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Abstract: The regioselective functionalisation of the cyclodextrin matrix provides the possibility of purpose-
fully altering the ability of cyclodextrins to form inclusion compounds, as well as to ensure their solubility,
thus expanding the scope of their practical application [1, 2]. The most significant and promising trend in the
selective modification of B-cyclodextrins consists in the preparation of tosyl derivatives, given that the sub-
stitution of such nucleophilic reagents as iodide, azide, thioacetate, hydroxylamine, alkylamide or polyalkyl-
amide for the tosyl group results in the corresponding monosubstituted derivatives. In this study, we imple-
mented a method for the synthesis of mono-6-O-(p-toluenesulphonyl)-B-cyclodextrin, which was improved
by B-cyclodextrin reacting with tosyl chloride in an aqueous medium in the presence of a base. The reac-
tion of B-cyclodextrin with tosyl chloride in an aqueous alkaline medium produced a 58% yield of mono -6-
O-(p-toluenesulphonyl)-B-cyclodextrin not requiring additional purification. The optimal concentrations of
B-cyclodextrin and tosyl chloride were found to be 0.0032 mol/l and 0.0015 mol/l, respectively. It was shown
that a decrease in the rate of filtering the unreacted tosyl chloride out of the reaction mixture is accompa-
nied by an increase in the proportion of ditosyl derivatives and mono(3,6-anhydro)-B-cyclodextrin resulting
from the intramolecular cyclisation of mono-6-O-(p-toluenesulphonyl)-B-cyclodextrin at room temperature
under alkaline conditions. The structure of the obtained mono-6-O-(p-toluenesulphonyl)-B-cyclodextrin was
confirmed using Proton NMR Spectroscopy. The proton NMR spectrum of the product resulting from the
reaction of B-cyclodextrin with tosyl chloride contains signals corresponding to a tosyl radical: a singlet
(2.42 ppm) and two doublets (7.41-7.43 ppm) produced by hydrogens of the benzene ring having radicals
in the para position. Monosubstitution was confirmed by comparing the integrated intensities of signals pro-
duced by the protons of the cyclodextrin skeleton and the protons from the aromatic part of the reaction
product. Their ratio indicated that only one of the seven primary hydroxyl groups of B-cyclodextrin was sub-
stituted.
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Pe3rome: PezuocenekmueHasi hyHKyUOHanu3ayus UukinoGeKkcmpuHo8ol Mampuybl o38onsem ueseHa-
rpaerfieHHo U3MEeHUMb CrlIoCcoObHOCMb UUKIOOEeKCMPUHO8 K 06pa3osaHuto coeOUHEHUL BKIIIOYEeHUS, a maKxe
UX pacmeopuMocmb, pPacwupsisi memM caMbiM CIIEKMP UX MPaKkmu4ecKoao npumMeHeHuUs. BaxxHelwum u nep-
CMeKmMUBHbIM HaripaeneHuem 8 obnacmu cenekmugHol Mmoducbukauuu B-UuknoOeKCmpuHO8 S8remcs
rofy4eHUe mMo3usibHbIX MPOU3800HbIX, MaK Kak 3aMeuwleHuUe mo3usibHoU epyrnbl MakuMu HyKineogusibHbIMU
peazeHmamu, kKak Uodud, a3ud, muoayemam, 2uGpoKcunaMuH, anakusi- unu ronuankunamud, npueodum K
coomeemcmesyuUM MOHO3aMeUW,eHHbIM pou3eodHbIM. B daHHOU pabome peanu3oeaH Memod cuHme3sa
MOHO[6-0O-(4-monurncynbghoHurn)]-B-uuknodekcmpuHa, yCoB8EPWEHCMBO8aHHbIU MymeM 83aumodelicmeusi
B-uuknodekcmpuHa ¢ moaunxnopudomM 8 800HOU cpede 8 npucymcmeuu ocHoeaHus. Peakuuel
B-uuknodekcmpuHa ¢ mo3urnxsaopudomM 8 800HOU cpede 8 npucymcmeuu Wesnoyu rosy4eH MoHo[6-O-(4-
monuncynb@oHur)]-B-yuknodekcmpuH ¢ ebixodom 58% c¢ yucmomod, He mpebyrouweli 0ononHUMensHoU
o4yucmku npodykma. YcmaHo8/1eHo, Ymo onmumarsbHasi KOHUeHmpauyusi B-yuknodekcmpuHa u mo3usxsio-
puda cocmasnsem 0,0032 monw/n u 0,0015 monb/n coomeemcmeeHHO. [TokaszaHO, YMO CHUXXEeHUE CKO-
pocmu omaunibmposbieaHUsT Herpopeaaupoeasuweeo mosusnxaopuda om peakyUuoHHOU CMecu COMpo8o X-
daemcsi gospacmaHuem 005U OUMO3UNbHbLIX MPOU3BOOHbLIX U MOHO(3,6-aHaudpo)-L-yuknodekcmpuHa,
obpasyouwezocss 8 pe3ynbmame 8HymMpPUMOIEKYIapHOU yuknuzayuu MoHO[6-O-(4-monuncynsgoHun)]-
B-yuknodekc-mpuHa 8 wesio4YHol cpede npu KoMHamHol memnepamype. Cmpykmypa M[ofyYeHHO20
MOHO[6-0O-(4-monurncynbgoHun)]-B-yuknodekcmpuHa nodmeepxoeHo memodom [1IMP-crnekmpockonuu.
B TIMP-cnekmpe npodykma peakyuu B-yukrnodekcmpuHa € mo3usxsaopudomMm Mosesnismcs cueHarsbl
mo3urnbHo20 padukana npu 2,42 m.0. u dea dybnema om 80dopodoe beH30/1IbHO20 Konbua ¢ padukanamu
8 rnapa-rosoxeHuu e obnacmu 7,41-7,43 m.0. MoHo3ameuweHue GoKkaszaHO corlocmaessieHueM uHmeaparsb-
HbIX UHMeHcusHOocmel cu2Hao8 rnPoOMoOHO8 UUKII00eKCMPUHOB020 KapKaca U fpomoHO8 apoMamu4eckol
yacmu npodykma peakuyuu, rpu 3MmMoM ux COOmHoweHue ceudemesibCmeos8aso 0 MoM, YmMo MosibKO 00Ha
U3 CeMu nep8uYHbIX 2UOPOKCUbHbIX 2pynn B-yuknodekcmpuHa bbina 3aMmewieHa.

