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The invention relates to a process for the produﬂt;,{;&rk
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The present invention relates to the development of novel separating materials for
high performance liquid chromatography (HPLC), liquid chromatography (LC), thin layer
chromatography (TLC), capillary electrophoretic chromatography (CCE) and counter-
current chromatographic processes, which essentially comprise amine-bearing support
materials and functionalised cyclodextrins (CD) chemically bonded via a urethane linkage.
More significantly, our procedure affords materials in which the cyclodextrins are bonded
to the support with well defined chemical structure and good experimental reproducibility.

BACKGROUND OF THE INVENTION

The applicability of cyclodextrins in chromatographic separation and purification
processes were previously 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, 55,
1852; D. M. Armstrong, et al., Anal. Chem., 1985, 57, 234 and S. Li, et al., Chem. 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, Chromatographic 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 amino or
amido linkages. However, these bonds were inherently unstable to hydrolysis, thus placing
severe limitations on their use in aqueous media. Alternative approaches for immobilizing
CD 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, arising from the presence of multiple hydroxy moieties in the CD starting
materials, regioselective derivatisation of cyclodextrin cannot be readily effected. Thus,
reaction may take place on the 2, 3 or 6- position of cyclodextrin and may result in
mixtures of multi-functionalised CDs instead of the desired regiodefined compound.

It was often reported that derivatized CD stationary phases show definite
enantioselectivity for a variety of compounds while pristine cyclodextrin bonded LC
stationary phases depict low enantioselectivity. Thus, as an exampie, enantioselectivity of
the materials were generally increased with increasing degree of derivatisation of the -OH
groups on CD with carbamate groups on cyclodextrin as of an increasing surface
concentration of the functionalised cyclodextrin immobilized on the support materials (D.
W. Armstrong et al., Anal. Chem., 1990, 62, 1610; T. Hargitai et al., J. Chromatogr., 1993,
628, 11; T. Hargitai, et al., J Ligq. Chromatogr., 1993, 16(4), 843). In order to maximise



process for the production of cycl oal kanone and optionally cycl oal kanol
by causi ng a m xture ~contai ning cyl oal kyl hydr oper oxi de,
obt ai nabl e through the oxidatiion of cycloalkanol to react with a
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One objective of this invention is the obtainment of novel and improved CSP
materials comprising a support and completely regiodefined derivatised cyclodextrin
chemically bonded via single or double urethane linkage(s), universally applicable in
HPLC, LC, TLC and CCE. Application in counter-current chromatographic processes
would thus afford a viable and efficient means into bulk/ industrial scale enantioseparation,

\ which would be of interest particularly to pharmaceutlcal firms involved in
enantioseparation of racemic chiral drugs.

{ Another objective of the invention is to derive methodologies for the preparation of
' materials mentioned above. These and other objectives will become apparent or will be
highlighted in the ensuing description.

The present invention is based on the almost quantitative reaction of pre-
synthesized regiodefined perfunctionalized monoazidocyclodextrin with primary amines
based on an extended application of the Staudinger reaction which we have investigated. In
addition, application of existing synthetic strategies (G. Wenz, Angew. Chem. Int. Ed,
Engl., 1994, 33, 803 and references therein) into regiodefined disulphonated CDs, often
referred to as capped cyclodextrins, can likewise afford regiodefined diazido
perfunctionalised CDs suitable for reaction with amines. When aminized silica gel was

_ used in place of the primary amine under similar conditions, the perfunctionalized mono-

(or di-)azidocyclodextrin could be immobilized onto the surface of silica gel easily via

stable urethane linkage(s), usually adopted in Pirkle-typed or protein-based CSPs (N.Oi, et

al., J. Chromatogr.,1983, 111, 257; W. H. Pirkle, J Chromatogr., 1985, 322, 295; W.H.
Pirkle, J. Lig. Chromatogr., 1986, 9, 443; C. J. Welch, J. Chromatogr. A, 1994, 666, 3; W.
H. Pirkle, et al., J. Am. Chem. Soc., 1989, 111, 9222; A M. Dyas, Recent Advances in
Chiral Separations, Plenum Press, New York, 1991). Furthermore, when perfunctionalized
mono- or diazidocyclodextrins are reduced into the corresponding perfunctionalized mono-
or diamino cyclodextrins, the latter can be easily anchored onto the surface of the support
by suitable coupling reagents via urethane or amido linkages.

