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ABSTRACT: We have achieved the first series of DAAQ-based 9 N

0 NH, 0 NH, 0O N, R O Ni
building blocks, viz.,, n-TIPS-DAAQs (n = 1—4), and unraveled a ] B'R RR R R R
NH, 0

rational design of their 7-extension. Sequentially increasing numbers  Ny,0 NH, 0
1,5-DAAQ

NH,0 R
3-TIPS-DAAQ

NH,0 R

1-TIPS-BrDAAQ 2-TIPS-DAAQ 4-TIPS-DAAQ

(n) of the exocyclic z-linkers showed (a) a systematic bathochromic
shift in both absorption and emission spectra, (b) selective
stabilization of the lowest-unoccupied molecular orbital (LUMO),
and (c) unselective changes in the Sy/S; states. To our surprise, the
LUMO level of 4-TIPS-DAAQ (—3.72 eV) was found to be

comparable to that of PCyBM.

1. INTRODUCTION

Among the common organic dyes and pigments, diaminoan-
thraquinones (DAAQs) (Figure 1) have grabbed attention as

O NH, 0 0 NH,

OO0 0T OO0
H,N

NH, O o} NH,

1,5-DAAQ 2,6-DAAQ 1,4-DAAQ

Figure 1. Isomers of DAAQs.

these have attractive photophysical properties and potential
toward applications in multiple important directions.' In
recent years, DAAQs have developed from the common
organic dyestuffs to coloring superhydrophobic cotton.” On
the other hand, N-substituted DAAQs are applied in LCD
panels,3 nonlinear optics,4 etc., which renders them important
materials for high-speed optical communication networks,
storage of information, optical switches, optical limiting
devices, nano-devices, etc. The reversible redox behavior of
the DAAQs makes them a suitable candidate in redox-flow
batteries,’ energy conversion devices,’ and electro-swing
carbon capture devices.” Recently, Yao et al. showed that
1,5-DAAQ carries potential as a material for advancement in
nanoscale optical devices, networks, and circuits.® Despite the
promising developments in these area, DAAQs with an
insightful work on the structure—property relationship in
such systems are scarce or limited to only N-substitutions.”
This hinders their potential applications in relevant fields. One
approach to further exploration of DAAQs could be inserting
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m-extendable anchoring group(s) on the anthraquinone part of
DAAQs to achieve elongated 7-systems. But extension of
DAAQ via common electrophilic substitution reactions or C—
H activation is not known in the DAAQ family, which may be
because of an outstanding synthetic challenge.

On the other hand, the attractive optoelectronic properties
of DAAQs are known to be dominated by a 7 — #*
transition.'® In particular, in polar solvents, DAAQ remains in
a dipolar form. As a result, various substitutions on the —NH,
groups can tune intramolecular charge transfer (ICT) to
different extents. But there exists no avenue to functionalize
the DAAQ dyes through any other position than the major
functional groups that build up the elegant chromophore. So,
any structure—property relationship between substitutions on
the anthraquinone core of the DAAQ and promising
improvements in optoelectronic properties is unknown. This
may be because of the lack of synthetic methods to substitute
the relatively inactive benzene rings in DAAQs toward
electrophilic substitutions. To achieve the DAAQ core in
multiple directions for z-extension and study the effect of
sequentially increasing number of identical substitutions on
optoelectronic properties, focus should be given not to
anticipate any steric factor due to the substitutions, which
could distort the planarity and impart additional electronic
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Scheme 1. Synthesis of n-TIPS-DAAQs
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Figure 2. (a) HMBC NMR spectra (relevant part) of 4-TIPS-DAAQ recorded at 298 K in CDCly; (b) experimental UV—vis spectra in
chloroform; and (c) computationally (TDDFT-B3LYP-6-31G(d)) obtained gas-phase UV—vis spectra of the DAAQs.

