The synthesis and properties of surfactant aza macrocyclest
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Surfactant derivatives of [9]aneN; and [12]aneN3 are
prepared; micelles are formed at low concentrations in water
while at higher concentrations lyotropic hexagonal, cubic
and lamellar phases are characterised.

The study of surfactant materialsis very well established,! the
materials being used on avast scale worldwide and in anumber
of settings such as soaps, detergents and emul sifiers. Surfactants
arealso important in anumber of other areas, for examplein cell
membranes? and in the preparation of mesoporous silicates.3
Similarly, the study of macrocyclic materials is also a mature
area of investigation, especialy in the development of sensors
for selective cation and anion binding, host—guest chemistry and
in supramolecular chemistry.4

We have become interested in the synthesis and properties of
liquid-crystalline macrocycles with a view to establishing and
understanding their structure/property relationships and to
combine the substrate binding ability of macrocycles with their
known properties as liquid crystals.> Previously, Neve has
studied difunctionalised derivatives of [ 18]aneN,S, which were
treated with AgOTf and AgPF to give the corresponding Ag!
complexes.® In the anhydrous state, these complexes showed a
viscous, birefringent mesophase which was investigated by X-
ray scattering which implied an undulating, bilayer mesophase
in which the metal-containing cations describe a ‘U’ -shaped
motif. The same materials were also found to show lyotropic
mesomorphism in acetonitrile at concentrations between 15 and
35 wt% complex, giving a lamellar ripple phase (i.e. again, a
modulated phase). Later, Fallis’ reported a related system in
which [9]aneN3 was functionalised with along-chain secondary
alcohol and then complexed to Ni(n) and Cu(in) centres. In this
case, the neutral macrocycle was poorly soluble in water and
surfactant properties were reported only for the cationic
complexes. As part of our own work in this area,5 we have
begun to investigate surfactant derivatives of simple, un-
complexed aza macrocycles and report herein the synthesis of
new surfactants derived from [9]aneN3 and [12]aneNs.

A general model for a surfactant consists of a polar head
group bound to a non-polar chain and so initially we confined
ourselvesto systemsbearing one alkyl chain. We argued that the
simplest way of accessing such systems was via orthoamide
protection of the triazamacrocycles (Fig. 1). These are obtained
after a multistep synthesis for the [9]aneNs derivatived (1) or
after a one-step synthesis for the [12]aneN; derivative (2).°
Once obtained, these orthoamides can be reacted with, for
example, a haloalkane which opens up the orthoamide to give a
cationic, N-akylated macrocycle with two nitrogens till
protected by abridgehead carbon.10 Our initial attemptsfocused
on functiondisation using a Ci» chain which ought to be
sufficiently long to give rise to surfactant behaviour. However,
following reaction of 1-bromododecane with the orthoamide of
[12]aneNs in acetonitrile, we were unable to recover a pure,
alkylated macrocycle. Thisis most likely due to quaternisation
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Fig. 1 Synthesis of the surfactant derivatives of [9]aneN; and [12]aneNs.

at nitrogen followed by Hoffmann elimination to give ring-
opened products.

However, we were more successful using 4-alkoxybenzyl
bromides which reacted smoothly with the orthoamide deriva-
tives of [9]aneNz and [12]aneN3 to give the desired products (3
and 4) which wereisolated in near quantitative yields (Fig. 1).11
For the methoxy derivative of [12]aneN3 (4a) we were able to
obtain single crystals, and the molecular structure resulting
from the X-ray diffraction studyf is shown in Fig. 2. The
structure confirms the substitution at the macrocyclic core with
the bridgehead still in place, forming a 6-membered ring within
the macrocyclein an envel ope conformation, with the two N-C
bonds [N(2)—C(4) and N(3)—C(4)] being virtualy identical in
length [1.308(3) and 1.312(3) A respectively]. The conforma-
tion of the flexible [12]aneN; ring is distorted considerably by
the formation of the bridgehead, shown by a comparison of the
torsion angles in the bridge ring [C(3)-N(2)-C(5)-C(6) and
C(6)—C(7)-N(3)—C(8) = 172.0(2) and 174.9(3)° respectively]
with those in the conformationally more flexible region of the
macrocycle [C(9)-C(10)-N(1)—-C(1) and C(2)—-C(1)-N(1)—
C(10) = 152.0(2) and 143.5(2)° respectively]. An additional
indicator of the strain induced in the macrocycle by the
formation of a 6-membered ring is the observed shortening of
the non-bonded N---N distance about the bridge [N(1)-N(2),
N(1)-N(3) and N(2)-N(3) = 3.11(3), 3.10(3) and 2.33(4)°
respectively]. Further, the structure reveals that the bromide
counter anion is reasonably close to the head group, the average
N-Br distance being 4.3(3) A.