The invention therefore relates to a separating material used in chromatography,
essentially comprising a support material and regiodefined perfunctionalized cyclodextrins
chemically bonded to this support and characterized by a bonding via single or double



cycl oal kanol is separated fromthe residue and is converted into
cycl oal kanone, which is recirculated and is recovered in the aforenentioned
distillation step. Wth the process according to the invention
full advantage is taken of the saturation state of cycl oal kene and hence
hydr ogenati on steps and/ or dehydrogenati on steps as described in

EP- A- 268826, which are in principle unneceé%ary, are avoi ded.

Preferably, the cycl oal kyl hydr.oper.oxi de has 5-12 carbon_at ons, re i X
particul ar 6urghygle moletiche ?/é!‘Y?&FR’ér?SS%_% aq)|aypwa%SS5fogztheawg+%t{a§ o#stms
nore in part iseRAratinggmatgriglrin whichrthe pprfienctionalized misaod o di)adidenyclodextsin is:
preferred enbodi nent, according to which the cycl oal kyl hydr oper oxi de and
the cycl oal kene have t hkeupsladdirsetiyor anyf suppord awhicl BrearryihgCfeseciNK), froupsoh ey
preferred embodi ment cygiaheonthdwigperer oxi de is chosen as

cycl oal kyl hydr oper oxi de and cycl ooctene or cycl ododecene is chosen as

cycl oal kene. For the sake.of sinmplicity. in the followng text of this,.
letent t he i nvent itbOn Wit ew'gléglgyr 1 C Msi%g 3?%1%05? X gt%egﬁgg‘%c‘rn%hﬁd
cycl ohexane/ cycl ohexen&YPQASKiER t MOBPe 4Py 415 2 SHpstipfed (¢ | {s) via
advant age, nanely that U r lipkage(s) and then allowing this derivative to be hydrosilylized
accordi ng to the i nventwith HSiRRS..u(where R and: Koanexalkd, alkiytbaxyi aryl pr dwbide)eand
used in existing plant shereafter effecting\anliminebylization ogte tieexsuttface of psupbortaltstial.
produced in a known manner through oxidation of cycl ohexane. The peroxi de
C. reacted with any aminosilanes containing at least one further reactive group
to afford the corresponding cyclodexirin-silane derivative. The resulting
cyclodextrin-silane derivative is treated with silica gel to afford the
perfunctionalized cyclodextrin bonded silica gel.

d. reduced to perfunctionalized mono- or diaminocyclodextrin and then
anchored onto the surface of a support via coupling reagents.

Support which can be employed are silica gel or any alternative inorganic materials
such as Al,O;, TiO, or ZrO, or synthetic polymer supports, preferably incorporating
existing free NH, group on the surface. The support employed of choice is silica gel, which
is commercially available in a wide range of different shapes and sizes.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 depicts a representative completely substituted cyclodextrin (f-cyclodextrin)
immobilized onto the surface of a support by a urethane linkage.

Fig.2 depicts the FT-IR spectra of the materials obtained by present invention with
different substituted group, which prove that the perfunctionalized cyclodextrins have
already been anchored to the surface of the silica gel.

Fig.3 depicts the representative HPLC enantioseparation of racemic P-blockers
propranolol, oxprenolol, and alprenolol using the product of example 3.

DETAILED DESCRIPTION OF THE INVENTION

The CSP according to the invention can be produced by four different approaches as in a.
to d. above. From a. to c., the key step in all variety is the same, involving reacting
perfunctionalized mono- (or di)azidocyclodextrin with free amines via a facile one-pot
procedure in high yield or good immobilization contents. The cyclodextrin used may be of



can be produced in a favourable manner in (preferably a series of)
reactors, to which air is supplied at a tenperature of between 140 and

