdfhctd onél ﬁ?e&Zwu tRteriodsyT - 8% ol A, REH-514) , 7.69

, Ot 140 usi-pg t e previously reported
(s g%gced%rerbby B. %%N Egnza’r‘ﬁ T. OSullivan, C.

Ahern, and R Darcy, [22], and at the 2-position was
pr epar‘é@ MV (g 25h e, pmrssoed&l \5:r eport ¢OERLOCeTRIE by

(e, Y AWy, Kot 368y | A08 6 SO0 (2Pt ) 5 (o,
73.3 (C2), 81.5 (C4), 83.0 (C4), 101.8 (C1), 123.0 (=CHin),
123.3 (=CHig), 125.4 (Cuera), 128.0 {Cortmo}, 137.0 (=CHiu), 137.7
(Cpara) » 145.4 (Cipgo) -

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

cyclodextrin tosylate.

A mixture of 6-0O-tosyl-B-cyclodextrin (2.578 g, 2.0
mmol) and l-butylimidazole (0.745 g, 6.-() mmol) in DMF {5 mi)
was stirred under nitrogen at 90 °C for 2 days. After cooling
to room temperature, acetone (25 mL) was added to the
resultant sclution 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 (XBr) v: 3402, 2929, 1638, 1410, 1335, 1157,
1080, 1033, 945, 844, 756, 683, 578 cm™*. MS (ESI, w/e,
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Al kyl i m dazolium, 6-cyclodextrin tosylate was
prepar ed by stlrrlng nono- 6-t osyl -, 6-cycl odextrin
with alkylimdazole in DVF at 90Cfor2dayS|n

WO0Ys/15660e y| el ds. 10 Al kyl and PCT/8G2064/000413
al kyl anmoni um g- cycl odextrin tosyl ates - were prepared
by refl uxi ng nono-6-tosyl - fI-cycIQdextrln or

Qa XEET R MM ['lylam ne,
velaliPD S ORIty T CLOATRE! Mot aBodt ' MR s g
171. :m 601'&ys40h,vm]5ccg.odti71 Mields. 15 The tosyl ate anion

coul d be exchanged with other ani ons by ion exchange

usi ng erli s es 1.

6-deoxy-g-En§f§/I_l m’daz}a&% 3: cyc o ﬁ n’:r = 7.21

. CRSyl atez Asrri wurce 0f7 6}{D‘HEQSY3'HQX,3 chxs qdﬁxtzﬂl NJT = 7.02
ss of

8 I and an exc
Ji&ﬁ%ﬂét %y?? ?‘go ) @3081830?‘}' vy T4 epbd 3-04-
3. 07Unﬂﬁﬂuﬂ|EF@9§D 3t290 C3f98 {oteybap WGESSDb, m, 12H, H-

mé yI| dazol e Ehen renmpved under vacuumto give
2cs gt Aoyl § ot P, (e e Rrger-adddes P9t HeorIghe 63

(t, mllcﬂwmast@oam 13, 1 ed ofors 30, mysitgs to ALl pw &
solid to form The pale 25 solid was fcl%ftered ap%v B J

= 6. Gdffed Bt mlacé-dRe (fol FBwed by8 ef3ifllg Oindér RigR (t.

yaCLngﬁzt@IZafbﬁL a e(sol 3. 50
2t C (dec.), IR (K g) %\Pﬁ 3(99 é’2}8‘2%31 1%3%9 1600&12@13245
(d, B35 = 133@5 Hﬂsls 11089, 9910{3:2, gY3J 843,6754z, 6831,

e R N T T

OB~ 2)1,1993620 @V 2H100)= abédiz 199,42}, 1748 3@1(@?5 J86=) 7.62

Hz o 531 "9272( 821HNR E:%Hgm _ l?g/s%g%i 43‘“‘)0'6 9.09

(s, IH,, =II'HE 2lw)= 6.05 Hz, H4),

BC NMR (125 MHz, DMSO-dg) &: 13.2 (CHz), 18.8 (CH.),
20.7 (CHs), 30.6 (CHz), 31.0 (CHz), 49.9 {C6’), 59.9 (C6), 69.6
(C57), 71.7 (C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.2 (C4’),
101.9 (C1), 122.2 {=CHiy), 123.1 (=CHin), 125.4 {Cpera), 128.0
(Cortno} , 136.6 (=CHin), 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 wlh) 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,

88.0 %); mp. 256 °C (dec.).
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53.23 (t, 1H, J = 9.25 Hz, H5), 3.31-3.47 (m 12H,

H2,4), 3.50-3.64 (m 27H, H3,5,6), 3.85 (s, 3H,

CH3im, 4.32 (t, 1H, J = 9.24 Hz, O+ 6), 4.50 (t,
whHooslosss08. 61 Hz, OH6), 4.56 (t, 4H, J = 5. 6dr/4&004/000413

oH6), 4.84 (d, 6H, J = 3.21 Hz,, K1), 4.98 :(d, 1H,

J =3.60 Hz, H1),.5.64-5.84 (m 13H, O+ 2,3), 599

10 (d, ,5. 2 1 b oJ T
R ( é[HﬂI%Bl:) 3 %9%% z% )163 i‘&%%z _?[4E:P_L ’1%63'9
13347 B0, 1113:; 2OR05] hP337. 948, (&9;6 1H,56—CIdsé.l nF75 S0l Ms

{ESI, ( Sm/é'H re'lggg%gnh?&?ég% NM:SQ( 35122( O d6), . _%%_7

»1297(35,) 17zt2@ ((C5¥s, 78)3 (dR3)cd. 1517373 (C2) 81- 5 (&4),

83.0 (4), 101.8 (d), 123.0 (=CH m, 123.3 ( CHin)
125. 4 3 a .0 reh,), 137.0 (=CHi
SRR Gl c s 12 KR A ER e A LR
Hz, @{3Qbuﬂ.yl2&m(niazrrmuroﬁgﬁ d]igoxg (&r g}ly,clgooLexflt hgnHz CHy) ,
ure of 6-0-tosyl-o-cyclodextrin
2.28 ggs 2y %%E#;%% Tpdiy) BrRdedol & -08-7467.g(m,
1H, }B-cﬁcfmn'i)zz N BVBs( Jouby1apesish iHded findek, NEL 0080 5
deg) a%h% ({??r(z da¥10 ,_’_After coolln% to room
@7l Pt MraéetlonB-?as Brfonasdalded)to3the (t, 2H,
CH,) ,resobt ant so) Lm:orlga@dH\ﬁl ggtguguly st u;}r ? Lﬁ{; %0., 6 63
a

- mnutes. The 25 solid forned was separ
Zr B9 oplat i9m0 ikshel: with bRefbrit, @Edsﬂu.nal By d$|ltenﬂ, 2H,

OH-6)Yndens4vaguym t I ME. (
A RS (decg)H'.g i (Km) o %%4%?% %%29%9?1)6'3 9%4
br, 1%3@‘ 1115’7‘5 521@8?)3 @33.3&94@3 -844nd 768- 3)6;8% @md m

J = £ ks 2005L05660
PCT/ 362004/0 b41n€{Lf SE afz?l\i\é\gl At 2n |9t %-C%zwei 166-47 (4,
2H, J( &8 - P00z, callideno ) 241, AT ; (s 1 AH,36CHOES,) ,40). 77Cak iy,

=ca-adhL ooy (s, im, —cm-2..).

B NMR (125 MHz, DMSO-dg) &: 13.9 (CHa}, 20.7 (CHa),
22.0 (CHz), 25.5 (CHz), 28.2 (CH2), 28.4 (CH,), 29.1 (CH,), 30.6
(CHz), 31.1 (CHz), 49.9 (C6’), 59.9 (C6), 69.5 (C5’), 71.6
(C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.1 (C4’), 101.9 (c1),
122.2 (=CHin), 123.0 (=CHin), 125.4 (Cpea), 128.0 (Copero), 136.6
(=CHin) , 137.6 (Cpara), 145.7 (Cipso) -

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

A mixture of 6-O-tosyl-g-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 zolid formed was separated by filtration, washed
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"H NWVR (500 MHz, DVMBSO-d6) 6 : 0.90 (t, 3H J = 7.21
Hz, CH3), 1.27 (s, 2H, J = 7.20 Hz, CH2), 1.78 (q,
2H, J = 7.02 5 Hz, CH2), 2.29 (s, 3H, CH3Ts),

Wi B85/5680 (m 1H, H2'm, 3.04 3.07 (m 1H, PkeASGI004/000413
3.22 - 338(overlap with HDO, m 12H, H 2cD and--
H 40), 3.54-3.64 (m 25H, HSm H3mand H6m, 3.83

Withgé?eéﬁ}e %}'@z’fél_%éagﬂﬁgdrheg %ljlde_ 1%%{]—{2 tﬂ?g?,yg ?B.SWJ%JZte

solidiz(2 GH &), 9W.47 0t;, mp0 264 T Adec2®.Hz, OH6), 4.54
(t 311, J = 5.19 Hz, OH6), 4.85 (d 6H J =321

(m 138 O aeatt. oy o%e byl ol naeg: o334,

1302 OH Y7, 210D ,(d,08DH, 1833, 8994, Hras, @ﬂmt @)83 16648, (877 cm

1 = 7.62 ., =CHor t B 7.0 2

- gt Tl r%@ﬂm%*s%?s&éﬁy #7 S03,66 @&Jrzulﬁﬁ

caled C NVR (425 Iz 3 0DVESF<16)046:, l:%-l&d(CtBiLrlB- 8 (CH2),
20.7 (CH3), 30.6 (CH2), 31.0 (CH2), 49.9 (06'), 59.9

515 (&g 3550 185y ik £ )1 0t ey, 604

dﬁg 12(.2@H|(B) 38 25cH()Oet @3 -2 . 388 (R, 2QH,(Q1 .’Hdﬁx 13,04
145. 7 (Ci pso anp

1 at a)
3.07 ? sﬁ’frhé‘su S cp)f %%oxgp%(éewﬂwm.%ﬁm 18H
OCHZ,Cyaclzgsi%&HIHl4§:,93y|3atsq 3AsHI %&Uffn@f OfF, H-Sco, H-3cp and
6-0-tosyl - (3-cyclodextrin (2.578 "6 nmor)y and
B- Gwi o8t Vi Hd% & (14082 gz 60332)mr@| )96. r{tDI\/FH(SJm_)lO 5
, BxMps, siiffed unger snit pogengat 90..C § or, 2 (a%,;snf)' 2H,

After cooling to room tenperature, &Ret one’

- OH-6 ast &Pl o t BE,r OBubt art - Bl i 6L, afd=vR g8 cilts) VH-1) ,

4.95Std rref goby%ozr“[{ Fﬂit g:1)1Ne S0Id dof qr m?gﬁgso%—r?d and

sep )ar at’e ation,” Washed "Wi'th ace
OH-3 ). rfa-ISIGy (i éﬂ,uﬁder 6vaz Ul tax-gi)vye 7alnhi(e 3B id = 8.01

Hz, 1&{meta)9’7.§9 8; LEP 5 258 GaldeC Lon, 220 7. 93 (s, oH,

. =CH-4,532), 9.01 (s, 1H, =CH-2i).

