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This account recounts the application of self-assembled coordination hosts as molecular tools and the development
of unusual chemical reactions and interactions generated within their cavities. Starting from the simple molecular
recognition of guest molecules, coordination hosts have been used to accelerate reaction rates, endow regio- and
stereoselectivity, and create unique reactions in their nanometer-sized cavities. Coordination hosts were also used to
develop a new, practical method for constructing discrete stacks of aromatic molecules with unique electronic and
magnetic properties.

1. Introduction

The local microenvironment has a large impact on the
properties of molecules and within nanometer-sized cavities
encapsulated molecules can exhibit unique behavior that cannot
be observed or generated in bulk solution or the solid state.1

Conventionally, the properties and reactivity of molecules are
modulated and altered through the covalent introduction of
substituent groups. More recently, the use of well-designed
nanoscale cage molecules to impose specific, and occasionally
unexpected, reaction pathways through non-covalent interac-
tions has attracted considerable interest as an alternate path-
way.1,2 The behavior of guest molecules in nanometer-sized
spaces were first studied in robust, solids, e.g., zeolites and
mesoporous silica, and covalent host molecules, e.g., cyclo-
dextrins, calixarenes, and carcerands. Over the last two decades
the focus has shifted to harnessing non-covalent weak
interactions and reversible bonds, hydrogen bonds and coor-
dination bonds as respective examples, to construct cage
frameworks hosting larger nanospaces.3,4 The highly modular
design and synthetic ease of constructing coordination hosts
with functional cavities are particularly attractive and coordi-
nation hosts are now available in various sizes and shapes.5

At the beginning of this study, the properties and reactions of
guest molecules in the cavities of coordination hosts were
relatively unexplored.6 In this account article, we would like to
describe the development of unusual chemical properties, reac-
tions, interactions, and phenomena that can occur in the nano-
meter-sized cavities of our self-assembled coordination hosts.

2. Molecular Recognition

In order to design new chemical reactions or generate
unusual interactions, we must first understand the character-
istics and properties of the host compounds. X-ray crystallog-
raphy provides direct information about the size and shape of
the cavity but the electronic and binding properties of molecu-
lar hosts must be examined through interactions with guest
molecules. Our prototypical self-assembled coordination host
1, used throughout this work, is prepared by simply mixing the
tridentate triazine panel ligands and cis-protected Pd2+ com-
plexes in a 4:6 ratio (Figure 1).7 In aqueous solution, organic
molecules are driven into the hydrophobic cavity of water-
soluble host 1 and the resultant clathrate complexes 1¸(guest)n
(n = 1­4) are strongly bound via hydrophobicity, aromatic­
aromatic interactions, and electrostatic interactions.8

2.1 Molecular Ice. Coordination host 1 is remarkably
robust, and unlike many self-assembled molecular hosts that
require an enclathrated guest to maintain integrity, exists in
aqueous solution in the absence of any guest molecule. The
question then arises: what is inside the hydrophobic cavity?
And, if water molecules are located inside, how are they
arranged? Water molecules are known to develop ordered
hydrogen-bonded networks on the surface of hydrophobic
substances, often giving rise to stable hydrate complexes.9 We
hypothesized that in the absence of guest molecules, water
molecules would form an ordered endohedral network. X-ray
crystallographic studies unambiguously revealed ten water
molecules in an adamantane-like (H2O)10 cluster within the
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cavity of 1 (Figures 2a and 2b).10 This arrangement is nearly
identical to that of the smallest subunit of natural ice (Ic-type;
Figure 2c) but the bridgehead is slightly compressed due to
interactions with the four host panels. Neutron diffraction
analysis located the deuterium nuclear density between the
water oxygen atoms10 and revealed that the lone pairs of the
bridgehead oxygen atoms interact with the host panel ³-
systems; an unusual H2O:£³ (lone pair­³ electron) interaction.
As the structure of natural ice is defined as an infinite three-
dimensional network of water molecules (Figure 2c), the finite
(H2O)10 cluster in the cavity of 1 can be regarded as “molecular
ice.”

