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ABSTRACT: A series of thienylcarbazoles were synthesized by
Suzuki—Miyaura and Ullmann coupling reactions. In these
compounds, the 2-thienyl or 2,2 -bithiophen-5-yl group is connected
at the N-, 1,8-, 3,6, 2,7-, 2,7,N-, or 1,8 N-positions of the carbazole
ring. The effects of structural variations on their electronic,
photophysical, and electrochemical properties were explored by
UV—vis and fluorescence spectroscopies, cyclic voltammetry (CV),
and DFT calculations in evaluation of their potential as material
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components. The thienyl substituents at the 2,7-positions in 4, 5, and

10 are responsible for a high degree of 7-conjugation and strong emission with fluorescence quantum yields up to 0.61. The CV
on a series of thienylcarbazoles revealed a good electron-donating ability of 3,6-substituted carbazoles 3 and 9. The number of
thiophene units was found to affect the extent of 7-conjugation, the resulting HOMO—LUMO gaps, and fluorescence efficiency.

The crystal structures of 5 and 9 were also disclosed.

B INTRODUCTION

The development of new 7-conjugated organic materials is
attracting growing attention due to their potential applications
for various electronic and opto-electronic devices," such as
organic light-emitting diodes (OLEDs),” organic field-effect
transistors (OFETs), organic photovoltaics (OPVs),* and
sensors.” Much effort has been devoted to establish structure—
property relationships in order to develop new materials with
desired properties in an intelligent way. Such systematic studies
on conjugated oligomers also provide valuable insights into
relevant fundamental properties of 7-systems.’

The choice of building blocks has to be carefully examined in
the molecular design of functional materials because they tend
to dominate the properties in many cases. Among many
heteroaromatic systems, carbazoles, their derivatives, polymers,
and oligomers are a highly interesting family of functional
organic molecules because carbazole has fine optical properties,
a low redox potential, and high chemical stability. Oligo-/
polycarbazoles” have been representative benchmark materials
in OLEDs,*” OFETs,'® and OPVs'! to date. Carbazole can be
easily functionalized by electrophilic aromatic substitution at its
3,6-positions (para position from the nitrogen atom) with high
electron density, and hence a large number of 3,6-
functionalized carbazole derivatives have been studied. The
1,8-functionalized carbazoles can be obtained when the 3,6-
positions of carbazole are first protected, because its 1,8-
positions (ortho position from the nitrogen atom) are also
activated.">™"* Although the synthesis of 2,7-functionalized
carbazoles is not straightforward, the efficient synthetic
pathways to them have been established in the past decade,
and their applications to various functional devices have been
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extensively investigated by Leclerc and co-workers.””™ In any
of these cases, the nitrogen atom of the carbazole moiety can be
also functionalized by alkylation or arylation reaction to
enhance the solubility and other properties of the resulting
carbazole derivatives. Thus, carbazole would be recognized as a
useful scaffold to allow the large structural diversity for fine-
tuning of optical and electrochemical properties.

Thiophene derivatives, in particular oligothiophens, are now
excellent candidates for a variety of advanced materials
applications."> Therefore, mixed 7-conjugated polymers and
oligomers made of carbazoles and thiophenes are a new class of
functional compounds through the use of their highly electron-
donating ability. For example, Jen and co-workers reported the
high performance of poly(3,6-carbazole)s incorporating dieth-
ynylthiophene units in OLED.'® Zotti, Leclerc, and co-workers
synthesized poly(2,7-carbazole)s incorporating thiophene units,
and their conductive properties were investigated.'” More
recently, Melucci and co-workers synthesized 3,6-bis(2,2"-
bithiophen-5-yl)-9-methyl-9H-carbazole derivatives with suit-
able alkyl chains as liquid-crystalline semiconducting materi-
als.'® Some oligomers consisting of carbazole and thiophene
units were also synthesized;'*° however, no systematic study
on structurally well-defined carbazole—thiophene systems
focusing on the effect of the conjugation connectivity between
the carbazole and thiophene units on their electronic, optical,
and electrochemical properties has been reported so far, to the
best of our knowledge. In this context, we became interested in
thienyl-substituted carbazole derivatives, namely, thienylcarba-
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zoles 1—10, in which a thienyl group is incorporated into a
carbazole moiety at the N-, 1,8-, 3,6-, 2,7-, 2,7,N-, and 1,8,N-
positions (Chart 1). A large series of thienylcarbazoles 1—10
varying the conjugation connectivity and the number of
thiophene units allow us to study the structure—property
relationships of carbazole—thiophene-based materials. Here, we
report the synthesis and fundamental properties, such as the
structural features and the electronic, photophysical, and redox
properties, of 1—10 on the basis of X-ray crystallographic study,
UV—vis and fluorescence szpectroscoples, cyclic voltammetry,
and theoretical calculations.”"

B RESULTS AND DISCUSSION

Synthesis. In our molecular design, the 2-thienyl or 2,2
bithiophen-5-yl group was incorporated into the carobazole
moiety. To functionalize the 1,8-positions of carbazole, tert-
butyl groups were first introduced to the 3,6-positions in 2, 7,
and 8 by Friedel—Crafts reactions with 2-chloro-2-methyl-
propane.

Compounds 13,2 1b,*® and 3** are known in the literature.
Thienylcarobazoles 2 and 4—10 were synthesized via Suzuki—
Miyaura cross-coupling®® and/or Ullmann coupling reactions®
as key steps (Schemes 1—4). For Suzuki—Miyaura cross-
coupling, Pd(PPh;), as a catalyst was used and 1,8-
disubstituted carbazole 2 was obtained from 1,8-dibromocarba-
zole derivative 11 and 2-thiopheneboronic acid pinacol ester
(12) in 32% yield (Scheme 1). Similar cross-coupling reactions
were performed on 2,7-dibromocarbazole derivative 13 with
either 12 or 2,2"-bithiophene-S-boronic acid pinacol ester (14)
to give thienylcarbazoles 4 and 10 in 68% and 81%, respectively
(Scheme 2). Compound 5 was obtained from 2,7-dibromo-
carbazole (15) in two steps. The Ullmann coupling reaction of
15 with 2-bromothiophene in the presence of copper powder
and K,CO; in nitrobenzene afforded dibromide 16 in 75%
yield. The Suzuki—Miyaura cross-coupling reaction was then
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performed on 16 and 12 to give S in 92% yield. The Ullmann
coupling reaction of 3,6-di-tert-butylcarbazole (17) with
bromide 18 afforded 6 in 20% yield (Scheme 3).
Thienylcarbazole 7 was synthesized following a two-step
transformation from diiodocarbazole derivative 19. The
ethylation of 19 with iodoethane was carried out in the
presence of NaOH as a base in DMF, and then the cross-
coupling reaction of 20 with 14 afforded the desired 7. The
synthesis of 8 was achieved by sequential coupling reactions.
Thus, 8 was prepared from 19 by the Suzuki—Miyaura coupling
with 14 followed by the Ullmann coupling with 18. The
Suzuki—Miyaura coupling reaction of dibromocarbazole
derivative 22 with 14 gave 9 in 85% yield (Scheme 4). All
compounds were fully characterized by various spectroscopic
methods, such as 'H NMR, *C NMR, and mass spectroscopy.

