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A sugar—pyrene-based fluorescent gelator was synthesised and
characterized based on different spectral techniques. The weak
interactions that exist between the pyrene moieties are responsible
for gelation, which is absent in case of functionalised SWCNTs.

Molecular self-assembly is becoming a popular tool for
constructing different types of micro- and nanostructured
materials.'* Low molecular weight organogelators (LMOGs)
have a wide range of applications in the field of materials,
biology, drug design and natural product chemistry.’”
LMOGs are known as distinct soft materials and can self-
assemble into various types of fibrils, strands and tapes in
organic solvents via weak intermolecular interactions.'? In an
organogel medium, one-dimensional (1-D) supramolecular
fibers are bundled up together and entangled at nodes,
so-called “‘junction points™, to form three-dimensional (3-D)
network structures, within which the solvent molecules are
entrapped. The nanostructured functional molecular assembly
thus created is a promising candidate for organic devices with
intriguing photo- and electrochemical functions.'™'" Materials
design is a highly competitive area of current research. Many
of the reported materials are derived from complicated
molecules’ that are laborious to synthesize and also expensive.
Even though many compounds are effective gelators, they
don’t have suitable functional groups that can bind to other
materials, such as nanoparticles. In this context, pyrene-based
and functionalized LMOGs are simple compounds that are
extremely effective at gelling many organic solvents at less than
1% concentration.'> However, the pyrene-derived gelators
investigated so far possess no functionality other than van
der Waals interactions to bind materials into gel networks or
to control the gel structure. The interaction of CNTs with
gelators and their self-assembly have received a great deal of
interest because of their unique structural, electrical and
mechanical properties.!®> Highly functionalized nanotubes
have been studied widely for potential applications in gene
therapy,'* drug delivery,'® enzyme immobilization, '® bio-sensing,”
heat transfer and thermal management.'®

Recently, we reported the gelating abilities of different sugar
derivatives'® and also studied the thermal conductivity of
sugar-coupled single-walled carbon nanotubes (SWCNTs)."
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In the present study, we report a novel class of functionalized
low molecular weight gelators derived from sugar—pyrene
derivatives that have the ability to effectively bind with
SWCNTs. The wide range of applications of SWCNTs in
the field of materials and biology inspired us to make this
further research step in the field.

4,6-O-Butylidene-p-glucopyranose was synthesized from
p-glucose.?® Various p-C-glycosidic ketones were synthesised
in good yield by following reported literature procedures.?!"??
The aldol condensation of B-C-glycosides 1a—d with 1-pyrene
carboxaldehyde (2) was carried out at ambient temperature
in the presence of a catalytic amount of pyrrolidine.'%
Formation of the expected product was confirmed by 'H
and '3C NMR spectral studies. The "H NMR spectrum of
a,B-unsaturated-B-C-glycosides 3a—d showed a signal at around
6.5-7.0 ppm for the H, proton and at around 8.5 ppm for the
Hy, proton (Table 1).

Among the various sugar-based pyrene derivatives reported
in this Letter, (E)-1-(4,6-O-butylidene-B-p-glucopyranosyl)-4-
(1-pyrene)-but-3-en-2-one (3a) forms a gel (CGC: 1.0%),
prepared by dissolving the gelator in an appropriate amount
of DMSO with the further addition of a few drops of H,O
(DMSO:H,0 = 8:2). van der Waals interactions exist
between the gelator molecules, resulted in a gel network, and
these interactions control the gel’s structure. In order to
understand the involvement of the different groups in the
gelation process, we have studied the gelation by variable
temperature NMR (VT-NMR) (Fig. 1).

