
Poly[(4-dihydroxyborophenyl)acetylene] was found to
form a predominantly one-handed helical conformation upon
complexation with various nucleosides and (oligo)nucleotides,
and the complexes exhibited characteristic, split-type induced
circular dichroisms depending on the nucleobases.

The nucleosides and nucleotides represent some the most
important classes of substances in nature and a number of recep-
tor molecules capable of discriminating them have been prepared
in order to understand the fundamental mechanism that occurs in
biological events.1 In these studies, the difference in their bind-
ing affinity was detected by spectroscopy, such as NMR, UV,
and fluorescence, but little is known about the molecular recogni-
tion of nucleosides and nucleotides by circular dichroism (CD).2

We now report that poly[(4-dihydroxyborophenyl)
acetylene](poly-1) base-selectively interacts with various nucleo-
sides (Chart 1), nucleotides, and oligonucleotides to form a pre-
dominant one-handed helix which exhibit characteristic induced
CDs (ICDs) depending on the type of nucleobases.

Functional aromatic boronic acids have been used as recep-
tors and chemosensors of carbohydrates3 including nucleosides
and nucleotides4 because boronic acid residues can form a
rather strong, reversible complex with diol-containing com-
pounds.5 We also reported that poly-1 exhibited an ICD in the
UV–vis region due to the prevailing one-handed helix forma-
tion of the polymer upon complexation with various kinds of
chiral molecules including diols, amino alcohols, carbohy-
drates, and steroids in aqueous solution.6 The Cotton effect
signs can be used as a probe for the chirality assignments of the
chiral molecules.  

Figure 1 shows the CD spectra of poly-1 in the presence of
four ribonucleosides in 0.05 M Na2HPO4 buffer at pH 11.8.7

The complexes exhibited intense, split-type ICDs in the UV–vis
region, indicating that ribonucleosides can sufficiently interact
with the boronic acid residues of poly-1 to induce the helical
conformation with a predominant screw sense,6,8 through
tetragonal complex formation in alkaline solution.3–5 The com-
plexes of phenylboronic acid, a model compound of poly-1,
with four ribonucleosides showed weak Cotton effects at the
shorter wavelength (< 300 nm) under the same conditions.
Unexpectedly, the poly-1—G complex showed a completely
different ICD pattern with almost mirror images, compared
with those of the complexes with A, C, and U.  We first
assumed that the complexes of poly-1 with these ribonucleo-
sides should give the same ICDs irrespective of the ribonucleo-
sides, because the helical chirality of poly-1 may be induced by
chiral D-ribofuranoside residues and it has generally been rec-
ognized that boronic acids including phenylboronic acid prefer-
entially form a cyclic boronate complex with the 2,3-cis-diol
group in ribonucleosides regardless of the nucleobases.4,5

However, the present results indicate that the ribonucleoside
bases play a critical role in the helix-sense control of poly-1.9

We then measured the CD spectra of poly-1 in the presence
of inosine (I) and N,N-dimethylguanosine (DMG) under identi-
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cal conditions to determine the effect of the 2-amino group of
G.  The ICD patterns of the poly-1—I and —DMG complexes
were almost mirror images to that of the poly-1—G complex,
indicating that hydrophobic purine bases are not a critical fac-
tor, but the 2-amino group of G appears to play a major role in
controlling the helix sense.10 We measured the 1H NMR spec-
trum of the poly-1—G complex to construct a model of the
complex, but it was difficult due to the broadening of poly-1
peaks in the presence of G.

Poly-1 also complexed with ribonucleotides, particularly,
the poly-1 complexed with adenosine 5'-monophosphate
(AMP) showed an ICD as intense as that of the poly-1—A
complex ([θ] = 2.86 × 104 at 368 nm), while the complexes
with other ribonucleotides showed weak ([θ] × 10–4 (λ nm) =
–0.13 (369) for GMP and 0.42 (368) for CMP) or no ICD for
UMP; again, the poly-1—GMP complex showed the opposite
Cotton effect signs among the four 5'-ribonucleotides used in
this study.

It is worth noting that poly-1 exhibited a rather intense ICD
in the presence of 2'-deoxyadenosine (dA) ([θ] = 0.75 × 104 at
368 nm), while the complexes with the other 2'-deoxyribonu-
cleosides exhibited weak ([θ] = 1,600 at 366 nm for 2'-deoxy-
cytidine) and almost no ICD (2'-deoxyguanosine and thymi-
dine).  This is surprising because phenylboronic acids preferen-
tially form a cyclic boronate complex with the 2,3-cis-diol
group in ribonucleosides regardless of the nucleobases.
Actually, the mixture of dA and phenylboronic acid (1:1) did
not show any ICD, indicating that poly-1 may also form a weak
complex probably with the 3,5-diol of 2'-deoxyribonucleosides
with a sequence of boronic acid residues of poly-1; this is the
advantage of a stereoregular polymer receptor for molecular
recognition over small molecular receptors.  Therefore, 2'-
deoxyribonucleoside 5'-monophosphates showed very weak
([θ] = 0.2 × 103 at 370 nm for dAMP) and no ICD (dCMP,
dGMP, and TMP), and 2',3'-O-isopropylidene adenosine (IPA)
also exhibited no ICD in the presence of poly-1.

As expected, poly-1 can base-selectively form a complex
with ribonucleotide dimers (cytidylyl(3'→5')adenosine (CpA),
CpG, CpC, and CpU) at pH 10.0 and the poly-1—CpG com-
plex exhibited a reversed Cotton effect compared with those of
the other dimers.

In summary, we have found that poly-1 bearing boronic
acid residues can form complexes with various nucleosides and
(oligo)nucleotides and the complexes exhibited characteristic,
split-type ICD depending on the nucleobases, although the
mechanism of the base-selective ICD changes is not presently
clear.  Poly-1 provides a new promising probe for a sensory
system of ribonucleoside and ribonucleotide base recognition,
and will be applicable to the base-selective, molecular recogni-
tion of RNA with a different terminal base.
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