ORGANIC
LETTERS

: ; 2003
Extreme Complementanty IN a Vol. 5, No. 23

Macrocycle—Tweezer Complex 43534356

Howard M. Colquhoun,*' Zhixue Zhu," and David J. Williams*

Department of Chemistry, University of Reading, Whiteknights,
Reading RG6 6AD, England, and Department of Chemistry,
Imperial College, South Kensington, London SW7 2AZ, England

h.m.colguhoun@rdg.ac.uk

Received August 27, 2003

ABSTRACT

Interaction of a novel pyrene-based tweezer molecule with a macrocyclic ether-imide-sulfone results in formation of a strongly bound complex
(Ka = 24 000 M%) in which binding results not only from s—z stacking interactions involving pyrene units as donors and macrocyclic naphthalene-
tetracarboximide and biphenylenedisulfone groups as acceptors but also from N-H---O and C-H---O hydrogen bonds and from “reverse”
sr-stacking of the electron-poor isophthaloyl residue of the tweezer with an electron-rich 3-aminophenoxy residue of the macrocyclic imide.

Intense current interest in the design of multicomponent, developed a new and much more stable clasdl&fromatic
nanoscale molecular assemblies has led to the exploitationmacrocyclic receptors (e.gl, and 2) by cyclo-imidization
of many types of intermolecular interaction, including of amine-terminated aromatic ether-sulfofies.
hydrogen bonding, solvophobic effect$, metal-ligand
coordination® and zz-stacking between aromatic donor and o 0 0 0
acceptor site$.The latter interaction has proved especially ~ “S8—¢ < }-k° SN INEP
valuable for directing the synthesis of supramolecular @ Q
systems such as catenanes and rotaxatreseby enabling d o o Y a o Y
the fabrication of nanoscale devices including light- and @NMN O GNN @
redox-driven switchésand molecular logic gates. J { p O (
In view of the relatively labile nature of thid-benzylpy-
2

ridinium linkage on which much research intostacked 1
molecular assemblies has so far depended, we recently
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electron-rich polycyclic hydrocarbons such as pyrene and This observation suggests both that the kinetics of complex-
perylene are bound within the receptors via aromatic ation betweer? and3 are close to the slow exchange limit
mr-stacking with the electron-poor diimide and biphenylene- and that the naphthalene residue in macrocgalepresents
disulfone units. The association constants in solution (800 the principal binding site for its interaction with As the

and 1400 M? for pyrene and perylene, respectively) are, tweezer:macrocycle mole ratio progressively increases toward
however, not especially high, and even substrates that might1:1, very large ring-current-induced complexation shifts are
have been expected to complex more strongly with macro- observed in the!H NMR spectrum, especially for the
cyclic imide-sulfones via “tweezer-type” multipfe-stacking resonance arising from the biphenylene protons adjacent to
interactions instead afforded only pseudorotaxanes, withthe arene—arene bond (6& 1.60 ppm upfield, for 1:1
similarly low binding constantéThere are in fact remarkably  stoichiometry). This clearly indicates that the biphenylene
few tweezer—macrocycle complexes known, the only ex- unit of the macrocycle, as well as the imide fragment, must
amples so far described comprising pseudorotaxanes inbe closely involved in the complexation process. Analogous
which, for example, terminal 1,5-dioxynaphthalene units complexation shifts are observed for all four possible

wrap onto the outer faces of a 4Mipyridinium-based
macrocycle’. Here we report that a new group of amide-

based substrates derived very simply from 1-pyrenemethyl-

aminedo act as molecular tweezers and complex strongly
to macrocyledl and?2. The resulting assemblies are bound
through a novel combination of noncovalent interactions
including multiple donofracceptorz-stacking, hydrogen
bonding, and “reversef-stacking between electronically
complementary ring systems.

combinations of macrocycles and 2 with tweezers3 and
4.

Complex 5, formed between the essentially colorless
component® and 3, is deep red in color as a result of a
strong charge-transfer absorption band centered at 565 nm.
A Job plot based on this absorption, using chloroform/
hexafluoro-propan-2-ol (6:1) as solvent, is shown in Figure
1, which affords conclusive evidence for 1:1 complexation.

Reaction of isophthaloyl chloride or pyridine-2,6-dicar- _

bonyl chloride with 1-pyrenemethylamine afforded the novel
tweezer molecule8 and 4, respectively, in high vyield.
Interaction of as little as 0.05 molar equiv of twee3eawvith
macrocycle2 in CDCly/hexafluoro-propan-2-ol resulted in
a very marked broadening and upfield shift of the formerly
very sharp™H NMR singlet resonance arising from the
naphthalene-diimide unit, though other macrocyclic reso-

nances were much less affected (see Supporting Information)
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Figure 1. Job plot (based on the charge-transfer absorption at 565
nm) for complexation of macrocyc2with tweezer molecul® at
25 °C in chloroform/hexafluoro-propan-2-ol (6:1) as solvent.

