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2,2'-Bipyridine-4,4'-diboronic acid (2), a 2,2'-bipyridine derivative with sugar-
binding sites was synthesized. The A vs. A chirality of the Fe2+-23 complex was
selectively generated in correlation with the absolute configuration of added saccharides.

Boronic acids, which have been known since a long time ago to form covalently-bonded complexes with
diols in an aqueous system, now attract a great deal of attention as a new interactive tool for sugar recognition.1-8)
We previously designed compound 1 to recognize disaccharides: the distance between two boronic acids in 1 with
a syn conformation is ca. 7.4 A, which is comparable with the distance between 1,2-diols and 4',6'-diols in
disaccharides (assuming a linear conformation) serving as boronic-acid-binding sites.5) Interestingly, only when
1 formed cyclic 1:1 complexes with disaccharides (e.g., D-maltose, D-cellobiose, and D-lactose), clear exciton
coupling bands appeared in circular dichroism (CD) spectroscopy because of asymmetric immobilization of the
two benzene rings.5) We considered that this concept could be further extended to the generation of novel sugar-
assisted asymmetry, for example, A vs. A metal complexes by using 2 as a metal ligand: that is, the chirality
generated in 2 through the complexation with disaccharides would be eventually reflected as the A vs. A
enantioselectivity in the metal-23 complex. To test the feasibility of this idea we synthesized 2 according to
Scheme 19) and estimated the chirality of the Fe2+ complexes in the presence of saccharides by CD

spectroscopy.10)

(HO).B B(OH), (HO)zB\ B(OH),
/
—
W)\ L2
1 2
Br, Br
7 N/ \y abecd 7/ N_/ \y _e .
—N N— —N N=—

Conditions: a) H,0,/CH3;COOH b) fuming HNOg/fuming H,SO, c) CH;COBr/CH;COOH
d) PBr3/CHCI3 e) (i) n-BuLi/THF, -90 °C (ii) B(O/Pr)3/THF, -90 °C (iii) H,O

Scheme 1.



1268 Chemistry Letters, 1994

Compound 2 was identified by IR, 1H NMR, and mass spectral evidence.11) Figure 1 shows the CD
spectra of 2 in the presence of D-maltose ([0]205 = -2900 deg cm?2 dmol-!) or D-cellobiose ([0]212 = 6600 deg
cm? dmol-!). Itis known that 1 shows the negative exciton coupling with the negative first Cotton effect and the
positive second Cotton effect in the presence of D-maltose and the positive exciton coupling with the positive first
Cotton effect and the negative second Cotton effect in the presence of D-cellobiose.5) The coincidence between
the CD sign in Fig. 1 and that of the first Cotton effect in the disaccharide-1 complexes suggests that the bands in
Fig. 1 correspond to the first Cotton effect in the exciton coupling.

A plot of [0]205 against D-maltose concentration is shown in Fig. 2. The concentration dependence is
biphasic with a [0]205 minimum. Other disaccharides also showed a similar dependence. A similar
concentration dependence was previously observed for 1.5) This is rationalized by the successive complex
formation from a CD active cyclic 1:1 complex at the low disaccharide concentration to a CD-silent noncyclic 1:2
1 (or 2) / disaccharide complex at the high disaccharide concentration (Scheme 2).12)
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Fig. 1. CD spectra of 2 (5.0 mM) in the presence of [D-maltose] / M
D-maltose (50 mM, ) or D-cellobiose (50 Fig. 2. Plot of [8]205 vs. [D-maltose]: 25 °C, pH
mM, ----- ) and absorption spectrum of 2 (32.4 =10.5, [2] = 5.0 mM.
mM): 25 °C, pH = 10.5.
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Very interestingly, we found that when Fe2+
(added as FeCly) is added to the solution containing the
disaccharide-2 complex, the CD spectrum with an
exciton coupling band appears at the metal-ligand
charge-transfer (MLCT) band region (Fig.’ 3). The
same CD spectrum was produced when disaccharide
was added to the solution containing the Fe2+-23
complex.
[Fe(2,2-bipyridine)3]2+ is CD silent even in the
presence of disaccharides. Hence, the CD-activity is

Separately, we confirmed that the

attributable to the generation of chiral Fe2+ complexes
which is originated from the disaccharide-diboronic
acid interaction. Figure 3 shows that Fe2+(2-D-
maltose)3 adopts A chirality while Fe2+(2-D-
cellobiose)3 adopts A chirality.13)

Figure 4 shows a plot of [8]556 ([6] minimum)
and [0]480 ([6] maximum) at the MLCT band region
vs. D-maltose concentration. Strangely, the MLCT
band region is still CD active in the presence of excess
D-maltose while 2 itself becomes CD-silent.5) This
implies that in 2 the intramolecular cross-link of two
boronic acids is indispensable to the CD-activity
whereas in Fe2+-(2-disaccharide)s it is not a
prerequisite to the CD-activity. This was further
corroborated by the CD-activity observed in the
presence of D-glucose 1-phosphate ([0]s43 = -1000,
[8]512 = 0, and [0]480 = 540 deg cm?Z dmol! ), D-
glucose 6-phosphate ([0]s61 = 1600, [0]524 = 0, and
[0]4g6 = -870 deg cm2? dmol-l), and a-methyl D-
glucopyranoside ([6]563 = -2700, [0]522 = 0, and
[0]1481 = 1700 deg cm? dmol-1) which have only one
boronic-acid-binding site and cannot cross-link two
boronic acids intramolecularly (Fig. 5). The results
indicate that the A =~ A interconversion can take
place even 4 °C and the CD sign for the
thermodynamically more stable enantiomer appears.

At present we cannot yet determine the optical
purity of the Fe2+(2-disaccharide)3 complexes because
the effort toward the optical resolution (we have tried
the resolution by chiral-packed columns, diastereomer

formation with tartaric acid, efc.) is unsuccessful so far.

1269

(—) 4 | AL ASL AL NN BT SN B B B B L B
_g r J
NE 2 x4 __
S g = h €7 " "--4 _
g) o \/ I<_>
° i g g
2 -1 -
m -
vo— -2 'E
= i o
D
= L 440
] °
L Ll P TR SR -~
0 w
400 450 500 550 600
A/ nm

Fig. 3. CD spectra of Fe2+23 (6.0 mM) in the presence
of D-maltose (18 mM, ) and D-cellobiose (18
mM,_____ ): 4 °C, pH = 10.5 and absorption spectrum
of Fe2+23 (0.5 mM): 25 °C, pH = 10.5.
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Fig. 4. Plot of [0]s56 (O) and [6]4go (O) vs. [D-

maltose]: 25 °C, pH = 10.5, [Fe2+23] = 6.0 mM.
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Fig. 5. CD spectra of [Fe2+-23] (6.0mM) in the presence of D-
glucose 1-phosphate (added as dipotassium salt, 600 mM,
——), D-glucose 6-phosphate (added as potassium salt, 600
mM, ____. ), and o-methyl D-glucopyranoside (600 mM,
—.—.):4°C,pH=105.
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Judging from the [0] value determined for optically-pure [Fe(2,2'-bipyridine)3]2+,13) we presume that the optical
purity of FeZ+-(2-D-maltose)3 which gives the largest [8] value in the present system is ca. 20%.

In conclusion, the present study has demonstrated that the A vs. A chirality of the Fe2+23 complex can be
selectively generated by the saccharide addition and the selectivity is correlated with the absolute configuration of
added saccharides. This is a novel application of a boronic-acid-dependent sugar-interface to the chirality control

of metal complexes.
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