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Abstract: A series of T- and H-shaped
donor-acceptor (D-A) types of di-
pyrido[3,2-a:2",3'-c]phenazine (DPPZ)-
based molecules, extended by thienyl
and triphenylamino chromophores at
the 2,7-(bottom) and/or 10,13-positions
(top), have been designed and pre-

properties. It is noted that a pair of
structural isomers (5 and 6) has been
obtained, respectively, where distin-
guishable UV/Vis and fluorescence
spectra, electrochemical activity, ther-
mal stability, and bandgaps are ob-
served. Furthermore, compounds 6, 8,

10, 11, 13, and 15 exhibit excellent ther-
mal stability, and the Td,, values for
them are found to range from 524 to
646°C, which can be regarded as one
of the best groups of thermally stable
compounds among organic small mole-
cules. In addition, theoretical calcula-

pared successfully. Synthetic, structural,
thermal, spectral, and computational
comparisons have been carried out for
related compounds because of their ad-
justable intramolecular charge-transfer

Introduction

In recent years, m-conjugated molecules have been exten-
sively studied in the field of molecular-based materials,!!! for
instance, optoelectronic materials/? organic conductors,”!
and molecular-recognition sensors.! The achievement of in-
tramolecular electron transfer over long distances is one of
the major goals in the field of molecular electronics. To ful-
fill this requirement, the molecule is generally designed to
have a conjugated character, large defined length, and high
chemical and thermal stability.’! Relative to linear conjugat-
ed oligomers and polymers used in the field of optoelectrics,
donor-acceptor (D-A) molecules have a number of advan-
tages. With functional groups in the core and the adjusting
arm, D-A molecules can be designed to realize low bandg-
ap, broad absorption, and high mobility for improving the
power-conversion efficiency of organic solar cells.[®!
Dipyrido[3,2-a:2',3'-c]phenazine (DPPZ) derivatives are
believed to be promising candidates for studies on optoelec-
tronic devices,”! which can be built from the condensation
between o-phenylenediamine derivatives and 1,2-dicarbon-
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tions were performed, and the struc-
ture—property relationships were exam-
ined to reveal the effects of the posi-
tion and number of donor arms on the
DPPZ acceptor core.

fluorescence -

yl-based compounds. On the other hand, triphenylamine
(TPA) can be introduced as an end group for its remarkable
electron-donating and hole-transporting properties, by
which the bandgap of resultant molecule would be reduced
by the intramolecular charge transfer.® Up till now, many
TPA derivatives have been synthesized and applied in the
molecular electronic area, such as light-emitting diodes,”
dye-sensitized solar cells,"”! and field-effect transistors.!"!

In our previous work, a series of linear m-conjugated sem-
iconducting compounds based upon 1,10-phenanthroline,
oligothiophene, and thiazole units have been described,?
which have many advantages including better solubility,
easier crystallinity, well-defined coordination sites, and the
possibility to introduce versatile functionalities."®! However,
in comparison to these linear compounds, larger planar -
conjugated molecules that bear versatile D—A hybrids are
suggested to show better performances in their conjugated
character, thereby ensuring efficient electron transfer and
high thermal stability to meet the need for long-term use in
optoelectronic devices. Therefore, in this work, a family of
m-conjugated D-A fluorescent molecules has been success-
fully prepared. They have the common rigid planar DPPZ
unit as an acceptor core that was prepared by using 2,1,3-
benzothiadiazole as a precursor, which is more convenient
and effective in contrast to other methods.'"" The electron-
donating TPA and thiophene groups were selected as the
donor arms to connect with the DPPZ core at its top and/or
bottom positions. The combination of TPA, thiophene, and
DPPZ moieties into one system will make it possible to pro-
vide a series of D—A molecules with low bandgaps, broad
absorptions, good electrochemical activity, and excellent
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thermal durability. Moreover, it was possible for us to pre-
pare some structural isomers for this family of compounds
by introducing the TPA and thiophene units into different
substituted positions of the DPPZ core to give further com-
parisons of the above-mentioned aspects.

Results and Discussion
Syntheses and Spectral Characterizations

4,7-Dibromo-2,1,3-benzothiadiazole is the most commonly
used intermediate for the synthesis of benzothiadiazole-con-
taining r-extended compounds. It is also used as a key in-
termediate for the synthesis of photoluminescent quinoxa-
line derivatives.'! In our work, a series of T- and H-shaped
DPPZ-centered semiconducting fluorescent compounds
were prepared by the synthetic route shown in Scheme 1,
whereas 1,10-phenanthroline-5,6-dione derivatives!'’*% and
2,7-dibromodipyrido[3,2-a:2',3"-c]phenazine!'"*! were synthe-
sized according to the previously reported approaches. All
compounds in this work have been characterized by stan-
dard spectroscopic methods, from which satisfactory analysis
data that matched their molecular structures were obtained
(see the Supporting Information for details).

