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Abstract

In this Letter, a crystal engineering rationale is exploited to achieve an easy access to an organometallic low molecular weight gelator
(LMWG) derived from a salt of ferrocene-1,1’-dicarboxylic acid (FDCA) and dicyclohexyl amine (DCHA). To the best of our know-
ledge, this is the first report wherein a crystal engineering approach has been exploited to design an organometallic LMWG.

© 2008 Elsevier Ltd. All rights reserved.

Low molecular weight gelators (LMWGs)'—compounds
able to gel various organic (organogel) and aqueous
(hydrogel) solvents—are an important class of compounds
due to their various potential applications.! However, the
mechanism of gel formation is poorly understood. Since
entangled network of one dimensional (1D) fibers, termed
self-assembled fibrillar networks (SAFINs),! are often seen
in the gel samples via various microscopic techniques, it
is argued that anisotropic interactions that encourage the
gelator molecules to self-assemble in 1D might promote
gelation.? Encouraged by this idea, we have exploited crys-
tal engineering’ concepts to design and synthesize various
classes of LMWGs.* Although a rich variety of LMWG
of organic origin are known in the literature,' reports on
organometallic LMWG are scarce despite having potential
applications in organometallics in synthesis, catalysis and
materials chemistry (Chart 1).> However, the methods
available for the synthesis of organometallic LMWG are
cumbersome.

Since ferrocene (Fc) is a well-known redox centre, it has
already been incorporated in polymeric gel matrices for
bio-sensing applications,® and its antibiotic properties in
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Chart 1. Organometallic LMWGs reported to date.

some polypeptides’ and catalytic properties in carbon
nanotube production® have also been reported. However,
there are no ferrocene containing LMWG reported to date.

Recently, we identified a supramolecular synthon
derived from secondary ammonium dicarboxylate (SAD)
salts that imparts a 1D hydrogen bonded network (HBN)
thereby facilitating gelation” (Scheme 1). In this Letter,
we have exploited the SAD synthon to effect an easy syn-
thesis of a ferrocene (Fc)-based organometallic LMWG.
For this purpose, we chose 1:2 (acid/amine) salt of ferro-
cene-1,1’-dicarboxylic acid (FDCA) and dicyclohexyl
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Chart 2. Organometallic LMWG reported herein.

amine (DCHA) because the 1:2 (acid/amine) SAD salt
should display a 1D HBN as demonstrated by us’ (Scheme
1) and may, therefore, show gelation abilities. When the
dibasic acid FDCA was reacted with DCHA in methanol
in a 1:2 (acid/amine) molar ratio, bis-dicyclohexylammoni-
um ferrocene-1,1’-dicarboxylate salt 1 was produced in
near quantitative yield (Chart 2)."°

The presence of COO™ (1561 cm™") and the absence of
COOH (1677 cm™" of FDCA) in the FT-IR clearly indi-
cated the formation of salt 1. Salt 1 turned out to be a good
gelator of various organic solvents which was evident from
its minimum gelator concentration (MGC) (1.3-4.1 wt %)
and gel dissociation temperature (Tge1) (48-119 °C) (Table
1). Scanning electron microscopy (SEM) of the DMF
derived xerogel of 1 revealed the presence of several
micrometer long entangled fibrous networks comprising
twisted fibers of both handedness (Fig. 1).

When analytically pure salt 1 was crystallized from 1,2-
dichlorobenzene, crystals having two different morpholo-
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Fig. 1. SEM micrograph of the DMF-xerogel (2 wt %) of salt 1 displaying
entangled fibers having both handedness; inset depicts the right-handedly
twisted fibers.

gies (block and needle) were obtained, which were sub-
jected to single crystal X-ray diffraction.!" Whilst the
needle-shaped crystals turned out to be 1:2 salt 1, the
block-shaped crystal was found to be 1:1 salt 2. In the crys-
tal structure of 1, the COO™ functionalities are oriented
almost in an anti fashion and were involved in hydrogen
bonding interactions with the cationic moieties via
N-H:--O interactions [N---O =2.661(6)-2.706(6) A;
/N-H---O =157.1-161.9°] so that a cyclic network was
formed. Since the anionic moiety is a dicarboxylate, the
network was propagated in 1D giving rise to the HBN as
envisaged in the SAD salts (Scheme 1) (Fig. 2a). These
results clearly demonstrated the importance of the 1D
HBN in the gelation process. On the other hand, in the
crystal structure of salt 2, COO™ is involved in hydrogen
bonding interactions with the cationic species via N—
H---O interactions [N---O=2.721(2)-2.811(2) A; /N-
H---O=157(2)-170(2)°] resulting in a cyclic network.
The COOH group, on the other hand, forms hydrogen

Table 1
Gelation data for salts 1 and 2
Solvent Salt 1 Salt 2
BP (°C) MGC (wt %) Tga” (°C) MGC (wt %) T (°C)

