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separation and purification proceﬁég‘g | s described at length in revi evx_s by
W L. Hinze, Separation and Purif i BINKA s, 1981, 10(2), 159-237; Y.
Kawaguchi, et al., Anal. Chem, 1983, 55, 1852; D. M Arnstrong, et al.,

) m 1985, 57, 234 and S. Li, et al., Chem
Anal . e B SR THE INVERTION

The present invention relates to the development of novel separating materials
for use in processes such as high performance liquid chromatography (HPLC), liquid
chromatography (LC), thin layer chromatography (TLC), capillary electrophoretic

5 chromatography (CE) and counter-current chromatograph. The materials comprise
amine-bearing support materials and cyclodextrins mutually cross-linked and
chemically bonded via urea linkages. The invention further relates to processes for the
production of these separating materials and their use in separating compounds and

especially resolving enantiomeric mixtures.

10  BACKGROUND OF THE INVENTION
The generic applicability of cyclodextrins in chromatographic separation and
purification processes is described at length in reviews by W. L. Hinze, Separation and
Purification Methods, 1981, 10(2), 159-237; Y. Kawaguchi, et al., Anal. Chem., 1983,
SS, 1852; D. M. Anmstrong, et al., Anal. Chem., 1985, 57, 234 and S. Li, et al., Chem.
) 15 Rev., 1992, 92, 1457. Chromatographic separation on chiral stationary phases (CSP) is
also the most convenient analytical method for the determination of enantiomeric purity
(see for example S. G. Allenmark, Ckromatographic Enantioseparations: Methods and
Applications, 2nd ed., Prentice Hall, NJ, 1991). In recent years, tremendous research
efforts were made in bonding cyclodextrins to solid matrices, such as silica gel, via
20 amino or amido linkages. However, these bonds are inherently unstable to hydrolysis,
thus placing severe limitations on use of these materials in aqueous media. Alternative
approaches for immobilizing cyclodextrin using hydrolytically more stable ether
linkages (US. Pat. No. 4,539, 399) or carbamic acid moieties (US. Pat. No. 503,898)
were also investigated. However, in all these approaches, regioselective derivatization

25 of cyclodextrin cannot be readily effected due to the presence of multiple hydroxy
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sphases (CSP) is also the nost convenient anal ytical nethod for the
determ nation of enantioneric purity (see for exanple S. G Allenmark,
Chr omat ogr aphi ¢ Enanti oseparati ons: Methods and Applicati ong Maoh2ees ,
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procedures 15 invol ving solid-liquid phases. This usually results in
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which potentially limts their stability in nobile phases wi'th hi gh agueous
content. (Ng et al, Singapore Pat. No. 9703059-7; U.S. Patent Application No. 09/140,073).
However, in these examples, and in the other instances listed above, the cyclodextrins
25 were immobilized onto the support as small molecules, which potentially limits their
stability in mobile phases with high aqueous content.
Polysiloxane with cyclodextrin anchored to its side chain has been prepared and
coated onto the surface of silica gel. This material exhibits interesting properties in
reverse phase HPLC (V. Schurig, et al., J. Chromatogr. 4, 1996, 755, 299; V. Schurig,
30 et al, Ger offen DE 43 24 636 A1(1994); V. Schurig, et al., Angew. Chem., Int. Ed.
Engl., 1994, 33, 2222.]. However, there is no report of the cyclodextrin polymer

immobilized onto a support and applied in chiral separation.



Pol ysi | oxane with cycl odextrin anchored to its side chain has been prepared
,andcoated onto the surface of silica gel. This material exhibits
interesting properties in reverse phase HPLC (V. Schurig, et al., J.
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onto a support and applied in chiral separation. 18 March 2005 3 SUMVARY
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10 A method for enantioseparation of racemic mixtures of chiral compounds is a
further object of the invention.
A further objective of the invention is to provide a process for the production of
the separating material in which 6%, 6°, 6%, 6°, 6%, 6, 6° -heptakisazido- 6*, 6%, 6%, 6°,
6%, 67, 6° —heptakisdeoxy cyclodextrin and 6*, 6%, 6°, 6°, 6%, 6%, 6% -heptakisazido- 64,
15 6 65 6° 6%, 6, 6 -heptakisdeoxy- perfunctionalized cyclodextrin is:

a. coupled directly to any support which is carrying free -NH, groups on
the surface of the support;
b. reacted with any alkenyl amines to give the cormesponding

perfunctionalized cyclodextrin with 6-position alkenyl substituted side
20 chains via urea linkages, then this derivative is hydrosilylized with
HSiR,X;, (where R and X are alkyl, alkyloxy, aryl or halide) and the
derivatized cyclodextrin is immobilized onto the surface of a support
material; or
c. reacted with any aminosilanes containing at least one further reactive
25 group to afford the corresponding cyclodextrin-silane derivative and the
resulting cyclodextrin-silane derivative is reacted with silica gel to
obtain a perfunctionalized cyclodextrin cross-linked and chemically
bonded silica gel.
The cyclodextrin-based CSP of the invention can be used in counter-current
30 chromatographic processes to provide an efficient means of industrial scale

enantioseparation.