¢ NMR (125 MHz, DMSO-ds) &: 15.0 (CHz), 20.7 (CHs),
49.8 (C6'), 59.9 (C6), 65.5 (OCH;), 68.0 (OCHz), 8.9 (OCH),
6€9.5 (C57), 71.6 (C5), 72.4 (C3), 73.0 (C2), 81.5 (ca), 83.1
(C47), 101.9 (C1), 122.6 (=CHiy), 122.8 {=CHjw), 125.4 {Cperd),
128.0 (Cortmo), 137.0 (=CHin), 137.5 (Cpara), 145.7 (Cipso) -

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

cyclodextrin tosylate.

A mixturs of mono-6-deoxy-6- (p-toluenesul fonyl) - B-
cyclodextrin (1.289g, 1.0 mmol) and pyridine {0;237 g, 2.0
mmol) in DMF (5 mL) was stirred under nitrogen at 80 °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 sgeparated by £filtration, washed
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WO 2005/ 056609 PCT/ SG2004/ 000413 IR (KBr) v: 3392,

2926, 1639, 1566, 1410, 1369, 1334, 1301, 1157, 1080,

1033, 943, 846, 756, 685, 575 cm". Ms (ESI, nie,
wiodoasisva@e i ntensity %, 1297.80 (M, 100), cabCrsG2004/000413

1297.53; 171.30 COTS, 48), calcd. 171.17. 5 1H NWR

(500 Mz, DMsO-d6) 6 . 0.85 (t, 3H J = 6.81 Hz,

W1thCt@étoﬂe2%@&?2f1%€h1§i%#%ﬁ% jﬁg%g% ggk%%$:fiioéégghwpite

s0lid. (0418308, BM.0 %M, t.@.n§33-22 °c3.38 (overlap with
HDO m 12H, H2mand H 4rr) 3.53-3.64 (m 25H,

RO 5 852 e gdd ARy 390, ase,

1oso,|+ &0[3)2,, 4930,(t £82H, 37% 1@:11‘63 HEs Okd), 4l (SdiBtive

. . QH 6)., b . OH6). 4.82 (s br. 6H

lnte%lf)”, °i.'9)5u(9§6'%gbr (a?mr ’1,@55' y, 9%15%% 51486 (‘%ﬁs 1517 - 384 §0Ts,

100) ANA1GH.3X715085 (d, 1M = 6.03 bz, O+2), 7.11 (d,
oH, J = 7.62 Hz, =CHmeta), 7.47 (d, 15 2H, J = 8.01

5, o e o A S T i 2-3.0

(oveﬂwomah SDOanQ (1@1%{3) ,H~2Q, Etrx(dcﬁ-’»)éklcg)( %&2 )%d @H%)y (&> BeH,

H- sm(%%m 1H—( ; 34@693(% gm, 53,0 H-6gy). - @91@ (&5 JH, T

-~ 10 72,6 120 86CH, Zﬁ«z—“s)(c&b,zan{t@ &QZ)J 81650(304)5 583uk, om-

éc4) 101. 9 12226(% 1 0 (=CH,,,)
(f.ontla) Y, —1?&%«@0 (BG4 it 1989, 67 =

5.61(GparA)uz, ]&5—67) (G0%e @(anpj{e :ff %”Eﬂesbssﬁf Hz, OH-6),

6- deoxy- 6-{2- ( 2-
4. 77 %t B8x y@h By ihyl i nPdaZol(funiE, 6Jdcyc| @dextei ng-1), 5.58

@, 12}9336' at 3-.0&53'% rr@g]t yne gf 6926 4-PS¥ - 112y G By 3
6.06 2@2 éﬁh’ma'yet h6x9) éh’hyIQHﬁZdazcﬂ 40 1(A,0528, @ G mméd Hz,
- ) s stirge der_.nitrogen at 90 _0C_for

CHme"Z’T DM% 3 ?{iérﬁ\%bo mgét%] lrigdm %tur861 L &roflr I =
7.23 (%&ﬂ_ﬁm&%dgﬁ} 8.64 (t, 1H, J = 8.04, 7.68 Hz, =CH-

4pye) » 9.01 (d, 2H, T = 6.03 Hz, =CH~2pyy) -

*C NMR (125 MHz, DMSO-ds) &: 20.7 (CHirs), 58.7 (C67),
59.8 (ce}, 60.8 (Cg), 61.6 (Cs8), 70.2 (C57), 71.3, 71.9, 72.1,
72.3, 73.0, 73.4 (Cs5, C3, C2), 80.6, 81.4, 82.9 {C4), B3.6
(Ca}, 100.9 {(Ci’), 101.8, 101.9, 102.3 (C1), 125.4 (Cpetars),
127.9 (C3pyr}, 128.0 (Corenors) ;. 137.5 (Cparare), 145.4 (Cipsors) .
145.5 (Clpyr), 146.1 (C2pp) .

Example 6. Synthesis of mono-6-allylammonium-6-deoxy-8-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl) -8~
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

—2%-
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to the resultant solution and vigorously stirred for
30 30 mnutes. The solid forned was separated by
filtration, washed -27 WD 2005/ 056609
wBGedsaE2004/ 000413 with acetone and final |y mri/«choos/oo0413
under vacuumto give a white solid (2.87 g, 97.4 % ; -
254 C (dec.). IR (KBr) v: 3393, 2928, 1638, 1410,

el o, R Bl 030000100, 902, 815,

(25 it evesi @pdey, t@S@!leG@e(thaﬂiﬂOéqllmaJcﬁﬂan&39i1&9@d for 30
(50Q

1.3 al.c 71.17 HN
mlnu‘%ﬁ\%o %é’l)(e gﬁti él&% fg“ﬁme wag fSIZ} éﬂé) drgecésunder
vacudns oVt rﬁlg&fS):oségga Eg&g%éééﬁr%iprﬂd%cﬁ (ﬁ%éogdfg 33%&
%) m - overlap w m
5) “%b&],(}l%gl-?%%ia)nd H 4cD) , 3.51-3.68 (m 27H OCH2,
H5m H 3m and H-603)) 3.78 (t, 2H, J = 4.41 Hz,
CH2), T® 9BBE), viHzader 2625, 1+¢z_:.s H1$49D) 141341{@{6.4

b 3 Hz, H6' cD), 4. 45
1157*4%5‘ S 13 4B o789 25%4 P G gmd ! N5 (EET, /e,

relatide) ,:Lntén%Etf{ds) JHi1d2 —43 ?I\ai{+|'|210b'b 1) c:aﬁcc@df ]51'7748 4(2m
nd 15 OH (d, |

171 3(9:!25’%7 49) ( b J27-1 §701 Hz, CHrret a) , 7 48 (d,
2H J = 8.04 H, =CHortho) , 7.73 (s, 2H, =CH 4,
, 8. QiR ol Harr=Chbnlio g,y 6 13 auHer,
D&Ode s(‘igsoo]gI &B&O)d)(éc}eewjg% (C8") H%b 9
2-85 (&) 1He575=( &x¥ER)? 02 (DCH2} ; 1 B8D G@BH@) 2@ 89. 8z,
74. - 1 ,
H-2' LS )32 0413§>‘ 5(403)3 eﬁcﬁ) &@@iizlznﬂé %(Q%H % (&1, ang
CHa) , (3615191*.%i 6312511»4 Zt’éivetléjscp. Emmoar(ctdﬂ&am)) 3 1&3}7 @, 1, H-

3 o) {0 s 137 S CRACR) 1 41 (Ggps Le S
@ '( nt heS(ISS of’ rer%o b- éoxé é§p3?/(?| g}ir)ﬂ Sam 8%@”& H-1},
4.87 | ddextr Fn3tdSyHat el-1), 5.16-5.38 (m, 2H, =CH,), 5.67
(s br, 6H, OH-3), 5.73 (s by, 8H, OH-2 and OH-3), 5.81-5.87

(m, 1M, -CH=), 7.12 {d, 2H, J = 8.30 Hz, =CHgew), 7.48 (d, 2H,

J = 7.85 Hz, =CHorrno) -

B NMR (125 MHz, DMSO-ds) 8: 20.7 (CHs), 40.9 (CH,),
50.6 {Cé'), 59.9 (C6), 69.0 (C5'), 72.0 (C5), 72.2 {C3), 73.0
(C2), 81.2 (C4), 83.6 (C4'), 101.9 (Ci), 119.8 (=CH,), 125.4
(Creta) ; 128.1 (Cortmo) , 130.8 (-CH=), 137.9 (Cpara), 145.1 (Cipso) -