DMSO 189-193 1.3 48 1.56 47
DMF 153 1.7 70 1.76 53
Methyl salicylate 220-224 32 83 — —
Ph-NO, 210 1.8 69 — —
Ph-H 79-80 2.6 90 — —
Ph-Cl1 130-133 2.9 104
Ph-Br 154-158 3.1 98 — —
Ph-Me 110 2.7 108 — —
1,2-Dichlorobenzene 177 4.0 60 — —
CCly 76-77 4.1 80 — —
o0-Xylene 142-145 1.3 85 — —
m-Xylene 138 4.0 119 — —
p-Xylene 137 32 110 — —
Mesitylene 163-165 33 113 — —

* Tee was measured using the dropping ball method.
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Fig. 2. Illustration of single crystal structures; (a) 1D HBN in salt 1; (b) 2D HBN in salt 2.
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Salt 2 xerogel

bonding contacts with COO™ [O---O =2.590(2) A; 20-
H---O =161(4)°] from the neighbouring anionic species
leading to an overall 2D HBN (Fig. 2b). Since 2D HBN
either promote weak gelation or no gelation at all,” salt 2
was prepared in bulk (1696 cm™"' and 1536 cm™! for the
C=O0 stretching of COOH and COO~, respectively) in
order to study its gelation behaviour. Since the COO™
group is hydrogen bonded with both the ammonium N-
H and COOH, its characteristic stretching band appears
at 1536 cm ™! which is 25 cm ™! less than that of the COO~
in salt 1 wherein it is only hydrogen bonded with the
ammonium N-H. Gelation data of salt 2 clearly indicated
its nongelling behaviour except two solvents DMF and
DMSO. Thus, these results corroborate well with the single
crystal structures of salts 1 and 2.

However, further investigation revealed interesting
events. It was observed that the simulated XRPD pattern
of salt 1, except for some major peaks, did not exactly
match with that of the bulk solid.'* This could be either
due to the less crystalline nature of the bulk solid or a pre-
dominant crystalline morph that is different from that of
the single crystal of salt 1 that was subjected to X-ray dif-
fraction. It may be emphasized here that the HBN in the
crystalline phase of the bulk may still be 1D as observed
in the single crystal structure of salt 1, only the packing
of such a network may be different. The most interesting
observation, however, was the near identical XRPD pat-
terns of the DMF-xerogels of salts 1 and 2 which were also
identical with that of the bulk solid of salt 1 (Fig. 3).

This indicated the formation of salt 1 from salt 2 during
the process. Attempts to establish that the formation of salt
1 from salt 2 actually took place during gel formation of
salt 2 was inconclusive because a broad peak between
1500 and 1800 cm ™! appeared in the IR spectrum of the
DMF-gel of salt 2. On the other hand, the existence of salt
1 in the DMF-xerogel of salt 2 was supported by the pres-
ence of an IR band at 1570 cm™' (SC=O stretching of
COQ™). Close observation of a DMF-xerogel of salt 2 pre-
pared on a glass slide revealed a remarkable colour differ-
ence between the centre (yellow) and peripheral (brown)
regions. IR experiments established the existence of salt 1
(1570 cm™!, COO™) and FDCA (1678 cm™', COOH) in
the centre and peripheral regions, respectively (Fig. 4).

Since the X-ray beam falls at the centre of the sample
holder, it was not surprising that the XRPD pattern of
the DMF-xerogel of salt 2 matched with that of the xerogel
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Fig. 3. XRPD patterns of salts 1 and 2 under various conditions, (a)
simulated from single crystal data, (b) bulk solid as synthesized, (c) DMF-
xerogel; (d) DMF-xerogel of salt 2.
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Fig. 4. FT-IR spectra of salts 1 and 2 under various conditions.

and bulk solid of salt 1. The morphology of the fibers in the
DMF-xerogel of salt 2 as revealed in SEM was found to be
nearly identical with that obtained from salt 1, further sup-
porting the presence of the gelator salt 1 in the DMF-xero-
gel of salt 2 (Fig. 5). Thus, these results clearly indicated the
transformation of salt 2 to salt 1 during the process of xero-
gel formation. Whether such a transformation took place
during gel formation or not could not be established from
the IR data as mentioned above. However, this does not
rule out the possibility of such a transformation during
gel formation as well.

This report clearly highlights the merit of the crystal
engineering approach which enabled us to achieve an easy
access to an organometallic LMWG, namely salt 1. The
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Fig. 5. SEM micrograph of the DMF-xerogel of salt 2 (2 wt%) displaying
remarkable similarity with that obtained from salt 1 (see Fig. 1).

gelator salt 1 showed excellent gelation properties with var-
ious organic fluids and the 1D hydrogen bonded network
present in its single crystal structure corroborates well with
the rationale with which the gelator molecule was designed.
Incorporation of a ferrocene moiety in the gelator may lead
to new applications. Efforts are underway to discover new
LMWGs containing ferrocene, which could be used for
various materials applications.
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