Compound 1 was produced by the Stille coupling reaction
between 4,7-dibromo-2,1,3-benzothiadiazole and an organo-
tin reagent tributyl(3-methylthien-2-yl)stannane™® catalyzed
by a 0.5% molar ratio of [Pd(PPhs),] catalyst. The Stille
coupling reaction has a higher yield (82%) than the
Kumada coupling reaction (43 %) in which the 2-bromo-3-
methylthiophene-based Grignard reagent was used in the
presence of a [NiCl,(dppp)] (dppp=1,3-bis(diphenylphos-
phino)propane) catalyst. The bromination product 2 was
synthesized by controlling the molar ratio of N-bromosucci-
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nimide (NBS) and 1 in N,N’-dimethylformamide (DMF) at
room temperature in a high yield of 92%, whereas com-
pounds 3,0°14, 5, 8, 10, 13, and 15 were obtained with satis-
factory yields by the Suzuki coupling reaction catalyzed by
a 1.0% molar ratio of [Pd(PPh;),] catalyst in the presence
of cesium carbonate.?”

The key step in the synthesis of DPPZ-centered com-
pounds is the sulfur extrusion of benzothiadiazole, which
offers corresponding o-phenylenediamine derivatives. Com-
pounds 6, 7, and 9 were synthesized by a commonly used
protocol,”! whereby compound 3 was firstly reduced by zinc
dust in acetic acid and then followed by the cyclization with
1,10-phenanthroline-5,6-dione derivatives. However, during
the preparation, a double-triphenylamino-substituted 2-
methyl-1H-benzimidazole compound 3a was separated suc-
cessfully as a new byproduct, which was formed by the in
situ condensation between 3 and acetic acid with approxi-
mately 20 % yields. To avoid this side reaction, a mixture of
sodium borohydride and CoCl,6H,O catalyst in ethanol
was introduced for preparing compounds 11, 12, and 14, and
higher yields were achieved afterward.”” In addition, a mix-
ture of toluene and ethanol (1:1 v/v) was used to overcome
the low solubility of 1,10-phenanthroline-5,6-dione deriva-
tives in ethanol.

As DPPZ possesses very low reaction activity, the intro-
duction of functional groups before constructing the DPPZ
core is important for further syntheses. We define herein the
2- and 7-positions of DPPZ as the “bottom” sites and the
10- and 13-positions as the “top” ones for the following ex-
perimental and theoretical studies. To date, most of the re-
ported DPPZ-containing compounds have focused on its
two top positions.”! However, only three reports are in-
volved in the bottom-substituted (two halide and one phe-
nylacetylene) DPPZ compounds to date,l!”**** and no litera-
ture can be found on the DPPZ derivatives extended at the
top and bottom positions simultaneously. The reason might
arise from the low reaction activity of 3-bromo- and 3,8-
dibromo-1,10-phenanthroline-5,6-dione. ~Our motivation
herein was to construct some model molecules by selecting
DPPZ bromides at the top and/or bottom positions as pre-
cursors for the introduction of thiophene and multiple (2-4)
TPA donor arms, so as to give detailed spectral, structural,
and computational comparisons. As a result, a pair of struc-
tural isomers (compounds 5 and 6) was successfully pre-
pared, in which two triphenylamino chromophores are
bonded to 2,7- and 10,13-positions of DPPZ, respectively.

As can be seen from the Supporting Information, the ben-
zothiadiazole derivatives 1-4 show characteristic UV/Vis ab-
sorptions in the range 250-525 nm (Table 1). In contrast, the
DPPZ-based compounds 6-15 have three peaks from 350 to
600 nm (Figure 1a,b), which exhibit remarkable bathochro-
mic shifts because of the introduction of electron-donating
TPA and thiophene moieties.'”**! Notably, compounds 10
and 15 with four TPA donor arms display significant red-
shifts on account of the efficient intramolecular charge-
transfer effects within the whole molecules.***! Further-
more, the latter exhibits the broadest absorption band,
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Scheme 1. Synthetic route of the DPPZ-based aromatic heterocyclic fluorescent compounds extended by thienyl and triphenylamino chromophores. Re-
action conditions: i) tributyl(3-methylthien-2-yl)stannane, [Pd(PPh;),], THF; ii) NBS, DMF; iii) 4-(diphenylamino)phenylboronic acid, [Pd(PPh;),],
Cs,COs, toluene, H,O; iv) n=0, zinc dust, acetic acid, 1,10-phenanthroline-5,6-dione based derivatives; n=1, NaBH,; CoCl,-6H,0O, ethanol, toluene,
1,10-phenanthroline-5,6-dione based derivatives.

Table 1. UV/Vis absorption and fluorescence emission data, optical, electrochemistry, and calculated HOMO-LUMO energy gaps (E,) for related heter-
ocyclic aromatic compounds.