Example 7. Synthesis of mono-6-deoxy-6- (n-propylammonium) -8-

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- {p~toluenesulfonyl) -8~
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. Aftexr cooling to room temperature,
acetone (25 mL) was added to the resultant solution and

stirred for 30 minutes. The white solid formed was filtered

~30-
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15

20

25 A mi xture of nono-6-deoxy-6-(p-tol uenesul fonyl)-p-
cycl odextrin (1.289g, 1.0 mmol) and pyridine (0.237
g, 3.0 mml) in DMF (5 nL) was stirred under

waoi egeroat 80 C for 2 days. After cool i ng BOI/$GEa008/000413
tenperature, acetone (25 nL) was added to the
resul tant solution and vigorously stirred for 30 30

d d d
and é@ﬁtrZEﬁkih%aéakh O$8%g§ﬁﬁ¥€dﬂgﬁggra%§' g¥51red product

tion
(2. 69T/ SR04} 000813260d 1t @ket.one and finally dried
under vacuumto give white solid (1.163 g, 85.0 %,

m p. - C,.. K : 4, 5, 6, 1414,
1360, TodkoH 1 S bao9atast s 15ats, 1895 chiOT NG
1155, ESI80,.ni@32r, eBaBiv%S95 "V(MEFESTI yt:n% MSLQ(FEsﬁQ s,
100 alcd 1] 171. s 100 cal cd.
rela Ie) ? 50 , Gabed(sL17gy44;
171. :ﬁZI—B(TSTs,31412 8ca4]7cd (aver.lian W|th HDO m 14H H2m
and H4cD), 3.55-3.67 (m 26H H5m H-ScD and

H-6 8 o fhom, 418 (1, 1H J 10 =

) )1211]552% P—‘ﬂiﬁ“ %’%Zr('g@%&’ égk 1@ 1°rr85 8Hp37 5. 8162

Hz, cma) m45)(s4m, @ = ]JH,ZBJH_ 5C%2). 5 &b Fdzs %6331{ a)
4.54 (1, 2H _J = _5.61 2 Hz, OH6), 4. 60 18,

2.63 (€12 28,68 =77 63 1B cSFliizé)f 228571 B8, (% @48244}!12) H-

27 ) 5. D214 dia,1HH,) 7==6180. bz, gt 1.4 5,583 . ﬁ«g,- 44 (ov%rgép
Hz, OH3), 5.63-5.87 (m 12H, OF2 and OH3)
with (Ha)o'lm' 44, 6H02qqzan@)_ﬁ2§cn)7 Q@S@dB &4, (g, a?ﬂ 6M-Bzy, H-

a YS)3, 3k h
3 n@l-!gmécg) )3 '787 48 (1@1 %':'3 % ﬁ%&sbr%ﬁ éqxﬁs)(,t,
4.83 143, $H: §- @h, 5. %8 @& H@Hﬂzmyr)s 6795019(61;1, 2HH,) OH-2

md gy Q’? (&B79) Zpy%) 7 135%!'\/%2(2(1) ’“%t"('cs%% O ?EG)J =

7626@.6 p@eatbonoz(osl) 713 71.9, 72.1, 72.3, 73.
73.4 (C5, C3, C2), 80.6, 81.4, 82.9 (C4), 83.6

C NMR (125 MHz, DMSO-ds) &: 11.2 (CHs), 20.7 (CHs),
30.6 (CH), 34.5 (CHz), 50.2 (T6'), 59.9 (C6), 6€9.0 (C5’), 72.0
(C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.5 (C4’), 101.9 (C1),
125.4 (Cacta) , 128.0 (Cortno}, 137.7 (Cparal, 145.4 (Cipso) .

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

cyclodextrin tosylate.

A solution of mono-6-deoxy-6- (p-toluenesulfonyl) - 8-
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 20 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.)

-31-



10

15

20

25

(&4'), 100.9 ('), 101.8, 101.9, 102.3 (C1), 125.4

(CretaTs), 127.9 (C3pyr) , 128.0 (CrthTS), . 137.5

(CparaTS) , 145-4 (G psTS), 145.5 (C4pyr) , 146.1
woQagss6025 Exanpl e 6. Synt hesi s of nono- PCT/SG2004/000413

6- al i yl ammoni um 6- deoxy-ji- cyclodextrin tosylate. A

sol uti on of nono- 6-deoxy-6-(p- toluenesulfonyl) $-

cyclo t 5 and

(b 3aay, gy 5305 de8, ) oo TRdg O e R, "Taas
1302)/\/611515'9,“10@1 fl@B25 herr s7529 Y 200K QR6BOMs (ESI m/e,

PCT/ SG2004/, 004 3 der nitrogen. After cooli nég 0
Telap i 17 Yure, &ggf’oﬁ% (fE5 5 H‘Lo)o)wa§’a&8§ed 10 14t

171 . $@s Ulotrant 23@I,ubapﬁdanﬁ7§t17rred for 30 mnutes. The
white solid forned was filtered and dri ed under

vacuum o Lght to ive th deS| red product (2. 48
g, 92. 1 g’ﬁg) %ﬁ% ?) FR ¢ KBr it w: 3%4276—
, @836, 11698,(s]44p, 514417 6153% chlp/, 119805 1632, J94'3rf' 62

760 700, 639, 575 cmi. ESI n1e relative
 §Fengi-e§ IF; 3@75}&@3)(%5110(@) 28a| §d= 1164 .Bp; CHz),

2.83 17, 3ﬁ1( JOTS,S %@) Hzcaiicﬂ %}ésl@v 73] i‘i{N'\fR—( aqozw%z,

DVEBO- ) : 2.85 (t,
H-4'@®)83- B, - rﬁzéfirgqverzlapowéﬁh @Pp Jm- mrosﬂ&:p arHl LH-@I):D)
oyekl ap pwist h _HE 14 I
3 5433 %3 CS—|2’ %H( ﬁ@%@(;s}ﬂ""% ) E;r_%-and H#Bc ) "oo} s

4. 503(98031(¢ sfﬂ,HOHHS):s 4Dp3 assoszq,s bel) 1M .80H-(6) , 18, 83-1) ,

“ 5
5-seqgreqyin 3 PR-Rand a2 LY (o2 075 %0 e,
—CHaeGl 3)7.-48. 18, (8Hbry 8H;. @HEZ ,andHOH:3)., 5.81-5.87 (m
1H, -CHe), 7.12 (d, 2H, J = 8.30 Hz, =CHneta), 7.48

(d, 2H13c: ﬂmz: 31'2855M|:|12z’, E%%EEBO)&' 13.7 {(CHz), 19.6 (CH,),
20.7 (CH3), 30.6 (CH.), 48.3 (C6’), 55.8 (C6), 69.2 (C5’'), 72.0
(C5), 72.4 (C3), 73.0 (C2), 81.5 (C4), 83.5 (C4’), 101.9 (C1),
125.4 (Cpeta) , 128.0 (Coreno}, 137.7 (Cpara), 145.4 (Cipgo) -

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

cyclodextrin tosylate.

A solution of mono-é6-deoxy-6-(p-toluenesulfonyl) -8~
cyclodextrin (2.578 g, 2.0 mmol) and p-pentylamine (0.532 g,
6.0 mmol) in dimethyl formamide {5 mlL) was refluxed at 90 °C
for 5 hours under nitrogen. After cooling to room
temperature, acetone (25 mb)} 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, 96.2 %); 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,

-3
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13C NWR (125 MHz, DVMSO-d6) 8: 20.7 (CH3), 40.9 (CH2),
20 50.6 (C6'), 59.9 (C6), 69.0 (C5'), 72.0 (Cs), 72.2
(C3), 73.0 (), 81.2 (¢4), 83.6 (C4'), 101.9 (d),
wWlR0B0s660€H2) , 125.4 (Creta), 128.1 (Corth.)pcr/d6@e8000413
(-CH=), 137.9 (Ceara) , 145.1 (G ps.) Exanple 7.
Synt hesi s of nobno- 6-deoxy- 6-( n- propylannnniun)
IQdextr|n tosylate 25 A solu
relatise, E B Y6 p- %apﬁe%%s@ﬁonw?usca%y@rovove%ﬁ?n
171.4 2" 5@3 g:.s?,%ﬂl@di) and 1/~ propyl am ne (0.355 g, 6.0
nmol ) i n di methyl formam de (5 nL) was refluxed for 5
hour s, under nitrogen. After_cooling to room
t enper 8t > %eq%%'elt”@ ) Yas Gdtfedito 3tHnreJ = 6.42
mz, tegyl taps $6l k| o Ang: 30 stayred dor 39 ra}%
white solid formed was filtered -30 WO 2005/ 056609
3H, $BErSG2064/ (60428, GHd (d2-88 (hdetHvaBuRhmdved - h@gh%
1H, jo_ giivest desiyh r gguct . '
260 C (de?%) oo qBr@) 2 3%94# Wi l%é'g‘t
12H, 8P4y AZHEH- 4cm)1553 3980651082, 2943, K758, M0 sm BAbco) ,

o elatiyve 1176.
275 i oRe B R TR e S BRAY, Sres i‘fy,gg' H-1),
4.86 cbd,cAH,1HE117. 5. A6NVRBT 500, NME, DHEO- aﬁ)i 8u:3D, 85.12 , (d,
H J,5 7.62_.He, L 1.48 (s, 2H, J = 7.23
TP 3 55" s e okt @0k Bt 50 P2 Sy -
CH2), 2.89 (t, 1H J = 8.82 Hz, H 10 2'm), 3.12 (d,
1H, J %% MM 2(idzs M4’ 9@3303@,34& 3344 (omgr, ap . wi(kh,),
? m_14H H-2a and Hden), 3.54-3.63 (m 27H
21.8 {Eh) » 128 33 DIGH H36cP) (CH2)7g 483 A6’ H-358p), (dskg 68.8
(c5/ XS 1.0 f‘{lds)(}hﬁ).(& égf33 '(38_? G('dz)H'a)l 44, (&@)7 5831%" (cary,
101. %Hglj =18504 mg:meazmﬁe}a) 1 104;&16()(1 IZPI 9J (Epara)s 147621
(Clpso')-lz CH) '

Example 10. Synthesis of mono-2-allylammonium-2-deoxy-§-

cyclodextrin tosylate.

