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A new dendritic gelator with carbazole as the building block (HBCD) was synthesized. It was found
that H-bonding between the amide groups and n—r interaction between the aromatic rings played
predominant roles in the gel formation. Meanwhile, significant aggregation-induced emission
enhancement was observed in the gel state due to the formation of J-aggregates and the restricted
molecular motion. Notably, the gel state of HBCD can be destroyed upon addition of F~, accompanied
by fluorescence enhancement on account of the formation of N-H - - - F~, which could further lead to the
increased coplanarity of HBCD. The sensory capability of HBCD exhibited a high selectivity towards
F~ instead of the CI", Br~, I" and AcO™ anions, which could be explained by the fact that the steric
hindrance of the dendrimer would go against the interactions between the larger anions and HBCD.

Introduction

As a kind of typical soft materials, gels have been of particular
interest in colloid chemistry and material science for many years
due to their intriguing properties intermediate between a solid
and a liquid.'? Although almost all gels currently in widespread
use employ polymers as the ‘solid-like’ phase, recent advances
in the gelation of low molecular-weight organic compounds in
organic or aqueous liquids provide a unique methodology to
create novel soft matters, which can be extremely responsive
to external stimuli due to the gelators being held together by
reversible non-covalent interactions. Moreover, great effort has
been devoted to developing new chemical structures that can
be used to underpin the formation of supramolecular gels on
account of their applications in the fields of tissue engineering,
biomineralization, and molecular electronics.?® However, as the
bridge between low molecular-weight organic and polymeric
gelators, dendritic gelators are not extensively studied since these
gelators are relatively difficult to synthesize and purify. It is known
that dendrimers are nanoscopic hyperbranched macromolecules
with well-defined three-dimensional architectures, which are con-
structed from an interior core with a regular array of branching
units.* In particular, the ‘dendritic function’ can be easily achieved
from individual dendritic macromolecules driven by multiple
non-covalent interactions,® and the steric bulk of the dendritic
units may favor the directionality in the gelation process.® To
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date, a great number of functional dendrimers with large numbers
of repeating m-conjugated moieties have been synthesized, but
the reported functional dendritic gelators so far are focused on
the flexible dendrimers or dendrons bearing conjugated units at
the focal point or at the terminal points.”® We have previously
reported the first rigid dendron-based gelator of the second
generation of oligocarbazoles, in which only three carbazole units
were involved.' Therefore, it is still a great challenge to design
the incorporation of m-conjugated monomers in each branching
unit using dendritic gelators. Herein, a new dendritic gelator
HBCD with carbazole as the building block (Chart 1) has been
synthesized, and amide groups are selected as the linker to connect
aromatic rings because they not only provide H-bonding sites that
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HBCD

Chart1 Molecular structure of HBCD.
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support the molecular assembly, but also act as anion receptors.
It is found that HBCD could gel DMSO and DMSO-containing
mixed solvents efficiently. Notably, the gel state of HBCD can
be destroyed upon addition of F-, accompanied by fluorescence
enhancement, while no similar behaviors can be detected by
addition of other anions, such as CI, Br-, I, AcO". Thus, the
gel HBCD can recognize F~ with selectivity. Herein, we provide a
strategy to generate novel gel-phase materials based on dendritic
macromolecules with a huge number of functional groups, which
favors the expression of the inherent superiority of dendrimers,
for example, high sensitivity may be realized from a dendrimer-
based fluorescence probe due to more recognition sites, at the
supramolecular level.