Compound UV/Vis £ EPE E#P - Fluorescence  Stokes shift — Fluorescence  Tdyo  Eo  Eyoyo! Erymo™
Amax [nm (€V)]  [Lmol'em™]  [eV] [eV] Amax [NM] Av [em™] D/ %] [°C] vl [eV] [eV]
1 456 (2.72) 35000 2.37 291 578 4630 69.2 284 0.57 —5.67 -3.30
2 419 (2.96) 32900 2.48 2.84 562 6070 48.7 322 0.87 -5.97 -3.49
3 462 (2.68) 25100 2.32 2.53 625 5650 40.1 - - - -
4 489 (2.54) 21500 2.16 2.34 664 5390 34.4 441 0.24 —-5.34 -3.18
5 386 (3.21) 48900 2.66 2.59 651 10500 18.4 494 0.28 —-5.38 -2.72
6 511 (2.43) 9600 2.10 2.52 661 4440 23.6 524 0.25 -5.35 -3.25
7 501 (2.48) 10400 2.14 2.42 658 4760 19.5 - - - -
8 514 (2.41) 7800 2.02 2.53 661 4330 26.4 545 0.23 —-5.33 -3.31
9 506 (2.45) 7400 2.12 2.32 655 4500 17.3 - - - -
10 520 (2.38) 9700 2.01 2.52 663 4150 32.1 563 0.21 -5.31 -3.30
11 514 (2.41) 7400 1.98 2.32 664 4400 24.3 583 0.21 -5.31 -3.33
12 500 (2.48) 11500 2.03 2.23 662 4890 21.6 - - - -
13 533 (2.33) 9600 1.98 2.36 669 3810 24.2 597 0.20 -5.30 -3.32
14 506 (2.45) 10400 2.00 2.11 658 4570 19.7 - - - -
15 542 (2.29) 8500 1.94 2.35 671 3550 23.4 646 0.17 —-5.27 —-3.33

[a] Optical energy gap determined from the UV/Vis absorptions in solution. [b] The geometries are calculated by the B3LYP method and the 6-31G*
basis set. [c] Luminescence quantum yield. [d] 10% weight-loss temperature. [e] Oxidation onset potentials determined from DPV versus Fe/Fct. [f] Cal-
culated from Eyopo=—(En* +5.10). [g] Calculated from E,_UMO=EHOMO+EE"‘.
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Figure 1. a,b) UV/Vis absorption spectra, c,d) fluorescence emission excited at 350 nm for solutions of the heterocyclic aromatic compounds 5-15 in
CH,Cl, at room temperature with the same concentration of 5.0x10~° mol L.

which ranges from 250 to 650 nm, and the maximum redshift
to 542 nm, indicative of the contribution of additional two
methylthiophene donors in its molecular structure.

It is worthwhile to point out that a large redshift of
125 nm is observed in compound 6 (511 nm) relative to com-
pound 5 (386 nm), which suggests that the decoration of two
TPA donor arms at the top sites of DPPZ has more signifi-
cant impact than the bottom ones with regard to the redshift
of UV/Vis absorptions. Further substitution at the bottom
sites of DPPZ (i.e., three TPA and four TPA extended com-
pounds 8 (514 nm) and 10 (520 nm)) only display bathochro-
mic shifts of several nanometers. The electronic spectral re-
sults imply that the alterations of the positions and numbers
of donor arms to the DPPZ core will induce bathochromic
shifts to different extents and the decoration at the top sites
of DPPZ has more significant impact than the bottom ones.

The fluorescence emission spectra of DPPZ derivatives 6—
15 display two analogous peaks in the ranges 418-453 and
651-671 nm, which are ascribed to the emission of TPA
units and the DPPZ core, respectively.’” Here large Stokes
shifts (Table 1) are found mainly because of the nonradia-
tive transitions caused by the intramolecular rotations of
TPA groups in their dilute solutions. Unlike the UV/Vis
spectra, the fluorescence emission spectra of compounds 10
and 15 with four TPA groups show slight bathochromic

Chem. Asian J. 2013, 00, 0-0

shifts in contrast to those of compounds 5 and 6 (Fig-
ure 1c,d). This might be due to the limited increase in pla-
narity for the whole molecule by introducing donor moiet-
ies. As typical examples of DPPZ-based compounds in this
work, compounds 6 and 15 show red luminescence in the
wavelength region of 600-850 nm, and compound 6 exhibits
a 10 nm redshift relative to its structural isomer 5. More im-
portantly, both of them exhibit noteworthy solvatochromism
contrary to their UV/Vis absorption processes, as illustrated
in the Supporting Information, which confirms the existence
of effective intramolecular charge transfer. In addition, the
Stokes shifts (Av) of compounds 6 and 15 in different sol-
vents were calculated (see the Supporting Information), and
the quasilinear dependence of Av on the solvent polarity pa-
rameter (Af) is in conformity with the description by the
Lippert-Mataga theory,”>*! as can be seen in the Support-
ing Information.

In conclusion, compared with our previous work, this
family of D-A compounds (6-15) exhibits favorable photo-
physical properties.” The alterations of molecular rigidity,
planarity, and electronic structures of DPPZ-based com-
pounds are suggested to be the main reason for the above-
mentioned redshifts in UV/Vis absorption and fluorescence
emission spectra.

