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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 catalystsensorg,actuators,and so on.

Although considerable effort has been focused on the related

manipulations involving chiral (helicity) inductiénand the
memory system of chirality there still remains the exploration
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Figure 1. Design of chirality-transfer control using an anti-cooperative
binding motif.

binding of a chiral inducer which can ditopically interact with
the concave porphyrins accompanying a preferential orientation

of a cogent strategy toward this end. The key dynamic process iswould efficiently transfer the chirality ta through the complex-

a conformational regulation associated with heagtiest interac-

ation. To test this hypothesis, we employed”Jeds base

tion. To tailor the molecular system for the approach, we have analogue2® as a putative one, possessing a chiral “V”-shaped

taken advantage of an anti-cooperative binding event (e.g.,

negative allostefy as a potent methodologyn a system, one

geometry as well as the amine-W distance of 12 A. We thus
expected tha? would bidentately bind td in the concave cavity

effector entity can lead the system to commit an induced chirality of the bis(porphyrin) with an induced-fit fashion since the

to memory, whereas, under an alterngticondition, the same

optimized porphyrin center-to-center distancelaé ca. 21 A¢

effector can also suppress to induce the chirality to the system Worthy of particular note is that this geometrical feature could

(Figure 1). Here, we report that a heterotopic zinc(ll) porphyrin
dimer 1° does, in fact, serve as such a desired system.
Systeml contained paired porphyrin chromophores that allow
us to monitor an induced chirality easfyAnother remarkable
feature is to employ a crown-strapped 'dbiphenyl unit as a

lead a B&-assisted negative allostery for binding.a-diamine
with diamine N-N distance of 12 &.

After the successful optical resolution @f(see Supporting
Information), the significant interaction betweérand R],R)-2
was observed using a UV/vis titration in @El,—MeCN (9:1

spacer between the porphyrins, where two chiral atropisomersV/V); the Soret band ot bathochromically shifted from 423 to

due to axial chirality exist. These isomers rapidly interconvert to

429 nm after the addition of incremental amounts 2pfthe

one another in a solution at ambient conditions because of the Stoichiometric assessment by a Jobpboiggesting a 1:1 complex

low chiral barrier AG*340 = ~15 kcalmol?)” between them,
corresponding to no circular dichroism (CD) InHowever, the
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formation. The binding constant (Id€y) 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 th&enantiomer ofl. was induced by
(RR)-2 through the complexation motif as shown in Figure 1.
When §9)-2 was also added to the solution, an anticlockwise
twist was induced inl, which could be read in the form of
negative CD exciton coupling. The chelation was supported by
H NMR spectra in CDGHCDsCN (9:1 v/v) at room temperature
where the proton resonances &R)-2 entirely upfield-shifted
upon complexation withl. 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—t.80 ppm

(J = 13.2 Hz) and—1.60 ppm {§ = 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(ll) tetraphenylporphyrin arRiR)-2 did

not show any induced CD spectra.

(7) In VT NMR experiment using 5;5liethynyl-2,2-biphenyl-20-crown-
6, the methylene resonances of the crown segment did not show any broadening
of the spectra even at49 °C in CDCk—CD3CN (9:1 v/v), indicating that
the strapped crown does not affect the rotational barrier of the biaryl unit. As
a result, theAG¥340 could be taken as the similar value of 2¢2methoxy-
1,2-biphenyl, see: Bott, G.; Field, L. D.; Sternhell, . Am. Chem. Soc.
198Q 102 5618-5626.

(8) For the synthesis of the racemic mixtures, see: Wilcox, C. S.
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Figure 2. (a) Changes in CD amplitude induced Hy,R)-2 addition
and subsequent Baand3 addition. (b) Changes in CD amplitude induced
by (RR)-2 addition and subsequerd addition. (c) Changes in CD
amplitude induced by§9-2 addition and subsequent Baand3 addition.