effects. Another feature that leads to interesting optoelectronic
properties is the intramolecular hydrogen bonding in 1,5-
DAAQ, unlike in 2,6-DAAQ.” Additionally, the aromatic ring
current in either sides of the central quinone ring in 1,4-
DAAAQ is not of uniform in nature unlike in 1,5-DAAQ. This
could hinder in achieving a building block with symmetrically
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delocalized 7-electrons. Considering these, we chose to
functionalize 1,5-DAAQ over its any other isomers. Con-
textually, we recently reported a novel method to selectively
brominate the 2- and 6-positions of 1,5-DAAQ."" Inspired by
that, we attempted to address the aforementioned problems by
systematically increasing the number of identical substitutions
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Scheme 2. Synthesis of 2 and 7z-extended derivative 2-Ph-DAAQ
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Figure 3. (a) Appearance of the DAAQs in the chloroform solution under different light sources; (b) emission spectra; (c) calculated (TDDFT-
B3LYP-6-31G(d)) transition dipole moments (TDMs); and (d) Stokes shift in chloroform. In (c) and (d) X-axes, 0 = 1,5-DAAQ, 1 = 1-TIPS-
BrDAAQ, 2 = 2-TIPS-DAAQ, 3 = 3-TIPS-DAAQ, and 4 = 4-TIPS-DAAQ. |E| = transition electric dipole moment. IM| = transition magnetic

dipole moment.

on 1,5-DAAQ without affecting the existing functional groups
and the planarity of the 1,5-DAAQ core.

2. RESULTS AND DISCUSSION

Our initial attempts to brominate 1,5-DAAQ, such as (i)
AlICl;-mediated bromination or (ii) use of the NBS/AIBN
mixture as a brominating agent resulted in very low or no
conversion to doubly brominated products la, respectively
(Scheme 1). So, perbromination was performed by adding
elemental bromine (2.5 equiv) to 1,5-DAAQ in glacial acetic
acid at room temperature. The resulting crude mixture of
bromo-DAAQs (la—c) underwent the Sonogashira coupling
with tri(isopropyl)silyl (TIPS) acetylene (3 equiv) in the
presence of copper(I) iodide and bis(triphenylphosphine)-
palladium(II) dichloride (Pd(PPh,),Cl,) to result in n-TIPS-
DAAQs (n = 1—4) within a single step. The TIPS-acetylene
groups provide outstanding solubility toward studying
optoelectronic properties in common organic solvents.

The perbrominated DAAQs were insoluble in common
organic solvents, which limited us to isolate and characterize
the mixture of la—c. So, the lingering question of
regioselectivity for such bromination in the presence of two
functional groups, i.e., >C=0 and —NH, in 1,5-DAAQ, was
unanswered. However, we could isolate the n-TIPS-DAAQs
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on a silica column using hexane/dichloromethane as an eluent
and characterize them by 'H, *C NMR, and HRMS.
Previously, we reported 2-TIPS-DAAQ with unambiguous
structural characterization.'! So, to confirm the structure of 3/
4-TIPS-DAAQs, an adequate method was used to perform 2D
correlation spectroscopy (COSY, HSQC, and HMBC) only
for 4-TIPS-DAAQ_(Figures S10—S12). No signal in COSY
and the presence of one signal in the aromatic region in HSQC
spectra confirmed an isolated secondary carbon atom (C3).
Most importantly, HMBC showed four signals correlating "H-
C(3) with the Cl1, C4a, Cl1, and C15, among which two
originated from correlation of the C-atom of the —C=C-
bond and the aromatic H-atom (Figure 2a). This confirms the
aforementioned structure of 4-TIPS-DAAQ (Scheme 1) and
the regioselectivity of the bromination reaction at 2-, 4, 6-, and
8-positions of 1,5-DAAQ."

To explore n-TIPS-DAAQs as potential building blocks, a
rational approach was demonstrated (Scheme 2). The TIPS
groups of 2-TIPS-DAAQ were removed using tet-
ra-"butylammonium fluoride with 91% vyield of 2. The
solubility of 2 was comparatively better than the perbromi-
nated mixture la—Ic. Despite that, "*C NMR spectra in THEF-
dg were reliably recorded. The Sonogashira coupling was
achieved with 2, iodobenzene, and Pd(PPh,),Cl, in triethyl-
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amine/THF (1/1) as a solvent under mild temperature
conditions. Thus, the undisturbed —NH, groups in n-TIPS-
DAAQ, 2, and 2-Ph-DAAQ leave open further options to
extend the core through either base or Cu(Il) catalyzed C—N
bond formation"® under mild conditions. We anticipate that
Scheme 2 will be suitable for all n-TIPS-DAAQs. Therefore,
this current design of s-extendable 1-5-DAAQ-based building
blocks could be flexible from both —C=C— and —NH, sites
for making longer z-conjugated systems, which was never
achieved so far, until this report. We anticipate that such
chemistry could be applied to several other systems of
significant interest with similar synthetic difficulties. In a
similar context of achieving synthetically challenging novel
building blocks, the selective bromination of ferylene diimide
under simple conditions by Rybtchinski et al."* can be referred,
which triggered the path to larger systems for superior organic
electronic materials.