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Single-Crystal Structures of Compounds 6-CHCI; and
3a2EtOH

The X-ray single-crystal diffraction study (see the Support-
ing Information for details) for compound 6 chloroform sol-
vate reveals that the DPPZ core is essentially coplanar with
the mean deviation of 0.027(5) A for the least-squares
plane. The whole molecule exhibits a T-shaped skeleton
with the dihedral angle of 51.0(3)° between the central ben-
zene ring and its neighboring benzene ring of the TPA unit,
as depicted in Figure 2a. The crystal packing view of
this compound is shown in Figure 3, in which 7—z stacking
interactions are observed between neighboring benzene/
pyridine rings with the centroid-to-centroid separation of

38.1(7)°

Figure 2. ORTEP diagrams (30 % thermal probability ellipsoids) of the molecular structures of a) 6:CHCl; and
b) 3a-2 EtOH showing the dihedral angles between adjacent aromatic rings. Solvent molecules are omitted for

clarity.

3.756(5) AP In contrast, the dihedral angle between the
central benzene ring and its neighboring benzene ring of the
TPA unit is 38.1(7)° in compound 3a ethanol solvate, as il-
lustrated in Figure 2b. It is noteworthy that no z—m stacking
interactions can be found in the crystal packing of
3a-2EtOH, but strong N—H-:-O and O—H-:N types of hy-
drogen-bonding interactions are observed between the 2-

Lo R
,\‘i

o “"%

-1 stacking interactions

Figure 3. Perspective view of the packing structure of compound 6:CHCI,
showing m—rt stacking interactions.
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methyl-1H-imidazole unit and two solvent ethanol mole-
cules.

Thermal Stability

Excellent thermal stability is highly desired for device fabri-
cations and optoelectronic applications for organic molecu-
lar conjugates.”!! In this work, ten aromatic heterocyclic
compounds have been checked by thermogravimetric analy-
sis (TGA), and a parameter of Td,, (10% weight-loss tem-
perature) was used to describe the thermal stability of these
compounds. As illustrated in Figure 4, the TGA curves of 6,
8, 10, 11, 13, and 15 indicate that they can remain unchange-
able when the temperature is below 500°C and the Td,,
values for them are found to
range from 524 to 646 °C, which
should be one of the best re-
sults for the thermal stability
for organic small molecules.””
Moreover, the thienyl- and tri-
phenylamino-extended DPPZ
derivatives (11, 13, and 15) ex-
hibit higher thermal stability
than the corresponding triphe-
nylamino-extended DPPZ de-
rivatives (6, 8, and 10). There-
fore we conclude that the intro-

38.1(7)° <
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Figure 4. Thermograms of the heterocyclic aromatic compounds 1, 2, 4-6,
8,10, 11, 13, and 15.

duction of additional methylthiophene donors into the
DPPZ core can enhance the thermal stability on the premise
of improving the solubility in organic solvents, and better
performance in the optoelectronic nanodevice fabrication is
expected.

Electrochemical Properties

The electrochemical behavior of the target compounds was
examined by cyclic voltammetry (CV) and differential pulse

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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voltammetry (DPV) measurements in their 1.0x
10 molL™! solutions in CH,Cl,. Together with the optical
bandgaps (E‘g‘pt) deduced from the onset absorptions in
CH,Cl,, the oxidation onset potentials (EX*") as well as the
HOMO-LUMO energy levels were determined by the DPV
and absorption spectral data, which are summarized in
Table 1. The onset oxidation was measured relative to the
ferrocene/ferrocenium (Fc/Fct) couple for which an energy
level of —5.10 eV versus vacuum was assumed.”!

As depicted in Figure 5, compounds 2, 4-6, 10, 11, and 15
show only quasi-reversible oxidation and reduction peaks in
the CV measurements. It is noteworthy that some of the
compounds exhibit characteristics of electrochemical poly-
merization, which will interfere with the redox response.
Consequently, the DPV method was introduced instead of
the conventional CV measurements to further explore the
electrochemical properties of the related compounds. As
can be seen in Figure 5, two or three oxidation waves have
been observed for most compounds associated with the for-
mation of radical cations and dications.*” The oxidation po-
tentials and the measured currents are found to be depen-
dent on their molecular structures.

The first oxidation potentials in the DPPZ-based com-
pounds shift more negatively (0.17-0.28 eV) than those of
compounds 1 and 2 (0.57 and 0.87 ¢V) as a result of the in-
troduction of TPA and thiophene donors.

www.chemasianj.org
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As we know, DPPZ is a good m acceptor and exerts
strong electron-withdrawing power, which could be respon-
sible for the electrochemical potential shifts. As shown in
Figure 5a, all DPPZ-based compounds exhibit higher elec-
trochemical currents than the benzothiadiazole derivatives 2
and 4. Moreover, the DPV curves for the structural isomers
5 and 6 demonstrate dissimilarities in both the shape of the
waves and the value of the oxidation potentials, thereby
confirming our previous discussion on the influences of dec-
oration at the top or bottom sites of the DPPZ core. Nota-
bly, compared with 6, 8, and 10, compounds 4, 11, 13, and 15
show two additional oxidation potentials around 0.66—
1.33 V, which can be assigned as the formation of cation-rad-
ical species in the thiophene ring. In particular, compound
15 displays four oxidation waves in the range 0.12-1.43V,
which are indicative of the existence of four stable cation-
radical species. The lowest EX™' observed for compound 15
(0.17 eV) is presumably because of its extensively delocal-
ized HOMO structure, which will be discussed in the follow-
ing theoretic studies.

