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2,3,6,6-PERDEUTERO-CYCLODEXTRINS
POWERFUL NEW FAMILY OF CYCLODEXTRIN FOR NMR SPECTROSCOPY

Yasuhisa Kuroda*, Masahiko Yamada and Iwao TabushiT
Department of Synthetic Chemistry, Kyoto University, Sakyo-ku Kyoto,-606 Japan

a-, B- and y- Cyclodextrins are deuterated at the C2, C3 and C6 positions
by the Raney nickel catalyzed H-D exchange reaction in D3O0. 'H- and
135C-NMR of these cyclodextrins are highly simplified and, therefore, expected
to provide one of strong means for the structure determination of cyclodextrin
derivatives.

In host-guest chemistry, cyclodextrins are undoubtedly one of the most
important host molecules because of their versatile binding abilities,

1)

easiness of modifications, high solubilities in water and etc. Especially,
various types of modified cyclodextrins have been demonstrated to show a
variety of functions mimicking biological processes and mono-, di-, and
tri-substituted cyclodextrins have actually been utilized as highly

sophisticated enzyme and/or receptor models.z)

In these extensive
investigations, the NMR spectroscopy has been used as one of the essential
techniques for determination of intricate structures of modified cyclo-
dextrins. The structural determinations, however, require a tough work,
i.e., it is sometimes difficult to fully analyze the heavily overlapped C2-,
C3-, C4-, C5- and C6-H's signals of unsymmetrically substituted cyclodextrins
even by using a recent high resolution NMR spectrometer and appropriate two
dimensional NMR' techniques.

In this article, we wish to report the preparation of 2,3,6,6-perdeutero-
cyclodextrins which show highly simplified NMR patterns and, therefore, are
expected to be useful for studying structural and geometrical features of
cyclodextrin derivatives by NMR spectroscopy. The compounds are also
interesting from viewpoints of deuterium relaxation measurements of their

complexes3)

and the isotope effects on their guest binding.

The deuteration reactions of cyclodextrins were carried out by Raney
nickel catalyzed H-D exchange reaction (see Scheme 1)4). In the typical
reaction, 200mg of a-cyclodextrin was converted to the corresponding deuteroxy
compound by dissolving in 1mL of DZO followed by evaporation and treatment
with deuterated W4 Raney nickels)(1mL, settled volume) in 5mL of D20. The
resultant suspension was heated under reflux for 48h and cooled at room
temperature. The residual nickel was filtrated off and washed with 20mL of
hot water. The combined filtrate was concentrated to ca.5mL and passed
through a short CM-Sephadex(C-25) column (NHZ form, 0.5x20cm) and then, after
concentrating the appropriate fractions, through a short DEAE-Sephadex(A-25)
column (Cl~ form, 0.5x20cm). Since the NMR spectrum of the crude sample in
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Scheme 1.

n=6,7,8

this stage usually showed the partial deuteration of a—cyclodextrin6), the
sample was treated again with DZO and Raney nickel under the same conditions
with those described above and similarly purified by successive CM- and
DEAE-Sephadex column chromatographies. The final product was recrystallized
from aqueous ethanol to afford 120mg of 2,3,6,6-perdeutero-a-cyclodextrin.
B- and y-Perdeutero-cyclodextrin were also prepared by the same procedures.

The NMR measurements of the reaction mixtures at appropriate time
intervals indicate that the orders of the H-D exchange reaction rates may be
roughly estimated to be C2-H>C6-H>>C3-H and y->B->a-cyclodextrin. These
observations suggest that the reaction rates are mainly dominated by the
steric surroundings around the corresponding protons. In any cases, however,
the procedures described above are enough for the complete H-D exchange

reactions (>95%) of a-, B- and y-cyclodextrins.
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Fig. 1 a)'H- (400MHz) and b) '>C- (100MHz) NMR spectra of 2,3,6,6-perdeutero-

cyclodextrins in D20 ( S(ppm) from TSP external reference , J(Hz) ).
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The data of NMR spectra of these deuterated cyclodextrins are summarized
in Fig.1. The 1H-NMR spectra of these cyclodextrins are dramatically
simplified as expected (Fig.la). Thus, for example, signals of C1-, C4- and
C5-H's of deuterated g-cyclodextrin are observed at §5.05, 3.59 and 3.83 as
singlet, doublet(J=9.9Hz) and doublet(J=9.9Hz), respectively. Based on these
observations, these deuterated compounds are concluded to maintain the
original configurations of corresponding cyclodextrins. Interestingly,
13C-NMR spectra obtained under the conditions of the complete proton
decoupling are also apparently simplified as shown in Fig.1b, i.e., for
example, only Cl1-, C4- and C5-carbons of g-cyclodextrin are observed at
§102.6, 82.4 and 73.2ppm, respectively and the signals of C2-(72.6), C3-(74.0)
and C6-(61.3ppm) carbons are strongly diminished because of the lack of the
NOE effect due to the proton decoupling and the line broadening effect due to
the deuterium quadrupolar interaction.

Finally, as a typical example of the modification of these deuterated
cyclodextrins, 6-mono-tosylation of g-cyclodextrin under the usual conditions
was attempted7). The NMR spectrum of the product purified by a Merck RP-8
column was shown in Fig.2. The C4- and C5-protons of tosylated glucose are
easily assigned as the signals appearing at §3.51 and 4.01ppm, respectively,
as separated peaks. Thus, the present deuterated cyclodextrins seem to be
highly promising as the probe compounds for the structure determination of
substituted cyclodextrins by NMR spectroscopy.
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Fig. 2 1H-NMR (400MHz ) spectrum of 6-tosyl-2,3,6,6-perdeutero-g-

cyclodextrin in DZO ( §(ppm) from TSP external reference).
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The reaction was confirmed to completely stop at this first step based on

the NMR measurement and simple addition of Raney nickel without following
column purifications resulted in no reactions. The reason for this
stoppage of the reaction is not clear but the formations of oxidized nickel
and/or acetic acid converted from ethanol contained in Raney nickel are
most probable candidates for the present catalytic poison.
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