250[ err]C and a pressure of between 0.4 and 2 MPa (4-20 bar), preferably in
t he absence of a netal catalyst. The resulting product is often a mxture
containing 1-8 wt.% preferably 2-6 wt.% cycl ohexyl hydr oper oxi de and sone
cycl ohexanone, cycl ohexanol and byproducts.4 The cycl ohexene can be
produced in a favourable way in a manner known per se through the parti al
hydr ogenat i oranyfofothazeng.orlt form notcombinatiem thereaf whidst the eledyatisatiex sulsstituent
sol uti ons of grOuGnay bdalkyl, aryl, @stgpmdecamehaten (pr ef erably cycl ohexane) are
very suitable. To ensure that the epoxidation takes place at a
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10-80 wt . [er ralnin@étﬁ'yl)’@diﬁo;bxﬂﬂﬁ&{éth@yhi@dnea kad 70 3vR-dnfihbdthylja@hidbpropyltimetioxy
organi ¢ sol vegihpe. The epoxidation reaction between the
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conpound Wi t lpuspiiséi Herertbo, urethane linkage(s) is formed between the NH, groups of the support
and the perfunctionalized cyclodextrin.

In the method d., the coupling reagenfs may be OCN-R-NCO, CIOC-R-COCI or
SiX,Y; ,-R-NCO, where X and Y are alkyl, alkyloxy, aryl or halide.

The connecting spacer between the support and the perfunctionalized cyclodextrin
may comprise a relative short or relative long chain. This chain preferably has 3-20 atoms
and may contain nitrogen, oxygen or silicon atoms in addition to carbon atoms.

The material obtained according to the invention can, if desired be further subjected
to an “end-capping” reaction. In this, the remaining hydroxyl groups on the silica gel
surface are reacted in a known manner with a reactive silane, such as, for example,
trimethylchlorosilane or alternatively hexamethyldisilazane, in order to complete the
blocking of the surface hydroxyl groups.

Above all, by present invention, the derivatised cyclodextrin can be immobilized
onto the surface of the support via a single (or double) urethane linkage(s). In the CSP
material obtained by the present invention, the chemical structure of cyclodextrin is well
defined and the immobilisation can be effected with good reproducibility.

EXAMPLES
The following examples illustrate the practice of the present invention.

Cyclodextrin monofunctionalized with an azido moiety at the 6-position was
prepared using the previously reported procedure by L.D. Melton et al., Carbohydr. Res.,
1971, 18, 29; H. Parrot-lopez, et al, Tefrahedron Lett., 1992, 33, 209; R.C. Petter, J. Am.
Chem. Soc., 1990, 112, 3860. Cyclodextrin difunctionalized with azido moieties at the 6-



-4- . activity for the epoxidation reaction. Very suitable netals are
nmol ybdenum tungsten, titani umand vanadi um Ml ybdenum conpl exes are
pref erabl e because of their high activity. The catal ysts are used in
amounts of between 0.001 and 5 wm. % relative to the reaction m xture.
The epoxidation reaction is carried out using an excess anount of

cycl oal kyl hydr oper oxi de. The excess is at I%ast 5 nol.%relative to the

cycloal kene. In principle the upper Iimt is not crjtical, hut the excess
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Aminized silica-gel was prepared according to the literature method by T. Hargital
et al., J chromatogr., 1993, 628, 11, with the following composition as determined from
elemental analysis: C% 3.25, H% 0.96, N% 0.98.

EXAMPLE 1

4g of animized silica gel was stirred in 30ml anhydrous THF into. which a
continuous stream of CO, gas was passed. After 20 mins, 1.2g of peracetylated
monoazido-B-cyclodextrin in 10ml anhydrous THF was added. Stirring was continued
another 5 mins, whence 0.3g of triphenylphosphine in 10ml anhydrous THF was added.
The mixture was stirred 10hrs with constant bubbling of CO, at room temperature. The
reaction mixture was then transferred to a soxhlet extraction apparatus and extracted with
acetone for 24 hrs. After removal of the acetone in vacuo, the peracetylated cyclodextrin
immobilized silica gel was obtained having the following composition as determined from

" elemental analysis: C% 8.89, H% 1.78, N% 0.80.

EXAMPLES 2 AND 3

Example 1 was repeated using monoazide-permethyl-p-cyclodextrin or monoazido-
B-cyclodextrin perphenylcarbamate in place of the peracetylated monoazido-f-cyclodextrin
of examplel. The elemental analyses were as follow:

1. Bonded with permethylated-B-cyclodextrin: C% 8.82, H% 1.88, N% 0.94.
2. Bonded with f-cyclodextrin perphenylcarbamate: C%11.32, H% 2.0, N% 1.24.

