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Abstract: A series of amide oligomers have been prepared from isophthalic acid and a bisaniline derivative.
These compounds assemble into double-stranded zipper complexes in solution via hydrogen-bonding and edge-
to-face aromatic interactions. The stability and structures of the complexes have been deterrihéiviiy
spectroscopy in chloroform solution. The stability of the complexes increases with increasing chain length,
indicating cooperativity between the individual recognition sites in the oligomers. Oligomers which are
complementary form more stable complexes than non-complementary systems with overhanging ends. Addition
of polar solvents such as methanol destabilizes the complexes, because it competes for hydrogen-bonding
interactions which appear to be the main driving force for binding in this system.

Introduction

Self-assembly of linear oligomers into double- and triple- and
higher-order multistranded complexes is a common structural
motif in biology (Figure 1}-3 In addition to its utility for the
formation of multicomponent complexes with functional proper-
ties, the zipper motif is of fundamental importance for processes g
such as self-replication and the behavior of biological fibers
such as muscl&® In recent years, chemists have begun to
prepare synthetic systems based on this principle. Lehn has used_
copper coordination by bipyridine oligomers to demonstrate the
cooperative assembly of double- and triple-stranded complexes,
deMendoza has assembled double-stranded complexes of guani-
dinium oligomers around sulfate anions, and Anderson has used|
coordination of DABCO by zinc porphyrins to assemble ladder
complexes of porphyrin oligomefs® We describe here the P

Figure 1. The zipper motif.
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Figure 2. Proposed structure of the oligoamide dimer which accounts for the changes in chemical shift shown in Figure 3. The key structural motif
of a hydrogen-bond flanked by two edge-to-face aromatic interactions is highlighted.
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The synthetic route which we have developed to macrocyclic
receptors and [2]-catenanes involves the preparation of linear
diamides such a#i,N—BIB—NH, (Scheme 1) which are
subsequently cyclizet.In Scheme 1, an excess BEN—B—

NH; was used to reduce the amounts of higher oligomers formed
in this statistical reaction. However, significant amounts of
H,N—BIBIB —NH; were produced and isolated. TH¢ NMR
spectrum of this compound in CDg&iffers significantly from I T T T T T T 1

that of the shorter oligomei,N—BIB—NH, (Figure 2): the 90 85 80 75 70 65 60 55

signals due to the aromatic protohgndd, on the isophthaloyl Figure 3. *H NMR spectra in CDGl (a)H2N—BIB —NH,, (b) H.N—
rings show significant upfield shifts in the longer oligomer; the BIBIB —NH, (c) H,N—BIBIB —NH, after the addition of a few drops
signals due to the amide protoms, are shifted downfield by of CD;OD.

~1 ppm; the signals due to the aniline aromatic protensye

shifted downfield slightly, and the signal due to the isophthaloyl of cp,0D (Figure 2). These observations suggested that the
aromatic singlet,s, is unaltered. The shifts were strongly longer oligomerH,N—BIBIB —NH, was forming an inter-
concentration dependent and decreased dramatically on additio'?nolecular complex which involved H-bonding and aromatic

(9) Bisson, A. P.; Hunter, C. Al. Chem. Soc., Chem. Comma896 interactions. CPK models were used to construct structures of
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Commun.1995 809-810. large upfield shifts o andt and the small downfield shift on
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Figure 4. The building blocks used to make the zipper components.
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The'H NMR labeling scheme and shorthand subunit nomenclature are

also illustrated. Protons which are not labeled in this diagram are
unaffected by the formation of zipper complexes.

CH,Cl,/NEt,

Scheme 2

T-Cl
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o]
N)k<)>< AT
H
a. siis on the outside of the complex and so is unaffected by

complexation. However, definitive proof of this zipper structure
was elusive.

(78 %)

Bisson et al.

aniline, A, which are used to terminate the B oligomers and
differentiate the two components of a complex, facilitating
structure determination by two-dimensiofslMR spectroscopy
(Figure 4).

Results and Discussion

Synthesis.The oligomers were prepared according to Schemes
2—8 using sequential acid chloride-aniline amide coupling
reactions. Several reactions involve statistical functionalization
of one end of a bifunctional molecule, but the reactions can be
carried out on a large scale, and the products are easily separated
by chromatographyAIA, TBT and the complex formed
between them have been described in detail elsewhere, but the
results of the binding experiments are included here for
comparison with the other systerts.

We have also investigated the use of solid-phase synthesis
for the preparation of these compounds (Scheme 9). In this
approach, statistical reactions to desymmetrize bifunctional
compounds are avoided, and a large excess of reagents can be
used to achieve high efficiency in each step. In the first step,
isophthaloyl dichloride was attached to the resin by esterifica-
tion. The following steps involved amide coupling using an
alternating sequence of diamine and diacid chloride. Finally,
the chain was capped witert-butylbenzoyl chloride, and the
resin was cleaved with trifluoroacetic acid. TH¢ NMR and
mass spectra of the crude products indicated clean formation
of the two required zippers shown in Schem&B] —OH and
TBIBI —OH. Although this procedure was not used to prepare
the compounds discussed below, due to the small scale and the
fact that a subsequent coupling reaction is still required to cap
the free acid end of the oligomer, this approach offers an
attractive alternative for the future preparation of longer zippers
of well-defined length without isolating intermediates.

Binding Studies.The assembly of the zipper complexes was

Assuming that the structure in Figure 3 is accurate, it possible investigated usingH NMR spectroscopy in CDGICDsOD

to define the minimal structural motif responsible for recognition

(95:5) and CDG where solubility permitted. All of the

in this system: it contains two edge-to-face aromatic interactions compounds have concentration dependghtNMR spectra.

and one H-bond (Figure 3). In principle, repeating this monomer
unit would afford self-complementary amides of any desired

Self-association constants were determined by dilution experi-
ments, and the results are summarized in Table 1. The data could

length. We therefore set about synthesising a series of amidebe fit equally well to dimerization or non-cooperative linear
oligomers based on this fundamental unit. These systems featurg@olymerization models, but given the evidence for the formation

two capping groupstert-butyl benzoyl, T, and diisopropyl
Scheme 3
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Table 1. Self-Association Constants (M) from *H NMR Dilution
Experiments Nl = Number of Amides in Each Molecule)

compound N CDGICDsOD (95:5) CDC}
AT 1 <12 <12
AlA 2 <12 <12
TBT 2 <12 <12
AIBT 3 20+ 3 85+15
AIBIA 4 26 +3 b
TBIBT 4 12+ 2 85+ 30
AIBIBT 5 1070+ 190 b
AIBIBIA 6 730 £+ 200 b
TBIBIBT 6 640+ 170 b

aValues for these association constants cannot be determined with
any relibility because the complexes only reach about 20% saturation
at the maximum concentration accessibl€ompounds are not suf-
ficiently soluble to perform the experiment.

Consequently AT, AIA, and TBT form dimers with one
hydrogen-bondAIBT , AIBIA , andTBIBT form dimers with
three hydrogen-bonds, a#dBIBT , AIBIBIA , andTBIBIBT
form dimers with five hydrogen-bonds, and within each group
of compounds, the self-association constants are very similar.

