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Perfluorinated ligands induce meridional metal stereochemi-
stry to generate Mgl 12, M4oL15 and My,L45 prisms

Marion Kieffer, Ben S. Pilgrim, Tanya K. Ronson, Derrick A. Roberts, Mina Aleksanyan and Jona-
than R. Nitschke*

Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom

ABSTRACT: Meridional (mer) coordination promotes the generation of larger and lower-symmetry prismatic metallosu-
pramolecular structures, in contrast with the facial (fac) coordination common to smaller and higher-symmetry polyhe-
dra. Here we describe a general route to the selective formation of large metallosupramolecular prisms that contain exclu-
sively mer coordinated metal vertices. The use of 2-formylpyridine subcomponents that contain perfluorophenylene subs-
tituents at their 5-positions resulted in stereoselective formation of the iron(II) complexes from these subcomponents.
Only mer vertices were observed, as opposed to the statistical fac/mer mixture otherwise generated. This mer-selective
self-assembly could be used to prepare tetragonal (MsL,,), pentagonal (M,,L,) and hexagonal (M,,L,s) prisms, by taking
advantage of the subtle selectivities imposed by the different anilines and counterions employed. The equilibrium be-
tween the tetragonal and pentagonal prism followed a linear free energy relationship, with the ratio between structures
correlating with the Hammett ¢,” parameter of the incorporated aniline. The contrasting preferences of the fluorinated
and non-fluorinated ligands to generate prisms and tetrahedra respectively were quantified energetically, with the desta-

bilization increasing linearly for each “incorrect ligand” incorporated into either structure.

INTRODUCTION

Recent advances in supramolecular chemistry have
produced a host of intricate self-assembled architectures
of increasing structural' and functional complexity.” As
chemical self-assembly moves from an era of serendipity
into one of rational design,™ elucidation of the rules that
govern the assembly process becomes progressively more
important. The structures of discrete metal-organic com-
plexes that form in solution are determined by the geo-
metric relationship between the coordination preferences
of the metal and ligand components,® but also influenced
by factors such as solvation,* concentration,’ the ratio
between components,” the presence of guests or tem-
plates,” and exposure to external stimuli such as light.®
Directing the assembly of subcomponents into a desired
structure requires control over the complex interplay
between these factors.’

Homoleptic three-dimensional assemblies encompass
structural types including the Platonic solids such as the
tetrahedron,” cube® and icosahedron,* and Archimedean
solids such as the truncated tetrahedron,”
cuboctahedron® and rhombicuboctahedron.” The forma-
tion of the simplest of these, the tetrahedron, is well pre-
cedented.”” However, the selective formation of more
complex, higher nuclearity structures is less common. Of
these, the prismatic structures® are of particular interest,
as they can feature well-defined cylindrical pores reminis-
cent of both natural® and synthetic ion channels.” How-

ever, there are few rules to guide the design of prismatic
architectures with channels of varying dimensions. More
robust rational design principles are therefore vital for
realizing the potential applications of these self-
assembled architectures.

Despite the similarity between the coordination vector
relationships® required to form tetrahedra and prisms,
the majority of bis-pyridylimine ligands investigated by
our group assembled exclusively into tetrahedral struc-
tures when combined with octahedral metal centers.”
The formation of prismatic architectures was observed
only in specific solvent mixtures* or in the presence of a
templating anion.* Even then, these prisms in many cases
existed in equilibrium with the corresponding tetrahedra.
Tetrahedral structures are characterized by the facial (fac)
coordination of these ligands (where the three imine
nitrogen atoms define one triangular face of the octahe-
dral coordination sphere),” whereas the prismatic struc-
tures possess meridional (mer) coordination (where the
three imine nitrogen atoms define a plane that includes
the metal center). Therefore, we postulated that the use
of ligands that exhibit a clear preference for the formation
of mer vertices would facilitate the selective formation of
novel prismatic architectures over the more frequently-
observed tetrahedra. Hence, we set out to explore factors
responsible for generating mer coordination in transition
metal complexes that incorporate the versatile 2-
pyridylimine ligand motif.
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Figure 1. Self-assembly of fac and mer mononuclear complexes 1 and 2. 'H NMR spectra (400 MHz, 298 K, CD,CN) of the
imine regions of 1 and 2. Self-assembly of tetrahedral 3 and tetragonal prismatic 4 from the non-fluorinated C and tetraf-

luorinated D subcomponents respectively.