Knro4deenie crnosa: [-yuxknodekcmpuH, mo3unxiopud, MoHoO[6-O-(4-monuncynbgoHun)]-B-Uyukino0eKcmpuH,
FMP-criekmpockonusi
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INTRODUCTION The regioselective functionalisation of the

Cyclodextrins are cyclic oligosaccharides built
from D-glucopyranose units joined by a-1,4 glyco-
sidic bonds. Cyclodextrin molecules possess a
truncated cone structure having a hydrophilic outer
surface and a more hydrophobic cavity. Primary
and secondary hydroxyl groups are located on the
narrow and wide rims of the truncated cone, re-
spectively. Due to this structure, cyclodextrins can
be molecularly recognised, providing the possibility
of selectively capturing organic and inorganic mol-
ecules or ions [1, 2]. The correspondence of the
cyclodextrin cavity and the guest molecule in terms
of their geometric characteristics constitutes a
necessary condition for the formation and stability
of such inclusion complexes.

cyclodextrin matrix allows the purposeful altera-
tion of the capacity of cyclodextrins to form inclu-
sion compounds, as well as to ensure their solu-
bility, thus expanding the scope of their practical
application [1, 2]. However, the synthesis of regi-
oselectively substituted cyclodextrin derivatives
constitutes an experimentally challenging task
due to cyclodextrin having a large number of spa-
tially close hydroxyl groups similar in terms of
reactivity and the presence of a cavity resulting in
the tendency to form inclusion compounds with
reagents [3, 4].

The increased interest in basic and applied re-
search pertaining to a-, - and y-cyclodextrins — es-
pecially B-cyclodextrin (3-CD) and its derivatives —
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is determined by the unique ability of cyclodextrins
to form inclusion complexes.

The B-CD molecule contains three types of
hydroxyl groups (each comprising seven hydroxyl
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groups) that can participate in a modification reac-
tion: primary groups in Position 6, as well as sec-
ondary groups in Positions 2 and 3 in each of the
seven glucopyranose units (Fig. 1).

Fig. 1. Structure of B-cyclodextrin

Puc. 1. Cmpykmypa B-yuknodekcmpuHa

Modified B-CD molecules are used as enzyme
simulators for targeted drug delivery in the human
body using substituted functional groups, which par-
ticipate in molecular recognition [5, 6], as well as hav-
ing applications in analytical chemistry [2, 7—11].

