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ABSTRACT

Solutlon -

TB24C8 DBA" PFg” n O n 0 n 0

In contrast with dibenzo[24]crown-8 (DB24C8), when tetrabenzo[24]crown-8 (TB24C8) is mixed with dibenzylammonium hexafluorophosphate
(DBA-PFg) in noncompetitive solvents, the thermodynamically driven noncovalent synthesis of the threaded 1:1 complex—a [2]pseudorotaxane—
does not occur. However, on crystallization from solution—in a process which is presumably kinetically controlled—TB24C8 molecules and
DBAT cations form an array of [2]pseudorotaxanes stabilized by a plethora of [C—H-++F] hydrogen bonds to highly ordered, interstitially
located PFg~ anions.

After many years, during which the focus of hesuest environmental and biological significang&éhis incentive
chemistry centered on the recognition and binding of has led to the syntheses of many ingeniously selective anion-
cationi¢ substrates, the importance of taming and trapping recognizing receptorsConsequently, a greater understanding
their negatively charged counterparts (i.e., anions!) has only of the supramolecular chemistrgf anions and the role they
recently been realizetThe drive to design receptors capable play in self-assembfyprocesses has emerged. This trend is
of selective anion recognition is fueled largely by their demonstrated elegantly by the exploitation of anion binding
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in the covalent synthesis of rotaxarfeas well as in the affinity these components display for one another. Most
noncovalent synthesesf metal—ligand cageshelicates? notably, the solution-state binding of dialkylammonium salts
and numerous other intricate supramolecular architectlires. by tetrabenzo[24]crown-8 (TB24C8) was shdfvito be
We describe here the formation of a [2]pseudorotaxane arraynegligible, indicating that the equilibrium depicted in Figure
in the solid state-stabilized by a highly ordered matrix of 1 lies far over to the left-hand side, in favor of the free
PR~ anions responsible for numerous{8:---F] interactions- components.
despite the fact that no evidence for the formation of such a However, upon crystallization of an equimolar mixture of
threaded complex could be detected during solution-$tate  TB24C8 and DBA-PEfrom a CHCk/MeCN/n-GH34 solu-
NMR spectroscopic studies. tion (7:3:3), X-ray quality single crystals of the [2]pseu-
dorotaxane [TB24C8/DBA][P§ were isolated. No uncom-
plexed thread or ring components were present in this
crystalline material. The X-ray analysief [TB24C8/DBA]-
[PFs] shows the crystals to contain four crystallographically
independent 1:1 complexes in the asymmetric unit. Each of
the complexes has (Figure 2) a very similar co-conforma-
tion,'8 the only significant difference being in the relative
orientation of one of the benzyl groups with respect to the
plane of the GICH,NH,"CH,Cp, backbone. The TB24C8
macrocycle adopts a shape with approximate tennis ball seam
(D2g) symmetry—a conformation similar to that obser¥fed
The (jis(;()ve@2 that appropriately sized crown ethers— in TB24C8-2MeCN. The 1:1 complexes are all stabilized
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. h d tis sk db i thread-lik all the full occupancy non-hydrogen atoms were refined anisotropically.
ring-shaped component Is skewered Dy a linear thread-like ONne. pjisorder was found in the thread component of one of the four crystallo-

graphically independent pseudorotaxanes and in one of the included solvent
MeCN molecules; in each case, two partial occupancy orientations were
. . identified with only the non-hydrogen atoms of the major occupancy
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Table 2. Centroid—Centroid Separations (A) for Pairs of
Aromatic Rings (Figure 2) in the Four Independent [TB24C8/
DBA][PFg] Supermolecules (1—4) That Exist in the Solid State

supermolecule

interaction 1 2 3 4
[cat.---cat.]?

[A---C] 7.67 7.93 7.90 7.66
[D-+-E] 7.96 8.64 7.86 8.09
[cat.---Ph]P

[A---B] 3.86 3.71 3.86 3.55
[B---C] 3.96 4.23 4.22 4.12

aThe catechol rings of the TB24C8 macrocycle are assigned the
descriptor cat? The phenyl rings of the DBA cation are assigned the
descriptor Ph.

embedded into the clefts formed by groups of four 1:1
. . . complexes (Figure 3b). Each PFanion has (Table 3) not
Figure 2. Ball-and-stick representation of one of the four crys-

) X : less than five [F-:+H] contacts (of 2.6 A or less) involving
tallographically independent [2]pseudorotaxanes present in the L
crystals of [TB24C8/DBAJ[PE showing the [N‘—H-+-O] and no fewer than four of the F atoms to H bond donors in either

