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Dynamic Axial Chirality Control of a Carboxybiphenol through Acid-Base Interaction
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A novel, fluorescent 2,2'-biphenol bearing two carboxyl and
two ethynyl groups was found to be sensitive to the chirality of
the chiral diamines, thus showing an induced circular dichroism
due to an excess single-handed, axially twisted conformation.

The development of achiral or dynamically racemic, chro-
mophoric supramolecular, and macromolecular receptors for
the detection and sensing of chirality has recently attracted great
interest. This is because the noncovalent binding of a nonrace-
mic guest to the receptors may result in the generation of one
of the enantiomeric or diastereomeric twisted or helical con-
formers, thus producing a characteristic induced circular dichro-
ism (ICD) in the absorption region of the receptors, which can be
utilized to determine the absolute configuration of the guest
molecules.! We previously reported that either a right- or left-
handed helix can be induced in an optically inactive, stereoregu-
lar poly((4-carboxyphenyl)acetylene) upon complexation with
optically active amines. The complexes exhibited a characteris-
tic ICD in the UV-vis region of the polymer backbone because
of the prevailing, dynamic one-handed helical conformation.”
We anticipated that this methodology of a one-handed helicity
induction in dynamically racemic helical polymers with specific
chiral guests can be applied to rationally designed chromophoric
small receptor molecules after the introduction of specific func-
tional groups.'®3

C,-symmetric 2,2'-biphenols with a dynamic axial chirality
were then selected as the chromophoric skeleton to develop a
novel chirality-sensing receptor. The unique feature of such ax-
ially chiral, but dynamically racemic 2,2’-biphenols has been
used for constructing asymmetric catalysts* and chirality sen-
sors.” We now report the synthesis and chirality-sensing proper-
ty of a novel 2,2’-biphenol bearing carboxyl and ethynyl groups
1, which are introduced as additional and more effective binding
sites than hydroxy groups for chiral amines and to enhance the
effective r-conjugation length, as well as for further applica-
tions in a 7T-conjugated polymer system, respectively.
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Scheme 1. Synthesis of 1-4. (a) Br,, CH30H, 0°C, 63%. (b) Ac,O,
pyridine, Et,O, rt, 93%. (¢) TMSA, Pd(PPh;3),Cl,, Cul, Et;N, 50°C,
69%. (d) NH4OAc aq, THF/CH;O0H, rt, 52%. (¢) n-BuLi, THF, —25°C.
(f) CO,, —78°C. (g) NaOH/CH;0H, THF, 1t. (h) CH31, K,COs3, acetone,
rt, 33%. (i) CH31, K,COs, acetone, reflux.
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Chart 1. Optically active amines.

The 2,2'-biphenol derivative 1 was synthesized in seven
steps from 2,2’-biphenol according to Scheme 1.% The corre-
sponding biphenol derivatives (2-4) with protected hydroxy
and/or carboxyl groups® were also prepared for comparison in
order to investigate the function of the acidic groups on their ax-
ial chirality dynamics controlled by a noncovalent interaction
with optically active amines.

The carboxybiphenol 1 exhibited split type ICDs in the 7-
conjugated chromophore region upon complexation with one
or four equivalents of the chiral diamines (7-11) (Figure 1A
and Table 1), whereas no apparent CD was observed even in
the presence of 50-fold excess optically active monoamines
(12 and 13) and amino alcohols (14 and 15) (Chart 1).” The enan-
tiomers of 7 induced ICDs of the mirror images of each other.
The ICD intensity increased with an increase in the concentra-
tion of (1R,2R)-7 in a sigmoidal fashion and reached a maximum
value at about [7]/[1] =1 ([1] = 9.3 mM) accompanied by a
significant blue shift of the absorbance maximum, while the fur-
ther addition of the diamine induced a slight decrease in the ICD
intensity (Figure 1B). These results indicate that the complexa-
tion involves an acid-base equilibrium and an excess single-
handed axially twisted conformer is generated in 1 as a result
of the diastereoselective complexation with chiral diamines;
the complexation behavior may not be simple and is dependent
on the concentrations of 1 and the chiral diamines (see below).

Interestingly, 1 exhibited a green emission, which changed
to a blue one upon complexation with mono- and diamines
(Figure 1A inset). In sharp contrast to 1, the other biphenyl
derivatives bearing either free hydroxy 2 or carboxyl groups 4
and a fully protected derivative 3 showed no ICDs under the
same conditions with chiral amines (7-15), indicating that both
the acidic hydroxy and carboxyl groups located at the ortho and
meta positions on the phenyl moieties are essential for the
appearance of the ICDs.® It is noteworthy that structurally simi-
lar chiral diamines of the same configuration (7-10) had the
same Cotton effect signs for 1, suggesting that 1 may be utilized
as a novel chirality sensor for determining the absolute configu-
ration of the chiral diamines.