Compound 3a shows broadening of the signals in both the
pyrene and sugar regions due to molecular aggregation.
However, a definitive interpretation of such behavior requires
careful analysis. In the present case, further evidence for the
influence of the association of the pyrene moiety was inferred
from the VI-NMR studies. The '"H NMR spectrum of 3a
recorded at RT shows a broadening of the signals. An increase
in temperature to 80 °C shows an upfield shift of the pyrene
and alkenic protons, the shift being due to pyrene—pyrene
interactions. In order to understand more about the role of the
sugar in the gelation process, we have synthesised four different
sugar—pyrene derivatives. Among these derivatives, 3a forms a
gel due to the presence of the butylidene group, which is
responsible for the self assembly. Some of the sugar-based
low molecular weight gelators have shown remarkable
applications,' and the gelator reported in this Letter also
exhibits a fluorescent nature. This class of sugar—pyrene
fluorescent molecule are likely to have a wide range of
applications in different fields.
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Table 1 Synthesis of sugar-coupled pyrene derivatives 3a—d
- P OO Pyrrolidine, DCM
R + - -
Y L
1a-d 2
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AcO
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3 Hom/ 12 72 7.10 8.67 159, 159
HO
OH
0}
4 Aco/m/ 12 78 6.92 8.60 15.6, 15.6
AcO
OACd

T T T T T
28 84 82 80 tpm]

Fig. 1 VT-NMR spectra of compound 3a in DMSO-ds + D,O at
(a) room temperature, and at (b) 40, (c) 50, (d) 60, (e) 70 and (f) 80 °C.

The fluorescent nature of the gel under both visible and UV
light is shown in Fig. 2. Sugar-based pyrene derivatives 3a—d
showed characteristic UV absorbance and emission bands
(Fig. 3). Upon excitation with 365 nm light, emission bands
were observed at 524, 526, 524 and 527 nm for compounds
3a—d, respectively.

In general at room temperature, SWCNTs have a signifi-
cantly higher thermal conductivity (6000 W mK ~'),>* and the
dispersion of nanotubes in fluid media can lead to a wide range
of thermal conductivities, depending upon factors such as
volume fraction, method of synthesis, efc.* One of the specific
problems encountered with SWCNTs is their dispersion in
fluids. Most SWCNT fluids form clusters, and the efficacy is
found to be reduced. Sugar—pyrene-functionalized SWCNTs
were synthesised by sonicating a 10: 1 ratio of compound 3a

Fig. 2 Gel pictures of compound 3a in DMSO + D,O (a) under
normal light and (b) fluorescence under UV light.

with SWCNTs,? and their dispersion in H,O was found to be
relatively improved. The formation of a dispersed product
was confirmed by '"H NMR, HRSEM and DSC studies. The
"H NMR spectra of gelator 3a in the solid phase, gel phase and
sugar—pyrene-functionalized SWCNTs are shown in Fig. 4.
The "H NMR spectrum of functionalized SWCNTs dispersed
in D,O did not show any characteristic peaks, whereas in
DMSO-d; it showed broadening of the signals, confirming the
formation of sugar—pyrene-functionalized SWCNTs. Thus,
functionalised SWCNTs were not found to be an efficient
gelator due to the absence of the weak interactions that exist
between pyrene moieties (Fig. 5).

The self-assembled aggregates of gelator 3a and functiona-
lized SWCNTs were studied by HRSEM. The purity of the
SWCNTs were confirmed by HRTEM analysis (Fig. 6(a) and
(b)). Morphological HRSEM images of the functionalized
SWCNTs are shown in Fig. 6(c) and (d). HRSEM analysis
of gel 3a shows three modes of aggregation: fibrous, tubular
and lamellar. It is interesting to obtain further insight
into gelator 3a, which shows a transparent nanotube-like
architecture (Fig. 6(e) and (f)), similar to the recently reported
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Fig.3 Emission spectra of compounds (a) 3a, (b) 3b, (c) 3c and (d) 3d
recorded at a 1 x 1077 M concentration in methanol at 298 K
(Zexe = 365 nm).

electroactive nanorod and nanorings formed by the supra-
molecular association of m-conjugated systems.>®

