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The use of 11-aminoundecanoic acid as a synthetic building-
block allows the systematic preparation of (oligo)amide organo-
gelators—including chiral ones—which display remarkable
gelation properties in organic solvents and water.

Low molecular weight organogelators have emerged recently as a
fascinating new class of molecular systemsthat offer unique access
to self-assembling thermoreversible materials displaying tailored
properties.! Amide or urea derivatives based on «-amino acids
represent a key family of gelator molecules. Indeed numerous
systems have been reported to harden organic solvents? or water,3
or even to display ambidextrous behaviour.4 Recently we have
shown that simple urethane, amide or urea derivatives of 11-ami-
noundecanoic acid (AUDA) are efficient gelators of polar organic
solvents when i) the carboxylic acid function is deprotonated, and
ii) the N-acyl substituent contains an aromatic terminal moiety.> In
line with these investigations, we decided to further investigate the
potential of linear 1,w-amino acids as alternatives to conventional
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peptides for the systematic and easy generation of low molecular
weight organogelators.® A decisive clue to thisis given by the fact
that oligoamides related to nylons are well known to self-assemble
into hydrogen-bonded sheets and to produce crystalline fibres.”
With this in mind, we have synthesized dodecanoylamines of
11-aminoundecanoic-acid-containing systems as representative
examples of a new series of efficient gelators.t
N-Lauroyl-11-aminoundecanoic acid, 1-H, represents the sim-
plest entry into the series. Although it has already been reported to
act as an amphiphilic molecule forming stable Langmuir-Blodgett
films® its gelation ability has never been mentioned. Yet this
compound is a prominent gelator of apolar solvents, such as CCly,
toluene and p-xylene (Table 1). In contrast, the short-chain related
derivative, N-lauroyl-glycine, was reported® to lack any gelation
ability, which was interpreted by the authors as being due to the
absence of chirality in the glycine derivative as compared to the .-
alanine analogue. In the case of the long-chain aminoundecanoic
acid, gelation is still effective even though the structure lacks any
chira centre. Toluene gels of 1-H are optically transparent at low
concentration and persist over long periodsin aclosed vessel (more
than one year). Electron microscopy studies of the gels confirm the
aggregation of the compound into elongated fibres that entangle to

Ry =(CH3),CH R,=H L-5-H or rac-5-H
R, =Na L-5-Na or rac-5-Na

R4 = Phenyl R, =H D-6-H or rac-6-H
R, =Na D-6-Na or rac-6-Na
Table 1 Gelation properties of the long-chain amino acid derivatives?
1-H 1-Na 2-H 2-Na 3-H 3-Na 4-H 4-Na L-5-H L-5-Na rac-5-H rac-5-Na p-6-H p-6-Na rac-6-H rac-6-Na
Decaine — — — — — — — — G(B3) G62) IE G(15) G(L5 G@45 E G(0.55)
Toluene G(7.5) P G(3) — G(141) P G(1L1) | S G(10) P | G(167) G(91) P |
p-Xylene G(72) P G(35) — G(14.2) P G(13) | G(35) G(333) | I G(16.7) G(10) P G(0.62)
CH,Cl, | | | — P | | | S | S | | | S |
CCl, G(75 | | — P I I | — — — — — — — —
§ THF P P P — G(117) | G(51) | G(333) | S | S G(71) S |
© EtOH P P | — S S P P S G(16.7) S P P S P P
Q CH3CN P P | — G389 P G(4.3 P P P | P | P |
S DMF S G(85) S po S G(125) P G(46) G(10) G(14) G(100) G(20) S G(83) S G(16.7)
% DMSO S G(141) S Po S G(153) G(85) P G(20) G(33) G(50) G(125) S G(83) S G(9.1)
S Water P P P I P S I I S G(10) | G(10) | G(83) | G(12.5)
? aG: gel, in parentheses: minimum gel concentration in g L—1 (gelator/liquid); S: soluble; I: insoluble; P: precipitate; E: emulsion; —: not investigated.
O PPreparedin situ with 1 mol eq. NaOH and 1% (v/v) H2O.
a
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form thetypical network features. In particular the results show that
elongated fibre formation prevails below the minimum concentra-
tion for gel formation (Table 1, Fig. 1), which was a so observed by
1H NMR. The sodium carboxylate derivative of 1-H, 1-Na, aso
shows gelation ability, but only in polar solvents (DMF, DMSO).
The diamide linear derivative, 2-H, which contains two AUDA
moieties, displays enhanced gelation properties in aromatic sol-
vents as compared to the monomeric compound 1-H. Indeed the
minimum gelation concentration is observed to decrease by afactor
two from 1-H to 2-H, which is ascribable to the presence of an extra
hydrogen bonding site within the aliphatic chain. A similar effectis
also observed when the AUDA unit is tethered to acid 3-H via an
amide functionality to give 4-H. While the former compound is a
rather good gelator, the | atter gelates aromatic solvents at a 10-fold
lower concentration. Interestingly, 4-H is aso able to harden a
range of solvents of different polarity as compared to 1-H and 2-H.
Moreover, the sodium salts 3-Na and 4-Na allow the formation of
stable gels with solvents that are not gelled by the corresponding
neutral acid derivatives.

