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ABSTRACT: Halogen-bonding provides a useful complement to hydrogen-bonding and metal-

coordination as a tool for organizing supramolecular systems. Resorcinarenes, tetrameric bowl-
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shaped cavitands, have been previously shown to function as efficient scaffolds for generating
dimeric capsules in both solution and solid-phase, and complicated one-, two-, and three-
dimensional frameworks in the solid phase. Tetrahaloethynyl resorcinarenes (bromide and
iodide) position the halogen atoms in a very promising “crown-like” orientation for acting as
organizing halogen-bond donors to help build capsules and higher-order networks. Symmetric
divalent halogen bond acceptors including bipyridines, 1,4 dioxane, and 1,4-
diazabicyclo[2.2.2]octane are very promising halogen-bond accepting partners for creating these
systems. This report describes the complex structures arising from combining these various
systems including self-included dimers, herringbone-packed architectures enclosing medium
(186 A%) cavities, and a very intriguing bamboo-like 1-D rod with large (683 A’) cavities
between adjacent dimeric units. These various structures, all organized through host-host, host-
acceptor, and host-solvent interactions highlight the emergent complexity of these types of
complexes. As halogen bonds are weaker than hydrogen-bonds, the resulting architectures are
harder to predict, and these results provide additional insight into the parameters requiring
consideration when designing crystalline supramolecular systems using halogen-bonds as the

core organizing principle.

Introduction

The design and construction of capsular assemblies is a growing area of focus within the
supramolecular chemistry community. From a simple post hoc theorizing viewpoint, defined
capsular assemblies should be easily designable through a complex, but deterministic evaluation
of the supramolecular geometries emerging from the structure of the constituent units."™

However, at the nanoscopic level, the processes leading to capsule formation are considerably

ACS Paragon Plus Environment
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more complicated. In addition to obtaining the correct geometry by using the appropriate
connecting units, ligand design and subsequent crystal engineering requires a fine control and
balance between a multitude of interdependent structural, electronic and other parameters
including: the strength of the bonding interactions, the size of any capsular cavity, the spatial
orientation and robustness of the supramolecular synthons and interaction motifs, and the
potential complicating interference from competing solvent molecules or other possible species,
viz. cations and/or anions.'™ Predicting and controlling these supramolecular interactions within
a multi-component system is particularly challenging when specific capsular structures are
desired."™ However, significant progress has been made, and the emergent behavior of these

10-14
d

interactions is quite well understood in hydrogen bond>® (HB) and metal-ligan mediated

capsular structures. The formation and control of purely halogen-bonded (XB)">!
supramolecular capsules, on the other hand, are still poorly understood and only a few examples
are reported in the literature.””?® As halogen bonds offer a very versatile and useful
complementary organizing principle to the H- and metal-ligand interactions, an improved

understanding of these systems is required to provide the necessary tools to access ever more

elaborate supramolecular architectures.

29-37 38-44 22-26,28,45-49

Resorcinarenes, their salts, and resorcinarene cavitands are well-studied
families of macrocyclic receptors. Resorcinarenes are particularly useful due to their ease of
preparation, simplicity of functionalization, and versatility as hosts for a wide variety of

2944 The known resorcinarene capsules formed through HBs, metal-ligand coordination

guests.
bonds and dynamic covalent bonds have recently been reviewed by Kobayashi and Yamanaka.™

Concurrent with that review, we reported a novel dimeric solid-state capsule held together solely

by halogen bonds (XBs) based on a pre-organized tetratopic resorcinarene XB acceptor.”> More

ACS Paragon Plus Environment
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recently, we have extended these studies and have demonstrated that tetrahaloethynyl cavitands

51,52

act as efficient multidentate XB donors. These methylene or ethylene bridged resorcinarene

cavitands, with upper rims functionalized by either four bromo- or four iodoethynyl groups, are
capable of forming XBs with themselves, additional guests, and/or with solvent molecules.’'*
We envisaged that under specific conditions and using structurally suitable XB acceptors, the
tetrahaloethynyl resorcinarene cavitands could form halogen-bonded capsular assemblies. In this
contribution, we report halogen-bonded solid-state complexes formed between tetrahaloethynyl
cavitands (Figure 1) and heterocyclic ditopic XB acceptors, 2,2’-bipyridine (2,2’-bipy), 4,4’-
bipyridine (4,4’-bipy), 1,4-diazabicyclo[2.2.2]octane (DABCO) and 1,4-dioxane (dioxane).

