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A major impetus for the design of supramolecular complexes
is structural and functional mimicry of those largeulticom-
ponent, self-assembling processes found in Natue such a
context, the area of hosguest chemistry has offered numerous
examples oftwo-component molecular recognition processes
involving noncovalent interactiong.{., hydrogen bonds;—x
interactions® Such an approach, however, often involves
monanolecular host which are typically designedia the
elaborate formation and breakage of covalent bénds.

With this in mind, we have embarked upon a program of
study aimed at the design ofulticomponent hosts held together

by noncovalent forces. As a starting point, we have chosen

the readily availableC-methylcalix[4]resorcinarerie(1) as a
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In this contribution we report the syntheses and X-ray
structure determinations of the first examplesmiiticomponent
calixarenes. We demonstrate the ability of pyridi2e)(and
its exabidentate analog 4bipyridine 2b) to elaborate the
cavity of 1 by forming walls which enablé to form inclusion
compounds, [1.4@)-2d]-2a (3) and 1.22b)-5 (4, where5 =
MeCN), with guests previously unobserved for this macrocycle.
In the case oRb, the assembly process has also resulted in the
formation of a 1D self-included hydrogen bonded array owing
to the ability of2b to act as a linear bifunctional hydrogen bond
acceptoi! Such observations illustrate a novel manner in which
the principles of crystal engineering may be exploited for (1)
the construction ofulticomponent hostguest assemblies based
on 1 and (2) the control their alignment in the solid state.

Addition of 1 (0.020 g) to a boiling aliquot ofa (5 mL)
according to (1) yielded yellow crystals 8fsuitable for X-ray
analysis upon cooling. The formulation 8fwas confirmed
by single-crystal X-ray diffractioA? 'H NMR spectroscopy, and
thermogravimetric analysis.

1+ 2a(excess)— [1.4(28)-2d]-2a (1)
3

A view of the six-component complex 12H)-2a is shown
in Figure 1a. The assembly is bisected by a crystallographic
mirror plane and consists df and five molecules ofa, four
of which form O-H---N hydrogen bonds, as two face-to-face
stacked dimers, with the resorcinols parallel to the mirror plane
such that they adopt an orthogonal orientation with respect to
the upper rim ofl [O(1)-+*N(1) 2.675(3) A, O(2)*N(2) 2.687-
(4) A].1® As a consequence of this spatial arrangement, a cavity
has formed, inside which a disordered molecul€afwhich
lies perpendicular to the mirror plane, is located, interacting
with 1 via C—H---z-arene interactions. As itr(EtsHN),SOy--
4EtOH?3P the remaining hydroxyl groups forintramolecular
O—H---0 interactions along the upper rim &f[O(3)---O(1)

platform for the assembly process. Indeed, solid state studie32_769(3) A, O(4)-0(2) 2.755(3) A which reinforce its bowl-

have revealed the ability dfto adopt a bowl-like conformation
in which four of its upper rim hydroxyl hydrogen atoms are
pointed upward, above its cavityyhich effectively makeqd a

multiple hydrogen bond donor. Using a design strategy recently

employed for the crystal engineerifyof one- (1D) and two-
dimensional (2D) resorcinol-based latticewe reasoned that
co-crystallization ofl with hydrogen bond acceptors such as
pyridines 2 would result in the formation of four ©H---N
hydrogen bonds between the upper rimlaind four pyridine
units® which would, in turn, extend the cavity df and give
rise to amulticomponent host 1.2] capable of entrapping large
guests 1.47)-guesti?
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like conformation, resulting in a total of eight structure-
determining G-H---X (X = N, O) hydrogen bonds. Indeed,
the inclusion of2a within 1.4(2a) is reminiscent of the ability
of covalently modified calix[4]arenes such gsert-butylcalix-
[4]arene to form molecular complexes with aromatics such as
benzene and tolueré.

A view along the crystallographiz axis depicting the crystal
structure of3 is shown in Figure 1b.3 self-assembles to form
a 2D layered architecture within thec plane such that the
cavities of the 1.4a) moieties lie at approximate right angles
to each other. Interestingly, the molecule2af present in the
clathrate is not hydrogen bonded, presumably since all of the
strong hydrogen bond donors are satisfied>

The orthogonal geometry and dimeric face-to-face stacking
arrangements adopted by the aromatic units in2h/4are
virtually identical with the spatial arrangements displayed by
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Figure 2. X-ray crystal structure of: the solvent- and self-inclusion
exhibited by 1.42b), the 1D hydrogen bonded polymer. Selected
interatomic distances (A): O(#)N(1) 2.736(2), O(2)-N(2) 2.685-
(2), O(3)--O(1) 2.828(2), O(4)-0O(2) 2.753(2).