Structural Properties. The single crystals of S and 9
suitable for X-ray crystallographic analyses were successfully
obtained by slow diffusion of hexane into CHCIl; at 0 °C
(Figure 1ab).”” The structure determined for § exhibited the
statistical disorder of the two thiophene rings at the 2,7-
positions (Supplementary Figure S1 in the Supporting
Information). In 5, the 2,7-di(2-thienyl) and carbazole moieties
are quasi-coplanar with dihedral angles for C9—C10—C24—

dx.doi.org/10.1021/j0202625p | J. Org. Chem. 2012, 77, 3222-3232



The Journal of Organic Chemistry

Scheme 2. Synthesis of 4, 5, and 10
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C23 and C2—C3—-C17—C20 of 170.1° and 14.9° respectively between the 1,8-hydrogen atoms in the carbazole moiety and
(Figure la). The N-(2-thienyl) and carbazole moieties are the attached N-(2-thienyl) moiety. Thienylcarbazole 9 also
nearly orthogonal with a dihedral angle for C14—C13—-N1-Cl1 exhibited the disorder of the peripheral thiophene rings in the
of —107.9°. This is apparently ascribed to steric repulsions solid state. There are three crystallographically independent
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Scheme 4. Synthesis of 9
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Figure 1. ORTEP plots of (a) 5 and (b) 9 with displacement ellipsoids
at 50% probability level at 153 K. Arbitrary numbering; hydrogen
atoms are omitted for clarity. One of the three different molecules in
the unit cell is shown for 9.

molecules for 9 in the unit cell. The largest difference among
them is the conformation between the thiophene rings and the
carbazole 7-system. The two molecules adopt the two-s-cis
conformations, while the s-cis and s-trans conformations coexist
in the one molecule (Figure 1b and Supplementary Figure S2).
The torsional angles between the carbazole 7-system and the
attached 3,6-bis(2,2"-bithiophen-5-yl) moiety vary from 0.6° to
33.9°. In the density functional theory (DFT)-optimized
structure of 9 at the B3LYP/6-31G* level of theory without
any symmetry constrains by the Gaussian 03 suit of program,”®
the torsional angle is estimated to be approximately 25°.
Therefore, it is likely that the observed deviation of the
torsional angles from the calculated one is derived from the
crystal packing force. The bithiophene systems in the solid-state
structure of 9 are nearly planar with a torsional angle of
approximately 16° as a mean value. Pyramidalization of the
nitrogen atoms is insignificant in both 5§ and 9. This is
expressed by the sums of the three bond angles at these
nitrogen atoms of 354.8° and 359.6° in S and 9, respectively.
The selected geometrical parameters of 5 and 9 obtained by the
DFT calculations are given in Supplementary Tables S1 and S2,
respectively, and compared with the crystallographic bond
lengths and torsion angles. In general, there is good agreement
between the experiment and theory. The differences in
carbon—carbon bond lengths in the carbazole moieties are
within 0.02 A. The large deviation occurs for the above-
mentioned torsional angles between the carbazole 7-system and
the thienyl units and the carbon—sulfur bond lengths in the
thiophene moieties. Thus, the DFT results provide slightly
longer bond lengths by 0.023—0.039 A compared with the X-
ray results.

Electronic Absorption Spectroscopy. The UV-—vis
absorption spectral data of 1-10 in CH,Cl, are summarized
in Table 1. Notably, the extent of z-conjugation is highly
dependent on the substituent pattern of the carbazole moiety
and the number of thiophene units.

The absorption spectra of 1a and 2—S$ having the 2-thienyl
functionality are shown in Figure 2a. Thienylcarbazole 1la
features the longest absorption maximum (4,,,) of 333 nm
with a molar extinction coefficient (&) of 4000 M~ cm™", while
1b displays the bathochromically shifted longest 4., of 340 nm
with & of 3900 M~ cm™ (Figure 2b). The absorption curves of
1a and 1b are similar to those of N-ethylcarbazole (23) and 3,6-

Table 1. Optical Data and Calculated Lowest Excitation Energies of 1—10

Amax [nm]® Aonset [nm]® Aem [nm]? D, caled Ay [nm]? () composition of band”
la 285,291, 322, 333 345 370 0.014 307 (0.015) H->1L 33% H— L+ 1, 60%
b 285° 295, 329, 340 355 368 f 313 (0.038) H— L 23% H— L + 1, 69%
2 290, 305, 345, 360° 380 395 0.064 335 (0.074) H-1—1L+3, 3% H— L, 88%
3 256, 267, 314, 345° 385 392, 411 0.047 329 (0.330) H-1->L+19%H-L+1, 8%
4 269, 290,° 353, 370° 395 391, 412 0.610 352 (1.128) H—- L, 84%
5 261, 292, 352 390 387, 407 0210 352 (1.179) H - L, 84%
6 260,° 285, 296, 325,° 340 390 417 0.129 375 (0.216) H-2 - L, 4%; H — L, 89%
7 310, 325,° 360° 415 440 0.106 374 (0.274) H-2 = L, 9%; H — L, 89%
8 305, 340° 390 434 0.092 372 (0.013) H-1L76%H—>L+1, 14% H — L + 2, 3%
9 353, 380° 430 430, 450° 0.168 395 (1.146) H-L 8%
10 256, 313, 399 455 447, 472 0482 421 (1.964) H- L, 87%
“In CH,Cl,. "The longest energy absorption wavelength with a molar absorptivity £ = 500 M~ cm™. “Absolute quantum yields determined by a

calibrated integrating sphere system in cyclohexane.

