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There is much growing interest in the control of chirality at
the molecular level, which would be immediately applicable for
the field of asymmetric catalysts,1 sensors,2 actuators,2 and so on.
Although considerable effort has been focused on the related
manipulations involving chiral (helicity) induction3 and the
memory system of chirality,4 there still remains the exploration
of a cogent strategy toward this end. The key dynamic process is
a conformational regulation associated with host-guest interac-
tion. To tailor the molecular system for the approach, we have
taken advantage of an anti-cooperative binding event (e.g.,
negative allostery5) as a potent methodology:in a system, one
effector entity can lead the system to commit an induced chirality
to memory, whereas, under an alternatiVe condition, the same
effector can also suppress to induce the chirality to the system
(Figure 1). Here, we report that a heterotopic zinc(II) porphyrin
dimer 16 does, in fact, serve as such a desired system.

System1 contained paired porphyrin chromophores that allow
us to monitor an induced chirality easily.3b Another remarkable
feature is to employ a crown-strapped 1,1′-biphenyl unit as a
spacer between the porphyrins, where two chiral atropisomers
due to axial chirality exist. These isomers rapidly interconvert to
one another in a solution at ambient conditions because of the
low chiral barrier (∆Gq

340 ) ∼15 kcalmol-1)7 between them,
corresponding to no circular dichroism (CD) in1. However, the

binding of a chiral inducer which can ditopically interact with
the concave porphyrins accompanying a preferential orientation
would efficiently transfer the chirality to1 through the complex-
ation. To test this hypothesis, we employed Tro¨ger’s base
analogue28 as a putative one, possessing a chiral “V”-shaped
geometry as well as the amine N-N distance of 12 Å. We thus
expected that2 would bidentately bind to1 in the concave cavity
of the bis(porphyrin) with an induced-fit fashion since the
optimized porphyrin center-to-center distance of1 is ca. 21 Å.6

Worthy of particular note is that this geometrical feature could
lead a Ba2+-assisted negative allostery for binding aR,ω-diamine
with diamine N-N distance of 12 Å.6

After the successful optical resolution of2 (see Supporting
Information), the significant interaction between1 and (R,R)-2
was observed using a UV/vis titration in CH2Cl2-MeCN (9:1
v/v); the Soret band of1 bathochromically shifted from 423 to
429 nm after the addition of incremental amounts of2, the
stoichiometric assessment by a Job plot9 suggesting a 1:1 complex
formation. The binding constant (logKa) was estimated to be 5.91
( 2% using a nonlinear curve-fitting plot. The following CD
measurement was carried out to give rise to a positive exciton-
coupled CD spectra as a result of a chiral twist of the built-in
porphyrins, reflecting that theS-enantiomer of1 was induced by
(R,R)-2 through the complexation motif as shown in Figure 1.
When (S,S)-2 was also added to the solution, an anticlockwise
twist was induced in1, which could be read in the form of
negative CD exciton coupling. The chelation was supported by
1H NMR spectra in CDCl3-CD3CN (9:1 v/v) at room temperature
where the proton resonances of (R,R)-2 entirely upfield-shifted
upon complexation with1. Particularly, the resonances arising
from the 2,8-bis(aminomethyl) protons clearly appeared as a broad
signal at-4.28 ppm and as one pair of doublets at-1.80 ppm
(J ) 13.2 Hz) and-1.60 ppm (J ) 15.2 Hz). The spectrum
further showed no signals assignable to a thermodynamically
unfavorable diastereoisomer, indicating that the almost 100%
diastereoisomeric excess was obtained. Further, the control
experiment using zinc(II) tetraphenylporphyrin and (R,R)-2 did
not show any induced CD spectra.
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Figure 1. Design of chirality-transfer control using an anti-cooperative
binding motif.
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At the next stage, we investigated to see if a metal ion effector
could regulate the binding event with2 and guide to fix the
induced chirality. The addition of Ba2+ as a ClO4

- salt caused a
significant decrease in the absorption intensity at 429 nm due to
the1‚(R,R)-2 complex, suggesting that the complex dissociated.10

This is attributable to the fact that the Ba2+ accommodated in
the strapped crown has made the porphyrin units to be apart from
each other and then to disrupt the necessary binding geometry
for (R,R)-2. Looking the CD spectra (Figure 2), the CD amplitude
of 1 induced by 1.5 equiv of (R,R)-2, where the ratio of
complexation between1 and (R,R)-2 is ca. 70%, progressively
decreased up to 4 equiv of Ba2+ addition (8µM), but there still
remained CD active with [θ] ) 3.45° ever in the presence of an
excess Ba2+ (100 µM). The reduced CD intensity might be due
to the conformational flexibility by the competitive binding event
between1‚(R,R)-2 and1‚Ba2+. Thus, to remove (R,R)-2 from the
complexation event completely as well as to fix the conformation
of 1, we added achiral 1,10-diaminodecane3.11 Consequently,
the CD amplitude was found to increase again, clearly indicating
that the added3 fixed the chirality induced by (R,R)-2. This result
is the most striking finding because the addition of3 to a Ba2+-
free solution of1 and (R,R)-2 resulted in a silent CD.12 The
assessment was also taken by1H NMR spectra; in the presence

or absence of Ba2+, the proton resonances due to the dissociated
(R,R)-2 were almost completely detected after treating with3.
On the other hand, when (S,S)-2 was employed, the CD spectra
showed mirror-image behaviors (Figure 2). The simple metal ion,
Ba2+, playing an important role for dynamically regulating the
host-guest interaction involving the chiral inducer2 as well as
the motion of the rotatable biphenyl unit, showed a high chirality-
memory efficiency. The memory on1 was comparatively stable:
the CD intensity showed little decrease after 1 day.

An alternative issue of interest is to see if the functional metal
ion could suppress the chiral induction by2. When adding 50
equiv of Ba2+ to a solution of1 prior to complexation with2, the
appearance of CD band with incremental amounts of (R,R)-2 was
significantly suppressed (Figure 3). Of particular interest is that
the chiral induction by adding 1.5 equiv of (R,R)-2, the amount
being equal with that in the condition of the chiral fixation (vide
supra), has been completely prevented by the Ba2+.

Although a more detailed estimation as well as the use of other
effective ions is in progress, the preliminary results described here
lead us to suggest a new approach to the generation of chirality-
transfer control. Further, by meeting with porphyrin chemistry,13

we feel that such systems would be most welcome in the field of
porphyrin-based molecular architectures of nanoscale technology.
Most notably, the chiral inducer could be automatically removed
from the bis(porphyrin)-containing cavity by the effector (Ba2+).
It means that the porphyrin-based chiral microenvironment could
be created as one pleases.
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Figure 2. (a) Changes in CD amplitude induced by (R,R)-2 addition
and subsequent Ba2+ and3 addition. (b) Changes in CD amplitude induced
by (R,R)-2 addition and subsequent3 addition. (c) Changes in CD
amplitude induced by (S,S)-2 addition and subsequent Ba2+ and3 addition.
(d) Changes in CD amplitude induced by (S,S)-2 addition and subsequent
3 addition: the CD amplitude represents the total amplitude of CD
couplets (∆θ ) θfirst Cotton - θsecond Cotton). These data were collected in
CH2Cl2-MeCN (9:1 v/v) at 25°C when the concentration of1 is 2.0
µM.

Figure 3. Changes in CD amplitude (∆θ) of 1 (2 µM) induced by (R,R)-2
addition in the presence of Ba2+ (100 µM) (b) or the absence of Ba2+

(2). These data were collected in CH2Cl2-MeCN (9:1 v/v) at 25°C.
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