The limiting complexation-induced changes in chemical shift
are shown in Table 2. The pattern is very similar to that noted
previously forH,N—BIB —NH; andH,;N—BIBIB —NH,. The
amide protonsnp, all experience downfield shifts indicative of
hydrogen-bonding interactions (the magnitude of this shift is
somewhat less in the presence of methanol due to the displace-
ment of hydrogen-bonded solvent). Tti@ndt protons on the
| subunits experience upfield shifts, whies unaffected by
dimerization. Thea protons on thé subunits experience small
downfield shifts. This pattern is characteristic of an edge-to-
face interaction betweeh and B. Although the data is not
complete for each complex, the magnitudes of the changes
provide some support for the structures in Figures’5The
dimerization-induced changes in chemical shift on the ends of
AIBIA andTBIBT are significantly smaller than the changes
observed in the self-complementary systems. In particular, the
amide protons move 0-:30.4 ppm rather than 0-70.9 ppm in
CDCI/CD30OD (95:5), which suggests that they spend half as
much time hydrogen-bonded in the dimer as illustrated in Figure
5.

Further evidence for the structures of the complexes comes
from X-ray crystallography?12 The crystal structures oAT
and AlA in Figure 5 show very clearly the basic interaction
motif inferred for the complexes in solution: each amide is
involved in an intermolecular hydrogen-bond which is flanked
by two edge-to-face aromatic interactions. These structures
imply that polymerization should take place in solution £oF
and AlA, but the self-association constants for these systems

tion. All of the complexes are less stable in the presence of gre very small, so at the concentrations studied, the major bound
methanol, which suggests that hydrogen-bonding is the main species will be dimer. A 2-dimensional ROESY experiment was
driving force for complexation. There is a significant increase performed onAIBT at a concentration of 98 mM in CDgI

in the magnitude of the self-association constant as the lengthcp,0D (95:5) (60% dimer), and the clearly identifiable
of the oligomer increases. This reflects the increase in the jntermolecular NOEs provide good evidence for the zipper
number of hydrogen-bonding sites as the number of amidesstructure shown in Figure 5. It is possible that some of the other
increases, but the trend is not uniform along the series. Thecross-peaks observed in this experiment are due to inter-
compounds fall into three distinct groupAT, AIA, andTBT molecular interactions in the complex; however, it is difficult
all have negligible self-association constar$BT , AIBIA , to distinguish intramolecular from intermolecular NOEs, and

andTBIBT have significantly larger self-association constants, the only NOEs shown in Figure 5 are those between protons
andAIBIBT , AIBIBIA , andTBIBIBT self-associate strongly.  which are too far apart in the molecule to be caused by
This observation is consistent with the dimer structures which intramolecular interactions. THel NMR spectrum ofAIBIBT

are shown in Figures-57. AT, AIBT, andAIBIBT are self- :
complementary oligomers and can maximize the number of | S%BJSSS%_%PI? Hunter, C. A.; Morales, J. C.; Young Ghem. Eur.
intermolecular hydrogen-bonds in the dimer. The other dimers 15y’ adams, H.; Carver, F. J.; Hunter, C. A.: Morales, J. C.; Seward, E.

all have overhanging ends with amides which are not H-bonded. M. Angew. Chem., Int. Ed. Engl996 35, 1542-1544.
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was too broad to permit any useful 2-dimensional experiments of this complex in the same way. In all three cases, the

on this system. The self-association constanAfbris too small
for a significant amount of dimer to be present.

The zipper complexes formed by complementary pairs of
oligomers were also characterized Hy NMR spectroscopy
using both titration and dilution experiments. The results are
summarized in Table 3, and the limiting complexation-induced
changes in chemical shift are listed in Table 4. The 1:1
stoichiometry ofAlA -TBT andAIBIA -TBIBT was confirmed
by Job plot experiments, but the componentsAdBIBIA -
TBIBIBT were not sufficiently soluble to allow characterization

association constant is more than an order of magnitude larger
than the dimerization constants for the individual molecules,
confirming the formation of complexes which maximize the
number of hydrogen-bonding interactions between complemen-
tary partners (Figure 8). Dimerization of the individual com-
ponents therefore does not complicate analysis of the dilution
experiments on the more stable zipper complexes, and the
titrations on the less stable zipper complexes were carried out
at a concentration where dimerization was insignificant. Re-
analysis of the data, taking into account the competing
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Figure 5. Proposed structures of dimers held together by one hydrogen-bond in solution. Portions of the X-ray crystal strugfurasdaiA
are also shown.
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Figure 6. Proposed structures of dimers held together by three hydrogen bonds in solution. Intermolecular NOEs observed in ROESY experiments

are shown.

dimerization equilibria, gave very similar results. TieENMR useful two-dimensional experiments, but the structures of the
spectrum ofAIBIBIA -TBIBIBT was too broad to allow any  other two complexes were confirmed by ROESY experiments
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Figure 7. Proposed structures of dimers held together by five hydrogen bonds in solution.

Table 2. Limiting Complexation-Induced ChangestthNMR Chemical Shift (ppm) Calculated by Extrapolating Dilution Data for Formation
of Dimeric Complexes in CDGland CDCYCDs;OD (95:5) (see Figure 4 for Proton Labeling Scheie)

amides A subunit | subunit B subunit T subunit
compound n i h d t s a m e f
AIBT +1.8 -0.1 -0.2 —-0.4 -1.6 0.0 +0.2 b -0.3 b
(CDCl) +1.5 —-0.6 +0.2
+1.2
AIBT b -0.1 —-0.2 —-0.6 =17 0.0 +0.2 -0.1 -0.3 -0.4
(CDCIl/CD30D) —-0.6 +0.2 -0.1
AIBIA +0.3 b b -0.4 -1.2 0.0 +0.2 0.0
(CDCIl/CD30D) +0.7 -0.5
TBIBT +0.4 -0.4 -1.0 0.0 0.0 0.0 -0.1 -0.2
(CDCIl/CD30D) +0.7
AIBIBT +0.9 0.0 0.1 -0.3 -1.5 0.0 +0.2 b -0.2 b
(CDCl/CD;0D) -15
AIBIBIA +0.7 b b b -1.5 0.0 b b
(CDCl/CDs0D) -1.6
TBIBIBT b —-0.4 -1.1 0.0 +0.1 b -0.1 -0.1

(CDCI/CD50D)

aErrors are of the order a£20%. Where more than one proton was observed in each category, these are listed in order from the end of the
zipper (starting with thé\ subunit) toward the other end or toward the center in symmetrical systems. In many cases, the different protons within
a class were not resolved in the spectrum, and the number quoted represents an composite value for the? Mdtggetignals were not sufficiently
well-resolved during the titration/dilution experiment to allow determination of reliable chemical shift changes.

