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Carbazole-based donor-acceptor compounds with tunable
HOMO-LUMO gaps were synthesized by Suzuki and Sono-
gashira cross-coupling reactions. Their optical and electro-
chemical properties were fully characterized. The results

show that materials with different emission colors ranging
from blue to green to orange could be obtained. The experi-
mental results were also supported by theoretical calcula-
tions.

Introduction

Donor-acceptor (D-A)-type conjugated molecules have
attracted increasing attention, as they can serve as efficient
electroluminescent (EL)!'-?l and nonlinear optical (NLO)
materials.* The EL and NLO performances of these mo-
lecules are effectively dependent on their HOMO-LUMO
or band gaps associated with intramolecular D-A interac-
tions. The strength of D-A interactions is determined by
donor and acceptor groups and the connecting  bridges.
Strong electron-donating or -accepting groups and short &
bridges often enhance D-A interactions, whereas weak elec-
tron-donating or -accepting groups and long m bridges
lower D-A interactions.” To utilize these characteristics in
practical optoelectronic materials, many conjugated poly-
mers based on carbazole, which is a good electron-donating
group, have been prepared and their properties were exten-
sively investigated.>®! However, carbazole-based conju-
gated small molecules of this series have only been scarcely
reported. Moreover, arylation at the 9-position of carb-
azoles leads to a shift in its highest occupied molecular or-
bital (HOMO) level to lower energy,!”! and this is helpful to
obtain a wider range of band gaps when associated with
proper acceptor groups. In this paper, we synthesize a series
of new D-A molecules (Scheme 1, compounds 1-4) com-
posed of carbazole moieties as the donor group and a
benzothiadiazole or anthracene moiety as the acceptor
part, through phenyl and phenylethynyl conjugated bridges.
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Intramolecular D-A interaction of these molecules was in-
vestigated by optical absorption and emission spectroscopy
as well as electrochemistry. Different emission colors rang-
ing from blue to green to orange were observed for these
compounds, and this is consistent with the theoretical cal-
culation results.

Results and Discussion

The synthesis of compounds 1-4 is outlined in Scheme 1.
The starting material 3,6-di-tert-butyl-9-[4-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)phenyl]-9 H-carbazole ~was
synthesized according to the literature!® and was treated
with 9,10-dibromoanthracene!® and 4,7-dibromobenzothia-
diazolel!'”! to obtain 1 and 3 through Suzuki reactions,!'!]
respectively. The other starting material, 3,6-di-fert-butyl-9-
(4-ethynylphenyl)-9 H-carbazole, was synthesized according
to a reported procedure,!'?l which was then subjected to
Sonogashira couplings!'*! with 9,10-dibromoanthracene
and 4,7-dibromobenzothiadiazole to afford 2 and 3, respec-
tively. Compounds 1-4 were all readily soluble in common
organic solvents such as toluene, dichloromethane, and
THEF. Their structures and purities were characterized and
verified by 'H and '3C NMR spectroscopy and HRMS.

The thermal stabilities of 1-4 were investigated by ther-
mogravimetric analysis (TGA), as shown in Figure 1. The
results reveal that the onset decomposition temperatures of
the compounds are all around 450 °C under a nitrogen at-
mosphere, which indicates that they are quite thermally
stable and can be used for various high-temperature pro-
cesses in the construction of electronic devices.

The absorption and emission spectra of 1-4 were mea-
sured in dichloromethane, and the relevant data are pre-
sented in Table 1. The absorption spectra of 1-4 show in-
tensive transitions in the UV region, with strong absorption
bands in the range 200-300 nm (Figure 2, Table 1). The
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Scheme 1. The synthesis of compounds 1-4. Reagents and conditions: (i) 3,6-di-zert-butyl-9-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyl]-9 H-carbazole, Pd(PPh;),, 2 M K,COj3 (aq.), PPhs, aliquat 336, toluene, reflux, 24 h; (ii) 3,6-di-zerz-butyl-9-(4-ethynylphenyl)-

