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Cucurbit[6]uril (CB[6]), the prototypical member of the CB[n]
family1, has outstanding recognition properties toward aliphatic and
aromatic amines in aqueous solution.2 In recent years, a homologous
series of hosts (CB[n]: n ) 5, 7, 8, 10)3 has been isolated and
investigated. These new CB[n]swith their increased cavity volumess
bind to a wide range of chemically and biologically important guests
and therefore participate in a variety of interesting applications
including fluorophore photostabilization,4 gas binding,5 chemical
sensing,6 supramolecular vesicles,7 supramolecular dendrimers,8

molecular machines,9 and complex self-sorting systems.10 Stimu-
lated by the discovery of inverted CB[n] (n ) 6, 7),11 we postulated
that other kinetically controlled structures might be formed as stable
mechanistic intermediates12 during CB[n] formation. We report the
isolation and recognition properties of nor-seco-cucurbit[10]uril (ns-
CB[10]) which results from formal extrusion of two CH2 bridges
from CB[10] along with bond reorganization.

We discovered that heating a mixture of glycoluril (1) and
paraformaldehyde at 50°C in concentrated HCl delivers a reaction
mixture that contains CB[n] andns-CB[10] (Chart 1). We isolated
ns-CB[10] as a white solid in 15% yield by washing and
recrystallization. The1H NMR spectra of freens-CB[10] (Figure
1a) was not informative because of significant signal overlap,
although the resonance for the inwardly directed CH2 bridge (Ha)
appeared in a distinctive region of the spectrum. In contrast, the
NMR spectrum ofns-CB[10]‚22 was relatively well dispersed which
allowed unambiguous assignment of its structure by 2D NMR
methods (Supporting Information). Of particular diagnostic utility
are the resonances for Ha and Hn which appear as singlets due to
the overall C2h-symmetry ofns-CB[10]‚22.

Fortunately, we obtained single crystals ofns-CB[10] as its
p-phenylenediamine (3) complex (ns-CB[10]‚32) which were suit-
able for X-ray structure determination (Figure 2). Several structural
features are intriguing including: (1) the absence of two CH2

bridges and the internal disposition of the two single CH2 bridges,
(2) two symmetry equivalent cavities and their lack of vertical
registration (Chart 1), and (3) infinite guest filled channels defined
by the stacking ofns-CB[10]‚32 in the crystal (Supporting Informa-
tion). Interestingly, the solvating H2O molecules in the ureidyl
carbonyl region ofns-CB[10]‚32 act as bridges between guest NH
and host CdO groups.

Although ns-CB[10] has poor solubility in D2O and strongly
acidic solution, its complexes are nicely soluble in D2O which
allowed us to investigate its recognition properties. The two cavities
of ns-CB[10] are comparable in size to those of CB[6] and CB[7]
and therefore bind guests commonly used with these hosts. For
example,ns-CB[10] forms ternary (1:2) complexes with alkyl,
cycloalkyl, aryl, and adamantyl amines (2-10) although some of
these complexes display fast exchange on the NMR time scale.13

ns-CB[10] also binds some more chemically and biologically
interesting species (Supporting Information) like dyes (e.g., cou-
marins, acridines, nile blue), amino acids (tryptophan, 4-aminophen-
ylalanine, and arginine), and electrochemically active substances

(ferrocenes (e.g.,11) and viologens). More sizable guests (e.g.,12
and13) that are too large for the individual CB[6]-CB[7] sized
cavities ofns-CB[10] instead form binary (1:1) complexes that fill
both cavities simultaneously.

Several types of selectivity are observed within ternary complexes
of ns-CB[10]. For example, when unsymmetrical guests are bound
within ns-CB[10] three diastereomers are possible (Figure 3: top-
top, center-center, and top-center).14 For some guests a single
diastereomer is observed (e.g.,ns-CB[10]‚72) which we tentatively
assign the top-top conformation. In the top-top conformation, the
NH3

+ groups bind at the more flexible CdO portals which lack a
CH2-bridge. For other guests (e.g.,8) all three conformations can

Chart 1. Structure of ns-CB[10] and Guests Used in This Study.

Figure 1. 1H NMR spectra for (a)ns-CB[10] (400 MHz, 20% DCl), (b)
ns-CB[10]‚22, (c) ns-CB[10]‚112, (d) 2:2:2 mixture ofns-CB[10], 2, and11:
(b-d) 500 MHz, D2O; x ) trace EtOH impurity.
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be observed by1H NMR (Supporting Information). A second type
of selectivity is possible during the binding of chiral but racemic
guests. For example, when a mixture of14andent-14 is offered to
ns-CB[10] two homochiral forms (ns-CB[10]‚142 andns-CB[10]‚ent-
142) and one heterochiral form (ns-CB[10]‚14‚ent-14) are observed
as a statistical mixture. Further studies are needed to understand
the structural features that allow an efficient transmission of chiral
information.

Interestingly, during our binding studies we never observed the
formation of binary complexes concomitant with ternary complexes,
which suggests a sizable positive cooperativity in the system. To
demonstrate its potential for homotropic allostery,15 we offeredns-
CB[10] guest mixtures containing two (e.g.,2 and11, 5 and7, 2
and5, or 7 and10) different guests. When guests of quite different
sizes are used (2 and11, Figure 1b-d) allosteric control leads to
a mixture of homomeric complexes (e.g.,ns-CB[10]‚22 and ns-
CB[10]‚112). In contrast, mixtures of similarly sized guests (e.g.,
2 and 5 or 7 and 10) result in mixtures of the homomeric and
heteromeric ternary complexes. These results show that binding of
the first guest tons-CB[10] preorganizes the second cavity for
binding of asimilarly sized guest.Computational results suggest
that the allosteric structural change is transmitted between binding
sites in the putative 1:1 complex via the central H2C‚‚‚CH2

separation (5.5-9.3 Å) and overall cavity volume (450-740 Å3)
which varies systematically with the size of the guest (Figure 3
and Supporting Information).

In summary, we have reported the isolation of a new member
of the CB[n] family, ns-CB[10], which is both structurally and
functionally intriguing. For example,ns-CB[10] retains much of
the binding profile of CB[n] but also (1) binds larger guests than
expected given that its two cavities are each shaped by only five
glycoluril rings which highlights the structural responsiveness of
thens-CB[10] cavity, (2) displays unusual top-center isomerism,
and (3) displays homotropic allostery based on a guest size induced
preorganization mechanism. As an intermediate in the formation
of CB[n] with reactive NH groups, we believe thatns-CB[10] will

enable straightforward access to CB[n] derivatives, surface im-
mobilized CB[n], and CB[n] dimers.16 The isolation ofns-CB[10]
deepens our understanding of the mechanism of CB[n] formation
and presages the formation of CB[n] hosts of even higher
complexity. In combination, these results promise to broaden both
the structural range of CB[n] that can be accessed and the
applications (e.g., biomimetic allosteric systems, supramolecular
polymers, and covalent multivalent CB[n] scaffolds) to which CB-
[n] can be applied.
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Figure 2. Cross-eyed stereoview of the crystal structure ofns-CB[10]‚32.
Solvating H2O molecules have been removed for clarity. Color code: C,
gray; H, green; N, blue; O, red.

Figure 3. Three potential diastereomers ofns-CB[10]‚72. The arrows
illustrate the key CH2‚‚‚CH2 nonbonded distance that changes according
to guest size.
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