Results and discussion
Synthesis of HBCD

The synthetic routes for HBCD was shown in Scheme 1. Com-
pound 1 was synthesized via Ullmann condensation reaction be-
tween 3,6-di-tertbutyl-9 H-carbazole' and 1-iodo-4-nitrobenzene
in a yield of 90%, and it could be reduced into compound 2 by
hydrazine hydrate catalyzed by Pd/C. Meanwhile, the Friedel-
Crafts reactions of N-alkyl carbazole derivative 3, which was
prepared via alkylation of carbazole with 1,6-dibromohexane in
DMF using NaH as a base in a yield of 60%, afforded compound
4. Then, the hydrolysis of compound 4 in a mixture of KOH,
DMSO, ethanol, and H,O could yield compound 5 with a good
yield of 95%. Finally, the target molecule HBCD was synthesized
in a yield of 60% by the acylation reaction of compound 2 with
the corresponding carbonyl chloride, which was obtained from the
chlorination of compound 5 with SOCI, under reflux. The new
compounds were characterized by '"H NMR, FT-IR, MALDI-

TOF MS and elemental analyses.
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Scheme 1 Synthetic routes for dendritic oligocarbazole HBCD.

Gelation behavior of compound HBCD

The gelation property of the carbazole-based dendrimer HBCD
was tested in various solvents by means of the “stable to inversion
of a test tube” method. From Table 1, we can find that HBCD
was readily dissolved in THF and DMF but insoluble in aliphatic
hydrocarbon solvents, lower alcohols and aromatic solvents, such
as n-hexane, cyclohexane, ether petroleum, chloroform, methanol

Table 1 Gelation properties of HBCD in organic solvents®

Solvent HBCD

Hexane

Cyclohexane

Petroleum ether

Toluene

THF

Chloroform

Acetone

Ethyl acetate

Methanol

DMF

DMSO

DMSO/hexane (v/v=1/50)
DMSO/toluene (v/v=1/5)
DMSO/chloroform (v/v=1/10)
DMSO/ethyl acetate (v/v=1/10)
DMSO/methanol

“G: gel, S: soluble, I: insoluble, P: precipitate. The low critical gelation
concentration (CGC) of HBCD is 6.2 x 10* M in DMSO.

and toluene at room temperature. However, it could gelatinize
DMSO and the mixed solvents of DMSO/n-hexane (v/v=1/50),
DMSO/toluene (v/v=1/5), DMSO/chloroform (v/v=1/10) and
DMSO/ethyl acetate (v/v = 1/10). The gel-sol transition temper-
ature (7,) of HBCD in DMSO was 70 °C at the concentration
of 8.3 x 107 M, and the critical gelation concentration (CGC) of
HBCD was 6.2 x 10* M in DMSO, meaning that this dendritic
gelator can be classified as a supergelator.'?

Self-assembly of HBCD in gel phase

The morphology of DMSO xerogel of carbazole-based dendrimer
HBCD was investigated by scanning electron microscopy (SEM)
and atomic force microscopy (AFM) as shown in Fig. 1. The
SEM image revealed a three-dimensional network composed of

Fig.1 SEM (a, b), AFM (c) and fluorescence microscopy images (d, A, =
330-385 nm) of xerogel HBCD obtained from DMSO.
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fibrous aggregates with widths of 40-60 nm and length of several
um. In addition, the AFM image of DMSO xerogel based on
HBCD also showed a bundle of long fibres consisting of thin fibrils.
These results suggested that the dendritic macromolecule HBCD
preferred to self-assemble into one-dimensional nanostructures.
In order to investigate the driving forces leading to the gel forma-
tion, FT-IR and '"H NMR spectra of HBCD were performed. As
shown in Fig. S1,t the amide I band appeared at 1654 cm™ in the
gel state, suggesting the formation of intermolecular H-bonding
between the amide groups in the fibrous self-assemblies,’* which
could be further confirmed by the temperature-dependent and
concentration-dependent 'H NMR spectral changes of HBCD.
As shown in Fig. 2, we can find a small peak at 10.53 ppm for the
NMR signal of the protons in amides in the gel state at 25 °C. As
the temperature increased, the peak became stronger and shifted
upfield gradually. For instance, it shifted to 10.43 ppm at 45 °C,
and to 10.23 ppm at 85 °C. This suggests that the H-bonding could
be weakened and even broken at high temperature. Meanwhile, the
resonance signals for the protons in amides appeared at 6 = 10.54
ppm at high concentration, and shifted upfield to 10.53 ppm at
low concentration (Fig. S27), illustrating that H-bonding played
a key role in the aggregation of the dendrimer HBCD. Moreover,
the peaks corresponding to the aromatic protons appeared in the
range of 7.3-8.3 ppm and they were shifted upfield slightly and
became stronger with increasing temperature (Fig. 2) or decreasing
concentration (Fig. S2t), indicating the n—= interaction between
adjacent aromatic moieties in the self-assemblies of HBCD,"
which could be proved further from the evidence of the red shift
of the absorption in the gel state compared with that in solution.
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Fig.2 Temperature-dependent '"H NMR spectra of DMSO-d, organogel
of HBCD (8.3 x 10™* M).

