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Substituted cyclodextrins of the general formula

ABSTRACT

in which
R? and R® mean straight-chain or branched alkyl or

alkenyl groups with 1 to 8 carbon atoms or cycloalkyl
groups with 5 to 8 carbon atoms which can be the same

or different, and
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R> represents a straight-chain or branched alkyl or alkenyl n=6 or 7,
group, which can be the same or different to the a process for their production, and a process for the
residues R and R®, with 1 to 8§ carbon atoms or a separation of chiral organic compounds by chromato-
cycloalkyl group with 5 to 8 carbon atoms. or graphic separation processes in which the substituted
an acyl group with an optionally substituted, saturated or cyclodextri are used as stationary phase.

olefinically unsaturated aliphatic or cycloaliphatic or
with an aromatic hydrocarbon residue with 1 to 8
carbon atoms, and 15 Claims, 6 Drawing Sheets




U.S. Patent Feb. 9, 1999 ‘Sheet 1 of 6 Re. 36,092

l, 2-BUTANEDIOL e——

,2-PENTANEDIOL

15 MIN

,2=HEXANEDIOL

l,2-TR.CYCLOHEXANEDIOL

F1G. |

l,2-HEPTANEDIOL

,2-TR.CYCLOHEPTANEDIOL

,2-OCTANEDIOL

PHENYLGLYCOL

1, 2"NONANEDIOL



U.S. Patent Feb. 9, 1999 Sheet 2 of 6 Re. 36,092

(."2 H-0" CH3
CHo-O~-COCF3
RS

O <«—— SMIN O

FIG.2

QOOCH3
H'(’}O'C
Hzc'O'CO'CF
H*Q*O-COCF3
F3COCO-CH
COOCH3
DL

OSMIN =«—— O
N N TR T TN IS S N T N W

F1G. 3




U.S. Patent Feb. 9, 1999 Sheet 3 of 6 Re. 36,092

OR

ey
RO ROOR

o

15 10 - SMIN



Re. 36,092

Sheet 4 of 6

Feb. 9, 1999

U.S. Patent

INVINIJONINV-C

ANVXIHONIWV-C

INVXIHTAHL3N-G-ONINY-£
INVLd3IHONIAV-C

INVLd3IHTAHL13W-G-ONINV-¢
INVLOOONIWV-E

“JONITTVA

ANINY TAHLITANIHd -

TONINVIV =

SMIN O

15

S SN SN W S—— .._I_.J.O__I_.l..._..—.l—-—---l

FIG.©6



U.S. Patent Feb. 9, 1999 Sheet 5 of 6 Re. 36,092

H3C-CH-CH3C00CH3

NH CH3
CO HzC- CH COOCH3
l
CFz HN
“‘:;«,,___‘ oc H,C-CH;CH-COC
R k
o CO
. ’
10 <« SMIN 0
F3C-(& O@CHZCH CH @CHzf}H‘CHa
CH3 NH
é |
Lt o
T g CF3 @'O*CHch -CHz ;i °F3
6F3 11 CH3 ':IH
;- ¢o
CF3
20 5 10 = SMN 0
S WO S W E——  OPYRNT S SN S | PYN SHN SR S—



U.S. Patent Feb. 9, 1999 Sheet 6 of 6 Re. 36,092

15 10 <«—— SMIN O

F1G.9

| - HMIN

F1G. 10




Re. 36,092
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SUBSTITUTED CYCLODEXTRINS AND
PROCESS FOR CHROMATOGRAPHIC
SEPARATION OF CHIRAL ORGANIC
COMPOUNDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
08/189,361, filed on Dec. 30, 1993, now abandoned which
is a Reissue application of Ser. No. 07/585,117, filed on Dec.
30, 1990, now U.S. Pat. No. 5,198,429,

The present invention relates to substituted
cyolodextrins, to a process for their production, and to a
process for the separation of chiral organic compounds by
chromatographic separation processes, particularly gas
chromatography, using the substituted cyclodextrins as sta-
tionary phase.

Substituted cyclodextrins are known, for example, from
DE-OS 37 10 569, which is no prior publication, which
describes the production of ultrathin films from these cyclo-
dextrin compounds or an inclusion compound on the basis of
the cyclodextrin compounds. These ultrathin films can be
used, for example, as protective film for compounds which
are sensitive to light and oxygen, or as carrier in chroma-
tography.

