First evidence of molecular recognition between cyclodextrins and a
water-soluble ligand used in aqueous phase organometallic catalysis
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The formation of inclusion complexes between the water-soluble
phosphane P(m-C;H,SO;Na); and p- and y-cyclodextrins was
proved by UV-vis, circular dichroism and ‘H and 3'P NMR
spectroscopy.

Premier exemple de complexes d’inclusion entre des cyclo-
dextrines et un ligand hydrosoluble utilisé en catalyse bipha-
sique. Résumeé: La formation de complexes d’inclusion entre la
triphénylphosphine trisulfonée et les B- et y-cyclodextrines a éte
observee par spectroscopie RMN et UV-vis.

Native cyclodextrins are cyclic oligosaccharides composed of
six, seven, or eight D-glucopyranose units, which are desig-
nated as o-, B-, and y-cyclodextrin (CyD) (Scheme 1).! Due to
the hydrophobic character of their internal cavity, these com-
pounds can encapsulate a large variety of compounds.? This
outstanding property has long been utilized in the food, cos-
metic and pharmaceutical industries and even now still finds
new potential applications.® For instance, the use of CyDs as
inverse phase transfer catalysts has been recently reported in
aqueous-organic biphasic reactions involving hydrosoluble
organometallic catalysts.* In such reactions, the immobil-
ization of the metal catalyst in the aqueous layer can be
achieved by using the sodium salt of trisulfonated tri-
phenylphosphine [P(m-C4H,SO;Na),; TPPTS] as ligand.®
We report here that this well-known standard ligand in bip-
hasic catalysis forms inclusion complexes with - and y-CyD.
Since TPPTS does not possess an evident hydrophobic moiety
that can fit into the cavity of CyD, the formation of such com-
plexes is rather unexpected. To the best of our knowledge, this
is the first example of supramolecular complexes between a

n =6 o-cyclodextrin

n="7 B-cyclodextrin
n =8 y-cyclodextrin
Scheme 1 Schematic representation of the shape of ao-, B- and

v-CyD. The protons H-3 and H-5 are situated inside the host cavity,
whereas protons H-1, H-2 and H-4 point outwards.

CyD and a water-soluble phosphane used as a ligand for
biphasic catalysis.®

The interaction between B-CyD and TPPTS can be easily
detected by UV-vis and circular dichroism spectroscopy.
Indeed, hypsochromic and bathochromic effects in the UV-vis
absorption band of TPPTS are observed upon addition of
B-CyD and an optical activity is induced in the absorption
bands of the achiral TPPTS in the presence of B-CyD (Fig. 1).

However, the most relevant information on the interaction
between B-CyD and TPPTS has been furnished by NMR
spectroscopy. Fig. 2 shows the modifications brought to the
'H NMR spectra in the presence of increasing amounts of the
TPPTS (guest-to-host ratio: 0.25 to 4). Each spectrum denotes
chemical shift variations for the guest protons as well as for
most of the host protons. The largest differences in the chemi-
cal shifts for the B-CyD protons are observed for the protons
situated inside the hydrophobic cavity (H-3 and H-5). This
observation proves the reality of an inclusion process.”
Indeed, when external interaction phenomena occur between
a CyD and a guest molecule, no variation of chemical shifts
for these inner protons is observed.

In order to get a better insight into the inclusion process,
two-dimensional rotating-frame NOE experiments (ROESY)
that provide the most reliable information about the relative
interproton distances in CyD complexes have been per-
formed.” Fig. 3 displays a partial contour plot of the 2D-
ROESY spectrum of a mixture of TPPTS and B-CyD. The
strong cross-peaks between the ortho and meta protons of
TPPTS and the H-3 and H-5 protons of CyD indicate that
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Fig. 1 Circular dichroism spectrum for a solution of TPPTS (10~#
M) and B-CyD (5 x 103 M) in pH 6.2 phosphate buffer at 298 K.
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Fig. 2 Partial 'H NMR spectra (400 MHz) of solutions of TPPTS + B-CyD complexes in D,O at 298 K. [B-CyD]: 1 x 10”2 M. [TPPTS]/[B-
CyD] ratio: (4) 0.25, (B) 0.5, (C) 1.0, (D) 2.0, (E) 4.0. Unlabelled curves are of the pure compounds.

the phenyl groups of TPPTS are included, at least partially, in
the hydrophobic cavity. Moreover, as no cross-peak between
the protons of TPPTS and the H-6 proton of B-CyD is
observed, the inclusion occurs through the upper rim of
B-CyD.