To study the thermal properties of gelator 3a we obtained
differential scanning calorimetry (DSC) data (Fig. 7). The
melting peak of gelator 3a was 220.3 °C in the solid phase,
with AH = 118.6 J g~', whereas, in the case of the gel phase,
several melting peaks were observed at 128.4, 131.3, 132.5 and
135.0 °C, with AH = 723.2 J g~ !, which may be due to various
modes of aggregation (Fig. 7(a)). In order to find the sol-gel
transition temperature of 3a, the gel was heated to 170 °C and
allowed for cool to room temperature. During the cooling
cycle, two endothermic peaks were observed at 79.9 °C, with
AH = —1.057J ¢!, and 55.1 °C, with AH = —2.457 J g™,
respectively, which could be attributed to the conversion of the
sol to the gel (Fig. 7(b)). The melting peak and enthalpy value
of functionalized SWCNTs were found to be 219.7 °C and
AH = 84.6J g™, respectively. Neither 3a nor the functionalized
SWCNTs showed any endothermic peaks. Microanalysis of
the elements present in the gel and the functionalized
SWCNTs were obtained using EDAX (see the ESI for
detailsf). In order to determine the thermal conductivity of
gelator 3a, the gel and the functionalized SWCNT materials,
they were heated at a rate of 10 K min~' and allowed to cool at

| U,V
!"_ﬂ‘h\_l«_»\_ﬁj WLLL_JULJL__
_‘th(_l -Uu_LJ‘\.JU‘l‘;M-L;.m;_l

* L] 0‘ ;
Fig. 4 The '"H NMR spectrum of (a) gelator in DMSO-dj, (b) gel in

DMSO-d; with a few drops of D,0, (c) functionalized SWCNTs in
DMSO-d; and (d) functionalized SWCNTSs in D,0.

Fig. 6 Morphological images of SWCNTs, functionalized SWCNTSs
and 3a: (a) HRTEM image of an SWCNT, (b) HRTEM image of an
SWCNT, (c) HRSEM image of functionalized SWCNTs (2 um),
(d) HRSEM image of functionalized SWCNTSs (500 nm), (¢) HRSEM
image of gel 3a (4 um) and (f) HRSEM image of gel 3a (1 pm).

a constant rate using DSC. The cooling time of the gel, the
functionalized SWCNTSs and gelator 3a were found to be 5.79,
5.89 and 6.13 s K™, respectively, and could be attributed to
the greater thermal conductivity properties of the nanotubular
gel and functionalized SWCNTs than the gelator.

In conclusion, we have investigated the gelation properties
of a novel class of sugar—pyrene-based low molecular weight
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Fig. 7 DSC of the gelator, functionalized SWCNTs and gel: (a)
heating curves and (b) cooling curves.

fluorescent gelators. Our studies show that the weak van der
Waals interactions that exist between pyrene moieties is largely
responsible for gelation. Functionalized SWCNTs did not
show gelation properties due to the absence of weak inter-
actions between the pyrene moieties. The interaction of
SWCNTs with 3a had a negative effect on the gelation ability
of the molecules. However, DSC studies showed that the
functionalised SWCNTs and nanotubular gel had a greater
thermal conductivity compared to simple SWCNTs and pyrene-
based gelators.
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Experimental
Materials and methods

D-Glucose, D-xylose and 1-pyrene carboxaldehyde, used for
the synthesis of the nanomaterials, were obtained from
Sigma-Aldrich Chemicals Pvt. Ltd., USA and were of high
purity. Butyraldehyde and the organocatalyst (pyrrolidine)

were obtained from SRL, India. Other reagents, such as
hydrochloric acid, sodium bicarbonate and solvents (AR
Grade), were obtained from Sd-fine, India, were of high purity
and were used without any further purification. Acetic
anhydride was purchased from Fischer Chemcials Pvt. Ltd.,
India. Column chromatography was performed on silica gel
(100-200 mesh). NMR spectra were recorded on a Bruker
DRX 300 MHz instrument in either CDCl;, DMSO-ds or
CDCl; (with a few drops of DMSO-dg); chemical shifts were
referenced to internal TMS. DSC was undertaken on a
Netzsch DSC 204 instrument. Emission spectra were recorded
on a Perkin-Elmer LS-45 spectrophotometer. HRSEM images
and microanalysis (EDAX) were recorded using a FEI Quanta
FEG 200 high resolution scanning electron microscope.
Elemental analysis was performed using a Perkin-Elmer
2400 series CHNS/O analyser. For complete characterization
of the starting material, HRTEM micrographs were recorded
using a Jeol JEM 3010 instrument (LaB6 filament).