Thus far, we have synthesised three derivatives of [9]aneNs,
3a—, and five derivatives of [12]aneNs, 4a—e (Fig. 1) and
evaluation of their critical micelle concentration in water was
undertaken using an automated tensiometer. The trend in cmc
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Fig. 2 Molecular structure of compound 4a.
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Fig. 3 Plot of cmc vs chain length for compounds 4.

values for the [12]aneN3 derivatives is shown in Fig. 3 and
reveals the expected decrease in cmc with increasing chain
length on account of the increasing hydrophobicity of the chain.
While it is perhaps surprising that the cmc of the two longest-
chain derivatives are very similar, we have repeated these
measurements and found them to be reproducible. We did not
attempt to measure the cmc of 3a and 4a which were
synthesised for the purpose of single crystal structural analy-
Sis.

Absolute and relative values of the cmc for these materials
deserve some comment. In general, the cmc values for simple
monocationic surfactants are of the order of 10-3 mol dm—3
while those of neutral surfactants are up to two orders of
magnitude lower.12 The reason for this difference is accounted
for by the greater dirving force required to push together head
groups of like charge. However, the cmc is also affected by the
hydrophabicity of the headgroup and as, in these examples, this
contains not only the macrocyclic ring but a benzyl group, too,
then the fact that the cmc values are <10—4 mol dm—3 is not
entirely unexpected. For such an argument to hold, we would
predict that the cmc values for the [9]aneN; derivatives would
be higher for the [12]aneN3 derivatives since the head group in
thissystemissmaller, less hydrophobic and more charge-dense.
This prediction appeared to be borne out by initial experiments
which indicated that the cmc value of surfactant 3b was
approximately three times higher than that of 4b. Similar
arguments had been advanced by Fallis et al. to explain lower-
than-expected cmc values in their cationic surfactant com-
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plexes.” However, subsequently we found that the [9]aneNs
derivatives were unstable in water and NMR studies in DO
implied that between 5-10% decomposed over 24 h. The nature
of the decomposition was not clear, but we suspect that the
instability of compounds 3 was due to the greater ring strain
present when compared to 4. Thus, we cannot say anything
conclusive about the relative cmc values of 3 and 4.

We have studied the properties of one of the surfactants in
more concentrated solution to see whether lyotropic liquid
crystal phases can be observed. Using the Lawrence penetration
method,3 we studied 4b and found that at temperatures of 40 °C
anormal hexagonal (H,) phase was observed, while at 50 °C, a
bicontinuous cubic (V1) phase was aso observed (Fig. Slat).
At much higher temperatures, a lamellar (L,) phase was
observed (Fig. Slbt). Thus, we have the possibility of
organising and tuning the behaviour of these macrocyclic
materias in a predetermined fashion.

The present study has shown that rather ssmple, function-
alised triazamacrocycles can lead to materials which aggregate
on a local (micelle) or extended (mesophase) scale. These
bridgehead-protected materials will not complex to metal
cations and so we are now investigating free-base derivatives
with respect to both solution behaviour and to metal complexa-
tion chemistry. Details of these studies will be reported in due
course.

We thank the EPSRC, Leverhulme Trust and the Royal
Saociety for financial support.

Notes and references

I Crystal data for 4a. Empirical formula: CygH.gBrNzO; formula weight:
382.34; crystal system: orthorhombic; space group: Pbca; Final R indices
[F2 > 20(F?)]: R1 = 0.0410, wR2 = 0.1123; unit cell dimensions: a =
13.352(3), b = 14.822(3), ¢ = 18.105(4) A; o = B = y = 90°; V
3583.0(13) A3; 150(2) K; Z = 8; u = 2.303 mm-—1; reflections collected:
24587; independent reflections: 4107 [Rx = 0.0807]; Rindices (all data):
R1 = 0.0601, wR2 = 0.1283. Absorption corrections applied using
SORTAV;14 solution obtained via direct methods and refined?> by full-
matrix least-squares on F2, with hydrogens included in idealised positions.
CCDC 182/1619. See http://www.rsc.org/suppdata/cc/b0/b003368p/ for
crystallographic filesin .cif format.
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