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Parallel Chirality Inductions in Mobius Zn(ll) Hexaphyrin Transfor-
mation Networks

Thomas Nédellec, Bernard Boitrel and Stéphane Le Gac*

Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes)-UMR 6226, 35000 Rennes (France)

ABSTRACT: Networked chemical transformations are key features of biological systems, in which complex multi-compo-
nent interactions enable the emergence of sophisticated functions. Being interested in chirality induction phenomena with
dynamic Mobius m-systems, we have designed a pair of Mobius [28]hexaphyrin ligands in order to investigate mixtures
rather than isolated molecules. Thus, an hexaphyrin bearing a chiral amino arm was first optimized and found to bind a
ZnOAc moiety, triggering an impressive quasi-quantitative chirality induction over the Mobius n-system. Secondly, this
amino-type hexaphyrin was mixed with a second hexaphyrin bearing a chiral carboxylate arm, affording at first ill-defined
coordination assemblies in the presence of zinc. In contrast, a social self-sorting behavior occurred upon addition of two
exogenous achiral effectors (AcO™ and BuNH.), leading to a well-defined 1:1 mixture of two M&bius complexes featuring a
sole Mobius twist configuration (parallel chirality inductions). We next successfully achieved a compartmentalized switch-
ing, i.e. a single-component transformation from such a complex mixture. The BuNH, effector was selectively protected
with Boc,O, owing to a lower reactivity of the arm’s NH, function intramolecularly bound to zinc, and subsequent addition
of BuNH, restored the initial mixture retaining parallel chirality inductions (five cycles). By changing the nature and twist
configuration of only one of the two complexes, at initial state or by switching, this approach enables a ‘two-channel’ tuning
of the chiroptical properties of the ensemble. Such multiple dynamic chirality inductions, controlled by selective metal-
ligand recognition and chemical reactivity, set down the basis for Mobius-type stereoselective transformation networks

with new functions.

Introduction

Expanded porphyrins have been scrutinized for several
decades, revealing a dense family of macrocycles with in-
triguing structural, electronic and optical properties.! A
striking difference with porphyrins, beyond three-dimen-
sional structures such as figure eight or Mobius-type, lies
in the magnified flexibility of enlarged poly-pyrrolic scaf-
folds affording plenty of possibilities to create dynamic
shape-shifting entities. Various stimuli such as protona-
tion, redox processes, solvent, temperature or metal ion
coordination, have been used to trigger conformational re-
arrangements with notably a deep impact on the m-conju-
gation and aromaticity.™ Despite these advances, the sig-
nificance of expanded porphyrins as responsive sub-units
of larger molecular architectures, able to generate and con-
trol new properties and functions, has been considered
only recently.? The research fields of allosteric receptors
and catalysts,® as well as of molecular switches and de-
vices,* would certainly gain great advantages of the respon-
siveness of flexible porphyrinoids.> However, the lack of
general approaches for the selective and efficient post-
modification of larger porphyrinoids,® in relation to their
somehow intrinsic and unpredictable reactivity, likely pre-
vents such developments. Therefore, flexible expanded
porphyrins fully deserve further investigations with the
aim to identify dynamic platforms suitable to create inno-

vative adaptive architectures and systems. Adaptive chem-
istry’ is indeed a powerful notion reflecting the capacity of
a programmed dynamic (supra)molecular system to evolve
upon changes of the environment, enabling the emergence
of sophisticated behaviors from complex transformation
networks.?