2.2 Bimolecular Recognition. Molecular recognition in
synthetic hosts has been extensively studied but the selective
bimolecular recognition and encapsulation of two different
guests in a single binding pocket remains non-trivial. Coordi-
nation host 1 however exhibits bimolecular recognition if the
first guest is a large aromatic and the second an appropriately
shaped aliphatic molecule.11 For example, ternary host­guest
complex 1¸(2¢3) selectively formed in high yield (>90%)
when perylene (2) and cis-decalin (3) (ca. 10-fold excess each)
were suspended in an aqueous solution of 1 (Figure 3a). The

molecular modeling of the bimolecular inclusion complex
revealed the importance of filling the hydrophobic space within
host 1; the aromatic perylene ³-stacks on one panel ligand and
the remaining void is filled by the bulky, aliphatic cis-decalin
(Figure 3b). The combination of cis-decalin with pyrene,
triphenylene, and coronene also afforded ternary inclusion
complexes with host 1 despite the lack of specific recognition
motifs or strong affinity between guest molecules. More
recently, the diastereomeric bimolecular recognition of enan-
tiomers was achieved within achiral coordination hosts.12

3. Chemical Reactions

The cavity of self-assembled host 1 is large enough to
accommodate multiple guest molecules in water. Once en-
trapped, the confined environment of the host artificially raises
the effective concentration and can force guest reactive sites
into close proximity in specific and occasionally unusual
orientations. As a result, remarkable enhancement of reaction
rates and regio- and stereoselectivities can be produced within
host 1. In addition, interactions with the electron-deficient
panels of host 1 results in unexpected reactions of enclathrated
guest molecules.

3.1 [2 + 2] Photodimerization.13 Self-assembled coordi-
nation hosts can be used as nanoscale “molecular flasks” to
significantly accelerate photochemical reactions and control
regio- and/or stereoselectivities. In 2002, the photoirradiation
of an aqueous solution of coordination host 1 containing two
acenaphthylene guest molecules selectively gave syn-dimer 4
(R = H) in nearly quantitative yield (Figure 4a).14 The reaction
was easily monitored by 1HNMR analysis and product 4 was
readily isolated by our standard extraction protocol from the
final aqueous solution of 1¸4. In the absence of host 1,
significantly higher concentrations were required for the
reaction to occur and syn-dimer 4 and anti-dimer 4¤ were
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Figure 1. (a) Self-assembled coordination host 1 and
(b) X-ray crystal structure of 1.
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Figure 2. (a) Schematic representation and (b) X-ray crystal
structure of a (H2O)10 cluster within host 1. (c) Infinite
network of water molecules in natural ice (Ic-type).
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Figure 3. (a) Bimolecular recognition of two different guest
molecules, perylene (2) and cis-decalin (3) within host 1,
and (b) optimized structure of 1¸(2¢3).
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Figure 4. (a) Selective [2 + 2] photodimerization of
acenaphthylenes within host 1 and (b) the photodimeriza-
tion without 1.
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obtained as a 1:1 mixture in low yield (Figure 4b). As an added
side benefit, the aromatic panel framework of 1 filters all
wavelengths shorter than ca. 310 nm, prevents the back reaction
(dimer to monomer), and the reaction proceeds forward to near
completion. 1-methylacenaphthylene is even less photoreac-
tive, yet when two molecules were encapsulated, [2 + 2]
photodimerization occurred and head-to-tail syn-dimer 4
(R =Me) was the exclusive product (Figure 4a).14,15

For the [2 + 2] photodimerization of naphthoquinones
bowl-shaped coordination host 5, with an open hydrophobic
pocket (Figure 5),16 gave syn-stereoisomer 6 in >98% yield
(Figure 6a).14 In the absence of host 5, the reaction was slow
even at high concentrations and the anti-photodimer was
the main product (ca. 10:1 anti-:syn-). X-ray crystallographic
analysis of encapsulated product 5¸6 (R = H) revealed the
snug fit between host 5 and the syn-product with several ³­³
and CH­³ interactions (Figure 6b). The complementary shapes
ofmolecular flask 5 and product 6 altered the reaction dynamics
to favor the syn-stereoselectivity and head-to-tail regioselectiv-
ity. Even though the 5-position of naphthoquinone is remote
from the reaction site, the photodimerization of 5-methoxy-1,4-
naphthoquinone within 5 gave syn head-to-tail isomer 6 (R =
OMe) in 80% yield (Figure 6a). Without host 5, anti-isomers
were obtained in low yield with no head-to-tail regioselectivity.

