
Introduction

Amphiphiles1–3 are the molecules that can self-assemble in-
to many different types of nanostructures, such as mi-
celles,4,5 vesicles,6,7 nanotubes and nanofibers.8–10 When
taken in water, the hydrophilic portion of the amphiphilic
molecules preferentially interacts with the water, whereas
the hydrophobic domain hides from water and creates hy-
drophobic domains or cavities. As a result, amphiphilic self-
assembly in water is widely explored for drug delivery
applications.11–13 In the case of small molecules, three major
types of amphiphilic designs such as oligoether,14 peptide15

and ionic16 amphiphiles are widely explored. Over other
types of molecular designs for self-assembly, amphiphiles
are environmentally benign as water is used as a medium
for self-assembly. In the beginning, amphiphiles having
mainly hydrocarbon chains as the hydrophobic part are ex-
plored for self-assembly. Later, this design was extended to
organic semiconducting π-systems to afford a novel class of
nanostructures with tunable optoelectronic functions.17–21

For example, Aida et al. synthesized semiconducting nano-
tubes using amphiphilic self-assembly of hexabenzo-
coronenes.22 George et al. synthesized high-aspect ratio
supramolecular nanofibers via ionic charge-transfer amphi-
philes.23 Recently, Stupp et al. explored perylene imide-
based amphiphilic designs for water splitting applications.24

Very recently, we reported that amphiphilic ionic π-systems
undergo supramolecular depolymerization in themixture of
two poor solvents owing to segregation of water and amphi-
philic organic solvent around the ionic π-system.25

In recent years, aromatic amphiphiles also have been ex-
plored for host–guest interactions in water.26 Compared to
conventional amphiphiles, aromatic amphiphiles are com-
posed of hydrophobic pockets or cavities of π-systems. As a
result, they can solubilize hydrophobic π-systems in water
much better than conventional surfactant amphiphiles
owing to the strong π–π interactions.26 For this purpose,
bent π-systems are preferred over linear π-systems. Yoshiza-
wa et al. first developed an aromatic amphiphile having bent
anthracene units which can efficiently encapsulate various
hydrophobic π-systems.27 Recently, they have also synthe-
sized the bent pentacene-based aromatic micelle which can
encapsulate perylene bisimide dyes and graphene nano-
sheets in water.28 Compared to rigid metal organic
cages,29–31 small-molecule-based aromatic amphiphiles
have several advantages like flexible size and high solubility
for host–guest interactions in water. However, the currently
known aromatic amphiphiles require multi-step synthesis.
Hence, identifying new aromatic amphiphiles that are easily
accessible with efficient host–guest interactions in water is
important.

Received: 30.11.2022
Accepted after revision: 16.02.2023
DOI: 10.1055/a-2037-2786; Art ID: OM-2022-11-0050-OA

License terms:

© 2023. The Author(s). This is an open access article published by Thieme under the
terms of the Creative Commons Attribution License, permitting unrestricted use, dis-
tribution, and reproduction so long as the original work is properly cited.
(https://creativecommons.org/licenses/by/4.0/).

Abstract Amphiphiles are widely explored for the solubilization of var-
ious hydrophobic molecules especially drugs in water. Recently, aro-
matic amphiphiles emerged as a new class of molecules for the solubili-
zation of hydrophobic organic semiconductors in water. However, the
synthesis of these systems involves several steps and often requires the
use of expensive metal catalysts. Here we describe the design and syn-
thesis of a new type of flexible aromatic amphiphilic trication (FAT) and
its application for solubilization of hydrophobic organic semiconductors
in water. FAT has been synthesized in two steps without the use of any
expensive metal catalysts. We observed that FAT self-assembles in water
into bilayer two-dimensional (2D) nanosheets composed of hydro-
phobic naphthalimide units. FAT is found to be effective for the solubili-
zation of various hydrophobic organic semiconductors such as perylene,
perylene diimide and C60 in water by encapsulating them into its hydro-
phobic domains. Moreover, FAT was also explored for the solubilization
of a 2D conjugated ladder polymer, TQBQ (triquinoxalinylene and ben-
zoquinone), in water.
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Here we report the design and synthesis of a naphthal-
imide-based flexible amphiphilic trication (FAT) for the sol-
ubilization of hydrophobic π-systems in water (Scheme 1).
Importantly, FAT is synthesized in two steps from commer-
cially available materials without the use of any expensive
metal catalysts. Due to the presence of three ammonium
cations, FAT is easily soluble in water and self-assembles in-
to two-dimensional (2D) nanosheets having hydrophobic
cavities composed of naphthalimides. Interestingly, these
2D nanosheets effectively solubilize various hydrophobic π-
systems such as perylene, perylene diimide (PDI) and fuller-
ene C60 in water which are otherwise not soluble. Moreover,
we also utilized FAT to solubilize a 2D semiconducting or-
ganic polymer in water.

