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CHI RAL | NORGANI G- ORGANI C COMPOSI TE POROUS MATERI AL AND

METHOD FOR PREPARI NG THE SAME Technical Field The
wee@s®eedo74 nvention relates to a chiral i norganPCI/KR2005/000039

organi c conposite porous material which can be used,

for exanple, as a chiral - selective catalyst or a

materi al of separating an isoneric mxture, as well as

a PCRPRAB! INORGRIBEJoREEKEST coﬁ@éhgﬁ'guﬁgR@ﬁk MRYERERL Sanp

used as internedi ates for preparing drugs,
i nsecticides, AGTTHAN tHRR G STHE ¥R i cs, f ood

nutrients, additives, perfunes and conpounds often
exist_only. a chjral pair. However, only one isoner

of tr%e{]?ﬁ/’r%ﬁsl aaﬁq%hows the activity of acting as a

usef uthevapeesaht amerdte oof hee 158098k d Sa | BRELLY® i¥organic-
ogven, shows tOXItCIt%. Thus, currently, there is a

Hhtt huSETREEE o BBTAPR SKiTEaYy phieherzan i ferased, for
emmexeaearahemariahHs{ca-;faeaﬁadgnE@a@ﬁw?_duzui@l hd€dfsa1 of

ow concentrate nuch, effart either on fjnding nore ,
ST AP afd et FRRTTVE rEAH S nBEhat shs2Ford Preparation

naimdesieniamt opti cal |y pure conpounds or on separating
useful active materials frominactive or toxic
conmpounds . Meanwhile, porous materials with |arge
sur f BzekgrmandiBmth i ndi cate nmetal oxide, netal salt

or on |.C. et oqrdi ' I r cqnpounds_or
_materia sﬁcaolga?%?ﬁg%osr ggﬁégﬁgg\%?{ggst et UF 83T ype drugs,
1A dtemide enowd gl pllayw el | npdrdmeitalrnl e icvodreeics, food
JECead | 0n N4 13430 P nspRKt | es .
“required in bi ollg)a%%cal b%\rfgg%en%%r egggndg§rrﬁ%gds$§$aIOften exist
OTprbc@§ses, ChadathePabpar atHvrewir gasedys ond edsbesr of the

Ck[ég?a\l_,LILis”r? o T on e ot y By iand)Coq" b guserul
mafiala t 9pfcdinexakBrE ofSamRs e for buac et er Pal seven  shows
toxicity. Thus, currently, there is a continued need to
obtain optically pure enantiomers. Also, researchers in. the
academic or industrial fields now concentrate much effort
either on finding more reliable and effective reaction
mechanisms for synthesizing optically pure compounds or on
separating useful active materials from inactive or toxic
compounds.

Meanwhile, porous materials with large surface area,
which indicate metal oxide, metal salt or organic-metal
coordination polymer compounds or materials containing
organic network structures, are currently known to play an
important role in the recognition and adsorptive transport
of molecules required in biological procedures and
industrial ©processes, and the separation of gaseous
molecules ([Davis, M. E. Davis Nature 2002, 417, 813; Kesanli
B.; Lin W., Coordination Chemistry Reviews, 2003, 246, 305].

A typical example of these porous materials is

zeolite, a porous solid oxide consisting of aluminum and
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zeolite, a porous solid oxide consisting of alum num
andsilicon. Zeolite has cavities and tunnels with

wo0 e@slosgo7open structures and is excellent in PCT/KR2005/000039
durability, reproducibility and thermal stability, and
its physical and chem cal properties can be controlled
due to its structural characteristics. Thus, it has

s heevised Jmiiley HRd ég%f¥¥g§(§H4(¥H%néfglﬁgﬁﬁg ular open
cat al ysts, adsorbents for separation, and gas sfo?
Sttt GRsr sandl 46, %Wll@masnadixmﬂkagl@sty,n rhatoduClblllty

artekeshd &k EXCHARGE] PFPCESSRY VeLY ©
|nex ensi ve, and causgs I?ttle o% gﬁﬁ’ roduct%

iyl yCa8ci 1t i sEQN R hadte éﬁﬁbrtéOtOJdéwelepructural
cHHﬂadﬂ@ﬂdéﬂ%ﬂﬁ usegef, zepl ifes b%%|Udh99dagﬂii§?§lqp§ wide

chenical or electrical sensors or selective
agﬁiﬁﬁ%ﬁﬂﬁﬁs'and drgilivgdasy ph&sésly¥sEshi gh adpesbeotbon for
sdpaquitd oehr oamd oghaphyto e atSONENL 280l i he PRt efd Al S e has
Wi th Iarger cavities and tunnels. Even though porous

%ﬁ] 955 Acl Uifhg FeolPKBShav@n meFhadfct mrgicesses  very

ea&@vani@g&ﬁeaﬁedsﬁﬁélb@ﬂdahQMﬁﬁﬁﬁnlYt@léeEM‘Sﬂﬁlby products.
work_materials were

chiral porous fra
A ey o RS Mt G /ST o GReT? FReanes only
noe 1t eskay e fthigal i tehariand lard istg Q‘ﬁp@lﬁhﬂtﬂ'ﬁné NePrek&hical or

l_es |Ie mai nt ain hi orosity were ,
el@%&%&%eg an%s?ﬁ%lf”hsgegF?BﬁE% Hf %éte§§¥hIStatlonary
ph§§p&rai@nnhmbhraesnﬂ0t¢onpdunﬁ&£{V&hEtht&grhpZyZ-but. also

i Ef X I, Nayi.a, M. A ;
nesotine kererial§ Mikn YargRl kgdT¥i8sethe, Gunnsgy
AIsoEVﬁEtathqwgnuupprbmanematkr(amﬁa -itglpelisod | declere have
4 00 al |o i ral organi
maBlyﬁ%QPcutg%’ﬁil gg%m%é(ge so% s da]f\s/lebeé:I e%bgv %\%frléal very
smetlduchupesrwi oA chhiaplcapprpes aﬁdamﬂnneks mademeabs were
pree@helio be sufficiently applicable as catalysts or
adsorbents in the selective synthesis of isoners
[ Kep€PEt, €xample, prhrgtein  cgystaRessenekylimked] so Jas to
haveAth Rgm éﬂﬂiaéggyist%%%Ch§ﬂ§§re§§ouxg pr§t61%hQH§lecules

D.; Lee, H.; Jun
while maintaining high por051ty were prepared ‘and their use

chemical

allowed highly successful separation of racemic compounds
[(Vilenchik, Lez 2Z.; Griffith, J. P.; Clair, N. St.; Navia,
M. A.; Margolin, A. L. J. Am. Chem. Soc. 1998, 120, 4290].
Also, metal organic framework(MOF)-type solids were prepared
by coordinating metal ions to chiral organic linkage units,
and these solids have open-framework structures with chiral
cavities and tunnels and were seen to be sufficiently
applicable as catalysts or adsorbents in the selective
synthesis of isomers [Kepert, C. J.; Prior, T. J.;
Rosseinsky, M. J. J. Am. Chem. Soc. 2000, 122, 5158; Seo, J.
S.; Whang, D.; Lee, H.; Jun, S. I.; Oh, J.; Jeon, Y. J.;
Kim, K. Nature 2000, 404, 982]. However, the highly porous
organic or organic-metal framework structures as described

above have disadvantages in that they require many costs for
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Kim K . Nature 2000, 404, 982]. However, the highly

porous organic or organic -netal framework structures
w@sodes@ri bed above have di sadvant ages i n that P¢Ty&R2005/000039

require many costs forpreparation, have a weak

framewor k structure due to hydrogen bonds or nonbonded

i nteractions caused by the overl apping of p- p

prgﬁfﬁs{p@npl RHdS. aandahave .ReQb khekmak§kabbliet ¥o hydrogen
ke these organlc or organi c-netal framework

bords uef uresbonpgedhénggsacsi OpsoriprecdabyoibeniFonapping of
n- AU S ACERILA A phAse I&@y%malstg@mqoa@l ent

etmeen -O and s seen to be a factor_ of
det etﬁrmhmg iSERsr seFeeRivi t\PrandoBaRAbFTTEYS  Eramework

st FQWBVEE s, SiipCe-HY epass ngrchidAalitzgold t eodb 1t iynf bEMlarge
met al oxi de encounters limtations, there is onlfégk bonds

SUV§?9esnﬁ¥¢anUﬂﬁ%rFHF“%épG@P§egn PHe SBFeRYi Ve

peS¥BERES SO ngeRAr-a 110 ©deh SOOELE hY fakibal oIe@ieiﬁeefmining
For exanple, there 2ée rigfrts on %he synt hesi s _an
1SQBBASr AEIL6R Lof LitoRd TdritYosi FOY&VE T2 S CE W SRFLNg

chithanosidd rate EESreb@lyHOV\EJV@m, teesd t woxke@el i tecounters
materi al s haxe veré Ese crystals grown herafw
a

Liphastifhent &PRFure progeft i'eS Yo 1%soners onl

re@)orts on

mers onIy at

théwﬁéldﬁﬂmﬁéﬂsyﬁﬁmegﬁslayem&ﬁéﬁ&ﬁmwu M . ippmeds; by Chlral
gﬁm%anl J . . Nature 1988, 332, 249; Anderson, M.