These ligands are classical Lewis bases and have been used extensively in the construction of

16-21

other XB architectures.

1a, R= C6H13
1b, R= C11H23 3, R= CSH13
N
o™
[[N] L_oO
2,2'-bipy 4,4'-bipy DABCO dioxane

Figure 1. The tetratopic tetrahaloethynyl cavitand XB donors 1 — 3 and the ditopic XB acceptors
2,2’-bipy, 4,4’-bipy, DABCO and dioxane.

ACS Paragon Plus Environment

Page 4 of 23



Page 5 of 23

oNOYTULT D WN =

Crystal Growth & Design

Aakerdy and coworkers™ have proposed simple guidelines to predict the halogen bonding
behavior of ditopic acceptors based on the complementarity of the electrostatic potential surfaces
of specific donor and guest binding sites. These guidelines work very well for systems
incorporating a few relatively strong XBs. Yet it may fail in complicated systems if
supramolecular organization relies on a large number of moderate XB interactions; this may be
particularly true when other competing non-covalent interactions are possible. In this work, 16
examined combinations of crystallization partners, seven co-crystals suitable for single crystal X-
ray crystallographic diffraction were obtained, viz. 1a&2,2’-bipy, 1a&4,4’-bipy-A, 1a&4,4’-
bipy-B, 1b&4,4’-bipy, 2&4,4’-bipy, 3&DABCO and 3&dioxane. Contrary to our expectations,
many of the ditopic XB acceptors in these structures only act as monodentate XB acceptors. The
obtained structures demonstrate that XB interactions are sufficient to organize XB-acceptors,
solvent molecules, and tetratopic XB cavitand donors into complex halogen-bonded

supramolecular architectures in the solid state.

The co-crystals were obtained by mixing either 1:1 or 1:2 molar ratios of the
tetrahaloethynyl cavitand XB donor and the ditopic XB acceptor (2,2’-bipy, 4,4’-bipy and
DABCO, respectively) in acetone. Slow evaporation of the solvent provided single crystals
suitable for single crystal X-ray crystallography. Dioxane was introduced as a potential guest by
adding only a few drops into the acetone solution containing cavitand 3; 1,4-dioxane-
incorporating crystals emerged upon evaporation. Our previous crystallographic analysis '~
showed that cavitands 1 — 3, with four haloethynyl XB donor groups have two distinct XB

acceptor sites: the eight ether oxygens at the cavitand bridges, and the four ethynyl (—C=C-)

groups on the upper rim. In addition to these XB donor and acceptor sites, the cavitand has a

ACS Paragon Plus Environment
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cavity appropriate for small guest encapsulation.” % All these features combine to allow for

a multitude of non-covalent

Figure 2. The weaker intermolecular binding motifs A=CH:-- 1, B=X:--O, C = (X:--O),, D =
X---m, E = -+ ® previously observed in tetrahaloethynyl cavitands-ligand crystals (the X---N
XBs not shown).”>*

interactions, especially the strong X---N XBs, but also the weaker X:--O and X--- © XBs and the

CH-- m and m--* 7 interactions (Figure 2).”"*?