3.2 Cross [2 + 2] Photodimerization. Selective cross
photodimerization is a particularly challenging subject in
photochemistry as both substrates are of comparable reactivity.

The photodimerization can be selectively accomplished when
the two substrates are isolated in a molecular flask in a pairwise
selective fashion. The heterodimer of acenaphthylene and
5-ethoxy-1,4-naphthoqinone was selectively entrapped when
a 1:1 mixture was suspended in an aqueous solution of
coordination host 1, and after photoirradiation for 3 h hetero
syn-photodimer 7 (R = OEt) was formed in ca. 90% yield
(Figure 7).17 The key factors essential for the cross photo-
dimerization are co-encapsulation and pre-organization of the
two substrates within the host framework and these are mainly
regulated by steric bulk and shape. The bulky N-cyclohexyl-
maleimide is particularly well-suited for pairwise selective
co-encapsulation and subsequent cross [2 + 2] photodimeriza-
tion with planar arenes (e.g., acenaphthylene and dibenzo-
suberenon), selectively giving the syn hetero dimers in
typically >90% yield.17 Even inert arenes like pyrene,
phenanthrene, or fluoranthene afforded the syn cross adducts
(e.g., 8 and 9) with the maleimides in the cavity of host 1
(Figures 7b­7d).18,19 No cross-reactions occurred in the ab-
sence of 1, even at high concentrations.

3.3 Photoinduced Oxidation. Molecular hosts are usually
thought of as innocent bystanders that are only indirectly
involved in the reaction pathways. However, self-assembled
coordination host 1 is not only a simple vessel but can actively
participate in the reactions of the entrapped substrates and
produce new and unusual reactions. Independently, coordina-
tion host 1 and adamantane (10) are photochemically inert.
However, the photoirradiation of 1:4 host­guest complex
1¸(10)4 under aerobic conditions produced a mixture of
oxidized adamantanes 11, 1-adamantylhydroperoxide and 1-
adamantanol, in 24% yield or in 96% yield assuming one
guest is oxidized per host (Figure 8a).20 X-ray crystallographic
studies of 1¸(10)4 revealed C­H£³ interactions between
guest adamantanes and aromatic panels of 1 and detailed
spectroscopic and theoretical analyses suggest that one of the
four panels of 1 is first photochemically excited. Subsequent
electron transfer from one encapsulated 10 gives a 1-adamantyl
radical (plus H+) and the radical anion of 1. The radical quickly
reacts with O2 and/or H2O and provides the oxidized products
and regenerated 1. The photoinduced radical anion of 1 was
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Figure 5. (a) Bowl-shaped coordination host 5 and (b) the
X-ray crystal structure.
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Figure 6. (a) Stereo- and regioselective [2 + 2] photo-
dimerization of naphthoquinones within host 5 and (b)
X-ray crystal structure of 5¸6 (R = H).
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Figure 7. Cross [2 + 2] photodimerization of (a) 1,4-
naphthoqinones and acenaphthylene, (b, c) N-cyclohexyl-
maleimide and pyrene or fluoranthene within host 1. (d) X-
ray crystal structure of 1¸8.
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clearly detected by ESR and UV­vis analyses under anaerobic
conditions (Figures 8b and 8c). The reaction seems to be
general and cyclic alkanes (e.g., cyclooctane) were also
successfully photo-oxidized within host 1 to afford the
corresponding alcohols and ketones.