Given that mono-6-O-(p-toluenesulphonyl)-f-
cyclodextrin is a precursor for the preparation of
B-CD derivatives monosubstituted in Position 6, a
significant and promising trend in the selective
modification of B-CDs consists in the preparation
of tosyl derivatives. The substitution of such nucle-
ophilic reagents as iodide, azide, thioacetate,
hydroxylamine, alkylamide or polyalkylamide for
the tosyl group results in the corresponding mono-
substituted derivatives [2, 12—14].

The reaction of 3-CD with tosyl chloride under
aqueous alkaline conditions produces an 11-43%
yield of mono-6-O-(p-toluenesulphonyl)-B-cyclo-
dextrin [15—-17]. In non-aqueous media and in the
presence of sodium hydride, tosylation occurs at
the secondary hydroxyl group in position 2, with
the yield of mono-2-O-(p-toluenesulphonyl)-B3-cyc-
lodextrin coming to 42% [18]. In terms of experi-
mental setup, aqueous alkaline conditions are
simple and convenient; however, a wide variation
in the target product yield obtained using various
versions of the method indicates the necessity for
improving the process.

The substitution of p-toluenesulfonic acid an-
hydride (1.5-fold excess) for tosyl chloride allows
the yield of the monotosylated product to be in-
creased up to 61% [19]. However, the use of this
reagent is impractical due to its high cost and diffi-
culty of procurement.

In [20], it is proposed to use 1-(p-toluenesul-
phonyl)imidazole as a tosylating reagent under
aqueous alkaline conditions. In comparison with p-
toluenesulfonic acid anhydride, the advantage of
this reagent consists in its better water solubility
and greater resistance to hydrolysis at room tem-
perature. In the above-mentioned work, mono-6-O-
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(p-toluenesulphonyl)-B-cyclodextrin  was isolated
from the solution by means of precipitation, giving
a yield of approximately 40%.

When using a complex based on B-CD and
Cu?* ions, an increase in the yield of mono-6-O-(p-
toluenesulphonyl)-B-cyclodextrin up to 48% is
observed. The reaction occurs in an aqueous alka-
line medium, with tosyl chloride acting as the to-
sylating agent [21]. While an indisputable ad-
vantage of this method consists in the regioselec-
tivity of tosylation (functionalisation of only primary
hydroxyl groups), its main disadvantages include
excessive use of p-toluenesulphonyl chloride (up
to 8 equiv), the necessity of freezing a large
volume of the aqueous phase in order to isolate
the target product and the problem of managing
copper-containing waste.

In [22], an 84.6% vyield of mono-6-O-(p-
toluenesulphonyl)-B-cyclodextrin  was obtained
through the reaction of B-CD with p-toluenesul-
phonyl chloride in aqueous acetonitrile and in the
presence of sodium hydroxide. However, following
multiple attempts to repeat this procedure and cal-
culate the material balance of the process, the re-
searchers concluded that the yield of the tosylated
product is proportional to the amount of B-CD that
enters into the reaction.

The present work is aimed at improving the
method for producing mono-6-O-(p-toluenesul-
phonyl)-B-cyclodextrin through the interaction of
B-CD with tosyl chloride in an aqueous alkaline
medium. The procedure presented in [16] was
selected as the basis of the experimental work.

EXPERIMENTAL PART

"H NMR spectra were recorded in DMSO-ds
using a BrukerDPX-400 (400 MHz).

