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methyl-2-pentanone and 80% ee for 3,3-dimethyl-2-butanone
(entries 11-14). On the other hand, asymmetric reduction
of functionalized ketones, such as 2-chloroacetophenone, me-
thyl benzoylformate and 1,1-dimethoxypropanone provided
the corresponding (S)-alcohols of 58-68% e¢e (entries 9, 10
and 16). In this case, (S)-configurations of product alcohols
obtained is due to notations by the sequence rule.

In the asymmetric borane reduction of acetophenone using
1, a catalytic amount less than 10 mol% of 1 gave the alcohol
with lower enantiomeric excess, such as 71% ee with 2 mol%
and 73% ee with 5 mol% (entries 1 and 2). When the reac-
tion was carried out at 0 C, the alcohol of 42% ee was ob-
tained (entry 4). Rapid mixing of all the reagents followed
by quenching and workup after 10 min afforded the alcohol
with 33% ee (entry 5). Decrease of enantioselectivities at low
concentration of 1, at low temperature or at high concentra-
tion of the ketone as described above is attributable to a
consequence of competing uncatalyzed reductions by borane
itself.

The following procedure is representative. To a mixture
of 1 (0.3 M, 02 mmol) and BH,-THF (0.9 M, 1.2 mmol) in
THF was added acetophenone (0.5 M, 2.0 mmol} in THF
over a period of 1 h ¢#a a syringe pump at room temperature
{ca. 25 C). After 10 min, the reaction mixture was quenched
by the addition of 1 N HCl and solvent was removed in
vacuo. The residue was basified with 1 N NaOH and extract-
ed with ether. The combined extracts were dried over an-
hydrous MgS0O,. GC analysis showed the formation of 1-
phenylethanol in a 98% yield. The solvent was evaporated
under reduced pressure and the product alcohol was isolated
by bulb-to-bulb distillation in vacuo. Optical purity of the
product alcohol was determined by capillary GC analysis of
(R)-MTPA ester using a 50 m methyl silicon column to show
81% e¢e, R.

In conclusion, this is the first example for asymmetric bo-
rane reduction of ketones using a new class of chiral oxaza-
borolidine (1) obtained from D-mannitol as a catalyst. The
borane asymmetric reduction of several kinds of prochiral
ketones with 10 mol% of 1 provided the corresponding alcoh-
ols with moderate enantioselectivities of up to 81% ee.
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There has been much recent research interest on the de-
velopment of the stimuli responsive host systems.'? The most
common tools employed are the changes in pH, along with
the thermal, light, and chemical stimuli such as redox reac-
tions. Ionizable crown ethers are one of the most attractive
ionophoric systems studied so far for the construction of
a functional ionophore system by responding to the changes
in pH3

Kemp's triacid has been widely utilized for the develop-
ments of novel host systems by utilizing its unique and rigid
U-shaped relationship between carboxylic acid functions.
Some of the ionophoric ligands employing Kemp's triacid
structural motif were also reported and their binding proper-
ties for the recognition of various metal ions were investi-
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gated.>"® In this case, combination of the Kemp’s triacid fun-
ction with suitable binding site might result in a new host
system with high degree of convergency of ligating groups.
As a binding site for the jonic recognition of metal cations,
well-characterized crown ether moieties were employed,® but
no pH-responsive systems was reported. In this work, we
have prepared a new pH-responsive ionophoric system of
carboxylic acid-capped crown ethers by employing conver-
gent structural characteristics of Kemp’s triacid and charac-
terized their ion binding properties.

Crown ethers containing Kemp's triacid moiety were pre-
pared by the reaction of a well mixed 1:1 mixture of suit-
able aminomethyl crown ethers and Kemp's triacid in neat
at 200 C under argon atmosphere as shown in Scheme.'
The crude reaction products were purified by the column
chromatography (silica gel, solvent; CH.Cl,: MeOH=9:1,
v/v), and light yellow colored products were obtained in good
yield (80-85%)."

The preliminary ionophoric properties of the prepared li-
gands were investigated by the competitive solvent extraction
experiments. The aqueous phase (buffered at pH=9 with
Tris-HCI buffer), which contains 1.0 mM of alkali metal or
alkaline earth metal cation mixture, was extracted with CHCl;
solution containing 50 mM of ligand. The separated organic
phase was back-extracted with 0.1 M HCl solution,'* and
the amount of the back-extracted metal cation was deter-
mined by inductively coupled plasma (ICP) atomic absorption
analysis (Table 1). The extraction experiment was performed
under competitive condition to assess the real discrimination
characteristics of the ligand toward individual metal cation
among the alkali or alkaline earth metal cation mixture.