b. reacted with any al kenyl amnes to give the correspondi ng
perftinctionalized cyclodextrin with 6-position al kenyl substituted side 20

ains via urea |inkages, then this derivative is hydrosilylized with
HSIiR'X, _n (where R and X are al kyl, al kyloxy, aryl or hali dég Mardh 20@5
derivatized cyclodextrin is immobilized onto the surface of a support
material; or c. reacted with any am nosil anes contai ning at | east one
further reactive 25 group to afford theé-corresponding cycl odextrin-silane
derivative and the resulting cyclodextrin-silane derivative is reacted
with silica gel to obtain a perfunctionalized cyclodextrin cross-I|inked
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March 2005 -4 These and ot her objectives wll becone apparent or will be
hi ghlighted_in the ensuing description. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 shom@W%’}ﬁ?ﬁéguoglr@EéﬁﬂE@ W‘NG$ he invention. The product is (a
5 representativ t bstit ted cl odextri
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HzQ acet on / bi |l e phase. Kk, 3.91, k2 4.93, a = 1.27,
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R~ = 2.61. Figure 2B shows the separation of enantl oners of 1- p- Br - phenyl
,.-et)hanol using Hegsarey IaAdngmca;erMogmdnslﬁoph@ehuﬁ sepirafi8ns luding the40, a
.=72.00, RS _t i éDETA{L SCRI él OF THE. | NVENTI ON The resent

i nvent i on gl of Exgmple - fn Fietire 9o erantomsts ok proganclol arg SBPafitS using
deoxy) - nﬁrtpomenaﬁtem#zo:x&the%relﬂbaxttte =Pt;'9frﬂr<y— 3na&~ R am & zed
silica gel is used in place of the primary am he un S|m a condi'ti ons,

the 6", 6gFigee 2B sb&ws Bhe separatiepiofikienamtiahzers Gf, l@gsr-ﬁhcnyﬁ,ettﬁiﬁol @king6

- hept aki sdepx cl odextrin can b mut ual | cross-linked and at the sane
time immb?‘%ﬁg"&z%&ﬁg%%ﬁ%t@tﬂ‘t% &bate. & vl ég 581340 & = 9% RpF 8-55t abl e urea

| i nkages. 20 Supports that can be enployed include silica gel or any
alternative inorganic materials such as A120,, Ti 02 or ZrQZ or synthetic
pol yner SUMEFAHJEHHHJSGB&TIONQEH&&HNYEWGN ee NHz groups on the
surface. A pref&:hred support .is.s

availabl e in a WIPFERGATEPUGR 1 é’r”%%‘? 8%&8%“\/@]'&%3’657‘;%@00% élr ?‘icflg‘i’ 6 *-
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is used in place of the primary amine under similar conditions, the 6%, 6%, 6°, 6°, 6%, 6F,
6° -heptakisazido- 6*, 6%, 6°, 6°, 6%, 67, 6° -heptakisdeoxy cyclodextrin can be mutually
) cross-linked and at the same time immobilized onto the surface of silica gel via
muitiple stable urea  linkages. |
20 Supports that can be employed include silica gel or any altemative inorganic
materials such as Al,Q,, TiO, or ZrO, or synthetic polymer supports. The support
preferably has free NH, groups on the surface. A preferred support is silica gel, which
is commercially available in a wide range of different shapes and sizes. Spherical
particles are preferred. The particle size is typically from 1 to 20 uM, more typically
25 from 2 to 10 pM.  For use in HPLC analytical separation media, a particle size of
about 5 uM is preferred. The CSP according to the invention can be produced by
three different approaches as in methods a to ¢ below. However, the key step in all the
methods is the same, involving reacting 6*, 6°, 65, 6°, 6%, 6%, 6° -heptakisazido- 64, 6°,
6, 6°, 6°, 6", 6% —heptakisdeoxy -cyclodextrin and 6%, 6°, 6%, 6°, 6t 6F, 6° -
30 heptakisazido- 6%, 6°, 6%, 6°, 6%, 67, 6° -heptakisdeoxy- perfunctionalized cyclodextrin

SUBSTITUTE SHEET



25 from2 to |0 M For use in HPLC anal ytical separation nedia, a particle
-size of about 5Mis preferred. The CSP according to the invention can be
produced by three different approaches as in nmethods a to c bel ow.
However, the key step ui all the nethods is ttie sane, invdBmﬂmghﬂ@@&ting
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6", 6s, 6~, 6, 6E, 6F, 6 heptaklsdeoxy perfunctlonallzed cycl odextrin
SUBSTITUTE SHEET 18 March 2005 5 with free amnes via a facile one-pot
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In the method ¢ described above, the aminosilanes described in method a are
suitable for this purpose. Also useful are aminosilanes of the formula H,N-(Y),(Y,).-
25 SiRX;,, wherein R and X are independent alkyl, alkyloxy, aryl or halide and n is an
integer from 1 to 3. L and m are integers from 0 to 20, L and m are each typically from
1 to 10, but more typically from 1 to 5. Y is typically -CH,- and m is typically 0 (Y, is
absent) or if m>0, Y, is then typically an aromatic moiety. In all of these instances,

urea linkages are formed between the NH, groups of the support and the cyclodextrin.
30 The connecting spacer between the support and the cyclodextrin may comprise
a relatively short or relatively long chain. This chain preferably has 3-20 atoms and

may contain nitrogen, oxygen or silicon atoms in addition to carbon atoms.