EXAMPLE 4

A solution of the 10-undecenylamine (2.0 mmol) in 10ml dry THF was saturated
with dry CO, at room temperature with stirring, immediately precipitate of ammonium



is optionally subjected to washing with water, a bicarbonate sol ution or
a sodi um hydroxi de solution, as is comon in known processes for the
preparation of cyclohexanone from cycl ohexane. It has been found that if
the reaction m xture I s not exposed to water or a bicarbonate solution .
for | onger t han necessary virtually all of the cycl ohexene oxide
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6.13%, N 1.29%; Found C 51.72%, H 6.30%, N 1.20%.

EXAMPLES 5 AND 6

Example 4 was repeated using monoazido-permethyl-B-cyclodextrin or monoazido-
B-cyclodextrin perphenylcarbamate in place of the monoazido-peracetyl-B-cyclodextrin of
example 4 with basic properties shown as following:
6—(10’—undecenyl)urea—permeﬂlyl-B-cyclodextnn yield 97%, Mp: 72-74 °c. [a]= +132. 9°
(c 1.0, CHCly);
6-(10° -undecenyl)urea perphenylcarbamate-B-cyclodextrin: yield 95%, Mp: 198-200 oc.
[a}= +8.5°(C1.0, CHCL,);

EXAMPLE 7

1.5g of product obtained in Example 4 was stlrred with 5ml triethoxysilane and
10mg of tetrakls(triphenylphosphine)platinum at 60 C. After 24hrs the mixture was
adsorbed with 2cm high silica gel in a Buchner funnel and washed with 100ml ether, after
removal of the ether and volatile by vacuum, the residue was dissolved in SOml anhydrous
toluene, 4.0g of silica gel(which had already been dried over vacuum at 120 °C for) was
added, the mixture was stirred at 80 °C for 8hrs. After filtration and extracted in soxhlet
apparatus with acetone for 24hrs, the product was obtained with the element analysis as
shown following;:
C% 6.98, H% 1.52,N% 0.10

EXAMPLES 8 AND 9

Example 7 was repeated using monoazido-permethylated-f-cyclodextrin or
monoazido-f-cyclodextrin perphenylcarbamate in place of the peracetylated monoazido-§-
cyclodextrin of example 7 with elemental analyses shown as following:

1. Bonded with permethylated-p-cyclodextrin: C% 6.50, H% 1.32, N% 0.10.



netal., the anmount of precious netal being 0.5-5 wt.% relative to the
carrier. The tenperature is preferably bet ween 140 and 250[err]C, nore in
particul ar between 175 and 225[err]C. The pressure is not critical; the
parti-al hydrogen pressure is preferably between 1 and 1000 kPa.

O her processes for the isonerisation of cycl oal kene oxide to

cycl oal kanone may however al so be used. 7 The entire m xture
obtained may be fed to the bottom stream from which the cycl oal kene oxi de
has been r @Deaded wibk Bm’plwdpxtuwsmhsmsd@abgmate ), &% 4,801 8¢ R83one i s
t hen recovered. It is also possible to purify the isonerisation
m xture first, separating for exanple only the conponents that are
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recover cycl éampiaio n@dfﬁ('@ﬁplgg qxtnn affords a regiodefined chemical structure and gave

process stre@oodnxpdnmldrmimprmmhtyand t hen dehydrogenate cycl oal kanol to
cycl oal kanone and return the cycl eal kanone- containing mxture thus

obtained to the pNPsASSHe d8 m&a@ﬁv&aiom itii§ nbiRtcRESS 8RS it be limited excEPLas
process will g pdifdghfEd B Yhd SHehfed bihiths. The embodiments of the invention in which an

exclusive property of the privilege is claimed are defined in the following claims.
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reference to two figures and exanples, without being limted thereto.
Figure 1 shows a diagramof a preferred enbodi nent of the process.