3.4 Diels­Alder Reactions. Within self-assembled hosts,
the rates of Diels­Alder reactions increase due to the enhanced
effective molarity21 and the guest pre-organization is expected
to furnish unusual regio- and stereoselective Diels­Alder
reactions. In 2006, we reported the Diels­Alder reaction of
anthracene in coordination host 1. Typically, dienophiles react
at the central anthracene ring to give the 9,10-adduct, but in the
cavity of host 1 N-cyclohexylmaleimide (13) reacted with the
terminal rings of 9-hydroxymethylanthracene (12) to give syn-
1,4-adduct 14 (R = CH2OH) in 98% yield (Figure 9a).22

Carboxyl-, cyano-, and vinyl-substituted anthracenes all gave
the 1,4-regioselective Diels­Alder products with N-cyclohexyl-
maleimide in high yields.22 Selective bimolecular recognition
of substrates 12 and 13 is essential for the reaction and was
clearly observed by 1HNMR analysis. Molecular modeling
indicates that prior to the reaction the substrates are pre-
organized with the olefin of 13 located close above the terminal
ring of 12 and thus the 1,4-adduct is favored (Figure 9c).
X-ray crystallographic analysis of host-product complex 1¸14
(R = CH2OH) unambiguously revealed the structure of the
syn-1,4-adduct (Figure 9b) and the tight fit and ³-stacking

interactions (3.3¡) between the aromatic rings of 14 and the
host panels.

The limited cavity space within self-assembled hosts forces
substrates into close proximity and can thus “activate”
thermodynamically inert large arenes. Within host 1, usually
non-reactive perylene and N-cyclohexylmaleimide reacted to
give syn Diels­Alder product 15 in 90% yield at 80 °C
(Figure 10a).23 Inside the protective framework of host 1, 15
was stable and the structure of 15 was confirmed by the single-
crystal X-ray diffraction of complex 1¸15. Once outside the
host cavity however, 15 is rapidly oxidized in air to give
compound 16 in less than 30min. The Pt2+-analog of 1 is
more robust and at 100 °C, highly inert triphenylene reacted
with N-cyclohexylmaleimide to give Diels­Alder product 17
(Figure 10b).23

3.5 Catalytic Diels­Alder Reactions. Coordination hosts
can be used to accelerate and alter chemical reactions, but
typically in a stoichiometric fashion. Our ultimate goal is to
engineer catalytic systems mimicking natural enzymes24 and
thus we used open coordination host 5 to catalyze the aqueous
Diels­Alder reaction between maleimide and anthracene
derivatives.22 10mol% of bowl 5 sufficed to catalyze the
Diels­Alder reaction between 9-hydroxymethylanthracene and
N-phenylmaleimide yielding 9,10-adduct 18 (R1 = CH2OH,
R2 = Ph) in quantitative yield after 5 h at room temperature
(Figure 11). The reaction barely proceeded (3% yield) under
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the same conditions in the absence of 5. The most important
steps in enzyme-like catalytic cycles are auto-inclusion and
auto-exclusion.22 First, the planar anthracene substrate enters
the hydrophobic cavity and is bound by hydrophobic, ³-
stacking, and charge-transfer interactions (Figure 11a). The
maleimide then fills the remaining space in the hydrophobic
pocket and the reactive centers are held in close proximity.
After the reaction, the anthracene moiety of product 18 is bent
and can no longer efficiently ³-stack with the host panel
(Figure 11b). Accordingly, the weakly bound product is
smoothly displaced by the incoming substrates and the catalytic
cycle continues (Figure 11c). The catalysis mediates Diels­
Alder reactions between a variety of anthracene and maleimide
derivatives; i.e., 9-methyl-, 9-vinyl-, and 9-hydroxymethyl-
anthracenes and N-propyl-, N-benzyl-, and N-phenylmale-
imides.22