Triethyl--cyclodextrin is described in Journal of Phar-
maceutical Sciences (1987, 660). An alkyl-acyl-compound
(R,=Rs=methyl, R,=benzoyl, n=7, of the following general
formula) is described in J. Chem. Soc. Perkin Trans. (1987).
1323.

Single cyclodextrin derivatives were also mentioned as
possible stationary phases, however, realization of this pos-
sibility was limited due to the properties of the known
substances, this is described, for example, in ACS Sympo-
stum Series, 1987, vol. 342, pages 200 to 217, and in
Starch/Starke, 1987, pages 357 to 358.

Up to now, the separation of enantiomeric, low-
molecular chiral compounds by gas-chromatography has
been conducted by using chiral low-molecular or polymeric
separation phases with amide or diamide structure.,

Such a separation is almuost exclusively limited to
enantiomers with amide, carbamate, oxime, or hydroxyl
groups. In this connection, intermolecular hydrogen bridge
bonds are built so that diastercomeric associates between
chiral separation phase and chiral substrates are formed.

In order to improve the separation results, the enanti-
omers to be separated were mostly converted into deriva-
tives with amide or carbamoyl functions.

Due to the fact that the formed derivatives are difficultly
volatile, high operating temperatures of the chromatographic
columns are required and thus leads to uneven courses of the
base-lines of the chromatrograms and to reduced separation

efficiency due to cross diffusion.

It was the object of the present invention to provide
improved stationary phases for the separation of chiral
compounds, particnlarly of enantiomers, and a process for
the separation of chiral compounds.

Surprisingly.it was found that this object is achieved by
substituted cyclodextrins of the general formula:
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in which:

R* and R® mean straight-chain or branched alkyl or
alkenyl groups with 1 to 8 carbon atoms or cycloalkyl
groups with § to 8 carbon atoms which can be the same
or different, and

R’ represents a straight-chain or branched alkyl or alkenyl
group, which can be the same or different to the
residues R? and R®, with 1 to 8 carbon atoms

or a cycloalkyl group with 5 to 8 carbon atoms, or an acyl
group with an optionally substituted, saturated or ole-
finically unsaturated aliphatic or cycloaliphatic or with
an aromatic hydrocarbon residue with 1 to 8 carbon
atoms, and

n=06 or 7,
whereby compounds with
R*=R’=Rs=methyl, n=6 or 7
R*=R°=R =ethyl, n=7
R*=R°=allyl, R*=methyl, n=7
R?=R°=prop-1-enyl. R*=methyl, n=7
R?*=R°=methyl. R’=n-butyl, n=7
R2=R°=methyl, R*<benzoyl, n=7 and
R?=R*=alkyl or acyl, R°=C>,-alkyl
are excluded.

A further solution. of the problem underlying the present
invention is the provision of a process for the chromato-
graphic separation of chiral compounds, particularly of
enantiomers.

In this connection, compounds with
R*=R>=R°=methyl, n=6 or 7
R*=R°=allyl, R*=methyl, n=7
R?=R°=prop-1-enyl, R*=methyl, n=7
R,=R°=methyl, R’=n-butyl, n=7
are excluded.

The substituted cyclodextrins according to the present
invention permit a separation of enantiomers which is
mainly caused by inclusion effects at the macrocyclic chiral
cyclodextrins, and which—due to the separation mechanism
which, compared to the separation phases according to the
prior art, is completely different—can be employed even for
tho se enantiomers not being able to form hydrogen bridges
and therefore could not be separated on the chiral separating
phases used until now.

For the use as separation phases in gaselhromatography
the compounds according to the present invention on the one
hand have the advantage of having a very high temperature
stability of more than 200° C., on the other hand. the
separation mechanism which—compared to the separation
phases known until now—is different in most cases permits
the conversion into very readily volatile derivatives, such as
trifiuoroacetylated compounds, which in case of correspond-
ingly low temperatures are cluted from the column.

Those compounds in which the residues R%, R? and R® are
alkyl or alkenyl groups with 3 to 6 carbon atoms and/or R”
means the acetyl group are particularly preferred from the
series of compounds according to the present invention of
the O-peralkylated ¢- and PB-cyclodextrin derivatives and
those in which the hydroxyl groups of the cyclodextrin are
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alkylated in the 2- and 6-position of the glucose units and the
hydroxyl group is acylated in 3-position.