18 March 2005 -6 The material obtained according to the invention can, if
desired, be further subjected to an "end-capping" reaction. In this, the

* remai ni ng hydroxyl groups on the silica gel surface are reacted in a known
.menner with a reactive silane, such as, for exanple, trinetlBNabhaoesi| ane
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hydr oxyl groups. Above all, by present invention the cyclodextrin can be
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mul tiple urea |linkage(s). In the CSR nmaterial obtained by the present
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stirri ng?::":lG‘;),’c ‘2}5,’( argimgpoiliged aga singlopmglerdles Veor g60d repBiducibllity 6f 6E, 6F,

6~ - heptsadacaiRoxyddsited Coeh OHR¥ LB ] 0 ldine at. 40 Cin 90%
yi el d, 38&&" 6 6C 6 6E 6Fh6 -he%%‘%ldd\’étgzaﬁ‘éégﬁ‘ ')8;%%%&%3"63"8@ posgusing

- heptakiraqhilsphgses having 2 highmquegus PReendatiomept aki s- O met hyl ated- 3", 3B, 3c,
3, 3E, 3F, 3¢ i S thyl af.ed- R: cycl.odextrin can be prepared by
reaction of g*“?%%%c@%%éﬁ%ﬁ?“@‘“%ﬁ%y SHBEOMO TWieligs ean 2005 - 7
be prepared using the procedure of B. I. Gorin, Tefrakedron Lett., 1996, 37(27), 4647,
D. Alker, Tetrahedron Lett., 1994, 35(48), 9091 ; C. Roechri-Stoeckel, Tetrahedron

Lett., 1997, 38(9), 1551; or Yoshinaga, United States Patent No. 5,241,059. This step
) 20 is followed by reaction with NaN; in DMF to give 6%, 6% 6°, 6°, 6% 6F, 65 -
heptakisazido- 6*, 6°, 6°, 6°, 6%, 6%, 6° -heptakisdeoxy cyclodextrin. The other hydroxyl
groups on the 2,3 positions of the 6, 6°, 6°, 6°, 6%, 6", 6% -heptakisazido- 6, 6°, 6, 6°,
6, 6%, 6% -heptakisdeoxy cyclodextrin can subsequently be completely derivatized with
%&:}rﬁs&b&‘t&g@w gougsls.uch as alkyl, aryl, ;lkylcatbmyl or:l anyicatbonyl ard N-alkyl-
25 6*, 6%, 6%, 6", 6%, 6, 6°-heptakisazido-6* ,6° 6°,6°, 6%, 6F, 6°-heptakisdeoxy-24,
28,25, 2° 2% 2f 26 —heptakis-O-acetyl-34, 3°, 3€, 3P, 3E 3F 3% heptakis-O-acetyl-B-
cyclodextrin can be prepared by stirring 6*, 6°, 6°, 6°, 6%, 67, 6° -heptakisazido- 6*, 6°,
6, 6°, 6%, 6", 6° -heptakisdeoxy-B- cyclodextrin with (Ac0),0/Pyridine at 40 °C in 90%
yield. |
30 6%, 6°, 6°, 6°, 6%, 6%, 6° -heptakisazido- 6, 6°, 6°, 6°, 6%, 6, 6% -heptakisdeoxy-
2%, 28, 2%, 2°, 25, 2, 2% _heptakis-O-methylated- 34, 3°, 3, 3%, 3%, 3%, 3% _heptakis-O-
methylated-8- cyclodextrin can be prepared by reaction of 64, 68, 6°, 6°, 6%, 6F, 6° -
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-hept aki sazi do- 6", 68, 6¢c, 6, 6E, 6F, 6~ -heptakisdeoxy-t3- cyclodextrin in
«CH, I'/DMF/ NaH at 40 Cin 65%vyield. 6", 6B, 6¢c, 6, 6E, 6F, 6~

- hept aki sazi do- 6", 6B, 6c, 6, 6E, 6F, 6 -heptakisdeoxy2", 28, 2c, 2, 2E,
2F, 2 -heptaki s- O phenyl car banoyl ated- 3", 3B, 3c, 3, 3E, 3K Md&ckb2005

hept aki s- O phenyl car banoyl at ed-f3- cycl odextrin can be prepared by reaction
of 6", 6B, 6¢, 6, 6E, 6F, 6 -heptakisazido- 6", 6B, 6c, 6, 6E 6F, 6~