In this regard, the regular hexaphyrin scaffold - the six-
pyrrole homologue of porphyrins - holds great promises.’
Among remarkable features,™!? this porphyrinoid readily
forms a M6bius aromatic 28-m system exhibiting a fluxional
equilibrium between degenerate isomers (Figure 1a,
left).!"1213 Consequently, the inherent chirality of this Mo-
bius m system is dynamic, and a fast interconversion be-
tween P and M twist configurations occurs in solution at
ambient temperature (energy barrier ~8 kcal/mol).'* While
this system can be frozen upon metal (e.g. group 10 met-
als)'> or main group element (e.g. P, Si)'¢ insertion, allow-
ing in some cases separation of P/M enantiomers,'” our
group has been interested in labile Zn(II) coordination
complexes leading to dynamic metallo-receptors formed
under thermodynamic conditions, setting down the basis
of adaptive behaviors.'® This Mobius [28]hexaphyrin scaf-
fold may further undergo other dynamic events (Figure 1a,
right): (i) equilibrium between other conformations such
as Hiickel (planar) antiaromatic ones (rectangular, trian-
gular, dumbbell);" (ii) isomorphic equilibrium between
degenerate isomers upon a ‘four-pyrrole’ inversion.!”



Taken together, these dynamic features confer to the reg-
ular hexaphyrin scaffold the capacity to form virtual dy-
namic libraries of ligands and molecular hosts,’® and to
participate in transformation networks when properly
functionalized.>**® They further offer unique possibilities
to study chirality induction phenomena at the level of the
Mobius twist in changing environments.® Fine control
over the stereoselective formation of Mobius stereoisomers
has remained challenging” and, to the best of our
knowledge, has not been described with other types of M6-
bius scaffolds. Interestingly, the chirality of the twisted m-
system of hexaphyrins generates a marked Cotton effect in
electronic circular dichroism (ECD) spectroscopy, in the
red part of the visible spectrum.”"®2 In fine, tuning the chi-
roptical properties of Mobius m-systems may afford new
opportunities in m-materials for technological applica-
tions.?!?2

We have already investigated Mobius Zn(II) hexaphyrin
complexes in which multiple sources of chirality can oper-
ate to favor P or M twists: information relay phenomena
occurred when two sources of chirality were embedded in
a covalent capping unit (Figure 1b, left);®® match/mis-
match phenomena were observed when two exogenous
chiral ligands were bound to zinc (Figure 1b, right).*¢In a
different strategy, switching the P/M configuration of a
Mobius Zn(II) hexaphyrin complex functionalized with a
chiral coordinating arm was successfully achieved (Figure
1¢, left).”® The concomitant coordination and release of an
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exogenous achiral effector to zinc is a key step to control
the position and orientation of the chiral arm relative to
the ring, hence the tunable chirality induction.

The next degree of sophistication has consisted in the de-
sign of a system involving two different Mobius hex-
aphyrins in which multiple chirality induction phenomena
at the level of the twisted m-systems could be finely manip-
ulated. The emergence of complex chemical behaviors
from mixtures of interacting molecules is a general feature
of natural systems, which has inspired a growing area of
research called systems chemistry.®?* To the best of our
knowledge, studying mixtures of different dynamic M6bius
m-systems has not been reported so far. Understanding
complex behaviors from Mobius-type transformation net-
works would provide an interesting starting point for new
developments in systems chemistry, responsive materials
or switchable catalytic machineries.®

To do so, we envisioned the preparation of new hex-
aphyrin ligands according to a reversed engineering (Fig-
ure 1¢, right). More precisely, we have introduced a single
chiral amino arm to complement our previous system with
a carboxylic acid one,® expecting that both Mobius rings
mixed together could be addressed by coordination of spe-
cific exogenous achiral ligands. Herein, we investigate chi-
rality induction processes driven by zinc complexation
from mixtures of such dynamic M6bius ligands, aiming at
the achievement of chiroptically active Mobius-type stere-
oselective transformation networks.
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Figure 1. a) Left: the two enantiomers of a Mobius band (singly twisted) and equilibrium between those of a regular Mé6bius
[28]hexaphyrin; right: common dynamic processes encountered with this scaffold (“S” stands for a meso substituent). b) Chirality
induction with labile Zn(II) complexes of Mobius [28]hexaphyrins, tuned by the influence of two chiral sources. c¢) Investigated
strategy based on a reversed design: Mobius [28]hexaphyrins functionalized with a chiral carboxylato/amino coordinating arm.



