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Abstract

A hexaaminomacrocycle L, containing four secondary and two tertiary amines has been synthesized
and crystallized with hydrobromic acid. Structural analysis of the bromide complex suggests that the
ligand in its tetrtaprotonated form, is involved in coordinating two bromides from both sides via
hydrogen bonding interactions with N...Br- distance of 3,351 A, forming a ditopic complex. The
other two bromides are outside the cavity, and singly bonded to the macrocycle. The molecules are
packed showing layer structures in which the internal bromides are locked between the layers of
macrocycles. The bromide anions are coordinated alternatively by one and two hydrogen bonds with
the protonated amines from the two adjacent macrocycles.

Anion coordination chemistry is expanding rapidly with structurally and functionally diverse
receptors capable of hosting a variety of anions in solution and solid states.! Much interest is
focused on aminomacrocyles as anion binding hosts,2 because they mimic many natural
polyamines, e.g., spermine and spermidine binding to nucleic acids, predominantly through
electrostatic interactions with the negatively charged phosphate groups.3 In general
polyazamonocycles, as compared to their bicyclic analogues4, do not bind anions strongly in
aqueous solutions, but in many cases they form complexes in solid state.579 For example [18]
N65 and [24]N85 were shown to crystallize nitrates in water, while halide complexation
occurred in [18]N6,6 or metacyclophane.7 On the other hand m-xylyl macrocycle with the
expanded cavity and rigid spacers is suitable for binding larger anions like, sulfate,8
pyrophosphate,® and triphosphate.®
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The hexaazamacrocycles are conveniently synthesized in two steps from the condensation of
diamine with aromatic dialdehyde (e.g. m-xylyl, p-xylyl, furan or pyridine) and diborane
reduction of the corresponding Schiff base.10 In such cases, the diamine linker used in the
cyclization process, is 2,2'-diaminodiethylamine which contributes the necessary binding sites
for anions. Following the same protocol, the longer 3,3'-diaminodipropylamine was also
successfully condensed with m-xylyl spacers to obtain a larger macrocyclic analogue, that was
shown to interact with bromide!® and chloridel? in solution as well as in solid state. High
affinity was observed in the case of p-xylyl analogue with tripolyphosphate and ATP in aqueous
solution where ATP was assumed to interact with the macrocycle via both hydrogen bonding
and n—n stacking interactions.13 Another potential diamine, N-methyl-2,2'-
diaminodiethylamine, that contains a methyl group at the central nitrogen, has been identified
as a potential linker for macrocylic amides,14 thioamides!® or quaternized amines.16 With the
exception of a m-xylyl macrocycle demonstrating the ability to recognize pyruvate through H/
D exchange at the CH3 position,1” the incorporation of N-methyl-2,2'-diaminodiethylamine as
an amine linker, however, has not been explored in a macrocyclic amine.

In an effort to design selective receptors for hosting anionic guests, we incorporated
methyl-2,2’-diaminodiethylamine as a linker in polyaza-based macrocycles. Herein we report
the synthesis of a new macrocycle L, the crystal structure of bromide complex, and the results
of IH NMR titration studies for bromide anion in water.

The synthesis of ligand L is summarized in Scheme 1. It was prepared following the similar
strategy employed for the related compounds.1 The reaction of an equimolar amount of N-
methyl-2,2’-diaminodiethylamine and terephthaldehyde under high dilution condensation in
CH30H afforded the macrocyclic Schiff base that was reduced with NaBHj, to obtain the target
compound L in 60% yield.18

The bromide complex of the ligand was obtained from the reaction of free L (45 mg, 0.10 mM)
in methanol (2 mL) with 48% aqueous HBr. Crystals suitable for X-ray analysis were grown
in three days from a H,O/CH3OH solution (5:1, v/v) at room temperature. X-ray analysis of
the complex indicates that L crystallizes in the triclinic space group with four bromide anions.
19 In the complex, the macrocycle is tetratprotonated, leaving two bridgehead nitrogens
unprotonated. The cationic species and the anions sit on the inversion center.