Results and Discussion

Molecular design and synthesis: The molecular structure
of FAT is shown in Scheme 1. In FAT, naphthalimide acts as
a hydrophobic π-surface and three of these are covalently
linked to the central benzene ring via three ammonium cat-
ions. FAT is synthesized in two steps. In the first step, 2,3-
napthalene dicarboxylic anhydride 1 is reacted with N,N-di-
methyl ethylene diamine to afford monoimide 3 in 80%
yield. 3 is then reacted with 1,3,5-tris(bromomethyl) ben-
zene (TBB) 4 to afford FAT in high yield, 87%. The formation
of FAT has been confirmed by the 1H NMR and 13C NMR
spectroscopy, HRMS, infrared (IR) spectroscopy and melting
point (Figures S1–S4). The optical properties of FAT are
studied using UV‑Vis and fluorescence spectroscopy. The
self-assembled morphology of FAT is characterized using
field-emission scanning electron microscopy (FE‑SEM),
atomic force microscopy (AFM) and transmission electron
microscopy (TEM).

FAT is molecularly soluble in DMSO and self-assembles in
water. In DMSO at 0.3mM, FAT shows sharp and vibrational-
ly resolved absorption peaks between 200 to 380 nm with
two sets of absorption peaks centered at 270 and 361 nm

(Figure 1a). Under similar conditions in water, FAT shows
broad absorption peaks with a red-shift at a higher wave-
length peak from 361 to 370 nm (Figure 1a). In the mono-
meric form in DMSO, FAT shows emission in the range of
365 to 450 nm with the emission maximum at 401 nm
(Figure 1b). Compared to DMSO, the emission spectrum is
relatively broad and red-shifted from 401 to 435 nm
(Figure 1b). Interestingly FAT shows slight enhancement in
the emissionwhen taken inwater. Since FAT is flexible in na-
ture, the free rotation of naphthalimide units in good sol-
vents like DMSO results in weak fluorescence. However, in
water due to the rigidification and restricted motion of
naphthalimide units upon self-assembly, fluorescence en-
hancement was observed.32–34 The red-shift and en-
hancement in fluorescence emission are further evidenced
from the solution photographs under UV light (Figure 1c).
These observations indicate the presence of π–π stacking in-
teractions in the self-assembly of FAT molecules. We have
further probed the self-assembly of FAT using 1H NMR stud-
ies in DMSO‑d6 and D2O (Figure 1f). A 0.3mM solution of
FAT in DMSO‑d6 shows sharp signals in the aromatic region
from 8.57 to 7.75 ppm. On the other hand, in D2O the aro-
matic signals became broad, and the region is significantly
upfield-shifted from 8.12 to 7.40 ppm. This is due to the
shielding effect of aromatic systems with each other as a re-
sult of π–π stacking interactions.35,36 These observations fur-
ther indicate that FAT is going to self-assemble through π–π
stacking interactions in D2O, whereas in DMSO‑d6 they exist
as isolated molecules.

To know the morphology of self-assembled aggregates of
FAT, 0.3 mM aqueous solution of FAT is spin-coated on sili-
con wafer and dried under vacuum. When visualized these
samples using FE‑SEM (Figure 1d), a 2D nanosheet like mor-
phology was observed, which is further supported by TEM
and AFM measurements (Figures 1e and S9). From the AFM
images, the height of a single sheet is found to be nearly
2.5 nm (Figure S9). Based on these observations, we have
proposed the bilayer molecular packing of FAT molecules in
2D sheets where naphthalimides interact together to form
hydrophobic cavities and benzyl ammonium groups are ex-
posed to water (Figure 1g). However, no peaks in the low an-
gle in powder X‑ray diffraction (PXRD) were observed for
FAT (Figure S11). This indicates the absence of a long-range
2D crystalline order for FAT molecules in nanosheets. The
peak observed at 27.8° (2θ) corresponding to a d-spacing of
0.32 nm indicates the presence of π–π stacking interactions
between FATmolecules in the nanosheets (Figure S11). Later
we also conducted concentration-dependent studies in
water from 0.3 to 1.5mM (Figure S10). Interestingly, with
increasing concentration, the ratio of absorption band in
the 300–400 nm gradually increased and at 1.5mM, the ab-
sorbance was slightly higher than the band in the
200–300 nm region. However, no further shifts were ob-
served in the corresponding emission spectra. The morphol-