Photophysical properties

The temperature-dependent UV-vis absorption spectra of HBCD
in DMSO were recorded to monitor the interaction between
the chromophores during the gel formation (Fig. 3). In the hot
solution, we found several absorption bands below 360 nm and
the maximum appeared at 299 nm, which could be ascribed to n—m*
transition. When the temperature was decreased, the absorption
intensities were weakened gradually, accompanied by a slight red

Absorbance

T T T M T M T M
270 300 330 360 390
Wavelength ( nm)

Fig. 3 Temperature-dependent UV-vis spectra of HBCD during cooling
of the hot solution in DMSO (2.9 x 10~ M) from 120 °C to 25 °C.

shift. The maximal absorption peak red shifted to 303 nm in the
gel phase, indicating that J-aggregates from dendrimer HBCD
were formed in the gel state."”® Therefore, we suggested that m—m
interactions had an effect on the gel formation.

Since the fluorescence spectra can provide important in-
formation on the molecular organization of fluorophores, the
concentration-dependent fluorescence emission spectra of HBCD
in DMSO excited at 299 nm were showed in Fig. 4. Only one
emission peak at 358 nm was found in dilute solution (1.0 X
107 M). When increasing the concentration, a new emission band
at ca. 460 nm emerged and became stronger and stronger. When
the concentration reached 1.0 x 10 M, the emission intensity at
ca. 358 nm was lower than that at ca. 460 nm. As a result, we
deduced that the emission located at 358 nm originated from the
monomeric species, and the one at ca. 460 nm could be attributed
to the aggregated species. Significantly, a remarkable fluorescence
enhancement in the self-assemblies of HBCD were found from the
temperature-dependent fluorescence spectra as shown in Fig. 5.
When excited at 299 nm the fluorescence emission intensity for
HBCD in the gel phase was almost 40 times stronger than that
in hot DMSO solution. In order to confirm the origin of the
fluorescence enhancement in DMSO gel, a very weak emission
could be observed in the fluorescence spectrum of HBCD in
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Fig. 4 Fluorescence emission spectra of HBCD in DMSO at different
concentrations (A =299 nm) at 25 °C.
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Fig. 5 Temperature-dependent fluorescence emission spectra of HBCD
in DMSO (black) (8.3 x 10* M, A, =299 nm) and in THF (red, 8.3 x
10~ M, 25 °C). Inset: photograph of the DMSO gel and sol irradiated by
365 nm light.

THF at room temperature, also given in Fig. 5. It meant that
the fluorescence enhancement in the self-assemblies of HBCD
in DMSO originated from the molecular aggregation instead of
temperature, which could further confirm the formation of J-
aggregates in HBCD-based gel.’® Meanwhile, the emission band
blue-shifted from 460 nm in the hot solution to 425 nm in the gel
state, which was in accordance with the result of the formation
of m-aggregates in the gel state. Accordingly, it was clear from
Fig. 1d and the inset in Fig. 5 that the gel could emit strong blue
light under UV irradiation. In this case, the aggregation-induced
emission enhancement of HBCD-based gel could be attributed to
the synergetic effect of the restricted molecular motion and the
formation of J-aggregates in the gel state.'®"’