Based on our previous studies®*?

the major structural feature in all methylene-bridged
tetrabromo/iodoethynyl cavitands (i.e., 1a, 1b and 2) solid-state structures is that they form self-
included dimers through C-H:---m interactions and self-complementary association between the
haloethynyl groups and the cavity (motif A, Figure 2). This inserts one of the bromo- or
1odoethynyl groups of each cavitand into the cavity of its partner and vice versa. These self-
included dimers combine for six polarized halogen atoms, uninvolved in the dimerization,
available to interact with other halogen bond acceptors. Consequently, co-crystallization of 1a

with two equivalents of 2,2°-bipy gave rise to a self-included complex 1a&2,2’-bipy (Figures 3,

S1 and S2). The asymmetric unit contains one tetrabromoethynyl cavitand and one and a half

ACS Paragon Plus Environment
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2,2’-bipyridine molecules; this self-included dimer is formally a 2:3 complex (donor:acceptor,

Figure S2A) and involves no solvent (acetone) molecules. Each dimer forms Br---N XBs with

oNOYTULT D WN =

four 2,2’-bipyridine molecules. One of them acts as a monodentate XB donor (Figure 3a, orange
10 color) with one short XB (Rgn = 0.89, 3.04 A), while the second (Figure 3a, green) has two
longer (Rgn = 0.92, 3.14 A) Br:--N XBs that incorporates the dimer into a 1-D cavitand-dimer
15 chain along the diagonal of the a- and b-axis (Figure 3b). In the above discussion, R refers to the
54-56

17 interaction ratio, also known as normalized interaction distance, Rxg = dxs/(Xvagw + Bvdw),

where X represents the XB donor (here Br or I) and B the XB acceptor (here N, O or ).

42 (a) (b) (©)

45 Figure 3. (a) The self-included dimer in 1a&2,2’-bipy as a CPK presentation showing the mono-
46 XB-bipy in orange and the di-XB-bipy in green. (b) The Br---N XBs connecting the adjacent
47 dimers shown as CPK model, diagonal of the a- and b-axis, bromine with brown and nitrogen
48 with green color. (c) The Br---O XBs, the Br---O XB connects two other dimers along the h-axis,
the XB interacting atoms shown as CPK, bromine with brown and oxygen with red color.

60 ACS Paragon Plus Environment
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The two remaining Br atoms of the dimer participate in a Br---O XB with the neighboring dimer
(Re:o = 0.88, 2.98 A, Figure 3c) linking the dimers into a 1-D chain through interaction motif B
(Figure 2), enhanced by additional inter-dimer - --m interactions (motif E, Figure 2), along the
crystallographic b-axis, similar to those observed in the previously reported solvate structures.’

Together these Br---N and Br---O XB interactions stabilize the crystal lattice (Figure S1 and S2)

Two different structures were obtained from the co-crystallization of l1a and
4,4’-bipy, an isomer of 2,2’-bipy. Depending on the XB donor to XB acceptor ratio, either
la&4,4’-bipy-A (1:2) or 1a&4,4’-bipy-B (1:1) were obtained. The 1a&4,4’-bipy-A has one
cavitand and two 4,4’-bipy molecules in the asymmetric unit. Yet, as in 1a&2,2’-bipy, it is a
self-included dimer but in a 2:4 ratio (Figure 4a). As in 1a&2,2’-bipy, six Br atoms are available
for XBs. Quite surprisingly, only one of the two 4,4’-bipy acceptors is halogen-bonded (RpN =
0.86, 2.93 A), and then only as a monodentate ligand (Figure 4a, highlighted in green). The non-
XB coordinating nitrogen atom forms a weak N---H-C non-classical hydrogen bond with the

hexyl chain of an adjacent dimer (Figure S4).

ACS Paragon Plus Environment
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Figure 4. (a) The self-included dimer in 1a&4,4’-bipy-A as a CPK representation showing the
mono-XB-bipy in green and the non-XB-bipy in yellow. (b) The Br---O XB connects two other
dimers along the a-axis, the XB Br (brown) and O (red) atoms are shown as CPK models for
clarity.

