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Nor-Seco-Cucurbit[10]uril Exhibits Homotropic Allosterism
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Cucurbit[6]uril (CB[6]), the prototypical member of the CB[n]  Chart 1. Structure of ns-CB[10] and Guests Used in This Study.
familyl,_ has (_)utstgnding recognition properties toward aliphatic and 0i 00 9 50 Carbonyl portals are not 0
aromatic amines in aqueous solutfoim. recent years, a homologous /(' ke JI/Q/,/G\ a\)&ﬁj‘ in register vertically ‘ NJ\NH
series of hosts (CB|: n =5, 7, 8, 10} has been isolated and NN’\E\‘_(NN N _\N' 00 o0 O PEPE
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and therefore participate in a variety of interesting applications Onlq °% é (E;gf ';2!‘_)/\7( N>_ J}q N»
including fluorophore photostabilizatidngas binding?, chemical ns-CB[10] H’H"%\«Nz\’/‘}’h’/wf\’/;'\‘ CH, 13 CH,
sensing, supramolecular vesicléssupramolecular dendrimets, NH 00 0o ©O NH, NH,
molecular machinesand complex self-sorting systerfsStimu- 2 RO_R NH,
lated by the discovery of inverted C8[(n = 6, 7) ! we postulated 2 2 ReOHNH : NH,  H,N ,—©—| o
that other kinetically controlled structures might be formed as stable X,X 3 R= NH; % ph Q g ONg N
mechanistic intermediat€iuring CBJn] formation. We report the 14 R = CH,NH—/ N - 9
isolation and recognition properties of nor-seco-cucurbit[10]ag ( 2 —R\i ) 2 Fe J 12 Q
CB[10]) which results from formal extrusion of two GHbridges NH, Z© | |
from CB[10] along with bond reorganization. 8 xoSHe @ . EZ?‘;:?NHz NHp  NH, o Ne

We discovered that heating a mixture of glycolurdl) (and B 9 R =NMey| 10 n D

paraformaldehyde at 5 in concentrated HCI delivers a reaction

mixture that contains CBJ andns-CB[10] (Chart 1). We isolated  (ferrocenes (e.g11) and viologens). More sizable guests (elg,
nsCB[10] as a white solid in 15% yield by washing and and 13) that are too large for the individual CB[SCB[7] sized
recrystallization. ThéH NMR spectra of freexs CB[10] (Figure cavities ofnsCB[10] instead form binary (1:1) complexes that fill
1a) was not informative because of significant signal overlap, Poth cavities simultaneously.

although the resonance for the inwardly directed,®Hdge (H) Several types of selectivity are observed Wit.hin ternary complexes
appeared in a distinctive region of the spectrum. In contrast, the of NSCB[10]. For example, when unsymmetrical guests are bound
NMR spectrum ofhs CB[10]-2, was relatively well dispersed which within nsCB[10] three diastereomers are possible (Figure 3_:—top
allowed unambiguous assignment of its structure by 2D NMR 0P, centercenter, and top-cente¥).For some guests a single
methods (Supporting Information). Of particular diagnostic utility ~diastereomer is observed (e.gs;,CB[10]-7;) which we tentatively
are the resonances for,ldnd H, which appear as singlets due to ~ @SSign the toptop conformation. In the toptop conformation, the

the overall Gy-symmetry ofns-CB[10]-2,. NH3z"™ groups bind at the more flexible=€0 portals which lack a
Fortunately, we obtained single crystals méCB[10] as its CH,-bridge. For other guests (e.®), all three conformations can

p-phenylenediaminedj complex os-CB[10]-3,) which were suit- ~ .