- hept aki sdeoxy-f3- cyclodextrin in PhNCO Pyridine at 80 Cin 75%yvyield.
Am ni zed silica-gel can be prepared according to the nmethod of T. Hargital
et al., hepfRis@rasogs”,, 619%3, 6%86"1%F, Wi hepthkisdddxllPWichelo8@IRASIHE i On as
determ ned 10 from el enental anal EVSfi s: C%3.25, H®%O0.96, N%O0.98. The

f ol | owi ng (MRIMENH pt A} GindSthpieltk acti ce of the present invention.
EXAVPLE 1 4 g o amidni @eds Sil ica el was shi gr ed gon «8Qrmta of aphydrous THE
t hr ough whi ch qSfa’ g?r?ngnlﬁgu? "séti r gg%?%%ghé ’\%a’sd pgs’gse’(rjg.o %%Ptgira%%m% ns,
1.2g of 6"2% 88,2%e°, ¥, 26R° Hieptakit 8D -phenyiephamioydazd-03, 38, 3¢, 68, 35a@F, ¥ - 6E,
6F, 6~ - heptaki sdeoxy- 2", 28, , 2, 2E, .2F, 2c heptakis-Qacetyl -, 3",
36, 30,5 3 Heppkisiphaty chbimanhed s sipdirinitoin GpsauR by reaiorst Al
anhydr ous ¢FHEP, s agtadoiaikiiad N9, URSE PN 605 ARALARIeoy B BSclotlifape 2.0

g of triphenyl p’hosphi. ne in 20 of anhydrous THE was added. ture
was sti rr ad PhdICO/Ryridire ati80AiCdwASYeameldbubbl i ng of COZ at room tenperat ur e.

The reaction m xture was 20.then transferred,.to a, soxhl e ract.ion

appar at us and &W‘&%ﬁdeﬂﬁ%‘gﬂ c4R be Preparest acsgrding to thgeme 055 é’m&fm a?t"ﬁe

acetone i rhl.\,/@P@%rohb@ﬁﬁ?ﬂagﬁtmﬁtl?,dgﬁﬁ@ th@%llbﬁ@%cf&ﬁﬁdsitid?kﬁéj dé@fnined
ol l owi ng co

i mobi | i zed silica ;&e was obt ai ned having the nposition as
det er mlhedrom elemeantal apalysis: Ghad 35 6 086 M%1898. H 1. 97% N 1.03% EXAMPLE 2

25 4 g of amni L) I a3 f_.anhydr.ous DVF t hrough
whi ch a conti nu%tﬁegfonggn%ranexg&b%g%{evéggrﬁgg?eo&tH‘iAP etsacrn%fb%gﬂaﬁ@', 1.2 g of
6", 6B, 6¢c, 6, 6E, 6F, 6~ -heptakisazido- 6", 6B, 6c, 6, 6E, 6F, 6

- hept aki sdegxy-{ cyclodextrin in 30 m of anhydrous DVF was added.

Stirring Edued another 5 mi ns, whence 2.0 g of triphenyl phosphine
in 20 m of anhygeysiPba 4as, ARAYstlhPinT0%YE Laltirott) fQHic0 hrs
wi t h const ant bugt())?i ngl; of COZgz{:gi rogrlntelrrrlgjeratgre. ({%%F[ﬁ{f?ﬁ{og%hn@ﬁlg rough

a 18 Mar cheanBipBo@ stream of CO, gas was passed. After 20 mins, 1.2g of 6*, 68, 65, 6°, 6%, 6",
15 6° -heptakisazido- 6%, 6, 65, 6°, 6%, 6, 6° -heptakisdeoxy- 24, 2B, 2C, 2P, 2F, 2F, 26 —
heptakis-O-acetyl- 34, 3%, 3€, 3P, 3%, 3F, 39 _heptakis-O-acetyl-B- cyclodextrin in 10 ml
anhydrous THF was added. Stirring was continued another 5 mins, whence 2.0 g of
triphenylphosphine in 20 ml of anhydrous THF was added. The mixture was stirred for
10 hrs with constant bubbling of CO, at room temperature. The reaction mixture was
20 then transferred to a soxhlet extraction apparatus and extracted with acetone for 24 hrs.
After removal of the acetone in vacuo, the peracetylated cyclodextrin cross-linked and
immobilized silica gel was obtained having the following composition as determined

from elemental analysis: C 12.46%, H 1.97%, N 1.03%.