3.6 Sol­Gel Condensation. The isolation and character-
ization of reactive species during polymerization is a challeng-
ing subject due to the mixture of short-lived reactive
intermediates.25 In 2000, we reported that coordination host 1
could trap and stabilize short-lived, cyclic silanol trimers 19
formed during the sol­gel condensation of trialkoxysilanes.
CSI-MS and NMR spectrometries revealed that cyclic trimer
19 (R = H) was selectively prepared and sequestered when
phenyltrimethoxysilane polymerized in an aqueous solution
of host 1 (Figure 12a).26 More importantly, clathrate complex
1¸19 was isolated in >90% yield as a pure solid. Final
structural proof was provided by X-ray crystallographic
analysis and the all-cis conformation of the cyclic trimer
was revealed (Figure 12b).27 The three highly reactive Si­OH
groups of 19 are fully protected by the host framework,
suppressing further condensation and the typically elusive
trimer is stable even in acidic aqueous solutions. Similar to the
construction of a “ship-in-a-bottle,” the substrates are small
enough to freely enter and exit host 1, but once formed product
19 is too large and can no longer escape.

Judicious choice of host cavity allowed the selective
isolation of specific silanol intermediates. When 2-naphthyl-
trimethoxylsilane (20) polymerized in an aqueous solution of
bowl-shaped host 5, silanol dimer 21 was sequestered and
isolated in ca. 90% yield (Figure 13a).27 Tube-shaped host
2228 could only encapsulate one molecule of 20 which was
then hydrolyzed to give trisilanol 23 in high yield.27 These

intermediates are fleetingly ephemeral species during the sol­
gel condensation, due to the highly reactive Si­OH groups, but
are stable, isolable, and easily characterized by NMR, MS, and
X-ray crystallographic analyses (Figures 13b and 13c).

4. Molecular Stacks

Discrete stacks of aromatic molecules with specific heights
and order are of great importance to the fields of ³-conjugated
functional materials.29 In a novel approach, we used self-
assembled coordination hosts as molecular templates to
construct finite aromatic stacks and avoid lengthy covalent
syntheses. In 2005, we designed prism-shaped coordination
host 24 with a cavity capable of accommodating two planar
aromatics in a stacked fashion.30 Coordination host 24
selectively assembled from three pillar and two panel ligands
and six cis-capped Pd2+ complexes in the presence of
templating aromatic molecules (Figure 14a). Two aromatic
molecules, such as pyrene, triphenylene, and coronene, form
³-stacked dimers within host 24 through ³-stacking and
hydrophobic host­guest interactions (Figure 14b). The cavity
height and the number of stacked guests can be increased by
simply changing the length of the pillar ligand (Figure 14c).30
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4.1 Polarized Aromatic Molecule. Dipole­dipole inter-
actions between molecules are relatively weak but important
attractive forces. In the solid state, polarized aromatic mole-
cules such as pyrene-4,5-dione (26; 6.1­6.7 D) form infinite,
head-to-tail columnar stacks that effectively cancel the net
dipole.31 If an odd number of 26 stacks, however, a head-to-tail
stacked conformation cannot cancel the net dipole moment.
Host­guest complex 25¸(26)3 contains three stacked polarized
aromatics and quantitatively assembled when pyrenedione 26
was mixed with the components of host 25 in aqueous
solution.32 X-ray crystallographic analysis revealed that the
three guest molecules do not stack in a head-to-tail fashion but
are rotated by 120° with respect to each other (Figure 15). By
systematically altering the cavity height, discrete stacks of two,
three, four, and five polarized aromatic 26 were constructed in a
selective fashion.32

4.2 The Mixed-Valence State of TTF. The electrochemical
properties of tetrathiafulvalene (TTF; 27) within molecular
hosts have been exhaustively examined but when trapped
within host 24, an unusual mixed-valence state of stacked
tetrathiafulvalene dimer [(27)2]●+ was generated at room
temperature in aqueous solution. When excess 27 was added
to an aqueous solution of 24, the colorless solution quickly
turned dark green as 24¸(27)2 complex formed (Figure 16a).33

Electrochemical studies revealed that an initial one-electron
oxidation occurs at ca. 150mV giving mixed-valence dimer

[(27)2]●+ and a second one-electron oxidation at ca. 300mV
gives cation radical dimer (27●+)2. The mixed-valence state
was also indicated by the appearance of a broad absorption
band in the near-infrared region (­max µ 2000 nm) of the UV­
vis spectrum of 24¸(27)2 at a constant voltage of 180mV
(Figure 16b). The host framework forces the two molecules of
27 into close proximity, and protected within the host frame-
work, the mixed-valence dimer is protected from oxygen and
solvent molecules and is unusually stable, even at room
temperature and in aqueous solution (t1/2 µ 1 day).