(Figure 8). The limiting complexation-induced changes in Jable 3. Association Constants (M) from *H NMR Dilution and
. . . Titration Experiments
chemical shift show exactly the same pattern as discussed for.

the other complexes and confirm that these systems adopt the complex CDCYCD:0D (95:5) CDC4

same zipper structure (Table 4). We have used the complexation- AIA -TBT 184 32 45+ 12
induced changes in chemical shift fAtA -TBT to determine AIBIA -TBIBT 240+ 112 14000+ 6000

the full three-dimensional structure of the complex in solution, AIBIBIA -TBIBIBT 55000+ 35000 c

and this agrees with qualitative interpretation of the data shown  aMeasured by a titration experimefitMeasured by a dilution
in Figure 84 experiment® Neither the compounds nor the complex are sufficiently

These experiments all show that the amide oligomers form Soluble to be studied in this solvent.
dimeric zipper complexes in solution. The data for comple- complexation-induced changes in chemical shift for the different
mentary binding partners are collected in Table 5. The averageclasses of proton are essentially identical indicating that
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Table 4. Limiting Complexation-Induced ChangestihNMR Chemical Shift (ppm) Calculated by Extrapolating Dilution or Titration Data
for Formation of a 1:1 Complex (see Figure 4 for Proton Labeling Scifeme)

amides A subunit | subunit B subunit T subunit
complex n i h d t S a m e f
AlA +1.4 -0.1 -0.2 —-0.4 —-1.6 0.0
TBT +1.1 +0.2 0.0 -0.3 -0.5
(CDCly)
AlA +0.6 —-0.1 —-0.1 —0.4 —1.6 0.0
TBT b +0.2 0.0 -0.3 -0.5
(CDCIy/CDs0OD)
AIBIA b -0.1 -0.2 —-0.4 -1.8 0.0 +0.2 0.0
TBIBT b —0.4 —-1.8 0.0 +0.2 0.0 —-0.2 b
(CDCly) +0.3
AIBIA +0.5 0.0 —-0.1 —-0.4 —1.4 0.0 +0.1 0.0
+0.5 —-0.5
TBIBT +0.5 -0.5 -1.3 0.0 +0.1 0.0 -0.2 -0.3
(CDCly/CDs0D) +0.4 +0.1 -0.1
AIBIBIA -TBIBIBT b b -0.1 b b b +0.2 b b b
(CDCIy/CD3;0D)

aErrors are of the order a£20%. Where more than one proton was observed in each category, these are listed in order from the end of the
zipper toward the center. In some cases, the different protons within a class were not resolved in the spectrum, and the number quoted represents
an composite value for the multiplétThese signals were not sufficiently well-resolved during the titration/dilution experiment to allow determination

of reliable chemical shifts.

He, ) Q
ATA*TBT mu@* ? pi 0*7 JE)L
AN

N . 7 ‘N \ Q .
AIBIA-TBIBT Wee "\‘\‘(x@\fﬂ\@/go T HJEB

O [\l
AIBIBIA-TBIBIBT lau’©/k % JK©/(

Figure 8. Proposed structures of the zipper complexes formed between two complementary but different oligomers. Intermolecular NOEs observed
in ROESY experiments are shown.

the complexes all have similar structures. The stability of the are 40+ 4 M~ and 504+ 6 M~ respectively (Figure 9). These
complexes AGgpg increases with the length of the oligomer binding constants are essentially identical to the value for the
and decreases on addition of competitive hydrogen-bonding AIA -TBT complex in chloroform (Table 3), and the complex-
solvents such as methanol. Although, complementary binding ation-induced changes in chemical shift are also very similar
partners form the most stable complexes, non-complementaryto those observed for th&lA -TBT complex (Table 4, Figure
oligomers will bind. For example, we have carried out a titration 9). This indicates thaAlA binds toTBIBT in exactly the same

of AIA into TBIBT in CDCl; at a concentration whefEBIBT way as it binds ta'BT, and that the binding of the first molecule
is not significantly dimerized. A Job plot indicates that the of AIA has no effect on the second binding site. This augurs
stoichiometry of the complex is 2:1 (the maximum occurs for well for the use of these molecules in template-directed
a mole fraction of approximately 0&IA ), and the microscopic  synthesis.

association constants for the first and second binding interactions Figure 10 shows how the stability of the zipper complexes
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Table 5. Summary of Complexation Data for Complementary Zipper Complexes. Average Complexation-Induced Changes in Chemical Shift
(ppm), Observed Free Energy of BindinyGons and Statistically Corrected Free Energy of Bindingz., (kJ mof?) in CDCl; and CDCY
CD;0D (95:5)

protort CDCl; CDCIy/CDsOD
complex e f a h d t AGops AG¢ AGops AG
AlA -TBT -0.3 —-0.5 +0.2 —-0.1 -0.4 -1.6 9.5+ 0.1 7.8+ 0.1 7.2+ 0.4 55+ 0.4
(AIBT) 2 -0.3 -0.4 +0.2 -0.2 —0.6 -1.7 11.1+ 0.4 11.1+ 0.4 7.5+ 0.4 7.5+ 0.4
AIBIA -TBIBT -0.2 -0.3 +0.2 -0.1 -0.4 -1.6 23.7£ 1.0 221+ 1.0 13.7£ 0.1 11.9+ 0.1
(AIBIBT) » -0.2 b +0.2 -0.1 -0.3 -15 - - 17.4+ 0.4 17.4+ 0.4

AIBIBIA -TBIBIBT b b +0.2 —-0.1 b b - - 272+ 1.6 255+ 1.6

2 See Figure 4 fotH NMR labeling scheme. The average value for each class of proton is qlidtedse signals were not sufficiently well-
resolved during the titration/dilution experiment to allow determination of reliable chemical shifts.

BN
W04 M Q ~ 0 H Q o}
SsaliPlrae!

‘N
TBIBT @/&Q o o w
I— - tBu 02 = H z H
+ —~——— -0.3 HN\'(Q\(G F;\J\(@\(d 1Bu
AIA % o H‘”R{J % 0 H‘”§

Figure 9. The 2:1 complex formed betweékxlA and TBIBT . The limiting complexation-induced changes in chemical shift are shown.
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Figure 10. The statistically corrected free energy of binding in CPCI O O\ ©
and CDCYCD;OD (95:5) (—AG) plotted against the length of the 1 '

oligomer (N). N is the number of repeats of the recognition motif (two
edge-to-facer— interactions and one hydrogen bond). Error bars for Figure 11. Schematic representations of (a) the heterodimeric zipper

most of the points lie within the symbol. The curve illustrates the trend AIBIBT and (b) the homodimeric zippe&IBIA -TBIBT . Thel and
and is not a fit to any function. T groups in each complex are numbered to allow differentiation of

degenerate conformations. The heterodimeric complexes can adopt two
(AG.) increases as the number of binding interactioN$ (  different types of conformation, whereas the homodimeric zippers can
increases. The data in this graph have been corrected foronly adopt one.

(13) AIA crystallized as colorless prisms from a mixture of acetonitrile ot . ; -
and ethanol, and there is one molecule of ethanol solvate per molecule of Statistical effects: the components of the homodimeric zipper
AIA in the crystal. Lattice parameters were determined from the setting COmplexes are directional, and these complexes can therefore

angles of 25 reflections well distributed in reciprocal space measured on only be assembled in a head-to-tail arrangement. The het-
an Enraf Nonius CAD-4 diffractometer. Intensity data were collected on erodimeric complexes, on the other hand, are composed of

the diffractometer using graphite monochromated molybdenum radiation . .
and anw — 26 variable speed scan technique. Three orientation controls SYmmetrical molecules and can therefore be assembled in two

were monitored to assess any crystal movement during the experiment. Thedifferent degenerate conformations (Figure 11). Thus, to make
intensities of three standard reflections measured at the beginning, end andy trye comparison of the stability constants, the statistical term

every hour of exposure time showed a variation of 8% over the course of P -
the experiment. Data were corrected for this variation and for Lorentz and has been factored out by dividing the association constants for

polarization effects. Equivalent reflections were averaged. Crystal data andthe heterocomplementary systems by 2 (to gh@. in Table
refinement details are presented in Table 1 of the Supporting Information. 5).9 A smooth trend is only observed when this correction is