Results and discussion
Synthesis and conformational study

The recently described [26]hexaphyrin 1 (Scheme 1) con-
sists of a dynamic mixture of two isomers with the 2-nitro-
phenyl meso substituent located either on a short or a long
side of the rectangle.’® Upon reduction of the nitro group
by H./Pd(C), the grafting of amino arms with different ste-
ric encumbrance and flexibility was achieved in moderate
yields by reaction with commercially available N-Boc pro-
tected amino acids, which were beforehand activated as
mixed anhydrides (Scheme 1, inset). The targeted com-
pounds 6a-c, (1S3R)-8 and (S)-10 were obtained in good
yields upon subsequent Boc deprotection with trifluoroa-
cetic acid (TFA). Compounds 5 to 10 were isolated in their
reduced [28]r state, as inferred from HRMS analysis, and
have the characteristic blue color of M6bius aromatic hex-
aphyrins. Their UV-vis absorption spectra exhibit a sharp
and intense Soret-like band at ~595 nm as well as weak Q-
like bands in the NIR region (up to ~1000 nm) (Figure Si1).

'H and "9F NMR spectra of 5-10 in CDCl, are broadened and
very sensitive to temperature variations (223 - 330 K, SI),
in accordance with the usual conformational mobility of
Mobius regular [28]hexaphyrins. Neither the precise meso
position of the arm and its up/down orientation relative to
the ring, nor chirality induction at the level of the twisted
n-system for compounds equipped with a chiral arm, could
be determined. However, comparison of the different VT
NMR patterns complemented with 2D ROESY spectra rec-
orded at 330 K gave us insights in the dynamic features of
these compounds (see details in the SI):>*

(i) For most of the compounds, a single dissymmetric pat-
tern was observed at 330 K with differentiated outer, inner
and twisted B-pyrrolic protons, meaning that, although dy-
namic and thus having averaged NMR patterns (vide infra),
they adopt a preferential M6bius conformation with a lo-
calized twist and a single meso position of the arm;

(ii) At 330 K, selective exchange correlations between outer
B-pyrrolic protons revealed a degenerate equilibrium (slow
process on the NMR time scale) according to a four-pyrrole
isomerism (“isomorphic transformation”, Figure 1a). This
further indicates that the arm is localized on a residual
long side of the Mobius scaffold;

(iii) At lower temperatures, either one or two split-
ting/broadening processes were observed, respectively
with compounds having an achiral and a chiral arm. One
process is in the range 330 - 280 K, for chiral arms, and the
second process is in the range 280 - 223 K for both chiral
and achiral arms. These are in agreement with a rotation
of the meso-phenyl unit bearing the arm which becomes
fast on the NMR time scale at high temperatures (atro-
pisomerism), and with an interconversion between differ-
ent twisted conformations (i.e. P,P,M,M’, Figure 1a) which
tends to be frozen at low temperatures.

This conformational flexibility is of great interest as it ena-
bles the formation of a virtual dynamic library of ligands,
in which the coordinating arm is prompt to explore the
Mobius ring environment and respond to changes in the
experimental conditions.