2€ ?erasakl, 0.: Chsuna, T.: Philippou A : Mackay, S

P FoEermaimgl,e A thRoeharel. reppdi, o8 .t syethesds and
347]. Eor ,these reasons n

SeBP56598“|n8FgaﬁF8me 3rg cha%gﬁ%osr?%§%%§§u59%% rlalg and

tlbynbsmdungterEﬂmcd@porﬂpwﬁgeéhlﬁ@ﬁs@rgaﬁl@Qﬁﬂkﬁﬁnmﬁﬁerlals

halvgt oveﬁfg %né@or o?@tglgat c} t%f‘@{n,t hﬁﬂdm%lﬂd};g_rhmalntaln

zeol i mat er ense ves chiral
pupeepamapemﬁlgs thé i hepyanpc- @ﬁéénlétcoﬁ%6%|t%m%b¥ou%ry3tal

1a‘E%E§“ ?e@%s feceiNed v greaf, i niaFast, Sinee Nithse 1988,

in varlous ‘o eratlonal condltlons as )
33(20rrp£r4€9d t dndersase - orfyani EPRASHErs i vi e T

PhHliqtp%)%lue%.',oma(gkatﬁ”@f a Uf erfr SOV S, RbchaHere; Lidin,
s.aimtéie 1994, 367, 347].

For these reasons, attempts are now made to prepare
inorganic-organic composite porous materials by binding or
incorporating chiral organic molecules into porous inorganic
materials other than making zeolite-like porous materials
themselves chiral. The preparation of the inorganic-organic
composite porous materials has received a great interest,
since it is performed in various operational conditions as
compared to the case of organic polymers in view of the
selection of temperature or solvents, etc. Here, as the
inorganic supports for binding and incorporating the chiral
molecules, zeolites have been used.

As a modified method using zeolite, a method of
binding chiral molecules to silane groups on the zeolite

surface by covalent bonds has been widely adopted. This
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I norgani ¢ supports for binding and incorporating the

chiral nolecules, zeolites have been used. As a
woreashe@ds met hod using zeolite, a nmethod of bi PCI/R82005/000039

chiral nolecules to silane groups on the zeolite

surface by coval ent bonds has been w dely adopt ed.

Thi smet hod provi ded an opportunity to synthesize
methefganrevidedgaanc coppositetyatesi abgnt Aherse arimorganic-

or%g}'{?Eahofn?Bgﬂ:é 'inlg&terqgliscm rl‘?&r%ee%ret essevggraésoﬁe#ogrts that

ke mat e were chiral Actional’lz
nopefhdtal Mzasgartas efl izealndkerliide MidS:rihl chwean bthiral-

qué@goﬁ‘élf‘zé&aEﬂ/o@ﬁE%y %E@)ﬁ%;or hi gh -performance

i quid chronmatograp , is anodified materia
obt aflpearpyoedvaiéachy Matediiag dM Y3l wbietutes be ased as

a nonsta@b&ﬁ@kysurf HgseTh'sf d'f'ﬁ%%éi%é%f54T£ﬁ§§areqlquld

be a successful solution ut sho very
ChéPWPEP%ﬁwh{'Th@bﬁl&? Cls vanmgdifgHl enaterial obtained by

coVanket e60BinliingFchida)l A8G@RS1 R tAa AgHﬂEh(Bgynghrface
1999, 1841] . In addition, there is a report on

Th&ﬁlPﬁplﬁh%?g&ﬁﬁ@rl%ﬁxﬁﬂﬂﬁﬁﬁﬁﬁqﬁﬁ|Pé @aﬁ%ﬁygﬁséWﬂmaﬂ%ﬂtlon
bubysﬁ@wabemelrx/ higwdi dgr L4 s § | pPnBBL 8k, C@"P' %%Sd‘%  Walle,
c.nol ecules to zeolite or silica. p&éw;
st BP PLGCOR t Hi-s cav%ﬂysqa%%gsac?uaﬁlycﬁﬁﬁ% Wﬂﬂ 1999,
18#1] had rtmenm(ﬁwﬂ@ﬁ se’cﬁét:ew [ [él C&,e;Mrt J.on O%r m%:mral
1“56%%“%1¢¥gﬁ%%T COEBPFﬁéFmﬁ%$a%¥&ﬁeORéélﬁﬁ?rQW ﬁovalently
blzenhgtErwhsdhlmmzm@ﬂurabompsekeetkme 6agahyst mackkOdes to
sal ut i, e phot or eacti on
2ebl B B e PTG GHirecat oaPRel oV cataidds wagalyst
wagbtaitnedlpy icgoraiahtbuy dhi rreld mb eeukes iboaeehayegectivity

LG aPE My CroRER e idn GO Chbng K Gy F- I Mol

CaSiva@ur@hem Roahi , 1?4, Ybshj m Fhrthémmanurtr@here was

chlralsghgébf{te Whl h 1%ove 1 gqe@ﬁygnggﬁoékéEQ%t acting

wever, déscri
int he néPH@&l@P(ﬂhﬂﬂ&ﬂﬂ@@pﬁﬂrﬁﬂ¢EPQM|rakOdDbengles t cacemic

mikb€rde0l itRis chiral-selective catalyst was obtained by
coordinating chiral molecules to charge-balancing metal
cations and showed a chiral selectivity of more than 90%
{Chong, K. C. W.; Sivaguru, J.; Shichi, T.; Yoshimi, Y.:
Ramamurthy, V.; Scheffer, J. R. J. Am. Chem. Soc. 2002, 124,
28587].

However, the above-described methods, i.e., the method
of covalently binding chiral molecules to the =zeolite
surface or the method of coordinating chiral molecules to
charge-balancing metal cations, encounter a difficulty in
selecting a solvent and have the limitation of insufficient
structural stability, resulting in the leakage of chiral
molecules into solution.

Accordingly, there is now a need for the development

of chiral porous materials which can be used, for example,
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surface or the nethod of coordinating chiral nolecul es

to charge -bal ancing netal cations, encounter a
walpdoSiedols y i n sel ecting a solvent and have t hBCT/KR2005/000039

[imtation of insufficient structural stability,

resulting in the | eakage of chiral nolecules into

sol uti on. Accordingly there is now a need for the

e n or,ous materials cap be
e P e e ol e RIS 681 | DaCe b af st orseparating
ipemerial sintuseparating i sonmeric mxtures. Brief

Description of the Drawings FIGS. 1, 3, 5, 7, 9, 11,
13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33 and 35 show
t he rRsief sDefcyiptiral yof sthom R¥nwirdgs nor gani c- or gani ¢

t epared s 1- 18,
oehort s e DY O o O P RgPARE ) SATRE 13, 1%s, s,
20, 282, P4, 28, arg, D, sBow Iheande36lshowtt HERresullysis on
cof r XRD; aBaL Yk 8- nggﬁiéaéohﬁ8éxegl%095%§n¥%t%%n%ﬁsl&%epared

porous matérial s prepare
l?e%b%%@l%@l%‘l¢%(E?SEﬁCQkWQQYshOM/the results of

separaté®n peshs @f pacegpat QLSz Cq]wucie?d 18, E%@”p'ﬁs ]z%
respectlve Y, _Uusli n ch |ra I NOr gani C - OI'

zéowﬁem t3@'po}dou§n%t3érlsé10§*’ pF}é‘balrééullﬁSt e ﬁﬁ%@eﬁnalysm on

chﬁN@DthﬂBr%£h§§l@§@£§l@fcéﬂﬁoéBY@”Eb?BuEh%aE%%g%Q% prepared
ent o fve found that the use of a net

F YT Higl thir ale TRACCUI®SY i nto the char gebal anci ng

CatlomBG$f a7p@60M§ sméertneé, redahtasozeabbb®a®hiod tests of

zeolite - teri,al havi ng charge -bal anci ng
LAt oneS kﬁpﬁﬁﬁq e%Ehaﬁé@mB?85e5§ &9 oved ra dfispgIctively,

u$ﬂ@@nkﬂxmnmugaﬂbcgéﬁmﬁGSKQEn@QrO@@mﬁ@éﬁtéakxhﬁnhﬁ materials
d.in_.a nore Ssi Ie and effective way than that
”D y

Eép e prlo?h?nﬁﬁ$%9nﬁ B hod of coval ently

bi ndi ng chiral nndlflers to the zeolite surface .
Ther g§ 01 & oddrd S22 >2Glard flotrpe present invention to

The present inventors have found that the use of a
method of introducing chiral molecules into the charge-
balancing cations of a porous material, such as zeolite or a
zeolite-like material having charge-balancing cations, by an
ion exchange process, allows a chiral organic-inorganic
composite porous material to be prepared in a more simple
and effective way than that of the prior method, i.e., a
method of covalently blndlng chiral modifiers to the zeolite
surface.

Therefore, it is an object of the present invention to
provide a chiral inorganic-organic composite porous
material, a preparation method thereof, and a method of
using said composite porous material as a chiral-selective
catalyst or a material of separating an isomeric mixture.

