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Specific sensing between inositol epimers by a bis(boronate)
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Abstract—Bis(boronates) that utilize internal photoinduced electron transfer (PET) quenching mechanisms can specifically signal
the binding of chiro-inositol without responding to its epimer, myo-inositol.

© 2005 Elsevier Ltd. All rights reserved.

One important aspect of drug development, especially
for drugs involved in clinical trials, is the monitoring
of metabolism in vivo. Concentrations of the drug in
serum and measurements of the amount of secreted drug
are parameters that can be used to adjust the dosage of
administrated drug and drug delivery formulations so
that the full potential of the drug may be realized. The
compound D-(+)-chiro-inositol (DCI, 1) has been inves-
tigated in clinical trials for two therapeutic applications:
as an oral sensitizer for type-2 diabetes' and as a first
line therapy for polycystic ovarian syndrome (PCOS).
Currently, serum concentrations and excretion rates
for DCI are monitored using time-consuming HPLC as-
says. A fluorescence assay that is selective for DCI over
its biologically more-prevalent epimer myo-inositol (2)
would significantly increase the speed with which biolog-
ical samples could be screened for DCI, and work to
develop such a method is described here. To date, a
chemosensor that responds specifically to only one of
two cyclitol epimers has not been reported.

DCI is a naturally occurring cyclitol found in substan-
tial quantities in a number of plants including the pine
tree and soybean plant. It was first cited in 1993 that
there was a strong correlation between insulin resistance
and DCI deficiencies in the urine and serum of diabet-
ics.? Furthermore, it was found that DCI excretion is
an index marker for insulin sensitivity.> Similarly, the
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same deficiencies were observed for women diagnosed
with PCOS, which has a known relationship to insulin
resistance.*> Recently, a putative insulin mediator
(PIM) containing DCI linked through the 4-OH to a
B-galactosamine residue was reported by Insmed and
collaborators at the University of Virginia.® It appears
to be the first known B-1,4-linked inositol glycan from
animals that displays insulin mimetic properties.

Cyclitols and their phosphates are abundant in nature
and fulfill many different biochemical roles and this
has inspired chemists to create synthetic receptors for
these systems.”® For example, in addition to his seminal
work on inositol triphosphate receptors,” Anslyn and
co-workers have developed receptors with preorganized
hydrogen bonding sites that accommodate simple cycli-
tol guests.” The chiro-inositols are two of nine possible
inositol isomers and the only chiral isomers, thus the
prefix indicating this.'® Contributing to its C,-symmetry
is the presence of contiguous cis-1,2-diols, a structural
feature that can be exploited by the affinity of boronic
acids for vicinal diols. Boronic acids have become widely
used as carbohydrate sensors due to their ability to ex-
change covalent bonds with polyols in aqueous solu-
tion.!! To date, these have not previously been
incorporated into the design of receptors for cyclitols.

Aminoboronates are useful photoinduced -electron
transfer (PET) sensors of polyol binding. Upon esterifi-
cation, the boron generally becomes more electrophilic
and interaction with the nitrogen lone pair is strength-
ened.'> This interrupts the PET quenching pathway
and allows increased fluorescence that can be measured
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quantitatively as a signal for binding. James et al. first
described the use of this method with a §-aminoboro-
nate coupled to an anthracene core'® and showed that
a bis(boronate) analog of this system displayed nearly
two orders of magnitude greater affinity for glucose.'*
Using a similar strategy with the binaphthol receptor
3, they first reported chiral discrimination in the sensing
of p-glucose with a single enantiomer of this bis(boro-
nate).!> Previously, we showed that Shinkai’s glucose
receptor 3 also has high affinity for tartaric acid'® and
sought to apply this compound to the fluorescent detec-
tion of DCI.