The Job plot for the 1-(1R,2R)-7 complex using CD showed
a 1:1 stoichiometry in which the total concentrations of 1 and 7
remained constant at 18.6 mM in THF.® We then performed IR
titration experiments under the same conditions as the CD titra-
tions ([1] = 9.3 mM in THF) in order to gain further insight into
the axial chirality induction mechanism of 1 (Figure 1B), and the
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Figure 1. (A) CD spectra of 1 with (1R,2R)-7 (a), (1S5,25)-7 (b), (1R,2R)-8
(c), and (1R,2R)-10 (d) ([diamine]/[1] = 1) in THF at rt. Absorption spec-
tra of 1 with (e) and without (1R,2R)-7 (f) are also shown. [1] = 9.3 (a—c, e,
and f) and 7.1 mM (d). Inset photographs show the visible difference of 1
with and without (1R,2R)-7 in THF under UV-light at 365 nm. (B) Plots
of the ICD intensity of the 2nd Cotton effect (@) and the differential IR
absorbance (AAbs) at 1673cm™" of 1 (O) as a function of the relative
concentration of (1R,2R)-7 to 1 ([1] = 9.3 mM) in THF. A solid line in
the plot is a fit to the theoretical binding curve.’

changes in absorbance at 1673 cm™! corresponding to the intra-
molecularly hydrogen bonded COOH band with the adjacent OH
group was followed. The absorbance intensity linearly decreased
with the increasing concentration of 7 and almost completely
disappeared at [1] = [7], resulting in the formation of the car-
boxylate ions (Figure 1B).?

On the basis of these observations together with the facts
that only the carboxybiphenol 1 is CD active for the chiral di-
amines among the other analogous biphenyl derivatives, but ex-
hibited no CD upon complexation with the chiral monoamines,
we propose a 2:2 cyclic tetramer as a plausible CD active species
as shown in Figure 2A, where each amino group of the chiral
diamine intermolecularly binds to the carboxyl groups of the
different receptors by salt bridges. This tetramer formation
may enable a favorable cisoid conformation of 1 due to the intra-
molecular hydrogen bonds between the adjacent hydroxy groups
of 1, thus generating an excess of one of the axially twisted
conformers, although the exact structure is not presently clear.'®
On the other hand, chiral monoamines may simply bind to a
carboxyl group in a 1:1 fashion, so that the 1-monoamine
complexes may exist as both the interconverting cisoid and
transoid forms (Figure 2B), and a such conformational flexibility
may be the reason for no ICD.

As described above, the complexations of 1 with chiral
diamines showing ICDs are dependent on the concentrations
of 1 and the chiral diamines. At a lower concentration of 1
(0.12mM) in THEF, similar intense ICDs were observed immedi-
ately after the addition of (1R,2R)-7 ([7]/[1] = 1) to the solution
of 1 (Table 1). However, the ICD intensity was found to be sig-
nificantly time dependent, and steadily decreased with time and
almost completely disappeared after 1 h. Such a decrease in the
ICD with time became slower with the increasing concentration
of (1R,2R)-7 and was negligibly small at [7]/[1] > 4. We noted
that at high concentrations of 1 (7.1 or 9.3 mM), the Cotton effect
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Figure 2. Possible models for complex formation of 1 with chiral
diamines (A) and monoamines (B) at [1] = 9.3 mM.
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Table 1. CD data of 1-chiral amine complexes in THF at rt*

[1] First Cotton effect Second Cotton effect

Entry  Diamine  /mM  Sign AE () Sign AE ()
1 (1R2R)-7 93 - 1.50 (338) + 3.44 (316)
2 0.12 - 1.98 (338) + 3.36 (315)
3 (18,28)-7 9.3 + 1.46 (338) — 3.13 (316)
4 (IR2R)-8 93 - 1.18 (339) + 2.58 (316)
5 0.12 - 0.30 (340) + 1.03 (319)
6 (IR2R)-9 93 b b b b
7 0.12¢ - 1.18 (336) + 0.65 (314)
8 (1R2R)-10 7.1 — 0.37 (338) + 0.37 (314)
9 0.12¢ - 0.52 (339) + 0.36 (314)
10 ($)-11 9.3 b b b b
11 0.12¢ 3.48 (341) + 8.72 (313)
4[Diamine]/[1] = 1 (Entries 1, 3, 4, 6, 8, and 10) and 4 (Entries 2,5,7,9, and 11);

A& M~'ecm™')and A (nm). ®Could not be measured because of precipitation of
the complex. °In THF/CHCl; = 1/1(v/v). In THF/CHCI; = 1/9 (v/v).

intensity induced by chiral diamines (7, 8, and 10 in Table 1)
showed no change with time, independent of the concentration
of the chiral diamines. These concentration and time dependent
complexations of (1R,2R)-7 with chiral diamines may also
support the cyclic tetramer formation, although further studies
including the solution and solid-state structure determinations
of the acid-base complexes by NMR and X-ray, respectively,
are apparently essential.

In summary, we have synthesized a carboxybiphenol that is
sensitive to the chirality of the chiral diamines, thus showing an
ICD due to an excess single-handed, axially twisted conforma-
tion. The carboxybiphenol has reactive ethynyl groups which
may be used as a versatile building block for the synthesis of
chirality-responsive, 7t-conjugated helical polymers.
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