
ORIGINAL ARTICLE

Large inclusion constants of b-cyclodextrin with carborane
derivatives

Rimantas Vaitkus • Stefan Sjöberg
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Abstract Complexation of some o-, m- and p-carborane

derivatives with b-cyclodextrin was investigated using

phenolphthalein in pH 10.5 (0.05 mol dm-3) borate buffer.

Some carborane derivatives indicated large inclusion con-

stants Kass [ 1 9 105 dm3 mol-1.
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Introduction

Carboranes (dicarba-closo-dodecaboranes) have been

intensively studied as compounds used for boron neutron

capture therapy of cancer [1]. Large number of such com-

pounds bearing carboxylic, hydroxyl, amino and other

groups [2–4] have been synthesised. Carboranes themselves

are nonpolar compounds highly insoluble into water. Intro-

duction of hydrophilic groups into carboranyl residue

increases the solubility of such compounds in the water.

Cyclodextrin can also be used to increase the water solubility

of such compounds. Formation of inclusion compound of

o-carborane (1,12-dodecaborane) with b-cyclodextrin has

been reported earlier [5]. No data of inclusion constants were

presented. Recently Ohta [6] ea. estimated complexation of

b-cyclodextrin with o-carboranols from NMR titration

studies. We report about complexation of some o-, m- and

p-carborane derivatives with b-cyclodextrin.

Experimental

Solution of carborane derivative in methanol was mixed in

volumetric flasks with an aqueous solution of b-cyclo-

dextrin (‘‘Fluka’’) and solvent was evaporated to dryness

under reduced pressure. In order to prevent sublimation of

carboranes, some amount of pure carboranes was added

into desiccator. A 0.05 dm-3 borate buffer (‘‘Fluka’’)

solution pH 10.5 containing phenolphthalein (‘‘Aldrich’’)

solution were added to the dried residue. Concentration of

phenolphthalein was kept constant 3.0–3.5 9 10-5 mol

dm-3, concentration of cyclodextrin was kept in range up

to 2–4 9 10-4 mol dm-3. Each experiment was repeated

at least 6 times.

Investigation of complexation of carboranes with

cyclodextrin was carried out at 25 ± 0.1 �C spectropho-

tometrically (‘‘Kontrum’’) measuring absorbance of the

solution containing both complexed and liberated phenol-

phthalein at 553 nm. Association constant of phenol-

phthalein was Kass = 3.4 9 104 dm3 mol-1, similar to the

reported earlier [7]. Association constant of the complex of

b-cyclodextrin and carborane can be calculated from the

Eqs. 1–4:

Kass ¼ C0� Cð Þ= C � B0� C0 þ Cð Þð Þ; ð1Þ

Where Kass is the association constant of the complex

with carborane, C0 and C concentration of initial and com-

plexed cyclodextrin respectively, B0 initial concentration of

carborane.

Concentration of complexed cyclodextrin C can be

calculated from the Eq. 2:
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C ¼ Kdiss � P0 � Pð Þð Þ=P ð2Þ

where Kdiss is the dissociation constant of b-cyclodextrin

and phenolphthalein complex, P0 and P are concentration

of initial and complexed phenolphthalein.

Concentration of complexed phenolphthalein P can be

found from the Eq. 3:

P ¼ DA1 � DAð Þ=De ð3Þ

where DA and De are the difference in absorbance and

molar extinction of phenolphthalein by addition of

carborane.Then

DA1 ¼ De� P ð4Þ

The value of De can be found according to the Benesi–

Hildebrand method [8] from the slope of the line [CD] 9

[Guest]/DA against [CD] ? [Guest].
1H-NMR investigations were carried out on Varian

400 MHz spectrometer. d21-b-Cyclodextrin was prepared

by evaporating D2O (‘‘Fluka’’) from the solution of

b-cyclodextrin. Prepared d21-b-cyclodextrin was dissolved

in D2O containing 0.1 mol dm-3 of NaOD (‘‘Fluka’’).

o-Carboranyl propionic acid, dissolved in 0.1 mol dm-3 of

NaOD solution, was added.

Results and discussion

Carborane derivatives (Fig. 1) were synthesised from o-,

m- and p-carborane (1a, 2a and 3a respectively) according

to the procedure presented in [9].

Appropriate carborane was treated with butyl lithium

followed by alkylation of tert-butylmethylsilyl chloride.