The UV—vis spectra of the DAAQs displayed three major
transitions around 250, 270—350, and 360—620 nm (Figure
2b). The longest wavelength band can be ascribed to the 7 —
7* transition contributed mostly by the HOMO — LUMO
transition (Table S4). Appearance of the n-TIPS-DAAQs in
the solution varied from brick-red to purple (Figure 3a), which
was manifested by the systematic bathochromic shift in the
UV—vis spectra upon a sequential increase in the number of
TIPS-acetylenes (Table S1). This could be attributed to a
continuous decrease in the HOMO—LUMO gap (HLG) due
to extended 7-delocalization. This band was associated with a
noticeable vibronic shoulder. Polar solvents perturb the
electronic states of such molecules possessing permanent
dipole moment.'> So, to estimate the changes in the HLG
against the increasing number of the acetylene units, we used
the same solvent chloroform (a good solvent that avoids self-
aggregation of n-TIPS-DAAQs) for photophysical studies. We
did not observe substantial changes in the full-width-at-half-
maxima (FWHM) with increasing chromophore length, but
the vibronic shoulder appeared noticeably at a distance of 0.06
eV from the peak for 3-TIPS-DAAQ and 4-TIPS-DAAQ.
Remarkably, extending the building block 2 to two additional
phenyl rings on either sides of it in 2-Ph-DAAQ red-shifted the
n — m* transition by 23 nm while it showed 1.7 times
magnification of the molar extinction coefficient (& = 26 011
M~' cm™). This renders the preference to the latter to be used
as the active material in dye-sensitized solar cells (¢ > 26 000
M™ cm™ in the visible range) compared to the rest of the
dyes here.

Computationally obtained (TDDFT-B3LYP-6-31G(d))
spectra complemented the peaks and trends of bathochromic
shifts quite efficiently (Figure 2c). Any overall trend in the ¢
against the increase in n was not observed experimentally for
the n-TIPS-DAAQs, which was also supported by calculations
(Figure S17). The oscillator strength (f) was found to be
higher in all of the n-TIPS-DAAQs compared to 1,5-DAAQ.
This enhancement in f of the 7 — #* transition is because of
an increase in the magnitude of the transition electric dipole
moment (IEl) upon insertion of the acetylenes (Figures 3c and
S19 and Table S5). The highest value of ¢ for the # — #*
transition signifies an end-to-end 7z-conjugation in 2-TIPS-
DAAQ. Notably, in 3-TIPS-DAAQ and 4-TIPS-DAAQ, a
relatively higher electron density in the acetylene units
attached on either 4- or 8-positions of the 1,5-DAAQ core
was observed, compared to that on other acetylenes attached
to 2- and 6-positions (Tables 1 and S6). However, uniform

Table 1. Frontier Molecular Orbitals (FMOs) of 1,5-DAAQ
and 4-TIPS-DAAQ

HOMO LUMO
1,5' . . :&“
DAAQ vas L) 4
BTN o,
8, 292, 8, Y-,
?ft" ° ' ’ f)“. ‘e’ @ , ’
s | RogEL L | %8S
A 2, .
DAAQ .9 ‘?{:!f ’ Q.0 © ":j
J?Jt& ",/ ‘5:?‘,‘63 )fﬁ“}
> e g I Y