Density Functional Theory (DFT) Computations

DFT calculations were carried out with the Gaussian 09
(Revision C.02) programs™! using the B3LYP method and
the 6-31G* basis set. The fixed atom coordinates of fifteen
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Figure 5. a,b) CV and c,d) DPV for related DPPZ compounds in CH,Cl, (1.0x 10~ mol L") containing 0.10 mol L' of TBACIO, under argon. In (b), dif-
ferent scanning rates of 10, 20, 50, and 100 mVs ™! are used for compound 6 versus Fc/Fc*.
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Figure 6. HOMO and LUMO energy levels calculated with B3LYP/6-31G* for a series of DPPZ-based compounds.

compounds based upon the fully optimized structural pa-
rameters were used for the HOMO and LUMO gap calcula-
tions (Table 1). As shown in Figure 6, a series of DPPZ-
based triphenylamino derivatives have been designed and
calculated before the conventional chemical synthesis to
obtain narrow-bandgap molecules and compare the struc-
tures and energy levels among the isomers. In comparison
with the bare DPPZ core, our computational results demon-
strate that the introduction of triphenylamino donors can ef-
fectively raise the HOMO energy levels more than 1.3 eV.
The resultant HOMO-LUMO gaps for the structural iso-
mers 5 and 6 are 2.59 and 2.52 eV, respectively, which are
analogous to their UV/Vis absorption peaks. In addition, the
CV and DPV results show that compounds § and 6 have
similar HOMO but different LUMO energy levels. It is be-
lieved that different m-extended positions of DPPZ might
cause distinguishable electronic structures in the whole aro-
matic heterocyclic system.’*'*! The introduction of elec-
tron-donating groups at the top sites of the DPPZ core
could therefore remarkably lower the HOMO-LUMO gaps
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by forming the effective intramolecular charge transfer,
whereas the introduction of electron-donating groups at the
bottom positions has only neglectable impact.

Taking the above-mentioned factors into consideration,
we have designed and prepared thienyl- and triphenylami-
no-functionalized DPPZ compounds 11, 13, and 15 to
narrow the bandgaps to achieve the red luminescence. DFT
computational results given in Table 1 show that the
HOMO-LUMO gaps for compounds 11, 13, and 15 are
2.32,2.36, and 2.35 eV, whereas those for the counterparts 6,
8, and 10 in the absence of thiophene units are much larger
at 2.52, 2.53, and 2.52eV. This result suggests that the
energy discrepancy between the HOMO and LUMO gaps
decreases as the length of conjugation increases at the top
positions of DPPZ.

Further analyses have also been carried out based on the
combination of computational and experimental results. As
shown in Figure 7, there is a nearly linear relationship be-
tween the experimentally determined energy levels (DPV
and UV/Vis absorption spectra) and the theoretically calcu-
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Figure 7. Energy-level correlation between the DPV, UV/Vis absorption
spectra, and the computational data for compounds 1, 2, 4-6, 8, 10, 11,
13, and 15.

lated data. It is worth mentioning that these molecules show
similar HOMO and LUMO energy levels because of the
presence of strong electron-donating TPA units and a classic
electron-withdrawing group of DPPZ. We think our efforts
on studying the energy-level correlation could provide a ra-
tional screening method from a theoretical and experimental
perspective for the development of novel m-conjugated
cores and terminal groups applied in the field of organic op-
toelectronics.

Conclusion

In summary, we have described herein a family of DPPZ-
cored T- and H-shaped m-conjugated compounds with the
thiophene and TPA donors at the top and/or bottom posi-
tions. Both the absorption and the emission bands for these
D-A charge-transfer molecules are redshifted by changing
the numbers and lengths of donor arms in the DPPZ core.
More importantly, the thermal results demonstrate that
compounds 6, 8, 10, 11, 13, and 15 exhibit excellent thermal
stability, and their Td,, values are found to range from 524
to 646°C, which is one of the best results for thermal stabili-
ty in organic small molecules. A nearly linear relationship is
found between the experimentally determined energy levels
and the theoretically calculated data for this family of com-
pounds.

It is interesting to point out that a pair of structural iso-
mers (5 and 6) has been successfully prepared, and com-
pound 6 exhibits several advantages relative to compound 5
owing to the presence of two TPA donor arms at the top or
bottom sites of the DPPZ core. That is to say, compound 6
shows a broader UV/Vis absorption, higher luminescence
quantum yield, better thermal stability, smaller oxidation
potential, and narrower bandgap, which is analogous to the
corresponding DFT calculations. This result indicates that
the introduction of electron-donating groups at the top posi-
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tions of DPPZ has a stronger impact than the bottom ones.
The coordination chemistry of this family of semiconducting
compounds by using two chelating nitrogen atoms in the
DPPZ core to react with certain transition-metal ions is
being undertaken in our lab for the purpose of investigating
multifunctional optoelectronic devices such as light-emitting
diodes, dye-sensitized solar cells, and field-effect transistors.