As shown in Figure 1, all secondary amines act as hydrogen bond donors for bromide anions,
contributing a total of six hydrogen bonds. Six out of eight ammonium protons are directed
toward the cavity making the macrocycle an ideal host for chelating anions. Two symmetry
related bromides (Br1), are bonded to N2 and N3 with N....Br~ distances 3.3398(12) and 3.3622
(12) A, respectively, forming a ditopic complex. The N...Br" distances are comparable with
those observed previously in the bromide complexes of [18]N6 (N...Br = 3.343(8) — 3.416
(8) A)® and [14]metacyclophane (N...Br = 3.279(16) — 3.437(17) A).” Each of the two
bromides lies 2.454 A from the plane of four secondary nitrogen atoms, and is located close
to the dien units sitting on the opposite faces of the macrocyle. On the other hand, the remaining
two symmetry related bromides (Br2) are singly coordinated to protonated amines with N...
Br- distance, 3.2614 (12) A. Two methyl groups are positioned in anti-parallel and pointed to
an internal anion possibly by aweak C...Br interaction (3.611 A). The intramolecular aromatic
groups are paralleled to each other facing to the cavity center, and separated by a distance,
Argentroid- - Afcentroid 5.560 A, that is longer than that needed for n—r stacking.

As shown in Figure 2, bromides are not only coordinated to the protonated amines of L, they
are also involved in bridging the intermolecular macrocycles. In the packing diagram, each

internal bromide is coordinated alternatively by two hydrogen bonds with a macrocycle, and
one hydrogen bond with other macrocycle. Figure 3 illustrates two dimensional sheets formed
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by the macrocycles and all bromides, in which two bromides are locked between the layers of
macrocycles. The anions within the layers are involved in bridging two macrocycles through
hydrogen bonding networks. The internal bromide lies 7.062 A from the plane formed by the
other bromide and two ammonium coordinating nitrogens. In this structure, all four bromides
form four different lines in which the repeating bromides (both internal and external) are
separated by an equal distance of 5.799 A.

In order to evaluate the binding affinity of L for bromide, the 1H NMR titration studies were
performed in DO at pH 3.3, and also in CDCls. In the case of D,0O, the solution pH was
adjusted with a concentrated solution of TsOH and NaOH, and NaBr (50 mM in D,0) was
used as a titrant. The addition of NaBr solution to the ligand (5 mM), resulted a downfield shift
of the methylene protons (H1) adjacent to tertiary amines (Figure 4). Other protons did not
shift significantly. The change in the chemical shift of H1 in the twelve independent 1H NMR
spectra, as recorded with an increasing amount of anion solution at room temperature, yielded
a binding constant K=90 M~1.20 The binding constant is, however, not strong in water as
expected, due to the high solvation effect of the competitive polar solvent. The obtained value
is in agreement with the results for halide binding in [18]N6,21 however much lower than that
observed for bromide or chloride binding in p-xylyl cryptand.2? The presence of methyl group
in macrocyclic moiety made the tosylate salt of L (prepared from the reaction of L with four
equivalent of TsOH) fairly soluble in non-polar solvent, thus allowing us to measure the binding
constant in CDCls. Because of the solubility reason, n-(Bu)4NBr was used as a titrant, which
resulted a significant downfield shift of H1 (Figure 4) The titration of H4L(OTs)4 (5 mM) with
the anion (50 mM) gave the binding constant K = 550 M1, that is about six fold higher than
that obtained in D50.

In summary, the synthesis of an azamacrocycle, L has been described and a bromide complex
of the new ligand has structurally been determined. In solid state, the macrocycle is capable of
chelating two anions at the both faces with strong N...Br" interactions, forming a ditopic
complex. The synthesized molecule does not form a strong complex with a singly charged
bromide in water, however, the incorporation of methyl group to the macrocyclic moiety make
the ligand lipophilic, thus allowing to study in non-polar solvent to give a moderate binding
constant. The structural information of the bromide complex provides insight into the binding
modes and recognition sites in the solid state. This and related ligands might be useful for
binding polyatomic oxoanions?2.8:13:23 with multiple charges, as well as transition metal ions.
24 Eurther research in this area is in progress.
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Scheme 1.
Synthesis of macrocycle L. (i) high dilution, r.t. 24 h, (ii) NaBH,4 reduction, r.t., overnight.
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Figure 1.
Crystal structure of [H4L(Br),](Br), showing ditopic complex fromed by two bromides bonded
to the macrocycle (N2...Br(1) = 3.3398(12) and N3...Br(1) = 3.3622(12) A).
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Figure 2.
Packing diagram of [H4L1(Br),](Br), viewed along b axis, showing intra- and inter-
intermolecular hydrogen bonding interactions.
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Figure 3.
Packing diagram of [H4L(Br)2](Br)2 grown towards a and viewed along a* axis, showing 2D
sheets.
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Figure 4.
1H NMR titration curves of L with bromide following the chemical shifts of NCH, in
CDCl;3(e) and D,O(A).
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