9 H-carbazole, PACl,(PPhjs),, Cul, (iPr),NH, 80 °C, 24 h.
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Figure 1. TGA plots of 1-4 with a heating rate of 10 °Cmin~! under
a N, atmosphere.

bands at about 240 and 296 nm for these compounds are
assigned to carbazole-centered transitions.['¥l For 1 and 2,
peaks at ca. 350-400 nm with characteristic vibronic pat-
terns are attributed to the n—m* transition of anthracene,!”!
whereas the absorption features of 3 and 4 at wavelengths
in the 300-350 nm region show moderately strong ab-
sorbances, which are assigned to the m—n* absorption band
of benzothiadiazole."®! Apart from the characteristic ab-
sorptions of the donors and acceptors, the solution spectra
of 1-4 show new broad bands at a longer wavelength of
400-500 nm, which depends on their effective conjugation
lengths.'7 Among the four compounds, 1 exhibits the low-
est wavelength for this new band and thus has the shortest
effective conjugation length along the molecule, whereas the
longest effective conjugation length is observed for 2 from
its onset absorption in the ground state. Out-of-plane twist-
ing of the phenyl ring from the central anthracene possibly
deteriorates the extended n-conjugation through compound
1,181 whereas the longest effective conjugation length of 2
may be due to the coplanar conformation of the anthracene
and ethynylene groups, as reported before.['”] It can be seen
from Table 1 that the optical HOMO-LUMO gap of 3 is
smaller than that of 1, indicating a greater delocalization of
electrons in 3. This result confirms that changing the elec-
tron affinity of the acceptors could effectively modulate the
HOMO-LUMO gaps of the molecules and that the benzo-
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thiadiazole moiety is a stronger electron acceptor than the
anthracene moiety; however, this argument fails to explain
the similarity of the HOMO-LUMO gaps between 2 and
4, which have anthracene and benzothiadiazole moieties as
their acceptors. This phenomenon may be attributed to the
greater interaction between the anthracene and ethynylene
groups than that between the benzothiadiazole and ethyny-
lene groups.'”! In addition to the acceptors combined to
the donor chromophores, n-bridges are also known to play
an important role in determining the conjugation lengths of
these compounds.[?Y! In this case, insertion of an ethynylene
spacer results in longer onset wavelengths of 2 and 4 than
those of 1 and 3, indicating longer effective conjugation
lengths and smaller HOMO-LUMO gaps of 2 and 4 than
those of 1 and 3, respectively. To gain further insight into
the photophysical process within these compounds, we in-
vestigated their absorption behaviors in different solvents.
The absorption spectra in different solvents (not shown) are
nearly independent of solvent polarity, which indicates a
negligible intramolecular charge-transfer process between
donor and acceptor chromophores in the ground states.*!!

Table 1. Optical properties of 1-4.

Amax,abs [nm][a] )”max,em [nm][b] Eg [eV][C]
1 246, 298, 377, 397 440 2.95
2 238, 297, 458, 479 507 2.40
3 244, 298, 347, 415 581 2.57
4 239, 297, 327, 442 607 243

[a] Measured in CH,Cl, solution (concentrations 1: 6.6 X 1076 m; 2:
50xX10°m; 3: 8.1X10°M; 4: 7.8X10°Mm). [b] Measured in
CH,CI, solution (1 X 107% m). [c] Optical HOMO-LUMO gap de-
rived from the onset wavelength of UV/Vis absorption spectra of
1-4.

The maximum emission wavelengths A,., in dichloro-
methane for 1-4 are 440, 507, 581, and 607 nm, respectively
(Figure 3). Redshifts in the fluorescence spectra were ob-
served, indicating more effective conjugation on going from
1 to 4 in the excited state. A more intuitive redshift in the
emission features could be observed during the photograph
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Figure 2. Absorption spectra of 1-4 in degassed dichloromethane
(concentrations 1: 6.6 X 10°°M; 2: 50X 10°°m; 3: 8.1 X 10°° m; 4
7.8 X 10°° M, different concentrations were used for the purpose of
optimal absorbance).