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 wlL) was refluxed for 6 days

under nitrogen. The regsultant solution was cooled to room

temperature, added with acetone (25 mkL) and stirred for 30
mim._ltes. The white golid 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, 1679, 1031, 942, 761, 701, 640, 574 cm™. MS (ESI, m/e,
relative intensity %), 1174.40 (MH", 100), calcd. 1174.42;
171.30 (70Ts, and 26), caled. 171.01.
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13C NWR (125 MHz, DMSO-d5) 5. 11.2 (CH3), 20.7 (CH3),
30.6 (CH2), 34.5 (CH2), 50.2 (C6'), 59.9 (C6), 69.0
(C5'), 72.0 (C5), 72.4 (C3), 73.0 (), 81.5 (¢4),
wW8206/0560%), 101.9 (d), 125.4 (Cweta) , 123P@r/Rc2008000413
, 1377 (Cp~a) , 145.4 (Cipso) 20 Exanple 8.

Synt hesi s of nono- 6- deoxy- 6- (n but yl ammoni um -

, 6-
mngﬁ%ex O 1\%10? ]ﬂﬁ% égie g h%’]) ?é 3By cfBext}idr-3-46

(m, (12.1-1578@@—2,2; OOﬂ‘ﬁ'ﬁﬂ.)ipaﬁﬁ.ﬂBr braby) ,amanss@@ 889 @Gn, 98R, cm-
) was refluxed at 90

f d
2.5, 8 1 STele. Therir Ay -2-Rb: div-c el g6

(d, LAPNy Lenpepatir € opaest 0Besf231aL) avay added 1t Qpt h%H 3),
resultant solution and stirred for 30 minutes. The
5.56upi &% 9o %81 7]« Ra$3BI BRr &8 a?a%inr@TéUQ@rbeﬁ 81-5.86

C Ver g t i ve_t 65
(tm, gﬁ LLLtEﬁ—q/a 7. 2% hia 391&9 gec ';768_31 NS %s/%i;rgr%ab%:?c) 7.48

(d, mT/fsezcﬁo@/Oo@meHbﬁm(—mppamc)3382 2928, 1640,
1415, 1369, 1335, 1302, 1157, 1080, 1032, 943, 756,
706, Nfg 6 (€53 11»15&/5 bSh. a1 &. Jhelkalicye) i nfensi ' 48.
1150740 (Ve "5 o0) e %1 255 465 § %F 48.8
(C-6Dg) 58¢al d8- 61715:@77 5(¢+6)NW 500 (GHE),, Dwscydm B (m, C-

0 8 Eorls Rl o180, OB A (corti) § sy, o

4), (P1.8HLOZHBTIN, 2C6l)(t 103HE J(C=1).,6418E, 5CEZ—9CH2)2 828.0

oy g 852, 7 B o Aty s e )

H 2m and H 4cD), 10 3.54-3.63 (m 27H, H 50, H-SCD
Examphel H 6cByntBegbis(of tbhotd dxy-24. (%p@ppﬁ_amﬁd:hium) -B-

4.83 (s, 6H H1), 4.85 (s, 1H H1),
°Y°1g€%gg‘%‘%f° ﬁﬁﬁa’fEH OH2 and OH3), 7.12 (d, 2H J =
8.04 Hz, =CHmeta) , 7.48 (d, 2H, J = 8:04 Hz,
=CHor ttho¥olution of wmono-2-deoxy-2-{p-toluenesulfonyl)-g-

cyclodextrin (6.20 g, 4.81 mmol) and n-propyl amine (9.950 g,
168.3 mmol) in dimethyl sulfoxide (10 mi) was refluxed for 6
days under nitrogen. The resultant solution was cooled to room
temperature, added with acetone (50 wL) and stirred Ffor 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, 944, 758, 701, 576 cm't. MS (ESI, w/e, relative
intensity %), 1176.70 {(MH', 100), calcd. 1176.44; 171.30 ("0OTs,
and 26}, caled. 171.01.

'H NMR (500 MHz, DMSO-ds) &: 0.87 (t, 3H, J = 7.23 Hz,
CH:), 1.54 (g, 2H, J = 7.23 Hz, CHz), 2.28 (s, 3H, CHi), 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, CE-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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"C NWVR (125 MHz, DWVSO-d6) 8: 13.7 (CH3), 19.6 (0112)

, 15 20.7 (CH3), 30.6 (CH2), 48.3 (C6'), 59.8 (Cv),

69.2 (CS'), 72.0 (CS), 72.4 (C3), 73.0 (C2), 81.5
wOCH)5/058895 (C4'), 101.9 (d), 125.4 (Cneta)prCT/42804000413

(Cortho), 137.7 (Cpara) , 145.4 (G ps.) . Exanple 9.

Synt hesi s of nono- 6- deoxy- 6- (n pent yl anmoni unj -,

ﬁ%d ode W*Ztes?;%bl”t%éﬁue%zgas?ﬁl fg%}ongof =cyci BaekFri fE-1)

4. 91(@ 5181 g 2. 9. 600k, arg N-pem yhamgfxe)dpq 58260, (t6. 01, J
in dlmethl forrmmd was refluxed at 90

= HZ:CO}? )ér) 155h6@résunﬁ%r ﬁﬁt?bge‘% 70Af€ter S€ooli ifg ot 8%r BEm OH-

3y, Ledwerat upe, dgetgpes(3cilmayagded totbheg, 2, g =
resul tant 25 solution and sti rred for 30 mnutes. The
8.04 WhEt e=CRileidatompbdc) wad - £8| tlér edHand dr i edPUurfer =CHoztho™

um over night to give the desired product (2.65
6.3 %; 266 C (dec.). IR (KBr) v: 3402, 2922,

o2 s 00, BB 91907 ?5@%"802"26582%@83860 e

(CH;»)PC'IZJ(&SG2007I12®001$339 r@ﬂ-&ﬁ ‘ilve Gtertdi.Ry G4, QA-204. 5@9 6 (C-

aroma

sy, (209 et 608 gy A (S 10 e .

79.7={6-42) , H1.CH3D) .0 1(B5 (Cs4br, 14H,6€l:® 2 1{1117 (Zslbr, 103.6

B0 BRLE Sy QRIS 250 o PO

(c-14h4' (r)) 3.32 - 3.45 (overlap with HDO, m 12H, H2m
and H4a,), 3.54-3.65 (m 27H, H5a,, H3a, and
t, 1H H-3' )
S0 1%, dyerpbie peps pBol fpfleffiyle- Aintiv M ithuey:
amozlﬂth‘ih) %&e&ﬁ?l@:lea) 8- &ydﬂod&txfhﬁl Abdidad = 8 43 Hz,
=CHneta) , 8 (d, 2H, J = 8.04 Hz, =CH s, . 13C

NNR 125hree neDI}«/:BO gg?) mL rouncg%_@ﬂome% f'_geg_}g) 'equipped
with a condenser, nitrogen inlet, stopper and magnetic stirrer
was placed mono-6-deoxy-6-n-butylammonium-f-cyciodextrin (6.82
g, 5 mmol) obtained in Experiment 8, which had been dried at
60 °C for 1 4 under vacuum, and dry dimethylformamide (100 mL) .
The soluticon was stirreéi 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, wethyl iodide {14.0 ml, 0.22 wmol) was added and the
mixture was stirred at 0 °C for 1 h. The temperature was raised
to 10 ° and contimuous stirred for 1 h and then to room
temperature for 3 h. After the addition of ethanol (18 mlL) and
saturated agueous sodium chloride solution (200 wih) containing
Na,S.0;, the mixture was extracted with ethyl acetate (3 = 200
mL). The organic layer was dried over Naz80; overnight,
filtered and removed by rotatory evaporator followed by high
vacuum overnight to give a foam solid (7.30 g, 89.8 %), wmp.
79.0-81.0 °C.
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21.8 (CH2), 28.5 (CH2), 30.6 (CH2), 48.3 (C6'), 59.9
(C6), 68.8 (C5'), 72.0 (C5), 72.4 (C3), 73.0 (C2),
81.4 (C4), 83.5 (C4'), 101.9 (d), 125.4 (Cneta),
w280s05668ort ho) , 137.9 (Cpara), 145.1 15 ( CleSO9G2004/000413
Exanmple: 10, - Synt hesi s . of a

mono- 2-al | yl anmoni um 2- deoxy-/i- cycl odextri .

t I so on
Eho BBEL o2 Ly oPahes Py 1A% cgy%T%fde%@??n 1159,
1105( 11289, gy7d. (Bcn—mﬁ) e, atday,l 7, Nnse62 cgyt 3MD (B, m/e,
| foxide. (3 rrL} was _refl uxed for 6
sGRACHRon MRS -8; 126.8

17, caied chocHOOIME tenperature, added with acetone (25
m.) and stirred for 30 mnutes. The white solid

f filt d and ed under __vacuum over
S Bl o, G Eah B Batiat ta 3 oF ot FopEz, m)

1.36Mg, 228, Ca(dec. 3 IH2 (KBE) ,vi.36384q,2929, A63% ghd48m,),
1413, 1335 1158, 1079 1031 942, 761 701, 640
3.06574 énPd. We (BB, BePat ive3iA¥ enit y2B, H-3,4,5,

0 0 137 S, d
CHZN{&)E?Z)gaI%dMﬁl{?% (Bll.I-I ?%@% 2%0%%0%6{30%&} Bor§Te .82 e

21H, pRFEEG2 004100043378 vmr NWH( 5806 M-z4 - BVB(- d63HG: T2=28 . 82

Sgy 3H 9@"%)’103 14H, CH 2,4 overlap
1(16)h 3553( 8]{—?CH-356)437465

7H O|+6) 480495(m 7H, CH-l) 5.16 (d,
|%]|C IR 1675 P@z,omllig;ls)s BOLZ1H, (§Hs), =19731 {(4H,), 24.7

iy D ST LnePl, PR AR ), b

5), $885 m@ 5):Cl—lﬁ@t@ ar Giafi d)m., C7—548 ,(d2.8H(CEE) 7 8530 (C-

). g Eo%b‘{)cm# YA st b e e Mg ©

1), 99.9 (¢-CG)6) 0970. Ice@ 5)9971. Vc-?ﬂ 3 9om7 @e-1).
Example 13. Synthesis of mono—s—amino-G-deoxy—ﬁ—cyclodextrin.