Particularly preferred are the substituted cyclodextrins
consisting of 6 or 7 glucose rings and having as substituents
R2, R, and R® the n-pentyl-group or as substituent R> the
acetyl group and as R? and R° n-pentyl groups.

The products according to the present invention are
produced in that at first a- or f-cyclodextrin is dissolved in
an anhydrous solvent and reacted with an alkyl halide under
addition of powdered alkali hydroxide. This reaction stage
can be conducted in such a way that optionally either the
hydroxyl groups in 2 or 6-position or the three hydroxyl
groups being in 2-. 3-, and 6-position are alkylated.

The 2,6-di-O-alkylated intermediate product is optionally
isolated and reacted in an anhydrous solvent with an acy-
lating agent, preferably an acid anhydride or an acid
chloride, under the addition of a tertiary amine.

The crude products respectively obtained can be purified
by column chromatography and isolated in pure form. The
characterization was carried out by 'H- and '°C-nuclear
resonance spectroscopy. respectively, and by chemical deg-
radation with subsequent analysis of the degradation prod-
ucts by combined gas chromatography and mass spectrom-

etry according to P. MischnickLubbecke. W. A. Konig and

M. Radeloff. Starch/Starke 39 (1987) 425.

Coating of the separating capillary columns with the
substituted cyclodextrins according to the present invention
is carried out according to W. A. Konig and K. Ernst. I.
Chromatogr. 280 (1983) 135.

The capillaries filled with the separating phases according
to the present invention are particularly suitable for the
separation of, for example, enantiomers of diols. polyols.
monosaccharides, methylglycosides, 1.5-anhydroalditols,
hydroxy esters, alcohols, aldols, lactones, spiro acetals.
amino alcohols. amines, amino-acid esters, and other chiral
compounds which, if necessary, are triflucroacetylated with
trifluoroacetic acid anhydride in dichloromethane according
to known processes and thus can be converted into volatile
derivatives suitable for gas-chromatography.

Glass or “fused-silica”-capillary columns having a length
of 25 m. 40 m. or 50 m were filled with the separation phases
according to the present invention. FIGS. 1 to 10 demon-
strate exemplary separations of enantiomers on the separat-
ing phases hexakis(2.3.6-tri-O-pentyl)-a-cyclodextrin
(FIGS. 1 to § and 9). hexakis(2,6-di-O-pentyl-3-O-acetyl)-
a-cyclodextrin (FIG. 10) and heptakis(2.6-di-O-pentyl-3-O-
acetyl)-B-cyclodextrin (FIGS. 6 to 8). respectively. The
Figures clearly show the even baseline of the chromato-
grams and the excellent separation efficiency of the sepa-
rating columns filled with the substituted cyclodextrins
according to the present invention.

The following exemplary separations are shown by the
individual Figures:

FIG. 1: Separation of enantiomers of a mixture of racemic
diols after trifluoroacetylation, 40 m-glass capillary with
hexakis(2.3.6-tri-O-pentyl)-o-cyclodextrin; 48° C.. 5 min.
isothermal. then 2°/min.

FIG. 2: Separation of enantiomers of isopropylidene
glycerol after trifluoroacetylation. 40 m-glass capillary with
hexakis(2.3.6-tri-O-pentyl)-a-cyclodextrin; 70° C.

FIG. 3: Separation of enantiomers of glyceric acid and
tarric acid after esterification with methanolic HCl and
trifiuoroacetylation; 40 m-glass capillary with hexakis(2.3.
6-tri-O-pentyl)-o-cyclodextrin; 90° C.

FIG. 4: Separation of enantiomers of D- and L-glucose
after trifluoroacetylation. 40 m-hexakis(2.3.6-tri-O-pentyl)-
o-cyclodextrin-glass-capillary; 115° C.
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FIG. 5: Separation of enantiomers of 2-chloro-1-
phenylethanol and 2-bromo-1-phenylethanol after trifluoro-
acetylation. 40 m-glass capillary with hexakis(2.3.6-tri-O-
pentyl)-o-cyclodextrin, 110° C.

FIG. 6: Separation of enantiomers of amines and amino
alcohols after triflnuoroacetylation. R-enantiomers are eluted
first. 45 m-glass capillary with heptakis(2.6-di-O-pentyl-3-
O-acetyl)-B-cyclodextrin; 140° C., 2°/min.