Use of a bis(boronate) such as 3 for sensing DCI offers
several advantages. First, the contiguous cis-1,2-diols of
DCI should allow it to bind two boronates quite readi-
ly.!” In addition, while myo-inositol contains two
hydroxyl groups that are in a cis relationship to the lone
axial hydroxyl group, binding of a single boronate at
this point of symmetry would leave a trans relationship
among all of the remaining free hydroxyl groups, virtu-
ally precluding formation of a second boronate ester.
This means a bis(6-aminoboronate) receptor would not
report the binding of a single boronate to myo-inositol
due to PET quenching from the amine adjacent to the
free boronate. Finally, initial molecular modeling results
suggested that 3 could bind DCI while allowing both
amines to coordinate their respective boronate esters.'®
In total, this would allow for selective detection of
DCT in the presence of myo-inositoll.

Shinkai’s receptor 3 was synthesized in racemic form
using the modification described previously.!® The
fluorescent response of this compound to both DCI
and myo-inositol was monitored and as the results in
Figure 2 demonstrate, rac-3 responds to the presence
of DCI at millimolar concentrations (K, = ca.
125M™") while remaining ‘silent’ to myo-inositol at
concentrations as high as 1 M. We propose that the
aforementioned inability of myo-inositol to interact
with both boronates of 3 in a 1:1 complex likely ac-
counts for the lack of fluorescent response. While the
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Figure 1. Inositol epimers and receptors used herein.
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Figure 2. Fluorescent measurement of D-glucose, D-chiro-inositol (1),
and myo-inositol (2) affinities for rac-3.1¢

affinity and fluorescent response of 3 are much larger
toward glucose, samples could be treated enzymatically
a priori to remove undesired sugars from a biological
sample. Thus, the indicated specificity between inositol
epimers is important as the proposed fluorescence
assays have the potential for higher throughput of
biological/clinical samples relative to time-intensive
HPLC methods. What remains is to develop a bis(bor-
onate) with a higher affinity for DCI.

Unlike 3, receptors such as 4 and 5 can distinguish be-
tween 1 and 2 selectively, but not specifically. Once a
single cis-diol binds to either of these receptors, PET
quenching will occur. Monovalent ligands such as malic
acid can generate a fluorescent response from 3 at high
millimolar concentrations, but a-hydroxyacids generally
have a higher affinity for boronates than diols do.'® The
interaction of myo-inositol with a single boronic acid
was confirmed with the simplified receptor 4. While it
lacks some of the steric constraints of the bis(boronate),
it maintains the d-aminoboronate PET sensing arrange-
ment. This compound was synthesized from 9-anthra-
Idehyde using consecutive reductive amination
reactions involving benzylamine (90%) and o-form-
ylphenylboronic acid (79%).!® The affinity of 4 for
myo-inositol is larger than that observed for galactose
and mannose, both of which are documented as having
a higher affinity for benzeneboronic acid than glucose
(Table 1).'? In addition, a-galactose has the same con-
tiguous cis-1,2-diol arrangement as DCI. This further
supports the argument that the bis(boronate) 3, while
possessing the ability to form a 1:1 complex with myo-
inositol by esterification of a single boronate, does not
signal this interaction through an increase in fluorescent
intensity since the second boronate cannot bind the
cyclitol and shut down PET from its proximal amine.
Such a feature makes 3, and presumably other
bis(aminoboronates), useful sensors for the detection
of DCI in the presence of myo-inositol even though its
affinity for both boronates in 3 is less than myo-inositol’s
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Table 1. Association constants with 4 in 99:1 10 mM aq phosphate
(pH 7.8)/MeOH

Carbohydrate K, (10°M™h 11,
myo-Inositol 35 L5
D-Galactose 2.3 1.7
D-Mannose 1.8 1.4

affinity for a monoboronate. Here, the mechanism of
signaling takes precedent over raw affinity for particular
guests.!” While further understanding of the exact nat-
ure of the binding event is needed, this is the first report
of epimer specific chemosensing with a synthetic
receptor.?’
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