Scheme 1 a) Scheme for the synthesis of FAT. b) Schematic
representation of FAT molecular structure.
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ogy of FAT at higher concentrations indicates the presence of
large and thick sheets probably due to further stacking of
2D nanosheets (Figure S11).

Host–Guest Studies

Since FAT forms 2D nanosheets in water and is composed of
three aromatic hydrophobic naphthalimide panels, we ex-
plored it further for the solubilization of various hydro-
phobic organic semiconducting guest molecules in water.
For this purpose, we selected perylene, PDI, C60 and a

2D polymer as guest molecules. First, we investigated the
solubilization of perylene in water with the aid of FAT (Fig-
ure 2). Due to its hydrophobic nature, perylene is not soluble
in water but readily soluble in chloroform (Figures 2a and
S12). In chloroform, perylene shows major vibrationally re-
solved absorption peaks from 300 to 450 nm (Figure S12).
However, in water perylene alone is not soluble as evi-
denced by the absence of any absorption peaks from 300 to
450 nm in water (Figures 2b and S12). This is also further
evidenced from the photograph of perylene in water
(Figure 2a). Interestingly, when FAT and perylene were
mixed in water, the color of the solution turned yellow indi-

Figure 1 a) Electronic absorption spectra and b) emission spectra (λex = 345 nm) of FAT molecule in DMSO and water at 0.3mM concentration.
c) Photographs of FAT in water and DMSO under UV light. d) SEM and e) TEM images of FAT at 0.3mM concentration in water. f) 1H NMR spectra of the
aromatic region of FAT in DMSO‑d6 and D2O at 0.3mM concentration. g) Schematic representation of 2D self-assembly of FAT in the water.
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cating the solubilization of perylene inwater in the presence
of FAT (Figure 2a). In a typical experimental procedure, 5
equiv. of FAT (1.5 mM) are mixed with 1 equiv. of perylene
(0.3mM) in the solid state followed by the addition of water.
Next, we employed grinding and ultrasonication to have a
proper mixing of FAT and perylene. The resultant solution
was centrifuged to remove any insoluble perylene mole-
cules. The yellow color of the obtained (FAT)·(perylene) so-
lution clearly indicates the presence of perylene in water.
To confirm the presence of perylene in water, we recorded
the absorption spectra of (FAT)·(perylene) solution. The ab-
sorbance of FAT alone in water ends around ~410 nm,
whereas the (FAT)·(perylene) aqueous solution showed the
absorbance till 700 nm (Figure 2b). This clearly indicates
the solubilization of perylene in water by FAT as perylene
alone in water does not display any absorbance from 400 to
700 nm region. The possible driving forces for the solubiliza-
tion of perylene in water by FAT are hydrophobic and π–π
stacking between naphthalimide and perylene. For FAT
alone in water at 1.5mM, the absorbance of a longer wave-
length band is slightly higher than that of a shorter wave-
length band (Figure S10). However, upon perylene encapsu-
lation, the absorbance of the absorption band centered at
267 nm is higher than the band at 370 nm (Figure S13).
These observations further support the perylene (guest) en-

capsulation in FAT assemblies as it affects the stacking of
host (FAT) molecules due to π–π stacking interactions be-
tween the guest and the host in the host–guest complex. As
a result, the fluorescence intensity of (FAT)·(perylene) is
slightly higher than FAT alone (Figure 2c). In chloroform,
perylene is molecularly soluble without any π–π stacking as
evidenced by the higher absorbance of 0–0 transition than
0–1 transition (Figure S12). However, the absorption spec-
tra of perylene in (FAT)·(perylene) aqueous solution show
the higher absorbance for the 0–1 transition than the 0–0
transition and the appearance of a new broad absorption
band from 500 to 700 nm (Figure 2b). These observations
clearly indicate the presence of perylene aggregates in
(FAT)·(perylene) aqueous solution (Figure 2d).