Experimental Section

Materials and Measurements

The synthetic details and characterization of compound 3, tributyl(3-
methylthien-2-yl)stannane,  2,7-dibromodipyrido[3,2-a:2',3'-c]phenazine,
1,10-phenanthroline-5,6-dione,  3-bromo-1,10-phenanthroline-5,6-dione,
and 3,8-dibromo-1,10-phenanthroline-5,6-dione have been previously re-
ported and related references are provided in the main text. Unless oth-
erwise specified, solvent of analytical grade was purchased from commer-
cial sources and used as received. THF was distilled under normal pres-
sure from lithium aluminum hydride and benzophenone immediately
prior to use. Anhydrous solvents were drawn into syringes under the flow
of dry argon gas and directly transferred into the reaction flasks to avoid
contamination. Column chromatography was carried out on silica gel
(300-400 mesh) and analytical thin-layer chromatography (TLC) was per-
formed on glass plates of silica gel GF-254 with detection by UV. Stan-
dard techniques for synthesis were carried out under argon atmosphere.
All melting points were measured without any corrections.

Synthesis and Characterization of Compound 1

A mixture of 4,7-dibromo-2,1,3-benzothiadiazole (4.99 g, 17.00 mmol)
and [Pd(PPhs),] (0.10 g, 0.09 mmol) was placed in a dried round-bot-
tomed flask, and then dry THF (150 mL) and tributyl(3-methylthien-2-
yl)stannane (14.50 g, 37.40 mmol) were added into the mixture. The solu-
tion was heated to reflux for 8 h under argon atmosphere, and then an
aqueous solution of potassium fluoride was added. The solid was re-
moved by filtration and rinsed thoroughly with chloroform until no more
products could be detected by TLC. The filtrate was concentrated using
a rotary evaporator to give yellow oil, and the residue was dissolved in
chloroform (200 mL) and washed thoroughly by brine. The organic layer
was dried by anhydrous MgSO, and filtered. The organic solvent was re-
moved at reduced pressure, and the desired compound 1 was finally sepa-
rated by silica gel column chromatography using hexane and dichlorome-
thane (8:1 v/v) as an eluent to afford an orange solid (4.58 g, 82%). M.p.
119-121°C; 'HNMR (500 MHz, CDCl;): 6=7.93 (d, J=3.6 Hz, 2H;
thienyl), 7.79 (s, 2H; phenyl), 6.89 (d, /=2.7 Hz, 2H; thienyl), 2.60 ppm
(s, 6H; CH;); "C NMR (125 MHz, CDCl;): 6=152.6, 139.1, 138.7, 129.9,
126.0, 125.6, 122.2, 15.9 ppm; main FTIR absorptions (KBr pellets): 7=
3447 (b), 1589 (s), 1541 (m), 1491 (s), 1202 (m), 1063 (s), 858 (s), 822 (s),
741 (m), 671 (m), 586 cm™' (s); ESI-MS: m/z: caled for [C,¢H;,N,S;]*:
328.5; found: 329.5 [M+H]*; elemental analysis caled (%) for
CisHoN,S;: C 58.50, H 3.68, N 8.53; found: C 58.26, H 3.83, N 8.68.

Synthesis and Characterization of Compound 2

Compound 1 (2.96 g, 9.00 mmol) and NBS (3.24 g, 18.20 mmol) were dis-
solved in DMF (30 mL) and stirred for 4 h in a dark room at room tem-
perature, and the solid precipitate produced in the reaction mixture was
filtered, washed with ethanol, and dried in a vacuum. The yellow solid
was finally recrystallized from dichloromethane to obtain compound 2
(4.03 g, 92%). M.p. 244-245°C; 'H NMR (500 MHz, CDCl;): 6=7.96 (d,
J=17.6 Hz, 2H; thienyl), 7.84 (d, /=7.6 Hz, 2H; phenyl), 2.35 ppm (s,
6H; CH;); "*CNMR (125 MHz, CDCly): 6=152.6, 142.5, 140.5, 130.0,
126.2, 125.3, 122.3, 16.8 ppm; main FTIR absorptions (KBr pellets): 7=
3443 (b), 1632 (m), 1489 (m), 1433 (w), 1315 (m), 1026 (s), 841 (s), 822
(s), 750 (m), 588 cm™' (m); ESI-MS: m/z: caled for [CiH;oBr,N,S;]*:
486.3; found: 486.3 [M]*; elemental analysis caled (%) for
CisH(B1,N,S;: C 39.52, H 2.07, N 5.76; found: C 39.27, H 2.21, N 5.93.
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Synthesis and Characterization of Compound 4