In one aspect, the present invention provides a chiral
inorganic-organic composite porous material in  which

cationic chiral organic molecules are present as charge-
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provide a chiral inorganic - organic conposite porous

material, a preparation nethod thereof, and a nethod
w@bkoosmeog sai d conposite porous material as a PCT/KR2005/000039

chiral -selective catalyst or a material of separating

an isonmeric mxture. In one aspect, the present

i nvention provides a chiral inorganic - organic

balGOTHIGR] t aR9bAYS MRt §rid  d s WaLch §§EiQﬂﬂ%é¥Hfﬁﬂ charge-
organi ¢ nol ecul es are present as cﬁargeba anci ng
balafiGigis iGRtH Porous ratelilal aconeai nefgodhap§e using said

corl) AN Ngb €Ald ORSEeaSaYehk %Sé%ﬂFgﬂuggfgcﬂgﬁémké@gPyst or

conposite porous material as a chiral selective
2 mahSh iyl Qﬁ)%?ﬁﬁﬂ%ﬁ%Qﬂ O isoperad Mg xamriesoneri ¢
M Xt €anbBh8ROtMe ASPeche (R URSEDAVEAVERLT Povides a
rovides a nethod for preparing a chiral inorganic - '
me%ﬁ%ﬁg P cPEBRPBN e Fpdrbids et &P F AN L ¢ N i dible  composite
poXeOnPr ngitegithe stiep ofetdrenexebapgiBaneharge- kalanciory ion-
at i ons cogtalngg in a. porous material with cationic
XN Dr GARFECnBREEUFEEY M HYT t PN TEABSPr een@ PoTrous
matenierit ivart hMddt il ide seviitead driyadetainlo.l oAsi 1tehe
I nor.gani.c pport_constituting the chiral h organi c -

i nor gam ¢ 2¢dTsosi e pSrEas Mrat BH HIt ¥t oF dithg T fiREcribed

in plegsgnit. i nvention, any porous material containing
char,ge -hal ancj cations may be used.. The. porous .
~ mat eA%"l al&geontqg{l nl%agnalc arsgué)g%% an%?%%t%%‘f‘fjolg% j§hg chiral
inqrateariicalintengamg ca pompasiséer potnones whateriefuiadaegding to
rpecat re . pal an [ i the cations_ are . .
Sexd %%%%g Legaﬁ%ﬁsé?ﬁér %gyiokgyﬁégutﬁ%feéaéf Congalnlng
chagigecitfaloadioy, atdsmscativols asedreferred to as
"chqqgﬁ-b§b§%%%ng ﬁ%&bg@%ﬁ'_h@BE£¥inEH8 |n859§8é9balancing
support usSed in the chiral inorganic --organic
catd@msosiitse gor 8ad erdedr i Rrvasdor @i ngoreushespresente while

reduiM8My OFat SO T €8 rt NG NYOUSa BIAUCT UE R aRd hhehe cations
char gebal anci ng cati on eXchange propert%@_Thus,
1

AT ST AR i theo PR BUSA PRt ur k! allel ¢ hepecification,
théﬁ&“dﬁtﬂﬁﬂé”K%éKkéE%tﬁEde%@héﬂgecﬁéﬁ@éiﬁylﬁﬁﬁiM@tBh@ions”.

Naég¥§fxﬁﬂgaigggggg?gesggpggg used in the chiral inorganic-
organic composite porous material according to the present
invention requires the porous structure and the charge-
balancing cation exchange property. Thus, materials having
the porous structure and the charge-balancing cation
exchange property are within the equivalent scope of the
present invention regardless of their components.

Examples of porous materials containing charge-
balancing cations, which can be wused in the present
invention, include but are not limited to, zeolite, zeolite-
like material having charge-balancing cations,
ASU{In;oS18{1,3,4,6,7,8-hexahydro-2H-pyrimido[1l,2-
alpyrimidine}¢ (H20)15), In,¢Sig(dipiperidinomethane) s (H;0) ),
HKUST ( [Cuj (benzene-1, 3, 5-tricarboxylate), (H,0)3]9), and

mixtures thereof.
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present invention regardless of their conponents.

Exanpl es of porous materials containing charge -
whadoaneiong cati ons, which can be used in the pPEEERR2005/000039

i nvention, include but are not Iimted to, zeolite,

zeolite - like material having charge -bal ancing

cations, ASU (lioSib 1,3,4,6,7, 8-hexahydro - 2

-pyrimdo [1,2- a]lpyrimdine} 6 (HRO)i5), _Inl0Si8 ,
(di p?88?%8| noné?han@% (%E%%ﬁ?, HK ([Exs crystalline
al@beénzenéitatdsSand aenbexy ate)stk (H2Q )&mPhleargkide where
i xtures_thereaqf.. Zeolite i s the generic ha for .
aLEPGEPL 130 &niSo0si 7 257 esara%d%ﬁt%ﬁgegréﬁgt arqqmLinated.
Theoivplséx axiide othere laltemanymtaics sid i ToON wateconws aarseilicon or
: edral |y, coordi nated.. The basic_unit of zeolite
L R T e e el e b ek P el ey and
theogrdigtatleds t oudoure ogxygerodtians , mandvaheg cepstdling on how

tht I .euf?{%ée%'i e fBYedahY o pendi ng, OErBQW e seolite
basic units bindto each other. I'n order Tor zeolite
copensicsngng fofs iditldomo nah @ lalmimurum:oddeiest @ dodeslectrically
aleall | Call YN Al-1nEhAe8 orftal ARGl g, Sl i
necorresp.on i ge to _gl Sr%n uns ar e required. Tllrggniscso alum_mums
argeczr@el 2ed al ufitdem bs olPelsavisgy an cldige nefn +8ters heving a

ch@hget rigal | yzbalianced,w té‘lé&‘@r%‘éi??‘ﬂdbﬁgaﬁ%ﬁ OXMYEN  the
atons. Accordingly, in order for zeolite to be

SUFEQUPEL NIadtRE T oRZIVICRL i DT Hr e PEFRHTEAIlAnd thessder for
ze@ali kNS ANg: crdhedal chagger 1 8ak ancang opat igrs "y ) and

be exchanged with ot her cations. Preferred exanples of
thesg) iGadd AN c"%Fe(:aﬁaiajee‘&séﬂh?ﬁgﬁﬁé’aélaé@éﬁﬂ iGRFéRiSon and can
bel B&kudagAd %eehi béhe¥- caedbhke, Xzeolite, and L-

zeolite., Y- zeolite is nost preferably used. This is ,
becabsEr 9t I5o| 1WA a0bt ARTUMLHT yWEL DI 3 dhRwored in

thevep el etliteniicaleritieal MBS, uGICIRa8ed Ditexchangeo bite, X-
B TR N Mt QT I £ 20 )
Thdenceird r abeoausand Y-z eolaxpenshae. &he steoldttueralllyi kestable
frg%%%%%%lé@%§p§n§ C ég{égi %@SEEmEH%sT such as ion exchange
at high temperature or for a long period, dehydration,
adsorption, and acidic conditions with high H*
concentration, and is inexpensive.

The zeolite-like material means a material where the T
atom in the basic unit of zeolite has been substituted with
an atom other than silicon or aluminum, for example, Ga, P,
Ge, Fe, Zr, Ti, Cr, B, Be, V, Zn, or As. This zeolite-like
material 1is a porous crystal which 1is different in
constituent elements from zeolite but has the same
orientation as that of zeolite. Thus, this material shows a
reversible adsorption-desorption process and a molecular
sieve effect, similar to zeolite. Also, charge-balancing
cations may be required depending on the substituent atom,
and these cations can be exchanged with other cations.

As organic materials constituting the chiral
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atomin the basic unit of zeolite has been substituted
with an atomother than silicon or alum num for
wez@spé@y4 Ga, P, Ge, Fe, Zr, Ti, C, B, Be, V PCERR2@5/000039
As. This zeolite-like material is a porous crystal
which is different in constituent elenents from
zeolite but has the sane orientation as that of
1nor us natgr % reVﬁrsibIedn h
b%. gho: 3%58?%??% %rseéggsawa ST iBlefT R dingvdo the
preééett xnwadumodc)zengamEc Alngd,e caarsge ababamogngcharge—

ui.red endln on_the. substitu
baf?ﬁ&?ﬂ% g%¥hese caWQﬁﬁP%anlBe e cﬁﬁﬂf%ﬁMAFHpgfﬁgr porous
matatiahy. s obgammhmtcmdalv&@onsctaﬁnﬂnng tdteiral organic
mo $BLL R gn%rg,a - QLggn C SRER Slta HP%RS&I@% 1%'cu1es with
according to he presen I AV organi ¢ nolec
chakébdwi raglot:haﬁgemnbal arpmqp@rctatasonsm@xant énenedusﬁdt hevlthout
1u‘R£9§’8L8n§UPP@1€% 85998 HBFLSE{;?QS tw‘_%tple XY rl%e’\gaé’&qée'}tles
catironic chira ani ¢ nol ecules may be use
alapy @ngénﬁ@ nrtapé@guésswu whtbhi Palthangagaings ¢ and  anionic
prBHOPETLLES ML O Wit W LAQUte b MAALIONS: IHeral organic
or gani ¢ nol ecul Wi th cationic properties also
moﬂﬁévhﬁérnﬁméﬁgl@@l@ﬁt%r%o@heE%I@%hYcu%ﬁ@ ani oni c

proP@ﬁé'%@asgﬁrﬁbc%%%ﬁl%héﬂ%ﬁfﬁbcé&igg'%r%mﬂﬁg structural
organi ¢ nol ecul es, am no acids are preferably used.

unyha reasoRTPECLRAt PRe BAPHGISSI d¥PACE ¢ IFSHMAR urgiemical

rebBti6nof pﬁﬁtel@ﬁdgétEQﬁﬁlde@r@&b%@e%atakMie hepd iCAlogical
reactions in_industrial processes or @%ﬁ ol qgi cal

ProreeRbtfes. AROEARF rF&AAR i 45t habathet RBIZG dachre are
zwIWtEEe6h0Bi Csbdxsdranees thiat ake eéwvm@mmmalyy harmless
g q%g’s and, have 30|d|c fqutlonal %pﬁ +) basi

§ ¢ PNt ondlMOGaapE X cfi‘ﬁo?p )resé‘ﬁlfj asic
fuhﬁVEGhamngr@mpmo a&uﬁs MAtnnchnﬂalppégeﬁttuawe@mlen" amino

ac leal éﬂ%ra Id%&) be ugfd mnthg Iw%&%%'%&%ds) ma
tASt BitS way, 't \P% a5 Sand” tUnhel st of “t REHOr SUs Y

benusedlM1ﬂhMMUMkmmupaﬁmmgﬁ bhiahmlmgwaatlmhg cavidges and
tunngigd %?dtwét%o§dW@wﬁg€%fﬁaf BthEEQn%i%%H?%éLbalancing
cations can be introduced with a variety of amino acid side-
chain functional groups, such as hydroxyl groups (serine and
threonine), carboxyl groups (glutamic acids), sulfonyl
groups (cystein and methionine), amino groups (asparagines
and glutamine), cyclic groups (histidine and tryptophan),
amine groups (lysine and arginine), hydrophobic groups
(leucine, proline, valine, alanine and isoleucine) and
phenyl groups (phenylalanine).