To understand the importance of FAT, we have also pre-
pared flexible amphiphilic dictation (FAD) and compared
their water solubilizing ability toward perylene (see section
1.2 in the Supporting Information). The same protocol was
followed to prepare the host–guest complex of (FAD)·(pery-
lene). Even with 7 equiv. of FAD, the absorbance of perylene
in water is ~2.5 times lower compared to (FAT)·(perylene)
solution (Figure S14). This is also further evident from the
less intense yellow-colored solution (Figure S14). These ob-
servations indicate that the more the hydrophobic aromatic
units, the higher is the guest encapsulation behavior. More-
over, the tripodal structure of FAT also might play a more
important role than the linear structure of FAD for efficient
capture of guest molecules in water as the former can create
better hydrophobic pockets than the later.

Further we explored the host characteristics of FATwith
PDI molecule. PDIs are an important class of organic dyes
which are frequently employed as supramolecular building
blocks.37,38 The planar core of PDI dyes aggregate via π-stack-
ing interactions and exhibit strong absorption bands in the
visible region (Figure 3). 3,5-Diisopropylphenyl-substituted
PDI is insoluble in water and shows good solubility in CHCl3
(Figure S12). Like perylene, FAT could readily solubilize PDI
in water at room temperature upon encapsulation
(Figure 3a). The same protocol was followed for PDI also by
mixing it with 5 equiv. of FAT. After sequential water addi-
tion and centrifugation, a host–guest complex (FAT)·(PDI)
was formed as a clear, red aqueous solution (Figure 3a). The
formation of the host–guest complex was further confirmed
by measuring UV‑Vis spectra. The appearance of sharp in-
tense bands in the range of 400–600 nm confirmed the suc-
cessful formation of the host–guest complex between FAT
and PDI (Figure 3b). Similar to (FAT)·(perylene), the absorb-
ance of FAT at 267 nm is higher than the band at 371 nm
upon encapsulation of PDI (Figure S13). Moreover, the fluo-
rescence intensity of FAT in (FAT)·(PDI) complex is slightly
higher than FAT alone like in (FAT)·(perylene) (Figure 3c).
Since PDI is an electron acceptor, fluorescence quenching of
FAT is expected after PDI encapsulation due to charge-trans-
fer interactions. Instead, fluorescence enhancement of FAT

Figure 2 a) Photograph of perylene alone in water (left) and
encapsulation of perylene by FAT (1.5mM) molecule in water and the
photograph of resultant solution of (FAT)·(perylene) complex (right).
Procedures: i) manual grinding (5min), ii) water addition, and iii)
centrifugation. b) Electronic absorption spectra of FAT (1.5mM),
perylene and (FAT)·(perylene) complex in water. c) fluorescence spectra
(λex = 370 nm) of FAT (1.5mM), perylene and (FAT)·(perylene) complex in
water. The fluorescence intensity was corrected for the absorbance. d)
Schematic representation of formation of (FAT)·(perylene) complex.
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is observed. This could be due to the bulky substituents on
PDI which prevent the π–π stacking interactions between
naphthalimide of FAT and PDI although encapsulation takes
place through hydrophobic interactions. As a result, charge
transfer interactions between FAT and PDI are suppressed.
The increase in the emission of FAT after encapsulation of
PDI could be due to change of molecular packing as evi-
denced by the change of ratio of absorptions bands centered
at 267 and at 370 nm before and after encapsulation like in
the case of (FAT)·(perylene) complex (Figures S10 and S13).
To understand the state of PDI in (FAT)·(PDI) complex, we
analysed the ratio of 0–0 transition to 0–1 transition ab-
sorbance of PDI in chloroform and in (FAT)·(PDI) complex in
water. In chloroform, the ratio of 0–0 to 0–1 transition is
1.64, indicating the isolated nature of PDIs without any π–π
stacking interactions (Figure S12). However, in (FAT)·(PDI)
complex in water, ratio of 0–0 to 0–1 transition is reduced
to 1.12 (Figure 3b). This indicates the presence of both iso-
lated and assembled PDIs in (FAT)·(PDI) complex in water
(Figure 3d).