RESULTS AND DISCUSSION

Rational Design of Prismatic Structures. In order to
elucidate structural preferences that would favor the
formation of mer vertices over fac, we scrutinized several
previously obtained crystal structures. Around the fac
vertices in these structures,” substituents on the aromatic
rings attached to the s5-positions of the pyridine rings
experienced a more sterically crowded environment than
in the corresponding mer vertices.* Furthermore, the
sizes and positions of the ligand substituents have been
shown to influence the product stereochemistry.” We
thus postulated that by making the aromatic substituent
at the 5-position on the pyridine rings more sterically
demanding, the formation of fac vertices might be disfa-
vored relative to mer, as illustrated in the van der Waals
space filling models and surfaces provided in Supporting
Information (SI) Section S2.1. Mer vertices also provide
greater potential for m-stacking interactions between the
electron-rich aniline ring and the electron deficient pyri-
dine ring as shown in Figure 1 and in the Electrostatic
Potential Map (SI, Section S2.2). Consequently, adding
electron-withdrawing substituents to the pyridine ring
should enhance these quadrupolar interactions and favor
the formation of mer vertices. By replacing the benzene
ring linking the two pyridine rings with a 2,3,5,6-
tetrafluorobenzene ring, we inferred that both of these
requirements could be fulfilled due to the slightly larger

van der Waals radius of fluorine (1.47 A) compared to
hydrogen (1.00 A),*" and the electron-withdrawing nature
of the fluorine atoms.

In order to test this hypothesis, we first synthesized a
pair of mononuclear model complexes and examined the
ratio of fac to mer isomers (Figure 1). The subcomponent
self-assembly® of 2-formyl-5-phenylpyridine A, with p-
fluoroaniline and iron(IT)
bis(trifluoromethane)sulfonimide (Fe(NTf,),) in CH,CN
furnished mononuclear complex 1 (Figure 1). ESI-MS re-
sults were consistent with the expected formation of
complexes of Fe''L, stoichiometry. "H NMR analysis indi-
cated the presence of both fac and mer geometries in the
statistical proportion of 1:3. In contrast, the self-assembly
of the fluorinated 2-formyl-5-(2,3,5,6-
tetrafluorophenyl)pyridine B, with p-fluorcaniline and
Fe(NTf,),, produced mononuclear complex 2 possessing
exclusively mer geometry, as indicated by 'H NMR.

As the model compound studies supported our hy-
pothesized method of stereocontrol, we then embarked
on the synthesis of the appropriate bis-formylpyridine
subcomponents to assemble into the desired larger struc-
tures. As previously reported,™ the self-assembly of dial-
dehyde subcomponent C with p-methoxyaniline and
iron(IT) hexafluorophosphate (Fe(PFy),) gave tetrahedral
cage 3 in solution. In order to access the desired prismatic
structures, dialdehyde subcomponent D, which contains a
2,3,5,6-tetrafluorobenzene moiety bridging the two for-
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mylpyridine groups, was required. Dialdehyde D was
synthesized in four steps, as described in the Supporting
Information (SI), Section Sr.2.. The self-assembly of D
with p-methoxyaniline and Fe(PF), gave rise to a product
having the formula Fe,L, by ESI-MS (SI, Figure S27). The
'H NMR spectrum revealed the presence of a predominant
species with three magnetically distinct ligand environ-
ments, consistent with tetragonal prismatic structure 4a
(R*=OMe) with mer coordination at all vertices (Figure 1).