A mixture of mono-6-azido-6-deoxy-f-cyclodextrin (5.80 g,
5 mmol), prepared from 6-0-tosyl-B-cyclodextrin using
previously reported procedure by R. 8. Petter, J. 8. Salek, C.
T. Sikorski, G. Kumaravel and P-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 wag added
deionized water (1.0 mhL) 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, 165%, 1438, 1414, 1389,
1369, 1334, 1ilbe, 1080, 1030, 947, 755, 707, 609, 580 cm™*. MS
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10 2,3,5), 75.3 (CG3), 76.8 (C2), 79.9 (CG4),
81.0-82.0 (m C 4), 101.6-102.2 (m C 1), 103.8
(CGi), 125.5 (:CH2), 128.0 (Cneta) -, 130.9 (Conbo) ,
whbdbogheseeo€H=) , 137.6 (Cpaia), 145.7 (Gi PS,). rEHSEEBLHO00413

11. Synthesjs-of - :
nono- 2- deoxy- 2- ( n- pr opyl anmoni urr) 6- cyclodextrin
tosylate. 15 A sol ution of

(BST,moH6 2 -ehive: (atessidye SUl-f 6143?14) -58. M 0deQP} i ncalad.

1134 G820 g, 4.81 nmol) and n-propyl am ne (9.950 g,
'168.3 mml) in dinmethyl sul foxide (10 nmL) was
refluxed for 6 days under nitrogen. The resultant

381 WMRoN s Mal eBMEE-Foon? : t 8npér dffur & 0fhd d&es v t hE-6,
NH3) ,\‘Z‘%eg@ng é§0{rﬂt)1@1@d 1) ré}ed 4 913.30 420 (@, n'éheSOHT@? 4.83

te solid forned was filtered and dri éd under
(d, aFacyum 8verHni ghtlto @48/% @l,dési,r 6d=p? oAz, ((5:19%,9g5.61-

91.7 5 C (dec.). IR (KBr) v: 3395, 2929,
5-77 1%914%[419@?[3%2 1302, 1154, 1079, 1033, 944, 758,

701, 576 cm7'. M5 (ESI, nle, relative 25 intensity
%G NME6(7D I\VIWH,, DMSO)-ds)caﬁcdSSBQLi?@Cd@J 174.80(¢207s72.4

oA S8 T N E0AME 0 09 o

7.23 Hz, CH2), 2.28 (s, 3H, CH3) : 329 3.41 (m
ExamplizH, 1OH2 Syaehesiad O@Hmoméicmww-ﬁh (Hobpetizy 54 agmpoium)

pem%%%,ﬂ%‘tﬁgzéﬂgfbéeﬁtc%k%@o gr oup) > 2.84§5d( s,ler J ;H,

OH+6), 4.67 (d, 1H J = 6.81 -34 WO 2005/ 056609
B@TI'/ SGA0CH0064K3 320 @f 2rewndrENEDegr ofil® sk 4 egRipped

With C%-éke Sﬁrfhnﬁl%f% Sg‘gi’%ég, 6%tc?g%‘;?é)gﬁrgcglmaéx%}:§c6%tirrer
was ﬂl—baéad o6 -6 Sambhb - OHIQy- BB - oiiodeBErid {26243 Hz, 2.0
mmol)?&olw:bt%_ilzne%f g%sg%pﬁggm??itl’:bg: \gh:\g%:%%%$ g?ee;q{ %’1%6( étl%o °c
for 2H3 dnde8. Qbcham, =6HAL M~ dimethylformamide (50 mlL). The
solution was stirred and cooled to 0 °C by ice-acetone bath and
then godium 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 miL) and
saturated aqueous sodium chloride solution {100 mL) containing
Na;S20;, the mixture was extracted with ethyl acetate (3 x 100
mh}. The organic layer was dried over NayS80, overnight,
filtered and removed by rotatory evaporator followed by high
vacuum overnight to give a foam golid (2.67 g, 84.2 %), wp.

89.5 - 91.5 °C.

IR (XKBr) »: 2929, 2833, 1459, 1369, 1232, 1192, 1159,
1103, 1037, 970, 893, 854, 752, 705, 555 cmt. MS (ESI, m/e,
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aromatic). 13C NWR (125 MHz, DVSO-d6) b: 11.3 (CH3),
20.5 (CH2), 20.8 (CH3), 48.1 (CH2), 58.9 (C6'),
59.8-60.2 (m C6), 69.6 (G 57), 71.7-73.2 (m C- 2,

wWO-B05/86@p, 74.9 (CG3'), 76.6 (CG2'), 10 79. 7p€BE004/000413
81.0-82:0 (m C-4), 101.6-102.2 (m €1); 103.6 -
(C1'), 124.5 (C-3,5TS), 128.0 (C-2,6TS), 137.6

= N WL N T B

127 .feraet hybat ptedGeCyalxegdextrin iodide 15 In a
three neck 250 nL round-bottoned fl ask equi pped

ndenser |nIe st opper
gt cTt e PhbLgPafea neno & " AhF, 3.15-3.27
(m, $mdeaxy)6-n-botyl aonqa, umEs- oycd adext Bige{5.£2 (g, 3em,
mmol ) obtained in Ex eri ment 8, which had been dried
OCHs)at 3682 C 3 1™d r PaBelim 3afd-dr§? (m. 21H, OCH),

3. 728 g hyhf ofgRmMm ﬁezﬁlQO Lo 20 Themsobutd an ¥@sez, H-2),
stirred and cooled to 0 C by 1 ce- acetone bath and

4.33 t ten 8bdidum By87i Be: (3598 ot - B2 230((m, 60HH-1) .
dispersion in mineral oil) was added. After

g2:Y! ' t tar thyl i-de

(1{5.]}?% fgﬁrh)l Wéfjl élrild?ed’ an(glz'lﬁﬂ g%né:(t uSrEge%(]lvvasgL 4 (m,
2-CHStI 5F9H3,at 390:5})f orél., Tdte.:«:t,ermermmea was, r aised 256),

to_10_C and_contjnyous tir fo th 0
76.4, 03m3te%e?é€gﬁe #B‘r e te’r {:h%) adggg? onggfi’ °8.1,
98 .9 etd@mm (4.8 ,mep.andiosat ut@ted. aqueous sodi um

chl oride solution (200 rrL) containing Na2S2Q3, the

Exanﬁ%(tiglﬁ V%P&z‘f?tfs(r’:aftg e?v%% et%w{ine %e at eﬂ%{ﬁfluf% 5.

cycl&¥ekit Bhtch13itiel, t @eRdmabd del‘ﬁchﬁr@yé bAt T With other

evaporator followed by high vacuum overnight to give
anions¥oamsolid (7.30 g, 89.8 %, np. 79.0-81.0 C. -35
WD 2005/ 056609 PCT/ SG2004/ 000413

Mono-6-deoxy-6- {methylimidazolium) -B-cyclodextxin
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 analvsis, Calced C: 42.84%, H: 6.34% N: 2.17% S:
2.75%, Found C: 42.83% H: 5.97% N: 2.22% §: 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™ .

[y

MW NMR (400 MHz, DMSO-dg) 5:. 3.23 - 3.4%9 {(m, overlap
with water-shift of DMSO-ds, m, 15H, pCD H-2 & H-4,
imidazolium N- CH;), 3.54 - 3.84 (m, 24H, PCD H-6,, n, H-3 & H-
5), 4.49 - 4.57 {(m, 5H, PCD 0OH-6), 4.77 - 4.97 {m, 6H, BCD H-

1), 5.66 - 5.81 {m, 12H, BCD OH-2 & OH-3), 7.70 (s, 2H,
imidazolium C4-H, C5-H), 9.07 (s, 1H, imidazolium C2-H).
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IR (KBr) v: 2931, 2831, 1654, 1462, 1370, 1323, 1159,
1105, 1038, 970, 908.5, 856, 752, 705, 565 cm1. MS
(ESI, me, relative intensity % 1498.9 (M, 100),
woadeoshseehd 98. 8; 126.8 (1-, 100), caicd. 126.8cT/8G2bbd/000413
NMR (300 MHz,- CDC13) 6 0.93. (t, 3H,J = 720 Hz," :
CH3), 1.36 (q, 2H, J = 7.23 Hz, CH2), 1.70 (g, 2H, J
= 6.84, CH) , 3.06 - 3.21 (m 7H, H2), 3.27 - 3.57
(e 20W K804 Mz, CRMNOCHB) 2)0: 3130-9%, 241 -3@eH3Y23.01
, . 3.41 (s, 18H , . 3.52 (s, 1H, QCH%), 61,
(lmldsf%zf’éls’ﬁﬁ C}szE #6@, rﬁ?@%"é%‘{@z‘a' Je-g 82‘5%?0%%}: Bl.45
), 4. (M~orH, : C NRL "BcMizsy =59
(pcD %@13)7569%3%&( C](%Ig)', 2% ?Eﬁzb) ,Cégh. 7 (E( P eT)g %08
(BeD (AGHR2R5.57. 8imidzc ium MOHR), 64.1 (G 5), 65.9 (C
5, 68.1 (C5), 70.6 - 7.7 (m C5,6), 72.8 (C6),
75.9 (C._6), 78.4 (G 80.Q - 82.4 ( C-4,2, 3),
mxamul o CPPPLIGTo IR (OF e )i §OF iy Mhgidedid)y
synti2Big (G 1), 99.7 (CG1). Exanple 13. Synthesis of
nono- 6- am no- 6- deoxy-, 6-cycl odextrin. A m xture of

nono- _6-azi do- 6- deoxy:-, 6-cycl odextrin. (5. 80.
ooy 2 spinhtan ¢F Rrdsantt PR il tRae g
cycldiraus kysvepes t ool procedurss o) &n FetéeiMed & ml
Sal ek, C. 20 T. Sikorski, G Kumaravel and F-T._ Lin
: 2 qig] anghd -ELraRdASRZ2 IR nd -AB0493 |: 438 SR wash
stirtd o100l hoMs 8bifsal M idOBibanBenaiske for 2
hours. The resultant solution was adde dei oni zed