As can be seen from the Table 1, compounds 1-3 exhibit
efficient and selective extraction behaviors for the alkali met-
al cation. For example, 1 and 2 showed prominent selectivity
toward Na™, while 3 exhibited selectivity toward K* ion
among alkali metal cations. The compounds 1-3 are capable
of discriminating the metal guest ions by utilizing the crown
ether moiety, in addition to the neutralization process of the
carboxylic acid function that is convergent toward crown
ether and functions as a pH responding site. However, for
alkaline earth metal cations as guests, the extraction effi-
ciency is much inferior as expected from the formation of
charged complexes, by the combination of a carboxylate and
a doubly charged alkaline earth metal cation. That is, the
complexes formed with the alkaline earth metal cation are
still singly charged and need extra counterion to maintain
the electroneutrality for the efficient extraction into organic

Table 1. Competitive Extraction of Alkali and Alkaline Earth
Metal Cations

Extractability (%)

Ligand
Li*  Na* K Mg* Ca®* S Ba*
1 2.7 121 16 22 43 <10 26
2 45 279 3.7 38 101 <10 <10
3 11 194 249 13 40 11 11

Aqueous phase: mixture of metal chlorides in Tris buffer (pH=9,
each in 1.0 mM, 2.0 mL). Organic phase: 5.0 mM of the ligand
in CHCl: (20 mL). At 25 €, Determined by ICP,
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solvent, while for alkali metal cation the complex formed
is neutral itself with the carboxylate function acting both
as a ligand and counterion for the singly charged guest ion.”
Furthermore, the selectivity pattern is less pronounced for
the alkaline earth metal cations. However, interesting thing
is that all of the tested ligands showed moderate selectivity
toward Ca®?*, irrespective of the ring size of the crown
moiety. This observation suggests that in the case of alkaline
earth metal cations, the carboxylate moiety plays a key role
in binding the metal cations, and crown moiety seems to
participate less significantly in the binding process,

To have further insight into the ionophoric behavior of
the ligands, competitive transport experiments were perfor-
med (Table 2). Competitive transport of alkali or alkaline
earth metal cation mixtures from slightly alkaline solution
(pH 9, buffered with a Tris-HCI buffer) into acidic receiving
phase (0.1 M HCI solution) through chloroform liquid mem-
brane {containing 50 mM of the carrier) was conducted. The
transport experiments were performed with a U-tube appara-
tus at 26 C with constant stirring for 24 h and the amount
of transported guest ions was determined by ICP method,
The transport experiments showed that the ligands have
unique selectivity toward alkali metal cations. The 15-crown-
5 and 18-crown-6 analogs of the series exhibited particularly
selective transport behavior. That is, 2 and 3 exhibited sig-
nificant selectivity for Na* and K* ion, respectively, corres-
ponding to their best fitting crown ether ring size. For exam-
ple, the selectivity ratio of 2 for the transport of Na* over
Li* and K* was 18 and 83, respectively. For 3, the transport
selectivity toward K* over Li* and Na® was reached about

Table 2. Competitive Transport of Alkali and Alkaline Earth
Metal Cations through Chloroform Liguid Membrane

Transport rate (X10% mol/h)
Li* Na* K* Mg* Ca** S Batt
1 043 294 678 056 762 128 397

z 231 432 052 062 774 283 194
3 051 915 603 037 843 564 356

Carrier

Transport conditions: source phase; a mixture of metal chlorides
each in 0.1 M (pH=9.0, Tris buffer, 5.0 mL), membrane; 5.0
mM of the carrier in CHCl; (15.0 mL), receiving phase; 0.1 M
of HCl (50 mL). At 25 C. Determined by ICP.
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Figure 1. MM+ optimized structures of (a} 2+Na* and (b) 2-
K* complexes.

120 and 6.6, respectively. These results suggest that the
transport rate is largely governed by the nature of the crown
ether moiety for alkali metal cations, implying again the
strong participation of the crown moiety in the complex for-
mation. The transport efficiency and the selectivity of Kemp’s
triacid based carriers toward the alkaline earth metal cations
are not so prominent, but all showed moderate selectivity
toward Ca** ion.

The selectivity pattern of the ionophores 1-3 toward alkali
metal cations was attempted to interpret by the molecular
modeling studies using HyperChem package.'® The repre-
sentative MM+ geometry optimized structures of the comp-
lex for 2, with AM1 calculated charges, are given in Figure
1 for Na* and K* ion as guest. The optimized structure
of the complex suggests that the crown ether moiety and
carboxylate function are converging each other toward metal
cationic guest. In case of Na* ion, the metal ion sits snugly
on the compact pseudo-cavity comprising the crown ring and
the appended carboxylate function, interacting efficiently
with both sites. On the other hand, with K* ion as a guest,
the ligand 2 does not provide sufficient space for the com-
plete accommodation of the guest ion, results in having so-
mewhat opened and perching structure, That might be one
of the reasons for the less efficient ionophoric interaction
with K* guest compared with Na* ion.

All these observations suggest that the crown ethers bear-
ing Kemp’s triacid moiety has suitable structural and iono-
phoric properties for the ionic recognition of alkali metal
cations, by combining suitably crown ether moiety as a reco-
gnition site and ionizable carboxylic acid group as a pH-res-
ponding site.
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