delocalization of the electron density in all paths of conjugation
was observed in their LUMO levels. A subtle decline in & with
systematically increasing n beyond 2-TIPS-DAAQ_is due to an
anomaly in the dipole strength (DS). The DS was controlled
by a stronger |El. Contextually, the more symmetric 2-TIPS-
DAAQ and 4-TIPS-DAAQ possessed the transition magnetic
dipole moment IMl as low as that of 1,5-DAAQ (nearly zero)
(Figure 3c). In comparison, less symmetric 1-TIPS-BrDAAQ,
3-TIPS-DAAQ, and hypothetical 1-TIPS-DAAQ garnered
significant magnitudes of IMIl. Thus, DS increased from 1,5-
DAAQ to 2-TIPS-DAAQ and then kept on decreasing
afterward. So, f varies in the same way which reflects in the
variation pattern of & as well. Remarkably, the 1.7 times
increase in € for 2-Ph-DAAQ compared to 2 in experimental
spectra could be explained by the 1.5 times increase in |El by
elongated end-to-end transition dipole compared to that of 2.
Only 4-TIPS-DAAQ displayed a distinctly separable
electronic transition within 270—350 nm in the computation-
ally obtained spectra. UV—vis spectra from the polarizable
continuum model (PCM) calculation (Figure S17) using
chloroform as a solvent could not provide any additional
insights. This band is comparable to the 270—350 nm band in
the experimentally obtained spectra with weak optical density.
It was constructed of several transitions to a LUMO level from
HOMO-n levels (n = 1, 2, etc.) in different n-TIPS-DAAQs.
On the other hand, the brightest peak in the UV—vis spectra is
mostly due to transition to a LUMO + 1 level from HOMO-n
levels (n = 1, 2, etc.). This band, constructed of several states
of similar oscillator strengths and contributed by nonrecurring
MOs in different n-TIPS-DAAQs, limits any further
discussion. Upon excitation of the DAAQs at their 4,(7 —
7*), yellow to pink emission was observed (Figure 3a).
Emission spectra (Figure 3b) displayed a bathochromic shift
upon increasing the number of z-linkers identically to their
absorption spectra (Table S1). Notably, the Stokes shift
(Figure 3d) and the number of vibronic structures remained
similar in all n-TIPS-DAAQs, which hints to the fact that the
m-extension does not preferably affect the properties of either
of the Sy or S; states significantly. The vibronic shoulder
became prominent in the oversubstituted n-TIPS-DAAQs (n >
2). The negligibly low quantum yields within the instrumental
error ranges limited us to build up further correlation.
n-TIPS-DAAQs displayed multiple redox phenomena
(Figure 4) in cyclic voltammetry (CV). Specially, the elegant
reversible cathodic reduction features of the DAAQ core in all
the newly synthesized molecules favor the design principle of
establishing 1,5-DAAQ-based building blocks. The HOMO
levels calculated from the onset oxidation potential (EQ..)
remained unaltered (~—5.3 eV) even after multiple acetylene
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Figure 4. Top CV of 1,5-DAAQ and n-TIPS-DAAQs in dichloro-
methane. Down, comparison of the HOMO—LUMO gap (HLG)
obtained from CV and DFT calculation (B3LYP-6-31G(d)); X-axis: O
= 1,5-DAAQ, 1 = 1-TIPS-BrDAAQ, 2 = 2-TIPS-DAAQ, 3 = 3-
TIPS-DAAQ, and 4 = 4-TIPS-DAAQ.

substitutions (Table S1). On the contrary, the LUMO levels
calculated from onset reduction potential (E®,) became
systematically stabilized. As a result, the HLG followed a
decreasing trend upon sequential insertion of acetylenes into
the DAAQ backbone. For example, the LUMO level was
stabilized significantly by 0.44 eV from 1,5-DAAQ to 4-TIPS-
DAAQ, which was reflected in the trend of change in the
solution state optical HOMO—LUMO gap (Egpt) (0.29 eV)
between the two. DFT calculations (DFT-B3LYP-6-31G(d))
complemented this lowering of the HLG elegantly. With
increasing n in n-TIPS-DAAQs, computationally obtained
HOMO levels were uplifted by a small factor, while the LUMO
levels were stabilized to a double extent. For example, from
1,5-DAAQ to 4-TIPS-DAAQ, the calculated (DFT-B3LYP-6-
31G(d)) energy of the HOMO increased from —5.55 to —5.37
eV but the LUMO stabilized from —2.44 to —2.83 eV (Figure
S18). Upon increasing n in n-TIPS-DAAQs, the quinoidal
character is not expected to differ substantially as bond length
alterations in the DAAQ core remained within 0.001 A
compared to that of 1,5-DAAQ. So, the lowering of the HLG
is a manifestation of increasing scope and directions of 7-
delocalization pathways. The selective stabilization of the
LUMO could be promising as it fulfills the criteria of lowering
the bandgap in extended s-systems toward application in
organic electronics. To our surprise, the LUMO (calculated
from CV) of 4-TIPS-DAAQ (—3.72 V) is remarkably close to
that of PC¢(BM (—3.70 eV), which fulfills the energy-match
criterion of an acceptor material in the recently evolvinlg and
promising research area of nonfullerene BHJ solar cells.'