The second 4,4’-bipy ligand (Figure 4a, highlighted in yellow) is not halogen-bonded,
but rather is trapped between the XB-bipy and the outer wall of the cavitand (Figure 4a). The
non-XB-bipy does have a weak hydrogen-bond with the C-H of the cavitand’s methylene-bridge.
The other end forms a weak self-complementary C-H---N HB dimer with the adjacent non-XB-
bipy, as the green bipy has the two aromatic rings twisted out of coplanarity (Figure S4C). These
interactions consequently account for two of the six available bromine atoms of the dimer. An
additional two of the remaining Br atoms both participate in two separate Br---O XB to adjacent
dimers (Rgo = 0.88, 3.02 A, Figure 4b) through interaction motif B (Figure 2) creating a 1-D
chain of dimers along the crystallographic a-axis; this is similar to the systems we have
previously observed in the solvate structures.> The remaining two bromine atoms of the

la&4,4’-bipy-A dimer are surrounded by the adjacent 4,4’-bipy molecules and dimers and do

not participate in any significant interactions.

We had expected that all of the halogens in the 1:2 (1a: 4,4’-bipy) would have been
involved in interactions, and that these would have been effectively bridged by the adaptable
bipy ligands. To further explore these systems, we conducted an additional experiment, using
only a 1:1 ratio of the cavitand and bipyridine. This provided co-crystal, 1a&4,4’-bipy-B. The
asymmetric unit cell is comprised of one cavitand and half of a 4,4’-bipy, adopting a self-
included 2:2 dimer architecture (Figure 5a). The 4,4’-bipy acceptor shows strong ditopic Br---N

halogen bonds (Rgn = 0.81, 2.76 A, Figure 5a, green color) with the cavitand.

ACS Paragon Plus Environment
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(a) (b)

Figure 5. (a) The self-included dimer in 1a&4,4’-bipy-B in a CPK presentation highlighting the
ditopic XB-bipy (green). The Br---N XB connects the dimers along the b-axis, the XB Br
(brown) and N (pale blue) atoms are shown as CPK models.

In this case, as there are insufficient XB acceptors present for the available donors, the
Aakerdy concept™ is sustained and only the strongest donor and acceptor interact as expected.
This assembles the dimers through the 4,4’-bipy (Figure 5b) into a 1-D chain along the
crystallographic b-axis. The lack of sufficient XB acceptors present in 1a&4,4’-bipy-B, forces
the contacts between the cavitand molecules to be different from those observed for 1a&2,2’-
bipy and 1a&4,4’-bipy-A. As in 1a&4,4’-bipy-A, the strong self-inclusion behavior and the
n---1 interactions (motif E, Figure 2) between the dimers are preserved. Yet the Br---O XBs
observed in 1a&2,2’-bipy and 1a&4,4’-bipy-A are now replaced by weak CH:--Br bonds. Even
the ©-- -m stacking between the cavitand resorcinol moieties relative to the orientation of the self-
included dimer is different (Figure S5A). It is noteworthy that, the 4,4’-bipy molecule in
1a&4,4’-bipy-B is coplanar (deviation from planarity is only 0.01 A). This manifests that, in
addition to the expected Br---N halogen bonds, the 4,4’-bipy acts as a “m-glue” between the

dimers through 7-- -7 interactions (Figure S5C).

The behavior of the 4,4’-bipy in the two systems 1a&4,4’-bipy-A and 1a&4,4’-bipy-B,

both as an XB acceptor and as an auxiliary molecule, differs considerably. To further investigate

ACS Paragon Plus Environment
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this discrepancy, we probed the interaction of 4,4’-bipy with cavitand 1b. It has the same
methylene-bridged cavitand skeleton but replaces the lower rim hexyl chains of 1a with longer
undecyl (C;;) groups. In the 1b&4,4’-bipy crystal, the asymmetric unit contains one cavitand
and two 4,4’-bipy molecules, and is defined as a self-included 2:4 dimer (Figure 6a), reminiscent
to the structure of 1a&4,4’-bipy-A. However, unlike for that system, all 4,4’-bipy molecules act
as two pairs of monodentate XB acceptors (Rgn = 0.83, 2.84 A and 0.86, 2.92 A; Figure 6a).
One pair mediates inter-dimer organization using m---7 interactions, while the other does not.
The increased length of the alkyl substituents enhances their capability to have London
dispersion force interactions, and these clearly play an important role in crystal packing. This
behavior was not observed for the shorter hexyl chains in the 1a structures. The remaining Br
atoms of the dimer participate in a very weak Br---O XBs with the neighboring dimer (R0 =
0.98, 3.29 A); these interactions are notable due to the unusually acute C-Br---O angles of 139°
(normally > 170°), and link the dimers through motif C (Figure 2) into a 1-D chain along the

crystallographic a-axis, as has been previously observed both above and for the solvates.”