FIG. 7: Separation of enantiomers of chiral pharmaceu-
ticals (amphetamine, mexiletin, pholedrine,
tranylcypromine). 45 m-glass capillary with heptakis(2.6-
di-O-pentyl-3-0O-acetyl)-B-cyclodextrin; 175° C.

FIG. 8: Separation of enantiomers of o-amino butyric
acid, B-amino butyric acid, and B-aminoisobutyric acid after
esterification with methanolic HCI and trifluoroacetylation.
45 m-glass capillary with heptakis(2,6-di-O-pentyl-3-O-
acetyl)-B-cyclodexttin; 140° C.

FIG. 9: Separation of enantiomers of spiro-acetals. 40
m-glass capillary with hexakis(2.3,6-tri-O-pentyl)-a-
cyclodextrin; 100° C.

FIG. 10: Separation of enantiomers of y-lactones. 33
m-glass capillary with hexakis(3-O-acetyl-2.6-di-O-pentyl)
-o-cyclodextrin; 150° C.

The invention will be illustrated by the following
examples:

EXAMPLE 1

Production of hexakis(2,6-di-O-pentyl)-o-cyclodextrin.
10.5 g (10 mmol) a-cyclodextrin (Consortium fur Elektro-
chemische Industrie, Munchen) [Syndicate for electro-
chemical industry, Munich] are dissolved in 250 ml dimethyl
sulfoxide (Riedel-de Haen) (dried over molecular sieve 4 A)
under protective gas (nitrogen). 14.4 g (360 mmol) pow-
dered sodium hydroxide (Merck) and 54.4 g
n-pentylbromide (Fluka) are added thereto and stirred at
room temperature. Sedimentation of a white precipitate
(sodium bromide) indicates the start of the reaction. During
the course of 4 further days., 18.5 g (120 mmol)
n-pentylbromide and 4.8 g (120 mmol) sodium hydroxide
are cach added daily. After a total of S days of reaction time,
the reaction mixture is poured on 1.5 1 water and extracted
twice with 500 ml t-butyl-methyl ether. The combined ether
phases are washed with water and conc. solution of sodium
chloride and are concentrated under vacuum. The residue, a
yellow oil, is dried under vacuum (0.05 torr) at 70° C. for 16
hours.

The crude product (15 g) is fractionated by column
chromatography over 500 g silica gel Si60 (40-60 pm;
Merck). As mobile solvent petroleum ether boilng range
60°-90° C.)/t-butyl-methyl ether are used, blending ratio
70:30 (v/v). The following fractions are obtained:

I 800 ml impurities
II 775 ml pure product
I 700 ml impure product

The volumes of the fractions to some extent depend on the
water content of the silica gel. After distilling off the solvent
from fraction I and drying under vacuum (0.05 torr) at 70°
C.. 7.42 g of the pure product in form of a colorless glass are
obtained.

‘H-NMR-data (Bruker. 300 MHz, internal standard
tetramethylsilane, d-values in toluene-dg): 5.04 (C,—H).
3.37 (C,—H). 4.37 (C;—H), 3.69 (C,—H). 4.00 (Cs—H),
3.84 (C.—H,), 4.0 (Cs—H,), 3.57 (O—CH,s4,). 3.65
(O—CH, ). 3.57 (O—CHypr). 4.15 (O—CHyy)), 1.5-1.7
(0—CH,—CH,). 1.2-1.4 (O—CH,—CH,—CH,), 1.2-1.4
(O—CH,—CH,—CH,—CH,). 0.8-1.0 (CH,). 5.33 (OH).

EXAMPLE 2

Hexakis(2.3.6-tri-O-pentyD)-o-cyclodextrin. 10.5 g (10
mmol) a-cyclodextrin are reacted with n-pentyl bromide/
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sodium hydroxide according to Example 1. The crude prod-
uct so obtained is dissolved in 300 ml tetrahydrofuran
(Fluka, dried over sodium/benzophenone) under protective
gas (nitrogen). This solution is added to 4.3 g (180 mmol)
sodium hydride (Fluka, 80% suspension in mineral oil).
Adherent mineral oil is removed by washing the sodium
hydride with tetrahydrofuran. Subsequently, 27.2 g (180
mmol) n-pentyl bromide (Fluka) are added thereto and
refixed under stirring for 5 days. Then the reaction mixture
is poured on 500 ml water, and the tetrahydrofuran is
distilled off. The residue is extracted twice with 200 ml
t-butyl-methyl ether each. The unified ether phases are
washed with water and conc. solution of sodium chloride
and boiled down under vacuum. The yellow, oily residue is
dried under vacuum (0.05 torr) at 70° C. for 16 hours.