experiment. When irradiated with UV light at 365 nm, the
emission colors of the compounds ranging from blue to
green to orange were observed (see graphic in the Table of
Contents). Compound 1 and 2 exhibit a featureless emis-
sion, displaying normal Stoke shifts of ca. 2589 and
1690 cm™!, which could be assigned to the locally excited
singlet m—m* emissions.?” Compounds 3 and 4 are species
containing donor (the carbazole moieties) and acceptor (the
benzothiadiazole group) subunits and in which rotation of
the donor part of the molecule with respect to the acceptor
part is allowed. As such, twisted intramolecular charge-
transfer (TICT) excited states and luminescence might be
observed for 3 and 4.1 This is true and supported by the
following results:®4 (i) The large Stoke shifts of ca. 7059
and 5748 cm™! for 3 and 4, respectively. (ii) The broad fea-
tureless shape of the emission spectra. (iii) The solvent de-
pendence of the emission spectra, as shown in Figure 4 for
compound 3 and 4. For such species, the emission band
strongly moves to the red upon increasing the polarity of
the solvents from heptane, dioxane, THF, and dichloro-
methane to MeCN. The emission maximum of 3 and 4
shifted significantly to the longer wavelength region by ca.
100 nm (from 511 nm in heptane to 611 nm in MeCN)
along with a decrease in the fluorescence intensity. The
decreasing emission with increasing polarity of the solvent
is mainly attributed to the lower solubility of 3 and 4 in
polar solvents. This can increase the intermolecular vib-
ronic interactions of 3 and 4, respectively, which induce the
nonradiative deactivation process, that is, fluorescence
quenching, such as excitonic coupling and excimer forma-

Intensity (a.u.)

400 500 600 700 800
Wavelength (nm)

Figure 3. Room-temperature corrected emission profiles of
1 X10°° M solutions of 1-4 in dichloromethane (/¢ 1: 395 nm; 2:
467 nm; 3: 412 nm; 4: 450 nm).
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tions.?’l All the compounds give relatively high fluores-
cence quantum yields (@pp) in dichloromethane solution:
0.6 for 1, 0.55 for 2, 0.30 for 3, and 0.35 for 4 (Rhoda-
mine B as the standard, ®p; = 0.65 in ethanol).l’]
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Figure 4. Room-temperature uncorrected emission spectra of 3 and
4 in heptane, dioxane, THE, dichloromethane, and MeCN at
1X10°°M (Aex 3: 412 nm; 4: 450 nm).

The maximum emission wavelengths A,,,, in thin films of
1-4 are 439, 506, 550, and 557 nm, respectively (Figure 5).
The thin film emission spectra of 1 and 2 are similar to
those in dichloromethane solution, but obvious blueshifts
of the fluorescence emissions for 3 and 4 are observed in
thin films compared to those in dichloromethane solutions.
The blueshifts can be explained by the fact that in the solid
state, compounds 3 and 4 possess a narrower distribution of
conformations, which gives rise to a higher energy HOMO-
LUMO gap in the excited states.

Intensity (a.u.)
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Figure 5. Room-temperature corrected emission spectra of 1, 2, 3,
and 4 recorded in thin films spin-coated from dichloromethane
solutions on quartz substrate (4. 1: 400 nm; 2: 464 nm; 3: 422 nm;
4: 450 nm).