Synthesis of sugar—pyrene-functionalized SWCNTs. 10 mg of
SWCNTs were dispersed in 15 ml of distilled H>O containing
100 mg of gelator 3a. The mixture was sonicated for about 1 h,
after which it was centrifuged at 5000 rpm and the centrifugate
subsequently decanted. In order to remove the free sugar—
pyrene derivative, the residue was washed several times (3—4
times) with methanol. The sugar—pyrene-functionalized
SWCNTs thus obtained were dried and used for further
studies.

General procedure for the synthesis of (E)-1-sugar-
substituted-4-(1-pyrene)-but-3-en-2-ones. To a solution of -C-
glycosidic ketone (1 mmol) in dry DCM was added pyrrolidine
(30% mol) and 2 (1.2 mmol). After stirring at room temperature
for given period of time, the reaction mixture was evaporated
under reduced pressure and extracted with EtOAc-H,0O. The
ethyl acetate layer was dried over anhydrous Na,SO, and
concentrated to dryness. The product was further purified by
flash column chromatography.

Synthesis of (E)-1-(4,6-O-butylidene-f-p-glucopyranosyl)-4-
(1-pyrene)-but-3-en-2-one (3a). Compound 3a was obtained
by the reaction of B-C-glycosidic ketone 1a (1 mmol, 0.274 g)
and 2 (1.2 mmol, 0.276 g) as a yellow solid: mp 217-219 °C.
Yield: 0.390 g (80%). '"H NMR (300 MHz, TMS/ppm): 8.62
(t,J = 8.7Hz, 1H), 8.49 (d, J/ = 8.1 Hz, 1H), 8.26-8.36 (m, SH),
8.20 (t, / = 8.7 Hz, 2H), 8.10 (t, 1H), 7.17 (d, J = 15.9 Hz,
1H), 5.45(d, J = 5.7 Hz, 1H), 5.29 (d, J = 4.8 Hz, 1H), 4.54
(s, 1H), 3.96-3.99 (dd, J = 3.6 Hz, J = 4.2 Hz, 1H), 3.89
(t, J = 8.1 Hz, 1H), 3.04-3.49 (m, 7H), 1.47-1.52 (m, 2H),
1.31-1.38 (m, 2H) and 0.85 (t, 3H). '>*C NMR (75 MHz,
TMS/ppm): 197.8, 138.4, 130.8, 130.2, 129.4, 129.1, 128.6,
128.1, 127.3, 126.6, 126.1, 125.9, 125.3, 124.5, 124.0, 123.7,
122.5, 101.3, 80.7, 77.0, 74.3, 74.1, 70.3, 67.5, 43.3, 35.8, 17.2
and 13.9. Elemental analysis found: C, 74.20; H, 6.04. Calc.
for C3oH3¢O¢: C, 74.06; H, 6.21%.

Synthesis of (E)-1-(2,3,4,6-tetra-O-acetyl-p-p-glucopyranosyl)-
4-(1-pyrene)-but-3-en-2-one (3b). Compound 3b was obtained
by the reaction of B-C-glycosidic ketone 1b (1 mmol, 0.388 g)
and 2 (1.2 mmol, 0.276 g) as a yellow solid: mp 170-172 °C.
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Yield: 0.480 g (80%). '"H NMR (300 MHz, TMS/ppm): 8.62
(d,J = 15.6 Hz, 1H), 8.35(d, J = 9.3 Hz, 1H), 8.09-8.19 (m, 3H),
8.02-8.07 (m, 3H), 7.92-7.97 (m, 2H), 6.93 (d, J = 159 Hz,
1H), 521 (t, 1H), 497-5.09 (m, 2H), 4.14-4.25 (m, 2H),
3.98-4.02 (dd, J = 2.1 Hz, J = 12.6 Hz, 1H), 3.67-3.73
(m, 1H), 3.04-3.12 (q, J = 84 Hz, 1H), 2.73-2.78 (dd,
J = 33 Hz, J = 165 Hz, 1H) and 1.90-1.96 (m, 12H).
3C NMR (75 MHz, TMS/ppm): 196.0, 170.6, 170.3, 170.0,
169.6, 140.2, 133.1, 131.3, 130.6, 130.3, 128.9, 128.8, 127.8,
127.3, 126.4, 126.2, 126.0, 125.1, 124.9, 124.5, 124.1, 122.2, 75.9,
74.4, 74.3, 71.8, 68.6, 62.1, 43.2 and 20.7. Elemental analysis
found: C, 67.75; H, 5.25. Calc. for C34H3,0,0: C, 67.99; H, 5.37%.