Anion responsive properties

The effect of anions on the gelation capability was studied by
the repeating gelation processes of HBCD in DMSO in the
presence of anions, including F~, CI', Br-, I" and AcO", using
their tetrabutylammonium salts as the sources. After 4 equiv
tetrabutylammonium fluoride (TBAF, 4 equiv is selected herein
because the 4 : 1 complex can be formed from F~ and HBCD, which
will be discussed below) was added into the DMSO gel of HBCD
and heated to a clear solution, the precipitation, instead of the
gel, could be generated when it was cooled to room temperature.
However, the gel state of HBCD could be preserved upon the
addition of the same amount of other anions (CI-, Br-, I" and
AcO"). This result indicated that the gel of HBCD exhibited a
high selectivity towards F~ with naked-eye sensing (Fig. 6).

Fig. 6 Photographs of DMSO gels of HBCD under daylight (a) and
365 nm light (b) upon addition of 4 equiv of anions.

Since understanding of the interaction between the dendrimer
HBCD and F~ is of importance in revealing the sensory mecha-
nism, the "H NMR spectra of HBCD upon addition of different
amounts of F~ in DMSO-d, were investigated. As shown in Fig. 7,
the addition of 1-2 equiv of F~ resulted in the weakness and
broadening of the peak at 6 = 10.5 ppm ascribed to the protons
in amides, which indicated the formation of N-H - - - F~- H-bonds.
When 4 equiv of F~ was added, this resonance signal disappeared,
which was the same as that upon addition of 10 equiv of F~. It
illustrated that the four amide groups in each dendritic molecule of
HBCD could be saturated by four fluoride anions via H-bonding, '
and the 1 :4 complex of HBCD and F~ could be formed.” FT-IR
measurements also confirmed that F~ interacted with HBCD via
H-bonding. As shown in Fig. S1,T the amide I band (1654 cm™)
that emerged in the pure DMSO gel of HBCD disappeared when
4 equiv F~ was added, while it was preserved by adding the anions
of CI, Br-, I and AcO. As a result, H-bonding between amides
in the DMSO gel of HBCD could be destroyed by addition of
F-, leading to the disappearance of the gel state, in which the 3D
network was broken (Fig. S37).
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Fig. 7 'H NMR spectra of HBCD (8.0 x 10 M) in DMSO-d, upon
addition different equiv of F~: (a) 0, (b) 1, (¢) 2, (d) 4, and (e) 10.

It should be noted that the emission of HBCD could be
enhanced during the titration with TBAF, and the emission
enhancement was saturated when 4 equiv of F~ was added
(Fig. 8a), which further illustrated the formation of the 1:4
complex of HBCD and F-. However, no significant fluorescence
spectral change was observed upon addition of the anions of CI-,
Br, I" and AcO™ in gel HBCD (Fig. 8b). We deduced that the
emission enhancement of HBCD upon addition of F~ might be
due to the increased coplanarity resulting from the formation
of N-H---F .2 The tight binding of the fluoride anion with
HBCD assisted by H-bonding might increase the activation
barrier between twisted conformations, thereby increasing the
stability of the photoexcited state. In contrast, it would be difficult
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Fig. 8 Fluorescence spectra of the DMSO gel of HBCD (1.3 x 10~ M)
upon addition of different equiv of F~ (a) and addition of 4 equiv of anions
of F~, CI', Br, I and AcO™ (b).
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for the larger anions of chloride, bromide, iodide and acetic
acid to interact with amide groups in HBCD on account of
steric hindrance of branched arms.?* Therefore, the fluorescence
response of HBCD exhibited a high selectivity towards F-.