The structure was solved by direct methods using the SHELXS program ; ;
and refined using the SHELXL-93 program. Atomic positions were applied to the data, '.[hat .I$G°b5 does not follow the Same.
eventually refined with anisotropic displacement parameters. ParametersPattern. The graph in Figure 10 appears to have a slight
for hydrogen attached to nitrogen were refined. Other hydrogen atoms werecurvature, but there is insufficient data to draw any firm
included in idealised positions which rode on the atom to which they are ~gnclusions. The upward curvature could be caused by fraying

attached. Isotropic displacement factors were assigned as a constant (1.25t th ds of the zi b it thalpi tivit
times Ueq of the attached atom. The full-matrix least-squares refinement € ends ot the zipper or by posituve enthalpic cooperativity,

(on E?) coverged {/omax = 0.00) to values of the conventional crystal- SO that the addition of further binding interactions causes a
lographic residuals R= 0.046 for observed data and-R0.058 (wWR2= greater increase in stability than the addition of previous binding

0.140) for all data. The function minimized wasv(F,?> — Fc?)2 Weights, ; : S . : N
w, were eventually assigned to the datanas 1/[0(F.2) + (0.067(P) + interactions. W|II|am§ has showq that positive enthalplc coop
1.8373] whereP = [MAX(Fc, 0) + 2F:/3. A final difference Fourier erativity of this sort is reflected in the complexation-induced
map was featureless with residual density betwe8rs6 and—0.21 eks, changes in chemical shift, but in our system, this effect is not
Values of the neutral atom scattering factors were taken from the
International Tables for X-ray Crystallography. (14) Hunter, C. A.; Packer, M. £hem. Eur. J1999 5, 1891-1897.
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Figure 12. Average limiting complexation-induced changes in chemi-
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cal shift of protonsd andt (Ad) plotted as a function of the stability
of the zipper complexesHAGopy).
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Figure 13. Melting curves for the zipper complexes in CRIIDs-
OD (95:5). The curves simply illustrate the trends and do not representéc’in CDCl; (ppm): 170.0; 165.4; 146.3; 135.4; 134.2; 133.7; 130.8:

fits to a specific function.
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Experimental Section

The preparation ofH.N—B—NH,, AIA, and TBT have been
described previousli£:1* All other reagents were purchased from the
Aldrich Chemical Co. and used without further purification. Ti&
NMR signals are assigned using the subunit identifiérsB, |, and
T, to indicate the location the corresponding proton in a particular part
of the molecule.

Synthesis of AT.EtN (2.25 mmol; 0.31 mL) and 2,6-diisopropyl
aniline (1.5 mmol; 0.28 mL) were dissolved in dry &k, (15 mL).
tert-Butyl benzoyl chloride (2.25 mmol; 0.42 mL) was then added
dropwise over 10 min. The reaction was allowed to stir for 10 hours
and then washed witl M HCI (2 x 25 mL) and 1 M NaOH (2« 25
mL). The organic phase was then dried oveg3@, (anhydrous). The
NaSO, was removed by filtration and the organic phase reduced to
dryness on a rotary evaporator. The yellow solid produced was
recrystallized from ChCly/pet ether (46-60) to yield the desired
product as a white solid (589 mg; 78%); mp270°C. oy in CDCls
(ppm): 7.88(d, 2HT Ar—CH); 7.65(s, 1H, NH); 7.52(d, 2HT Ar—

CH); 7.35(t, 1H,A Ar—CH); 7.20(d, 2H,A Ar—CH); 3.15(sept, 2H,

A CHMey); 1.35(s, 9H,T CMe3); 1.20(d, 12HA CHMey). d¢c in CDCly
(ppm): 166.5; 154.9; 146.7; 133.3; 132.0; 128.1; 127.8; 125.7; 123.4;
35.1; 31.4; 28.7; 24.0; 23.7. FABjve] Mz = 338, G3H31NO requires
337. CHN: Calculated G= 81.90, H= 9.20, N= 4.15. Found G=
81.83, H= 9.30, N= 4.08.

Synthesis of AHCOCI. A mixture of 2,6-diisopropylaniline (5.0
g, 0.03 mol) and triethylamine (5.75 mL, 0.04 mol) in &H, (50 mL)
was added in a dropwise fashion to a stirred solution of isophthaloyl
dichloride (84 g, 0.4 mol) in CkCl, (200 mL) ove a 3 hperiod at
room temperature. Following the addition, the mixture was stirred at
room temperature for a further 20 h, before concentration in vacuo
and purification by flash column chromatography (C:cyclohex-
ane). Recrystallization from G&l./pet ether(46-60) gaveAl —COCI
as cream needles (8.2 g, 86%); mp +239°C. dn in CDClz (ppm):
8.65(s, 1H] Ar—CH); 8.35(d, 1H] Ar—CH); 8.22(d, 1H] Ar—CH);
7.65(t, 1H,| Ar—CH); 7.60(s, 1H, NH); 7.40(t, 1H)\ Ar—CH); 7.25-

d, 2H,A Ar—CH); 3.10(sept, 2HA CHMey); 1.2(d, 12HA CHMe).

129.7; 129.6; 128.7; 128.4; 123.6; 29.0; 23.6. FABE] m/z = 344,
Ca0H22NOCl requires 343. IR in @1.Cl, solution (cml): 3422; 2992;

observed. Figure 12 shows how the average limiting complex- 2981; 1753; 1678; 1600; 1495; 1471;1423; 1387; 1364. CHN: Cal-
ation-induced changes in chemical shift for signasdd vary
as a function of the overall free energy of binding: both values N = 3.86.

are essentially constant.

culated C=69.97, H= 6.41, N= 4.08. Found G= 69.69, H= 6.37,

Synthesis of TB-NH,. EtzN (1.0 mL, 0.0137 mol) antH,N—B—

Cooperative assembly of zipper motifs can be characterized NHz (8.43 g, 0.0262 mol) were dissolved in dry @, (75 mL). To
by a cooperative melting transition when the system is heted. this vigorously stirring solution was added dropwiserdvé asolution

Melting of the zipper complexes was investigated by variable

temperaturéH NMR spectroscopy in CDGICDsOD (95:5).
The average chemical shift the signals due todtipeotons was
monitored over the range 293877 K, and the results are plotted

in Figure 13. The complexes clearly dissociate on heating, and (40-60)/ethyl acetate, yielded the product as the first major band.
the more stable complexes are more difficult to dissociate, but Recrystallization from ChClo/pet ether(46-60) gave a white solid

the fully associated low-temperature limit is difficult to reach,

of tert-butyl benzoyl chloride (0.7 mL, 3.74 mmol) in dry GEll; (225
mL). The reaction was allowed to stir overnight before being washed
with 1 M HCI (2 x 300 mL) to remove the excessN—B—NH,. The
organic phase was dried over 88, (anhydrous) and then filtered.
Flash column chromatography on silica, eluting with 60% pet ether

(0.873 g, 49%); mp 253252 °C. dy in 5% CD;OD in CDCh (vV/v)

and so it is not possible to draw any conclusions about the shape(ppm): 7.75(d, 2HT Ar—CH); 7.44(d, 2HT Ar—CH); 6.92(s, 2HB
of the melting curves or the extent of cooperativity.