[C—H---O] hydrogen bonding. The hydrogen-bonding geometries (i) the catechol rings or (i) the OGCHO linkages in

and inter-ring separations are given in tables. TB24C8 or (iii) the phenyl rings of the DBAcation. There

is no instance where there is not at least one cation/anion
[C—H---F] interaction for each RF anion. AdjacentC,-
(Tables 1 and 2) by a combination of fNH-+-O] (a and symmetrically related layers are almost in register, thereby

b) and [C-H---O] (c andd) hydrogen-bonding interactions  completely encapsulating all of the anions.
(Figure 2) andr—x stacking between the phenyl ring B of

the DBA" cation and the catechol rings A and C of the crown _
ether. The most novel feature of the solid-state superstructure

is the arrangement of the sets of four 1:1 complexes and (a)
their associated highly ordered PFanions (Figure 3). This ;
unusual lack of disorder in these anions indicates that they
are playing a key role in the kinetic assembly of the
superstructure in the solid state. The [TB24C8/DBA]
complexes are arranged in layers with thesPRnions

Table 1. [N*—H---Q] and [C-H---O] Hydrogen-Bonding
Parameters—d (Figure 2) for the Four Independent [TB24C8/
DBA][PF¢] Supermolecules (1—4) That Exist in the Solid State

supermolecule

interaction 1 2 3 4
a
[N*---0] (A) 2.91 2.96 2.98 2.92
[H:--0] (A) 2.03 2.08 2.11 2.03
[N+—H---0] (deg) 158 167 159 169
b
[N*---0] (A) 3.05 3.04 2.99 3.00
[H:--0] (A) 2.20 2.16 2.13 2.13
[N+—H---0] (deg) 165 164 164 164
c
[C:+-0] (A) 3.34 3.29 3.27
[H--0] (A) 2.51 2.33 2.31 Figure 3. Space-filling representations (hydrogen atoms omitted
[C—H--+Q] (deg) 144 175 178 for clarity) showing (a) the regular array of the 1:1 complexes
d (TB24C8 in red and the DBAcation in blue) and their associated
[C---0] () 3.16 3.14 3.12 3.19 PR~ anions (P in purple and F in green) and (b) the embedding of
[H:--0] (A) 2.32 2.33 2.18 2.43 the anions into the egg-box-like clefts formed by the array of [2]-
[C—H---O] (deg) 146 141 160 136 pseudorotaxanes.
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Table 3. Hydrogen Bond Lengths (A) for the Interactions
between the F Atoms of the PFAnions and H Atoms Situated
on Either the DBA Cation or TB24C8 Macrocycle (Figure 2)
in the Four Independent [TB24C8/DBA][EFSupermolecules
(1—4) That Exist in the Solid State

supermolecule

interaction 1 2 3 4
[F-+-H(m-Ph)] 2.60 2.45 2.47 2.55
[F-+-H(p-Ph] 2.55 2.60 2.55

2.55
[F---H(o-cat.)] 2.56 2.34 2.52 2.43
[F---H(polyether)] 2.55 2.45 2.47 2.35
2.59 2.54 2.55 2.57
2.49 2.57 2.59
2.55 2.58

Liquid secondary ion mass spectrometric (LSI-MS) in-
vestigations into this system also provide an insight into the
different behavior exhibited in the solution and solid states.
The crystalline material (from which the crystal subjected
to X-ray crystallography was taken) was analyzed by LSI-
MS, revealing the base peak in the spectrum to bra/at=
742.4, corresponding to the 1:1 complex formed between
TB24C8 and DBA. The peak arising from the free DBA
cation has an intensity of only 23% of the base peak. In
contrast, when a (C§,CO solution containing equimolar
quantities of TB24C8 and DB#F; was analyzed, the base
peak in the spectrum occurred at Az value of 198.2,
corresponding to DBA, and the peak arising from a 1:1
association of TB24C8 with DBAIs only half as intense.
These mass spectrometric observatidase in agreement
with the data obtained from previotid NMR spectroscopic
investigations® which suggest that the 1:1 complex, although

present exclusively in the solid state, cannot be detected in

(20) In our experience, if the [2]pseudorotaxane is a major solution-

solution. Additionally, subsequent dissolution of these crys-
tals in a mixture of CDGICDsCN (2:1), followed by'H

NMR spectroscopic analysis, gave rise to a spectrum in
which only resonances for the free components could be
observed, i.e., the [2]pseudorotaxane present in the solid state
falls apart in solution.

Although the self-assemiflyof TB24C8 with DBA"
cations in solution to form a [2]pseudorotaxane is not a
thermodynamically favored process, the act of crystallization
an inherently kinetic eventin the presence of RF anions
drives the equilibrium shown in the graphical abstract to the
right-hand side. Previously, with this class of crown ether/
dialkylammonium ion recognition motif, we have obsertted
the Pk~ anion-assisted formation of discrete supermoleetiles
e, 1:1, 1:2, 1:3, 1:4, 2:2, 2:4, etc.,, complexes with
pseudorotaxane geometrieist which the Pk~ anions sta-
bilize the supermolecules by means of a multitude of
complementary [&H---F] hydrogen-bonding interactiods,
particularly in the crystalline stafé. Here—the anion-
orchestrated formation of a continuous supramolecular
array, containing a cationic [2]pseudorotaxane which does
not form at all as a discrete supermolecule in solution, has
been demonstrated only to occur in the solid state upon
crystallization.
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