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Self-complementarity is ubiquitous in biological macromol-
ecules. The association of two or more copies of, say, a protein
gives rise to such structures as allosteric enzymes, viral capsids,
and membrane channél3.Synthetic, self-complementary mol-
ecules also show functions unique to their assembled states:
recognition, encapsulation, and catalysis are a few recent examples

from this laboratory?. The driving force in many examples of
assembly in organic media not only involves hydrogen bonds
ion—dipole? and other polar interactions but also avoiding voids
through the proper filling of cavities. Here we describe a class of
molecules that assemble in solution primarily by virtue of self-
complementary shapes. These notional “balls in sockets” allow
the optimal expression of subtler forces such as van der Waals
contacts and €H/x interactions. Their characteristics as dimeric
species offer the first steps along the road to more complex
assemblies based on the weakest of intermolecular interaétions.

The new molecules are related to the “self-folding” cavitand
hosts (e.g.,1, Chart 1) described recentlyThe upper-rim
hydrogen-bonding seam thholds the molecule in the vase-like
C,, conformation and imparts on the resulting caviplexes unusual
kinetic stability; guest exchange is slow on the NMR time scale.
This kinetic stability is unique among open-cavity receptors and
greatly facilitates the study of guest binding. Generally, weak
binding affinities &3 kcal/mol) are observed, even for the best
guests, adamantane derivatives. The new cavitaradwl 3 bear
covalent links to their guests (Chart 1). As a result, these self-
complementary molecules form dimers of considerable kinetic
and thermodynamic stability in which the adamantane of one
monomer is bound within the cavity of the other.
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The ultimately successful strategy for the synthesi,08,
and8 involved hexaamidd,’ as an intermediate. This cavitand
was prepared from Hyberg's resorcinarefién four steps. First,
reaction of 1,2-difluoro-4,5-dinitrobenzene (3 equiv) with the
resorcinarene octol in DMF/Et provided the tri-arylated hexa-
nitro cavitand in 56% yield. A three-step sequence involving
reduction (H, Ra—Ni), peracylation §-C;H;sCOCI, K,COs), and
ester cleavage (iMNH,, toluene-EtOH) provided cavitandlin
30% overall yield. ThéH NMR spectrum of4 is indicative of
the folded-vase conformation, even though the hydrogen-bonding
seam ind is incomplete; one of the four aromatic “walls” fis
missing. This breach was then filled by coupling hexaandite
heteroaromatic dichlorides—7, to which the adamantanes are
attached (Scheme 1).

Figure 1 presents thi#d NMR spectra of cavitandg, 3, and
a mixture of2 and3 in p-xylened;o (295 K). Several downfield
amide N-H resonances confirm the presence of a hydrogen-
bonded seam along the upper rim of the cavitand. The lower-rim
cavitand methine triplets at 6.3 ppm are diagnostic for the folded-
vase conformation. Most telling, however, is the presence of
signals in the far upfield region between 0 andl.5 ppm?® These
chemical shifts are indicative of adamantane inclusion within the

(7) For a synthetic scheme and selected NMR spectra, see Supporting
Information. Full experimental details will be published elsewhere.
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Figure 1. 'H NMR spectra (600 MHz, 295 Kp-xylened;o, ca. 1 mM)
of cavitands2, 3, and a mixture of2 and 3 (expansion). Adamantane
signals arising fron® in heterodimer2-3 are marked with solid circles.
The corresponding signals arising froBnin heterodimer2-3 are not
resolved from the signals for homodime3.

highly shielded environment of the binding sockét2D ROESY

NMR spectrum oR revealed through-space contacts between the
adamantane ball and the aromatic walls of the socket’s cavity.
Integration of the methine and upfield adamantane resonances
indicated that essentially all of the adamantane signasasfd

3lie in this far upfield position. In contrast, no upfield adamantane Figure 2. Graphic representation of dim@r2 based on the minimized

signals were detected for the imide-linked cavitaBidMost structure obtained from MacroModel 5.5 (Amber* force field). The
probably, a tether of appropriate length between the cavity and Solvent-accessible surface of one monomer is rendered in blue, while
the adamantane is crucial and, in the cas&,df is simply too the other is depicted as a ball-and-stick model. m@;1H23 chains (R)

short to permit assembly are substituted by Ciand then-C;His chains (R) by n-CsHo.