hydrogen bonds along the upper rim bfO(3)---O(1) 2.828-
(2) A, O(4y--0(2) 2.753(2) A] and four ©H-+:N hydrogen
bonds between four hydroxyl groups dfand two pyridine
dimers [O(1):*N(1) 2.736(2) A, O(2)-*N(2) 2.685(2) A]. In
contrast tad3, the 4,4-pyridyl substituents o2b have extended
the cavity of 1 such that the host includes two guests: a
molecule of5, which interacts withl via CH---xt interactions,
and a molecule of, which lies aboveé and interacts with two
pyridyl groupsvia edge-to-face €H---xr interactions. Thus,
4is both a solvent- and self-inclusion compound which exhibits
head-to-tail arrangement df owing to the electronic and
geometric complementary of the constituent molecties.

Unlike 3, 4 self-assembles in the solid state to form a 1D
hydrogen bonded wave-like polymer owing to the ability2bf

Figure 1. X-ray crystal structure 03 (a) the six-component complex ; ; ; : ;
1.40a)2a (b) the 2D assembly within thec plane. Selected and its stacked dimer, to act as a linear bifunctional hydrogen

1 ; .
interatomic distances (A): O(#)N(1) 2.675(3), O(2)-N(2), 2.687- bon_d_ acceptot! As a consequence of these interactions, the
cavities of the hosts, in contrast 8 are aligned, being
(4), O(3)++0O(1) 2.769(3), O(4)-0O(2) 2.755(3). L . .
propagated along the axis in an antiparallel fashion. To our
the resorcinol and quinone moieties in the polymeric material knowledge, this is the first case in which calixarenes have been

anthracenebis(resorcinoh2(9,10-anthraquinone)6), which linked together with a spacer. ugit suchzisin the solid state.
also interactia O—H-+-X hydrogen bond$. This observation The results reported herein illustrate a novel approach for
confirms that this supramolecular synthon is robust enough to the construction of a new family ahonaneric andpolymeric
be exchanged from one structure to andtlaend suggests that host-guest assemblies based @n By recognizingl as a

it should be possible to elaborate the cavitylofiith further quadruple hydrogen bond donor and employing a crystal
derivatives of2. In principle, it should also be possible to link ~ engineering strategy, we have demonstrated the abilitaof
together molecules df, in a similar way to6, by utilizing a and 2b to elaborate the cavity af which, in turn, has given
linear excbidentate spacer unit such k.1 rise tomulticomponent hosts, 12§) and 1.42b), which exhibit

To test this hypothesig, (0.020 g) was added to a hot solution molecular recognition properties analogous to timeanano-
of 5 (20 mL) containing 2 equiv 02b (0.011 g) according to  lecular predecessors. Such observations attest to the structural
(2), which immediately yielded a yellow precipitate Crystals and functional consequences of the self-assembly process, and
of 4 suitable for X-ray analysis were obtained by dissolving a we anticipate this approach to be viable for the design of similar
portion of the precipitate in a hot aliquot & (4 mL) and host-guest complexes based dh other hydrogen bond
allowing the solution to slowly cool and stand over a period of acceptors, and other guest molecules.
1 day. The formulation oft was confirmed by single-crystal
X-ray diffraction!® *H NMR spectroscopy, and thermogravi- Acknowledgment. We are grateful for funding from the National
metric analysis. Science Foundation and the Natural Sciences and Engineering Research
Council of Canada (NSERC) for a research fellowship (L.R.M.).
1+ 2(2b) + 5(excess)— 1.2@2b)-5 (2)
4 Supporting Information Available: Crystallographic reports and
tables of positional and thermal parameters, bond lengths and angles,
A view depicting the crystal structure dfis shown in Figure ~ NMR data, and TGA traces f@ and4 (18 pages). See any current
2. Asin3, the assembly process has resulted in fotH>-O masthead page for ordering and Internet access instructions.
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(16) Crystal data fod: crystal size 0.30« 0.30x 0.45 mm, monoclinic,
space groufP2,/m, a = 7.893&1) Ab=29.243(3) Ac=10.054(1) A p
/ )

= 99.67(1y, U = 2287.8(5 pcaled = 1.30 g €T3, 20max = 120°, Cu (17) Head-to-tail alignment of calixarenes maximizes the interactions
Ko radiation ¢ = 1.54060 A) forZ = 2. Intensity data were collected on  between the bowl-shaped cores and facilitates addition of their dipoles
an Enraf-Nonius CAD-4 diffractometer equipped on a rotating anode making such assemblies natural building blocks for the design of ferroelectric
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