In the present invention, the chiral inorganic-organic
composite porous material can be prepared by ion exchanging
the charge-balancing cations of the charge-balancing cation-
containing porous material with the cationic chiral organic
molecules.

Any ion exchange method known in the art may be used

in the present invention without specific limitations. For
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functional groups, such as hydroxyl groups (serine and
t hreoni ne) , carboxyl groups (glutam c acids) |,

W@ plosoevph4 gr oups (cystein and net hi oni ne) , anMPCIIKR2005/000039
groups (asparagi nes and glutam ne) , cyclic groups
(histidine and tryptophan) , am ne groups (lysine and
argi nine) , hydrophobic groups (1 euci ne, proline,

e, a e and henyl r
et Panicey SRPheiR SR s CPRuEne T ore R chr bap the
Ca?%@ﬁg%h¢ha@g@amaéeCQﬁboépDEOparmaSenmaév|ahtoanobeact with
d chan h rge -ba

e e CRar o Cha i GO e AP SCort Ty pgrer ALY 2

tw%oﬁéﬂ§swaﬂérgar\MmqunmeOéataomm¢1©Mumalso&gamon than the

amd&Bh€CUl-@S 1 rARY 'ﬂgrex%% ?ggththﬂgukngﬁghaﬂg%he %{ room

may be used in the present invention w thout “Spec
teMper3Edifons. Horex&Mpltactt heroems exokangel ray e repeated

Pa€@d & B DPL i DYt BE T BYsEhgrCahi 9B §5§§§ng€hg§t§Eb@Ess may be

(porous material) into contact wth an excess anount
capiied catiforfitc 3oltamraTatane peef é|5atIé‘>IO§a &£ woand mpseferably

abd @ 08f @MOUAt ef -2 6akienie §%E§tEQE H%n°&hﬁlﬁﬁoyggd to a

required for conplete I on exchange,
reqy ‘ht&Pecaﬂﬁ%Pcﬁ%ﬁ%&%g%r8§éé§lﬁﬁ9yal§6“bea temperature

ofrﬁﬂ§@$Gquﬂart1@@|aﬁﬂywhﬂlth%egﬁi% ofi nam:-pR a%&@%kﬁown of
rocess %U%$ carried out at a tenperature o

Zeofsl 0 Pe 1o ef¥rably about 80 0C . A

tenﬁﬂﬂatder@I begsnﬁbamolécﬂiew|ﬂndﬂﬁﬂidéﬁiﬁnto the non-
uction, in catlon exc e efficienc

and a |, .
Ch%enperaYuFle%f ﬁgreqﬂﬂg (ﬁ?%w??aF%gﬁp?g?ﬂcfﬂ% cation-
corgragiakidoyn pdraesl i tnaseramlno bgci dshe et gbofhedebtrabed ion

' | € t iral .
ex QLR GoPBLESY, Phenlt PEET W BSS I ks | FRECRppativety
cherqﬂﬁnabmbng;ﬂmtnmumhteylai byrbhe ablovetridelscatbedction
witPn @ﬁghaegsﬁewe SS Akt &hi 1 P&%’ er%é?é £0 h€erian.

negatlve ar ge pOfOUS mat er | a
AC@rétJtrqucsal atbr adtieon WQrtgqmg:fqu sommw‘c@ oporous

maﬁ@.elagpr BYUEpAREAN | &k cor £LLRPT dbNA He b?eggﬁt' rﬁq{\g@{‘dlon, the
QFHIC conp05|te por ous
chlra properties of the organic molecules can harmonize

with the physical properties (i.e., thermal stability,
durability, etc.) of the porous material, such as zeolite or
zeolite-like material having charge-balancing cations.
Moreover, the chiral organic molecules have very improved
stability since they are present as members of the framework
structure of the porous material by the ion exchange
process, unlike the prior art. The above method of
imparting chiral ©properties to the non-chiral porous
material by the ion exchange process is a highly useful
method capable of substituting for the prior method of
covalently binding chiral substances.

However, when zwitterionic substances such as amino
acids are introduced directly into the charge-balancing

cations of the porous material by the above-described ion
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mat eri al prepared according to the present invention,
the chiral properties of the organic nol ecul es can
whasosmedoze Wi th the physical properties (i.e.,P¢CTHTRRRES/000039
stability, durability, etc.) of the porous nmaterial,
such as zeolite or zeolite - |ike material having
charge - bal ancing cations. Mreover, the chira
0,00 ani ¢ nol ecul es Eave very inproved stabilitﬁﬁsince

9 PN  hEenEdbdrdegCYt Hel H aRBwerR I8t Auctipe To
sadfvet hehiportso @t erbaé  ByibbhemedRt @XChangep EOaeSSinvention
. unlike the prkfr art.. The abOVﬁlﬁEthOd of .1npartin ‘
Lo HiTe A ropertd Y 195 the AoREChOFal CPR G "atdlS af RS of
a)t hei drovre excdregigey progesschargehbghlaycissef ulcheeihed of the

capabl e .of substituting for the prior nethod of . .
AR GRLA BN rig BH T 2T UbLE KRG es PORBWE e g with
t ranigtittdrononi mesabst ardeorsyych asdam inp adiodseakc®anging the

i_ntr.oduced directly into the charge. -bal ancing cation
e S s et oy it bt e PR BE | g S8t  RlPerian
in orexcitarge )proces sghiteel effine eacydw | fobeesdmghe) yL-amino
adiQ¥ oT]{’ 54N €4 NL&; REODI £, gE?)l?L ediEnte Qi d h?e ino acids
présent invention 1S charactertzéed by using a met hod
widgdmproivs g delve rgtoepls 1of degaj li-on- exchangi ng the charge

- Dalanalng SRl 991 of phes Chat geyhal ang) ng- £NBLARene in a

contal ning porous material wth transition nmet _
zvgdttiegioniand &), i dnnexthahgifrgm:-he i avsilt iagni et a¢ids are
1 PALQRS g oduaed IvHO the pAroys) apterdalcdnidhe of  the

step a) wth chiral amno acids, for exanple, L- amno,
PoFEYEs BRUBrafitno et dsieuri@ lappied i 8A1ef tHe lamPro simply

acddGedMddq nave her descddbedy i m dgkaiby . AkHP 6eES reasons,
will be stable if they are present in a zwitterionic

i obhf PuFERYal 1PBRRTIPR, sUhF an'AG95cPasaRFEng cations of

tHOpExshangete i b the Gharg&chNYANCI NG CatdPHst Dfn metal
the porous material, the neutral am no acids wl

| .be
cadi 1 §<6F6ed*8Rd ?ﬁ%h%?$?ci%hE§ Wit BEYGw, 2EsAS, thus
rddifsSiend eBBONDH | Bf t RBepreseils | nvertrian, ddecahalge charge-

_balanCIS %3%hgpzng&W%gﬁr§§%§%§ ngggrIakﬂﬁr%h%oniransition

metal cations have the ability to hydrolyze water, and this
ability 1s greatly increased by the solid electrolyte
properties of the porous material, such as zeolite. Thus,
the transition metal cations produce OH™ and H' by hydrolysis
within the porous material such as zeolite, and a reduction
in pH caused by the produced H" allows the negatively charged
carboxyl groups of the amino acids to be neutral by taking
protons and allows the positively charged amino groups to be
maintained in the form of positive charges. This can
prevent the neutral amino acids from being simply adsorbed,
and help the amino acids to be ion-exchanged with the
charge-balancing cations.

Transition metal cations which can be used 1in the
present invention include Mn?**, Co*, Ni** and cu®.

Particularly preferred is Cu®*. Thus, as compounds providing
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cations before ion exchange with the am no acids, thus

reduci ng the pH of the porous material containing
W@ basgeso74 bal anci ng cations. The reasons are tpPaEl/KRR®5/000039

transition nmetal cations have the ability to hydrolyze

water, and this ability is greatly increased by the

solid electrolyte properties of the porous material,

such as zeolite. Thus, the transition al cations .
LI G O Hhd R by Hy Gy S48 W PH FAT He Bof blisContatning
thaat elrdcale slecfrradezeoltirb@siandna medudt i @abnisn pHycabsedused.

by .th roduced_Ht+ all ows the negatively charged .
AT Gt OUESE 51T She Sa5 notOfo: AEOTHIBS i TaAtigp metal-
cdredd imgi rpy athdes: iadeds ,alniows delse posi tsiddlayecshar ged am no

groups. to, be maintained in the formof positive, .

char sz‘se. d]erﬁrseeczfnnII plroenveen Cr}}ahnegeneouf[ rta © a%nh%o a%lc%jgsfvrdbﬁp the
pdwiuyg) saplyadhdsonbedniapd chelrget-e lamoimaactasi ¢ms béepends

i on- ex Wt h .charge .~ b cing. cat] .
OnT?t;hn%i %F%ﬁgﬁg% apkgg%?gﬁégv\ﬁ?cI’?hgaﬁé%%éulsed&?nﬂn?ﬁ%l cations,
ther edemiroweid | oted et udef Mi2re CoRanisNE 2enandeCal+. cations
j - ar referr i.s _Cu as 0 S L s
2 ot B el Fonpe FakBrelt SOMMOUIED acidity
wigdlitrs €bat @drqus ngatheliabove-luescekpagdler aricspnively low

idretalg,d %ﬁg%ay benpsgdr Particuhabdy prefierrediangty, and
np

i
for exa , transition netal - containng chlorides,
eXfiqyy idesly and Bul fremesratheede§rEeraPrpéRSexhgngetepctural

sttdie P Reifdsc i d he Rar qus JBtesd &, copt @kNpREferred to
char ge - bal anci ng cati ons depends on the chem cal ,
COs¥ t¥eQ bPNt REChPRASI CRBReABLAFSc&T chsSuthePle level in

o ol ¥§i scdagree otnkhe ihitansiali ond®iialy Cabf ONghe  porous
according to ion exchange tenperature, and the acidity
M3t ¢ he porous material. For exanple, excessively

| ow imn-exchags t eRpeicalyisie aneduees chemirmhi | ptypedittes of
excessi vely high.tenperature deteriorates the
ChG r R SP% irlliaﬁy of Uft 7 al €€ FOP 1% r S4¥dRCS ¢ area

spat jHef erdtetrded catitatalidutd onon  exchan e dremparldtaite and
p%é%ﬁh@ i% ylﬁg%ﬁé%gugnpgg5§¥t{§5Co@£;0|a&?goirn§g{5g, vary
depending on the properties of the chiral amino acids
introduced into the charge-balancing cations, for example,
the size, polarity, hydrophobicity or hydrophilicity of the
amino acids.