Conclusions

Ar—CH); 6.80(s, 2H,B Ar—CH); 2.20(m, 16H,B Me, B c-hexyl);
1.50-1.40(m, 6H,B c-hexyl); 1.55(s, 18HT CMey). dc in de-DMSO
(ppm): 165.3; 154.7; 148.1; 140.8; 136.7; 135.3; 132.8; 132.2; 127.8;
126.7; 126.4; 125.6; 121.6; 44.6; 37.0; 35.1; 31.4; 26.4; 23.1; 18.9;

The amide oligomers formed from isophthalic acid and 18.7. FABftve] m/z = 482, GsHaN2O requires 482. IR in &4,Cls
bisaniline,H,N—B—NH,, assemble into stable double-stranded solution (cnT?): 3459; 2937; 2860; 1646; 1566; 1524; 1493; 1375.

complexes held together by hydrogen-bonding interactions. As

Synthesis of AIB—=NH,. H-N—B—NH; (5.93 mmol; 1.9 g) and BN

the length of the oligomer increases, the stability of the (0-593 mmol; 82ul) were dissolved in dry CCl, (25 mL), and to

corresponding complex increases, indicating significant coop-
erativity in the intermolecular interactions along the chain.
Selectivity in recognition relies entirely on length in this system,

this solution was added dropwise ov& h the Al —COCI (203 mg,
0.593 mmol) in CHCI, (75 mL). The reaction was allowed to stir for
5 h. Flash column chromatography on silica, eluting with 1% EtOH/
CHCl,, yielded the desired product and the excdssl—B—NH; as

since the stability is determined solely by the number of ¢ first major band. These mixed fractions were then washed with 1
hydrogen-bonding interactions that can be made. Future work v HC| (2 x 500 mL) to remove the excest;,N—B—NH; and then
will focus on methods for engineering sequence-selectivity into dried over NaSQ, (anhydrous). The N8O, was removed by filtration
the zipper assembly process.

and the organic solution reduced to dryness on the rotary evaporator,
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to yield the desired product as a white solid (0.32 g; 85%);n270 37.2; 26.5; 23.0; 18.7; 18.1. FABle] mVz= 775, G:HsN4O; requires
°C. dn in 5% CD;OD in CDCk (v/v) (ppm): 8.60(s, 1H, NH); 8.49(s, 774. IR in KBr disk (cnm%): 3431; 2933; 2858; 1654; 1492.

1H,1 Ar—CH);8.40(s, 1H, NH); 8.06(m, 2H, Ar—CH); 7.51(t, 1H, HoN—BIBIB —NH2: mp 243°C. oy in de-DMSO (ppm): 9.80(s,
Ar—CH); 7.36(t, 1H,A Ar—CH);7.23(d, 2HA Ar—CH); 7.03(s, 2H, 4H, NH); 8.50(s, 2H] Ar—CH); 8.15(d, 4H] Ar—CH); 7.65(t, 2H||
B Ar—CH); 6.85(s, 2HB Ar—CH); 3.15(sept, 2HA CHMe,); 2.23- Ar—CH); 7.10(s, 2HB Ar—CH); 7.00(s, 2HB Ar—CH); 6.80(s, 2H,
(m, 10H,B Me, B c-hexyl); 2.15(s, 6HB Me); 1.65-1.55(m, 6H,B B Ar—CH); 4.35(s, 4H, NH); 2.25(m, 8H,B c-hexyl); 2.20(s, 12HB

c-hexyl); 1.20(d, 12HA CHMey). dc in CDClz (ppm): 166.0; 165.0; Me); 2.16(s, 12HB Me); 2.07(s, 12HB Me); 1.65-1.55(m, 12HB
148.8; 146.4; 140.1; 135.2; 135.0; 134.7; 130.8; 130.6; 130.3; 129.4; c-hexyl).dc in CDCl; (ppm): 165.6; 165.5; 148.6; 147.3; 140.0; 137.8;
128.7; 127.1; 126.0; 123.6; 121.5; 44.9; 37.2; 28.9; 26.5; 23.7; 23.0; 135.6; 135.0; 133.7; 131.8; 131.1; 127.1; 121.7; 44.8; 18.7; 18.0. FAB-
18.9; 18.1. FABfrve] m/z = 630, C;2Hs:N3O; requires 629. IR in KBr [+ve] mz= 1228, G;HoNsO4 requires 1226. IR in KBr disk (cn):
disk (cm?): 3429; 2961; 2934; 2863; 1648; 1510; 1471; 1383; 1362. 3425; 2934; 2858; 1654; 1493.

Synthesis of AIBT. The AIB —NH (1.89 x 10~ mol; 119 mg) Synthesis of TBIB—NH2. EtN (2.89 mmol; 0.4 mL) andHoN—
and EN (2.84 x 104 mol; 40ul) were dissolved in dry CkCl, (10 B—NH: (2.89 mmol; 2.23 g) were dissolved in dry @i, (50 mL),
mL). tert-Butyl benzoyl chloride (2.84< 104 mol; 53 ul) was then and to this solution was added dropwise over &tt-butyl benzoyl
added and the reaction allowed to stir for 5 h. The reaction was then chloride (0.41 mmol; 77%l) in dry CH.Cl, (100 mL). The reaction
washed wih 1 M HCI (2 x 20 mL) and 1 M NaOH (2x 20 mL) was then allowed to stir for 8 h. The reaction mixture was then made
before the organic phase was dried oves$@, (anhydrous). The Na up to 500 mL by adding C}Cl, and extracted wit 1 M HCI (2 x 500
SO, was removed by filtration and the organic solution reduced to ML). The aqueous phase was made basic with NaOH pellets and
dryness on the rotary evaporator, to yield a yellow solid. The products extracted with CHCI, (3 x 300 mL). The organic solvent was then
were separated by preparative TLC mixture eluting with 2% EtOH/ removed on a rotary evaporator. Flash column chromatography on silica,
CH,Cl; to yield the desired product as the lowest band. The product €luting with 50% ethyl acetate/pet ether {460), yielded the desired
was recrystallized from CiCl./pet ether(46-60) to give a white solid ~ Product as the first band. The product was recrystallized fron-CH
(115 mg; 77%); mp 214215°C. 8 in d-DMSO (ppm): 9.90(s, 1H, Cly/pet ether (196 mg; 51%) to give a white solid; mp 2211 °C.

NH); 9.85(s, 1H, NH); 9.55(s, 1H, NH); 8.55(s, 1HAr—CH); 8.20- oOn in CDCls (ppm): 8.45(s, 1H| Ar—CH); 7.95(m, 2H,| Ar—CH);
(m, 2H, 1 Ar—CH); 7.92(d, 2H,T Ar—CH); 7.70(t, 1H,I Ar—CH); 7.80(m, 3H, NH,T Ar—CH); 7.70(s, 1H, NH); 7.45(m, 3H, NHT
7.53(d, 2H,T Ar—CH); 7.37(t, 1H,A Ar—CH); 7.23(d, 2H,A Ar— Ar—CH); 7.23(t, 1H,I Ar—CH); 7.05(s, 2HB Ar—CH); 7.03(s, 2H,
CH); 7.10(s, 4HB Ar—CH); 3.15(sept, 2HA CHMey); 2.30(m, 4H, B Ar—CH); 7.00(s, 2HB Ar—CH); 6.85(s, 2HB Ar—CH); 3.45(bs,
B c-hexyl); 2.22(s, 6HB Me); 2.15(s, 6HB Me); 1.65-1.55(m, 6H, 2H, NHp); 2.20(m, 14HB Me, B c-hexyl); 2.17(s, 6HB Me); 2.10(s,
B c-hexyl); 1.35(s, 9HT CMe); 1.20(2d,12HA CHMey). d¢ in de- §H, B Me); 1.65-1.55(m, 12H,B c-hexyl); 1.35(s, 9HT CMes). oc