EXAMPLE 2
25 4 g of aminized silica gel was stirred in 30 ml of anhydrous DMF through
which a continuous stream of CO, gas was passed. After 20 mins, 1.2 g of 6%, 6°, 6, 6°,
6%, 6", 6° -heptakisazido- 6*, 6°, 6%, 6°, 6, 67, 6% -heptakisdeoxy-B- cyclodextrin in 30
ml of anhydrous DMF was added. Stirring was continued another 5 mins, whence 2.0 g
of triphenylphosphine in 20 ml of anhydrous DMF was added. The mixture was stirred
30 for 10 hrs with constant bubbling of CO, at room temperature. After filtering through a




-glass frit and rinsing with pyridine, water, ethanol and petrol eum et her
«(in*this sequence), a cyclodextrin cross-linked and i mopbilized silica gel
was obt ai ned having the follow ng conposition as determ ned from el enent al
analysis: C7.93% H 1.65% N 1.82% 5 EXAMPLES 3 AND 4 Exanp/Marth 365
repeated using 6", 6B, 6c, 6, 6E, 6F, dc -heptakisazido- 6", 68, 6c, 6, 6E,
6F, 6 - hept aki sdeoxy 2", 2B, 2c, 2, 2K.2F, 2 -heptakis- O net hyl at ed- 3"
3B, 3c, 3, 3E, 3F, 3 hept aki s- O et hyl at ed- A-cycl odextrin (Exanple 3) or’
6", 6B, 6c, 6, 6E, 6F, 6 -heptakisazido- 6", 6B, 6¢c, 6, 6E, 6F, 6

- hept aki Swymtzand #BsingCwith, p me]-owé’t& ethanol and petroleum ether (in this

- hept aki s- O- phenyl car banoyl at e 3c, 3, 3E, 3F, 3

- hept aki s-SEqHrapg eamadwmmcwsﬂlak@d/@nd)m@bmmd( siliemptlava) olitaingd hasingf t he

 hept aki ode fiobng mpbyadic ! BELAAGLS Romelemitn sy (T o3t 1 Bg5%s. 5

3E, 3F, 3Nhf8[2?/ak| s-O acetyl - (3-cycl odextrin of Exarrpl e 1. The el enental
anal yses were as follow 15 Exanple 3. Bonded with cross-1inked

pernet hyl at ed- (3-cycl odextrin: C 11.45% H 1.85% N 1.14% Exanple 4.
Bonded v tgw & MISSES 3TKRP 4 3- cycl odextrin perphenyl carbanmate: C 13.78% H
2.02% N 2.38% EXAMPLE 5 20 A solution of the allylamne (14 mmol) in 20
m of anhydr ousExBhiplevh svasatepeat¢dousing 6f, Gfy ﬁCCKBZGB,wFr 6% rhdpeakieavaiou 68, aﬁth

observed. Qv B o 00 BuRHRRBR 2o 1508 s ox 8 charRb BB '%B %C

6, 6E, 6F,3863¢ F }
%5 o5 ,3 3 @Ewk; Sﬁg{ég%kg 0 ng%g%lg&d B%ycﬁﬁex% (Eﬁaﬁ'x%lkt @}%:S@‘e%ly

hept aki s- @ aéet6y|6° t-bepigkisaridocta”; 6, 1. €0 6'?nﬁ§J 1hnptab1sd¢oxorf 2é.ra‘i‘ya‘i dﬂsZEl'HE was

o Wiy dus-trpRRisaiepy G RES AR, vée“ o Feat Tor ARGty e

after TLC [ﬂﬁﬁ Bhrbambilated TP cydlGdekirMO(BRaMDId &) f plasponge- 6'*/%'! °, g% asop@at i on
to drynes roduct vva Ul‘bfled by col umm chromat agr ap hy’ wi'th” ef hyl

acet at e- ad)bt@ﬁlétagiazl‘}o -5, é b it 66 Ds-hentalisdeoxy: %r’-’chfZ@BBZFQ 22X2\PLES 6
AND 7 EX t qd o)
- hept aki 2?2&:;) gg_(g%,%eté{gf)ggc,g ’6,§(y’6$ %II% ?6 3 hglﬁ?pq%ls g’e%cx l'lgg},)d%jﬁxtryc ,°f2,

2F, 2 - hepExhipe O ffht biehmhollandyses $i8re a&cfpuaw 3E, 3F, 3

-hept aki s- O net hyl at ed- f 3- cyclodextrl n npl e 6%&)’ ", 6B, 6Cc, 5 6, 6E,
6F, 6 lhept aki SEARRIe &, Bepdedc with cegss-li cdapmw@ éﬁ%?dsﬁé‘d’ﬁvde’gfm B, 2c,

2, 2E, 2F,24cchent yl cazbanoyl ated- 3", 3g, 3c, 3, 3E, 3F, 3
-hept aki s- C%)%Shqlquézggémﬁg?gd | 3- cycl odextrin (Exarrpl e 7) in place of the

6", 6B, 6¢c, 6, Eﬁmrﬂ54 6Bohdgut @ith ea@dsdimked B-cyetodeltin ferphdnyldabbantate: C