“TD-DFT (TD/B3LYP/6-31G*) calculatlons were carried out with the use of optimized

structures at BALYP/6-31G* level of theory, and only energies with f > 0.01 are shown; f = oscillator strength; H = HOMO, L = LUMO. “Peak as

shoulder. "Not measured.
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Figure 2. Electronic absorption spectra of (a) 1a and 2—5 and (b) 1b and 6—10 and normalized fluorescence spectra of (c) 1a and 2—5 and (d) 6—

10 in CH,CL,.

di-tert-butyl-N-ethylcarbazole (24), respectively. The longest
Amax Values of 1a and 1b are hypochromically shifted relative to
those of 23 and 24, respectively: 23, 346 nm, 24, 353 nm
(Supplementary Figure S4). These results show almost no z-
conjugation between the carbazole and thiophene moieties,
which should reflect steric hindrance between the N-(2-thienyl)
moiety and the 1,8-hydrogen atoms in the carbazole moiety as
expected from the crystal structure of S. The longest A, of 1,8-
disubstituted carbazole derivative 2 is bathochromically shifted
relative to that of 24 by only approximately 5 nm, indicative of
less effective conjugation between the carbazole and thiophene
moieties in 2 probably due to the twist around the C—C bonds
connecting them. Compound 3 displays a different absorption
curve from those of la,b and 2 along with the significantly
increased absorptivity in the whole region. When compared to
3, 4 features the significantly bathochromic shift of the longest
Amax Of 353 nm with higher € of 46400 M~ cm™". Interestingly,
S displays almost the same absorption curve as that of 4 in a
region of 320—400 nm, featuring the absorption maximum of
352 nm with € of 46900. Thus, the electronic property of § in
the ground state is mainly dominated by the 2,7-di(2-thienyl)
substitution, which is further confirmed by theoretical
calculations described below.
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The UV—vis spectra of 6—10 having the 2,2"-bithiophen-5-yl
functionality are shown in Figure 2b. The 2,2"-bithiophen-5-yl
substitutions in 6, 7, 9, and 10 intrinsically resulted in the
extension of 7-conjugation, that is, the reduction of HOMO—
LUMO gaps relative to those of the corresponding 1b, 2, 3, and
4. For example, the extension of the chromophore in nearly
planar 9 readily gives rise to the spectral change as compared to
3. Thus, the spectrum of 9 is highly broadened, and its
absorption onset (A, as well as the longest A, are
bathochromically shifted, clearly reflecting the effective 7-
conjugation as expected by its X-ray crystal structure. Similarly,
the longest A, of 10 is bathochromically shifted relative to
that of 4 by approximately 30 nm, and hence 10 has the
smallest optical HOMO—LUMO gap in the series of 1—10
(Table 1). The similar effect of the number of thiophene units
on the extension of conjugation is also seen in nonplanar 6—8.
Compound 6 features the longest A, of 340 nm with & of
18900 M™! em™), and its Ay (390 nm) is bathochromically
shifted by approximately 35 nm as compared with that of 1b
(355 nm). The spectrum of 6 is apparently different from the
superposition of the spectra of 24 and 2,2"-bithiophene (25),
which shows the effective #-conjugation between the 2,2-
bithiophen-5-yl group and the carbazole backbone in 6

dx.doi.org/10.1021/j0202625p | J. Org. Chem. 2012, 77, 3222-3232
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(Supplementary Figure SS). The DFT calculations at the
B3LYP/6-31G* level of theory predict that there is no
significant difference of the dihedral angles between the
carbazole and thiophene moieties in 1b and 6: 69° in 1b and
66° in 6 (Figure 3).* The longest A, for 7 appears at 360 nm
as a shoulder, which is almost consistent with that of 2;
however, the A, of 7 (415 nm) is red-shifted relative to that

Figure 3. Optimized structures of (a) 1b, (b) 2, (c) 6, (d) 7, and (e) 8
at the B3LYP/6-31G* level of theory.

of 2 (380 nm). On the basis of the calculations, the twist
around the C—C single bonds connecting the carbazole moiety
to the thienyl moieties in 7 is expected to be smaller than that
in 2: 61° and 65° in 2 and 48° and 60° in 7. This may be one of
the reasons for the extension of 7-conjugation of 7 relative to 2.
However, we do not have a suitable explanation for the 7-
conjugative effect in 6 as compared to 1b at present. Further
introduction of the 2,2"bithiophen-S-yl group on the nitrogen
atom in 8 leads to a hypochromic shift of the longest 4, as
well as the absorption onset as compared to 7, although the ¢
value around 300 nm of 8 is slightly increased. The sterically
crowded 2,2"-bithiophen-5-yl groups in 8 induce the significant
twist around the C—C and/or N—C single bonds connecting
the carbazole 7-system to the 2,2"-bithiophen-S-yl group, which
should result in the less effective z-conjugation in 8 as
compared to 7. Indeed, the DFT calculations predict that the
dihedral angles between the carbazole and the 2,2 -bithiophen-
S-yl moieties increase from 48° and 60° in 7 to 58° and 69° in
8, and the N-(2,2"-bithiophen-5-yl) moiety in 8 is twisted from
the central carbazole moiety by 71° (Figure 3).

Importantly, the effect of the thienyl functionalization at the
different positions of the carbazole moiety on the extent of z-
conjugation is clearly observable in the UV—vis spectral data of
6—10, because they differ much in both the longest 4, values
and the absorption onset. Thus, thienylcarbazole systems follow
the established trend of the substitution pattern for the extent
of m-conjugation: N-, 1,8- < 3,6- < 2,7-substitution. Similar
effect of the substitution pattern of the carbazole moiety on the
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extent of m-conjugation is found in our recent bicarbazole
30 . 7b,c,8g
systems”" as well as in others.

Fluorescence Spectroscopy. All compounds in this study
are fluorescent. The fluorescence spectra for 1a—5 and 6—10 in
CH,Cl, are shown in Figure 2c and d, respectively. The data
are also summarized in Table 1. The fluorescence spectra were
recorded in the dilute regime (10™°—~107° M). No characteristic
excimer fluorescence was observed.>’ The color of the
fluorescence of 1—5 and 6—10 ranges from violet to light
blue and from blue to light green, respectively. Similar to the
change of the longest 4., values of 1—10 as described above,
the emission maxima (4,,) of 6—10 are bathochromically
shifted compared to those of the corresponding 1-5,
depending on the number of thiophene units. The substitution
pattern of the carbazole moiety also has a substantial effect on
the fluorescence wavelength. For instance, 3,6-functionalized
carbazole derivative 9 exhibits emission with 4., values of 430
and 450 nm, while 2,7-functionalized carbazole 10 features 4.,
values of 447 and 472 nm, which is the longest among the
compounds in this study. The two well-defined vibronic
maxima were observed in 3-S5, 9, and 10, while a single
maximum appeared in 1a,b, 2, and 6—8. This finding indicates
a somewhat large structural change and/or electronic
distribution change between the ground and excited states for
1a,b, 2, and 6—8. The electronic absorption spectra of 4, 5, and
10 do not seem to be mirror images of fluorescence spectra.
The longest absorption bands of the 2,7-functionalized
carbazoles 4, S, and 10 are probably ascribed to two different
transitions, which may reflect the two well-resolved peaks in
their fluorescence spectra. We note a shoulder around 370 nm
in the absorption spectra of 4 in addition to the strong
absorption peak at 353 nm.