Synthesis of (E)-1-(p-p-xylopyranosyl)-4-(1-pyrene)-but-3-
en-2-one (3c¢). Compound 3¢ was obtained by the reaction of
B-C-glycosidic ketone 1¢ (1 mmol, 0.274 g) and 2 (1.2 mmol,
0.276 g) as a yellow solid: mp 132-134 °C. Yield: 0.290 g
(72%). "H NMR (300 MHz, TMS/ppm): 8.67 (d, J = 15.9 Hz,
1H), 8.48 (d, J = 9.6 Hz, 1H), 8.36 (d, J = 8.1 Hz, 1H), 8.25
(d, J = 7.5 Hz, 2H), 8.03-8.19 (m, SH), 7.10 (d, J = 15.9 Hz,
1H), 3.68-3.76 (m, 2H), 3.45-3.48 (m, 1H), 2.93-3.33 (m, 5H),
2.78-2.90 (m, 1H) and 2.40-2.77 (m, 1H). '*C NMR (75 MHz,
TMS/ppm): 198.0, 138.2, 132.0, 130.7, 130.1, 129.3, 128.8,
128.4, 127.9, 127.1, 126.3, 125.9, 125.6, 125.0, 124.1, 124.0,
123.7, 122.2, 78.1, 77.2, 76.7, 73.5, 69.9, 69.7, 46.2 and 30.2.
Elemental analysis found: C, 74.88; H, 5.76. Calc. for
C25H22052 C, 7461, H, 5.51%.

Synthesis of (E)-1-(2,3,4-tri-O-acetyl--p-xylopyranosyl)-4-
(1-pyrene)-but-3-en-2-one (3d). Compound 3d was obtained
by the reaction of B-C-glycosidic ketone 1d (1 mmol, 0.316 g)
and 2 (1.2 mmol, 0.276 g) as a yellow syrup. Yield: 0.410 g
(78%). "H NMR (300 MHz, TMS/ppm): 8.60 (d, J = 15.6 Hz,
1H), 8.32 (d, J = 9.0 Hz, 1H), 7.99-8.16 (m, 4H), 7.05-7.95
(m, 4H), 6.92 (d, J = 15.6 Hz, 1H), 5.19 (d, J = 9.3 Hz, 1H),
5.10 (d, J = 9.6 Hz, 1H), 4.87-4.97 (m, 1H), 3.93-4.07 (m,
2H), 3.30 (d, J = 10.8 Hz, 1H), 3.19 (d, J = 10.8 Hz, 1H), 3.01
(d, J = 8.4 Hz, 1H), 2.69-2.75 (m, 1H) and 1.91-1.98 (m, 9H).
13C NMR (75 MHz, TMS/ppm): 196.3, 170.3, 170.1, 169.9,
140.3, 133.0, 131.2, 130.1, 128.8, 127.8, 127.3, 126.3, 126.2,
126.0, 125.0, 124.9, 124.5, 124.1, 122.2, 75.0, 73.8, 72.0, 69.3,
66.8, 45.4, 43.2, 31.1 and 20.7. Elemental analysis found: C,
70.21; H, 5.60. Calc. for C3;H»g0g: C, 70.44; H, 5.34%.