The crude product is fractionated by column chromatog-
raphy over 500 g silica gel Si60 (Merck, 40-63 pm). As
solvent petroleum ether (boiling range 60°-95° C.)/t-butyl-
methyl ether are used, blending ratio 85:15 (v/v). The
following fractions are obtained.:

I 825 ml impurities
H 150 ml pure product (8.0 g)
I 225 ml impure product (5.0 g)

The volumes of the fractions to some extent depend on the
water content of the silica gel. By chromatography of
fraction I, 2.5 g pure product could once again be obtained.
After chromatography, the product is slightly yellowish.
After filtration over 50 g aluminum oxide (basic, Merck)
with petroleum ether/t-butyl methyl ether 85:15 (v/v) the

compound is a transparent, viscous oil.
'H-NMR-data (Bruker, 300 MHz, internal standard

tetramethylsilane, d-values in CDCl;): 5.21 (C,—H), 3.21
(C,—H), 3.59 (C,—H), 3.79 (C,—H). 3.70 (C;—H), 3.45
(Cs—H,). 3.98 (Cs—H,). 3.35 (O—CHyey). 3.47 (O—CH,
"), 3.66 (O—CH 4. 3.95 (O—CHy2y), 3.53 (O—CHy 5,
), 3.62 (0—CH,3,y), 1.5-1.7 (O—CH,—CH,). 1.2-14
(0—CH,—CH,—CH,), 1.2-1.4 (O—CH,—CH,—CH,—
CH.). 0.8-1.0 (CH,).

EXAMPLE 3

Heptakis(2.6-di-O-pentyl-3-acetyl)-p-cyclodextrin. 1.06
¢ (0.5 mmol) heptakis(2,6-di-O-pentyl)-B-cycludextrin
(produced according to the direction of Exanple 2) are
dissolved with 21 mg (0.175 mmol) 4-dimethylamino pyri-
dine (Merck) in 5 ml CH,Cl, (Aldrich; dried by distillation
over diphosphorus pentaoxide) over nitrogen as protective
gas. At first, 0.6 ml (8 mmol) tricthylamine (Fluka, dried by
distillation over calcium hydride) and subsequently 0.7 ml
(7 mmol) acetic anhydride (Fluka) are added thereto. After
24 hours of refluxing, another 0.6 ml (8 mmol) triethy-
lanaine and 0.7 mi (7 mmol) acetic anhydride are added.
After 72 hours of reaction, the solvent is removed under
water-jet vacuum, and the residue is taken up in 40 ml
t-butyl methyl ether (Merck). The organic phase is washed
with water, diluted NaHCOQ,-solution, once again water.
diluted NaH,PO,-solution and water. The organic phase is
subsequently concentrated under vacuum, and after drying
under vacuum an orange-brown oil is obtained.

The crude product so obtained (0.93 g) is fractionated by
chromatography over 35 g silica gel S5i60 (Merck, 40-03
um). As elutung agent dichloromcthane/t-butyl methyl ether
50:50 (v/v) are used. The following fractions are obtained.:
I 65 ml impurities
II 40 ml impure product
IIT 180 ml pure product

After distluing off the solveat and drying, (.35 g of the
pure product is obtained as yellowish glass.
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'H-NMR-data (Bruker, 300 MHz, internal standard
tetramethylsilane, &-values in CDCl;): 5.03 (C,—H),
3.26-3.30 (C,—H), 5.18 (C;—H). 3.81 (C,—H), 3.90-3.99
(Cs""“"H and Cﬁ—H), 3.36-3.54 (Cﬁ*—H., O—CHZ(G.,).
O—CH,,, O—CH,x,,). 14-1.59 (O—CH,—CH...
O—CH,—CH,—CH,), 1.21-1.33 (O—CH,—CH,—CH
,—CH.,), 0.86-0.92 (CH,); 2.05 (CH,—CO).