Tetragilorltdn dOpLy3 afid ¢ €¥6% PG 2ohadAsd Thetiae)| GRMPX
and AE-ARIGEOA581A0GLL QuPl SEIR AR LRGN LBno OLddbaith

25 was filtered, washed with acetone and
mixtdiqatdsy edkiredteddel thi dhchloranehiboe 98P iifghtand the

atonflpCdtfiel QL y2s A fhd Yol lfaney 304,0
evapdditded 389, Th36B8esidB34, wdd 581rilfi8d, b¥0BAge U 755,
dist{f&%tfg%.%b 8§9ecgﬂé deég%ed product (0.210 g, 86.64 %),

oven temp. 100 °C/2.0 mm Hg.

g NMR (300 MHz, CDCls) 5: 1.87 (bs, 1H, OH), 2.41-
2.54 (m, 2H, CH;), 4.72 {(dd, J = 5.6, 7.2 Hz, 1H, CHOH), 5.12-
5.19 (m, 2H, CH=CHp;), 5.72-5.86 {m, 1H, CH=CH2), 7.03 (¢, J =
8.8 Hz, 2H, aromatic Hz, 7.33 (dd, JHH = 8.4 Hz, JHF = 5.6 Hz,
2H, aromatic Hy). *C NMR (75 MHz, CDCls 8: 43.6 (C2), 72.7
(c1), 115.0 (C4), 118.2 (C3), 127.5 (C37), 134.1 (C2'), 139.6
(Ci7), 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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-36 WD 2005/ 056609 PCT/ SG2004/ 000413 (ESI, nie,
relative intensity o), 1134.50 (MtH , 100), cal cd.
1134.30. 1H NWMR (300 MHz, DMSO-d6) S: 3.34 (m 30H,
Wid-28¢32056d69 6, NH2), 3.56-3.65 (m 14H, H 2, 4)pCT/SG2004/000413
4.43-4.46 (m 6H, O+6), 4.83 5 (d,~6H J = 2.0 Hz,
H1), 4.89 (d, 1H, J = 2.0 Hz, HI"), 5.61- 5.77 (m
14H _OH2,3). 13C NWR (75 Miz, DMSO-d6) S: 59.9
REFERBNGES 75" 0" (2), 72.4 (C-3). 73.0 (C-5)., 81.86,
82.3 (G4), 101.9 (CG1). Exanple 14. Synt heS|s of .
1. NDONo- G demkyebdbinbneshy| 2 anpgislcupl 0 Jpechebhytaged &,
9-cyclodextrin iodide. In a three-neck, 250 nL
2000 g fed fl ask equi pped with a Condenser,
nitrogen inlet, stopper and magnetic stirrer was
2. pl acedz mngran@zanireact; deexy; (Bt oicl edextsin (2. 268
g, 2.0 mmol) obtained in Experi ment 13, which had
been dri .60 C 15 for 1 der vacuu and. dr
3. dimet iyl f r%‘ﬂw‘“ﬁ‘?(%’é‘in&) ol didn REC et
2002 anshzoal|d siog .0 C by i ce- acetone bath and then
sodi um hydri de (3.68 g, 92.0 nmmol , 60 o dispersion in

oo Tneral, Shh, an.gateS e aen, AL "Gl o,

mmol ) was added and the 20 mi xture was stirred at 0 C
5. for 1. BheasbadspeMat p@rsas Taidedhdny 20dCTand.

Va1 R kr S GeS f RPOSr SR Gt T of et hanol (S

rrL) and saturated aqueous sodi um chl oride sol ution
6. (100 ni) Sentsai, NENgGahlaP&203n. t&elgo Xtamde SwasSzejtli, J.

extract ed vvltheh 3 x 100 25 nlL). The
Chrogatadtc 4rayer ® gzél'l %g %%f (Na2804 over ni g?ﬁt,

filtered and renoved by rotatory evaporator foll owed
7. by hi g}h WaCwamsQVRaL NFghreld, givew a dodamasg!| bdd (2. 67.
0,
Berrgage,' '@hrégétogr A, 1998, 797, 149-164.

8. P. K. Owens, A. F. Pell, M. W. Coléman, and J. C.
Berridge, J. Chromatogr. A, 19%8, 797, 187-195.

9, 5. A. C. Wren and R. C. Rowe, J. Chromatogr. 1992,
603, 235-241.

10. 8. Terabe, K. Otsuka and H. Nishi, J. Chromatogr. A,
1994, 666, 285-315.

11. 3. Terabe, H. Ozaki, K. Otsuka, and T. Ando, JI.
Chromatogr. 1985, 332, 211.

12. S. Fanali and Z. Aturki, J. Chromatogr. A, 1985,
6294, 297-305.

13. Y. Tanaka, Chromatography, 2002, 23 (1), 13-23.
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89.5 - 91.5 C. IR (KBr) v: 2929, 2833, 1459, 1369,

1232, 1192, 1159, 30 1103, 1037, 970, 893, 854, 752,

705, 555 cm1l. Ms (ESI, me, -37 WO 2005/056609
wBQt8GERA04/ 000413 relative intensity %, 14B6r/9E2004/000413

(M, 100), calcd. 1456.75; 127.30 (I-, 100), cal-<cd.

126.91. iH NMR (500 MHz, CDC13) 6: 1.24 (s, 9H, CH3),

3.15-3, 2 5).._ 3. 33-3.7 21H,
- 3 36- .'45“5‘(“%@&1%’5? EFs %fié‘i‘?' 33? né-gﬁ%tﬁ%r'z?ﬂ 1847,
781, QEB)L6®. 60-3.63 (M 21H CCR3), 3.72-3.90 (m 12H,

H2,4), 4.10 (t, 1H J 431Hz H4), 4.33 (t, 1H

15, 115 Sob ol 4 305! Bl i) 23°

1978 2-51H3,306-0CHB343- CH3) | 67 4 68.3, 70.7-71.8 (m G5,

C-6), 10 76.4, 78.3, 802821(m G4, CG3, CG3),

16. 83. 7, R96§' P%Et%g 'gsnghe%%s%%f 9(39 4.'[’ %1]{0&:‘8]% 9&

(C1). 'Exanpl
Kumafiaceloxandb F-ret byhi, nirdazel | cidm ., Gocychiodext 12n, 3s60-
3868 chloride, (exanple of exchange of -OIs with other
ani ons). 15
Mono- 6- deoxy- 6- (et hyl i mi dazol i um - (3-cycl odextrin
17. tosyl &.e Tekbdenedraa. Expess ment 129(-1309 g, 0.8 mmol)
was dissolved in 50nml deionised water. An anberlite

900 d f o
18- Coral Ab G E e PAFIFTTne - BT (082 HEoabbo)d-

Chronmpbog@2.6. 8-9227. 83€, (ner-253 20 El enent aI anal ysi s,
Calcd C 42.84% H 6 34% N. 2.17% 5 2. 75% Found

C 42.83%H. .5, 2.87% | - T
9. $on g til, & Bt S bR G
Chrom3%yr., A.141096]11582]1,149/®8, 1030.0, 998.6 cm1. 'H
NVR (400 WHz, DVBSO-d6) 6: 3.23 - 3.49 (m overlap

20. U. B. Nair and D. W. Armstrong, Microchem. Journal,
1297, B7, 199-217.

21. A. R. Khan, P. Forgo, K.J. Stine and V. T. D’Souza,
Chem. Rev., 1998, 98, 1877-1996,

22. B. Brady, N. Lynam, T. O’Sullivan, €. Aherm, R.
barcy, Org. Synth., 2000, 77, 220-224.

23, - T. Murakami, K. Harata, and §. Morimoto, Tetrahedron

Lett., 1987, 28, 321-324.
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25 wth water-shift of DMSO-dG m 15H, PCD H 2 &
H4, imdazoliumN- CH3) , 3.54 - 3.84 (m 24H, (3CD
H6a, b, 1-1-3 & 11- 5), 4.49 - 4.57 (m 5H (3CD
HGQ, 4.77 - 4.97 (m 6H f3 CODH 1), 5.66 - 5.81
=(n1 12H (3CD OH2 & O+3), 7.70 (s, 2H, imdazolium
c1 , C5-H), 9.07 (s, 1H, imdazoliumC2-H). -38 WO
%ﬂﬁ55/056609 PCT/ SG2004/ 000413 13C NWR (100 MHz,
DVBO-d6) 6: 137.08, 123.34, 123.01 (|n1dazoI|un1C2
1.C5 & m&mammelowgomel 86 pPeR-Chyrid. QﬁstWePCD
7 72.11 (PCD C2), 71.96 (DCD Cs),
ge%%g%lzlg a&%q 35. 79 (i midazolium N C). 5 Exanple
16. Appllcatlon of the ionic CDs in asynmetric
synthesis. A solution of
6-deoxy-6-(nethy|iﬁidazoliun) - cychd trin
tosylate (2.0 g, 1.4%8 in matqé (5mM : 2
m.)) and 4-fl uoroben (0.180,4, 1.458 mmol)
was 10 stirred fQ{ 2 an | usi on
conpl ex. Tetgaal | W . 365 mmol ) was
added to th ex and stirr for-024 hours at
roomtenperatuyre. -The reaction m re was
di chl or onet hane (3x5 ) and the
anhydr ous)
and 15 evaparated off. The residue s\purified by

kugel rohr illation to give the pr oduct
(0.210 g, 86 0), oven tenp. 100 .0 MmHg. 'H
NMVR (300 3) 6: 1.87 (bs, & , 2.41- 2.54
(m 2H, CH2), iﬁﬂ? J = 56,47 , 1H, CROH),
5.12- 20 5.19 (m , . 712-5.86 (m 1H
CH=CH2) , & 2H, laromatic H ), 7.33