The fluorescence quantum yields (®,,,) of 1—10, which were
determined by a calibrated integrating system, vary from 0.014
to 0.610 (Table 1). In a series of 1—5, the @, values were
dramatically affected by the substitution pattern. The lowest
@,,, value was observed in la to be 0.014, which is almost 1/
30th of that (ca. 0.4) of 23.** Both 2 and 3 also display smaller
@, values than 23 by about 1 order of magnitude. In sharp
contrast to 2 and 3, compound 4 displays the significantly high
D, of 0.610, which is the highest value in a series of 1—10 in
the present study and also higher than that of 23. The @,
value (0.210) of § is almost one-third that of 4, which should be
attributed to the N-(2-thienyl) group in 5. The 2,2"-bithiophen-
5-yl substitution essentially brings about higher @, values than
the 2-thienyl substitution as found in 6—9. The ®,, values of 7
and 9 are almost 2—2.5 times as high as those of 2 and 3,
respectively, while 10 displays the slightly low @, value
(0.482) relative to that of 4. Thienylcarbazoles 4 and 10 are
remarkably emissive, which clearly confirms that the thienyl
substitution at the 2- and/or 7-positions of the carbazole
moiety is crucial to ensure high @, values,*** although the
reason for this finding is unclear at present. Lee and co-workers
reported that 4,4-di(2-thienyl)biphenyl shows a remarkably
high fluorescence quantum yield of 0.79.>> Compounds 4 and
10 can be regarded as the nitrogen-bridged analogues. The
aforementioned high @, values of 4 and 10 may be attributed
to the structural similarity between the 2,7-functionalized
carbazoles and 4,4-di(2-thienyl)biphenyl.

Electrochemistry. To investigate the effect of the thienyl
functionalization of the carbazole moiety on the electron-
donating ability, that is, the HOMO level, we carried out the
cyclic voltammetry (CV) for 1—10 as well as 23 and 24 in
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CH,Cl, with n-Bu,NPF, (0.1 M) as the supporting electrolyte.
The oxidation potentials (E,,) versus Fc*/Fc (ferrocenium/
ferrocene couple) are listed in Table 2. Thienylcarbazoles 1—10
displayed a carbazole-type 1 e~ oxidation step, which was

Table 2. Oxidation Potential (E,,) by Cyclic Voltammetry in
CH,CI, (0.1 M n-Bu,NPF),” Theoretically Calculated
HOMO and LUMO Levels,” and Optical HOMO—LUMO
Gaps (AE,,)¢

E,, HOMO LUMO NG eve—iie AE,,

N [eV] [eV] [eV] [eV]
la +0.88 -5.74 —1.05 4.69 3.59
1b +0.73 —5.54 —0.97 4.57 3.49
2 +0.75 —547 —1.26 421 3.26
3 +0.54 —-5.31 —1.21 4.09 3.22
4 +0.65 —5.44 —1.66 3.78 3.13
5 +0.74 —547 —1.70 3.77 3.17
6 +0.60 —5.47 —1.68 3.79 3.17
7 +0.64 —5.36 —-1.67 3.69 2.98
8 +0.68 —5.41 —1.60 3.81 3.17
9 +0.47 —-5.14 —-1.67 3.47 2.88
10 +0.50 -5.21 —1.98 3.22 2.72
23 +0.89 —5.55 —0.96 4.58 3.49
24 +0.71 —5.37 —0.89 448 3.39

“All potentials are given versus the Fc*/Fc couple used as external
standard; scan rate = 0.1 V.s7.. bB3LYP/6—311G**//B3LYP/6—31G*.
“The values are obtained from A,,.... “No reversible peak was observed
except for 2 and 24.

onset*

irreversible except for 2, between +0.47 and +0.88 V. The
oxidation peak amplitude in the CV was quite large after the
first oxidation, which should be attributed to the accumulation
of the compounds at the electrode surface by electrochemical
polymerization.

Thienylcarbazoles 1a and 1b showed oxidation peaks at
+0.88 and +0.73 'V, respectively, which are almost comparable
to those of 23 and 24, respectively. This clearly demonstrates
that there is almost no effective 7-conjugation between the
carbazole and thiophene moieties in 1a,b by the steric effects as
discussed above, and thereby, their N-(2-thienyl) groups do not
contribute to the donor potency. Again, the 1,8-di(2-thienyl)
groups in 2 have almost no influence on the electron-donating
ability, and thus 2 is oxidized at +0.75 V. On the contrary, 3 and
4 are oxidized cathodically relative to 23 by 350 and 240 mV,
respectively. The value of +0.54 V in 3 is the lowest in a series
of 1-5. Compound 4 exhibits an anodic shift of the E,, value
by 110 mV as compared to 3, which is readily explained by the
substitution pattern of the carbazole moiety. The 3,6-di(2-
thienyl) substituents of 3 are located at the para positions
relative to the nitrogen atom of the carbazole moiety, while the
2,7-di(2-thienyl) substituents of 4 are at the meta positions.
Hence, the electron-donating ability of the carbazole moiety in
3 is enhanced by the 3,6-di(2-thienyl) groups, while the
enhancement of that in 4 is insufficient due to the cross-
conjugation. The presence of the additional N-(2-thienyl)
group in § brings about an anodic shift of its oxidation potential
relative to 4 by 90 mV. This implies that the o-inductive effect
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by the N-(2-thienyl) group in S, which is nearly orthogonal to
the carbazole backbone as confirmed by the X-ray analysis,
lowers the HOMO level relative to that of 4.