able for X-ray structure determination (Figure 2). Several structural DCI fp Fb-dgj,mn

features are intriguing including: (1) the absence of two,CH

bridges and the internal disposition of the two single,®Hdges, a [, Fefkl

(2) two symmetry equivalent cavities and their lack of vertical 3) LM&

registration (Chart 1), and (3) infinite guest filled channels defined n gicb ﬂDQO 0,0’

by the stacking ohsCB[10]-3; in the crystal (Supporting Informa- p p _ a ef

tion). Interestingly, the solvating 4 molecules in the ureidyl JMMUU{_J k

carbonyl region ohsCB[10]-3; act as bridges between guest NH o) U m !

and host GO groups. 11
Although ns-CBJ[10] has poor solubility in BO and strongly —

acidic solution, its complexes are nicely soluble igCDwhich

allowed us to investigate its recognition properties. The two cavities c) X

of nsCB[10] are comparable in size to those of CB[6] and CBJ[7]

and therefore bind guests commonly used with these hosts. For

example,nsCB[10] forms ternary (1:2) complexes with alkyl, “ ‘

cycloalkyl, aryl, and adamantyl amine3-{10) although some of d) LML MM LJA L
these complexes display fast exchange on the NMR time &tale. e e e
nsCB[10] also binds some more chemically and biologically ppm 75 70 65 60 55 50 45 40
interesting species (Supporting Information) like dyes (e.g., cou- Figure 1. 'H NMR spectra for (asCB[10] (400 MHz, 20% DCI), (b)
marins, acridines, nile blue), amino acids (tryptophan, 4-aminophen- nscB[10}-2,, (c) ns CB[10]-11;, (d) 2:2:2 mixture ohsCB[10], 2, and11:
ylalanine, and arginine), and electrochemically active substances(b—d) 500 MHz, BO; x = trace EtOH impurity.
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Figure 2. Cross-eyed stereoview of the crystal structura®€B[10]-3,.
Solvating HO molecules have been removed for clarity. Color code: C,
gray; H, green; N, blue; O, red.
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Figure 3. Three potential diastereomers p§-CB[10]-7,. The arrows
illustrate the key Cht--CH, nonbonded distance that changes according
to guest size.

be observed byH NMR (Supporting Information). A second type
of selectivity is possible during the binding of chiral but racemic
guests. For example, when a mixtureldfandent14 is offered to
ns-CBJ[10] two homochiral formsr{sCB[10]- 14, andns-CB[10]-ent
14,) and one heterochiral forrm¢CB[10]-14-ent14) 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 allost&rwe offeredns
CB[10] guest mixtures containing two (e.@.and11, 5and7, 2
and5, or 7 and10) different guests. When guests of quite different
sizes are used2(and 11, Figure 1b-d) allosteric control leads to
a mixture of homomeric complexes (e.9s5CBJ[10]-2, and ns
CB[10]-11L,). In contrast, mixtures of similarly sized guests (e.g.,
2 and5 or 7 and 10) result in mixtures of the homomeric and

heteromeric ternary complexes. These results show that binding of

the first guest tonsCBJ[10] preorganizes the second cavity for
binding of asimilarly sized guestComputational results suggest

that the allosteric structural change is transmitted between binding

sites in the putative 1:1 complex via the centrgjCH-CH,
separation (5.59.3 A) and overall cavity volume (456740 A3)
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 CBJn] family, nsCB[10], which is both structurally and
functionally intriguing. For examplensCB[10] retains much of
the binding profile of CBfi] but also (1) binds larger guests than

expected given that its two cavities are each shaped by only five (15)

glycoluril rings which highlights the structural responsiveness of
thensCB[10] cavity, (2) displays unusual tefcenter 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 thas-CB[10] will

enable straightforward access to @BHerivatives, surface im-
mobilized CBh], and CBf] dimers!é The isolation ofnsCB[10]
deepens our understanding of the mechanism ohCBfmation

and presages the formation of CGB[hosts of even higher
complexity. In combination, these results promise to broaden both
the structural range of CHJ that can be accessed and the
applications (e.g., biomimetic allosteric systems, supramolecular
polymers, and covalent multivalent Qi[scaffolds) to which CB-

[n] can be applied.
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