Inspired by the solubilization of perylene and PDI by FAT
in water, we next explored one of the well-known hydro-
phobic organic semiconductors, fullerene, C60.39,40 Owing to
the rigid aromatic buckyball structure, C60 alone is soluble
only in aromatic solvents like toluene and insoluble in water
(Figures 4a and S12). Interestingly, when C60 is mixed with

FAT in 1 :5 molar ratio using the procedure followed for per-
ylene and PDI, the resultant aqueous solution appears
brown in colour, indicating the solubilization of C60 in water
(Figure 4a). This is further supported by the appearance of
an absorption band in the range 400–550 nm in the UV‑Vis
spectrum, which is assignable to the encapsulated C60
(Figure 4b). In toluene, C60 (0.3mM) shows vibrationally re-
solved sharp absorption peaks due to the absence of any π–π
interactions among C60 molecules (Figure S12). On the other
hand, in the (FAT)·(C60) complex in water, C60 shows broad
absorption spectra from 400 to 700 nm (Figure 4b). This
could be due to the aggregation of C60 molecules after en-
capsulation in FAT 2D nanosheets in water (Figure 4d). In
contrast to perylene, the encapsulation of C60 slightly re-
duces the fluorescence of FAT probably due to charge-trans-
fer interactions as C60 is a strong electron acceptor
(Figure 4c).

The successful solubilization of one-dimensional small
molecules like perylene and PDI and zero-dimensional C60
has prompted us to explore the solubilization of a triquinox-
alinylene and benzoquinone (TQBQ)-derived 2D conjugated
ladder polymer inwater.41 TQBQ is a 2D‑conjugated covalent
organic polymer with high-performance energy storage
properties.41 Like TQBQ, many 2D organic polymers such as
covalent organic frameworks show interesting gas storage,
optoelectronic and energy storage functions.42 However,

Figure 4 a) Photograph of C60 (left) and encapsulation of C60 by FAT
molecule in water and photograph of resultant solutions of (FAT)·(C60)
complex in water. Procedures: i) manual grinding (5min), ii) water
addition, and iii) centrifugation. b) Electronic absorption spectra of FAT
(1.5mM), C60 and (FAT)·(C60) complex in water. c) Fluorescence emission
spectra of FAT and (FAT)·(C60) complex in water (λex = 370 nm). The
fluorescence intensity was corrected for the absorbance. d) Schematic
representation of formation of (FAT)·(C60) complex in water.

Figure 3 a) Photograph of PDI in water (left) and encapsulation of PDI
by FAT (1.5mM) molecule in water and photograph of resultant solution
of (FAT)·(PDI) complex and perylene in water. Procedures: i) manual
grinding (5min), ii) water addition, and iii) centrifugation. b) Electronic
absorption spectra of PDI, FAT and (FAT)·(PDI) complex in water. c)
fluorescence spectra of FAT and (FAT)·(PDI) complex in water
(λex = 370 nm). The fluorescence intensity was corrected for the
absorbance. d) Schematic representation of formation of (FAT)·(PDI)
complex in water.
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owing to the insolubility in many common organic solvents
and water, these materials are difficult to process, which
severally limits them for various applications. Interestingly,
when FAT (5mg) and TQBQ (1mg) polymer were mixed to-
gether followed by the addition of water and centrifugation
resulted in a black coloured solution (Figure 5a). Since TQBQ
alone is not soluble in water, the change of water colour to
dark brown when FAT and TQBQ are taken together indi-
cates the solubilization of TQBQ in water via the formation
of (FAT)·(TQBQ) complex (Figure 5 d). The formation of the
host–guest complex was further confirmed by UV absorp-
tion spectra (Figure 5b). The appearance of absorbance in
the range of 400–850 nm in water clearly indicated the
presence of TQBQ polymer (Figure 5b). The fluorescence in-
tensity of FAT slightly decreased after TQBQ encapsulation,
which could be due to charge-transfer interactions between
FAT and TQBQ because of the electron-deficient nature of
TQBQ like C60 (Figure 5c).

Conclusions

In conclusion, we have designed and synthesised a tripodal-
shaped flexible and amphiphilic naphthalimide trication

(FAT). FAT is easily synthesized in two steps from commer-
cially available materials. FAT is readily soluble in water and
self-assembles into 2D bilayer nanosheets in water with seg-
regated hydrophobic and hydrophilic domains. Moreover,
FAT effectively solubilizes various water-insoluble hydro-
phobic organic semiconducting small molecules such as per-
ylene, PDI and C60. Additionally, FAT is also effective to solu-
bilize a 2D‑conjugated organic ladder polymer, TQBQ. Hy-
drophobic, π–π stacking and charge-transfer interactions
are responsible for the solubilization of hydrophobic organic
semiconductors in water by FAT. We believe that the easy
synthesis of FAT allows us to extend this molecular design
to various other monoimide π-systems to explore host–
guest interactions and optoelectronic functions in water.