Slow vapor diffusion of benzene into an acetonitrile
solution of 4a afforded a crystal suitable for X-ray diffrac-
tion analysis, which confirmed the tetragonal prismatic
structure of the assembly. The complex consists of two
four-sided circular helicate rings, each made of four
iron(Il) centers linked by four equatorial ligands. The two
rings are bridged by four axial ligands (Figure 2) with a
twist of 15° between the two parallel rings. The metal-to-
metal distances are 12.0 A within the Fe,L, rings and
1.8 A between rings. All metal centers in each structure
possess the same A or A handedness, giving the structure
idealized D, point symmetry. Both enantiomeric forms of
4a were present in the crystal. Although Ward has iso-
lated a stereochemically similar all-mer meso M;L,, struc-
ture,™ and other MgL,, structures have been reported
displaying different combinations of fac and mer vertic-

es,”*° the chirality and stereochemical configuration of 4

generate a new structure type, to the best of our know-
ledge.

The crystal structure also revealed the presence of or-
dered PFs™ counterions in the partially enclosed triangular
pockets in the top and bottom rings. Two more PFy ions
occupy the central channel, disordered around the C,
symmetry axis. The position of the PF4 ions in the trian-
gular pockets, and the distance of these anjons from the
aromatic rings of the ligands, suggested the presence of
significant anion-w interactions™ in the solid state. The
presence of these interactions in the solution phase was
also inferred by the observed broadening and downfield
shifting (by 0.23 ppm) of the PF,” doublet in the *F NMR
spectrum (SI, Figure S70).

Although the solid-state structure of g4a suggests that
included PF, anions play a structural role, the difference
in behavior of fluorinated building block D with respect
to its non-fluorinated analog C is not only due to the
presence of PF¢™ anions, as evidenced by the formation of
tetrahedral cage 3 (fac vertices only) under identical con-
ditions, when subcomponent C was employed in place of
D. We infer the perfluorophenylene-derived stereoselec-
tivity observed during this self-assembly process to origi-
nate from the same factors that led to different stereo-
chemical outcomes between model compounds 1 and 2
(Figure 1).

Figure 2. Views of the single crystal X-ray structure of 4a (a) showing the top and bottom rings linked by axial ligands, with
linkages between Fe' centers (purple spheres) added in order to highlight the D, point symmetry; (b) showing the ligands in a
space-filling view down the central channel; (c) highlighting a pair of mer vertices, with the three magnetically distinct environ-
ments shown in blue, red, and green; (d) showing the placement of the ordered PFs counterions above the -CgF,- rings. In all
views the non-encapsulated anions, solvent molecules and disorder are omitted for clarity.

ACS Paragon Plus Environment



P OO~NOUILAWNPE

WNDNNDNNNNNNNRPRPRPRPREPRPRPRPRPERRRE
QUOWONOURAWNRPOOO~NOOUDWNEO

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Journal of the American Chemical Society

The contrasting preference of subcomponents C and D
to form only tetrahedral or prismatic structures respec-
tively was probed further in experiments employing mix-
tures of the two subcomponents. As both subcomponents
have nearly identical lengths, we expected them to mix to
form a library of heteroleptic assemblies if neither ligand
had a distinct preference for either structural type. If
mixed in equal amounts, a deviation from the entropical-
ly-favored statistical (binomial) distribution of heterolep-
tic assemblies, even in the absence of complete narcissis-
tic self-sorting,”® would indicate an inherent preference
for the ligands to self-sort into their preferred structural

type.
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Figure 3. ESI-MS of a mixture of preformed structures 3 and
4ain a 21 ratio after equilibration at 50 °C for one week.

Tetrahedral cage 3 and tetragonal prism 4a were com-
bined in a 21 ratio, giving a 11 ratio between the non-
fluorinated subcomponent C and fluorinated subcompo-
nent D within the sample. The mixture was left to equili-
brate at 50 °C for one week. The 'H NMR spectrum of the
mixture became significantly more complex during this
time, but did not change further, indicating that the sys-
tem had reached equilibrium.