Not only the minimum gel concentrations but also the gel-to-sol
phase transition temperatures are affected when an AUDA unit is
introduced into the structure of long-chain amide gelators. An
increase in the Tgy values is noticed which reflects the increase in
the thermal stability of the gels. For example the Tqy value for a
toluene gel of 2-H exceeds 100 °C whereas the gel-to-sol transition
is observed at 49 °C for a toluene gel of 1-H at the same
concentration.

Introduction of an amino acid fragment in the core of N-lauroyl-
11-aminoundecanoic acid (1-H) gives chiral derivativesL-5-H and
p-6-H and their respective Na salts. The combination of a chiral
centre and two additional hydrogen-bonding sites profoundly
influences the gelation properties. While 1-H gels 3 of the 11
solvents tested, the Val derivative L-5-H is capable of gelating 5
solvents. It is worth noting the shift in gelation preferences from
apolar solvents such astoluene and p-xylene and CCl,4 (1-H) toward
highly polar DMF and DM SO (L-5-H). However, this property is
lost for pb-6-H which incorporates the aromatic amino acid, «-
phenylglycine. Interestingly, o-6-H in contrast to L-5-H containing
an aliphatic amino acid (Val) showed only gelation of the highly
lipophilic solvents of the group tested; decaline, toluene and p-
xylene are gelled by p-6-H but not DMF and DMSO (Table 1).
Even more dramatic differences can be found by comparison of the
gelation properties of 1-Na, L-5-Na and p-6-Na; L-5-Na and b-
6-Na are able to gelate 7 of the 11 solvents. These two gelators
belong to the rather small group of compounds exhibiting
ambidextrous gelating properties. Indeed the apolar decaline,
toluene and p-xylene can be gelated by thelatter compounds aswell
as the highly polar DMF, DMSO and water. Another intriguing
observation is that in contrast to several previous reports,®.10 the
racemates, rac-5-Na and rac-6-Na are capable of gelating 4 to 16
times larger volumes of certain solvents than the corresponding
pure enantiomers (Table 1). Analysis of the gelation resultsreveas
that pure enantiomers-5-H, L-5-Na and p-6-Na are more efficient
gelators of highly polar and apolar solventsthan their racemates but
a striking reversal occurs for rac-5-Na—decaline—and rac-
6-Na—decaline and p-xylene systems (Table 1). This peculiar
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Fig. 1 Electron microscopic studies of toluene solutions of 1-H revealing
the formation of: @) thin individua fibres (3.7 g L—1, diameter: 50 nm,
length: up to several microns, estimated thickness: 5 nm) and b) stacks of
fibres forming lamellar structures (freeze fracture, 11.3 g L—1).

behaviour remains yet unclear but it is expected that ongoing
studies on the organization of racemic and enantiomerically pure
gelator molecules within gel fibres will shed more light on this
issue. Nevertheless, the reported observations are of high im-
portance for the development of new gelators. They show that
gelation preferences and/or gelation efficiency could be strongly
influenced by the introduction of chiral amino acid fragments and
that in some cases the racemates could be considerably more
efficient gelators than pure enantiomers.

In conclusion, the 11-aminoundecanoic acid moiety represents a
useful and cheap building-block for the systematic design of highly
effective gelators for organic solvents and water. The presented
examples clearly illustrate that gelation properties can be tuned by
(a) simply adjusting the ionisation state of the terminal carboxylic
acid functionality, (b) introducing additional amide hydrogen
bonding sites and (c) incorporating a chiral amino acid fragment.
The latter possibility allows numerous further variations by using
amino acids with different constitutional and conformational
characteristics. In particular, understanding the influence of
enantiomeric purity on the gelation propertiesis a challenging task
from both fundamental and practical standpoints.
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