Figure 2 is an exanple of an epoxidation reactor. In Figure 1 (1)
i's a cycl ohexane streamthat is oxidized with air (2) in reactors (A). The
resul ting oxidized cycl ohexane contains 1-8 wt. % cycl ohexyl hydr oper oxi de.
In (B) this streamis partially stripped of8 cycl ohexane (4), which is
recirculated to (1). The resultant m xture (5) preferably contains 10-40
wt . % cycl ohexXGlk oper oxi de. The epoxi dation takes place in (C); stream
(6) contains cycl ohexene. The resultant reaction mxture (7) containing
cycl ohexene qxi de Thed pRxcess of CedwiveX anh yelproped Qhirsifatographib] Ssparutioh Omaterial

cycl ohexyl hydr opergxiptigingd @69 PaRibllGingsRPs:l N (D) for exanple by passing it
over a heterogeneous deconposition catalyst. Then the reaction m xture (8)

I's washed with b| bon n th L.
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cycl ohexanol and d€gxl ohreacting rmeorict7(or bdi)azislanperbimctiomalized sytlodextdy cwvitin etieeml
oxide is isonerised in afdihe toprodied a ppodacowith arside/cleyre bd hexminalner. ndo-ghrhinal
conponents are separ at et:¢ pRjiptvia Srefitnt FRRXR WAt urt leadtHigtle W=C gfo%p(ofﬁe
l:ncl( Io)hexlggnlal ggtnt g?g?%&ﬁ”%ﬁad{f&y oﬂ%n@&”\%?q ahoa&ﬁgesrﬂ%h@ Vil SHyd YosﬂI tarrl% aﬂPn n
1 et bz é ll)ogiﬁas %%?}f%%ch cfcﬁt;)anéxanone
e

(17) of the cycl ohexene OXI |on
18) is separated fromthat stream Thi cl ohexanon optj onal |
gubj) ect ed »P o an adeh ti 6%%ng mono- (or dSaz1 o pe ct?onaflzg? ycyco extrﬁ‘l ‘Xl
aminosilane containing at least one further reactive group and then
chemically immobilizing the product onto the surface of a support, or

(d)  reducing the mono- (or di)azido perfunctionalized cyclodextrin into mono-
or diamino perfunctionalized cyclodextrin and then anchoring the later onto
the surface of a support by suitable coupling reagents such as OCN-R-NCO,
CIOC-R-COCI or XY, Si-R-NCO, in which R may be alkyl, aryl groups
having up to 20 carbon atoms, and X and Y are alkyl, alkyloxy, aryl or
halide.

2. The process of claim 1 wherein the perfunctionalized mono- (or di)
azidocyclodextrin has the substitutuent groups as alkyl, aryl, ester, carbamate,
carbonates, phosphinates, phosphonates, sulphinates and sulphates.

3. The process of claim 1 wherein the support may be silica gel, Al,05, TiO,, ZrO, or
synthetic polymer.

4, The process of claim 1 wherein steps (a), (b) or (c) is effected with PPh,/ CO, and
an anhydrous organic solvent.

5. The process of claim 1 wherein in step (b) the alkenylamine has between three to
twenty carbon atoms in the hydrocarbon chain and the R and X groups of the silane
HSiR, X , is alkyl, alkoxy, aryl, aralkoxy or halide.

6. The process of claim 1 wherein in step (c) the aminosilane is of generic structural
type H,N-R,;-SiR, X5 ., where R and R, may be alkyl, aryl groups having up to 20
carbon atoms. X is alkoxy, aralkoxy ,alkyl or halide.

7. The process of claim 1 wherein the cyclodextrin is an alpha-, beta- or gamma-
cyclodextrin.
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-7- . purification step. Cyclohexanol (21) is separated fromthe heavy
conponents (20) in the bottomstream (l19) of the cycl ohexanone distillation
step (J). The heavy conponents can be burned or worked up. The cycl ohexanol
(21) is dehydrogenated in (L). Normally, the dehydrogenation is not
conplete and the resultant m xture (22) of cycl ohexanone and cycl ohexanol
is returned to process stream (17) or proc®ss stream (12) (not indicated).
Figure 2 shows an exanple of a nultistage fixed-bed reactor, in which bed
sections (A) 8. (C) Thepyodugtsyf thecprogess obanyaifithe precesiingleizsi on cat al yst on a
carrier. (B), (D), (F) and (H are sections where the process streams are
m xed, for eanpl @ ichromdéghplic OrXeléctropheretiy Gepdietion Dysbesd €srotiedseparation of
contai ni ng proces gysded Thixéured, $hé Rin} fovHﬁehtnE&nﬁi‘sYﬁg" atilizihg 92 88patafing GhateAhll
of the cycl ohexengid) ohipfied Alshffrd Yavifla | BE1oHEARh Uneollg OBlrkdl Wit 655
cycl ohexene in the ISt &y S ons a usi ng an exces

cycl ohexyl hydr o- ??&En REhE: Iast bed sectlon only, cycl ohexene is
virtually co Ietely converted into cycl ohexene oxide in a relatively short
tinme. A possilBie & shiomategraphiefortelectippharghs separaiioqprocess for theeseparatiopfof
for exanpl e a 25%matiosers,fthe improMemeitoptpnisimgontilidzmg silica gelrtaainglcyclodexitimo
parts of cycl ohexyhdy@aliypbombed deereto via ure?functionali®0) parts of cycl ohexene