It is understood that the specification and examples are
illustrative but not limitative of the present invention and
that other embodiments within the spirit and scope of the
invention will suggest themselves to those skilled in the art.

We claim:

1. A substituted cyclodextrin of the formula

in which
R2, R? and R® each independently is an alkyl or alkenyl
group having 1 to 8 carbon atoms, or a cycloalkyl group
having 5 to 8 carbon atoms, or

R? may be an acyl group having 1 to 8 carbon atoms or
an acyl group substituted with an aromatic hydrocarbon
radical or a saturated or olefinically unsaturated ali-
phatic or cycloaliphatic radical having 1 to 8 carbon
atoms, and nis 6 or 7.

with the exclusion of those compounds wherein R*=R’=
Ré=methyl. n=6 or 7, R%=R’=R°=ethyl. n=7. R*=R°=
allyl, R3>=methyl, n=7. R*=R°=prop-1-enyl.
R>=methyl, n=7, R*=R =methyl, R’=n-butyl. n=7,
R2=R%=methyl, R>=benzoyl, n=7 and R*=R,=alkyl or
acyl, RY=C>4]>C,-alkyl.

2. A substituted cyclodextrin according to claim 1.
wherein the alkyl and/or acyl groups have 3 to 6 carbon
atoms.

3. A subsututed cyclodextrin according to claim 1,
wherein R% R> and R® are alkyl or alkenyl groups with 3 to
6 carbon atoms or R> may be an acetyl group.

4. A substituted cyclodextrin according to claim 1.
wherein R? and R® each is e n-pentyl-group and R’ is an
acetyl group.

5. A process for the production of a substituted cyclodex-
trin according to claim 1, which comprises dissolving an Q-
or B-cyclodextrin in an anhydrous solvent, adding a pul-
verted alkali hydroxide, and reacting the cyclodextrin with
an alkyl halide.

6. A process according to claim S, including the further
step of reacting the product with an acylating agent in an
anhydrous solvent containing an amine.

7. A process according to claim § wherein the anhydrous
solvent is aprotic. |

8. A process according to claim 6 wherein the anhydrous
solvent is aprotic.

[9. A process according to claim 6. 7 or 8 wherein the
reactions are carried out under inert gas.]

[10. In the chrormatographic separation of individual
chiral organic organic compounds from a mixture by con-
tacting the mixture with a stationary phase, the improvement
which comprises employing as the stationary phase a sub-
stituted cyclodextrin according to claim 1.}
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11. A separation process according to claim 10, wherein
the contact is made with the chiral organic compounds in gas
phase,

12. A separation process according to claim 1@, wherein
the chiral organic compounds are enantiomers.

13. A separation process according to claim 12, wherein
the enantiomers are selected from the group consisting of
alcohols, polyols, 1.,5-anhydro-alditols; hydroxy esters,
aldols. lactones, spiro-acetals, amines, amino-alcohols, g

amino-acid esters and a trifluoroacetylation product of any in which
of the foregoing. R? R’ and R® each independently is an alky! or alkenyl
14. A separation process according to claim 13, wherein group having 1 to 8 carbon atoms, or a cycloalkyl

group having 5 to 8 carbon atoms, or

the enantiomers are polyols selected from the group con- 2 _
R° may be an acy!l group having | to 8 carbon atoms or

. . . ‘« s 15
sisting of diols, polyols containing more than two hydroxy an acyl group substituted with an aromatic hydrocar-

groups and monosaccharides. bon radical or a saturated or olefinically unsaturated

15. A separation process according to claim 14, wherein aliphatic or cycloaliphatic radical having 1 10 8 carbon
the enantionmers are methylglycosides. atoms, and n is 6 or 7,

16. A process according to claims 5, 6, 7 or 8 wherein the with the exclusion of those compounds wherein

reactions are carried out under inert gas. 0 R*=R°=R°=methyl, n=6 or 7, and

I7. In the chromatographic separation of individual R*=R°=allyl, R*=methyl, n=7, and
chiral organic compounds from a mixture by contacting the R*=R®=prop-I-enyl, R’>=methyl, n=7, and
mixture with a stationary phase, the improvement which R?*=R°=methyl, R*=n-butyl, n=7.

comprises employing as the stationary phase a substituted
cyclodextrin of the formula ¥ % ¥ kX
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