Accordingly, the degree of ion exchange of the chiral
organic molecules can be adjusted depending on the end
purpose by the kind of transition metal cations, the kind of
amino acids, ion exchange temperature, etc., and thus, the
chiral inorganic-organic composite porous material according
to the present invention has particular applicability. The
asymmetrical environment of the cavities and tunnels of the
porous material, which is caused by the amino acids, allows
the inventive material to function either to separate an
optical isomeric mixture or as a catalyst or a chiral

sensor.
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material . Furthernore, the physical and chem cal

properties of the porous material, such as the vol une,
wewosacm7ar ea, spatial charge distribution andPCT/KR2005/000039

hydrophilicity, and particularly chiral properties by

amo aci ds, vary depending on the properties of the

chiral amo acids i ntroduced into the charge

- bal gnci ng cations, for_exanple, the size, polarity, _

hydr GERoblBi £ O THFdrRIpht 1T CPIY BT A& S Mot At ddiventive
meAcodr diangllye tbecdegiaedofficn exehanrgelafs the chidtakively

organi ¢_.nmol ecul an _be adjusted dependi ng on the end .
CoRtFEvs® B The Wk of PEFRRETEr Bk ot dl O eRg.LYSis,
powkdand 0f raymdi Aftast 1 donpexichange dtwenperature, etc.

and thus,, the chiral inarganic.- organictgongosite a1

por ous nateffal '32E8P A ig T 8P he pPERBAE “Fni&APIGn TRAS T
pregaate¢ubacoapphgcabi theéyprdhenasynmentioal mepvbeonsent as a

of . {h [ties el s, of t or.Qus rial
Ch%éﬁ%h§?£g%%£g§d é%g%#&gﬂl 5 P AR PO ﬁp%? re’ 'any one

: amo aci ds, allows "th
chiywermaver hal erf ab-form uared i bnfeinther to separate an

optigal i SANBLL C @agur&u?% as i%o&%faﬂixe&t Yand ENiLabosice
Sensor. e.lon exchange O the am no aci S Int .e
pPoigieniiate retthoric eard beg aseertttdl nedefenm timeendsgnt smay be

us&d EgdléCtﬁlé/@%ﬁ/i§Pu8kg\‘%\g@a@%@n(gl%Er)) SOSELEPIEREY LR por

spectrum anal ysi s, nvder X-ray diffraction patterns,
exgtrle Thehehi pAl 1FABRGARI BixtFgahPcPeOFBESIFRECPoLdQyS down

thi@i@hi &l  ppepar ed1aae0rdingd ouwike PERSeMni ventindtganic-
may. be used as a chiral - selective catalyst, in order
Or?%ﬁkﬁeEQWEoéhyeoﬁéreﬁﬁréﬁqﬁﬂ%%¥zﬂfcﬁﬁ?}PFﬁﬁﬁPEndnwﬁntlonf
mafOF M1 ULt bR MRFEerehe dhirall ifW@antiies WIORNECow out at
,fﬁﬂpOSlte E%rous mat eri al ,accor ing to the present ,
difFRAER T oRCHRYS bBT uséliCas SaNRftL EPFarFldf ade parELIANY Calp TIanic
cothSOFEL & C pBirvludr enateari BXarPl B, avbernmNtheOMBbn6ric mixture

e 1 Xt ure. to be separated hyo down thpough 8 HP%%

Co e 1Y FERCUALRIL RE CHRFAL PROPGARIES, By this method,
materials can be separated depending on chiral properties.
As . the method of using the <chiral inorganic-organic
composite porous material of the present invention as a
charal-selective catalyst or a material of separating an
isomeric mixture, any method known in the art may be used
without specific limitations.

The chiral inorganic-organic composite porous material
of the present invention and the method of using the same
can contribute to finding a more efficient, fast and
accurate method for providing suitable chiral libraries, so
that medical drugs having more improved physiological
activity and selectivity <can be developed. Also, the
present invention can be used in various fields, including
insecticides, herbicides, aromatics, spice compounds, dyes,
pigments, polymers, liquid crystals, and nonlinear optical

materials.
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organi c conposite porous material of the present
invention, materials with different chiral properties
waowdos/oédoow out at different points of time, siPCEKRR®3/000039
chiral inorganic-organic conposite porous nmateria
will act on the isoneric mxture selectively dependi ng
on chiral properties. By this nethod, materials can be
sepﬁrate? dependi ng on chiral properties. A s the
meg ho uskn he_chiral Ln apnic_- ani c
congss: fealorBE EagrErra ot "BhE ErEeas o M ent i on as
a Bhaeahaftsel eprefercatiakystmpdesa am@t @riivgin dfor a better
. 1.Ng [ ri Lxtur et hod 0 [
andeFRETRB R0 BE. EES hremeiE s aeB ATt al o Tre °°
undeghicoal, i mowgarc, - tbagaihe seorpomin ke Hordbs Prgisenitgd for

illugfgr%te?wef ggﬁﬁrﬁ&vsm on Lthe nRihod,Qf+ HSEAY tbhe imit

nme can ute to'finding a nore efficient, fast

the apdpacedr 4he pwekedtf anvpns¥Prdi-ng suitabl e chiral

'ig&éﬁbﬁés sQighat nedical drugs having nore inproved

phystorogrecat—activity and selectivity can be | _

def#popéd. A:soPreparpeqent Of nvehiréh chRCHAULEPIGRNIC
comb%%&%%u%o&b%%dﬁatEQﬁquing inéecticides, her bi ci des,

aromatits, Spice conpounds yes, pignents, ,polyners,

i gaild éegseéggangﬁdoénNarxpgeoAﬁﬁgpggzﬁaEgﬁfa|g _

Besty Mydeforp Gasf yddg fditadhe ofnvertirar eder Raraf tesolite
preferred exanples are given for . a

tter , )
hav img st HRBRRS F1Thel PF thf‘fﬁééhw?\iﬁ%OBPt H3S (Rl with
cw:%ngeﬂﬁfgeg, ?Qmﬁmanh tb@fti?ﬁé@ ACHTPY esd@Y e (L esentaedtwo
) or._ | ustratil ve rpo on , but, are not ,constr.ue
timas) 1953 PRGBS oF kL) prdedhnt -t avaRP s, Samess o
complekt® BXsMpkecAanfegparatioraf chhée ahiknarganipti -6.13, 25
organi c Cco oSite

o . por ous terigl 1-1: | .
o S Somest 1€ porgue, et et af L5 T e ioogs
two hyidieat ed dNay. Y T4eald teteps were performed for 5 days, and

then, the resulting suspension was filtered through an

absorption tube. The filtrate was washed with deionized
water to remove the remaining CuCl, ions, followed by drying
at 25 °C. After the ion exchange, the powder turned from
colorless to blue. The obtained powder was dissolved in 6M
HCl and analyzed by inductively coupled plasma (ICP)
spectrometry.

The ICP measurement was performed in nitrogen
oxide/acetylene flames using an ICPS-1000IV spectrometer.
The results of two ICP analyses are shown in Table 1 below.
As can be seen in Table 1, Na' ions per uﬁit lattice were
reduced and Cu?' ions were increased, as compared to before
the ion exchange. This suggests that Na® ions, charge-
balancing cations of zeolite, were ion-exchanged with cu?*
ions.

1-2: Ion exchange of Cu®" ion-exchanged Y-zeolite with

amino acid

10 g of the purified powder of Cu-Y zeolite obtained
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havi ng the conposition fornmula NaSsSi|37Al s5038 was

mxed wwth Cul 2 solution (Aldrich, Certified ACS
w@e@degeofd . e., a two tines |arge anmount of Cu(kd)/KRR@S/000039

the anmobunt required for conplete ion exchange) at 25 C

The m xture (pH 6.13, 25 0C ) was sonetinmes stirred,

and replaced with fresh solution two tines a day.

T e re perforned for 5 days, t hen, the
asr@%%l%trll%gepdzl?sﬁefns WERES I"fletﬁbdl“%sr 31‘?9 cess amount of
L-asbsangt i eryuaches. Etetdﬂﬂomratesmmsdled:hmtmertlfled ACS

dei oni Way rermve t he remai ni 2 ions,
TIPS o dﬂ& &?ry. SR R N R e Yextihidnge! at pH
7 . 6hanpovide r°ct, uramed zferpamceal @Jr1|t$183?lte§kkb|suﬂut-ﬁhﬁl apt at mesk-day
[ Was I and_anal ed
ln‘%% %tll vel y'g%%‘agl égqp as rra %?chterxorre nr%/ TRe Poptays
thﬁ:e aswmm omavaser f drtrerkd n thlrbuggenarox atebapetipineneo lumn,
anfdl %E‘Qa@e] Swas%%QiOI ﬁéi(?ﬁ?&g# WEQ% to remove
results o I anal yses are shown 1n Tabfe T
thigelrewa iAd ngammb@os eendi, n fdaBbecl, bMatriydng per 2i°C. After
cnat tbge Mene deducedsand, 2 lt%%e\ﬁﬂﬁrm“bweedtoasbrown.
conpared to before the ion exchange I S suggests
Thigat in@icabms, tdrdr gbblt bdiciory eat iGRs dfongeokemein.  And,

afere ik - §Sﬁha%&%% Wikl Cudte | 0BSperdatdnt. IQurned from
exchange of Cu2 ion - exchanged Y- zeolite with am no

CoderdeEe o Df deRE Ppdrikti ed PowdérdbFates ¥hadolfie ions are

preBeaicnedas hdegehianedupborgrwas . m xed with 1 . 25- fol d

excess anount of L-serine aqueous sol ution Sl
- Al AP TS t FPi BF2RESSgridtfe) 2BPURD 6E t%erﬁ{“i‘tlﬂﬁég Cu?

