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The a,0'-dibromo-o-xylylene cap has been installed at the
secondary hydroxyls of a single glucopyranosyl residue in
cyclodextrins in one pot and with total regioselectivity; the
resulting cyclic ether acts as a removable hinge, allowing
selective elaboration of the secondary face and modulating both
the self-association and the inclusion capabilities of the hosts.

Applications of cyclomaltooligosaccharide (cyclodextrin, CD)
derivatives in fields such as site-specific drug delivery,' artificial
enzymes,” catalysis,” molecular machines* or supramolecular
sensing” critically depend on the development of efficient methods
to manipulate their topology and recognition features with the
environment.° Despite intense efforts, most of the current methods
are restricted to the mono-, per- or oligofunctionalization at the
primary hydroxyl rim. Regioselective modification at two hydro-
xyls offers the opportunity to graft a set of pendant (“flexible
caps”) or two-point bridging groups (“rigid caps”) appropriately
arranged to act cooperatively in complexation, chelation or
catalysis.” A guest-sensitive group linked through a bidentate
hinge at the cavity entrance may additionally act as a functional
element to modulate aggregation and inclusion capabilities.
Although the wider secondary rim shows a very high interest for
such goals, the difficulties associated with primary vs. secondary
hydroxyl reactivity competition as well as positional isomerism
makes difunctionalization at this face a far more complicated
challenge.®

Herein we report the successful one-pot regioselective differ-
entiation of both secondary hydroxyls of a single D-glucopyranosyl
residue in CDs by using o,0'-dibromo-o-xylene as a complemen-
tary group for the rans-diequatorial 1,2-diol segment.” Treatment
of CDs 1-3 with the above reagent in DMSO in the presence
of lithium diisopropylamide (LDA) afforded the corresponding
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2'.3%-0-(o-xylylene) derivatives 4-6 in 28-33% yield after a simple
silica gel column chromatography (Scheme 1).

The regioselectivity of this direct di-O-etherification reaction is
remarkable. Statistical calculations indicate that 27, 33 and 36
regioisomers are possible for di-O-protection of o, f and yCD,
respectively, of which only one is obtained in the three cases. Only
traces of the products of monosubstitution at the primary position
0-6 were detected by HPLC and MS (secondary vs. primary
position reaction ratio >20 : 1).

The combination of free and xylylene-protected hydroxyls in
the CD platform, formally equivalent to a regioselective di-
O-benzylation at the wider secondary rim, offers new and very
versatile possibilities to introduce molecular diversity in a
controlled manner.'® The method is particularly powerful given
that removal of the o-xylylene group can be effected cleanly and
quantitatively, after elaboration of some or all the other hydroxyls,
by standard hydrogenolysis to regenerate the diol with the original
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Scheme 1 One-pot synthesis of the 2',3-0-(o-xylylene-capped) cyclodex-
trin derivatives 4-6.
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configurational pattern. The synthetic utility of the selective

protection in the BCD series is highlighted in Scheme 2.
Silylation of the primary hydroxyl groups of 5 (—7), subsequent

methylation of the secondary hydroxyls (—8) and hydrolysis of the

R
58 Rwa?

8, R = TBDMS
TFA HZO 96% E
75% 9,R=H

Mel, NaH
DM
HO

TBDMSO o)

OTBDMS OH
TBDMSO

OTBDMS
TBDMSO ¢
OTBDMS
OTBDMS 0

OH
TBDMSCI

93%

MeO OMe 99% —5|
(]
MeQ 5 ° MeO ‘/I\/Iel
N NaH, DMF

MeO
OMe OMe

Hy, Pd/C, HCOOH | 98% /ﬁﬁ; Z%\
OMe

MeO—\ 0 OMe
11 R=H

Ac,0, pyridine, 84/0 12,R = Ac

Scheme 2 Synthesis of selectively modified B-cyclodextrin derivatives via
the corresponding 2",3"-0-(o-xylylene) derivative 5.

silyl ether groups afforded the face-differentiated derivative 9.
Direct methylation of 5 afforded the 2",3'-0-(o-xylylene)-capped
TRIMEB (per-O-Me BCD; R = Me in 11) analogue 10, which
after hydrogenolysis provided 11 having two vicinal free OH
groups at the secondary face suitable for further functionalization.
Acetylation yielded the corresponding diacetate 12, whose 'H
NMR spectrum showed the expected lowfield shift of the H-2" and
H-3" resonances.

Molecular modeling} suggested that the mobility of the
aromatic ring in xylylene-capped derivatives is considerably
restricted as compared with monosubstituted compounds, the
unsaturated cyclic diether acting as a hinge that prevents self-
inclusion. Accordingly, NOE experiments for 10 at low (<1 mM)
concentration in D,O indicated through-space relationships
between the aromatic protons and methyl groups, in agreement
with a prevalent “capped” conformation with the xylylene moiety
lying over the wider rim of the CD torus. Dynamic '"H NMR
evidenced, however, the existence of fast chemical exchange
processes, suggesting a temperature dependent conformational
change from the “capped” to the “open” arrangement. Variable-
concentration NMR  spectra unambiguously pointed to an
aggregation phenomena associated to that conformational change.
The process was fully reversible and was disrupted in CDCl;
solution, supporting the hydrophobic nature of the interactions at
work. From the chemical shift variations of spectra recorded at
25 °C for different concentrations, an association number 7 = 2
was derived (Fig. 1).!!
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Fig. 1 Schematic representation of the conformational and aggregation
equilibria for compound 10.

Fluorescent decay measurements (Ao, = 260 nm; ., = 288 nm)
further supported the existence of an enthalpy-driven monomer/
dimer equilibrium. Thus, in addition to a short lifetime component
(0.1-0.4 ns), due to an small solvent scattering contribution, two
other main components of 3.5-5 and 8-15 ns, ascribable to the
monomer and dimer species, respectively, were identified. The
dimerization equilibrium constant (K = 200 + 85 M ! at 25 °C)
was obtained from nonlinear regression analysis of the plot of the
intensity weighted average lifetime (7) against concentration of 10.
A standard van’t Hoff analysis for K values obtained in the
5-45 °C temperature range yielded AH® = —22.7 + 4.4 kJ mol !
and AS° = —34 + 15 J K~ ' mol™! (Fig. 2).

The monomer/dimer equilibrium is fast at room temperature in
the NMR time scale, meaning that a fast “capping”/“opening” of
the wider entrance to the cavity also operates, thereby endowing
these hinged CDs with an additional selection mechanism against
guests. In a proof-of-principle study, the association constant (K,s)
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Fig. 2 Average lifetimes as a function of total concentration of 10 to
determine K at different temperatures (a) and linear van’t Hoff plot for the
monomer-to-dimer equilibrium (b).

for the 10: octyl B-D-glucopyranoside (OG) complex showed a
three-fold increase as compared with the corresponding complex
between TRIMEB and OG (350 + 10 vs. 115 + 2 M,
respectively),'> which must be attributed, essentially, to specific
interactions implying the xylylene cap. The observation of NOE
contacts between aromatic protons in the host and sugar protons

in OG strongly supports this assumption (Fig. 3).*
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Fig. 3 Binding isotherm for the 10: OG complex. A three-dimensional
model is depicted.

In summary, we have reported the first successful preparation of
2'.3%-0O-capped CDs. The incorporation of the o-xylylene group to
the vicinal diol system is effected in one-pot with high regioselec-
tivity. The resulting selectively protected derivatives are important
intermediates for selective difunctionalization of CDs at the
secondary face and can be considered as a new type of hinged
receptors for molecular recognition.
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