Scheme 1. Synthesis of [28]hexaphyrins 6a-c, (1S3R)-8 and (S)-10 bearing a single amino arm.?
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For chiral compounds 7 to 10, ECD analysis revealed Cot-
ton effects of moderate intensity in the Soret wavelength
region (Figure 2, Agsis up to 140 M'cm?). Interestingly,
compounds (1S3R)-7 and (1S3R)-8 exhibit ECD spectra
that are almost mirror images (Figure 2b), meaning that
simple deprotection of the amine function leads to re-
versed chirality induction at the level of the Mbius T sys-
tem. In contrast, both compounds (S)-9 and (S)-10 exhibit
a positive Cotton effect, but that of the latter is more than
twice weaker (Figure 2a). Moreover, whereas the ECD in-
tensity of (S)-10 was unaffected by addition of MeOH, that
of (S)-9 was strongly weakened (Figure S2). It suggests that
the NHBoc group interacts by H-bonding with a pyrrole
unit. Taken together, these observations indicate highly
tunable chirality induction processes (not quantifiable at
this stage) owing to various interaction modes of the chiral
arm with the dynamic hexaphyrin scaffold, evidencing an
adaptive Moébius m system.
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Figure 2. ECD spectra (CHCL) of compounds (1S3R)-7,
(1S3R)-8, (S)-9 and (S)-10.

Coordination of Zn(1l) and chirality induction

In the next step, Zn(II) complexation by the newly formed
Mobius [28]hexaphyrins was investigated by NMR spec-
troscopy in a 9:1 CDCl;/CD;0D mixture, in the presence of
diisopropylethylamine (DIPEA). For all compounds 5-10,
addition of 1 equiv. of Zn(OTY), led to weak complexation
if any, only minor sets of signals being observed (Figures
S16-S18). This situation was drastically improved by adding
~5 equivalents of tetrabutylammonium acetate (TBAOAC),
but only for compounds having a deprotected amino arm.
For instance, multiple patterns were observed in the case
of Boc protected 5b instead of a single one for its depro-
tected counterpart 6b (Figure 3a,b). The complicated pat-
tern obtained with sb likely corresponds to a mixture of

several ZnOAc’ Mébius aromatic complexes with both a
solvent molecule and AcO" bound to zinc (5bM.Znoac,
Scheme 2).%¢ With 6b, an initial ~1:0.8 mixture of two
‘ZnOACc’ complexes was formed corresponding to the M6-
bius aromatic complex 6bM.Znoa. and the Hiickel (rectan-
gular) antiaromatic one 6b".Znoa. (Scheme 2, Figure S17).
This mixture gradually converts to the Mobius complex
quasi-quantitatively after several hours at RT. Complexes
6bM.Znoac and 6b™.Znoac exhibit characteristic shield-
ing/deshielding effects resulting from diatropic and para-
tropic ring currents, respectively. For instance, the methyl
group of the ZnOAc moiety is shielded by 2.83 ppm for
6bM.Znpa. and deshielded by 4.29 ppm for 6b".Znoa., in
agreement with an inward orientation of the acetato ligand
for both complexes. The B-pyrrolic protons of 6bM.Znoac
are split into three areas, the inner ones at -2.61 and -1.95
ppm, the twisted ones at 5.06 and 5.53 ppm and the eight
outer ones ranging from 6.80 to 8.15 ppm (Figure 3b). For
6b".Znoa,, they are split into two areas, in the range 15.40-
16.00 ppm for the four inner ones and roughly ranging from
3 to 5 ppm for the eight outer ones (Figure S17). Owing to
NOE correlations (Scheme 2, Figure S25), the meso posi-
tion of the amino arm of 6bM.Znpa. was assigned to a re-
sidual short side adjacent to the dipyrrin binding site, as
drawn in Scheme 2. This location is fully consistent with an
intramolecular outward coordination of the amino group
to Zn,® explaining the greater selectivity vs sb. For
6b".Zno,,, the dissymmetric pattern matches with a long
side meso position of the arm, coordinated outward to zinc
(Scheme 2).26

Scheme 2. Zn(IT) complexation behavior of 5b, 6b and
(S)-10.2
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Figure 3. '"H NMR spectra of complexes (a) 5bM.Znpac (mixture), (b) 6bM.Znoac and (c) (S)-10M.Znoac (CDCl;/CD;0D 9:1, 300K;

selected areas). S = solvent.