ESI-MS results (Figure 3) indicated the presence of
FeH4L6 tetrahedra incorporating between zero and four
fluorinated D residues, but no tetrahedra incorporating
five or six. Peaks corresponding to Fe'L, tetragonal
prisms incorporating between zero and six non-
fluorinated C residues were also observed, but none in-
corporating more than six. Hence, a clear deviation from
the binomial distribution was obtained across both archi-
tectures. The intractability of the 'H NMR spectrum was
thus inferred to result both from the many different con-
geners present, and the different structural arrangements
that may be adopted by some congeners (e.g. Fe,L%,L",).

We infer that when observing clusters of ESI-MS peaks,
where all signals correspond to structures with a common

structure type - either tetrahedra (3) or tetragonal prisms
(4) - in a single charge state, the response factors (peak
intensities) were independent of the number of fluori-
nated ligands present in each tetrahedron, or which struc-
tural isomer was present. Thus, the concentration of each
of the congeners was considered to be proportional to the
intensity of its m/z peak, and the relative proportions of
species differing only in the number of fluorinated ligands
incorporated were determined by measuring the differ-
ences in peak intensities. This method has provided con-
sistent results in the context of other complex metallosu-
pramolecular architectures.”

Within each charge state, the intensities of the m/z
peaks were normalized, and these intensities were aver-
aged across all observed charge states to give the relative
amounts of each congener in solution. These values were
plotted alongside the binomial distribution (Figure 4a).
In the cases of both tetrahedra (3) and tetragonal prisms
(4), strong deviations were observed from binomial dis-
tributions of products that incorporate both kinds of
ligands (Figures 4a and 4b, respectively). These deviations
reflected the energetic preference of non-fluorinated
subcomponent C to form tetrahedron 3 and fluorinated
subcomponent D to form tetragonal prism 4a.

In order to quantify these energetic preferences, a set of
equilibrium constants were calculated between congeners
in the tetrahedral series, by measuring the ratio between
the observed proportion of each species and its expected
proportion, based upon a binomial distribution (SI, Sec-
tion S4.3 for details). The relative energies between con-
geners were determined from these equilibrium con-
stants. These Gibbs energies were plotted relative to the
baseline of fully non-fluorinated tetrahedral cage 3, which
was destabilized by an average of 4.1kJ mol™ for each
fluorinated subcomponent D incorporated into the tetra-
hedral cage, as determined by a linear least-squares fit
(Figure 4c). We cannot differentiate between structural
isomers via ESI-MS, therefore only a weighted average
energy was calculated. Applying the same procedure to
the tetragonal prism 4a indicated that the incorporation
of each non-fluorinated subcomponent C incurred an
average energetic destabilization of 2.7 k] mol™.

It is thus more energetically costly to incorporate a
fluorinated ligand into a tetrahedron than a non-
fluorinated ligand into a tetragonal prism, which is con-
sistent with the observation that mononuclear complex 1
formed as a statistical fac-mer mixture, whereas mer-2
formed stereoselectively. The relative contributions of
entropy and enthalpy to the tetrahedron-prism equilibria
cannot be quantified based upon the data available, and a
meaningful van ‘t Hoff analysis is precluded by the slow-
ness of equilibration below 50 °C, and broadening of the
'H NMR spectrum, consistent with possible sample de-
gradation, above 70 °C. Entropy tends to favors the forma-
tion of structures with the minimum number of compo-
nents® and in this case the tetrahedron incorporates
half the number of building blocks than the prism. Given
that the non-fluorinated mononuclear complex 1 has no
preference for fac or mer geometry, entropy might be
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Figure 4. Proportion of each species observed for (a) tetrahedron 3 and (b) tetragonal prism 4a compared to the binomial (sta-
tistical) distribution. Error bars represent the standard deviations of the amounts of each congener measured between the dif-
ferent charge states observed in the ESI-MS. (c) and (d) provide plots of the energy of each species relative to tetrahedron 3 in
(c), containing only non-fluorinated C residues, and the tetragonal prism 4a in (d), containing only fluorinated D residues. E,,
and E,, refer to the relative energies between congeners respectively in the cases of the tetrahedral series and the prismatic se-
ries. o represents the energetic destabilization per ligand exchanged.

driving the preference of the non-fluorinated ligand to
form the tetrahedron. The observation of the larger pris-
matic structures formed from fluorinated ligands suggests
that prisms are enthalpically favored, outweighing the
entropic preference to form tetrahedra.