- hept aki sdeox - 2B, 2c¢c, 2, 2E, 2F, 2 heptakis-Oacetyl- 3", 3B, 3c, 3,
3E, 3F, 31 aﬂﬂs‘péﬁéﬁgt%gf‘ll 3- cyclodextrin of 10 Exanple 5.
EXAMPLE 5
20 A solution of the allylamine (14 mmol) in 20 ml of anhydrous THF was

saturated with dry CO, at room temperature with stirring. A precipitate of ammonium
carbanate derivative was immediately observed. With continuous bubbling of CO, into
the suspension, 6*, 6°, 6%, 6°, 6%, 6F, 6° -heptakisazido- 64, 62, 6%, 6°, 6%, 6, 6° -
heptakisdeoxy- 2%, 2°, 2¢, 2°, 2%, 2F, 29 —heptakis-O-acetyl- 34, 3%, 3¢, 3P, 3E 3F 3G _
25 heptakis-O-acetyl--cyclodextrin (1.80 mmol) in 10 m] of anhydrous THF was added
in a single portion, followed by addition of PPh, (12.6 mmol) in 20 ml of anhydrous
THF. This mixture was allowed to react for about 5 hrs after TLC revealed that no
starting materials remained. After evaporation to dryness, the product was purified by

column chromatography with ethyl acetate-acetone (1:1) as eluent in 90 % yield.



EXAMPLE 8 1.5 g of product obtained in Exanple 5 was stirred with 5 ml of
wtriéthoxysilane and 10 ng of tetraki s(triphenyl phosphi ne)pl ati num at 60C.
After 24 hrs the m xture was adsorbed with 2 cmi high nol ecul ar wei ght
silica gel in a Buchner funnel and 15 washed with 100 m etHH8Mah2605
renmpval of the ether and volatiles by vacuum the residue was dissolved in
50 m anhydrous toluene, 4.0 g of silicg gel (which had already been dried
over vacuum at 120C overni ght) was added; the mixture was stirred at 80C '
for 8 hrs. 1 mM of water was added and the reaction was continued for

anot her 3 . ing the volatiles, the residue was heated to 200C
for 5 hrs.ﬂﬁng?tiﬁ?mz 20 and extracting in a soxhlet apparatus with
acetone for 24 Bxample Spwmiupéataéi “%ggiﬁ%ﬁ,g;:_mggﬁﬁéeﬁ% akglg@a%sgzx%wyas

obt ai ned: 8,45% H 2.00% N 0.10% Exanpl e was

r epeat ed bgc’ 6si gq’h@@‘ﬁl@ﬁ@%’éﬁe%ﬂ' éiga??'p)?(é %, géﬂan% éler)ak@rOtrmml})ﬂ;ted}}JB:’t, OI I
exanple 7 a El{}) 26 {ﬁﬁeo-- 10 . W nt a
25 gﬁal ysegﬁh’mga’sﬁggl Irho ng: @%{h%lﬁtgﬁéf %gglhgée%{én l\?\ﬂ%ﬁgggpf{snédw

per met hyl a6 é°-&; 65 dleptikisazido: 6'C67, 67568, 64 6F, Bﬁ%epl’dl &dp@&%—tﬁx@gpg,ezg%g/@, y
Bonded wi t ke cypss-1inked (3- | odextrj n_perphenyl car banat e; . 03%

> 039 N 0P2chs heprepiosyfbaney £ 18 Fredm er%gl 3Gprmﬁ!|i§@ﬁ_0asl in
Exampl e 4 ' agfyy - % 4. Fa
seng ationg\@?ghlcmdt{ be %ﬁgcée%kgg‘tzﬁn@%%?%a% léﬁgaé:g@ﬁ%eq?“éﬁ’rgggp’hé:sg’ Peaks
were devi abedheptakisgxidan6bi5aht &° a6, 8546 hineptakisietecyv afi 2% 9°,a°, ohi2Fap® 5

conpounds 1ar ut,hCcgh tived ngredi ents could be separated easily.
A separat i 0%%%@;&%@? ’rg 1t ?‘ﬁné 5 033] ’dgbe%ﬁ?ﬁsﬁﬁﬁwg’é‘eﬁy‘ﬁe&"%@fdr ugs.
Tabl e 10 EBgathpleseri ¢ separation of various chiral conpounds

EXAMPLE 8

1.5 g of product obtained in Example 5 was stirred with 5 ml of triethoxysilane
and 10 mg of tetrakis(triphenylphosphine)platinum at 60°C. After 24 hrs the mixture
was adsorbed with 2 cm® high molecular weight silica gel in a Buchner funnel and
15 washed with 100 ml ether. After removal of the ether and volatiles by vacuum, the
residue was dissolved in 50 ml anhydrous toluene, 4.0 g of silica gel (which had already
been dried over vacuum at 120°C overnight) was added, the mixture was stirred at 80°C
" for 8 hrs. 1 ml of water was added and the reaction was continued for another 3 hrs.
After removing the volatiles, the residue was heated to 200°C for 5 hrs. After filtering
20 and extracting in a soxhlet apparatus with acetone for 24 hrs, a product with the

following elemental analysis was obtained: C 8.45%, H 2.00%, N 0.10%.

EXAMPLES 9 AND 10
Example 8 was repeated by using the product of example 6 (Example 9) or the
product of example 7 (Example 10) in place of the product of example 5 with elemental
25 analyses shown as following:
Example 9. Bonded with cross-linked permethylated-B-cyclodextrin: C
7.45%, H 1.76%, N 0.09%.