The two other ligands 6a and 6c with respectively a shorter
and a longer amino arm led to much less selective com-
plexation processes. While negligible amounts of antiaro-
matic rectangular ZnOAc’ complexes were observed, mix-
tures of respectively two and three Mobius ‘ZnOAc’ com-
plexes were formed instead of a single one for 6b
(6aM.Znoac and 6cM.Znoa., see details in the SI). It is likely
that the coordination of the amino function to zinc is much
less effective and/or does not act as a driving force. In ad-
dition, competitive 'H NMR experiments evidenced a
higher affinity of ‘ZnOAc’ for 6b compared to 6a and 6¢
(Figure S19). All these observations indicate an optimum
‘C3’ length of the arm, affording highest selectivity and af-
finity due to an efficient intramolecular zinc coordination.

In the next step, we focused on hexaphyrins (1S3R)-8 and
(S)-10, both with a chiral amino arm derived from the C3
chain. For (1S3R)-8, using Zn(OTf), and TBAOAc, we were
not able to find experimental conditions leading to a selec-
tive complexation. In the best situation, 'H NMR analysis
evidenced a highly complex mixture, among which a minor
rectangular antiaromatic species and three major Mobius
aromatic ones were identified, all of them exhibiting an in-
ward ZnOAc moiety (see details in the SI). The correspond-
ing ECD spectrum revealed very weak chiroptical activity,
in agreement with a lack of P/M stereoselectivity (Figure
S20). In strong contrast, in presence of Zn(OTf), and
TBAOAC, hexaphyrin (S)-10 led to an initial mixture of
only two compounds with antiaromatic and aromatic sig-
natures, which converted quantitatively to the aromatic
one in a couple of hours (Figure 3¢ and S18). The obtained
Mobius zinc complex is very similar to 6bM.Znoa., and cor-
responds to (S)-10M.Znoa. with a single P twist (Scheme 2).
Indeed, while NOE correlations evidenced a coordinating
arm located on a residual short side and constrained above
an outer pyrrole bound to zinc (Scheme 2, Figure S37), the
ECD spectrum revealed an intense positive Cotton effect in
the Soret band region (A&, up to 634 M'cm?, Figure 4),
indicating a right-handed helicity of the m-system. Such a

quantitative complexation corresponds not only to a high
‘meso-position’ selectivity, but also to a rarely achieved
P/M stereoselectivity with a d.e. value much greater than
95 %. The ECD spectrum of (S)-10™.Znoa. matches that of
our previously described system featuring an opposite en-
gineering ((RR)-11.Zn""2B" Figure 4 and Scheme 3),%¢ alt-
hough slightly weaker.
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Figure 4. ECD spectra of (S)-10M.Znoac and of the previously
described complex (RR)-11.ZnN"2Bu (CHCL,/CH;0H 9:1).18¢

This stereoselectivity was rationalized from the modeled
structure of (S)-10M.Znoa. (Figure 5). The zinc coordina-
tion of the amino arm induces a conformational restriction
placing the “H” and “Me” substituents of the asymmetric
carbon in well-defined positions. Whereas the bulkier “Me”
moiety is oriented laterally without noticeable interaction
with the surrounding fluorine atoms (Figure s5b,c), the
smaller “H” substituent is oriented towards the centroid of
the outer pyrrole coordinated to zinc, at short distance (ca.
2.5 A, Figure 5b,c). It is assumed that the opposite config-
uration of the asymmetric carbon within the same P twist
environment would generate steric repulsion since the



“Me” moiety would point towards the outer pyrrole bound
to zinc. Looking back at (1S3R)-8, it is likely that the bulk-
ier cyclopentyl unit induces a steric clash with the hex-
aphyrin skeleton upon coordination to zinc, with both P
and M stereoisomers.