4.3 Stack of Metal-Complexes. We next exploited the
stacked conformation of planar metal complexes within host 24
to generate specific metal­metal interactions. The strict control
of the spatial arrangement of metal ions and their interactions is
of considerable interest for the development of molecular-
based electronic and magnetic materials. Bisacetylacetonato
metal-complexes (28M) are classic, well-known planar com-
pounds but intermolecular metal­metal interactions had not
yet been observed. Upon addition of 28M (M = Pt2+, Pd2+,
and Cu2+) to an aqueous solution of 24, two molecules
of complexes 28M entered the cavity and formed stable
stacked dimers (Figure 17a).34 X-ray crystallographic analysis
of host­guest complex 24¸(28Pt)2 revealed the Pt atoms in
close contact, ca. 3.3¡ (Figure 17b); Typical metal­metal d­d
interactions are 3.1­3.5¡. The metal­metal d­d interactions
were also apparent in the UV­vis spectra of 24¸(28M)2 as
broad absorptions (around 450 nm when M = Pt2+ and 500 nm
when M = Pd2+). Spin­spin exchange interactions between
two Cu2+ centers were observed for complex 24¸(28Cu)2.
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Inserting a phenylene spacer into the pillar-like ligand led
to extended prism-shaped host 25 (X = ­C6H4­, R = CH3)
suitable for accommodating triple stacks of aromatic guests
and a three metal Cu2+­Cu2+­Cu2+ array was obtained when
Cu2+-containing azaporphine molecules were encapsulated
(Figure 18).35 Exciton couplings between the stacked guests
were observed in the UV­vis spectrum and ESR analysis
revealed a ferromagnetically coupled quartet state (S = 3/2) for
the three Cu2+ centers. The ¦ms = 3 forbidden transition was
observed at a field strength of 100mT and is the first report for
an inorganic system. Alternating donor­acceptor­donor stacks
are favored due to electrostatic interactions and when electron-
deficient azaporphine (29) and electron-rich porphine (30) were
added to the components of host 25, alternating complex
25¸(30¢29¢30) was generated. Alternating mixed metal triple
stacks were then prepared using porphine and azaporphine
metal complexes (where M = Pd2+, Co2+ and M¤ = Cu2+, H2)
(Figure 18a). ESR studies demonstrated that the two Cu2+

centers interact through the Co2+ center, but the Pd2+ center
suppresses spin­spin exchange.35 Enclathration of a planar
Ni2+-complex within host 24 was recently shown to induce

spin-crossover behavior without changing the coordination
number and geometry.36,37

4.4 Nucleotide Stack. Mono- and dinucleotide fragments
are unable to form stable hydrogen-bonded base pairs or
duplexes in water, but in the hydrophobic pockets of enzymes
and proteins however, even short fragments can form stable
duplexes to transmit genetic information. We recently demon-
strated that the artificial hydrophobic cavity of platinum host 31
can also stabilize and isolate minimal base pairs in aqueous
solution (Figures 19a­19c).38 Simply mixing 5¤-adenosine
monophosphate (32) and 5¤-uridine monophosphate (33) in
an aqueous solution of 31 (X = 1,4-pyradine) gave host­guest
complex 31¸(32¢33). X-ray crystallographic analysis of the
complex clearly revealed the selective formation of a Hoogsteen
hydrogen-bonded base pair for 32 and 33 (Figure 19d). When
X = 4,4¤-bipyridine, the dinucleotide thymidylyl-(3¤-5¤)-2¤-
deoxyadenosine (34) formed a stable stacked Hoogsteen base
pair duplex inside host 31 in water (Figure 19c).