Synthesis of mono-6-O-(p-toluenesulphonyl)-
B-cyclodextrin according to the procedure present-
ed in [16]. 10 g (0.008 mol) of B-CD and 100 ml of
H20 were mixed in a 500 ml three-neck flask.
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Next, NaOH was added in the amount of 1.6 g
(0.04 mol). After cooling the reaction mixture to
0 °C, powdered dry tosyl chloride — 7 g (0.037 mol)
at a time — was sprinkled into the mixture for
7 minutes. The reaction mixture was then stirred
for 30 min at 0 °C. Excess tosyl chloride was iso-
lated from the solution via filtration using a Buch-
ner funnel equipped with a vacuum water pump.
Next, the isolated p-toluenesulphonyl chloride was
placed in a freezer for a short time. The filtrate was
slightly acidified with an HCI solution to pH = 5-6
and stirred for 1 h at 0-2 °C. The white precipitate
was filtered out using a Buchner funnel and then
washed twice with 10 ml of H20. Following des-
sication under a vacuum, 3.88 g (38%) of the tar-
get product was obtained. Following the addition of
NaOH to the filtrate in the amount of 1.6 g
(0.04 mol), the synthesis was repeated using the
previously isolated tosyl chloride. Following a simi-
lar procedure, 4.49 g (44%) of mono-6-O-(p-
toluenesulphonyl)-B-cyclodextrin was obtained in
total. 'H NMR spectrum (DMSO-ds), O, ppm,
(J, Hz): 242 (s, 3H); 3.20-3.65 (m, 40H);
4.15-4.20 (m, 1H); 4.30-4.38 (m, 2H); 4.44-4.57
(m, 2H); 4.51 (br. s, 3H); 4.76 (br. s, 2H); 4.83
(br. s, 4H); 5.62-5.83 (m, 14H); 7.42 (d, 2H, J =
8.1 Hz); 7.73 (d, 2H, J = 8.1 Hz).

Synthesis of mono-6-deoxy-(p-toluenesul-
phonyl)]-B-cyclodextrin in an aqueous acetonitrile
solution. 10 g (0.008 mol) of B-CD and 100 ml of
H20 were mixed in a 500 ml three-neck flask, with
the subsequent addition of NaOH in the amount of
1.6 g (0.04 mol). After the resulting mixture was
cooled to 0 °C, 7 g (0.037 mol) of tosyl chloride
dissolved in 5 ml acetonitrile was added dropwise
for 4 minutes. The reaction mixture was stirred for
30 min at 0 °C. Then the excess tosyl chloride was
promptly isolated from the solution via filtration
using a Buchner funnel equipped with a water
pump. The isolated p-toluenesulphonyl chloride
was temporarily placed in the freezer. The filtrate
was slightly acidified with an HCI solution (3 ml
HClconc in 10ml of water, pH = 5-6) and stirred
for 1 h at 0 — +2 °C. The white precipitate was fil-
tered out using a Buchner funnel equipped with a
vacuum water pump, washed with 10 ml of water
and then air-dried. Following one more addition of
NaOH to the filtrate in the amount of 1.6 g
(0.04 mol), the synthesis was repeated using the
previously isolated tosyl chloride. After completing
a similar procedure, the total mono-6-deoxy-
(p-toluenesulphonyl)]-B-cyclodextrin amounted to
1.66 g (a yield of 15%). The characteristics of this
NMR spectrum are completely identical to those
mentioned above.

Synthesis of mono-6-0O-(p-toluenesulphonyl)-
B-cyclodextrin using a modified procedure. 10 g
(0.016 mol) of B-CD and 40 ml of H20 were mixed
in a 500 ml three-neck flask. Then 1.6 g (0.04 mol)
of NaOH dissolved in 10ml of water was added.
After cooling the resulting mixture to 0 °C, powered

dry tosyl chloride — 7 g (0.074 mol) at a time — was
sprinkled into the mixture for 7 minutes. The reac-
tion mixture was stirred for 30 min at 0 °C. Then
the excess tosyl chloride was promptly isolated
from the solution via filtration using a Buchner
funnel equipped with a water pump. The isolated
p-toluenesulphonyl chloride was temporarily
placed in the freezer. The filtrate was slightly
acidified with an HCI solution to pH = 5-6 and
stirred for 1 h at 0 °C. The white precipitate was
filtered out using a Buchner funnel or separated
by centrifugation and washed 2 times with 10 ml
of H20, followed by the air-drying and then dry-
ing under vacuum. After adding 1.6 g (0.04 mol)
of NaOH to the total filtrate, the synthesis was
repeated again using the previously isolated to-
syl chloride. Following the completion of a simi-
lar procedure, the total mono-6-O-(p-toluene-
sulphonyl)-B-cyclodextrin amounted to 5.98 g
(a yield of 58%). The characteristics of this
NMR spectrum are completely identical to the
ones mentioned above.