Figure 5. Energy minimized structure of (S)-10M.Znoac, high-
lighting the orientations of the “H” and “Me” substituents of
the asymmetric carbon of the coordinating arm: (a) general
view; (b) side view from the coordinating arm; (c) top view of
the coordination site (ball and stick representation; molecular
mechanics performed with UFF force field parameters in Avo-
gadro; H atoms removed for clarity except those labelled in b
and c; dipyrin binding site: orange; zinc: light blue; coordinat-
ing arm: green; acetato ligand: purple).

Formation of two-component systems

Having in hand two complementary Mobius hexaphyrin
ligands, both leading to nearly quantitative Mobius twist
stereoselectivity ((S)-10M.Znoac and (RR)-11.Zn"H2BY) e
then investigated their general zinc complexation behavior
once mixed together. It is worth reminding that the com-
plexation of zinc by compound (RR)-11, a M6bius [28]hex-
aphyrin functionalized with a chiral coordinating arm end-
ing a carboxylate function, was recently investigated by our
group (Figure 1¢c, Scheme 3).®¢ Two well-defined complexes
with opposite twist configuration were formed depending
on the nature of an exogenous achiral ligand (AcO
/BuNH,), influencing the position of the arm and the en-
suing transfer of chirality.

Thus, a two-component mixture was generated by mixing
[28]hexaphyrins 6b (/(S)-10) and (RR)-11 in 1:1 ratio at mil-
limolar concentration in a CDCl;/CD;0D 9:1 solution, after

what a slight excess of Zn(OTf), was added. The corre-
sponding 'H NMR spectrum revealed a complex pattern
with multiple broad and ill-defined signals, but different
from the sum of the patterns of the separated hexaphyrins
in the same conditions (Figure 6b,g and S40). At first
glance, this indicates that the two hexaphyrins interact to-
gether forming coordination assemblies. Several observa-
tions suggest intermolecular zinc coordination of the
amino and carboxylato arms, leading to a complex mixture
of heterodimers (see details in the SI).

Scheme 3. Structures and interconversion of previ-
ously described zinc complexes from M6bius [28]hex-
aphyrin (RR)-11, used in this study.**¢
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This situation was strongly modified by the subsequent ad-
dition of achiral effectors (Scheme 4).2” We observed that
addition of only AcO" contributed to the formation of both
6bM.Znosc (/(S)-10M.Znosc) and (RR)-11.Znoa. (Figure
6¢,h) whereas addition of only BuNH, led to the formation
of (RR)-11.Zn™"28" (Figure 6d,i). Remarkably, the addition
of both BuNH, and TBAOACc (~5 equiv. each) afforded, in-
dependently of their order of introduction, a 1:1 mixture of
the Mobius complexes 6bM.Znoac (/(S)-10™.Znoac) and
(RR)-11.Zn™"2B¢ with high selectivity (Figure 6e,j; Scheme
4).28 Such a behavior is related to a social self-sorting phe-
nomenon in the sense that an hexaphyrin with a carbox-
ylate (respectively an amine) arm binds selectively an ex-
ogenous ligand with an amine (respectively a carboxylate)
function.?’ Such a high fidelity recognition process involv-
ing five different species (two hexaphyrins, two exogenous
ligands, one metal ion) has been scarcely described in the
field of expanded porphyrins,® and is unprecedented with
Mobius molecular rings. It is even more important to note
that chirality inductions proceed in parallel manner with
the same high efficiency whether the hexaphyrin com-
plexes are alone or mixed, provided that suitable achiral
effectors have been added.
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Scheme 4. Zinc complexation by a 1:1 mixture of (RR)-
11 with either 6b or (S)-10, combined to a single-com-
ponent chemical switch.?
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Zinc complexation has therefore a deep influence on the
chiroptical activity of the ensembles. Whereas 1:1 mixtures
of (RR)-11 with either 6b or (S)-10 led to almost flat ECD
spectra (Figure 7a,c), subsequent addition of Zn(OTf),,
TBAOACc and BuNH, led to a drastic increase of the signa-
tures with intense positive Cotton effects at the level of the
Soret band (Figure 7b,d). The global chiroptical activity
corresponds to the sum of the contributions of each com-
ponents, i.e. 6b™.Znpsc/(RR)-11.Zn™H2B% (racemic/P twist)
and (S)-10M.Znoac/(RR)-11.ZnN"2B" (P twist/P twist), and is
logically raised by a factor ~1.7 when both M&bius com-
plexes exhibit similar chirality inductions.®