The redox properties of 1-4 have been investigated in
dichloromethane as shown in Figure 6, and the results are
summarized in Table 2. From cyclic voltammetry measure-
ments, compounds 1 and 2 were found to exhibit a single
reversible oxidation process at 1.17 and 1.21 V vs. SCE,
which could be assigned to simultaneous one-electron oxi-
dation of the two carbazole units.?®! Such an outcome may
1683
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be due to the noncoplanarity of the central anthracene with
9,10-substituents, which results in negligible electronic in-
teractions between the carbazole units.'® Similarly for
compounds 3 and 4, there exists a single reversible oxi-
dation process at 1.15 and 1.17 V vs. SCE, which could be
also assigned to simultaneous one-electron oxidation of the
two carbazole units. Similar results for benzoselenadiazole
derivatives have been reported before.?”) The similarity of
the oxidation potentials of 1-4 suggests that the interac-
tions between donor groups (carbazole moieties) and ac-
ceptor (benzothiadiazole or anthracene groups) are weak in
the ground state. As such, the HOMO energy levels of the
four compounds, which come from their onset oxidation
potentials, are close to each other. Apart from the oxidation
process, compounds 3 and 4 also show a single reversible
reduction process at —1.43 and -1.22 V vs. SCE. The re-
duction potential of 4 shifts positively compared to that of
3 upon insertion of the ethynylene segment into the conju-
gation bridge. This indicates that the reduction in 4 origi-
nates from the diethynylbenzothiadiazole low HOMO-
LUMO gap chromophore, whereas in 3, it originates from
the benzothiadiazole segment. Similar observations were re-
ported earlier for the dithienylbenzothiadiazole deriva-
tives.>281 Thus, as shown in Table 2, the relatively smaller
HOMO-LUMO gap of 4 compared to that of 3 is ascribed
to the much lower lowest unoccupied molecular orbital
(LUMO) energy level of 4. Compounds 3 and 4 both un-
dergo remarkably reversible oxidation and reduction pro-
cesses, suggesting their potential use for bipolar charge
transport properties.>”] This is also supported by the fol-
lowing theoretical results.

1 2

‘ 1 E(\V o5 SCE) 4 2 2

1 0 A
E (V vs SCE)

1 0 -1 1 0 A
E (V vs SCE) E (V vs SCE)

Figure 6. Cyclic voltammograms of 1-4 with a concentration of
0.01 M in 0.1 m BuyNPF/CH,Cl, with a glassy carbon electrode at
a scan rate of 100 mVs!. A platinum wire and an SCE were used
as the counter and reference electrode, respectively.

To provide further evidence for the observed electronic
properties of these compounds, theoretical calculations
were carried out with the Gaussian 03 packages®” on an
NK Star Supercomputer by using the B3LYP/6-31G(d)//
1684
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Table 2. Electrochemical properties and calculated energy differ-
ences of 1-4.

Oxidation®  Reduction®™ HOMO/LUMO HOMO-LUMO gap'!
Epd B [VIP - Epd B [V [eV] [eV]

1 1.26/1.08 547/

2 129113 —5.48/

3 1.22/1.08 —1.38/-1.48 —5.45/-3.08 237

4  1.26/1.09 —1.12/-1.33 —5.48/-3.26 222

[a] Determined by cyclic voltammetry in CH,Cl, with SCE as an
reference electrode. Scan rate of 100 mV's ', [b] E,,, and E,, stand
for anodic peak potential and cathodic peak potential, respectively.
[clHOMO/LUMO = —(Egpe; + 4.4) eV. [d] Cyclic voltammetric
HOMO-LUMO gap derived from the difference between HOMO
and LUMO energy levels.

AM1/AMI1 model, which was shown to be capable of accu-
rately evaluating the ionization potentials (a property of the
HOMO) of polysubstituted aromatics.?!3?! For conve-
nience purposes, the terz-butyl groups, which have a minor
influence on the electronic properties of the conjugated mo-
lecules, were displaced by hydrogen atoms. The geometry of
each species was fully optimized at the AM1 level with no
symmetry constraints. For the molecules that have more
than one possible conformation, the conformation with the
lowest electronic energy was singled out and used in the
ensuing calculations. Frequency calculations were com-
puted on these geometries at the same level to verify that
they are real minimums on the potential energy surface
without any imaginary frequency. Subsequently, single-
point electronic energy calculation on the optimized geome-
tries were performed at the B3LYP/6-31G(d) level of theory.