3. CONCLUSIONS

In conclusion, we have successfully achieved a method to
sequentially install increasing number of pathways to extend
the elegant z-system 1,5-DAAQ without affecting the —NH,
and >C=0 groups and its planarity (Table S2). In addition,
extension of 2-TIPS-DAAQ_toward a longer 7-system 2-Ph-
DAAQ was achieved quite efficiently with high yield. Very
interestingly, the increasing number of acetylene substitutions
offered: (a) visual color changes of the DAAQs due to
differential absorption and emission, (b) selective stabilization
of the LUMO between the FMOs, and (c) unselective changes
in the properties of the Sy and S, states. DFT computation
complemented the trend observed in (a) ¢, (b) energy of the
FMOs, and (c) the HLGs. Additionally, n-TIPS-DAAQs were
found to be brighter in the UV—vis absorption spectra because
of stronger TDMs than 1,5-DAAQ. Elongation of 2 to 2-Ph-
DAAQ showed a bathochromic shift of 23 nm and 1.7 times of
hyperchromic shift in the 7 — 7* transition in UV—vis spectra.
CV displayed the signature pattern of two reversible reductions
in all n-TIPS-DAAQs. The selective stabilization of the
LUMO promises to design new n-type organic electronic
materials and low-bandgap materials. Notably, by sequentially
increasing the number of TIPS-acetylenes on the 1,5-DAAQ
core, we were able to achieve a LUMO energy of —3.72 eV for
4-TIPS-DAAQ, which is comparable to that of PC4BM. In n-
TIPS-DAAQs with attractive optoelectronic features, multiple
pathways for zm-extension could serve as important building
blocks toward materials for future applications in areas such as
organic electronics, dyes, optics, energy conversion devices.
Some of these applications are currently in progress.

4. EXPERIMENTAL SECTION

Commercially available reagents and chemicals were used
without further purification unless otherwise stated. Technical
grade 1,5-DAAQ (85%) was purchased from Sigma-Aldrich.
Column chromatography was performed using silica gel (100—
200 mesh). 'H and *C NMR spectra were recorded in the
solution on Bruker AVIII 400 MHz and 500 MH:z
spectrometers using tetramethylsilane (TMS) as an external
standard. The spectra were recorded using chloroform-d and
tetrahydrofuran-dg as solvents. Chemical shifts are expressed in
& (ppm) units. UV—vis absorption spectra were recorded using
an Agilent Cary-5000 spectrophotometer. The spectra were
measured using a quartz cuvette (1 cm) at 25 °C. The
absorption wavelengths are reported in nm with the molar
extinction coefficient ¢ (M~ cm™) in brackets. Steady state
fluorescence measurements were performed on a HORIBA
JOBIN YVON Fluoromax-4 spectrofluorometer with the
excitation/emission geometry at right angles. High-resolution
mass spectra were measured on an HR Q-TOF LCMS and
Waters Micromass GCT Premier Mass Spectrometer using ESI
in a positive mode.

For electrochemical measurements, dichloromethane was
used as a solvent containing 0.1 M tetra-"butylammonium
perchlorate (TBAPC) as an electrolyte. Ag/AgCl was used as a
pseudo-reference electrode by dipping a silver wire in an
aqueous solution of FeCl; and HCIL Platinum-disk and
platinum-wire electrodes were applied as working and counter
electrodes, respectively. All electrochemical measurements
were performed under a dry nitrogen atmosphere. Anhydrous
dichloromethane was purchased from Sigma-Aldrich and used
as received. The half-wave oxidation potential for the
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ferrocene/ferrocenium couple (Elf%F ©) was externally meas-

ured to be 0.47 V under identical conditions used for other
experiments.