(dd, JHH = 8.4 Hz, JH

2H, aromatic H).
13C NWR (75 MHz, CDC]

(C), 72.7

o - n (I

wherein n = 0 to §;
wherein when X is phosphorous;

R is a hydroxyl, an ester, a carbamate, a carbonate, a
phosphinate, a phosphonate, a phosphate, a sulfinate, a
sulfite, a sulfohate, a sulphate, or R'C-, wherein R’ is
linear or braﬂqhed (C1-Cap)alkyl, hydroxy{Ci—Cgo)alkyl,
Caﬁbbxy(clwcm)alkyl, aryl, or a;yl(Clem)alkyl;iand

wherein when X 1s nitrogen;

R is 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 linear or

42



(d), 115.0 (C4), 118.2 (C3), 127.5 (C3'), 134.1
(c2'), 139.6 (dA'), 162.0 (C4'). 25 while particular
enbodi ments of the present invention have been
described in the foregoing, it is to be understood

- that other enbodi nents are possible within the scope

nt| nd t | ke o

%gCEQE llT% Eﬁ%gﬁtlgga?gk?{@gqggo%£$ggred I|n1te&

Casalely, byrvhe scopeyl 30—66:)thevdpgpended cl ains. -39
WO 2005/ 056609 PCT/ SG2004/ 000413 REFERENCES 1. E

 STISHCETL A Sty o Qpoumi sty B grous

coﬁgﬂs‘BBﬁg c5f 31yd§:og\é/n Phiinaey @mdbh;a@chsandfér—cszaﬂlkyl

Bi oanal 00 08. 4.
ll@ﬁ?onﬁfd@ %9 éb ém)éi%%%¥ tregr ﬁ§ resso ¢, &
CZDMal&%@@D aﬂfd Nyc Phamyyiandd. J. Val | on, J.

Chronotogr. B, 1996, 687, 303-336. 10 6. J. Szenan,

K. Ganzler, A Salgo, and J. Szejtli, J. Chronatogr.

A, 1996, 728, 423-431. 7. P. K Onens, A F. Fell, M

W Col eman, and J. C. Berridge, J. Chromatogr. A,

1998, 797, 149-164. 8. P. K Owmens, A F. Fell, M W

Col eman, and J. C 15 Berridge, J. Chromatogr. A,

1998, 797, 187-195. 9. S. A C Wen and R C. Rowe,

J. Chromatogr. 1992, 603, 235-241. 10. S. Terabe, K

Qsuka and H N shi, J. Chromatogr. A 1994, 666,

295- 319.
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20 11. S. Terabe, H zaki, K Osuka, and T. Ando,
. Chromatogr. 1985, 332, 211. 12. S. Fanali and Z
Chromatogr. A, 1995, 694, 297-3
“"{-f}I TLZ‘&”“" r omat ogr aphy, 2002, 23 (1), 13- 23015“&%" ?/%“"413
2005/ 056609 PCT/ SG2004/ 000413 14. Y. Tanaka and S.
Terabe, J. Chromatogr. A, 1997, 781, 151-160. 15. Y.
Ry imantandné REKADI, 2Bl takShetdgsiOtar dARH X 1978orn a
N 3030- 30?1_:4 5 16. RS Petter, J. S, Salek, C
ringy! GHRHrek RN AL N A Lin, J. Am Chem
Soc., 1990, 122, 3860- 3868. 17. S Terabe Tr AC. ,
1989, 8, 129-131. 18. A A. Eliseev, P. Bocek
and S. Fanali, J. 10 c&%‘a% RF 1993, 638,
247-253. 19. B. Chankvetadz [ G Schulte, and G
Bl aschke, J.  Chromat ggf*; n,}.996 732, 183-187. 20.
U B. Nair and DO W Arrrstrong, M crochem Journal,
1997, 57, 199-217. 15 21. B. R Khan, P. Forgo, K.J.
Stine and V. T. D Souza, . Chem Rev., 1998, 98,
1977-1996. 22. B. Brady, N Lynam T O Sul livan, C
wherapn | =H 9dricy, Org. Synth., 2000, 77, 220-224. 23.
T. Murakam , K Harata, .and S. Mori not o, Tetrahedron
Y is20atiedd .or & Fogdd,; 321-324. -41 d ai ns:

Ry is hydrogen, linear or branched (C;-Cy)alkyl, linear or
branched (Ci1-Cz)alkenyl, linear or branched (C;-Cy)alkynyl, or
cycloalkyl; and

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
(Ci~-Cao)alkyl, linear or branched (Ci-Caolalkenyl, linear or
branched (C1-Czo}alkynyl, cycloalkyl, or NRgR,, wherein R and R,

are each independently selected from the group consisting of

_hydrogen, linear or branched (Ci-Cs)alkyl, linear or branched

(C1-Cyzp) alkenyl, linear or branched (Ci-Cap) alkynyl, and
cycloalkkyl.

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

branched (Ci-Cz)alkynyl, and cycloalkyl.

3. The cationic oligomer of a saccharids according to

claim 2, wherein X is nitrogen.

4. The cationic oligomer of a saccharide according to

claim 2, wherein X ig phosphorous.
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1. Acationic oligoner of a saccharide of the
general formula (1) RRLO IR ORROR3 ORRO R
R RO RR ORR ORROORN whereinn=20to
8; wherein when X is phosphorous; R is a hydroxyl, an
ester, a carbamate, a carbonate, a phosphinate, a
5. phospho%%keca@1BE9§pB§E§®m@rS@fférﬁﬁéhhékld%“éac%%dlﬁg
sul fonate, a sulphate, or RO, wherein R is |Iinear
to oxlabmariohemle@@inczm)ia$ kst serhydfox pRE1IRC2) A kyIring, X
. carboxy(C1-C20) al.kyl ry 0 yh (C1l- C20) al kyl ; and
Sv@r%é:rrel%(rlwhen X i's l@é regge%ndﬁklgg aéf ester a
carbamate, a car bonate a phosphinate,-
6. phosphor’Ia:tee caetmhn&pballgomarsgffana&fechﬂlsiﬂ faCtCeDrdang

| f |
to ?L{L 3 oy ae%ul(“g acbﬁ) o ent' h;ﬁdragiyf‘mg&%) aliqﬁ%ar

1s(ﬁﬂiﬁa@dﬂﬂ:Y is carbon, and mis 1.

7. A cationic oligomer of a saccharide of the

general formula (I)

R 1
Ry
© @i
b4
0 \R3
R R O
o) R R o
R ®
R
R
R
- _ R
R 0O+
O
R
- - n (I}

wherein n = 0 to &;
wherein when X 1s 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'0-, wherein R’ 1is
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C20) al kyl, aryl,. or aryl (Cl-C20)al kyl; and Rl, R2 and
R3 are each independently selected fromthe group
consi sting of hydrogen, linear or branched
(C1-C20) al kyl, linear or branched (Cl-C20)al kenyl,
| i near or branched (Cl- C20)al kynyl, and cycl oal kyl ;
lum% #23 g@aéggga0539Q9oFgTﬁ$ OQﬂﬂQQQﬁ mcﬁédﬂ%yl
sent, an are ken toget er wmth X
cafonm @ - £ing it ngrivhe Hol oW hg St Lect Uile: an41

wherein. m= 0 or 1; 5 Y.is carbon or nitrogen; R4 is

wheb%/dro gﬁﬁléaqgg%f%&oggﬁnched (C1-C20) al kyl, linear or

Hnch enyl, linear or br anched
(4 -C20) al kynyl, or cycloalkyl; and Rs is hydrogen,
R Ds (2h eidt@metahma)r)aamhyb, ki neaboorLbr amdﬂébﬁpfm@ate, a

ph‘%?é’é oa’I k%lrp L:S:Iijg% %GOECEB?QFCLE?}%I(%WC&PJI{W or
suNR6RY: e wheri iphRG:«andrRR’ Oar ewkachi nnRi’epwd]emd@a: or

| ected from th t hyd
N A S o e Y M L T

c206§1k 0) gl @ny&r L i-pepr, -on, hranchedn@Cl- C20) al kynyl
5 cycloal kyl. 2. The cationic oligomer of a
saccharlde accordlng to claiml1, where

R1/RFap8teBe T desehdeét P@n§@P§&WESEl?FBﬁgtE%@53§§bgroup

en,; dafedlr ekahranghed (Glralkyl,
Co%§Q§£?%%n%Eqﬁﬁg§%k%9 bﬁéﬁ%ﬁedr(C1aC20)alEe%;%%y?l6£ar

llueaQOObrlan@Ih@mEC( dlclczex) AL, dpaceycPbabkypches |

cat|on| a saccharide according to
Cﬂgl k#ifl wﬁnrelkg§ g?trogen '

8. The cationic oligomer of a saccharide according

to claim 7, wherein X is nitrogen.