Upon increasing the number of thiophene units from 1b, 2,
3, and 4 to 6, 7, 9, and 10, respectively, the oxidations occur at
potentials cathodically shifted by 90—150 mV.>** Compound 6
exhibits a substantial cathodic shift of the E,, value by 130 mV
as compared to the corresponding 1b with the N-(2-thienyl)
group. Similarly, 7 is oxidized more cathodically than 2 by 110
mV. The efficient 7-conjugation in 6 and 7 relative to 1b and 2,
respectively, as observed in the electronic absorption spectra
should make their oxidation potentials cathodic. Interestingly,
the E,, value (+0.68 V) of 8 is less negative as compared to
those of 6 and 7, despite the presence of the three 2,2
bithiophene units. It is clear that the somewhat high E,, value
of 8 is a consequence of the less effective z-conjugation
between the 2,2"-bithiophen-5-yl and carbazole moieties by the
steric effects. From 3 to 9, the cathodic shift is observed to be
70 mV, and thus the oxidation of 9 occurs at +0.47 V, which is
the lowest in a series of compounds in this study. The oxidation
potential of 10 shifts cathodically by 150 mV relative to that of
4 upon 2,7-bis(2,2"-bithiophen-5-yl) substitution. Thus, the
oxidation of 10 occurs at +0.50 V, which is higher than that of 9
by only 30 mV.

Theoretical Calculations. To obtain further insights into
the electronic properties, we performed the time-dependent
(TD) DFT calculations for 1—10. The results for absorption
energies of 1—10 at the TD-B3LYP/6-31G*//B3LYP/6-31G*
level of theory with the ground-state geometries are
summarized in Table 1. The absorption maxima in the low-
energy region of 4, 5, 9, and 10 are related to the HOMO—
LUMO transitions, whereas those of 1a,b, 2, 3, and 6—8 are
attributed to the transitions from the HOMO, HOMO-1, and
HOMO-2 into the LUMO, LUMO+1, LUMO+2, and LUMO
+3 levels. The calculated A, values are blue-shifted with
respect to the experimental values by 14—32 nm except for §
and 6, which probably reflects that the calculations were
performed under the gas-phase conditions. Compounds 1—-10
follow the experimentally observed trend for the longest 4.,
where the introduction of the thienyl groups at the 2,7-
positions than the 1,8- and/or N- and 3,6-positions resulted in
the more red-shifted absorption bands (vide supra). The red
shifts of the longest A, values observed in the electronic
absorption spectra upon increasing the number of thiophene
units from 3 (345 nm) to 9 (380 nm) and from 4 (370 nm) to
10 (399 nm) are nicely reproduced in the calculations.

The electronic effects of the thienyl groups in the carbazole
moiety were studied by molecular orbital calculations. The
frontier molecular orbital (FMO) plots and the HOMO and
LUMO levels of 1—10 were obtained by the single-point
calculations at the B3LYP/6-311G**//B3LYP/6-31G* level of
theory. The results are summarized in Table 2, and the
HOMOs and LUMOs of 1—5 and 6—10 are shown in Figures
4 and S, respectively. The calculated HOMO—LUMO gaps are
higher than those obtained from the UV—vis absorption spectra
by ca. 1 eV, which probably reflects that the optical gaps are
estimated under the solution conditions, whereas the
theoretical gaps are estimated under the gas-phase conditions
as described above. However, it is noted that the calculations
qualitatively reproduce the findings that the 2,2"-bithiophen-5-yl
substitution generally resulted in the decrease of the HOMO—
LUMO gaps and the increase of the donor ability as observed
in the absorption spectra and the CV, respectively. The
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Figure 4. Molecular orbital plots (B3LYP/6-311G**//B3LYP/6-
31G*) of (a) 1a, (b) 1b, (c) 2, (d) 3, (e) 4, and (f) S. The lower plots
represent the HOMOs, and the upper plots represent the LUMOs.

Figure S. Molecular orbital plots (B3LYP/6-311G**//B3LYP/6-
31G*) of (a) 6, (b) 7, (c) 8, (d) 9, and (e) 10. The lower plots
represent the HOMOs, and the upper plots represent the LUMOs.

calculated HOMO levels of 6, 7, 9, and 10 are higher than
those of 1b, 2, 3, and 4, respectively. Again, the LUMO levels of
6, 7, 9, and 10 are lower than those of 1b, 2, 3, and 4,
respectively. The LUMO levels are more affected than the
HOMO levels by the 2,2-bithiophen-5-yl substitution.
Consequently, the calculated gaps of 6, 7, 9, and 10 are
smaller than those of 1b, 2, 3, and 4, respectively. Both the
calculated HOMO and LUMO levels of § are lower than those
of 4, and no significant difference in their AEy;5y0_umo Values
is observed. This also agrees well with the results in the
absorption spectra and the CV.

All HOMO densities are found in the electron-donating
carbazole moiety as expected. Almost no z-conjugation
between the carbazole and thienyl moieties in lab is
observable in the FMOs as well as the UV—vis spectra and
CV (vide supra), which may explain the fact that the electron-
donating ability of 1a and 1b is not enhanced as compared to
23 and 24, respectively.’”” The HOMO of 2 is also localized in
the carbazole moiety, while the HOMOs of 3 and 4 are
delocalized over the whole z-skeleton, which results in the
destabilization of the HOMOs compared to that of 23 as
confirmed by the CV. The difference of the E,, values between
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3 and 4 is again clearly rationalized by the calculations, where
the HOMO density of 3 has a large contribution from the
electron-rich nitrogen atom, whereas that of 4 is not found on
the nitrogen atom. Both the HOMO and LUMO densities of §
have almost no contribution from the N-(2-thienyl) group.
This justifies the nearly identical absorption profiles of 4 and §
as shown in Figure 2a. Compared to 1a, 1b, and 2, the HOMO
densities of 6—8 are more delocalized over the carbazole—
bithiophene systems by the z-conjugation. This probably shifts
their E,, values cathodically compared to 1a, 1b, and 2. The
majority of LUMO densities of 6—8 resides on the 2,2
bithiophen-5-yl unit. Therefore, the longest wavelength
absorption bands of 6—8 may have a somewhat charge-transfer
character, which causes the broad emission with large Stokes
shifts.”® The HOMOs and LUMOs of 9 and 10 have an
extension of sm-conjugation over the whole conjugated back-
bone.