When the self-assembly reaction was performed using
equal amounts of subcomponents C and D, the same
result was obtained as for when the preformed cages were
mixed together, indicating that the thermodynamic prod-
uct distribution was attained in both cases.

Formation of larger prismatic structures. Tetragonal
prism 4a was the predominant species obtained in solu-
tion from the self-assembly reaction of dialdehyde D with
p-methoxyaniline and Fe(PFg),, as determined by 'H
NMR. Notably, signals attributable to a Fe",L tetrahedral
cage were absent from the 'H NMR spectrum. However,
the observation of minor peaks indicated the presence of
another discrete supramolecular species in solution.

Given the propensity of subcomponent D to form struc-
tures containing mer vertices, we hypothesized that the
additional 'H NMR signals might be due to higher-order
prismatic structures. The optimum prism size could be
the result of a balance between increased strain in smaller
structures and the entropic penalty of forming larger
structures, with various factors and effects having the
potential to tip this balance, as described below.

Previous work has shown that counter-anions can influ-
ence the product distributions of self-assembly reactions
due to their templating effects.® We inferred that anion
templation might play a role in determining the predo-
minant product, based on the interactions observed be-
tween tetragonal prism 4a and PF4™ both in solution and
in the solid state, as noted above. It has also been shown
that the aniline subcomponent may influence the beha-
vior of a structure in solution, due to delocalization of
electron density between the aniline residue and the rest
of the ligand.** Different combinations of anilines and
counter anions were therefore screened in order to target
the larger prismatic homologues of 4.

The self-assembly of D, p-tert-butylaniline and iron(II)
perchlorate gave a mixture of two species in the 'H NMR
spectrum, both having three distinct ligand environ-
ments, consistent with the presence of two prismatic
structures. ESI-MS peaks were observed corresponding to
both Fe'iL, (4b) and Fe“mLls (5b) structures (Figure sa).
Intriguingly, when D was mixed with p-methoxyaniline
and Fe(NTf,),, the 'H NMR spectrum again indicated the
formation of two predominant species; however, in con-
trast to the results with p-tert-butylaniline, ESI-MS gave
results consistent with the presence of both FeHmL15 (5a)
and Fe",L structures (6a) (Figure 5b).

Crystals were obtained following slow vapor diffusion of
benzene into the mixture of 5¢ and 6¢, formed from the
reaction of D with p-fluoroaniline and Fe(NTf,), in
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CH,CN to which NBu,PFs (ca. 30 equivalents per cage)
had been added. Single-crystal X-ray diffraction afforded
the structure shown in Figure 6, confirming the presence
of a Fe',L,; pentagonal prism. The structure consisted of
two parallel pentagonal circular helicate rings, each con-
taining five equatorial ligands and five iron(II) centers.
These parallel rings were linked by five axial ligands (Fig-
ure 6).
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Figure 5. ESI-MS of a mixture of (a) 4b and 5b and (b) 5a
and 6a.

The metal-to-metal distances are 12.3-13.2 A within the
Fe",L, rings and 11.4-121 A between rings. As with 4, all
vertices possessed mer stereochemistry, but remarkably,
each structure contained metal centers of both A and 4
handedness. Within one complex, one pentagonal face
contained five centers of A handedness and the other
pentagonal face five centers of /4 handedness. The idea-
lized structure of the assembly thus possesses a Cy axis
down the prism channel and a horizontal mirror plane
through the center of the structure perpendicular to this
axis, giving it Cy, point symmetry. This achiral structure
contrasts with the chiral pentagonal prisms observed
previously that contained metal centers of only one han-
dedness in all cases.**° Similar to the structure of 4a, PFg”
counterions are found in partially-enclosed pockets with-
in the top and bottom pentagonal rings (Figure 6c); how-
ever, several of the anions were disordered and/or mod-
eled with partial occupancy. The limited resolution of the
X-ray data prevented more detailed comparisons from
being drawn between the structures of 4a and 5c. A crys-
tal structure of sa having the same symmetry (Cy,) was
obtained following the self-assembly of D with p-
methoxyaniline and Fe(NTf,), in acetonitrile to which
K,B,.F,, (ca. 40 equivalents per cage) had been added (SI,
Figure Sgs). Some disordered B,F,” counterions were
also found in the pockets of this structure.