3: 40 parts of cycl ohexyl hydr oper oxi de 4. 60 parts of
cycl ohexyl hydr oper oxi de 5: 20 parts of cycl ohexyl hydroper oxi de
6: 40 parts of cycl ohexyl hydr oper oxi de

— e —_—
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7. 10 parts of cyclohexylhydroperOX|de 8: 30 parts of

cycl ohexyl hydr oper oxi de 5 parts of cycl ohexyl hydroper oxi de
10: 25 parts of cyclohexylhydroperOX|de In this way cycl ohexene reacts
ina 2:1 excess in the first 4 reactor secti onp=smd=Fr—tire—tast—teact or
section cycl ohexyl hydroperoxide is present in |pnTES 8HEEEXABEREENeljative to
the cycl ohexene still present there. The ri8sullting RERLALCER m xt {ire (11)

then still contains 20 parts of cyctofexytrhydroperoxi de in
addition to cycl ohexanol, cycl ohexanone and cycl ohexene oxi de.

Such a Concﬁghﬁbﬁﬁé&io very suitable if the epoxi dati on takes place
under the i f a honobgeneous catalyst; in that case use can
preferably be nade of a series of stirred reactors. Exanpl e

A reaction m xture consisting of 1 nol.% nolybdenum on a carrier, 15.2
mrol cycl ohexene, 18.7 mmol cycl ohexyl hydr oper oxi de, 9.7 unol

cycl ohexanol, 3.8 NSEPARATING MATERIALSFORCAROMATOGRAMFAMNDAs heat ed
to 80[err]C £9 ECrROPHORESIS A PPIIC PRHIONS COMPRISAVG IECIODERNED

ERE SR R

Novel and improved chiral stationary phases (CSP) materials comprising a support
and completely regiodefined derivitised cyclodextrin chemically bonded via single or
double urethane linkage(s) universally applicable in HPLC, LC, TLC, and CCE are
obtained using a process based on the almost quantitative reaction of pre-synthesized
regiodefined per-functionalized mono- or di- azidocyclodextrin with primary amines.
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mol , cycl ohexanone, 25.26 mmol cycl ohexanol: and 28. 8 ,mol cycl ohexane,
For this reaction use was made of a sol utié6n of cycl chexyl hydroperoxi de
concentrated to 40%that was obt ai ned t hrough uncatal ysed air oxidation
of cycl ohexane and a 60% sol ution of cycl ohexene in cycl ohexane.

The resultant reaction m xture was nai ntai ned at #0[err]C for half an
hour. after the.addition of cobalt acetate to allow the renaining
cycl ohexyl hydr oper oxi de to deconpose to cycl ohexanol and cycl ohexanone.

The resulting reaction m xture was washed for 30 seconds using 1 : 1

Vol ./Vol. 0.95 M NaHCO err] in water. s, anal ysi s showed that only about
0. 5% epoxi de had di sappeared fromthe organic layer. Acid byproducts and
bypr oduct s t hat readily dissolve in water were renoved in this washing.
Then cycl ohexane was distilled off; the resultant reaction mxture
contai.ned 10 wt. % cycl ohexanone, 54 wt.% cycl ohexanol and 36 wt. %

cycl ohexene oxi de. Cycl ohexene oxide was distilled off at about 130[err]C

This stream was i sonerised in the gas phase as described in exanple | of
EP- A-192298; by using a 3x larger catalyst bed it was ensured that the
degree of conversion of the cycl ohexene oxide remai ned above

95% The resulting isonerisation m xture contai ned cycl ohexanone and
cycl ohexanol in a ratio of 4:1. :