(S) 10M.Znope
+ (RR) -11.ZnNH2BU

120 (@--- ©-10+ ®RRMM

ib)— L+ Zn/ACOTBUNH, |
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Figure 7. Comparison of ECD spectra of 1:1 mixtures of two
hexaphyrins ((RR)-11 with either 6b or (S)-10) before (dashed
lines) and after (plain lines) addition of Zn(OTf),, TBAOAc
and BuNH, (CHCl;/MeOH g:1; all spectra were recorded at the
same concentration).



This two-component approach thus offers the possibility
for parallel chirality induction phenomena, which corre-
sponds to a different behavior as compared to our recent
findings involving several sources of chirality (Figure
1b).®¢ These results encouraged us for the further (ste-
reo)selective transformation of the mixture.

Modulation of two-component systems

In the next step, we have attempted to address selectively
one of the two components of the above described mix-
tures. For that, we used a chemical switching process re-
cently reported between amino and acetato zinc com-
plexes of (RR)-11, whose working principle lies on the suc-
cessive additions of Boc,O and BuNH. (respectively for-
ward and backward processes), in the presence of AcO"
(Scheme 3).18d¢

We first checked that complex (S)-10M.Znpac with an
amino arm was compatible with such Boc protection reac-
tion. For that, the free base hexaphyrin (S)-10 and the com-
plex (S)-10M.Znpac were treated with 7 equiv. excess of
Boc,O and heated at 50 °C. While (S)-10 was fully con-
verted to its Boc derivative within 45 min, any noticeable
modification of the 'H NMR spectrum of (S)-10M.Znoa. was
not observed, even after prolonged heating (Figure S44).
This comparison evidences an efficient protection of the
amino function of the arm by its intramolecular coordina-
tion to zinc.3!

We then formed a 1:1 mixture of (S)-10M.Znoa. and (RR)-
11.Zn"B" and added a slight excess of Boc,O compared to
the total amount of BuNH.. After heating 60 min at 50 °C
leading to the Boc protection of BuNH,, we observed that
~ 95 % of (RR)-11.Zn 28" was consumed and converted
with ~ 60 % efficiency to (RR)-11.Znoa. (Figure 8a,b, blue
to green triangles; Scheme 4). In this step, the complemen-
tary complex (S)-10M.Znoa. was not affected (Figure 8b,

(Q)JVLJD 5 1 Y
| S
(e)_»v\.J i Yoy

10 15 20 25
1 (ppm)

red triangles). The backward process was realized by sim-
ple addition of BuNH,, leading quasi-quantitatively to the
initial 1:1 two-component mixture in ~10 min (Figure 8c).
This compartmentalized switching process, successfully
repeated 5 times (Figure 8a-j), proceeds with an efficiency
comparable to that of the single-component version.¢

ECD monitoring evidenced switching between two chirop-
tical states with large amplitude variation (Figure 9a, bot-
tom). In the initial state, the two complexes (S)-10M.Znoac
and (RR)-1.Zn™"2B exhibit a positive Cotton effect (P
twist, Figure 4), while in the second state (i.e. upon addi-
tion of Boc,0), the formed complex (RR)-11.Znopa. exhibits
a weaker Cotton effect of opposite sign.® Therefore, the
chiroptical activity of (S)-10M.Znoa., initially boosted by
the presence of (RR)-11.ZnN"2B"  is successively restored
and amplified upon additions of Boc,O and BuNH, (Figure
93, top).