References

1 S. Bhattacharya and S. K. Samanta, Langmuir, 2009, 25, 8378.

2 A. Ajayaghosh and V. K. Praveen, Acc. Chem. Res., 2007, 40, 644
and references cited therein.

3 A. Ajayaghosh, V. K. Praveen and C. Vijayakumar, Chem. Soc.
Rev., 2008, 37, 109.

4 (a) S. Zhang, Nat. Biotechnol., 2003, 21, 1171; (b) X. Y. Gao and
H. Matsui, Adv. Mater., 2005, 17, 2037; (¢) D. T. Bong,
T. D. Clark, J. R. Granja and M. R. Ghadiri, Angew. Chem.,
Int. Ed., 2001, 40, 988; (d) V. Percec, A. E. Dulcey, V. S.
K. Balagurusamy, Y. Miura, J. Smidrkal, M. Peterca,
S. Nummelin, U. Edlund, S. D. Hudson, P. A. Heiney, H. Duan,
S. N. Maganov and S. A. Vinogradov, Nature, 2004, 430, 764,
(e) S. Bhattacharya and S. N. G. Acharya, Langmuir, 2000, 16, 87,
(f) A. Srivastava, S. Ghorai, A. Bhattacharjya and
S. Bhattacharya, J. Org. Chem., 2005, 70, 6574.

5 P. Terech and R. G. Weiss, Chem. Rev., 1997, 97, 3133.

6 M. George and R. G. Weiss, Acc. Chem. Res., 2006, 39, 489.

7

oo

10

12

13

14

15

(a) P. Sears and C. H. Wang, Proc. Natl. Acad. Sci. U. S. A., 1996,
93, 12086; (b) Z. J. Witczak, Curr. Med. Chem., 1995, 1, 392;
(¢) J. M. Beau, B. Vauzeilles and T. Skrydstrup, in Glycoscience:
Chemistry, and Chemical Biology, ed. B. Fraser-Reid, K. Tatsuta
and J. Thiem, Springer, Heidelberg, 2001, vol. 3, pp. 2679;
(d) J. Jimenez-Barbero, J. F. Espinosa, J. L. Asensio,
F. J. Canada and A. Poveda, Adv. Carbohydr. Chem. Biochem.,
2000, 56, 235; (e) D. J. O’Leary and Y. Kishi, J. Org. Chem., 1994,
59, 6629; () Z. Wimmer, L. Pechova, L. Sile, D. Saman,
J. Jedlicka, M. Wimmerova and E. Kolehmainen, Bioorg. Med.
Chem., 2007, 15, 7126; (g) F. Zhao, M. L. Ma and B. Xu, Chem.
Soc. Rev., 2009, 38, 883; (h) B. Xu, Langmuir, 2009, 25, 8375.

(a) R. E. Moore and P. J. Scheuer, Science, 1971, 172, 495;
() R. E. Moore and G. J. Bartolini, J. Am. Chem. Soc., 1981,
103, 2491; (¢) M. Usami, M. Satake, S. Ishida, A. Inoue, Y. Kan
and T. Yasumoto, J. Am. Chem. Soc., 1995, 117, 5389;
(d) E. M. Suh and Y. Kishi, J. Am. Chem. Soc., 1994, 116,
11205; (e) Y. Hirata and D. Uemura, Pure Appl. Chem., 1986,
58, 701; (f) M. Litaudon, S. J. H. Hickford, R. E. Lill, R. J. Lake,
J. W. Blunt and M. H. G. Munro, J. Org. Chem., 1997, 62, 1868;
(g) A. Trefzer, D. Hoffmeister, E. Kunzel, S. Stockert,
G. Weitnauer, L. Westrich, U. Rix, J. Fuchser, K. U. Bindseil,
J. Rohr and A. Bechthold, Chem. Biol., 2000, 7, 133; (h) W. Zou,
A.-T. Wu, M. Bhasin, M. Sandbhor and S.-H. Wu, J. Org. Chem.,
2007, 72, 2686; (i) X. F. Zhang, P. T. Thuong, B.-S. Min,
T. M. Ngoc, T. M. Hung, I. S. Lee, M. K. Na, Y.-H. Seong,
K. S. Song and K. H. Bae, J. Nat. Prod., 2006, 69, 1370; (j) V. L.
Y. Yip, J. Thompson and S. G. Withers, Biochemistry, 2007, 46,
9840; (k) A. Graziani, H. Amer, A. Zamyatina, A. Hofinger and
P. Kosma, Tetrahedron: Asymmetry, 2005, 16, 167;
() R. W. Denton, K. A. Tony, J. J. Hernandez-Gay,
F. J. Canada, J. Jimenez-Barbero and D. R. Mootoo, Carbohydr.
Res., 2007, 342, 1624.