Then the intermediate compound was treated with butyl

lithium and trimethylene oxide. The hydroxyl group was

deprotected by tetra-n-butylammonium fluoride. Appro-

priate o-carboranyl propionic acid [3-(1,2-dicarba-closo-

dodeca-borane(12)-1-yl)-2-propanoic acid] (1c), m-carb-

oranyl propionic acid [3-(1,7-dicarba-closo-dodeca-bor-

ane(12)-1-yl)-2-propanoic acid] (2c) and p-carboranyl

propionic acid [3-(1,12-dicarba-closo-dodeca-borane(12)-

1-yl)-2-propanoic acid] (3c) were prepared by oxidation of

obtained o-, m- and p-carboranyl propanols (1b, 2b and 3b

respectively) (see Fig. 2). All experimental details of the

synthesis of carborane guests are presented in [9].

The inclusion constants of cyclodextrin and carborane

derivatives were obtained using competitive method of

inclusion with phenolphthalein [10–12]. This is simple

method of determination of inclusion constants if the sub-

strate remains stable in slightly alkaline media (pH 10.5).

Cyclodextrin forms quite strong inclusion complex with

phenolphthalein. When the concentration of the host

(cyclodextrin) exceeds one of the guests more than 10 times,

the colour of phenolphthalein almost disappears. We mea-

sured absorbance at the peak of it at 553 nm. The colour

comes out when the competitive guest is added. The new

guest (carborane) occupies the place of phenolphthalein and

forms inclusion complex with the host (cyclodextrin).

Our test approved that carborane derivatives were stable

in the alkaline media, so the competitive method was

suitable for determination of inclusion constants. No de-

colorisation of phenolphthalein solution under such con-

ditions (pH 10.5) was observed. As it was recently

indicated [13] the pKa value of ionisation of b-cyclodextrin

equals to 13.5. Only a little fraction of b-cyclodextrin is

ionised under such pH value, thus it does not influence

results of our investigations.

By varying the concentration of carboranes the visible

spectra of liberated phenolphthalein was recorded. Absor-

bance value at 553 nm has been taken for calculations of

complexation constants according to the Benesi–Hilde-

brand method [8].

Results are given in Table 1.

According to our observations, introduction of hydro-

philic groups to the moiety of carboranyl generally increases

the association of highly lipophylic carborane cage. In

comparison, negatively charged dodecaborane cage (4) has

very low inclusion constant. In some cases the association

constants reaches the magnitude of 105 dm3 mol-1, which is

larger than the one of phenolphthalein itself. Constants of
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Fig. 2 Synthesis of 3-m-carboranyl propanoic acid (2c)
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inclusion of 3-carboranyl-1-propanol (1b, 2b and 3b)

derivatives are rather similar in all cases. Introduction of

methyl group to o-carboranyl rim in 3-carboranyl-1-propa-

nol (1d) causes the increase of nonpolar properties of this

compound, and therefore a large constant of inclusion was

found. Inclusion of 3-carboranyl-propanoates increases in

order from o- to p- carborane derivatives. In our opinion, this

also depends on increase of nonpolar properties of carbora-

nyl residue. Observed inclusion constants belong to the

group of comparatively large constants of cyclodextrin [14].

This approves that carborane derivatives show high affinity

to the cyclodextrin cavity.

In order to analyse the structure of inclusion complex a
1H-NMR investigation of inclusion of 3-m-carboranyl-

propanoic acid to cyclodextrin was carried out. Carboranyl-

derivative was added to the alkaline solution and spectra
1H-NMR was recorded. No significant chemical shift of both

methylene groups of propanoate residue of carborane

derivative was observed. At the same time, chemical shift of

peaks of 1H atom attached to carbon atoms of internal rim of

b-cyclodextrin C-3 (from 3.79 to 3.72 ppm) and C-5 (from

3.70 to 3.65 ppm) indicated that carboranyl residue pene-

trated to cyclodextrin cavity forming inclusion complex

while ionised propanoate residue remained outside the rim.

Carboranes form comparatively strong molecular com-

plexes with cyclodextrin. This effect might be important

for transportation of such chemicals in the blood system.

Results of this investigation of complexation of car-

boranes to cyclodextrin might be used for further studying

formulation of pharmaceuticals.
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Table 1 Association constants of b-cyclodextrin with some deriva-

tives of carboranes at 25 �C, in 0.05 mol dm-3 borate buffer pH 10.5

Compound Inclusion constant, 910-5, dm3 mol-1

1b 1.14 ± 0.360

2b 1.45 ± 0.350

3b 0.705 ± 0.180

1c 0.644 ± 0.020

2c 0.892 ± 0.060

3c 2.25 ± 0.640

1d 3.80 ± 1.30

1e 1.08 ± 0.210

1f 1.07 ± 0.160

K salt of 4 0.000904 ± 0.000140
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