R= Alkyl, aryl, ester or carbamate

Figure 1



Exampl e 11 ' In the same way as in exanple | a 40% sol uti on of

cycl ohexXene in cycl ohexane was epoxi di zed with cycl ohexyl hydr oper oxi de
(40% wusing 0.2 nol. % nol ybdenum bi s-acetyl acet onate as -a hormogeneous
catal yst (20% excess cycl ohexyl hydroperoxi de). The results were nore or

| ess the sanme as those obtained in exanple I. 1. Process
for the production of cycl oal kanone and optionally cycl oal kanol by
causing a i xture containing cycl o@ kyl hydr oper oxi de, obt ai nabl e

t hrough t he oxi dation of a cycloal kane, to react with a cycl oal kene
under the tnftvence—of—a—catatyst—characterrsed—Tmtirat—tire-
reaction is carjried out using an excess of at |least 5 nol % of t he
cycl oal kyl hydr dperoxi de, relative to the cycl oal kene un such
conditions tigg virtually all of the cycl oal kene is co af t er
whi ch t he reactfi on m xture, optionally after deconposi ffi

cycl oal kyl - hydr oper oxi de and distillation of cycloalk

Transmittance
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1
<
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1

3500 3000 2500 2000 1500 1000 500
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A: Aminized silicagel - B: Product of example 2
C: Product of example 1 D: Product of example 3

Figure2



subjected to a first separation, in which the cycl oal kene oxi de - and
optionally other conponents - is separated, after which the
cycl oal kene oxide in the separated m xture is isonmerised to
substantially cycl oal kanone, after which t he cycl oal kanone obt ai ned -
and optionally cycl oal kanol - IS recovered. 2. Process according to
claim1, characterized in that the 3 cycl oal kyl hydr oper oxi de has 5-12
carbon atons. 3. Process according to claim1 or claim2, characterised
in that the cycl oal kene has 5-12 carbon atons. 4. Process according to any
one of clainms 1-3, characterized in that the Qgploalkylhydroperoxide
has t he sane nunber of carpﬁn ato as the cychoal kene. ) Process
according to claim4, character alalhat use

i s made f&f
cycl ohexyl hydr oper oxi de and cydteXene. 6. Procegq accordi

g to any one of
clains 1-5, characterised ilg=t38% , optionallylafter purifycation,

the m xture obtained after isonerisation is added{tb the bot t om st ream
of the first distillative separation step or inf al\l ater step in
the recovery of cycl oal kanone and/ or cycl oal K
Process according to any one of clains 1-6, for
cycl oal kanones 3 e A . Vr-var-va
further distillatidn 10 15 20

Figure 3(a)

Oxprenolol
k[= 4.67
k2= 5.6

Figure 3(b)

Alprenolol
k1= 13.6
k,=15.5
L] L
20 30

Figure 3(c)



stepy -after which cycloal kanol is separated fromthe residue and is
converted into cycl oal kanone, which is recirculated and is recovered in
t he af orenenti oned distillation step. 8. Process according to any one
of claims 1-7, characterised in that the m xture containing

cycl oal kyl hydr oper oxi de contains 5-90 w. % cycl oal kyl hydr oper oxi de. 9.
Process according to any one of clains 11§, characterised in that a
netal conplex is used as a catal yst, the netal being chosen fromthe
gr oup conpri sing nol ybdenum tungsten, titanium and vanadi um 10.
Process according to any one of clainms 1-9, characterised in that

cycl oal kyl hwasqpeA®yi de is used in an excess of 5-100 nol.% relative
to the cycl oal kene. 11. Process according to any one of clainms 1-10,
characterised in that the isomerisation of cycloal kene oxi de takes

pl ace in the gas phase. 12. Process according to any one of clains 1-11,

characterised in that the i sonerisation takes pl ace under the influence
of a precious net QEW;&IQ MATERIALS FOR CHROMATOGRAPHY AND

ELECTROPHORESIS APPLICATIONS COMPRISING REGIODEFINED
FUNCTIONALISED CYCLODEXTRINS CHEMICALLY BONDED TO A
SUPPORT VIA URETHANE FUNCTIONALITIES.

Novel and improved chiral stationary phases (CSP) materials comprising a support
and completely regiodefined derivitised cyclodextrin chemically bonded via single or
double urethane linkage(s) universally applicable in HPLC, LC, TLC, and CCE are
obtained using a process based on the almost quantitative reaction of pre-synthesized
regiodefined per-functionalized mono- or di- azidocyclodextrin with primary amines.

Figure 1 is to be published.
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