Conclusion

In summary, we have synthesized a new dendritic gelator using
carbazole as the building block, which could form a supergel
in DMSO and some DMSO-containing mixed solvents. SEM
and AFM images revealed that the dendritic gelator could self-
assemble into a 3D network comprising lots of nanofibers with
diameters of ca. 40-60 nm. Combining the results of FT-IR,
'"H NMR, UV-vis and fluorescence emission spectra, we deemed
that H-bonding and n—m interactions played key roles in the gel
formation. Interestingly, significant aggregation-induced emission
enhancement was observed, which could be ascribed to the
formation of J-aggregates and the restricted molecular motion in
the gel state. Notably, we found that the organogel of HBCD could
allow recognition of F~ selectively since the gel could be destroyed
in the presence of F~, accompanied by the emission enhancement.
It can be explained that F~ could interact with HBCD via H-
bonding, leading to the increase of the molecular coplanarity. The
reason for the selective sensory capability of HBCD towards F-
instead of other anions, such as CI-, Br~, I", and AcO~ might be that
it was difficult for the larger anions to interact with amide groups
in HBCD on account of steric hindrance of the branched arms. It
provides a strategy to design novel dendritic gelators containing a
great deal of functional units, which prefer to self-assemble into
1D organic nanomaterials with desired functionality.

Experimental Section
1. General information

"H NMR spectra were recorded on Mercury plus 500 MHz using
CDCIl; and DMSO-d; as solvents. Mass spectra were performed
on an Agilent 1100 MS series and AXIMA CFR MALDI/TOF
(matrix assisted laser desorption ionization/time-of-flight) MS
(COMPACT). UV-vis absorption spectra were determined on a
Shimadzu UV-1601PC spectrophotometer. Fluorescence spectra
were obtained on a Shimadzu RF-5301 luminescence spectrom-
eter. FT-IR spectra were measured using a Nicolet-360 FT-IR
spectrometer by incorporating samples in KBr pellet. Scanning
electron microscopy (SEM) observations were carried out on a
Japan Hitachi model X-650 San electron microscope. The samples
for these measurements were prepared by casting the organogel
on silicon wafers and drying at room temperature, followed by
coating with gold. The atomic force microscopy (AFM) images
were obtained on a Nanoscope IIla AFM Multimode (Digital
Instruments, Santa Barbara, CA) under ambient conditions. AFM
was operated in the tapping mode with an optical read out using
Si cantilevers. C, H, and N elemental analyses were taken with a
Perkin—Elmer 240 C elemental analyzer. Fluorescence microscopy
images were taken with a fluorescence microscope (Olympus
Reflected Fluorescence System BXS51, Olympus, Japan).

The preparation of the gel was described as below: the weighted
HBCD in organic solvent was heated in a sealed test tube in an
oil bath until it was dissolved completely. After the solution was

allowed to stand at room temperature (25 °C) for several minutes,
the state of the mixture was evaluated by the “stable to inversion
of a test tube” method.

2. Synthetic procedures and characterizations

3,6-Di-tert-butyl-9-(4-nitrophenyl)-9 H-carbazole 1). 3,6-
Di-tertbutyl-9H-carbazole (10.0 g, 35.8 mmol), Il-iodo-4-
nitrobenzene (8.5 g, 34.1 mmol), Cu,O (8.0 g, 56 mmol) and
DMAc (20 mL) were put sequentially in a seal-tube under
nitrogen atmosphere, and the mixture was heated to 180 °C in
an oil bath for 20 h. After cooling to room temperature, the
mixture was filtrated, and the filtrate was poured into 200 mL
H,O and stirred for several minutes. The solid was collected by
filtration and purified by recrystallization from ethanol-THF
to give a yellow solid (13.0 g), yield 90%. mp: >250.0 °C. IR
(KBr, vy /cm™): 3350, 3186, 1649, 1489, 1252. '"H NMR (500
MHz, CDCl;, TMS) 8 ppm 8.46 (d, J = 9.0 Hz, 2H), 8.14 (s,
2H), 7.86 (d, J = 9.0 Hz, 2H), 7.51-7.44 (m, 4 H), 1.46 (s, 18 H)
(Fig. S47). Elemental analysis for C,,HN,O, caled: (%) C, 77.97;
H, 7.05; N, 6.99; O, 7.99, Found: (%) C, 77.89; H, 6.98; N, 7.06.
MALDI-TOF MS: m/z: calcd: 400.2, found: 400.0 (Fig. S57).