Example 10. Bonded with cross-linked B-cyclodextrin perphenylcarbamate: C
9.03%, H 2.03%, N 0.25%.



-Subst anceHPLC Condi ti onFl ow rate (nlm n)Retention Tinme (in mnutes)aRs

At r opi neCondi tionl 0.57.02 / 11.145.624.46 Acebutal ol Condi tionl 0.514.56 /
17.201. 302. 55 Al prenol ol Condi tionl 0.518.55 / 24.721.501. 85

Pi ndol ol Condi tionl 0.511.72 / 13.601.341. 21 |sopreteral ol Cond8tMach 20057. 50
[/ 13.045. 063. 29 Propranol ol Conditionsl. 022.50 / 38.831.431.52 Bendrofl u-
met hi azi deCondj ti on30.525.50 / 36.101. 493. 19 H2Condi ti on30. 515. 62 /
17.321.181. 16 p-brono-phenyl ethanol Condi'ti on4l.07.70 / 12,502.144.05

EXAMPLE 11

The material produced as in Example 4 was introduced into a column (250x 4.6
mmy). Quite good chiral separations could be achieved both in normal phase and reverse
phase. Peaks were deviated by UV absorbance at 254 nm. A wide variety of chiral

5 compounds and pharmaceutical active ingredients could be separated easily. A
separation factor of more than 5 could be easily achieved for some drugs.

Table 1: Enantiomeric separation of various chiral compounds

Substance HPLC Flowrate Retention Time ¢ Rs
Condition (ml/min)  (in minutes)
Atropine Condition2 0.5 7.02/11.14 5.62 4.46
Acebutalol Conditionl 0.5 14.56/17.20 1.30 2.55
Alprenolol " Conditionl 0.5 18.55/24.72 150 185
Pindolol Conditionl 0.5 11.72/13.60 1.34 1.21
Isopreteralol Conditionl 0.5 7.50/13.04 5.06 3.29
Propranolol Condition5 1.0 22.50/38.83 1.43 1.52
Bendroflu- Condition3 0.5 25.50/36.10 1.49 3.19
methiazide
H2 Condition3 0.5 15.62/17.32 1.18 1.16
p-bromo-phenyl  Condition4 1.0 7.70 /12,50 2.14 4.05
ethanol

*Condition 1: MeOH/Buffer( 98mM TEAA, pH=5.30) = 30/70 (v/v)
Condition 2: MeOH/Buffer( 98mM TEAA, pH=4.67) = 50/50 (v/v)
Condition 3: MeOH/Water = 70 / 30 (v/v)

10 Condition 4: Hexane/IPA= 90/10 (v/v)
Condition 5: Hexane/IPA= 80/20 (v/v)

Having now described the invention, it is not intended that it be limited except

as may be required by the appended claims.



*Condition 1: McOH Buffer( 98nmM TEAR, pH=5.30) = 30/70 (v/v) Condition 2:
MOH Buf fer( 98mM TEAR, pH=4.67) = 50/50 (v/v) Condition 3: McOH Water = 70
-4 30 (v/v) 10 Condition 4: Hexane/lPA= 90/10 (v/v) Condition 5: Hexane/l PA=
.80720 (v/v) Having now described the invention, it is not ir8édateh200@t it
be limted except as may be required by the appended clains. 18 March 2005
-11 CLAIMS What is clained is: 1_ A process for producing a chronmatographic
separation material conprising any of the follow ng steps: (a) reacting 6",
6g, 6¢c, (, 6E 6F, 6 -heptakisazido-,6", 6g, 6c, 6, 6E 6F 6G--5

hept aki sdeoxy cycl odextrin or 6", 6~, 6¢c, ti, 6E, ti, 6c -heptakisazido-
b", 6B, 6c, 6, 6E, 6F, 6 -heptaki sdeoxy- perfuncti onal i zed cycl odextrin with
a suppGLTAIbEari ng free NHZ groups, (b) producing a product with side chains
of termnal_ C=C group via urea |linkages by reacting 6", 6B, . ti, 6, 6E,

6F; (i -hep%ﬂ?'é&kﬁ"&@dlsﬁ" 6B, ti, 6, 6E 6F 6 heptak| sdeoxy cycl odextrin
or 6", 6B, fc, hept aki sazi do- 6", 68, ti, 6, 6~ 6F (0 ti
_hept aki sdeoxy perp?un %Eﬂrr?a?d"f ?‘BB'QWW sfPatptiommatekishgdmgrivinge, and

t hen camymfdlat fojlowingsegst zi ng and cross l'i nking the product to the surface
of a suppomg by hydrosi,l %L ating the termnal C- group of said product by
reacting t )prcf&?Rf'c“gvﬁt éctﬁ,v@ %rh@pﬁ@tispz:ﬂbeﬁ“em &, ahds'EXG'arGe

i ndgp X Yo b @r |sfo 3; or 15
(¢c) cm%%’@:%ﬁcﬁﬁz?dﬁ% a%dg‘é&o’sé: Fh m@f@?‘gﬂe%ﬁ rﬁmt6 85 Slpport by

react Iﬁ;gh@taklwoxﬁ(pprfﬁnctﬁﬁahﬂpyﬁodé‘mm a,lnhs,a.;z, 6E, 6r, 6~
- hept aI Ci sd(ggxy I odext CI n or 6", 69, bc, 6b§tng 6Fg%lﬁ£’pﬁr§% sazi do-