ACS Paragon Plus Environment
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Figure 6. (a) The self-included dimer in 1b&4,4’-bipy presented as CPK models showing the
four mono-XB-bipy (green). (b) The Br---O XB connects adjacent dimers along the b-axis. The
XB Br (brown) and O (red) atoms shown as CPK models for clarity.

Due to the more strongly polarized iodine atom, the tetraiodoethynyl cavitand 2 is able to
form stronger halogen bonds with XB acceptors than the analogous tetrabromo cavitand 1a.
Cavitand 2 is expected to show the same self-included dimer behavior, but its stronger XB
potential donor should lead to other, maybe even capsular, structures with linearly ditopic XB
acceptors. To investigate this hypothesis, we challenged cavitand 2 with 4,4’-bipy and the
resulting co-crystal 2&4,4’-bipy is consistent with this logic, but represents a completely
unexpected structure. For the first time, the crystal lattice contains the solvent molecule, yet not
as an innocent bystander, but as an active component of the assembly. The asymmetric unit
contains one cavitand, one 4,4’-bipy and three acetone molecules, thus the self-included dimer
has a formal composition of 2:2:7 (cavitand:4,4’-bipy:acetone, Figures 7a and S6). As in 1a and
1b the self-inclusion dimer involves two of the eight available iodine atoms. The strong halogen
bonds (Riy = 0.77, 2.71 and 2.72 A) between the two 4,4’-bipy molecules and four iodines of the
dimer at the 1- and 3-positions organize the dimers into a 1-D rod (Figure 7c¢). The two
remaining iodine atoms are dormant and are blocked by an acetone molecule trapped into the
space between the hexyl chains of the adjacent cavitand. The strong halogen bonds force the
cavitand dimers to orient themselves so that a cavity, reminiscent of the alternating cavity

structure found in bamboo, is formed. This cavity is large at

ACS Paragon Plus Environment
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20 (c) cavitand -> self-included dimer -> halogen bonding -> the rod structure

Figure 7. (a) The halogen-bonded “dimer of dimers” in 2&4,4’-bipy as CPK presentation
25 showing the two di-XB-bipy in green and the acetone molecules in yellow. (b) The cavity in
26 between the dimers, represented with a transparent yellow solid, the two located acetone
27 molecules are provided as CPK models. (¢) Schematic presentation of the formation of the
28 bamboo-like chained cavities. The curved arrow represents the cavitand, the “fork™ the two
29 active iodoethynyl groups, the green rectangle 4,4’-bipy and the red oval the created cavity.

35 683 A’, calculated using MSRoll’” inside the X-seed’®*” with the probe of 1.2 A (Figure 7b). The
37 cavity is big enough to accommodate five acetone solvent molecules, two out of which are not
disordered and can be localized (Figure S6). In addition to the strong XBs between the dimers,
4 the crystal lattice is reinforced by n---m stacking of the 1-D rods through the interaction motif E

44 (Figure 2).