4-(3,6-Di-tert-butyl-9 H-carbazol-9-yl)benzenamine (2). Pd/C
(0.4 g) was added into the solution of ethanol (100 mL) con-
taining 3,6-di-fert-butyl-9-(4-nitrophenyl)-9 H-carbazole 1 (9.6 g,
25 mmol), which was heated and refluxed. Then, NH,NH,-H,O
(80%, 10 mL) was added dropwise to the above hot solution. After
refluxing for 10 h, the precipitate was removed by filtration. The
filtrate was concentrated and cooled to room temperature. The
precipitate was collected and recrystallized from ethanol twice to
afford a buff solid (7.5 g), yield 85%. mp: 230.0-232.0 °C. IR
(KBr, v, /cm™): 3431, 2958, 1620, 1518, 1472. '"H NMR (500
MHz, CDCl;, TMS) 6 ppm 8.12 (s, 2 H), 7.44 (d, J = 8.5 Hz, 2H),
7.29 (d, J = 8.5 Hz, 2H), 7.25 (t, J = 1.5 Hz, J = 7.0 Hz, 2H),
6.87 (d, J = 8.5 Hz, 2H), 4.09 (s, 2H), 1.46 (s, 18H) (Fig. S61).
Elemental analysis for C,sH3 N, caled: (%) C, 84.28; H, 8.16; N,
7.56. Found: (%) C, 84.15; H, 8.22; N, 7.67. MALDI-TOF MS:
m/z: caled: 370.2, found: 370.4 (Fig. S71).

9-(6-(9H-carbazol-9-yl)hexyl)-9H-carbazole (3). NaH (3.5 g,
6.1 mmol) was added into the solution of DMF (44 mL) containing
carbazole (11 g, 65.9 mmol), which was stirred for 15 min at
room temperature. Then, 1,6-dibromohexane (4 mL, 26 mmol)
was added, and stirred for another 1 h at room temperature. The
mixture was poured into 250 mL H,O, and the solid was collected
by filtration. Recrystallization from ethanol-THF (v/v = 20/1)
gave a white solid (26 g), yield 95%. mp: 134.0-136.0 °C. IR (KBr,
Vma/cm™): 3049, 2927, 2851, 1593, 1482, 1450, 1325. '"H NMR
(500 MHz, DMSO-d,;, TMS) 6 ppm 8.08 (d, J = 7.5 Hz, 4H),
7.41 (t, J =8.0, J =17.5 Hz, 4H), 7.30 (d, J = 8.0 Hz, 4H), 7.23-
7.20 (m, 4H), 421 (t, J = 7.5, J = 7.0 Hz, 4H), 1.80 (t, J = 7.0,
J=7.0 Hz, 4H), 1.37-1.34 (m, 4H) (Fig. S81). Elemental analysis
for C;)HysN, caled: (%) C, 86.50; H, 6.78; N, 6.72. Found: (%)
C, 86.35; H, 6.70; N, 6.65. MALDI-TOF MS: m/z: calcd: 416.2,
found: 416.3 (Fig. S9+).

9-(6-(3,6-Bis(dimethylcarbamoyl) - 9H - carbazol - 9 - yl)hexyl) -
N3,N3,N6,N6-tetramethyl-9 H-carbazole-3,6-dicarboxamide (4).
Dimethylearbamic chloride (4.5 mL) in 1,2-dichloroethane