(a) J. Peng, K. Liu, Q. Zhang, X. Feng and Y. Fang, Langmuir,
2008, 24, 2992; (b) M. George, S. L. Snyder, P. Terech, C. J. Glinka
and R. G. Weiss, J. Am. Chem. Soc., 2003, 125, 10275;
(¢) M. George and R. G. Weiss, Chem. Mater., 2003, 15, 2879;
(d) X. Huang, P. Terech, S. R. Raghavan and R. G. Weiss, J. Am.
Chem. Soc., 2005, 127, 4336; (¢) X. Huang, S. R. Raghavan,
P. Terech and R. G. Weiss, J. Am. Chem. Soc., 2006, 128, 15341;
() M. George, G. P. Funkhouser and R. G. Weiss, Langmuir, 2008,
24, 3537; (¢) T. Klawonn, A. Gansauer, I. Winkler, T. Lauterbach,
D. Franke, R. J. M. Nolte, M. C. Feiters, H. Borner, J. Hentschel
and K. H. Dotz, Chem. Commun., 2007, 1894; (h) L. A. Estroff and
A. D. Hamilton, Chem. Rev., 2004, 104, 1201; (i) S. Bhattacharya
and S. N. G. Acharya, Chem. Mater., 1999, 11, 3504; (j) M. de Loos,
J. H. van Esch, R. M. Kellogg and B. L. Feringa, Tetrahedron, 2007,
63, 7285; (k) M. George, G. Tan, V. T. Jhon and R. G. Weiss,
Chem.—Eur. J., 2005, 11, 3243; (/) C. Baddeley, Z. Yan, G. King,
P. M. Woodward and J. D. Badjic, J. Org. Chem., 2007, 72, 7270;
(m) A. Pal, Y. K. Ghosh and S. Bhattacharya, Tetrahedron, 2007,
63, 7334; (n) K. Tanaka, S. Hayashi and M. R. Caira, Org. Lett.,
2008, 10, 2119.

(a) S. Nagarajan, T. Mohan Das, P. Arjun and N. Raaman,
J. Mater. Chem., 2009, 19, 4587, (b) K. Karthik Kumar,
M. Elango, V. Subramanian and T. Mohan Das, New J. Chem.,
2009, 33, 1570.

K. Sugiyasu, S.-I. Kawano, N. Fujita and S. Shinkai, Chem.
Mater., 2008, 20, 2863.

(@) P. Babu, N. M. Sangeetha, P. Vijaykumar, U. Maitra,
K. Rissanen and A. R. Raju, Chem.—Eur. J., 2003, 9, 1922;
(b) U. Maitra, P. Vijaykumar, N. M. Sangeetha, P. Babu and
A. R. Raju, Tetrahedron: Asymmetry, 2001, 12, 477.

(a) A. Pal, B. S. Chhikara, A. Govindaraj, S. Bhattacharya and C.
N. R. Rao, J. Mater. Chem., 2008, 18, 2593; (b) S. Srinivasan,
V. K. Praveen, R. Philip and A. Ajayaghosh, Angew. Chem., Int.
Ed., 2008, 47, 5750; (¢) S. Srinivasan, S. S. Babu, V. K. Praveen
and A. Ajayaghosh, Angew. Chem., Int. Ed., 2008, 47, 5746;
(d) T. Ogoshi, Y. Takashima, H. Yamaguchi and A. Harada,
J. Am. Chem. Soc., 2007, 129, 4878.

(a) D. Luo, E. Han, N. Belcheva and W. M. Saltzman,
J. Controlled Release, 2004, 95, 333; (b) A. K. Salem,
P. C. Searson and K. W. Leong, Nat. Mater., 2003, 2, 668.

G. F. Paciotti, L. Myer, D. Weinreich, D. Goia, N. Pavel,
E. R. McLaughlin and L. Tamarkin, Drug Delivery, 2004, 11, 169.