47 All the methylene-bridged cavitands 1a, 1b and 2 form self-included dimers due to the
self-complementary fit of the haloethynyl groups with the cavity; this is accentuated by the fact
52 that the methylene hydrogens are both acidic and pointed directly towards the center of the

54 cavity, thus enabling CH:-- m interaction between the cavitands of the dimer (interaction motif A,

60 ACS Paragon Plus Environment
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>152 If the cavitand is constructed using the ethylene-bridge, -CH,-CH,-, instead of the

Figure 2).
methylene, the situation changes dramatically. Now the interactions driving the self-inclusion are
greatly diminished and consequently self-included dimers are not formed. This leaves all the XB
donor sites free to interact with the XB acceptors. Unfortunately, all attempts to obtain high
quality single crystals from the tetraiodoethynyl cavitand 3 and 4,4’-bipy were unsuccessful.
However, 3 could be crystallized with DABCO by slow evaporation of the corresponding
acetone solution to provide co-crystal 3&DABCO. Like 4,4,-bipy, DABCO is also a strong
ditopic XB acceptor, yet it is a little bit shorter and has larger steric requirements due to its
nearly spherical shape. As the n-systems of 4,4,-bipy were also very important in the structures
described above, these crystals are expected to adopt rather different architectures. The
asymmetric unit of 3&DABCO contains one cavitand, two DABCO units, and two acetone
molecules, such that two of the DABCO molecules are ditopically halogen-bonded (R = 0.78,
4 x 2.74 A) to two adjacent cavitands, while the remaining DABCO interacts through a
monodentate XB (R = 0.76, 2.67 A). An acetone molecule interacts with the remaining iodine
via a I---O XB (Rio = 0.82, 2.87 A, Figure 8a). An additional non-XB acetone molecule is
trapped in the space between the hexyl chains as in 2&4,4’-bipy above. As the self-inclusion
does not happen in 3&DABCO, the cavity is now open for other guests and as acetone is too
polar to reside comfortably in the cavitand cavity, one of the hexyl chains of the adjacent
cavitand acts as a guest and is inserted into the cavity (Figure 8b). The ditopic halogen bonds

between the DABCO and 3 resultin (---3--*-DABCO---3---DABCO- "),

ACS Paragon Plus Environment

14

Page 14 of 23



Page 15 of 23 Crystal Growth & Design

oNOYTULT D WN =

3 ©

35 Figure 8. (a) The halogen bonding in 3&DABCO (CPK model) showing the di-XB-DABCO in
37 green, the mono-XB-DABCO in light green and the XB-acetone in yellow. (b) The “tail-

38 including” cavitand is shown as a CPK model in orange; the “binding” cavitand is shown as a
39 ball-and-stick representation, and the acetone molecules trapped inside the hexyl rings are

40 depicted as yellow CPK representations. (¢) The XB ribbon extending along the c-axis, the XB
41 donor I (purple) and N (pale blue) are highlighted as CPK models. The hexyl chain including in
the cavitand is shown in orange with the mono-XB-DABCO and the XB-acetone removed for

clarity.

46 “wavy” ribbons which are then joined together by the hexyl chain inclusion between the 1-D
48 chains (Figure 8c). The C-I--*N XBs in 3&DABCO control the interactions between the
50 components so efficiently that none of the interaction motifs that we have become accustomed to

seeing A — E (Figure 2) are present.
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Using other quite similar solvent molecules as competitive guests, when both of them can
act as XB acceptors, might lead to a situation where one solvent molecule clearly displaces the
other. In spite of the similarities between the polar aprotic solvents acetone (V = 72.7 A’) and
1,4-dioxane (V = 94.3 A?), both this study (viz. in 2&4,4’-bipy and 3&DABCO above) and our
previous data has repeatedly demonstrated that acetone does not bind in the cavity of these halo-
substituted resorcinarenes; on the other hand, earlier work on other resorcinarene systems38'44 has
shown that 1,4-dioxane is an excellent guest for resorcinarenes and cavitands. Keeping this in
mind, the slow evaporation of tetraiodoethynyl cavitand 3 in acetone in the presence of a few
drops of 1,4-dioxane (dioxane) resulted in a co-crystal, 3&dioxane, which crystallizes in the
high symmetry orthorhombic space group Cmcm. Due to the high symmetry, the asymmetric unit
contains 1/4 of 3 and 1.5 dioxane molecules. In spite of the huge excess of acetone during the
crystallization, only dioxane is found in the crystal lattice. Taking into account the crystal
symmetry, each cavitand 3 has one dioxane in the cavity, two acting as ditopic XB acceptors,
and the remaining eight (some badly disordered) fill the voids between the cavitands. The two di-
XB-dioxane molecules form very strong I---O halogen bonds (Rjo = 0.77, 4 x 2.70 A, Figure
9a), very similarly to those observed for 3&DABCO (Figure 8c), and connect the cavitands into
similar 1D wave-like ribbons. Due to these strong I---O XBs, the cavitands stack “head-to-tail”
on top of each other forcing the hexyl chains to point perpendicular to the stacking axis of the
cavitand columns (Figures 9b and 9¢) forming a herringbone-type packing (Figure 9e, only one
ribbon shown). In addition to the strong cavitand-dioxane I---O halogen bonds, the 3&dioxane
manifests very weak intermolecular I---w halogen bonds (Ry; = 0.92, 3.40 A) and is the only