4.5 Interlocked Aromatic Stacks. Inspired by the aromatic
stacks buried within catenanes,39 we hypothesized that inter-
locked molecular hosts would provide a framework for
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24¸(28Pt)2.
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constructing extended stacked aromatic molecules A in discrete
manner (Figure 20a). When the appropriate pillar ligands,
panel ligands, triphenylene template, and end-capped Pd2+

complex (in a 6:4:3:12 ratio) were suspended in water and
stirred at 100 °C, septuple aromatic stack 35 was obtained
in almost quantitative yield (Figure 21a).40 In the 1HNMR
spectrum two intercalated triphenylene guest signals were
observed in a 2:1 ratio and both sets were considerably shifted
upfield due to shielding by the triazine panel ligands. CSI-MS
spectrometry also confirmed the expected molecular mass of
this unique structure and X-ray crystallography unequivocally
provided the final evidence. The 2.1 nm long aromatic column
of 35 is formed through efficient aromatic­aromatic interaction
between all seven aromatic subunits (3.3¡ between adjacent
molecules) (Figure 21b). In hindsight, our hypothesis was
slightly misleading as stable intermediate B (Figure 20b) is
most likely formed first during self-assembly and the second,
interlocked coordination cage locks into place afterwards.

This method is highly effective and was successfully applied
to the construction of even taller discrete stacks. Using
molecular modeling, we carefully designed elongated pillar
ligands 36 and 37, and when combined with the correct ratio of
triazine panels, metal ions, and pyrene guests, octuple stack
38 and nonuple stack 39 respectively assembled in almost
quantitative yields (Figure 22).40 The X-ray crystal structure of
38 confirmed the 2.4 nm tall cylindrical stack of aromatic
molecules and the even larger 39 was calculated to be 2.7 nm
tall (Figures 22b and 22c). These nanometer-sized aromatic
towers provide well-defined systems in between simple dimers

and infinite stacks where the extent of transannular conjugation
can be controlled and are of great interest as potential elements
for the nanofabrication of electroconductive and photophysical
devices.

5. Conclusion

In this account, we have described our recent undertaking to
develop and establish self-assembled coordination hosts as
molecular tools for engineering new and unusual chemical

x 2

x 3

(a) (b)

A B

Figure 20. (a) The hypothesized construction of extended aromatic stack via interlocked coordination cages. The interlocked cages
define three voids where aromatic guest molecules can intercalate and generate an alternating D­A aromatic stack. (b) A stable
intermediate is most likely formed first during self-assembly.
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Figure 22. (a) Organic pillars 36 and 37, (b) X-ray crystal
structure of octuple stack 38, and (c) optimized structure of
nonuple stack 39.
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reactions and interactions. Starting with the simple molecular
recognition of guest molecules, we applied coordination hosts
to not only accelerate reaction rates and endow regio- and
stereoselectivity but also to create unique reactions. Just as one
selects appropriate glassware for a reaction scale, we have
shown that size and shape of the nanometer-sized molecular
flasks are just as important in controlling reactions on a
molecular level. Unlike conventional synthetic chemistry, we
can use our self-assembled molecular hosts to directly control
and alter chemical reactions without covalently modifying the
substrates. We have also applied coordination hosts to generate
new and unusual interactions between guest molecules and
developed a useful method for making discrete stacks of
aromatic molecules with unique electronic and magnetic
properties. The size and shape of the molecular container is
tunable and precisely regulates the number and order of stacked
molecules in turn. These simple yet powerful tools will open
the doorway for the design of novel green reactions and the
engineering of unique molecular elements for functional
devices and materials. We believe that the possibilities inside
the nanometer cavities of finite coordination hosts are infinite.

We would like to express our sincere appreciation to all the
co-workers for their efforts and cooperation, whose names are
cited in the references. This project has been supported in part
by a grant from the Ministry of Education, Culture, Sports,
Science and Technology of Japan (Nos. 20750042 and area
2107).
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