B CONCLUSION

In conclusion, we have synthesized a series of thienylcarbazoles
1-10 by Suzuki—Miyaura and Ullmann coupling reactions.
The electronic structure was approached by UV—vis and
fluorescence spectral measurements, CV, and DFT calculations.
We have demonstrated that the substitution pattern of a
carbazole moiety and the number of thiophene units play an
important role in the electronic structure. The thienyl
substituents at the 2,7-positions in 4, 5, and 10 cause a high
degree of 7-conjugation and high fluorescence quantum yields,
while those at the 3,6-positions increase the donor ability as
demonstrated by the CV for 3 and 9. Compound 10 also
possesses the high donor ability presumably due to the 2,2’
bithiophen-5-yl group. The introduction of the 2,2"-bithiophen-
5-yl group in 9 and 10 was found to ensure the extension of 7-
conjugation compared to 3 and 4, respectively. It has to be
mentioned that the number of thiophene units sufficiently
affects the extent of 7-conjugation in nonplanar N- and/or 1,8-
substituted carbazole derivatives: there is almost no z-
conjugation between the carbazole and thiophene units in 1a,
1b, and 2, whereas the carbazole and thiophene units in 6—8
are substantially 7-conjugated. The experimental observations
as above are in qualitative agreement with the results obtained
by the DFT calculations. Further studies addressing the
synthesis and the characteristics of the z-conjugation, emission,
and donor ability of new carbazole—thiophene systems are
currently underway in our laboratory. We believe that the
present study provides valuable information for the synthesis of
new carbazole-based 7-systems.

B EXPERIMENTAL SECTION

General Suzuki—Miyaura Cross-Coupling Procedure for
Preparation of Thienylcarbazoles. A mixture of haloarene (1
equiv) and Na,CO; (2.6 equiv) in DME/water (7:1, ~0.5 M) was
bubbled with argon with stirring for 1S min. Pd(PPh;), (0.02 equiv)
and boronic acid pinacol ester (1.2 equiv) were added to the mixture,
and the resulting mixture was refluxed for 4—20 h under argon
atmosphere. After addition of 5% aqueous NH,ClI to the mixture, the
organic phase was separated, and the aqueous phase was extracted with
CHClI;. The combined organic phase was washed with brine, dried
over anhydrous MgSO,, and evaporated in vacuo. The residue was
purified by column chromatography. An analytically pure material was
obtained by recycling gel permeation chromatography.