Experimental Section

Reagents were purchased at reagent grade from commercial
sources and used without further purification. 1H and
13C NMR spectra were recorded on a Bruker 400MHz spec-
trometer at 295 K, respectively, where chemical shifts (δ in
ppm) were determined by fixing the solvent peak position.
High-resolution mass spectra were recorded using electro-
spray ionization and Q‑TOF techniques. FT‑IR spectra were
recorded using a JASCO model FTIR-4600. Melting point
was recorded using a Tempo and Mettler FP1 melting point
apparatus in capillary tubes. Electronic absorption spectra
were recorded using a JASCOmodel V-770 UV‑Vis-NIR spec-
trophotometer in a screw-capped quartz cell of 1mm or
10mm optical path length. Fluorescence spectra were re-
corded using a JASCO model FP-8300 spectrometer in a
screw-capped quartz cell of 1mm or 10mm optical path
length. SEM measurements were performed on a JEOL
JIB4700F (FIB‑SEM). TEM images were recorded using a
transmission electron microscope (JEOL JEM 2100FX TEM,
Japan) at the accelerating voltage of 200 kV. AFM images
were recorded using Park (NX10). PXRD was recorded using
Rigaku (Rigaku Ultima IV, Rigaku) with a Cu target [Cu Kα1
radiation (λ = 1.54 Å)] as a radiation source.

Procedures

Synthesis of FAT
2,3-Naphthalene dicarboxylic anhydride (1, 400mg,
2.018mmol) was taken in a 50mL double-necked round
bottom flask and 20mL of dry toluene was added to it. To
the stirred solution of anhydride and toluene, N,N-dimethyl-
ethaneamine (2, 533mg, 6.05mmol) was added dropwise
for 5min. After 8 h of reflux of the reaction mixture, a clear
solution was obtained, which indicates the completion of
the reaction, then the solvent was removed under reduced
pressure. Compound 3 (433.23mg, 1.61mmol) was ob-

Figure 5 a) Photograph of TQBQ in water (left) and encapsulation of
TQBQ by FAT molecule in water and photograph of resultant
(FAT)·(TQBQ) complex and perylene in water. Procedures: i) manual
grinding (5min), ii) water addition, and iii) centrifugation. b) Electronic
absorption spectra of FTA (1.5mM), TQBQ and (FAT)·(TQBQ) complex in
water. c) Fluorescence emission spectra of FAT and (FAT)·(TQBQ)
complex in water (λex = 370 nm). The fluorescence intensity was
corrected for the absorbance. d) Schematic representation of formation
of (FAT)·(TQBQ) complex.
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tained as white powder in 80% yield. This was carried out to
the next step. Compound 3 (200mg, 0.745mmol) and 1,3,5-
TBB (4, 44.35mg, 0.124mmol) were again taken in a 50mL
round bottom flask in 20mL of chloroform and the reaction
mixture was refluxed for 6 h. The obtained precipitate was
filtered under reduced pressure and washed several times
with chloroform. The final product was obtained as a white
solid in 87% (693.16mg, 0.596mmol) yield. 1H NMR
(400MHz, DMSO‑d6) δ(ppm) = 8.57 (s, 6 H), 8.28 (dd,
J = 6.1, 3.3 Hz, 6 H), 8.02 (s, 3 H), 7.81 (dd, J = 6.2, 3.3 Hz,
6 H), 4.82 (s, 6 H), 4.29 (t, J = 6.8 Hz, 6 H), 3.79 (t, J = 6.5 Hz,
6 H), 3.21 (s, 18 H). 13C NMR δ(ppm) = 168.1, 139.5, 135.6,
130.8, 129.9, 128.1, 125.8, 65.6, 60.1, 50.0, 32.3. IR (KBr)
ν cm−1 = 3406.6, 2960.2, 1765.6, 1387.5, 1108.0, 768.4,
540.9, 478.2. HRMS: m/z calculated for [M + H]3+ is
307.1441, found 307.1419, m/z calculated for [M + H]2+ is
501.1756, found 501.1717, and m/z calculated for [M + H]1+

is 1081.2681, found 1081.2630. Melting point: 246 °C.
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