RESULTS AND DISCUSSION

According to the basic procedure, the syn-
thesis of mono-6-O-(p-toluenesulphonyl)-B-cyclo-
dextrin is achieved by 10 g of B-CD (8 mmol)
reacting with 7 g of tosyl chloride (37 mmol,
4.5 equiv.) in the presence of 1.6 g NaOH (40 mmol)
in 100 ml of water at a temperature no higher
than 0—-2 °C for 30 min and the subsequent (if pos-
sible) prompt filtering out of the unreacted
p-toluenesulphonyl chloride. The yield of the target
product amounts to 38% (Table 1, Experiment 1).
The reuse of the isolated unreacted tosyl chlo-
ride in the reaction with the recently acidified
filtrate following the isolation of the target pro-
duct (Reaction Cycle 2) results in increasing the
total yield of mono-6-O-(p-toluenesulphonyl)-
B-cyclodextrin to 44% (Table 1, Experiment 2). It
should be noted that the obtained mono-6-O-
(p-toluenesulphonyl)-B-cyclodextrin is character-
ised by high purity, so it can be used without
additional purification. It is established that a
decrease in the rate of filtering the unreacted
tosyl chloride out of the reaction mixture results
in it heating up to room temperature and a con-
sequent decrease in the purity of mono-6-O-
(p-toluenesulphonyl)-B-cyclodextrin. This occurs
due to an increase in the proportion of ditosyl
derivatives and mono(3,6-anhydro)--cyclodex-
trin, which is formed as a result of the intramo-
lecular cyclisation of mono-6-O-(p-toluenesul-
phonyl)-B-cyclodextrin in an alkaline medium at
room temperature.

An increase in the reaction temperature
lowers the target product yield to 11% (Table 1,
Experiment 3). When the solvent is replaced by
acetonitrile, the yield of mono-6-O-(p-toluenesul-
phonyl)-B-cyclodextrin rises to 15% (Table, Ex-
periment 4).
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Table
Conditions for the reaction of B-cyclodextrin with tosyl chloride
Tabnuua
Ycnoeus peakyuu B-yuknodekcmpuHa ¢ mo3usxsopudom
Experiment Reagent amount, mol Reaction conditions Yield
No. BCD | TosCl NaOH Solvent T°C | Time mn | B-CD-Tos %
1 0.08 0.037 0.008 H20, 100 ml 0-2 30 38
0.008 (cycle 1)
2 0.08 0.037 | (008 (cycle 2) H20, 100 ml 0 30 44
3 0.08 0.037 0.008 H20, 100 ml 23 120 11
0.008 (cycle 1) H20/MeCN
4 0.08 | 0.037 | (008 (cycle 2) 100 ml /5 ml 0 30 15
0.008 (cycle 1)
5 0.08 0.037 0.008 (cycle 2) H20, 50 ml 0 30 58
0.008 (cycle 1)
6 0.16 0.074 0.008 (cycle 2) H20, 50 ml 0 30 58

In order to further improve the procedure for
producing mono-6-O-(p-toluenesulphonyl)--cyclo-
dextrin in an aqueous alkaline medium, we stud-
ied the possibility of increasing the target product
yield by assuming that an increase in the concen-
tration of reagents (with their ratio being kept the
same as in the basic procedure) will result in a
higher yield of mono-6-O-(p-toluenesulphonyl)-3-
cyclodextrin. An increase in the concentration of
reagents was achieved by reducing the volume of
water being used for the same experiment dura-
tion (30 min) at lower reaction temperatures
(~0 °C). Given that the rate of by-product for-
mation depends on the content of gradually
accumulating mono-6-O-(p-toluenesulphonyl)-
B-cyc-lodextrin rather than on the concentration of
the starting B-CD, we also assumed that the
optimised concentrations of reacting components
would not increase the proportion of by-products
during a quick reaction. All other things being
equal, performing the reaction at a temperature
not higher than 0 °C, halving the volume of water

OH

1)NaOH. 2)TosCl

being used and reusing the unreacted tosyl chlo-
ride resulted in an increase in the yield of mono-
6-O-(p-toluenesulphonyl)-B-cyclodextrin to 58%
without sacrificing product quality (Table 1, Exper-
iment 5). However, no further increase in the con-
centration of the starting substances led to an ad-
ditional increase in the target product yield.

As indicated above, a 3-CD molecule contains
three types of hydroxyl groups (each including 7
hydroxyl groups) in Positions 2, 3 and 6 (see Fig. 1).
The molecular structure of f-CD has the form of a
truncated cone. Unlike hydroxyl groups attached to
the second and sixth carbon atoms, the hydroxyl
group attached to the third carbon atom (OH-3) is
oriented into the cavity of the cone and is thus not
available for substitution reactions with tosyl chlo-
ride. The reaction of B-CD with tosyl chloride is
schematically shown in Figure 2.