(d) Changes in CD amplitude induced [&/3)-2 addition and subsequent

3 addition: the CD amplitude represents the total amplitude of CD
couplets O = Okirst cotton — Osecond cotioh These data were collected in
CH,Cl,—MeCN (9:1 v/v) at 25°C when the concentration df is 2.0
uM.
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Figure 3. Changes in CD amplitudé\@) of 1 (2 uM) induced by RR)-2
addition in the presence of Ba(100uM) (®) or the absence of Ba
(a). These data were collected in gBl,-MeCN (9:1 v/v) at 25°C.

or absence of Bd, the proton resonances due to the dissociated
(RR)-2 were almost completely detected after treating vdth
On the other hand, wheig,§)-2 was employed, the CD spectra
showed mirror-image behaviors (Figure 2). The simple metal ion,
B&?*, playing an important role for dynamically regulating the
host-guest interaction involving the chiral induc2ras well as
the motion of the rotatable biphenyl unit, showed a high chirality-
memory efficiency. The memory dhwas comparatively stable:

At the next stage, we investigated to see if a metal ion effector o cp intensity showed little decrease after 1 day.

could regulate the binding event with and guide to fix the
induced chirality. The addition of Baas a CIQ™ salt caused a

significant decrease in the absorption intensity at 429 nm due to

the 1:(R,R)-2 complex, suggesting that the complex dissociafed.
This is attributable to the fact that the Baaccommodated in

the strapped crown has made the porphyrin units to be apart from

each other and then to disrupt the necessary binding geomet
for (RR)-2. Looking the CD spectra (Figure 2), the CD amplitude
of 1 induced by 1.5 equiv of RR)-2, where the ratio of
complexation betwee and R R)-2 is ca. 70%, progressively
decreased up to 4 equiv of Baaddition (8uM), but there still
remained CD active withd] = 3.45’ ever in the presence of an
excess B& (100uM). The reduced CD intensity might be due
to the conformational flexibility by the competitive binding event
betweenl:(R,R)-2 and1-Ba?*. Thus, to removeR R)-2 from the
complexation event completely as well as to fix the conformation
of 1, we added achiral 1,10-diaminodeca®& Consequently,
the CD amplitude was found to increase again, clearly indicating
that the adde@ fixed the chirality induced byR,R)-2. This result

is the most striking finding because the additior8db a B&"-

free solution ofl and RR)-2 resulted in a silent CE? The
assessment was also taken'blyNMR spectra; in the presence

(10) The B&*-assisted dissociation dR(R)-2 form 1 was checked by using
H NMR analysis; the upfield-shifted amino-¢.28 ppm) and methylene
(—1.80 and—1.60 ppm) resonances almost disappeared after solid[Ba-
(ClO4);]—liquid[2.0 MM of 1 and 1.0 mM of RR)-2in CDCl,—CDsCN (9:1
v/v)] two-phase solvent extraction. The low solubility of Ba(GJOin the
employed solvent system could not allow us to asses&thalue between
1 and B&" by means of a NMR study. However, we currently found that the
fluorescence of 5;&diethynyl-2,2-biphenyl-20-crown-6 as the spacer unit of
1 (Aex = 240 nm,Aem = 350 nm) in CHCI,—MeCN (9:1 v/v) was efficiently
guenched by adding Ba Thus, by making use of fluorescent titrations based
on this phenomenon, the binding constant (Kg for the complexation
between the spacer unit @fand B&" could be estimated to be 6.69 4%,
being larger than that df and 2.

(11) The affinity of guest diamine with would depend on its NN length;
a better complementarity df and 3 allowed to form a strong complex (log
Ka = 6.24+ 2%) between them.

An alternative issue of interest is to see if the functional metal
ion could suppress the chiral induction By When adding 50
equiv of B&" to a solution ofl prior to complexation witt®, the
appearance of CD band with incremental amountRdR)¢2 was
significantly suppressed (Figure 3). Of particular interest is that
the chiral induction by adding 1.5 equiv dR®,R)-2, the amount

rybeing equal with that in the condition of the chiral fixation (vide

supra), has been completely prevented by th& Ba

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,
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 {Ba
It means that the porphyrin-based chiral microenvironment could
be created as one pleases.
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