This journal is © The Royal Society of Chemistry 2011
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(10 mL) was added into the solution of 9-(6-(9H-carbazol-9-
yDhexyl)-9H-carbazole 3 (4.0 g, 9.95 mmol) and AICl; (6.0 g,
45 mmol) in 1,2-dichloroethane (50 mL) at 0 °C. After refluxing
overnight with stirring, the mixture was cooled to room tem-
perature, and poured into H,O (150 mL). The crude product
was extracted with dichloromethane and purified by column
chromatography (silica gel, dichloromethane-methanol, v/v =
15/1) to give a blue solid (4.0 g), yield 60%. mp: 164.0-166.0 °C.
IR (KBr, v, /cm™): 2920, 2843, 1619, 1477, 1382. "H NMR (500
MHz, DMSO-d,;, TMS) 6 ppm 8.18 (s, 4H), 7.57-7.55 (m, 4H),
7.34 (d, J=8.5Hz, 4H), 4.26 (m, 4H), 3.12 (s, 24H), 1.81 (m, 4H),
1.32 (m, 4H) (Fig. S107). Elemental analysis for C,,H,sNO, caled:
(%) C, 71.97; H, 6.90; N, 11.99; O, 9.13. Found: (%) C, 71.82; H,
6.78; N, 12.01. MALDI-TOF MS: m/z: calcd: 700.4, found: 701.5
(Fig. S117%).

9-(6-(3,6-Dicarboxy-9H -carbazol-9-yl)hexyl)-9 H -carbazole-
3,6-dicarboxylic acid (5). A mixture of compound 4 (4.0 g,
5.7 mmol), KOH (3.2 g, 57.1 mmol), ethanol (50 mL) and DMSO
(100 mL) was refluxed with stirring overnight. After cooling to
room temperature, the mixture was poured into H,O (500 mL)
and stirred for several minutes. After acidification by dilute
hydrochloric acid, the solid was collected by filtration. The solid
was washed several times with water and ethanol, and was dried
in vacuum at 45 °C. A white solid was obtained (3.2 g), yield 95%.
mp: >250.0 °C. IR (KBr, v,,,,/cm™): 3433, 2931, 1677, 1599, 1484,
1412, 1294. Elemental analysis for C;,HxN,O; caled: (%) C, 68.91;
H, 4.76; N, 4.73; O, 21.60. Found: (%) C, 68.84; H, 4.73; N, 4.68.
The solubility of 5 was very poor in common organic solvents, so
it is difficult to get its '"H NMR data.

9-(6-(3,6-Bis(4-(3,6-di-tert-butyl-9H -carbazol -9-yl)phenyl-
carbamoyl)-9 H -carbazol-9-yl)phenyl)-N3,N6-bis(4-(3,6-di-terz-
butyl-9 H-carbazol-9-yl)phenyl)-9 H -carbazole-3,6-dicarboxamide
(HBCD). Compound 5 (1.0 g, 1.7 mmol) was added to SOCI,
(5 mL) and refluxed for 2 h. After removing the surplus SOCI, by
vacuum distillation, a blue solid was obtained and diluted with
dry THF directly. The solution was added dropwise to the dry
THF (15 mL) solution of compound 2 (3.07 g, 8.3 mmol) and
triethylamine (0.48 mL) at 0 °C. After stirring at room temperature
for 12 h, the solution was poured into water (200 mL), and
the precipitate was filtered. The crude product was recrystallized
from ethanol twice to give a white solid (2.0 g), yield 60%. mp:
>250.0 °C. IR (KBr, v,,,,/cm™): 3419, 2960, 1648, 1516, 1484. '"H
NMR (500 MHz, DMSO-ds, TMS) 6 ppm 10.37 (s, 4H), 9.03 (s,
4H), 8.24 (d, J = 7.5 Hz, 12H), 8.13 (d, J = 8.5 Hz, 8H), 7.75 (d,
J=8.5Hz,4H), 7.55 (d, J =8.5 Hz, 8H), 7.43 (d, J = 8.5 Hz, 8H),
7.27 (d, J =8.5Hz, 8H), 4.49 (t, J = 6.5, J = 6.5 Hz, 4H), 1.84 (t,
J=5.0,J=2.0Hz, 4H), 1.40 (s, 76H) (Fig. S12, S13%). Elemental
analysis for C;)H, N, caled: (%) C, 82.76; H, 7.05; N, 6.99; O, 3.20.
Found: (%) C, 82.65; H, 6.93; N, 7.08. MALDI-TOF MS: m/z:
calcd for 2002.1; found: 2001.1 (Fig. S147).
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