10VV&SOQOINbI+nLthﬂ§|p/e§tLhrHt_€dla?ﬁtJRfé Tafrand 25 06n, eddflange, ICP
r {glaced wth flesh sol ution g}%three-daélntervals

MEAFPEEMERLE 313 ngPrHECTSh LRcARFgS T BRRRGE, 2heth Example
1-qyspensi Ot[heNaS:e‘sd]Ittsr edréhrm@m amrabS"ebp@ ob ckodawm The
and the fi Ift te was hed ei oni z

wa
o BRETENE T erh 3 nhe B efE BRRb e h At 11
sh25edC thaAf tlerttﬂlm dromoemﬁérngms tdeer powiderlaut hed feomined.

Th@gﬂ%&ébéggymthat the zeolite was ion-exchanged with the
amino acid (see Table 1).

The Y-zeolite which has been ion-exchanged with the
amino acid was deposited on a KBr plate in a closed cell and
subjected to IR spectrometry at a wavelength of 400-4000 cm”
! and the results are shown in FIG. 1. The results of the
IR analysis were consistent with the spectrum results of L-
serine. This suggests that the zeolite was ion-exchanged
with the amino acid.

X-ray diffraction data for the Y-zeolite which has
been ion-exchanged with the amino acid were collected from a
diffraction analyzer (Bruker Co, Model D5005) in the
following conditions: radiation source: Cugq (A=1.5406 A)
operated at 40 Kv and 40 mA; scanning speed: 2.4°/min;
scanning angle 20: 5°-50°; step size: 0.02°. The results of

measurement of X-ray diffraction patterns are shown in FIG.
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This indicates that little or no Cu2+ ions remain.
And, after the ion exchange, the supernatant turned

wo eamswemlor | ess to dark pink. This indicates tphat/KEud5000039
ions are present in the final supernatant. In order to
measure the anmount of the remaining Cu2+ ions or Na+t
ions per unit lattice after the ion exchange, |ICP

2measurement was conducted in the sane nanner as in
Exafmyl A2 B AFEN helr €G-t < ar Bh8hsRe Ul ST e the sample

wibetow. hdhe sosparisefethihese restd tscpd thidil®  acid were
results of Ex%rple 1- 1 showed that little or no Cu2+
CORRESPRRL UMY atbPPE. i 788, THIRISuEGESES thaR Exehange

wzell i tkewasmi 98- exehanged mitd thRyRBHU0 atiad (8R  zeolite
Tab%e éL..The Y- zeolite which has been iog -
CBYEhAhGEa Wt h"efe BAiR62ABPH wE¥SBepddi t &iCon 1@MKkBe¥change

ppbatesin a closed cell and subjected to IR

spect t omet t a wavel ength of 400 - 4000 cm 1, and
t he r%%%ﬁ@ggaZe shown in FIG 1 . The results of the

| R anal y$iigader enconshstentganid tdompepdadcer uporessl aterial

wgg b%%g%@%d gﬂbfgiyg %%{§ t?%k %%%h%%%%i%%1m€$?a8?P8nmanner

I on=éxchange e ani no aci ray d
aglata Ememphe Y- ezeebit ¢hatii ¢hhhasibeéer idonplaeechdngederine

Lt e aw.no ' re- coll e 0 L ffr i .
A oear (Brake i Odel TB5005 10 (e Fol Tout g Shown in
FEGRdi 8iand: 4r atéapeohivolyce: CuKai (1=l .5406 A)

oper ated 3t 49 Kv and 40 mA; scanni ng speed: 2.4/ mn;
scanmrng_angte 2q : 5-50; step size: 0.02. The results
of neAsEhdiedt HROXIaARAG-ArgaRbEt COMPEStitter nBoppes material

w8H0oWRebB YBHGLY, - pdy BofihdeiSRCRAIMFLE % tHE same manner
results for the sanple which has been’ion -_ exchanged

ag th theTdenol agracher éhagndi-stvafeiwi t1h thbaeef 8F theerine

wsadmkeghef ahe ixsexchaggerw thdt Mo @ed4d. aF8i Shown in
suggests that the zeolite crystallinity was maintained
FEgen Pn2Pfe®i oheBRERAYR Brocess . Exanple 2

Example 4

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-alanine in place of L-serine
was used. The results of IR and XRD analyses are shown in
FIGS. 7 and 8, respectively.

Example 5

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-tryptophan in place of L-
serine was used. The results of IR and XRD analyses are
shown in FIGS. 9 and 10, respectively.

Example 6

A chiral inorganic-organic porous material was
prepared by performing ion exchange in the same manner as in
Example 1 except that L-glutamine in place of L-serine was

used. The results of IR and XRD analyses are shown in FIGS.

15



10

15

20

25

30

35

A chiral inorganic - organic conposite porous naterial
was prepared by perform ng ion exchange in the sane
wWoses0as i N Exanpl e 1 except that L-histidi nBCT/RR2005/000039
pl ace of L- serine was used. The results of IR and XRD
anal yses are shown in FIGS. 3 and 4, respectively.
Exanple 3 A chiral inorganic - organic conposite
por ous .mat eri al was prepared by perform ng ion
11e>?6‘ﬁ‘a§r§e L7 SPRE Y Re Ymanner as in Exanpl e 1 except
t hat Ekamgyet @in in place of L- serine was used. The
results of TR and XRD anal yses are shown in FIGS. 5 .
and 8, FESFREL AVERIaNECAREPENA CA CHITAT | ThoPgaRLS material
waGl gRfd Ea 16 PIogi e rporausgnaioer | ettchvasgpr éparteée Bame manner

erfaormng i on exchanpge, i he sane nmanner_-.as_ in _ .
@A & b bt ACRRE E2AI SNPRS LS ade RS Rerlmeerine
wasaudsed. The results off ITR antd XRRDamakyyessargestgwwn in

in FILGS.. 7 d 8, respectively. Exanple 5 A chiral
Fl]i#dr&%ia@d- %gr’gé:rﬁsgeé%r%ﬁlgs%iyfe porous material was

prepaxectdy Berform ng i on exchange in the sanme manner
as i . t. 1| -~ tr i Jace Qf ial

Ceer e DRee fs dd R e Bttt YRR ER A bR R o et
waar epshowred nbfl G8rforandgll.on espeltangel yn Bienpiane panner
2 SN AAIELHAANK C- QEOAN C LRQLOUSHBL RIS Al n¥aY Pl gPAELd o 1
Sby pertformng ion exchange in the sane manner as in
seBdarepl eag aecapt tHae resglisardhe IRn gdcERPf analyses are
sHoWReHIMNE MRS USedndlNG F e8lde¥ tafvdiy.and XRD anal yses

are shown In FIGS 11 and 12, respectively. Exanple 7 A

chi r &xampdieg#ni ¢ - organi ¢ conposite porous nateri al

was [ epat 841 by REIJHIiIH G J-0n eXebapeeits e SAenaterial

manner as in Exanple 1 except that L- ar%l nine i
w%ﬂeﬁgeggr@dsgyiﬁ@rformlng ion exchange

as in Example 1 except that L-leucine in place of L-serine

n
n the same manner

was used. The results of IR and XRD analyses are shown in
FIGS. 17 and 18, respectively.
Example 10

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-lysine in place of L-serine
was used. The results of IR and XRD analyses are shown in
FIGS. 19 and 20, respectively.

Example 11

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-glutamic acid in place of L-
serine was used. The results of IR and XRD analyses are
shown in FIGS. 21 and 22, respectively.

Example 12

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner

as in Example 1 except that L-phenylglycine in place of L-
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was used. The results of IR and XRD anal yses are shown

in FIGS. 13 and 14, respectively. Exanple 8 A chira
WO nisgeddrL£ - organi ¢ conposite porous materi al PEEKR2005/000039

prepared by perform ng ion exchange in the same nmanner

as in Exanple 1 except that L-nethionine in place of

Lserine was used. The results of IR and XRD anal yses

are shown in FIGS. 15 and 16, respectively. Exanple 9
Seﬁ?@ﬁlWEFS|H8?6an|836%9%%$%1%%n655|¥% Bagodg“ﬁaﬁéﬁﬂéﬁes are
shvRs phepaced by peafoym f‘@sb@@t@%@t‘fﬂge in the sane

manngr _as. in gganple 1 except that L- leucine in place

of L=X 1das used. The results of IR and XRD

analyseSuake_shﬁmmghﬂlEléfgaﬂZca&%n@&mlﬁesppﬁtbug|Mnaterial

gp e 10 A chiral inprganic - or anlc co osite
WaBo:P G 3r&Ceral PRAECPPEDARr 80 byf XS b same manner
asexmh&ngmmletheesaaptnahﬁerﬁkpnd1ﬂ5§u¢ﬂep1aexceﬁtL,serlne

wath %ﬁine i n place oﬁ ~rSERAE mgslused The
Fegﬁlts of 1R and %hat§s 88 Card S Hownt Y 7 F1 &58° f@own in
FIGAd 20, andspéct respyctExahple 11 A chiral inorganic -
orgagkg ggpgﬁlte porous material was prepared by
per ﬁfﬁ?ég—fﬁﬁ exchange in the sane manner as in
Exanpl enli mxcephotrbhatit-gtgaantc casipdsitepl poeood material

ser e d d D. gpal S
e e SE e T S e e o e
aSAl@hl Bramp hor darfixceptor gamt ch(vab@QEt elrpopb@@e n@tferﬁaierlﬂe
walla%RiePangel yeHer{ or 9t NGRI ARLXAIANGSa ] PollCatBMB noun in
manner as i n anple 1 except that L- ph eny glycine 1n
F155a087oﬁn9583vnéeﬁﬁ§CES%@1YThe results of IR and XRD

anal ysgapageighown in FIGS. 23 and 24, respectively.