The differing symmetries of chiral M;L,, 4a and achiral
M,,L,; 5a were maintained in the solution state, as indi-
cated by experiments in which the chiral anion A-
TRISPHAT* was added to the two prisms. Upon addition
of A-TRISPHAT to mixtures of 4 and 5 (one equivalent of
A-TRISPHAT per 8 Fe'), only one of the two sets of sig-
nals was observed to split (SI, Section Ss.1), as would be
expected during the formation of diastereomeric ion pairs
for chiral 4, but not for achiral 5. This experiment also
confirmed unambiguously our assignments of the differ-
ent signals to 4 and 5, allowing quantification of the rela-
tive amounts of these species observed in the mixtures
from 'H NMR data.

Figure 6. Single crystal X-ray structure of sc¢ showing (a) the two pentagonal faces linked by axial ligands, with connections
between metal centers (purple spheres) added to highlight the Cy, point symmetry; (b) spacefilling view down the central chan-
nel; (c) side view showing the specific positions of the localized PFs counterions. In all views the non-encapsulated anions, sol-

vent molecules and disorder are omitted for clarity.
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Figure 7. (a) MM3-optimized molecular model of hexagonal
prism 6h (R=H). Conections between metal centers (purple
spheres) have been added to highlight the D¢ point symme-
try; (b) spacefilling view down the central channel. No anions
were modeled.

Upon addition of A-TRISPHAT (two equivalents per 10
Fe") to mixtures of 5 and 6, the signals for 6 were ob-
served to split in the '"H NMR (SI, Section Ss.2), consistent
with a chiral M,,Lg architecture possessing idealized Dy
point symmetry.

Despite many attempts, crystals of 6 suitable for X-ray
diffraction analysis were not obtained. An MM3 model of
6 was constructed based on the proposed structure from
the solution experiments (Figure 7). Between each archi-
tecture the increase in diameter of the central channel
was substantial, expanding from 4.5 A to 9.5 A and 15.1 A
at the narrowest points of the channels for the tetragonal
4, pentagonal 5 and hexagonal 6 prisms respectively.

The electronic influence of peripheral aniline substitu-
ents upon supramolecular architectures formed in solu-
tion is an area of current interest.>* A more electron-rich
aniline motif (as quantified by the Hammett o, parame-
ter” of its substituent) leads to stronger metal-ligand
interactions, in turn generating more stable structures.
Hence, more electron-rich anilines are observed to dis-
place less electron-rich anilines from a complex. However,
the influence of the aniline substituent can extend well
beyond the metal center itself.*

We thus sought a correlation between the electron
withdrawing or donating ability of the aniline substituent
and the relative stabilities of the prismatic structures
described herein. Anilines bearing substituents with vary-
ing electronic effects were combined with subcomponent
D and Fe(PF,),. This iron(II) salt was chosen because ESI-
MS and 'H NMR indicated that it led to the formation of a
mixture of two structures only (4 and 5) (Figure 8).

A weak linear free energy relationship was observed
between the logarithm of the equilibrium constant for the
interconversion of 4 and 5 (log K) and o, (S, Figure Sg2).
By contrast, we noted a much stronger linear correlation
between log K and the Hammett o, parameter, which
takes resonance effects into account (Figure 8). We
attribute the higher quality of this fit to the importance of
direct electronic conjugation between the pyridine nitro-
gen atom and the aniline substituent. The sensitivity of
the 4 = 5 equilibrium to electronic effects, as reported by
the magnitude of the Hammett p value of 3.56, reflects
the high degree of predictive control over the system’s
product distribution achievable by varying the aniline
substituents.