DMSO (ppm) 166.2; 165.2; 165.1; 154_7; 147_2; 146.9; 146.6; 135.6; n CDC|3 (ppm) 166.1; 165.5; 165.4; 155.2; 148.6; 147.3;H0.1; 137.7;
135.5; 135.4; 135.3; 133.2; 133.1; 132.9; 132.1; 130.6; 129.2; 128.2; 135.3/ 134.9,134.3, 134.1; 131.6; 131.4; 131.3, 131.1; 130.5; 128.8;
127.8; 127.6; 126.6; 125.7; 123.4; 45.2; 36.7; 31.4; 28.7; 26.3; 24.0; 127.2; 127.1,126.9; 126.0; 125.5; 121.5; 45.0; 44.9; 37.3; 36.9; 34.9;
23.8; 23.2; 19.0. FABfve] m/z = 791, GaHesN1Os requires 789. IR 26.5; 23._0; 18.8; _18.7; 181.1. FABe] m'z= 936, G3H7aN4Os requires

in CoH,Cls solution (cnT?): 3422; 2992; 2980; 2969; 2937; 2867; 1668; 934 IR in KBr disk (cn1?): 3431; 2035; 2859; 1654; 1493; 1376.
1609; 1490; 1470; 1383. Synthesis of TBIBT. EtN (6.38 x 1074 mol; 0.1 mL) andH N—

: _ . : BIB—NH; (3.19 x 104 mol; 247 mg) were dissolved in dry GBI,
Synthesis of AIBIA. Al—COCI (3.30 mmol; 1.13 g) was dissolved . i
in dry CH,Cl, (15 mL), and to this solution was added over 20 min a (75 mL). tert-Buty| benzoy[ chioride (6.38 ;04 mol; 0.12 mL) was
solution ofH,N—B—NH5 (1.32 mmol; 425 mg) and Bl (3.95 mmol; :2:2 \?vigﬁgda\c]\ﬁdt tlh't\aﬂrszé?tzgn aélgvr\:ﬁ_d) ;Onjtg 'f\?rth.HT(h; rseg(r:rt]'f)n was
0.55 mL) in dry CHCI, (30 mL). The reaction was allowed to stir for before beina dried s X hvd Th d
2 h and then washed witL M HCI (2 x 200 mL), 1 M NaOH (2x efore being dried over NaQ, (anhydrous). The N&Q, was remove

200 mL), and water (X 200 mL). The organic phase was then dried by filtration and the solvent removed under reduced pressure. Flash

e column chromatography on silica, eluting with 2% EtOHACH, gave
over NaSO, (anhydrous). The N8O, was removed by filtration and . . - .
: : the desired product as the second band. The first band was impurity.
the organic solution reduced to dryness on the rotary evaporator. FlashThe product was recrystallized form GEl,/pet ether (46-60) to give

column chromatography on silica, eluting with 1% EtOHACH, gave . - . QRO N . g
the desired product as the third band. The product was recrystallizeda wthe solid (302 mg, 86%); mp 2 . 40 °C. oy in dy D,MSO
. . . . (ppm): 9.80(s, 2H, NH); 9.55(s, 2H, NH); 8.53(s, IHAr—CH); 8.15-
from CH,Cl,/MeOH/pet ether (4660) to give a white solid (876 mg; d. 2H. 1 Ar—CH): 7.92(d. 4HT Ar—CH): 7.68(t. 1H.1 Ar—CH):
71%); mp>270°C. 0, in 5% CDOD in CDCh (vAv) (ppm): 8.52(s, O 2H:1 Ar=CH); 7.92(d, 4H,T Ar—CH); 7.68(t, 1H,1 Ar=CH);
’ : _— ’ 7.55(d, 4H,T Ar—CH); 7.15(s, 8HB Ar—CH); 2.35-2.25(m, 8H,B

2H,1 Ar—CH); 8.15(m, 4H) Ar—CH); 7.57(t, 2H,| Ar—CH); 7.35(t, c-hexyl): 2.2(5, 12HB Me): 2.17(s, 12HB Me) 1.60-1.55(m, 12,

(2;"‘1,\ o ACE)HZA%("Z SE'(Q A GSS)MZlS(cS-'hthl)Nl Gf_:'l)' 435(15] B c-hexyl); 1.35(s, 18HT CMes). dc in CDCl; (ppm): 165.9; 155.0;
o pB'C_heX 1 Ze;('d 12HA CHMe). & 'md_DMéo'(' o) 1665 14751471 135.1; 1316 131.4; 127.2,126.9; 125.4; 45.0; 36.8; 34.9;
165.2: 1072 146.6, 135 5, 1354, 135.2: 133.1, 135.0. 130.6, 120.2; 312 26.3:22.9; 18.7:18.6. FABYe] miz = 1096, GutasN.Ox requires

o o Y ~ o - by e - 1094 IR in GH.Cl, solution (cnmt): 3422; 2982; 2970; 2939; 2863;
128.2; 127.5 126.6; 123.5; 45.2; 36.7; 28.7; 23.8; 23.5; 23.2; 19.0. o0 rs00.* A0

FAB[+ve] mz= 937, G:H7:04N4 requires 936. IR in €4,Cl, solution .
. } . . . ) i . ) . Synthesis of TBIBIA. TBIB —NH, (1.07 x 10~* mol; 100 mg) and
1
(cm™1): 3414; 3295; 2994, 2933; 2866; 1646; 1584; 1517; 1496; 1469. EtN (2.68 x 10-4 mol: 37 ul) were dissolved in dry CkCl, (10 mL),

Synthesis of BN—BIB —NHz, H.N—BIBIB —NH,. H.N—B—NH and theAl —COCI (2.14 x 104 mol; 73 mg) in dry CHCI, (10 mL)
(33.67 mmol; 10.857 g) and & (10.36 mmol; 1.44 mL) were  \ya5 added dropwise over 20 min. The reaction was then allowed to
dissolved in dry CIQCI_Z (50 mL). To §h|s sqlutlon was added dfOIOW'S_e stir for 4 h. The solvent was then removed under reduced pressure on
over 2 h asolution of isophthaloyl dichloride (5.179 mmol; 1.05 g) in  the rotary evaporator. The desired product was separated by preparative
dry CH,Cl, (100 mL). The reaction was then left to stir for 8 h. Flash 1 ¢ eluting with 2% EtOH/CHCI, to yield the product as the lowest
column chromatography on silica, eluting with 100% Cki&id finally band. Recrystallization from Gi&l,/MeOH/Pet ether (4060) gave a
2.0% EtOH/CHC, yieldedH,N—BIB —NH; as the second band (white white solid (122 mg; 92%); mp 25253 °C. On in de-DMSO (ppm):
solid 2.94 g; 73%) andi,N—BIBIB —NH as the third band (white  g9.92(s, 1H, NH); 9.80(m, 3H, NH): 9.55(s, 1H, NH); 8.52(s, 1H,

solid 671 mg; 11%). The first band was unreack&tN—B—NHo. Ar—CH); 8.50(s, 1H] Ar—CH); 8.25-8.10(m, 4H,| Ar—CH); 7.90-

HoN—BIB—NH2 mp 179-180 °C. Jn in CDCls (ppm): 8.45(s, (d, 2H,T Ar—CH); 7.75-7.62(m, 2H,| Ar—CH); 7.52(d, 2H,T Ar—
1H,1 Ar—CH); 8.00(d, 2H, Ar—CH); 7.50(m, 3H, NH| Ar—CH); CH); 7.32(t, 1H,A Ar—CH); 7.21(d, 2H,A Ar—CH); 7.15-7.07(m,
7.20(s, 2HB Ar—CH); 6.85(s, 2HB Ar—CH); 3.45(s, 4H, NH); 2.25- 8H, B Ar—CH); 3.14(sept, 2HA CHMey); 2.35-2.25(m, 8H,B