The assembly process thand 3 is solvent-dependent. Thus, ) . .
IH NMR spectra of2 or 3 in CDCl, a solvent that competes guis.ts W.'th association constant&. that are typically=10*
well for the cavity, revealed that only ca. 20% of the adamantane M™% in this solvent. . . .
balls were found within the binding sockets (at 300 K). In DMF- __In p-xylene, the spherical adamantane guest is a better fit for
d;, no adamantane guest was observed in the upfield region ofthe socket’'s cavity than is a sollvent molecule. When a dimer
the spectrum. Solvent competition for hydrogen bonds results in forms, both cavities are better filled and (at least) two solvent

rapid fluctuations in the shape (vase to Kit&nd occupancy of molecules are released into the bulk solution. However, t.he
the cavitand. thermodynamic parameters of the process could not be determined

. . . in p-xylene sinceonly dimer was observed in the temperature
The further structural details of the assemblies can be inferred __ = :
from NMR data and computer modelidy.The most likely regime between 295 and 340 K. In CRhe assembly is much

assembly from an entropic standpoint is a dimer. Adamantaneweaker’ and the equilibrium process can be followed directly by

self-inclusion, higher aggregates, and even polymeric assemblies\éggﬁﬂf]t;ﬁ;np:rzgtut;ee %“gﬁ]'in';ros%n'gltse‘%mﬂoen d?:q;ﬂgat?;#nd
are conceivable, however, and must be considered. The poss'b”'tyconstants were calculated: for examplegvalue of 250 M at

of a polymeric assembly seems remote, given the sharp signals300 K was obtained G = 3.3 kcallmol). Temperature

observed in NMR spectra @and3. Data from the 2D ROESY effects onKp were measured, and a van't Hoff plot provided the
experiment places the adamantane ball deep in the binding socket D ! plotp

; ) ; . : corresponding thermodynamic parameterabf = —10.6 kcal/
a location that is not obtainable via self-inclusidThe observa- . L
tion of heteroassembly formation (Figure 1) is also incongruous mol andAS— —24.5 eu. Accordmgly,' the dimerization process
with adamantane self-inclusion. When cavitartddand 3 were IS enthalplcal_ly favorable and entropically un_favorable_. .
mixed in p-xylened;o and a'H NMR spectrum was recorded, a In conclusion, a self-complementayy cavitguest binding
new set of adamantane signals (solid circles, Figure 1) was motif may result in strong self-association, even when weak
observed in addition to the original signals farand 3. These attracting forces are employed. The binding affinity observed for

new signals are attributed to the formation of a heteroassemblydimers 22 and3-3 is markegiglg/ higher than is the binding of
between2 and 3. The presence of only one new set of guest adamanltane guests WfAA? ZI 4dkcaI/mtoI inp-xylene) a_nd
signals is most consistent with a dimer: higher-order assemblies,given a taége extctiss o ex ElmaTﬁ aman ane(zj %m i (Bql#}/)_t .
formed with different monomer compositions, should feature more Joes not disrupt the assembly. The Increased binding arinity 1S
than one set of new guest signals. Computer mod@laf trimer likely a result of the cooperation of blndlng sites inherent to self-
(3-3-3) revealed the presence of considerable conformational complementary mole;cules. The d!m@Q and 3-3 are early
constraints upon the upper-rim-&;s chains (R) in the as- examples of assemblies that form without intermolecular hydrogen

sembly. In contrast, these groups are relatively unencumbered in?2Nding networks between the subunits. We also remind the
models of a dimer (Figure 2). We therefore conclude that self- readers .tha.t self-compﬁlementarlty is the signature of synthetic,
complementary cavitandsand3 form stable dimers in solution. self-replicating systems.
At the millimolar concentrations employed in these experiments
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