6", ti e g P ‘f?édl"gkﬁglﬂe@kylspefr ftgmnaloﬁaﬂ gtadpay:ch;ﬂﬁext rin
._Wlth al[hka kda gorgsaini atgrl gas roup. 20 2.
The pr ocegag‘n?‘s clatg?gm 1r6v\hg‘r:le(|;‘?16t "he’ gbé%p% t)é Sé e6§1 6°2

perf urhS’P dmxzrwcbdam@r 69&“06%16? rGE,nGFaB‘é lﬁb&k{smad; y&A‘ 6'aI6kygucge~gf§ iyl ar
e pfoéess of

1 V- | .
cI a| m | U\?\% rel n pg‘ﬁﬂ%h??a?—ﬁz )H t5‘8I Wé“&{ﬂ%?%w}d)zamme&mm tleasynt heti c
pol y meshemdcal i Hipstaiss and c@d,saumdn e e 5tbllust '8 Afc G@opce 89 2 sagéﬁ% pal €

ef f ect egr rl t he 25 resence of PPh, / and an anhy rous or %ol vent .
ostlylating the rmmal C=C group of said product by reacting the product with an

active HSiR X, ,, wherein R and X are independently alkyl, alkyloxy, aryl or halide and n
is from 1 to 3; or

15 (c) chemucally immobilizing and cross-linking cyclodextrin to a support by
reacting 6%, 6°, 6%, 6°, 6%, 6%, 6% -heptakisazido- 6%, 6°, 65, 6, 6%, 6F, 6° —heptakisdeoxy
cyclodextrin or 6*, 6%, 65, 6°, 6F, 6F, 6° -heptakisazido- 6%, 6°, 6%, 6°, 6, 6F, 6% -
heptakisdeoxy-perfunctionalized cyclodextrin with an aminosilane containing at least one

further reactive group.

20 2. The process of claim 1 wherein the substitution groups of the
perfunctionalized 6-azido cyclodextrin are alkyl, aryl, alkylcarba'yl ar
arylcarbonyl .and N-
alkyl-carbomoyl or N-aryl-carbomoyl.

3. The process of claim 1 wherein the support is silica gel, ALO,, TiO,, 71O,

or a synthetic polymer.

4, The process of claim | wherein steps (a), () or (c) are effected in the

25  presence of PPh,/CO, and an anhydrous organic solvent.

5. The procesé of claum 1, wherein in step (b) the alkenyl amine has three to

twenty carbon atoms ia the chain.

SUBSTITUTE SHEET



5. The process of claim1l, wherein in step (b) ttie alkenyl am ne has three
.to twenty carbon atons in the chain. 8~8i TTUTE SHEET 18 March 2005 6. The
process of claim1l, wherein in step (c) the aminosilane is of the formula
HZN- (" Y)-SIiR'X, _~, wherein Y is any aromatic or al kyl spacer8dviagh2bé¥i ng
up to 20 carbon atonms, R and X are al kyl, al kyloxy, aryl or halide and n is
from1l to 3. 7. The process of claiml,wherein the cyclodextrin is an

al pha-, beta- or 5 ganma- cyclodextrin? 8. A product of the process of any
of claims 1 through 7. 9. A process for the separation of substance

m xtures, corgrisi Cid4 pd: Say tan 1 re wth a separation
material t ha'[g') conp%sg@@%s?c(%gg@ril’gwgérjrgizlsﬁ ?%Rg%ﬁtl{% a%?(fspﬁ?ee 1%Bgé€egr oups
and cherfoumila J,NeMOSIRL X, awhiereso lYuis | agy sigrpstid orvalkylsphéer RireupEfangl@p &5 OUPS
and chr tograp icall]y ar elecﬁrﬁph@QE}ically separating the substances in
sai d sulfS: SHEQ Alams, iy and X arp @lkyloalkyloxys agll grohadide\gngr wiis foom d wuBst ance
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7. The process of claim 1 wherein the cyclodextrin is an alpha-, beta- or

5  gamma- cyclodextrin.
8. A product of the process of any of claims 1 through 7.

9. A process for the separation of substance mixtures, comprising contacting
said substance mixture with a separation material that comprises cyclodextrin cross-linked
via multiple urea groups and chemically bonded to an insoluble support via multiple urea

10 groups and chromatographically or elect_rophoretically separating the substances in said

substance mixture.

10. The process of claim 9, wherein said substance mixture comprises a

mixture of enantiomers of a compound.