Compound 2 (0.88 g, 1.82 mmol), 4-(diphenylamino)phenylboronic acid
(1.16 g, 4.00 mmol), Cs,CO; (2.60 g, 8.00 mmol), and [Pd(PPh;),] (0.06 g,
0.05 mmol) were added in a degassed mixture of toluene (25 mL) and
water (5 mL) in a three-necked flask. The mixture was stirred and heated
to reflux for 40 h under an argon atmosphere. The mixture was then
cooled to room temperature and extracted with chloroform. The resulting
organic layer was dried over anhydrous sodium sulfate and filtered. The
filtrate was evaporated, and the residue was purified by column chroma-
tography over silica gel using hexane and dichloromethane (4:1 v/v) as
eluent to give compound 4 (1.39 g, 93%) as a red solid. M.p. 258-260°C;
"H NMR (500 MHz, CDCl;): 6="7.49 (d, J=7.5 Hz, 4H; triphenylamino),
7.34-7.30 (m, 8H; triphenylamino), 7.22-7.15 (m, 2H; thienyl+ 12 H, tri-
phenylamino+2H, phenyl), 7.01-6.89 (t, J=7.1 Hz, 4H; triphenylami-
no), 229 ppm (s, 6H; CH;); "CNMR (125 MHz, CDCl;): 6=151.0,
148.5, 146.0, 145.4, 139.4, 138.8, 132.2, 131.0, 129.9, 129.4, 127.4, 127.3,
124.9, 123.3, 123.0, 15.4 ppm; main FTIR absorptions (KBr pellets): 7=
3445 (b), 1589 (m), 1493 (s), 1315 (m), 1279 (s), 841 (s), 752 (m),
696 cm™! (s); ESI-MS: m/z: calcd for [Cs,HyN,S;]*: 815.2; found: 814.2
[M—H]"; elemental analysis calcd (%) for Cs,H3N,S;: C 76.63, H 4.70, N
6.87; found: C 76.39, H 4.85, N 6.91.

Synthesis and Characterization of Compound 5

The procedure for the synthesis of compound 4 was repeated, except 2,7-
dibromodipyrido[3,2-a:2',3"-c]phenazine (0.75 g, 1.70 mmol) was used in-
stead of compound 2. Compound 5 was purified by column chromatogra-
phy over silica gel using dichloromethane as eluent to give an orange
solid (0.95 g. 73%). M.p. >300°C; 'H NMR (500 MHz, CDCl;): 6=9.78
(s, 2H; dppz), 9.50 (s, 2H; dppz), 8.40-8.39 (m, 2H; dppz), 7.95-7.94 (m,
2H; dppz), 7.83 (d, J=7.8 Hz, 4H; triphenylamino), 7.35-7.31 (m, 12H;
triphenylamino), 7.24-7.23 (m, 8H; triphenylamino), 7.14-7.11 ppm (t,
J=17.1 Hz, 4H; triphenylamino); *C NMR (125 MHz, CDCl;): 6 =150.9,
148.6, 147.4, 146.7, 142.6, 141.7, 136.3, 130.7, 130.5, 129.6, 129.4, 128.3,
127.3, 124.9, 123.6, 123.5 ppm; main FTIR absorptions (KBr pellets): 7=
3443 (b), 1589 (m), 1591 (s), 1521 (m), 1491 (s), 841 (s), 1385 (m), 1283
(m), 1068 (w), 754 (m), 696cm™' (m); ESI-MS: m/z: caled for
[Cs,H36Ng]™: 768.9; found: 769.9 [M+H]™; elemental analysis calcd (%)
for Cs,H3sNg: C 84.35, H 4.72, N 10.93; found: C 84.07, H 4.84, N 11.09.

