Supramolecular dendritic two-component gel

Kevin S. Partridge,2 David K. Smith,*a Graham M. Dykes? and P. Terry McGrail

a Department of Chemistry, University of York, Heslington, York, UK YO10 5DD. E-mail: dks3@york.ac.uk
b |Cl Technology, PO Box 90, Wilton Centre, Middlesbrough, Cleveland, UK TS90 8JE

Received (in Cambridge, UK) 4th December 2000, Accepted 16th January 2001
First published as an Advance Article on the web 31st January 2001

Dendritic peptides with a carboxylic acid at the focal point of
the branched structure form a two-component supramo-
lecular organogel with a linear aliphatic diamine in non-
hydrogen-bonding solvents.

There has been intense interest in the development of efficient
and tunable small molecule gelators for organic solvents®
partly because gels possess many varied industrial applications
as a consequence of the diversity of gel structures on both a
microscopic and mesoscopic scale. Multiple supramolecular
interactions? between the individual building blocks are critical
in the gel forming process—for example hydrogen bonding,
metal coordination, hydrophobicity etc. The ability of dendritic
structures to act as gelators has, as a consequence of their
multiplicity of functional groups, been of some interest.
Newkome and co-workers reported dendrimers with a hydro-
philic periphery and a hydrophobic core which stacked in
aqueous solution, forming agel.3 Aida and co-workers reported
a dendritic branch functionalised with a dipeptide at the focal
point, which gelated organic solvents primarily through hydro-
gen bonding interactions.# In addition, Beginn and co-workers
described branched amphiphiles functionalised with long
aliphatic chains which gelate organic solvents.5

Recently, there has been increasing interest in the devel op-
ment of two-component gelling systems in which the presence
of two complementary building blocksin solution isessential in
order for gel formation to occur.6-8 In these cases, supramo-
lecular interactions between the complementary units allow a
complex to formwhich isthen capabl e of assembling further via
inter-complex interactions to form the fully gelated network.
Reports of two-component systems are still limited, and in this
communication we report for the first time a controllable two-
component dendritic system which gelates organic solventsasa
consequence of specific supramolecular interactions.®

We recently reported the use of dendritic branches 1, 2 and 3
constructed from L-lysine building blocks using a solution
phase approach10 to solubilise a hydrophilic dye into apolar
solvents.!t It was proposed that these dendritic branches
containing a free carboxylic acid unit at the focal point (Fig. 1)
interact with molecul es containing basic amine sitesthrough the
formation of a hydrogen bonded (acid—base) complex with
potential proton transfer (and salt bridge formation).12 We
therefore became interested in the ability of this type of
dendritic branch to interact with amines possessing different
structural motifs, such as long chain aliphatic diamines. We
quickly discovered that the combination of dendritic branch 2
and diaminododecane (4) was capable of gelating organic
solvents (Fig. 2), and we set about discovering the key criteria
required for effective gel formation.13

Neither dendritic branch nor diamine alone are capable of
gelating the solvent—branch 2 forms homogeneous solutions
up to a concentration of at least 350 mg mli—1 (0.44 M), whilst
diaminododecane (4) is largely insoluble. On mixing a solution
of 2in CH,Cl, and solid 4, followed by sonication and standing,
dissolution of 4 combined with strong gel formation was
observed. This indicates that an interaction between 2 and 4
takes place, solubilising 4 into CH,Cl,,** and that the complex
subsequently induces gel formation.

The concentrations of dendritic branch 2 and diamine 4 were
optimised for the effective gelation of DCM. At low concentra-

DOI: 10.1039/b009672p

tions of dendritic branch 2 (<20 mg ml—%, <25 mM), gel
formationislargely ineffective, however, above this concentra-
tion (> 2.0 wt vol%—1) strong gelswere observed. In particul ar,
very strong gelswereformed at abranch concentration of 25 mg
ml—1 (31 mM). The strongest gel was observed using 10 mg of
solid diaminododecane (4). Below a given mass of diamine 4,
however (25 mg, 125 mM), the diamine was completely
solubilised by the dendritic branch, but gel formation would not
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Fig. 1 Dendritic branches (1-3) and linear aiphatic amines (4-7)

investigated. Combination of certain branches with complementary dia-
mines leads to effective organogel formation.
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Fig. 2 Dendritic branch 2 solubilises diamine 4 into organic solvents (e.g.
toluene, CH,Cl, and CH3;CN) and the complex then induces gelation.
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Table 1 Effect of solvent on gel formation by compounds 2 (25 mg mi—1,
31 mM) and 4 (10 mg). The Kamlet-Taft o and § parameters (relating to the
ability of the solvent to donate and accept hydrogen bonds respectively) are
also shown