4.1. Synthesis of the Brominated 1,5-DAAQs (1a—c).
4.1.1. Bromination Using Elemental Bromine and
Aluminum(lll) Chloride. In a two-neck round-bottom (RB)
flask were added aluminum(IIl) chloride (1.93 g, 14.44
mmol), 1,5-DAAQ (85%, 1 g, 3.61 mmol), and bromine
(0.74 mL, 14. 44 mmol) under an inert atmosphere, and it was
heated to 59 °C for 72 h. The reaction, monitored by '"H NMR
spectra, did not show any progress further. The reaction
mixture was taken to a chilled bath, quenched with ice. The
resulting mixture was filtered through a Biichner funnel and
washed with excess of water and dried to afford a reddish-
brown solid 1a'” (143 mg, 10%). 'H NMR (400 MHz,
CDCL,) & (ppm) 7.80 (d, J = 8.0 Hz, 2H), 7.51 (d, ] = 8.0 Hz,
2H).

4.1.2. Bromination Using Elemental Bromine and Glacial
Acetic Acid. In a solution of 1,5-DAAQ (85%, 1.00 g, 3.61
mmol) in glacial acetic acid (10 mL) was added a solution of
elemental bromine (0.46 mL, 9.03 mmol) in glacial acetic acid
(5 mL). The reaction mixture was kept under stirring for 6 h
and then filtered through a Whatman 42 filter paper kept on a
Biichner funnel under vacuum. The filtrate was washed
sequentially with water (100 mL), 30% sodium bicarbonate
solution (50 mL), and water (100 mL) to leave a dark brown
solid. This crude solid was used for the next step without
further purification.

4.2. Synthesis of n-TIPS-DAAQs. The aforementioned
brown crude solid la—c (1.77 g) was added to a thoroughly
purged solution of THF (20 mL) and triethylamine (15 mL)
kept in an oven-dried two-neck RB flask equipped with a
magnetic stirrer and a condenser and purged thoroughly with
nitrogen for 20 min. Triisopropylsilyl acetylene (2.02 mL, 9.03
mmol) and Cul (0.17 g 0.90 mmol) were added to the
mixture under a positive nitrogen flow followed by Pd-
(PPh;),Cl, (0.32 g, 0.45 mmol). The mixture was then heated
to reflux for 4 h. The solvent was removed in a rotavapor, and
the resulting semi-solid mixture was subjected to silica gel
chromatography using hexane to dichloromethane/hexane
(3:17) to afford n-TIPS-DAAQs. Overall isolated yields of
two steps are reported here.

4.2.1. 1-TIPS-BrDAAQ. Brownish-red solid (224 mg, 13%).
'H NMR (400 MHz, CDCL,) 5 (ppm) 7.77 (d, J = 8.1 Hz,
2H), 7.64 (d, ] = 8.1 Hz, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.49
(d, ] = 8.1 Hz, 2H), 1.16 (d, ] = 3.8 Hz, 21H). *C NMR (126
MHz, CDCl,) 6 (ppm) 184.6, 151.4, 147.6, 137.8, 137.6,
134.88, 134.85, 116.7, 116.5, 115.6, 115.3, 114.4, 112.9, 102.0,
101.7, 18.7, 11.2. HR-ESI-MS m/z (%): calcd for
CysH;30BrN,0,Si* ([M + HJ"), 497.1260; found 497.1283.
UV—vis (CHCL): A, (&) = 258(38775), 285(11012), 505
nm (13345 M~ cm™).

4.2.2. 2-TIPS-DAAQ. Dark red solid (958 mg, 45%). 'H
NMR (400 MHz, CDCl,) 5 (ppm) 7.63 (d, J = 7.8 Hz, 2H),
7.55(d, J = 7.8 Hz, 2H), 1.16 (br, 42H). 3C NMR (126 MHz,
CDClLy) & (ppm) 184.9, 1514, 137.5, 135.1, 1154, 115.0,
113.2,101.8, 101.8, 18.7, 11.2. HR-ESI-MS m/z (%): calcd for
Cy6Hg N,0,85," ([M + H]*), $99.3474; found 599.3489. UV—
vis (CHCLy): A, (e) = 265(59229), 297(10522),
315(9279), 517 nm (17169 M~! cm™).

4.2.3. 3-TIPS-DAAQ. Dark pink solid (639 mg, 26%). 'H
NMR (400 MHz, CDCl;) § (ppm) 7.72 (s, 1H), 7.61 (d, ] =
7.9 Hz, 1H), 7.51 (d, ] = 7.8 Hz, 1H), 1.21-1.15 (m, 63H).