The contours of the HOMO and LUMO of the four
compounds are shown in Figure 7, from which we can see
that the HOMOs of these compounds are delocalized
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Figure 7. HOMO and LUMO of 1-4 calculated at B3LYP/6-
31G(d)//AM1/AML.
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among the whole molecules. The shapes of the HOMOs
look very similar to each other for 1 and 2 and for 3 and
4. The LUMOs of these compounds are delocalized
through the acceptors and © bridges. Thus, when the transi-
tion occurs from the HOMO to the LUMO by photoexcit-
ation, the LUMO plays an important role in discriminating
between the photoluminescence properties of these com-
pounds. The calculated HOMO-LUMO gaps for 1-4 were
calculated to be 3.42, 2.50, 2.79, and 2.51 eV, respectively.
The calculated results are in good agreement with the ex-
perimental values of 2.40-2.95 ¢V from optical absorption
spectra. The difference among the HOMO-LUMUO gaps for
these compounds is mainly caused by the LUMO energy
level. The LUMO energy can be lowered when the LUMO
is delocalized over more space,*?! and this is particularly
the case for compound 4, as seen in Figure 7 and Table 3.
In general, the trends of the molecular properties obtained
by calculations are in good agreement with the experimen-
tal results.

Table 3. Calculated, cyclic voltammetric and optical HOMO-
LUMO gap of compounds 1-4.

HOMO  LUMO AE ES ESM

[eV] [eV] [eV] [eV]™! [eV]©

1 -5.18 176 3.42 - 2.95
2 4.86 236 2.50 - 2.40
3 -5.29 -2.50 2.79 2.37 2.57
4 -5.22 271 2.51 222 2.43

[a] AE calculated at B3LYP/6-31G(d)/AM1/AMI1. [b] Cyclic vol-
tammetric HOMO-LUMO gap. [c] Optical HOMO-LUMO gap.

Conclusions

A series of donor—acceptor compounds featuring carb-
azole moieties as the electron-donating units have been suc-
cessfully prepared by Suzuki and Sonogashira cross-cou-
pling reactions. The absorption, emission, electrochemical
properties, as well as the HOMO-LUMO gaps of these di-
polar compounds are significantly affected by the different
acceptors and © bridges. Theoretical calculations provided
further evidence for the observed electronic properties. De-
pending on the degree on effective © conjugation within
these compounds associated with their HOMO-LUMO
gaps, materials 1-4 show redshifted optoelectronic proper-
ties with different emission colors ranging from blue to
green to orange. Thus, by modifying each part of the D-A
molecules, particularly the m bridges, the HOMO-LUMO
gaps of these molecules could be tuned in a controlled way.
Further work for this tuning, solid fluorescence properties,
and the optoelectronic application studies for these molec-
ules are in progress.

Experimental Section

Methods and Materials: Unless stated otherwise, all chemicals and
reagents were purchased reagent-grade and used without further
purification. Solvents were purified by standard methods. All ma-
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nipulations were performed under a dry argon atmosphere by using
standard Schlenk techniques. 'H NMR and !3C NMR spectra were
recorded with a Bruker AC-300 spectrometer. Chemical shifts, o,
were reported in parts per million relative to the internal standard
TMS. Mass spectra (MS) were recorded by using an LCQ Advan-
tage mass spectrometer. High-resolution mass spectra (HRMS)
were recorded with a VG ZAB-HS mass spectrometer. Thermo-
gravimetric analysis (TGA) measurement was performed with a TA
instrument SDT-TG Q600 under an atmosphere of N, at a heating
rate of 10 °Cmin'. UV spectra were recorded with a JASCO-V570
spectrometer. Cyclic voltammetry (CV) measurements were per-
formed with an LK98B II microcomputer-based electrochemical
analyzer at room temperature with a three-electrode cell in a solu-
tion of BuyNPF (0.1 M) in dichloromethane at a scanning rate of
100 mVs'. A platinum wire was used as a counter electrode, and
an SCE electrode was used as a reference electrode. After measure-
ment the reference electrode was calibrated with ferrocene (Fc).
For steady-state luminescence measurements, a Jobin Yvon Horiba
spectrometer was used. 3,6-Di-zert-butyl-9-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]-9 H-carbazole,[¥!  9,10-dibromoan-
thracene, 4,7-dibromobenzo[1,2,5]thiadiazole,['”) and 3,6-di-rert-
butyl-9-(4-ethynylphenyl)-9 H-carbazolel'?l were prepared accord-
ing to previously reported procedures and showed identical spectro-
scopic properties to those reported therein.