A comparison of proton NMR spectra for the
starting B-CD and the product of its reaction with
tosyl chloride determines the structural orientation
in the reaction (Fig. 3).

OTos

0 °C min

Fig. 2. Reaction of B-CD with tosyl chloride

Puc. 2. Peakuyusi B-CD ¢ mosunxnopudom
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Fig. 3 '"H NMR spectrum for the starting B-cyclodextrin
and mono-6-0O-(p-toluenesulphonyl)-B-cyclodextrin

Puc. 3 Cnekmp "H SIMP ucxodHo20 B-yuknodekcmpuHa
u MOHO[6-0-(4-monuncynsghoHun)]-B-yuknodekcmpuHa

The proton NMR spectrum for 3-CD shows a
doublet (5.73-5.75 ppm) corresponding to the
hydroxyl group attached to the second carbon atom
(OH-2), a singlet (5.69 ppm) corresponding to the
hydroxyl group attached to the third carbon atom
(OH-2), a doublet (4.81—4.82 ppm) corresponding to
the H-1 proton, a triplet (4.56—4.58 ppm) corre-
sponding to the hydroxyl group attached to the
sixth carbon atom (OH-6) and a multiplet (3.29—
3.35 ppm) produced by H-2 and H-4 protons [23].
Other signals of B-CD are obscured by the intense
signal produced by water molecules.

Figure 3 shows that the proton signals of -
CD are split in a ratio of 6:1 and that the integrated
intensity for every two protons from the aromatic
ring of the tosyl radical equals 2, whereas the in-
tensity of signals corresponding to a hydrogen at-
om of one (3-CD unit comes to 7. Given that a -
CD molecule contains seven D-glucopyranose
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units, the reaction results in the formation of a
monosubstituted product.

It was assumed that the introduction of a tosyl
radical would significantly change the position of
signals produced by the hydrogen protons at-
tached to the carbon atom that is bound to the to-
syl radical, shifting them to the weak-field region,
whereas the remaining protons of 3-CD would only
shift to an insignificant extent. Indeed, the proton
NMR spectrum for the product (result of B-CD
reacting with tosyl chloride) shows signals of a to-
syl radical: a singlet at 2.42 ppm (-CHs) and two
doublets (7.41-7.43 ppm and 7.72—7.74 ppm) pro-
duced by the hydrogens of the benzene ring hav-
ing radicals in the para position.

In the proton NMR spectrum, the signals of
the H-2 and H-4 hydrogen atoms split slightly at
3.30-3.36 ppm and 3.18-3.24 ppm (see Fig. 3).
Signals observed at 3.30-3.36 ppm were pro-
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duced by the hydrogen atoms of the unsubstituted
B-CD; whereas signals observed at 3.18-3.24 ppm
correspond to the hydrogen atoms of the substi-
tuted B-CD. These results indicate that the tosyl
radical is not bound to the second (3-CD carbon
atom. However, two multiplets having centres at
4.19 ppm and 4.30 ppm appear in the proton
NMR spectrum for the substituted reaction prod-
uct, which can be attributed to nonequivalent
hydrogens attached to the 6th carbon atom (H-6a,
H-6b) that is bound to the tosyl radical. Signals
produced by the same protons, but from the
unsubstituted B-CD units, are obscured by a wide
water peak. This means that the reaction of 3-CD
with tosyl chloride occurs at the hydroxyl group
attached to the sixth carbon atom of 3-CD.

Thus, the analysis of the proton NMR spectra
for the starting and substituted 3-CD indicates that
the reaction of B-CD with tosyl chloride occurs only
at the hydroxyl group attached to the sixth carbon
atom of B—CD, with the formation of a monosubsti-
tuted B-CD product.

CONCLUSION

The improvement of a known procedure for
obtaining mono-6-O-(p-toluenesulphonyl)-B-cyclo-
dextrin in an aqueous alkaline medium [16] by
doubling the concentration of reagents and using
unreacted tosyl chloride in the second reaction
cycle resulted in an increase of the yield of mono-
6-O-(p-toluenesulphonyl)-B-cyclodextrin up to 58%
with no need for additional purification.
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