This journal is @ The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 ~ New J. Chem., 2009, 33, 2391-2396 | 2395


http://dx.doi.org/10.1039/b9nj00395a

Downloaded by University of Belgrade on 02 January 2013
Published on 30 October 2009 on http://pubs.rsc.org | doi:10.1039/BONJO0395A

View Article Online

16

17

18

20

T. Konno, J. Watanabe and K. Ishihara, Biomacromolecules, 2004,
5, 342.

(a) X. L. Luo, J. J. Xu, W. Zhao and H. Y. Chen, Biosens.
Bioelectron., 2004, 19, 1295; (b) S. Hrapovic, Y. Liu, K. B. Male
and J. H. Luong, 4Anal. Chem., 2004, 76, 1083.

(a) J. A. Eastman, S. R. Phillpot, S. U. S. Choi and P. Keblinski,
Annu. Rev. Mater. Res., 2004, 34, 219; (b) D. G. Cahill,
W. K. Ford, K. E. Goodson, G. D. Mahan, A. Majumdar,
H. J. Maris, R. Merlin and S. R. Phillpot, J. Appl. Phys., 2003,
93, 793; (¢) J. J. Vadasz, S. Govender and P. Vadasz, Int. J. Heat
Mass Transfer, 2005, 48, 2673; (d) A. Yu, P. Ramesh, M. E. Itkis,
E. Bekyarova and R. C. Haddon, J. Phys. Chem. C, 2007, 111,
7565; (e) M. Moniruzzaman and K. I. Winey, Macromolecules,
2006, 39, 5194; (f) M. E. Itkis, F. Borondics, A. Yu and
R. C. Haddon, Nano Lett., 2007, 7, 900; (g) M. J. Biercuk,
M. C. Llaguno, M. Radosavljevic, J. K. Hyun, A. T. Johnson
and J. E. Fischer, Appl. Phys. Lett., 2002, 80, 2767.

P. Gautam, K. A. Padmanabhan, T. Mohan Das, R. Jayavel,
A. Pandurangan, T. Somanathan, N. Rajaram, V. G. Kumar and
S. Nagarajan, Indian Pat. Appl., 2008CHO02831, 2009.

(a) R. L. Mellies, C. L. Mehltretter and C. E. Rist, J. Am. Chem.
Soc., 1951, 73, 294; (b) T. G. Bonner, E. J. Bourne and D. Lewis,
J. Chem. Soc., 1965, 7453.

21
22

23

24

25

26

N. Bragnier and M.-C. Scherrmann, Synthesis, 2005, 5, 814.

S. Nagarajan and T. Mohan Das, Carbohydr. Res., 2009, 344,
1028.

(@) C. Yu, L. Shi, Z. Yao, D. Li and A. Majumdar, Nano
Lett., 2005, 5, 1842; (b) E. Pop, D. Mann, Q. Wang,
K. E. Goodson and H. Dai, Nano Lett., 2006, 6, 96;
(¢) J. Che, T. Cagin and W. A. Goddard, Nanotechnology, 2000,
11, 65.

(a) M. Terrones, A. Jorio, M. Endo, A. M. Rao, Y. A. Kim,
T. Hayashi, H. Terrones, J.-C. Charlier, G. Dresselhaus and
M. S. Dresselhaus, Mater. Today, 2007, 10, 30;
() A. G. Rinzler, J. Liu, H. Dai, P. Nikolaev, C. B. Huffman,
F. J. Rodriguez-Marcias, P. J. Boul, A. H. Lu, D. Heymann,
D. T. Colbert, R. S. Lee, J. E. Fischer, A. M. Rao, P. C. Eklund
and R. E. Smalley, Appl. Phys. A: Mater. Sci. Process., 1998,
67, 29.

V. Sgobba, A. Troeger, R. Cagnoli, A. Mateo-Alonso, M. Prato,
F. Parenti, A. Mucci, L. Schenetti and D. M. Guldi, J. Mater.
Chem., 2009, 19, 4319.

O. J. Dautel, M. Robitzer, J.-C. Flores, D. Tondelier, F. Serein-
Spirau, J.-P. Lere-Porte, D. Guerin, S. Lenfant, M. Tillard,
D. Villaume and J. J. E. Moreau, Chem.—Eur. J., 2008, 14,
4201.

2396 | New J. Chem., 2009, 33, 2391-2396

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009


http://dx.doi.org/10.1039/b9nj00395a