Compound 1: A solution of 9,10-dibromoanthracene (157.9 mg,
0.47 mmol), 3,6-di-tert-butyl-9-[4-(4,4,5,5-tetramethyl-1,3,2-dioxa-
borolan-2-yl)phenyl]-9 H-carbazole (500 mg, 1.04 mmol), Pd(PPh;),
(55 mg, 0.05 mmol), aqueous K,CO3 (2 M, 6 mL, 11.6 mmol), PPh;
(40 mg, 0.15 mmol), and aliquat 336 (2 drops) in toluene (30 mL)
was heated at reflux for 24 h. The mixture was quenched with water
after cooling back to room temperature and extracted with dichlo-
romethane. The combined organic extracts were dried with anhy-
drous Na,SO, and concentrated by rotary evaporation. The residue
was purified by flash chromatography on silica (CH,Cl,/hexane,
1:8) to obtain the pure compound as a colorless solid. (289 mg,
69%). "H NMR (300 MHz, CDCl;, TMS): 6 = 8.23 (s, 4 H, ArH),
7.93 (dd, J = 3.27, 3.24 Hz, 4 H, ArH), 7.86 (d, J = 8.3 Hz, 4 H,
ArH), 7.74 (d, J = 8.3 Hz, 4 H, ArH), 7.66 (d, J = 8.6 Hz, 4 H,
ArH), 7.58 (d, J = 8.7 Hz, 4 H, ArH), 7.50 (dd, J = 3.2, 3.2 Hz, 4
H, ArH), 1.53 [s, 36 H, C(CH3);] ppm. '3C NMR (75 MHz,
CDCl;): 6 = 143.1, 139.3, 137.7, 137.6, 136.5, 132.7, 130.1, 126.9,
126.5, 125.4, 123.7, 123.6, 116.3, 109.4, 34.8, 32.0 ppm. HRMS
(MALDI): caled. for CgsHgyN,> [M]* 884.5070; found 884.5061.
CesHgaN5 (885.25): caled. C 89.55, H 7.29, N 3.16; found C §89.49,
H 7.33, N 3.20.

Compound 2: A solution of 9,10-dibromoanthracene (168 mg,
0.5 mmol) and 3,6-di-zert-butyl-9-(4-ethynylphenyl)-9 H-carbazole
(379 mg, 1 mmol) in diisopropylamine (10 mL) was added to
PdCl,(PPhs), (70 mg, 0.1 mmol) and copper(I) iodide (19 mg,
0.1 mmol). After the mixture was stirred at 80 °C for 12 h, the reac-
tion mixture was poured into water and extracted with dichloro-
methane. The combined organic layer was neutralized with 1N
HCI, washed with brine, dried with anhydrous Na,SO,, and con-
centrated by rotary evaporation. The residue was purified by flash
chromatography on silica (CH,Cl,/hexane, 1:6) to obtain the pure
compound as a red solid (117 mg, 25%). '"H NMR (300 MHz,
CDCl;, TMS): 0 = 8.77 (dd, J = 3.3, 3.3 Hz, 4 H, ArH), 8.16 (d, J
= 1.3Hz, 4 H, ArH), 8.01 (d, J = 8.5Hz, 4 H, ArH), 7.70 (m, 8
H, ArH), 7.52 (dd, J = 8.6, 1.9 Hz, 4 H, ArH), 7.46 (d, / = 8.4 Hz,
4 H, ArH), 1.49 [s, 36 H, C(CH;);] ppm. '*C NMR (75 MHz,
CDCly): 6 = 143.4, 143.3, 138.9, 138.7, 138.6, 134.0, 133.1, 132.2,
127.3, 1269, 126.6, 126.4, 123.8, 123.7, 116.3, 109.2, 34.7,
32.0 ppm. HRMS (MALDI): caled. for C;0HgsN, [M + HJ*
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933.5148; found 933.5139. CyoHesN, (933.29): caled. C 90.09, H
6.91, N 3.00; found C 90.03, H 6.96, N 3.01.