Measurement of the association constant in the same solvent
system using the U¥visible dilution method? again based

on changes in the charge-transfer band, gives a value of
24 300 (£400) M™%, a more than 30-fold increase over the
value for pyrene itself.

Complex5 was obtained in crystalline form by vapor
diffusion of diethyl ether into an equimolar solution of the
two components in chloroform/hexafluoro-propan-2-ol, and
single-crystal X-ray analysisprovided an immediate ex-
planation for the extraordinarily high binding constant.
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represents the first example ofrastacked complex in which
the binding is mutually complementary, i.e., each component
interacts with the other through bathdonor andr-acceptor
sites.

Further interactions that should certainly enhance the
binding constant are centered on one of the diimide carbonyl
groups, to which two strong hydrogen bonds are formed by
the tweezer. As shown in Figure 2, one hydrogen bond is
formed from a tweezer amide group {M+--:O=C; H---O
=2.17 A, N-H—0 = 1719 while the other originates from
the 2-position of the isophthaloyl ring ¢€H---O=C;
H---0=2.31 A, C—H—0= 124°). The N—H hydrogen of
the second amide group, however, appears too far removed
from the carbonyl oxygen for hydrogen bonding to be
significant (H:-:O= 2.71 A, N—H—-0= 127°).

Interestingly, the association constant for the corresponding
complex @) between tweezeB and thepyromellitimide-
based macrocycleis very much lower than that for complex
5, at only 9200 £ 200) M. However, computational
modeling indicates that the pyromellitimide residue lin
should hydrogen bond to the tweezer in much the same way
as the naphthalimide residue2nThe difference in binding
Figure 2. X-ray structure of the 1:1 comple®) formed between  constant must therefore reflect a weaker overall set-eft
2and3. stacking interactions in compld where the pyromellitimide
residue offers a substantially smaller aromatisystem for
complexation.

As shown in Figure 3, compleX packs in the crystal so
that the “outer” pyrene residue of each tweezer forms a yet
furtherz-stack, now with the biphenylenesulfone unit of the
adjacent complex. The resulting linear chain comprises an
“infinite” sequence of alternating donor and acceptor units,
[Po-N-P-Blw, where B, B, N, and B represent the “outer”
pyrene, “inner” pyrene, naphthalenedi-imide, and biphenyl-
enesulfone residues, respectively. Somewhat analogous in-
tercomplexs-stacking has previously been reported in the

As shown in Figure 2, macrocycl2 is gripped by the
tweezer molecul® in such a way that the (electron-poor)
naphthalene-diimide residue comprising one face of the
macrocycle forms a triple done@acceptorz-stack with the
electron-rich pyrenyl ring systems of the tweezer (with
interplanar spacings ca. 3.53 &)In addition, the “inner”
pyrene residuer-stacks with the (noncoplanar) biphenylene-
sulfone unit comprising the opposite face of the macrocycle,
with aromatic G+-C contacts as short as 3.28 A. Most
unexpectedly, a clear-cut-stacking interaction (shortest
interring G+-C contact 3.65 A) can also be identified between
one of the two (electron-rich) 3-aminophenoxy residues in _
the macrocycle and the (electron-poor) isophthaloyl unit of
the tweezer, as shown in Figure 2. In donacceptor terms,
this last stacking interaction is opposite in direction to that
of the other three. So far as we are aware, the present system

(ll) Cwstal data f0r5'2.62(C|‘kC|2): CsoH28N 201050 CaoH2gN2000
2.62(CHCl,), M, = 1696.5, triclinic, space group-1 (No. 2),a= 14.482-
(1), b=16.014(1).c = 19.382(2) A,o. = 95.388(8)°,8 = 105.608(7)°y
=97.577(6)°V = 4250.0(7) B, Z = 2, peaica= 1.325 g cn3, u(Cu Ka)
= 2.62 mnmY, T = 203(2) K, red rhombic needles; 12537 independent
measured reflectionss? refinement,R; = 0.0597,wR, = 0.144; 7750
independent observed reflections ¢ 20(l), 20max = 120°), 1084
parameters. The dichloromethane solvent molecules are disordered over
several overlapping partial occupancy sites and could not be resolved. The
solvent content was estimated and allowed for using the program SQUEEZE,
v.d. Sluis, P.; Spek, A. LActa Crystallogr.1990,A46, 194—201. CCDC-
211237 contains supplementary crystallographic data for this paper. These
data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/
retrieving.html (or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK.; faxt{#4)1223-336-033; or
deposit@ccdc.cam.ac.uk).
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systems, but in the former the molecular symmetrg isfCs (as illustrated Figure 3. Formation of “infinite” z-stacks between adjacent units
in Figures 2 and 3) whereas in the latter (minor occupancy orientation) the 0f complex5 in the crystal.
symmetry isCy.
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