9. The cationic oligomer of @ saccharide according

to claim 7, wherein X is phosphorous.
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4. The cationic oligoner of a saccharide according to
claim2, wherein X is phosphorous. -43 5. The
cationic oligonmer of a saccharide according to claim
1, wherein R1 is absent, R2 and R3 forma ring, X 1is
nitrogen, Y is nitrogen, and mis 0. 6. The cationic
ol i goner I c |

10 heret n R 10 ShCent R and RS Farmar fag X" s

gemetabgesmymMa s{Iddarbon, and mis 1. 7. A cationic
ol i gomer of a saccharide of the general formula (I)
RRL 0l /IRRORRORIRO fRRR 0 n wherein
n=0to 8 whereinmhen X is phosphorous; Ris a
hydroxyl, an ester r bama -carbonate, a
phosphi nat e, , 0S ate a sulfinate,
a sulfi ul phat e, Ror R O, wherein

[ C20) al kyl

- C20) al kyl, aryl, or

%: - C20) al kyl; when X is nitrogen;

i ster, a carbamate, a %acbonate, a
phosphinhate, a phosphonate, a pRosphate, a
sul finate, a sulfite, a

- R

wherein n = 0 to §;

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

sulfite, a sulfonate, a sulphate, or R'C-, wherein R' 1is
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sul fonate, a sulphate, or RIO, wherein R is linear
or branched (Cl-C20)al kyl, hydroxy(Cl-C20)al kyl,

| ‘VQ%QE@ﬁ¥£§E' C20) al kyl , aryl, or'aryI(Cl-CQOth%%%mMmeus

and R3 are each independently selec
fromthe group consisting of hydrogen, |inear or
branched (Cl-C20)al kyl, linear or branched

lineaaf(%: @&)ﬁl th:eSnlyzhaihi IOﬁ@*Cle’aibi‘ﬂnC hlla’dr@ﬁsz{cmf ) bk Ky

and cycl. o: . 8. _The cationic oli r of a

carbogaGRL) da e 0P Ry OF FEral Th 520 S X | s

_ . hitrogen. 9. The cationic oligomer of -a saccharide
R, ism Qg@Q{A)gieﬁg 14 Bt abin Pravwdrerei (T, XCi.saphps phnimits: A5

el Bylheath, RS o SRR B Bk e
5 cycloghﬁ§i% &R RR ROR P R

Rs is hydrogen, 2-(2-ethoxyethoxy)ethyl, linear or branched
(C1-Cao) alkyl, linear or branched (C1-Coo) alkenyl, linear or

branched (C;-Ca)alkynyl, or cycloalkyl.

11. The cationic oligomer of a saccharide according to

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

12. A cationic oligomer of & saccharide of the gemeral

formula (III)

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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n (ll) whereinn=01to 8 Ris a hydroxyl, an
ester, a carbamate, a carbonate, a phosphinate, a
phosphonat e, a phosphate, a sulfonate, a sulfite, a
sul fonate, a sul phate, or R0-, wherein R is 45a WO
2005/ 056609 PCT/ SG2004/ 000413 |inear or branched

C I
(LA p D ERg oo

zt‘aair@:gemralmdheair (o szroanthEﬁ ( CE9.028Y &b ki) ahlﬂélar or -

oo DS T P S8 el BT R R TS and

hydr ogen, 2-(2-ethoxyethoxy)ethyl, linear or branched

R5G§ﬂﬁ§aQb§b&ylllhéﬁeabrOmrimémmmedcﬁ{&uﬁﬁﬂ%dLkéﬂybgr or
linear or _bran hed

(C1-C20)al k |, or cygcl Ik l..
branchegh el Gaf-ror e@ﬁﬁgo F=6 Sry§¥8ﬁ8??%é¥26§a?éﬁ§fnyl’
cyct:Poaﬂ-lgy]Pl abMiEQR, Whgt i dt iR J Snhy dr ogen «fchret hyl .

. A'cationic oligoner of a saccharide of the
m@%m%m@ﬂntlﬂorfrﬁm%?t(qdl ror REe OYRUR EPRERREOIR K R R

hyﬁ%ggeﬁa linear or branched.({C;—-Coolalkyl, linear or
‘branched (C;-Cso)alkenyl, linear or branched (C;—-Cag)alkynyl,
and cycloalkyl. ' '

13. © The cationic oligomer of a saccharide according

to any one of claims 1 to 12, wherein n is 1, 2, or 3.

14. The cationic oligomer of a saccharide according
to any one of claims 1 to 13 further comprising a

counterion.

15. The cationic ocligomer of a saccharide according
to claim 14, wherein the counterion is fluoride, chloride,
bromide, iodide, nitrate, HCOs™, COs®, HSO,, BFy, BCla, PFs
,.SbF{, AsFg, A;Cl{, Rg~CO,” or Rg—S0;3, wherein Ry is linear
or branched (C;-Czp)alkyl, linear or branched (C1¥
Cpolalkenyl, linear or branched (Ci-Cio)alkynyl, cycloalkyl,
or aryl(Ci—Cyo)alkyl.

i6. 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

group.
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O Rn (Ill') whereinn =0to 8F 15 Ris a hydroxyl,
an ester, a carbamate, a carbonate, a phosphinate, a
phosphonat e, a phosphate, a sulfinate, a -46
sulfite, a sulfonate, a sulphate, or R O, wherein R
is linear or branched (Cl-C20)al kyl,
17 hydroxy (gl GQ %ldkglccorgéﬁ OX¥( gﬂ:a%°i6aldﬂyére3§f Whe
or aryl éb and R5 is hydrogen | i near or
:1einzmmh£@n@C$fC@O%aHK¢Ef i meavleike. beapehethte, a

1-020) al k | C1-020) al k [,
tr%§%1bdl E e@¥1ﬁ§%§?a Wher e%raaggﬁﬁd &7 ar e )egchyny

|ndependently sel ected fromthe group consisting of
18 hydr ogerchd imsearocbracbmamidhgd teCti€20) 13} kyherdimedrs

or branche C e | Lnear. ,or branched
hatede o9 kVﬁ§V%3C§H%ME§@F kfhﬂoféd The cationic

ollgoner of a sacchari de according to any one of
claims 1 to 12, wherein nis 1, 2, or 3. 14. The
cationic oligomer of a saccharide according to any
one of clains 1 to 13 further conprising a
counterion. 15. The cationic oligoner of a saccharide
according to claim 14, wherein the counterion is
fluoride, chloride, bromde, iodide, nitrate, HCO3-,

- C032-, HS04-, BF4-, BCl4-, PFy SbF6, AsF6, Al Cl4,
R9-C02 or RO-SO3 , wherein RO is linear or branched
(C1-C20) alkyl, linear or branched (Cl- C20)al kenyl,
i near or branched (Cl-C20)al kynyl, cycloal kyl, or
aryl (Cl-C20) al kyl.
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16. A nethod of preparing a cationic oligoner of a-
saccharide as defined in any one of claims 1 to 15
W%QH@I@E&&)&DQ reacti ng an am ne, a phOSphI ne, %T/SGZOO#OOMI?’
e azole, or. a pyridine with a oligoner of a
" sacchari de haV|ng a leaving group. 47 17. The nethod
according to claim 16, wherein the |eaving group is
19. a hal“-lﬂ:@e meghadsyrereding tios it €nea 0Lt FLRFEEel6 oFO 418,

wherefa' rf_'}%tv\‘?kﬁ Sé@&uﬁr%‘p %?soylgi% met hod according to

is an i odi de, brom de,
or chlorlde 47a WD 2005/ 056609 PCT/ SG2004/ 000413

20. 19, m@ metthod according to 2wy Bife 6f EPARAE1265¢0l2
18 re|n he .l ea 0 0 0
whereh%t%hd L E 8¢ § ¥5Q8h§£1%§) ﬁsﬁﬁﬂb %Mbgbﬁg ? to&@f

ing to any one alnms 16 t
cyclo@ﬁﬁtﬁbmcﬁhammbkgeﬁeoxpﬁzatss&iﬁnquhﬁaxgrln

nDno-G-deoxy 6-tosyl 5 cyclodextrin or nono-
- deo Qsy extr h
21. acco?%?ng t%lgh?08%¥§ ag %$1%E¥ g%c£ﬁh%%erglggt
wheredfll fiee aatirphesdhiphesaheén® a2 R3 R2  wherein X, RI
R2, and R3 are defined as in claim1. 10 22. The
met hod of claim 21, wherejn X is nitrogen. 23. The
met hod of claim 21, wﬁgrénnRx I S phosphorous. 24.

The met hod according to an¥zone of clains 16 to 20,
wherein the imdazole is N\yNNR$ R4

wherein X, Ri, Rz, and Ry 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

Y““RS

wherein R:. and Rs 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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15 wherein R4 and R5 are defined as in claim1. 25.
The nmethod according to any one of clains. 16 to 20,

WME%{jﬁdagk@he pyrl dine is Rs N~ wherein RS i sp@@dd-0&H00413

-as Ih claimi..--48 WO 2005/ 056609 PCT/ SG2004/ 000413
26. Use of a catl oni ¢ oligoner of a.saccharide as
-defined in any of clainms 1 to 15 as chiral agent for
26. - an’ ePamtPoredetisepsr sliarmpy af chrRRegrasnPE
defln@t B0 @ e Ul%.l%%e 10k oChai: %2&1%@%&6 Her an
chr omat ographl C method i s selected Tromthe group
enantdongrsei :n@aaratg@ boh poritrogrBPEYARIEE)  mEhRG-d
chromat ography (LC), high performance |iquid
27. CNTOMBHOGLAPIYE (HELD 2CaRKLLBLY Ll COLIARRIANLS o
(CE), "and sub or supercritical fluid chromat ography
methc(dSFi@) seleczg] fiizmm ¢thea gratibo npnswi:g@me?f fasa

 cnrogfPElALhYe @5, deldel AARroGlaChel Rl haGED as a

Vperfdmam@fe tEqiid 28 rodeercejraphiye (wyﬂﬁetma@zlm hes| s is

ducti on a clic reactio The use
elecToutrh e 90 S it S0 ForPEoerF st eRb i aid ' an
chrot®@apayDists) Al der reaction. -49

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

agymmetric 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 pericyvclic reaction

ig an ene or a Diels Alder reaction.

-49-