Compound 3: A solution of 4,7-dibromobenzo[l,2,5]thiadiazole
(111 mg, 0.37 mmol), 3,6-di-zert-butyl-9-[4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)phenyl]-9 H-carbazole ~ (400 mg,  0.833
mmol), Pd(PPhs), (55 mg, 0.05 mmol), aqueous K,CO5 (2 M, 6 mL,
11.6 mmol), PPh; (40 mg, 0.15 mmol), and aliquat 336 (2 drops) in
toluene (30 mL) was heated at reflux for 24 h. The mixture was
quenched with water after cooling back to room temperature and
extracted with dichloromethane. The combined organic extract was
dried with anhydrous Na,SO, and concentrated by rotary evapora-
tion. The residue was purified by flash chromatography on silica
(CH,Cly/hexane, 1:3) to obtain the pure compound as a light-yel-
low solid (319 mg, 70%). 'THNMR (300 MHz, CDCl;, TMS): § =
8.27 (d, J = 8.5Hz, 4 H, ArH), 8.19 (s, 4 H, ArH), 7.99 (s, 2 H,
ArH), 7.80 (d, J = 8.5Hz, 4 H, ArH), 7.55-7.50 (m, 8 H, ArH),
1.50 [s, 36 H, C(CHj3)3] ppm. '*C NMR (75 MHz, CDCl;): § =
153.0, 142.0, 138.0, 137.4, 134.6, 131.5, 129.5, 127.2, 125.6, 122.6,
122.5, 115.2, 108.3, 33.7, 31.1 ppm. HRMS (MALDI): calcd. for
CsgHssN,S [M]*" 842.4382; found 842.4376. CsgHsgN,S (843.18):
caled. C 82.62, H 6.93, N 6.64; found C 82.53, H 6.98, N 6.60.

Compound 4: A solution of 4,7-dibromobenzo[l,2,5]thiadiazole
(147 mg, 0.5 mmol) and 3,6-di-zert-butyl-9-(4-ethynylphenyl)-9 H-
carbazole (379 mg, 1 mmol) in diisopropylamine (10 mL) was
added PdCl,(PPh;), (70 mg, 0.1 mmol) and copper(I) iodide
(19 mg, 0.1 mmol). After the mixture was stirred at 80 °C for 12 h,
the reaction mixture was poured into water and extracted with
dichloromethane. The combined organic layer was neutralized with
1 N HCI, washed with brine, dried with anhydrous Na,SO,, and
concentrated by rotary evaporation. The residue was purified by
flash chromatography on silica (CH,Cl,/hexane, 1:5) to obtain the
pure compound as an orange solid (89 mg, 20%). 'HNMR
(300 MHz, CDCl;, TMS): 6 = 8.14 (d, J = 8.5 Hz, 4 H, ArH), 7.89
(d, J=8.4Hz, 4 H, ArH), 7.87 (s, 2 H, ArH), 7.63 (d, J = 8.4 Hz,
4 H, ArH), 7.49 (dd, J = 8.6, 1.8 Hz, 4 H, ArH), 742 (d, J =
8.6 Hz, 4 H, ArH), 1.48 [s, 36 H, C(CHs);] ppm. '3*C NMR
(75 MHz, CDClL,): 0 = 154.4, 143.3, 138.9, 138.8, 133.5, 132.4,
126.4, 123.8, 123.7, 120.7, 117.2, 116.4, 109.2, 97.1, 86.1, 34.8,
32.0 ppm. HRMS (MALDI): caled. for Ce;HsoN4S [M + HJ*
891.4460; found 891.4447. C¢;HsgNyS (891.23): caled. C 83.56, H
6.56, N 6.29; found C 83.64, H 6.51, N 6.33.
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