3,6-Di-tert-butyl-1,8-di(2-thienyl)-9-ethyl-9H-carbazole (2).
Compound 11 (0.20 g, 0.43 mmol) was allowed to react with 2-
thiopheneboronic acid pinacol ester 12 (0.23 g, 1.07 mmol) for 12 h
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according to the general Suzuki—Miyaura cross-coupling procedure.
The crude material was purified by column chromatography (SiO,;
hexane/toluene 9:1) to give 2 (64 mg, 32%) as a white solid. Mp 261—
263 °C; 'H NMR (300 MHz, CDCl;) 6 0.47 (t, ] = 6.9 Hz, 3H), 1.46
(s, 18H), 3.66 (q, ] = 6.9 Hz, 2H), 7.10 (dd, ] = 3.6, 5.1 Hz, 2H), 7.17
(dd, J = 1.2, 3.6 Hz, 2H), 7.36 (dd, ] = 1.2, 5.1 Hz, 2H), 7.40 (d, ] =
2.1 Hz, 2H), 8.08 (d, ] = 2.1 Hz, 2H); 3C NMR (125 MHz, CDCl;) §
14.31, 32.06, 34.70, 40.19, 116.37, 118.81, 125.45, 126.17, 127.04,
127.06, 127.87, 139.15, 142.09, 142.73; UV—vis (CH,CL) A,
(relative intensity) 290 (sh, 0.91), 303 (1.00), 345 (sh, 0.22), 359
(0.23) nm; HR-FAB-MS (NBA, positive) n1/z caled for C4;H;3NS,*
471.2054, found 471.2059 (M™).
9-Ethyl-2,7-di(2-thienyl)-9H-carbazole (4). Compound 13
(0.30 g, 0.85 mmol) was allowed to react with 2-thiopheneboronic
acid pinacol ester 12 (0.45 g, 2.12 mmol) for 20 h according to the
general Suzuki—Miyaura cross-coupling procedure. The crude material
was purified by column chromatography (SiO,; hexane/toluene 4:1)
to give 4 (0.21 g, 68%) as a white solid. Mp 196—198 °C; '"H NMR
(300 MHz, CDCly) 6 1.50 (t, ] = 7.2 Hz, 3H), 443 (q, ] = 7.2 Hg,
2H), 7.13 (dd, ] = 3.6, 5.1 Hz, 2H), 7.31 (dd, ] = 1.2, 5.1 Hz, 2H), 7.42
(dd, J = 1.2, 3.6 Hz, 2H), 7.51 (dd, J = 1.5, 8.1 Hz, 2H), 7.59 (d, ] =
1.5 Hz, 2H), 8.04 (d, ] = 8.1 Hz, 2H); *C NMR (125 MHz, CDCl;) §
14.04, 37.70, 105.88, 118.00, 120.87, 122.39, 12324, 124.77, 12823,
132.31, 141.04, 145.68; UV—vis (CH,Cl,) 4,,,, (relative intensity) 269
(0.92), 290 (sh, 0.36), 353 (1.00), 370 (sh, 0.81) nm; HR-FAB-MS
(NBA, positive) m/z caled for C,,H,,NS,* 359.0802, found 359.0795
(M).
2,7,9-Tri(2-thienyl)-9H-carbazole (5). Compound 16 (0.15 g,
0.36 mmol) was allowed to react with 2-thiopheneboronic acid pinacol
ester 12 (0.19 g, 0.92 mmol) for 4 h according to the general Suzuki—
Miyaura cross-coupling procedure. The crude material was purified by
column chromatography (SiO,; hexane/CH,Cl, 10:1) to give S (140
mg, 92%) as a pale yellow solid. Mp 203—204 °C; 'H NMR (300
MHz, CDCL,) & 7.08 (dd, J = 3.6, 5.1 Hz, 2H), 7.22 (dd, ] = 1.6, 3.8
Hz, 1H). 7.24—7.26 (m, 1H), 7.27 (dd, ] = 1.2, 5.1 Hz, 2H), 7.35 (dd,
J =12, 3.6 Hz, 2H), 7.44 (dd, ] = 1.6, 5.4 Hz, 1H), 7.57 (dd, ] = 1.2,
8.1 Hz, 2H), 7.62 (d, ] = 1.2 Hz, 2H), 8.04 (d, J = 8.1 Hz, 2H); *C
NMR (125 MHz, CDCL) & 107.48, 119.61, 120.69, 122.78, 123.45,
124.82, 124.95, 125.32, 126.56, 128.18, 132.95, 138.22, 143.14, 145.15;
UV—vis (CH,Cl,) A, (relative intensity) 261 (0.76), 292 (0.33), 352
(1.00) nm; HR-FAB-MS (NBA, positive) m/z caled for C,,H {NS;*
413.0367, found 413.0356 (M*).
1,8-Bis(2,2’-bithiophen-5-yl)-3,6-di-tert-butyl-9-ethyl-9H-
ethylcarbazole (7). Compound 20 (64 mg, 0.11 mmol) was allowed
to react with 2,2 -bithiophene-S-boronic acid pinacol ester 14 (100 mg,
0.34 mmol) for 4 h according to the general Suzuki—Miyaura cross-
coupling procedure. The crude material was purified by column
chromatography (SiO,; hexane/toluene 10:1) to give 7 (46 mg, 63%)
as a pale yellow solid. Mp 220—222 °C; '"H NMR (300 MHz, CDCl;)
50.53 (t, ] = 6.9 Hz, 3H), 1.47 (s, 18H), 3.94 (q, ] = 6.9 Hz, 2H), 7.03
(dd, J = 3.6, 5.1 Hz, 2H), 7.10 (d, J = 3.6 Hz, 2H), 7.19 (d, ] = 3.6 Hz,
2H), 7.20—7.24 (m, 4H), 7.44 (d, ] = 1.8 Hz, 2H), 8.08 (d, ] = 1.8 Hz,
2H); C NMR (125 MHz, CDCl;) § 14.20, 32.05, 32.15, 34.74,
116.56, 118.69, 123.73, 124.43, 125.19, 126.54, 127.60, 127.75, 127.98,
137.36, 137.54, 139.32, 140.96, 143.11; UV—vis (CH,CL) A,
(relative intensity) 310 (1.00), 325 (sh, 0.92), 370 (0.52) nm; HR-
FAB-MS (NBA, positive) m/z caled for C34H3,NS,* 635.1809, found
635.1805 (M*).
3,6-Bis(2,2’-bithiophen-5-yl)-9-ethyl-9H-carbazole (9). Com-
pound 22 (0.08 g 0.23 mmol) was allowed to react with 2,2
bithiophene-S-boronic acid pinacol ester 14 (0.20 g, 0.68 mmol) for 17
h according to the general Suzuki—Miyaura cross-coupling procedure.
The crude material was purified by column chromatography (SiO,;
hexane/CH,Cl, 10:1) to give 9 (102 mg, 85%) as a yellow solid. Mp
171—174 °C; 'H NMR (300 MHz, CDCL,) & 147 (t, ] = 6.9 Hz, 3H),
4.39 (q,J = 6.9 Hz, 2H), 7.05 (dd, ] = 3.6, 5.0 Hz, 2H), 7.19 (d, ] = 3.6
Hz, 2H), 721 (d, ] = 5.0 Hz, 2H), 7.22 (d, ] = 3.6 Hz, 2H), 7.28 (d, |
= 3.6 Hz, 2H), 7.41 (d, ] = 8.4 Hz, 2H), 7.75 (dd, ] = 1.8, 8.4 Hz, 2H),
8.35 (d, J = 1.8 Hz, 2H); '3C NMR (125 MHz, CDCl,) § 14.05, 37.94,
109.17, 117.85, 122.77, 123.38, 123.42, 124.15, 124.38, 124.81, 125.73,
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127.99, 135.62, 137.89, 140.06, 144.54; UV—vis (CH,CL) ..
(relative intensity) 353 (1.00), 380 (0.97) nm; HR-FAB-MS (NBA,
positive) m/z caled for C3H,;NS,* 523.0557, found 523.0593 (M*).
2,7-Bis(2,2’-bithiophen-5-yl)-9-ethyl-9H-carbazole (10).
Compound 13 (80 mg, 0.22 mmol) was allowed to react with 2,2
bithiophene-S-boronic acid pinacol ester 14 (0.14 g, 0.68 mmol) for 17
h according to the general Suzuki—Miyaura cross-coupling procedure.
The crude material was purified by column chromatography (SiO,;
hexane/toluene 4:1 to toluene) to give 10 (97 mg, 81%) as a yellow
solid. Mp 255—256 °C; '"H NMR (300 MHz, CDCL;) § 1.53 (t, ] = 7.3
Hz, 3H), 445 (q, ] = 7.3 Hz, 2H), 7.05 (dd, ] = 3.6, 4.4 Hz, 2H), 7.20
(d,J = 3.6 Hz, 2H), 7.23 (d, ] = 3.6 Hz, 2H), 7.23 (d, ] = 4.4 Hz, 2H),
7.34 (d, ] = 3.6 Hz, 2H), 7.51 (dd, J = 1.4, 8.1 Hz, 2H), 7.58 (d, ] = 1.4
Hz, 2H), 8.05 (d, ] = 8.1 Hz, 2H); *C NMR (125 MHz, CDCl,): not
available due to the low solubility; UV—vis (CH,Cl,) A, (relative
intensity) 256 (0.56), 313 (0.20), 399 (1.00) nm; HR-FAB-MS (NBA,
positive) m/z caled for C3H,;NS,* 523.0557, found 523.0565 (M*).
1,8-Bis(2,2’-bithiophen-5-yl)-3,6-di-tert-butyl-9H-carbazole
(21). Compound 19 (023 g 043 mmol) was allowed to react with
2,2"-bithiophene-S-boronic acid pinacol ester 14 (0.38 g, 1.30 mmol)
for 6 h according to the general Suzuki—Miyaura cross-coupling
procedure. The crude material was purified by column chromatog-
raphy (SiO,; hexane/toluene 4:1) to give 21 (0.12 g, 60%) as a yellow
solid. Mp 220—223 °C; 'H NMR (300 MHz, CDCL;) § 1.50 (s, 18H),
7.05 (dd, J = 3.9, 5.4 Hz, 2H), 7.24—7.26 (m, 4H), 7.28 (d, ] = 3.6 Hz,
2H), 7.36 (d, J = 3.6 Hz, 2H), 7.65 (d, ] = 2.1 Hz, 2H), 8.08 (d, ] = 2.1
Hz, 2H), 8.90 (s, 1H); *C NMR (125 MHz, CDCl;) § 32.16, 34.96,
116.57, 117.26, 123.22, 123.98, 124.54, 124.71, 124.76, 125.19, 128.06,
135.32, 136.87, 137.31, 140.57, 143.45; UV—vis (CH,CL) A
(relative intensity) 325 (1.00), 379 (0.69) nm; HR-FAB-MS (NBA,
positive) m/z caled for C3sH33NS," 607.1496, found 607.1479 (M*).
General Ullmann Coupling Procedure for Preparation of
Thienylcarbazoles. A mixture of carbazole derivative (1 equiv),
bromoarene (1.2 equiv), K,CO; (3 equiv), and copper powder (3
equiv) in nitrobenzene (~0.5 M) was stirred at 180 °C for 24 h. After
the precipitate was removed by filtration, the filtrate was concentrated
in vacuo. The residue was purified by column chromatography. An
analytically pure sample was obtained by recycling gel permeation
chromatography.
9-(2,2’-Bithiophen-5-yl)-3,6-di-tert-butyl-9H-carbazole (6).
Compound 17 (0.28 g, 1.00 mmol) was allowed to react with 18
(029 g 120 mmol) according to the general Ullmann coupling
procedure. The crude material was purified by column chromatog-
raphy (SiO,; hexane/toluene 4:1) to give 6 (89 mg, 20%) as a yellow
solid. Mp 189—191 °C; 'H NMR (300 MHz, CDCl;) § 1.46 (s, 18H),
7.07 (dd, J = 3.6, 5.1 Hz, 1H), 7.08 (d, ] = 3.6 Hz, 1H), 7.20 (d, ] = 3.6
Hz, 1H), 721 (dd, ] = 3.6, 5.1 Hz, 1H), 7.26 (dd, ] = 3.6, 5.1 Hz, 1H),
7.45 (d, J = 8.7 Hz, 2H), 7.50 (dd, J = 1.5, 8.7 Hz, 2H), 8.09 (d, ] = 1.5
Hz, 2H); C NMR (125 MHz, CDCl;) § 32.12, 34.91, 109.78,
116.37, 122.43, 123.65, 123.99, 124.07, 124.83, 124.91, 128.05, 135.31,
137.32, 138.00, 140.25, 143.81; UV—vis (CH,Cl,) A, (relative
intensity) 260 (sh, 0.76), 285 (sh, 0.75), 296 (1.00), 325 (sh, 0.66),
340 (0.74) nm; HR-FAB-MS (NBA, positive) m/z caled for
CysH,oNS,* 443.1741, found 443.1743 (M").
3,6-Di-tert-butyl-1,8,9-tris(2,2’-bithiophen-5-yl)-9H-carba-
zole (8). Compound 21 (80 mg, 0.13 mmol) was allowed to react
with 18 (39 mg, 0.15 mmol) according to the general Ullmann
coupling procedure. The crude material was purified by column
chromatography (SiO,; hexane/toluene 3:1) to give 8 (65 mg, 65%)
as a yellow solid. Mp 213-214 °C; '"H NMR (300 MHz, CDCL;) § 1.49
(s, 18H), 6.35 (d, J = 3.9 Hz, 1H), 6.40 (d, ] = 3.9 Hz, 1H), 6.48 (d, ]
= 3.6 Hz, 2H), 6.74 (d, ] = 3.6 Hz, 2H), 6.79 (dd, ] = 0.9, 3.3 Hz, 1H),
6.86 (dd, J = 3.6, 5.1 Hz, 1H), 6.95 (dd, ] = 3.6, 5.1 Hz, 2H), 7.00 (dd,
J =109, 3.6 Hz, 2H), 7.11 (dd, ] = 0.9, 3.6 Hz, 1H), 7.15 (dd, J = 0.9,
5.1 Hz, 2H), 7.45 (d, J = 2.1 Hz, 2H), 8.15 (d, ] = 2.1 Hz, 2H); *C
NMR (125 MHz, CDCL,) & 32.03, 34.81, 116.65, 118.67, 121.36,
123.42, 123.53, 123.94, 124.19, 124.60, 124.89, 127.66, 127.78, 128.65,
128.77, 128.94, 136.19, 137.00, 137.31, 137.59, 139.28, 139.52, 143.63
(1 peak was missing); UV—vis (CH,CL,) A, (relative intensity) 305
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(1.00), 335 (sh, 0.70) nm; HR-FAB-MS (NBA, positive) m/z calcd for
C 4 H3/ NSt 771.1250, found 771.1315 (M¥).

