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Self-assembled calix[6]pyrrole capsules: solid-state encapsulation of
different guests in preorganized calix[6]pyrrole capsules
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meso-hexamethyl-meso-hexaphenyl calix[6]pyrrole assem-
bles into well-defined dimeric capsules in the crystalline
state; the preorganized capsule serves as an efficient host for
different organic guests as well as for solvent molecules.

Self-assembled hosts capable of entirely encapsulating their
guests are amongst the most efficient building blocks for
selective and effective tools capable of molecular recognition
and supramolecular manipulation. In recent years, different
approaches towards the preparation of capsules were investi-
gated.!-3 Of particular interest are capsules that are formed by
self-assembly of simple molecular building blocks, mainly due
to the more convenient synthesis and resulting applicability.
Different supramolecular capsule systems were reported in the
last years, most of them based on assembly of molecular
fragments through hydrogen bonding. These molecular cap-
sules were found to host different organic guests as well as
different unconventional solvent clusters.

Here we report on the formation of a well-defined, pre-
organized dimeric capsules of meso-hexamethyl-meso-hexa-
phenyl calix[6]pyrrole, 1,4 in the solid state. These preorganized
dimeric capsule are found to host different organic guests.

In dilute solutions, meso-hexamethyl-meso-hexaphenyl cal-
ix[6]pyrrole, 1, is found to form 1:1 complexes with a large
variety of motopic and ditopic guests. In the crystalline state,
calix[6]pyrrole, 1, is found to form two types of complexes with
different guests. Most solid state complexes isolated so far
represent the first type of complexes in which calix[6]pyrrole, 1,
dimerizes into a well defined bimolecular capsule, hosting the
guest inside the cavity. Interestingly, the structure of the
calix[6]pyrrole capsule, once formed, is independent of the
nature of guest that it encapsulates. Furthermore, in some cases
the two calix[6]pyrrole molecules are not interconnected by the
guest, an evidence of its guest-independent character. Fig. 1
depicts an overlay of nine capsules originating from nine
different crystalline complexes with different host—guest stoi-
chiometries. As can be seen from the figure, the calix[6]pyrrole
capsule is clearly preorganized and adopts a well defined
structure regardless of the nature of the guest.i The capsules
seem to be held together through six H—m interactions between
the two sets of axial phenyl rings of the two calix[6]pyrroles,
an—H---Cn = 29 A.

Fig. 2 presents the structure of the complex between
4-chloronitrobenzene and the calix[6]pyrrole capsule.: The
long axis of the guest molecule lies on a three-fold crystallo-
graphic axis and the centre of its aromatic ring is coinciding
with the crystallographic centre of symmetry. Consequently, the
guest molecule is disordered and the same site in the cavity is
occupied both by the chlorine atom and the nitro group, each
with 50% probability. In each position, one oxygen atom of the
nitro group is bound to one acidic hydrogen atom of a pyrrole
ring while the other oxygen atom of the nitro group is found to
be within close distance from the 7t cloud of another pyrrole
ring: dnigiccros2 = 2.147 A, aniHirozz = 156.58%
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dpyrrole(N7Cs-C11)'*031 = 2.912 A, aN7.cro31 = 98.57°. The
chlorine atom is also situated in close vicinity to the same three
pyI'I'OlC I'iIlgSI anyrrole(N7CX-Cl ncn = 3.821 A.

In the second type of crystalline calix[6]pyrrole complexes, a
single calix[6]pyrrole molecule binds a single substrate in its
cavity, usually through a combination of hydrogen bonds and -

Fig. 1 Best fit superposition of nine different solid-state calix[6]pyrrole, 1,
capsules extracted from nine different crystalline host—guest complexes.
For more details on the different structures, see supplementary informa-
tion.}

Fig. 2 Side and top views of the complex between 4-chloronitrobenzene and
a dimeric capsule of calix[6]pyrrole, 1. Solvent molecules located at extra
cavity positions were removed for clarity.
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interactions with the guest.{4¢ For example, in the complex
between calix[6]pyrrole, 1, and acetonitrile (Fig. 3) the guest is
held within the cavity of the host by two hydrogen bonds
between the acidic hydrogen atoms of two pyrrole rings and the
nitrogen atom of the acetonitrile and m-interactions between the
nitrile triple bond and the 7 cloud of two opposite pyrrole rings:
dN7-H7'”I~gS7 = 2333 A, an7-m7'ng7 = 176.30°% dniopne o Ng7
= 2192 A, animiens7 = 171.99° dpyrrolenizciz-c17)+ neN

= 3.658 A, ani3-ceren = 101.07°% anyrrole(N31C32—C35)"'JICN =
3.630 A, onziconeny = 106.64°.8 7

Fig. 3 Side and top views of the complex between acetonitrile and
calix[6]pyrrole, 1. Solvent molecules located at extra cavity positions were
removed for clarity.

Replacement of the axial phenyl groups by self-com-
plementary recognition units, such as pyridone groups, should
provide systems that will be stable in the capsular form in
solutions too. This approach is currently under investigation.
We will report on these developments in due course.
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Notes and references

T Details on the different crystal structures are provided in the electronic
supplementary information. CCDC 101785, 175891-175898. See http://
www.rsc.org/suppdata/cc/b1/b111281n/ for electronic files in .cif or other
electronic format.

¥ Crystal data for 2 calix[6]pyrrole:4-chloronitrobenzene : chloro-
form:H,O: hexagonal, R3, a = 23.517(1) A, b = 23.517(1) A, c =
24.148(1) A, V = 11565.8(8) A3, Z = 6, R;,; = 0.099, GOF = 1.079.
§ Crystal data for calix[6]pyrrole : acetonitrile : 2 acetone: triclinic, P1, a
11.838(1) A, b = 17.574(1) A, ¢ = 19.236(1) A, a0 = 114.034(3), B
101.639(3), y = 100.934(3), V = 3410.5(4) A3, Z = 2, R,y = 0.053, GOF
= 1.051.
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