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Molecular evolution incorporating the dynamic combi-
natorial library (DCL) approach has identified new host
guest systemsTwo key features of molecular evolution are
the selection and amplification of a particular species in the
DCL. A DCL allows for a reversible equilibrium of library
members in which a concentration change in one library
member results in a new equilibrium distribution following
Le Chatelier’s principle. The molecular recognition event
in the DCL induces the stabilization of the fittest binder,
resulting in the shift of the equilibrium, amplifying the fittest

binder with a decrease of others. To date, a number of DCLs
have been prepared using such diverse chemical reaction

as intermolecular transesterificatibenzyme catalyzed pep-
tide-bond exchanggjmine bond exchange of hydrazones
or oximes? olefin metathesi8,disulfide bond exchangge,
photoisomerizatior hydrogen bond exchand&nd metat-
ligand coordinatiod.Although some DCLs have successfully
demonstrated molecular evolution’s proof of concept, the
development of a highly efficient, practical system remained
challenging. An ideal molecular evolution system requires
an even distribution of the DCL components, an efficient

selection method, and a nondestructive/continuous equi-

librium in order to generate a “winning” binder for ampli-
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fication. Herein, we report a highly efficient molecular

evolution system utilizing intramolecular acyl migration on

a carbohydrate scaffold coupled with boronic acid as a
selector.

We have chosen hexahydroxyl cyclohexane (inositol) for
our intramolecular acyl migration model system. In these
molecules, each free hydroxyl group behaves as a nucleophile
by attacking neighboring acyl groups, thus generating various
regioisomers. Under basic conditions (pyridine/water), it was
previously reported that benzoyl migration mycinositol
(with five equatorial and one axial OH’s) generates an almost
equimolar amount of nine regioisoméfsTo maximize the
geometric diversity among regioisomers, we choké&o-
inositol (with two vicinal axial OH’s and four equatorial OH)
as DCL scaffold. Thus 1,4-dibenzogihro-inositol was
synthesizett and investigated for optimization of the DCL
generationChiro-inositol dibenzoate generates a total of nine
regioisomers upon full equilibration (Scheme 1). A series
of bases, including pyridine, DMAP, DABCO, DIEA,
BEMP, DBU, and NaOH in aprotic solvents (DMF, DMSO,
CH3CN), all with and without water, have been evaluated.
While several conditions induced benzoyl migration at a
reasonable rate, generally speaking, increasing amounts of
water not only accelerated the formation of the DCL (due

%0 the increased polarity of solvent), but also increased the

extent of hydrolysis of the benzoyl group. In addition, the
migration rate strongly depends on the concentration &ad p
of the base and temperature. To minimize debenzoylation,
we selected anhydrous acetonitrile as the solvent with DBU
as a base. The optimal condition consisted of 1,4-dibenzoyl-
chiro-inositol (5, 1 mg) and DBU (30uL, 79 equiv) in
acetonitrile (1 mL), yielding full migration withi 1 h atroom
temperature. Generation of the nine isomers was confirmed
by mass spectrometry and UV analysis using LC/MS (Figure
la and b) (See the Supporting Information for mass
spectrum).

Since it is well-known that boronic acids form five-
membered cyclic esters, preferably with jdiols, in sugar
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Figure 1. (a) HPLC chromatogram (C18 column: 46150 mm, eluted with 18% acetonitrile in water)aifiro-1(1,4)Bz (5) before base
addition. (b) Chromatogram of the DCIt & h after addition of DBU with 8% o¥. (¢) Chromatogram of the DCLt& h after addition of
PhB(OH) (2 equiv) with 43% of7. (d) Chromatogram of the DCLt& h after addition of PhB(OH)(32 equiv) with 82% of7. The

percentage of each isomer was calculated on the basis of the integration in the HPLC trace at 250 nm.

Scheme 1.Library Members Generated by Acyl Migration and the Selected Component upon Treatment with Phenyl Boronic
Acid
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systems?12it was envisioned that only one isomer out of chiro-inositol dibenzoates in the presence of DBU. A
the nine, 3,4-dibenzoydhiro-inositol, which carries two cis-  dramatic equilibrium shift of mixtures toward componé&nt
vicinal diols, would have a higher binding affinity for two characterized as 3,4-dibenzagtiro-inositol by a separate
boronic acids, thus stopping further migration. Furthermore, synthesis}! was demonstrated (Figure 1d). Isondeinitially
it was also reported that the binding affinity of boronic acid 8% of the equilibrium mixture (Figure 1b) became the major
with a sugar depends on the pH of the médiat pHs lower constituent of the library (82%hi7 h after treatment with
than the K, of boronic acid (acidic conditions), coupling DBU, demonstrating an enrichment factor of 10.3 (Figure
between the boronic acid and a sugar is disfavored, wherea<).
the coupling is favored at pHs over th&of boronic acid It was envisioned that the nine regioisomers generated
(basic conditions). from compound5 would initially couple with one phenyl
To test the above hypothesis, a portion of phenyl boronic boronic acid at the moment omés diol in any component
acid (32 equiv) was added to the equilibrium mixture of the is exposed from benzoyl migration. Following that, the
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Figure 2. The amplification of7 using various amounts of phenyl

boronic acid &7 h after preequilibrium. Reaction conditionshiro-

1(1,4)Bz (5) (1 mg), DBU (30uL, 79 equiv) in acetonitrile (1 mL)

for 1 h, and then various amounts of phenyl boronic acid.

monoboronic acid-coupled component will undergo further
acyl migration until a secondsdiol is exposed and trapped
by yet another phenyl boronic acid (Scheme 1). Benzoyl
migration will terminate when twais diols of 3,4-dibenzoyl
chiro-inositol couple with two boronic acids, since free
hydroxyl groups are no longer available. This effectively
isolates this component from the equilibrating DCL, resulting
in an accumulation of the “winning” binder. Thus, increased
amounts of boronic acid will shift the equilibrium toward
the selected compound, With 1, 2, 6, and 32 equiv of
phenyl boronic acid, the final amount @fwas 25, 43, 67,
and 82%, respectively; however, amounts of phenyl boronic
acid in excess of 32 equiv did not further amplify{Figure
2).*The final distribution of the regioisomers is “quenched”
by treating the reaction mixture with acetic acid that stops
acyl migration. This “quenched” distribution allowed for a
practical isolation of the product with the column chroma-
tography purification, resulting in 72% recovery dfas a
pure isomer.

We have demonstrated an efficient molecular evolution
model by combining the base-catalyzed intramolecular acyl
migration of inositol dibenzoate and a boronic acid selector.
In the current example, we could amplify and accumulate
up to 82% of the equilibrium mixture one componer,
out of a total of nine isomers originating frobn As a result,
speciess (Figure 1a) has been efficiently evolved info
(Figure 1d) with a boronic acid selector via nine mutants
(Figure 1b). This is the first application of a boronic
acid used to select and amplify a carbohydrate member of a
DCL through intramolecular acyl migration. Further studies
using various boronic acids on other sugar derivatives and
with a more diverse library are under investigation in our
laboratory.
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