(m, 20H,B Me, B c-hexyl); 2.10(s, 12HB Me); 1.65-1.55(m, 12H, c-hexyl); 2.23-2.12(m, 24HB Me); 1.60-1.45(m, 12HB c-hexyl);
B c-hexyl). oc in CDCl; (ppm): 165.3; 148.7; 140.1; 137.7; 134.8;  1.39(s, 9H,T CMes); 1.22-1.10(2d, 12HA CHMe,). dc in 5% CDs-
134.7; 131.0; 130.3; 129.1; 127.2; 127.1; 126.9; 126.0; 121.6; 44.9; OD in CDCk (v/v) (ppm): 165.8; 147.3; 146.6; 135.6; 134.5; 134.3;
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131.7; 131.0; 127.2; 126.7; 125.3; 123.4; 44.7; 37.0; 31.4; 28.7; 23.5; mL sample. From this sample, 0.4 mL was removed and replaced by

22.7; 18.7. FABfrve] miz = 1243, G3HqaNsOs requires 1240. IR in
C,H,Cl, solution (cmt): 3419; 3318; 2998; 2980; 2968; 2938; 2863;
1664; 1584; 1501; 1470.

Synthesis of AIBIBIA. Al —COCI (8.95 x 10* mol; 306 mg) was
taken up in dry CECI, (25 mL), and to this solution were addedN—
BIB—NH; (4.48 x 107 mol; 346 mg) and BN (8.95 x 107 mol;
0.13 mL) in dry CHCI, (25 mL). The reaction was allowed to stir for

0.4 mL of solvent. After shaking to mix the solvents, a secBth®tiMR
spectrum was recorded. This procedure was repeated until there was
no further change in chemical shift or the sample was too dilute to
record a spectrum (I8 M). For signals that moved more than 0.01
ppm over the whole concentration range, the chemical shifts at each
concentration were recorded and fitted to a dimerization or polymer-
ization isotherm using purpose written software on an Apple Macintosh

3 h. Flash column chromatography on silica, eluting with 1.5% EtOH/ microcomputerNMRDil_Dimeror NMRDil_Agg These programs use
CH.Cl,, gave the product as the second band. Recrystallization from a Simplex procedure to fit the experimental data to the following

CH.Cl,/MeOH/pet ether (4660) gave the product as a white solid
(378 mg; 55%); mp 260261 °C. dy in ds-DMSO (ppm): 9.90(s, 2H,
NH); 9.80(m, 4H, NH); 8.55(s, 2H| Ar—CH); 8.50(s, 1H,l Ar—
CH); 8.25-8.12(m, 6H,] Ar—CH); 7.70(t, 3H,] Ar—CH); 7.32(t, 2H,

A Ar—CH); 7.22(d, 4H,A Ar—CH); 7.13(s, 8H,B Ar—CH); 3.12-
(sept, 2H,A CHMe,); 2.35-2.25(m, 8H,B c-hexyl); 2.23-2.16(m,
24H, B Me); 1.60-1.45(m, 12H,B c-hexyl); 1.22-1.10(2d, 24HA
CHMe,). d¢c in de-DMSO (ppm): 166.2; 165.1; 147.1; 146.6; 135.5;

132.9; 130.5; 129.2; 127.5; 126.6; 123.5; 45.2; 28.7; 24.0; 23.2; 19.0.

FAB[+ve] m/z = 1391, GH104NsOs requires 1388. IR in ¢H,Cly
solution (cnm?): 3419; 3317; 2993; 2971; 2937; 2865; 1665; 1602;
1584; 1500; 1470.

Synthesis of TBIBIBT. Et;N (9.84 x 104 mol; 0.14 mL) andH,N—
BIBIB —NH; (4.92 x 10~* mol; 605 mg) were dissolved in dry GH
Cl, (75 mL), and to this solution was addestt-butyl benzoyl chloride
(9.84 x 1074 mol; 0.2 mL). The reaction was allowed to stir for 10
hours. The reaction mixture was then washedwitM HCI (2 x 100
mL), 1 M NaOH (2x 100 mL), and HO (2 x 100 mL) before being
dried over NaSQy (anhydrous). Ng&58O, was then removed by filtration

and the organic solution reduced to dryness on a rotary evaporator.

The product was isolated by recrystallizing from £H/MeOH/pet
ether (40-60) giving a white solid (672 mg; 88%); mp 27@71°C.
On in 5% CD;0D in CDCk (v/V) (ppm): 8.52(s, 2HI Ar—CH); 7.97-
(d, 4H,1 Ar—CH); 7.84(d, 4H,T Ar—CH); 7.50(d, 4H,T Ar—CH);
7.20-7.05(m, 14H] Ar—CH, B Ar—CH); 2.35-2.15(m, 48HB Me,
B c-hexyl); 1.65-1.50(m, 18HB c-hexyl); 1.39(s, 18HT CMes). dc

in d-DMSO (ppm): 165.3; 165.1; 154.7; 147.3; 147.1; 146.9; 135.6;

equations to determine the optimum solutions for the association
constant, and the bound and free chemical shifts.

NMRDil_Dimerfits the data to a dimerization isotherm by solving
the following equations.

14K [A] g — {1+ 8Ky[A] o}

[AA] . ®
(Al =[A]l, — 2[AA] (2

_2AAl o IA]
60bs_ [A] o 5d + [A] o éf (3)

where
[A], is the total concentration

[A] is the concentration of unbound free species
[AA] is the concentration of dimer
K, is the dimerization constant

o; is the free chemical shift

04 s the limiting bound chemical shift of the dimer

NMRDil_Agdfits the data to a noncooperative linear polymerization

135.5; 135.3; 133.2; 132.9; 132.1; 130.6; 129.1; 127.8; 127.4; 126.6; isotherm by So|ving the f0||0W|ng equaﬂonsl

125.7; 45.2; 36.6; 31.4; 26.5; 23.2; 19.0. FAB[e] m/z = 1547,

CioH11NOs requires 1546. IR in &4,Cl, solution (cn?): 3421; 3307; _ _ 2

3002; 2980; 2970; 2938; 2862; 1664; 1603; 1492. [Agg] =[Alog 1= 11 KA ] )
General Procedure for Solid-Phase Synthesis of Zippers.hree 0

hundred milligrams of the Novasyn K HMPB resin (Novabiochem, _ .

0.09 mMol/g) was dried overnight under vacuum in the presence of [A] = [Alo ~ [Agd] ®)

silica gel as a desiccant. The resin was then placed in a dry pipet and

washed with 5 mL of dry dichloromethane. A solution of 1 mmol of Oops= [Agg] 0+ AL o (6)

the reagent in 7 mL of dry DCM and 360 of pyridine was prepared o= [Al, [Alo

for each synthetic step. This solution was run through the resin five

times. The excess of reagent was removed by washing with 7 mL of where
dry DCM, and the procedure was repeated for the next reagent. When

the synthesis was complete, the resin was washed with 10 mL of
methanol and dried under vacuum. The cleavage of the zippers was

[A], is the total concentration

carried out by washing the resin with 20 mL of a solution of DCM/
TFA (9:1) twice and then 10 mL of DCM and 10 mL of methanol.