R 20
o 17

20PFg

log(K) = po,* + log(Ky)
p=356
R2=0.857

0 —
1.0 08 0.6 0.4 02 0.0 0.2

Resonance parameter (G;)

Figure 8. Equilibria between 4 and 5 show a linear free ener-
gy relationship between log(K) and ¢,”, following the Ham-
mett Equation. The error bars show standard deviations of
log(K) over 5 runs.

We infer tetragonal prism 4 to be entropically favored
with respect to pentagonal prism 5, because 4 incorpo-
rates fewer of the same building blocks. Examination of
the angle between the pyridine-tetrafluorobenzene-
pyridine ring centroids in the crystal structures of prisms
4a and s5c revealed angles of 172° in prism 4a and of 173-
178° in prism 5¢, indicating that the ligands of tetragonal
4 are bent to a greater degree, and therefore more
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strained, than the ligands of pentagonal 5. No statistically
significant differences in interligand n-m stacking were
observed between the structures of 4a and 5c. Hence,
pentagonal prism 5 should be favored on enthalpic
grounds.” We thus infer that the stronger metal-ligand
interactions that result from the incorporation of more
electron-rich anilines are needed to stabilize the more
highly-strained tetragonal prismatic structure 4. The
strength of the metal-ligand interaction, as influenced by
the substituents of the aniline residues, thus impacts
strongly upon the equilibrium between these prismatic
structures.

CONCLUSION

Although great strides have been made towards the
rational design of supramolecular structures in recent
years, many subtle factors require a greater degree of
understanding before concepts of retrosynthetic analysis*
can be as readily applied to these metal-organic assem-
blies as to purely organic molecules. This work elucidates
key factors that lead a bidentate ligand to form mer rather
than fac metal vertices—a salient feature of more structu-
rally complex assemblies—which may in turn lead to
more complex functions. The prismatic structures formed
selectively during the course of this study might embed in
membranes and act as channels to gate passage of small
molecules or ions.” To realize this potential, both channel
pore size and channel length must be controlled.

This study reports the synthesis of one of the largest
prismatic architectures prepared to date, and reveals how
the relative amounts of tetragonal and pentagonal prisms
can be quantitatively controlled using the Hammett equa-
tion. We have also quantified the energetic preference of
fluorinated ligands to form mer vertices, and therefore
prismatic structures, finding it greater than the prefe-
rence of non-fluorinated ligands to generate fac vertices
and thus tetrahedra. The formation of larger hexagonal
prisms could also be favored through variation of the
counter anion. We aim next to explore the functions of
these new structures, and to apply these lessons to the
construction of yet more structurally complex supramole-
cular architectures incorporating mer stereocenters.
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Figure 2. Views of the single crystal X-ray structure of 4a (a) showing the top and bottom rings linked by
41 axial ligands, with linkages between Fe™ centers (purple spheres) added in order to highlight the D4 point
42 symmetry; (b) showing the ligands in a space-filling view down the central channel; (c) highlighting a pair of
43 mer vertices, with the three magnetically distinct environments shown in blue, red, and green; (d) showing
44 the placement of the ordered PFs~ counterions above the -CgF4- rings. In all views the non-encapsulated
45 anions, solvent molecules and disorder are omitted for clarity.
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19 Figure 6. Single crystal X-ray structure of 5¢c showing (a) the two pentagonal faces linked by axial ligands,
with connections between metal centers (purple spheres) added to highlight the Csn point symmetry; (b)
spacefilling view down the central channel; (c) side view showing the specific positions of the localized PFs~
;; counterions. In all views the non-encapsulated anions, solvent molecules and disorder are omitted for

clarity.
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Figure 7. (a) MM3-optimized molecular model of hexagonal prism 6h (R=H). Connections between metal
centers (purple spheres) have been added to highlight the D¢ point symmetry; (b) spacefilling view down
the central channel. No anions were modeled.
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Figure 8. Equilibria between 4 and 5 show a linear free energy relationship between log(K) and o,™,
following the Hammett Equation. The error bars show standard deviations of log(K) over 5 runs.
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