Exanpre I3 , _ , _ _
chiral 1inorganic-organic composlte porous material

was prepared by performing ion exchange in the same manner
as in Example 1 except that L-valine 1in place of L-
phenylalanine was used. The results of IR and XRD analyses
are shown in FIGS. 29 and 30, respectively.

Example 16

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-threonine in place of L-serine
was used. The results of IR and XRD analyses are shown in
FIGS. 31 and 32, respectively.

Example 17

A chiral inorganic-organic composite porous material
was prepared by performing ion exchange in the same manner
as in Example 1 except that L-isoleucine in place of L-
serine was used. The results of IR and XRD analyses are
shown in FIGS. 33 and 34, respectively.

Example 18

A chiral inorganic-organic composite porous material

was prepared by performing ion exchange in the same manner

17



A chiral

I norganic -

organi ¢ conposite porous materia

was prepared by perform ng ion exchange in the sane
wWoses0as i N Exanpl e 1 except that L-proline POT/ER2®S/000039

of L-

Exanple 14 A

1 ne e ot

serine was used. The results of
anal yses are shown in FIGS. 25 and 26,

chiral

pr.epar ed by
er aS*FRPEX

I R and XRD
respectively.

I nor gani c- organi ¢ conposite porous
erform ng ion exchang

G h-a%e@ptIthatr

e i

in
Paffhe of L-

sdmir avesofuded.serrne wasuised. ofharr espdi t SROf AR 13fHEs are
qéi sh 2@ in FIGS. 27 and 28,
éﬁﬁf o5 I8 W THI VS Wor gani ¢ - or gani ¢

XRD and

shdheidt

R

conposite porous materi al

was prepared by perform ng

i on exchange in the sane manner as in Exanple 1 except

t hat

The results of

29 and 30,

L- valine in place of Lphenylal ani ne was used.

I R and XRD anal yses are shown in FIGS.
respectively. Exanple 16 A chiral
organi ¢ conposite porous materia

I nor gani c

was prepared by

per f ofll@lnge ilon exchange in the sane manner as in

Exanpl'e T exgept thaf LC-Threonine L placg of L-
Ibas used. THE resultls of 1B and XR 1 S
are shown in|FlGS. 53k and 32, respgctively. Exanple 17
o B b od| by poli U i g ono¥aAbge s h t he EHfe
mareefings) | N[ Exanples7l except thatoil- isoleucine in
place, of Lsejl he wapgused. |The reggkts of |1 R ghgd &0
anatryses—arershown—t i H-G5133—ant—34—reppectvety-
ExanpBe 18 A|chiralé7inorganic - db§ani c cpnpostiseine
poroug mat er i :’:l| wasg pr epar ed by p&ng orlm' ng i ON 4 lanine .
CXCTIAalye 111 e Sdalle TrarmreT|as 11T EXalTpr © L eXveplt Ullidl
|- asparagnelin pl &4 of |derine 1647 Tryptophan
6 7.87 0.24 Glutamine
7 13.94 4.62 Arginine
8 14.22 0.44 Methionine
9 14.90 0.66 Leucine
10 14.44 6.20 Lysine
11 10.40 0.24 Glutamic acid
12 12.52 9.18 Phenylglycine
13 16.44 0.06 Proline
14 16.27 0.01 Valine
15 13.42 3.74 Phenylalanine
16 15.18 0.00 Threonine
17 15.66 0.00 Isoleucine
18 14.72 0.32 Asparagine
Examples 19~24: Methods of separating isomers using
chiral inorganic-organic composite porous materials
Example 19
A chiral stationary phase (CSP) for HPLC was
manufactured using a standard slurry packer (Alltech Co.,
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was used. The results of IR and XRD anal yses are shown

in FIGS. 35 and 36, respectively. (Table i; Exanples
WON20b5QedF+ Ami no aci ds Na-Y 59.25 0.00 1-1 (Cu-M)T/KR2008/000039

23 49 Serine 1-2 (serine- Y) 15 47 0.01 2 14.68 0.08

Histidine 3 6.77 15.02 Cysteine 4 16 62 0.02 Al anine 5

9.40 16.47 Tryptophan 6 7.87 0.24 Qutarrune 7 13 94

4. 62 I ni 8 14.22 0.44 Methioni 4.90 Q.66 ,
Mo TESA0 297 4 5136 LG5 TRE 1 40 46 5% Jfap gtainless
staodld HPLA2 5209mli8 dRhesylgdryci Beh23016 @A T0.®06cHr obdb Ne HPLC

14.16.27,0.01 [ 15 13.42 3.74 P | al ani 16
9Ly G Y05 P borie TP 55 10/ 5° 1 8o AT 19, Fyample

1 Ow82e Ampardgivie hExanpl estidr-240 atdreds of sepaeatiog. The

s dpss U on! Sid

rous nat'eri a l!21 ra%n%rthél n%c%%?r?{élggg gg\ﬁgﬁg?tf}bgﬁggepacker

ur(desP)a fhargMHRLE swas emanrfu feddtOunpesd. USIm @ G nsitrauntckesr.d-

col utly Fa. 673 250 FeH Tor o1 B hl'dss ot eal HBLC. DEHY  Lin
Irft moterentCet hbhdl ) (goMpBakéngCe. ,SHALAD grae) eandpbgd with
arPf otnllq_iln'ese'a!ete;%s'se\f', zgol {23 ppepdyedyd b FXAPl € lepg3g gy

were m xed wth each other to prepare a suspension.
detfrctor and a MIDAS auto sampler, and a system (Jasco Co.)
comprising a UV-975 UV detector and a PU-980 pump. The HPLC
analysis results were collected using Autochro-2000 (version
1.0) software.

Ethanol as an elution was used to stabilize the column
at a flow rate of 0.5 ml/min for 24 hours, and then, an
elution mixture of hexane (J.T Baker Co., HPLC grade) and 2-
propanol (J.T Baker Co., HPLC grade) (95:5 (v/v)) was used
at a flow rate of 0.5 ml/min for 1 hour.

As a racemate to be separated, ketopropene(2-(3’'-
benzoylphenyl)propionic acid) was used, and as an elution, a
mixture of hexane and 2-propanol (95:5(v/v)) was used. A
chromatogram was obtained at a flow rate of 0.5 ml/min and a
UV detection wavelength set at 254 nm. The amount of the
racemate injected was 20 pl, and the analysis was performed
at a racemate concentration of 1,000 ppm. The analysis
results are shown in FIG. 37.

Example 20

An HPLC column filled with the L-histidine-Y =zeolite

prepared in Example 2 was manufactured in the same manner as
in Example 19. As a racemate, (2-chlorophenyl)-hydroxy-
acetic acid methyl ester was used, and an elution, a mixture
of hexane and 2-propanol (95:5 (v/v)) was used. A
chromatogram was obtained at a flow rate of 0.5 ml/min and a
UV detection wavelength set at 260 nm. The amount of the

racemate injected was 20 pl, and the analysis was performed

19



10

15

20

25

30

35

suspension was filled into the blank col um using the

packer under a high pressure of 8000 psi for 20
worovsbe®74 - HPLC was performed using a syst em PYDERZ05/000039

Lin Instrument Co. Ltd.) conprising a SP930D punp

equi pped with an on- |ine degasser, a U/30D W

detector a CTS30 RI detector and a M DAS aut o

and a s ste Jasco rosing a - 975 ,
atUVadef%eé‘FIB‘?tgnac é?f?d O% @@L@pghal yﬁ% analysis
rg@sid ¢ samersencmﬂjectfemt u538ng Aut ochro - 2000 (version

1.0) Eoftﬂgr%n_Ethanol as an elution was used to

st abi olum at a flowrate of 0.5 mM/mn for

24 houm‘s Brdmphenwasn e widomedn Xhurtheof shiexamannkrT as in

Bak HPLG de) nd 2-_propanol (J. T er Co.
e gradé?x?%% gtf'fvgi %%éwﬂgedg asf?%M/ngéOSf ahd the
ara Bysid nivasf gredf dmmed #¢ s aa racenete tonbensepananed,f 500
odifLORRAPSNL (25 (e RENZOX|PRRY! hopr obl onic aci d)

used 1on, a mxfure of hexane and
2- prdpamgdlg I 5 (v/v)) was used. A chromat ogram was

obt aifjedy a 0. /g, n :

deteé?}ong%gv({engt 22%9%? 5§fﬁ%n1 g’gﬁgbqy ‘¥héeOllte
preramed el nfxanede wasva9 mnuﬁ@@tmh@d ahal ybessmg manner as
nPefEfx%%% ahga raggnayl € ,CONGERLS at Egncﬂﬁo}o%ggg‘gﬁm—hgdroxy—

The an sis results are shown i'n
a%ﬁWL@%IWPYlW%@eW ¥vas theed. andtpdi Aduyignel pt @ixture

oPr epak gk | Ny fxanpl rg%‘ié{\ﬁél mapghagpur ed, /i n)thgagangsed. A
manner as in Exanp s a_racemate,

Choona SHpherd? ) ObtW%x‘Vac‘%t f]ﬁo‘écF%it?re?ﬁyp eshér/mjgsand a

WSggte@BﬂoﬁnW§dgﬂéM@tﬁié@%tHEGZQM hexaneTaBd amount of the
2-propanol (95:5 (v/v)) was used. A chromat ogram was

ryeatedlaicat efotrFare of /0.2 YN kb 3l fwwas performed

atletectiaemnaaeel e{jwwéniebtabn266§nngoﬁhep;?ﬁount Tofe t B@alysis
racemat e i njecte , and the anal ysis was

r?ﬁﬁ#?ﬁrﬁﬁﬁquPY%c Wa?Iégco‘ﬂjcentratlon of 2,400 ppm The
anal y&isnglesutis are shown in FIG 38.