The fractions were combined and neutralized with solid sodium
hydrogen carbonate, washed with water and dried over anhydratis Na

[A] is the concentration of sites which are unbound
(this is the sum of the free species and the ends of the aggregate
which are not bound)

SO The solvent was removed on a rotary evaporator, and the white- [Agg] is the concentration of sites involved in intermolecular

yellow residue was analyzed by FAB mass spectrometry*eidMR
spectroscopy.

TBI—OH: 6y in de-DMSO (ppm): 9.85 (s, 1H); 9.55 (s, 1H); 8.55
(s, 1H); 8.20 (d, 1H); 8.17 (d, 1H); 7.90 (d, 2H); 7.68 (t, 1H); 7.53 (d,
2H); 7.16 (s, 4H); 2.26 (m, 4H); 2.22 (s, 12H); 1.4 (m, 4 H); 1.27 (s,
9H). FAB[+ve] m/z = 631, GH4eN20,4 requires 630.

TBIBI —OH: 64 in de-DMSO (ppm): 9.80 (s, 2H); 9.76 (s, 1H);
9.51 (s, 1H); 8.49 (s, 1H); 8.45 (s, 1H); 8.14 (m, 6H); 7.87 (t, 1H);
7.63 (m, 4H); 7.49 (d, 2H); 7.06 (s, 8H); 2.25 (m, 8H); 2.11 (m, 24H);
1.5 (m, 8H); 1.26 (s, 9H). FABfve] miz= 1084, GiH;dN4Os requires
1083.

IH NMR Dilution Experiments. A sample of known concentration
(of the order 16-100 mM) in a chosen solvent (CDGr CDCL/CDs-
OD) was prepared, and % NMR spectrum was recorded on a 0.8

interactions in the aggregate
K is the association constant for chain extension of the aggregate

0; is the free chemical shift

0y, is the limiting bound chemical shift of the bound sites in the
aggregate

Dilution experiments were also performed on mixtures of com-
pounds, especially when the zipper complex was very stable. In this
case, samples of the compounds, arbitrarily designated host and guest,
were accurately weighed and mixed in an approximately 1:1 molar
ratio. This mixture was then dissolved in an accurately measured volume
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of solvent (typically to give a 25 mM solutiom)H NMR spectra were 14 4K . (IH]- — THGD — /I1+ 8K..([H] - — [HG
recorded with progressive dilution of the sample as outlined above. [HH] = a[Hlo — [HGD — an([Hlo — [HGD}
The dilution data were fit to a 1:1 binding isotherm using purpose 8Kan

written software an Apple Macintosh microcomputBiMRDil_HG. (10)

This program use a Simplex procedure to fit the experimental data to
the following equation to determine the optimum solutions for the [GG] =

1+ 4K yo([Glo — [HG]) — {1 + 8Kyo([Gl, — [HG])}

association constant, the bound chemical shift in the HG complex, and 8Kye
if required, the free chemical shift of the unbound species. (11)
> > 1+ K([G], — [GG])([H], — [HH])
) = L KHIClo — (@ + KIHI (L) ~ 4KTHIel) 161 ) -
2K (7) «/ {(1+ K([Gl, — [GG])([H], — [HH]))? — 4KX([G], — [GG])([H], — [HH])}
2K
[H] = [Hl, — [HG] (®) (12)
HG] ] [H] =[H], — 2[HH] — [HG] (13)
=—0,+—90 9)
e " Hlp [G] = [G], — 2[GG] — [HG] (14)
where _ [HG] 2[HH] [H]
60bs_m(§b+[H—]06d+W)éf (15)
[H], is the total concentration of host
[G], is the total concentration of guest where
HH] is the concentration of host dimer
[H] is the concentration of unbound free host [HH] I I
[HG] is the concentration of hogfuest complex [GG] is the concentration of guest dimer
K is the association constant for formation of the mcsct)mple Kqe is the guest dimerization constant
X
o is the free chemical shift of the host Kgy is the host dimerization constant

0y, is the limiting bound chemical shift of the hegtiest complex . o . . )
d4 is the limiting bound chemical shift of the host dimer

H NMR Titration Experiments. A 3.0 mL sample of host of
known concentration was prepared in a chosen solvent (€DCI All experiments were performed at least twice. The association
CDCI/CD40D). The concentration of the host solution was chosen so ¢onstant for a single run was calculated as the mean of the values
that the host was not significantly dimerized (determined from the gptained for each of the signals followed during the titration weighted
dilution experiment). A portion (0.8 mL) of this solution was removed, py the observed changes in chemical shift. The association constants
and a'H NMR spectrum was recorded. An accurately weighed sample fom different runs were then averaged. Errors are quoted at the 95%
of the guest was then dissolved in the remaining 2.2 mL of host solution. cgnfidence limits (twice the standard error). For a single run, the
This solution was almost saturated with guest to allow access to the gtandard error was determined using the standard deviation of the
top of the binding isotherm and contained host so that the host gjfferent association constants determined by following different signals.

concentration remained constant during the titration. Aliquots of guest The curve-fitting programs described above are available from the
solution were added successively to the NMR tube containing the host 3ythor on request.

solution, the tube was shaken to mix the host and guest solutions, and
the 'H NMR spectra were recorded after each addition. For signals
that moved more than 0.01 ppm, the chemical shifts at all concentrations

of guezt wler:/l reQC)trdet1d a.nd analyzizgﬁ USR"']I'gt pHurp%s&gv#:teﬁgoﬂwarecombined to give a series of samples of identical total concentration
on S&R'ﬁia eHGif-llEiSGGmI'?LOC()mpu MRTIL Gs. | _ Gd but conatining different mole fractiong)(of the two components. The
or I - NIESe programs US€ g SIMPIEX Proceaure —qy g spectrum of each sample was then recorded, and these spectra

to fit the data to the appropriate binding model to yield the association p
constant, the bound chemical shift in the HG complex, and if required, \(NAe(;e_usid todfrgdui:s ;as graph afd( x y) againsty, the Job plot
— Uobserve %=1.0)-

the free chemical shift of the unbound species.

NMRTit_HGandNMRTit_HGGwas described in detail elsewhéte.

NMRTit_HG+HH+GG fits the data to a 1:1 binding isotherm for Ackn(_)wledgmen_t. We thank the EPSRC (A.P.B.), the
formation of the hostuest complex but in addition takes into account  University of Sheffield (F.J.C.), the New Zealand government
the presence of dimeriation equilibria for both the host and guest. The (A.E.R.), the Spanish government (C.R.), and the Lister Institute
method starts by assuming that [H&]0, so that egs 10 and 11 can  (C.A.H.) for financial support.
be solved exactly for [HH] and [GG]. These values of are then used to
solve eq 12 for [HG]. Equations 13 and 14 give the concentrations of  Sypporting Information Available: X-ray crystal structure

[Le]e hos(; [[g]] in[degigfﬁét] [S][ é‘}‘t this tF;]Oitn;i][FH [:"H] ;“[L"(';(j?‘]fi data forAIA (PDF). This material is available free of charge
o an o, SO that the value o rom ; .

eq 12 is used in egs 10 and 11 to reevaluate [HH] and[GG], and the via the Internet at http://pubs.acs.org.
procedure is carried out repetitively until [H] [HH] + [HG] = [H]o, JA0012671
and [G]+ [GG] + [HG] = [G]o. This allows the set of simultaneous
equations to be solved for the concentrations of all species present. (15) Job, PAnn. Chim.1928 113 113-116.

Job Plot Experiments. For each component of the complex, 10
mL solutions of accurately measured and identical concentrations (in
the range 6:10 mM) were prepared. The two solutions were then