« (H-bond B (H-bond  Gel formation using branch 2
donor acceptor and diamine 4 (25 mg ml—1
Solvent ability) ability) and 10 mg, respectively)
Toluene 0.00 0.11 Y es—rapid
Acetone 0.08 0.48 Solvent reacts with amine
CHLCN 0.19 0.31 Y es—rapid, very strong gels
CH.Cl» 0.30 0.00 Yes—slow
CHCl3 0.44 0.00 No
MeOH 0.93 0.62 No

readily occur. It is interesting to note that gelation becomes
difficult when the molar ratio of diamine-branch falls below
1:2 and this result indicates that controlling the relative
amounts of the two components is important. This would be
expected if both components are complementary and essential
for gel formation.

The structure of the dendritic branch was subsequently
varied. First generation dendritic branch 1 did not induce gel
formation with diaminododecane (4) at any concentration
investigated (10-50 mg ml—1, (29-145 mM) [1], 1-20 mg,
(5-100 mM) [4]). Thisindicates that the dendritic branching of
compound 2 playsakey rolein enabling gelation to occur. Third
generation dendritic branch 3 showed similar behaviour to
second generation branch 2, forming strong gels at 25 mg ml—1
(145 mM) with diaminododecane (4.5 mg). Interestingly,
athough the mass of 3 required to gelate the solution was the
same as the mass of 2, this is a lower absolute concentration
(14.5 mM—as compared to 31 mM required for compound 2) as
a consequence of the higher molecular mass of the third
generation branch. In a control experiment, branch 2 was
protected at the focal point as a methyl ester. In this case, no
solubilisation of diaminododecane occurred and furthermore,
there was no gel formation. This indicates the importance of
complementary interactions between carboxylic acid and amine
as previously reported for dye solubilisation.11

The structure of the aliphatic diamine is aso important in
controlling gel formation. If a monoamine (aminododecane, 5)
was used, no gelation occurred in CH,Cl,, even at amost
double the concentration of dendritic branch (40 mg mi—1, 50
mM). If a shorter aiphatic diamine (diaminononane, 6) was
used, gelation with branch 2 was less successful, whilst using
diaminopropane (7) led to no gel formation at al. Thisindicates
the importance of having a sufficiently long aliphatic chain for
gelation to occur. Interestingly, however, first generation
branch 1 did form a weak gel with diaminononane (6) in
CH.Cl,, athough not with any other diamine. This could
indicate that it is important to tune the length of the aliphatic
diamine to match the generation of the dendritic branching for
optimal gel formation. These results clearly illustrate the
importance of microscopic structural featuresin controlling the
macroscopic properties of the supramolecular dendritic gel.14

The effect of solvent on the gelation of 2 and 4 was then
investigated (Table 1). The best solvent for gel formation
appeared to be CH3CN in which gelation occurred very rapidly,
even at dendritic branch concentrations as low as 15 mg ml—1
(18.5 mM). Interestingly, gel formation occurred most readily
in solvents which possess a low Kamlet-Taft o parameter.1>
This parameter reflects the ability of the solvent to donate
hydrogen bonds (i.e. to theamine groups). Thisclearly indicates
the importance of hydrogen bonds—competitive interactions
from the solvent prevent gelation. Hydrogen bonds (either with
or without associated proton transfer) are responsible for the
interaction between the carboxylic acid of 2 and the amines of
4, and may also play important roles in further mediating the
gelation (e.g. hydrogen bond interactions between peptide
groups in the dendritic branching).
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In conclusion, we have demonstrated for the first time that
suitably functionalised dendritic branches can undergo supra-
molecular two-component gelation of an organic solvent in the
presence of a suitable complementary guest—a process medi-
ated by hydrogen bond interactions. It is hoped in the future to
expand the tunability of these gels by varying the structure of
theindividual components, and hence generate organogels with
desirable physical properties. Furthermore the application of
these gels to sensing and catalysis will be investigated.
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