An HPLC column filled with the L-arginine-Y zeolite
prepared in Example 7 was manufactured in the same manner as
in Example 19. As a racemate, Z2-amino-l-phenylethanol was
used, and an elution, a mixture of hexane and 2-propanol
(80:20 (v/v)) was used. A chromatogram was obtained at a
flow rate of 0.5 ml/min and a UV detection wavelength set at
254 nm. The amount of the racemate injected was 20 pl, and
the analysis was performed at a racemate concentration of
500 ppm. The analysis results are shown in FIG. 41.

Example 24

An HPLC column filled with the L-asparagine-Y zeolite
prepared in Example 18 was manufactured in the same manner
as in Example 19. As a racemate, 2-amino-l-phenylethanol
was used, and an elution, a mixture of hexane and Z2-propanol
(80:20 (v/v)) was used. A chromatogram was obtained at a

flow rate of 0.3 ml/min and a UV detection wavelength set at
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Exanpl e 21 This Exanple was perfornmed in the sane

manner as in Exanple 20 except that water was used as
wa@moshetoron, and the anal ysis was perfornmed atP@I/KR2005/000039

racemat e concentration of 500 ppm The results are

shown in FIG 39. Exanple 22 An HPLC colum filled

wWth the L- arginine - Y zeolite prepared in Exanple 7

was manufactured in the sane manner as in Exanple 19.

2¥s WMy acEhat 8MoEDt eR| dhepHanAmate nransaed weti@ Bl and
tieei ﬁlnqeyhye 3\8‘:tséfpé@$obliﬁ\@(d, aa;nda?ﬁ:/a@)elﬂait@n,c@”x%&xﬁM@ion of
exane,_and 2-prqpano 80:20 (v/v was used. A
5@1r%‘c oglhfma\ﬁégy(?k}tsairﬁéd]l&ts A5 SOV Rt énoiFI%.‘SL]l%'/ mn
and a UV detection wavel ength set at 254 nm The
anou ected was 20 m, and the

f the racemate .inj
anal schu%?e?}pﬁrﬁe%q’atx acemat e concentration of

500 ppn cdhe benatysns frresul tlse afershowngj n aElcBGrdbg to the
| e 23 HPLC columm filled with the L- arginine .

pg%%eolﬂ"é%leopnar ed 9 Sa{n'pltgl% \/‘\:/tgs%rrargnu ggtrgggﬁci_ﬁrgamc

conp siane pannes esténi&kaophebé9prépaacdabgnmaheroducing the

A yle wa n ~and elution, .
EPES oF Rosane SN by SSIRSHIER0: 70 (uripy Saagliancing
casieehs Althe obiae ogpanudaratbrabphedoataanfihgwehatrgeobalancing
/y,n_.an [ | e set - 25 .

e hnBint oor The T abrare (i ot o me 20 H 1 gRganie
OXFRN et 9EPeS W PerPws nidtarialr aéeficeléontennr gtibality,
d@fa>00; ppm fhe anglysigesultigiarse shawrdin E5Ga 4Lniral-

Exanpl e 24 An HPLC colum filled with the . .
s¢lecparagrakl ¥y skoPnfe predaed i P Exapprea 4B fagn isomeric
niwnufactured in the same manner as in Exanple 19. As a

racemat e, 2-am no-|-phenyl et hanol was used, and an

elution, a mxture of hexane and 2-propanol (80:20

(v/v)) was used. A chromatogram was obtained at a
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flowrate of 0.3 mM/mn and a UV detection wavel ength
set at254 nm The anount of the racemate injected was
wQ@0oshgeoand t he anal ysis was perforned at a r aPEIER2005/000039
concentration of 500 ppm The analysis results are
shown in FIG 42. Industrial Applicability A s can be
seen fromthe foregoing, according to the present
|nveqéion rovides, the chiral inorganic - organic
conpostE" %orous material can be prepared by
i ntroduci ig t baicafli Onhﬁoﬁ@hﬁﬁt erganﬁc woi@mdeﬁteas porous
[ bal anci.ng cations.into porous materi.al
m%g% g?%lng chg}é%I-ESF&REFﬁg ngFaﬁs %ﬁg%ﬁl?oﬁmaleCUles are
peashangemprobesge Bhilanchhyal canbsganiin - aorgandes material
erlal |s excellent in stability,
c%ﬁ?%%ﬁ#%? ? , %n?h us, S3k19"be useful as a chira
- selectlve catalyst_and a material of separating an
ISOHEéICTHEXE%&?agfy CHEFgElEEOCQﬁnff im 1, wherein
organi ¢ conposite poro s material I A wh Ioni €
tleai p@lroaﬁgamﬁmembcgbegaanengreﬁmg@ala}ncmg cations 1is
s&i@é{a@db?kéﬂ%ﬂg cér(‘sias@ﬂ!{cguéf”g%%&'i% zeolite-like
contal ni ng charge - a ancing cati
megbapbslte poroheviwCeri al ofclthagarialaheiedn the cations,
APOY M3 STRNEN, al, COnlAN.NG ROY 08r-RAl ARG g et T ons

is selected from'the group conS|st|ng of zeol'ite,
ayeprimeding | kdRatoeri al hbvioRAg ( Jg@nl@alrmmtlh@ne (H20) ) ,

akdt HROST ( ASM (HMEHRSIB{], 3.5 thiba B804, 1 ,
-pyr|n1do [1,2- a]pyrimdine} 6 (H20)i5), InIOS

(di pi peridi nomet hane) 3 (H20)7), and HKUST ([ Cu3
(benzenerhd, ?zoﬁrpotsrlit@ar;b@ﬁw@tﬁhtgrwzo)dﬂ Miatm Zhewherein
onp03|te por ous %gg §§; of Claﬁn12 wherein the
£B80133% i€ séfect HETyr bUp oifdiRt FRESsFTing of A-
z83e0td ] ey-deoZEnd ) tie- 220l Z€®l dit® Rhtedrigeolite. 4.
The conposite porous material of Claim?2, wherein the

zeolite- |ike material having charge -bal ancing
cati ohs ESeomﬁmmhsdadrpbfbuﬁrmateatammaﬁ'mmﬁimezhawhereln

t?gegeéy?éé i#‘ﬁ%{gn%&&% AL9TheLAGL 6 LRG0 MR ons s

consi s
one where the Si or Al atom of zeolite has been substituted

with an atom selected from the group consisting of Ga, P,
Ge, Fe, Zr, Ti, Cr, B, Be, V, Zn and As.

5. The composite porous material of Claim 1, wherein
the cationic chiral organic molecules are chiral amino acids
selected from the group consisting of L-amino acids and D-

amino acids.

6. A method for preparing a chiral inorganic-organic
composite porous material as claimed in any one of Claims 1
to 5, the method comprising the step of ion-exchanging the
charge-balancing cations of a <charge-balancing cation-
containing porous material with <cationic chiral organic

molecules.
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Ge, Fe, Zr, Ti, C, B, Be, V, Zn and As. 5. The

conposite porous material of Claiml, wherein the
W@ 2005064024 chi ral organi ¢ nol ecul es are chiral BOI/RR2005/000039

acids selected fromthe group consisting of L-am no

acids and Dam no acids. 6. A nethod for preparing a

chiral inorganic - organic conposite porous materi al

as clainmed in any one of Clains 1 to 5, the nethod
conprising the step of ion- exchanging the charge

- bal anci mgecatdtonsi obf acahamnges bal,AREhNG HRIdi¥ks the steps
gont aining porous material wt h cationic chiral

rgani ¢ nolecules.7 . The nethod of C aim6, which

Con‘pra)se$ohhéx§h€ﬂ§11®<§ tBp IcORRECHANGNY ghec LB 88 of the
cations of the charge -bal ancing cation-
C}&%ﬁ?%n%?ﬁ%“%b%uscﬁﬁ%ﬁ ﬁPanﬁnganﬁqu&? netarerial with
t cah $ Dinson anelt ) ¢a)mcm@hangj ng the transition netal
cati obs |ntroduc as chargg bal anci n? cations tli?gl
step &) with chiG a?lngér?lgno Pds SeFeetetl? r oM Gations
1igr oupucahsiast |cﬂ@r@fe-lbaman@1a@| dsataighdD- ianithe acid)s. a8 with
d ein.the transition
il %]]gngrﬁyrq(g Sgﬁgcgtg Fg%\é?%g G SUF IRt R nns%)%@mg of L-
amm@,a@o@,ammzmammmldsg A met hod of using the
chiral inorganic - organic conposite porous materi al

of any one of dains 1 to 5 as a chiral - selective
cat al§stTha onephoet hdodCbéimsi ngwhheethi £hk itmenganiion- metal

cgﬁmcafgnpe%&@e@%pgﬁ Eﬁ&egkéh Ofc oA QAR O FOMH2RE 027,

05 as._a naterr al separ t|n an i someric
N xegdeCu®’

9. A method of wusing the chiral inorganic-organic
composite porous material of any one of Claims 1 to 5 as a

chiral-selective catalyst.
- 10. A method of using the chiral inorganic-organic

composite porous material of any one of Claims 1 to 5 as a

material of separating an isomeric mixture.
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