structure in this study to do so (motif D, Figure 2). These are perpendicular to the I---O halogen
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bonds joining the head-to-tail stacks together (Figure 9f). The tight head-to-tail stacking creates a

cavity between the cavitands.

oNOYTULT D WN =

43 Figure 9. (a) The halogen bonding in 3&dioxane presented as CPK models showing the di-XB-
44 dioxanes in green. (b) The head-to-tail packing of the cavitands as CPK models with the
45 encapsulated dioxane (CPK) highlighted in yellow. (c) Same view as in (b) but showing the
46 cavitands as ball-and-stick to better illustrate the dioxanes. (d) A more detailed presentation of
the inter-cavitand cavity, yellow, and the included dioxane as a translucent CPK model. (¢) The
XB ribbon extending along the b-axis: the XB-participating atoms are represented using CPK
50 models, iodine (purple) and oxygen (red). (f) The independent auxiliary I-- -7 halogen bonds, the
51 XB atoms again are presented as CPK models, iodine (purple) and carbon (grey).

53 The cavity volume is 186 A® (Figure 9d) calculated using MSRoll*’ inside the X-seed’® with

55 the probe of 1.2 A. As the volume of dioxane is 94.3 A’, this results in a packing coefficient PC
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= 0.51, only slightly smaller than the optimum 0.55 according to Rebek and coworkers.®® The
small PC allows the dioxane molecule to tumble inside the cavity, which is observed as a severe

disorder.
Conclusions

Despite the apparent geometrical and structural compatibility of these cavitand tetratopic halogen
bond donors (l1a, 1b, 2 and 3) and ditopic halogen bond acceptors, 2,2’-bipyridine, 4,4’-
bipyridine, DABCO and 1,4-dioxane, we were unable to obtain any simple capsules. Instead,
these systems clearly prefer to self-assemble into self-including dimeric units (for the methylene-
bridged 1 and 2) and ribbons or head-to-tail columnar stacks (for ethylene-bridged 3). The
precise structure in each case is highly dependent upon the particular nature of the ditopic
acceptor and the identity of the solvent or additive. Despite the size complementarity, none of
these ditopic ligands adopt a traditional guest-like posture inside the cavity of the putative hosts.
However, this difficult to predict behavior results in highly exotic and intriguing architectures
including self-included 1-D chains, bamboo-like alternating cavity systems, and self-organized
parallel columns. These structures may prove useful for the design of innovative materials in the
future, and we are continuing our investigations into the behavior of the halo-resorcinarene

systems.
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Bamboo-like Chained Cavities and Other Halogen-Bonded Complexes from Tetrahaloethynyl

Cavitands with Simple Ditopic Halogen Bond Acceptors

Lotta Turunen, Fangfang Pan, Ngong Kodiah Beyeh, John F. Trant, Robin H. A. Ras and Kari

Rissanen

Resorcinarenes are bowl-shaped cavitands with excellent potential for host-guest interactions. In
this study, halogen bond-organized systems are reported between host haloethynyl groups and

ditopic halogen bond acceptors. Among numerous other reported crystal structures, including
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self-included dimers and 2- and 3-dimensional networks, a one-dimensional bamboo-like rod

with large cavities was observed.
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