2,7-Dibromo-9-(2-thienyl)-9H-carbazole (16). Compound 15
(400 mg, 1.24 mmol) was allowed to react with 2-bromothiophene
(12 mL, 12.5 mmol) according to the general Ullmann coupling
procedure. The crude material was purified by column chromatog-
raphy (SiO,; hexane/toluene 4:1) give 16 (374 mg, 75%) as a yellow
solid. Mp 233—235 °C; 'H NMR (300 MHz, CDCl;) § 7.19—7.22 (m,
2H), 7.41 (dd, ] = 1.8, 8.7 Hz, 2H), 7.44 (dd, ] = 2.4, 4.8 Hz, 1H), 7.53
(d, J = 1.8 Hz, 2H), 7.90 (d, J = 8.7 Hz, 2H); *C NMR (125 MHz,
CDCly) & 113.63, 120.39, 121.52, 121.90, 124.38, 12542, 125.83,
126.67, 137.14, 143.07; UV—vis (CH,Cl,) A, (relative intensity) 294
(0.71), 303 (1.00), 323 (0.22), 336 (0.14) nm; HR-FAB-MS (NBA,
positive) m/z caled for C,sHoBr,NS* 404.8822, found 404.8836 (M*).

3,6-Di-tert-butyl-1,8-diiodo-9-ethyl-9H-carbazole (20). A mix-
ture of 19 (50 mg, 0.094 mmol), NaOH (15 mg, 0.37 mmol), and
iodoethane (15 uL, 0.19 mmol) in DMF was stirred at 45 °C for 3 h.
The mixture was poured into water, and the resulting solution was
extracted with toluene/ethyl acetate. The organic layer was dried over
anhydrous MgSO, and evaporated in vacuo. The residue was purified
by column chromatography (SiO,; hexane) to give 20 (50 mg, 95%)
as a white solid. Mp 171—172 °C; "H NMR (300 MHz, CDCl;) § 1.22
(t,J=7.2Hz, 3H), 141 (s, 18H), 5.22 (q,J = 7.2 Hz, 2H), 7.97 (d, ] =
1.8 Hz, 2H), 7.99 (d, ] = 1.8 Hz, 2H); *C NMR (125 MHz, CDCl;) §
16.61, 31.89, 34.52, 38.02, 73.55, 116.05, 126.00, 137.87, 139.09,
144.89; UV—vis (CH,Cl,) A, (relative intensity) 254 (1.00), 265 (sh,
0.73), 275 (sh, 0.55), 290 (sh, 0.40), 300 (0.49), 335 (sh, 0.09), 348
(0.13), 362 (0.12) nm; HR-FAB-MS (NBA, positive) m/z calcd for
CpoH, LN 559.0233, found $59.0146 (M").
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