Using complex (SS)-11.Zn , having opposite chiropti-
cal activity to the (RR) isomer (negative Cotton effect, M
twist), in the two-component mixture with (S)-10M.Znoac,
the opposite behavior was observed (Figure gb). The chi-
roptical activity of (S)-10M.Znoa., initially masked by the
presence of (SS)-11.ZnN"2B is successively restored and
masked again upon additions of Boc,O and BuNH,. Com-
plex (8S)-11.ZnN"2B" was also combined with 6b.Znoac (ra-
cemic, deprived of chiroptical activity) and submitted to
the Boc,O/BuNH, switching procedure. The result is com-
parable to the previous situation, but shifted to the nega-
tive values (Figure gc vs b).

NH2Bu

In summary, by changing the nature and twist configura-
tion of only one of the two complexes, at initial state or by
switching, this approach enables a ‘two-channel’ tuning of
the chiroptical properties of the ensemble. Overall, it re-
sults from a fine control of two in fine independent (paral-
lel) chirality induction processes in a complex mixture un-
der thermodynamic control, giving rise to a chiroptically
active stereoselective transformation network.

Figure 8. 'H NMR spectra (high-field region) corresponding to the chemical switching between a 1:1 mixture of (S)-10M.Znoac and
(RR)-11.Zn""2B and a mixture of (§)-10M.Znpac and (RR)-11.Znoac (CDCl;/CD;0D 911, 300 K, 500 MHz). Forward process (“A”):
addition of Boc,O, 50 °C, 60 min; backward process (“B”): addition of BuNH,, RT, 10 min.
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Figure 9. ECD monitoring of the Boc,O/BuNH, chemical switching starting from different 1:1 mixtures: a) (S)-10M.Znoac and (RR)-
11.ZnN12BY b)) (§)-10M.Znpac and (SS)-11.ZnNH2BY; ¢) 6bM.Znpac and (SS)-11.ZnNH2BU (bottom: Soret band region; top: values at 633
nm. Spectra/values are uncorrected with respect to concentration variations).

Conclusion

The grafting of various coordinating arms ending an amino
function to the dynamic Mobius [28]hexaphyrin scaffold
has been successfully achieved. The further complexation
of zinc was fruitful, leading to the following main advances:

Reversed engineering. With a chiral amino arm, an achiral
effector such as AcO controls chirality induction to the
twisted m-system leading to a rarely achieved single twist
configuration (e.d. > 95 %). As a result, the zinc complex
exhibits strong chiroptical activity with intense Cotton ef-
fect at ~ 630 nm.

Social self-sorting and parallel stereoselections. Mixing two
complementary Mobius [28]hexaphyrins, i.e. featuring chi-
ral arms with either amino or carboxylato coordinating
functions, led very selectively to 1:1 mixtures of zinc com-
plexes provided their corresponding achiral effectors have
been added (respectively AcO/BuNH,). Chirality induc-
tions are not affected with respect to the separated com-
plexes and are still impressive, opening the way to well de-
fined multiple chiroptical switches.

Compartmentalized transformations. From these two-
component mixtures, it was possible to address selectively
and reversibly one of the two M6bius complexes by react-
ing the BuNH, effector with Boc,O. Therefore, the chirop-
tical activity of only one part of the mixture can be
switched, enabling in fine a two-channel modulation of the
global chiroptical property of the ensemble. In this com-
plex dynamic system, selective recognition and selective

reactivity are key processes responsible for controlled chi-
rality induction phenomena.

The [28]hexaphyrin scaffold appears one of the most pow-
erful source of Mobius-type platforms. It enables multiple
dynamic chirality inductions of interest to create novel chi-
ral adaptive systems. Aiming at clever networks, we are ac-
tively working on multi-component Mdbius systems in
which each of the components could be manipulated inde-
pendently via orthogonal and non-invasive stimuli.
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