3C NMR (126 MHz, CDCl;) § (ppm) 184.8, 183.6, 151.1,
151.0, 144.2, 137.2, 136.1, 134.3, 114.9, 114.8, 114.7, 113.6,
113.1, 111.4, 106.9, 102.1, 102.0, 101.5, 100.6, 94.8, 18.8,
18.77, 18.75, 11.5, 11.26, 11.24. HR-ESI-MS m/z (%): calcd
for C4,7H,1N,0,Si," ([M + H]J"), 779.4823; found 779.484S.
UV—vis (CHCL): A, (¢) = 271(61 145), 319(12 611), 533
nm (15000 M~ cm™).

4.2.4. 4-TIPS-DAAQ. Deep purple solid (498 mg, 10%). 'H
NMR (400 MHz, CDCl;) § (ppm) 7.70 (s, 2H, H-C(3)),
1.20—1.16 (m, 84H, H-C(13), H-C(14), H-C(17), H-C(18)).
3C NMR (101 MHz, CDCl;) 6 (ppm) 183.7 (C9), 150.7
(C1), 143.9 (C3), 135.5 (C4a), 114.6 (C2), 113.7 (C4), 110.8
(C10a), 106.7 (C15), 102.0 (C16), 100.8 (C11), 94.6 (C12),
18.8 (C18), 18.7 (C14), 11.6 (C17), 11.2 (C13). HR-ESI-MS
m/z (%): caled for CsgHgN,0,Si, ([M + H]"), 959.6158;
found 959.6198. UV—vis (CHCL,): A, (¢) = 272(61294),
318(15708), 542 nm (14 816 M~ cm™).

4.3. Synthesis of 1,5-Diamino-2,6-diethynylanthracene-
9,10-dione (2). To a solution of 2-TIPS-DAAQ (500 mg, 0.84
mmol) in 20 mL of THF, kept under argon in a single-neck RB
flask was added the tetra-"butylammonium fluoride (TBAF)
solution (1 M in THF, 1.67 mL) dropwise at 0 °C. Then, the
reaction mixture was stirred at room temperature for an
additional 2 h. Then, THF was evaporated off in a rotavapor,
and the resulting semisolid crude was directly subjected to
silica gel column chromatography using methanol/DCM (1:9)
to obtain a brick-red solid 2 (217 mg, 91%). '"H NMR (500
MHz, CDCL,) 5 (ppm) 7.67 (d, J = 7.8 Hz, 2H), 7.57 (d, ] =
7.8 Hz, 2H), 3.65 (s, 1H). °C NMR (126 MHz, CDCl,) §
(ppm) 184.3, 151.9, 137.8, 135.6, 114.5, 113.6, 113.0, 87.5,
78.8. HR-ESI-MS m/z (%): calcd for C;gH;;N,0, ([M +
H]*), 287.0821; found 287.0811. UV—vis (CHCL,): A, (¢) =
243(42507), 496 nm (14981 M~ cm™).

4.4. Synthesis of 2-Ph-DAAQ. To a two-necked RB flask
kept under a positive Ar flow were added 2 (200 mg, 0.70
mmol), iodobenzene (356 mg, 1.75 mmol), Pd(PPh;),Cl, (24
mg, 0.03 mmol), and Cul (13 mg, 0.06 mmol). THF (10 mL)
and triethylamine (10 mL) were purged with Ar for 10 min
and then added to the previously mixed reagents, and the
reaction mixture was stirred for 2 h at 40 °C until complete
consumption of 2 was observed by TLC. The solvent was
evaporated, and the reaction mixture was directly loaded on a
silica gel column and eluted with methanol/DCM (1:49) to
afford 2-Ph-DAAQ as a dark-purple solid (251 mg, 82%). 'H
NMR (500 MHz, CDCL,) & (ppm) 7.71 (d, ] = 7.8 Hz, 2H),
7.63 (d, ] = 7.8 Hz, 2H), 7.60 — 7.56 (m, 4H), 7.42 — 7.38 (m,
6H). C NMR (126 MHz, CDCL) § (ppm) 185.0, 151.0,
137.3, 135.1, 131.7, 129.1, 128.6, 122.3, 115.7, 114.9, 113.4,
99.1, 84.4. HR-ESI-MS m/z (%): caled for C3oH4N,O, ([M +
H]"), 439.1447; found 439.1464. UV—vis (CHCL,): A, (€) =
282(58262), 319(15277), 523 nm (26011 M~ cm™).
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