The 3'P NMR spectra of TPPTS and of its oxide
[O=P(C;H,SO;Na);] in the presence of B-CyD supply
further information on this inclusion. Indeed, whereas the 3'P
chemical shifts of TPPTS shift progressively to lower fre-
quencies in the presence of increasing amounts of B-CyD (Fig.
4), no variation of the 3'P NMR chemical shift of the phos-
phane oxide is observed in the presence of B-CyD. These 3'P
NMR studies show the crucial role played by the phosphorus
atom in the inclusion process. In fact, the phosphorus atom of
TPPTS is likely included deeply into the hydrophobic cavity
and constitutes the hydrophobic part of TPPTS. With the
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phosphane oxide, this hydrophobic site is suppressed due to
hydrogen bonding between water and the P=O group, so
that inclusion does not occur.

Quantitative analysis of the 3!P and 'H NMR data estab-
lishes the existence of different kinds of complexes in solution.
Indeed, a formation constant for a 1:1, 1:2 or 2:1 complex
cannot be calculated by computer fitting of the chemical shift
variations of the TPPTS protons and the inner protons (H-3,
H-5) of B-CyD.® Attempts to determinate the host-guest stoi-
chiometry by Job’s method have also failed.® However, an
apparent formation constant for a 1:1 complex can be evalu-
ated as 1200 M~! +10% from UV-vis spectroscopic data.’
The excellent definition of the isosbestic point indicates that
the UV-vis spectra are not biased by experimental error and
lead to an accurate value for this apparent formation constant
(Fig. 5).1°
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Fig. 3 Partial contour plot of the ROESY spectrum of a solution
containing B-CyD (10~2 M) and TPPTS (2 x 1072 M) in D, O at 298
K (400 MHz). The ROESY experiments were obtained using the
program provided by the Bruker library with a 500 ms spin-lock time.
These bidimensional experiments were acquired using 1K data points
and 512 time increments. The treatment of the 2D map was realized
with a QSINE sequence.
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Fig. 4 3'P NMR chemical shift variations as a function of [B-CyD]
JITPPTS] ratio. [TPPTS]: 3 x 107> M. 3'P{H} NMR spectra (121
MHz) were recorded in H,O at 298 K.
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Fig. 5 Derivative of the absorption spectra of TPPTS at varying
B-CyD concentrations in pH 6.2 phosphate buffer at 298 K.
[TPPTS]: 10~* M. [B-CyD]: (4) 0, (B) 0.88 x 1073,(C) 5 x 1073 M.

The above results strongly suggest that the inclusion of
TPPTS into the cavity of B-CyD is a complex process that
leads to the formation of various complexes in equilibrium.
Further investigations are currently under way to determine
the number of inclusion complexes, their stoichiometry, their
association constants and their geometry.

The formation of inclusion complexes between TPPTS and
v-CyD or a-CyD has also been investigated by NMR spec-
troscopy. The *H NMR spectrum of a 1 :1 mixture of y-CyD
and TPPTS reveals shifts to lower frequencies for the signal
associated with H-3 and H-5, indicating that adduct forma-
tion is occurring in a manner analogous to that demonstrated
above for B-CyD. No chemical shift changes were observed in
the spectrum of a-CyD in the presence of TPPTS, indicating
the absence of inclusion complexes. The shape and size of
a-CyD are likely to be less suitable for the TPPTS ligand than
those of - and y-CyD.

In conclusion, our work demonstrates for the first time that
B- and y-cyclodextrins form inclusion complexes with TPPTS.
During the complexation process, the phosphorus atom of
TPPTS is likely to be included in the hydrophobic cavity.
This result has important implications in aqueous biphasic
reactions: CyDs must not be considered just as inverse phase
transfer catalysts but also as compounds that can modify the
equilibrium between the different catalytic species by trapping
the ligand.> Under particular conditions, the generation of
new and more active species may also occur. Finally, some
fruitful developments in host-guest chemistry or in separation
technology could also be envisaged in the near future.
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[COMP] = — % {(Ki +[CD1, + [TPPPTS]T)

1/2

— 4[CD], - [TPPTS]T}

1/1
+3 (E + [CD1, + [TPPTS]T> @

where K, and T stand for formation constant and total, respec-
tively. For a given value of K;, [COMP] is known and gcqyp may

472 New J. Chem., 1999, 23, 469472

be calculated from eqn. (1) for each value of [CD];. The standard
deviation over gcgyp then has to be minimized relative to K.
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method with methyl orange, with the TPPTS concentration was
fixed at 1073 M.
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