Syntheses and Characterizations of Compounds 6 and 3 a

Compound 3 (0.63 g, 1.01 mmol), zinc dust (2.60 g, 40.00 mmol), and
acetic acid (30 mL) were degassed for 10 min and heated to 80°C for 4 h
under an argon atmosphere, then cooled to room temperature. 1,10-Phe-
nanthroline-5,6-dione (0.23 g, 1.10 mmol) was added, and the mixture
was heated to 100°C for 40 h, then cooled to room temperature again.
The solid was removed by filtration and rinsed thoroughly with chloro-
form until no more products could be detected by TLC. The filtrate was
concentrated using a rotary evaporator to give dark red oil, and the resi-
due was dissolved in chloroform (200 mL) and washed thoroughly with
brine. The organic layer was dried by anhydrous MgSO, and filtered, and
the organic solvent was removed at reduced pressure. The residue was fi-
nally purified by silica gel column chromatography using chloroform as
eluent to give compound 6 (0.49 g, 63 %) as the red solid. The red single
crystals of compound 6 suitable for X-ray diffraction determination were
grown from chloroform by slow evaporation in air at room temperature
for 5days. M.p. >300°C; '"HNMR (500 MHz, CDCl;): 6=9.42 (d, J=
7.6 Hz, 2H; dppz), 9.27 (s, 2H; dppz), 8.08 (s, 2H; dppz), 7.90 (d, /=
3.3 Hz, 2H; triphenylamino), 7.77 (dd, J=7.7, 43 Hz, 2H; dppz), 7.36—
7.28 (m, 20H; triphenylamino), 7.13 ppm (t, /J=7.2 Hz, 4H; triphenylami-
no); "CNMR (125 MHz, CDCLy): d=152.4, 148.6, 147.7, 140.6, 139.9,
139.1, 134.0, 132.0, 131.9, 130.1, 129.4, 127.9, 124.8, 1242, 123.2,
122.7 ppm; main FTIR absorptions (KBr pellets): 7#=3443 (b), 1591 (s),
1487 (s), 1326 (w), 1281 (m), 1109 (w), 822 (W), 698 (m), 623 cm™* (W);
ESI-MS: m/z: caled for [CsHyNg]*: 768.9; found: 769.9 [M+H]™; ele-
mental analysis calcd (%) for Cs,H;Ng: C 84.35, H 4.72, N 10.93; found:
C 84.03, H 4.85, N 11.12. Compound 3a was obtained in the process of
silica gel column chromatography as a byproduct (0.13 g, 21 %). The red
single crystals of compound 3a suitable for X-ray diffraction determina-
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tion were grown from a mixture of chloroform and ethanol (1:1 v/v) by
slow evaporation in air at room temperature for 7 days. M.p. 149-150°C;
'HNMR (500 MHz, CDCly): 6=7.70 (s, 4H; triphenylamino), 7.41 (s,
2H; phenyl), 7.31 (s, SH; triphenylamino), 7.28 (s, 3H; triphenylamino),
7.22-7.16 (m, 12H; triphenylamino), 7.06 (t, J=7.2 Hz, 4H; triphenyla-
mino), 533 (s, 1H; imidazolyl), 2.70 ppm (s, 3H; CH;); “CNMR
(125 MHz, CDCly): 6=151.0, 147.7, 147.2, 132.4, 129.3, 124.5, 123.8,
123.0, 122.0, 15.2 ppm; main FTIR absorptions (KBr pellets): 7=3567
(b), 1794 (w), 1715 (s), 1701 (s), 1650 (m), 1540 (s), 1492 (s), 1396 (m),
1015 (w), 784 (w), 630 (m), 573 cm™' (m); ESI-MS: m/z: caled for
[CuHuN,]T 618.7; found: 617.7 [M—H]"; elemental analysis caled (%)
for C,,HyN,: C 85.41, H 5.54, N 9.05; found: C 85.19, H 5.62, N 9.19.

Synthesis and Characterization of Compound 7

This compound was synthesized according to the above-mentioned proce-
dure by changing 1,10-phenanthroline-5,6-dione to 3-bromo-1,10-phenan-
throline-5,6-dione (0.35 g, 1.20 mmol). Compound 7 was finally obtained
as a red solid (0.51g, 60%). M.p. 278-279°C; 'HNMR (500 MHz,
CDCly): 0=9.58 (s, 1H; dppz), 9.49 (s, 1H; dppz), 9.32 (s, 1H; dppz),
9.28 (s, 1H; dppz), 8.11 (d, J=4.3 Hz, 2H; dppz), 8.01-7.98 (m, 4H; tri-
phenylamino), 7.89 (d, /=3.3 Hz, 1H; dppz), 7.34-7.30 (m, 10H; triphe-
nylamino), 7.21-7.19 (m, 10H; triphenylamino), 7.12-7.08 ppm (m, 4H;
triphenylamino); *C NMR (125 MHz, CDCl,): 6=150.5, 148.1, 148.0,
147.1, 142.2, 141.9, 140.0, 139.1, 138.8, 133.9, 133.8, 132.4, 132.2, 130.2,
129.4, 127.9, 127.7, 125.6, 125.2, 124.6, 123.7 ppm; main FTIR absorptions
(KBr pellets): 7=3445 (b), 1589 (s), 1527 (m), 1488 (s), 1315 (w), 1279
(m), 1101 (m), 823 (w), 752 (m), 622 cm™' (w); ESI-MS: m/z: caled for
[Cs4H3sBrNg)*: 846.2; found: 847.2 [M+H]"; elemental analysis calcd
(%) for Cs4H3sBrNg: C 76.50, H 4.16, N 9.91; found: C 76.29, H 4.18, N
10.03.

Synthesis and Characterization of Compound 8

The procedure for the synthesis of compound 4 was repeated except that
compound 7 (2.54 g, 3.00 mmol) was used instead of compound 2. Com-
pound 8 was purified by column chromatography over silica gel using
chloroform as eluent to give a red solid (2.61g, 86%). M.p. >300°C;
'H NMR (500 MHz, CDCl;): 6=9.56 (s, 1 H; dppz), 9.47 (s, 1H; dppz),
9.38 (s, 1H; dppz), 7.29 (d, J=3.2 Hz, 1H; dppz), 8.11 (d, /=7.2 Hz, 2H;
dppz), 7.91-7.87 (m, 4H; triphenylamino), 7.79 (d, J=3.2 Hz, 1H; dppz),
7.72 (d, J=7.3 Hz, 2H; triphenylamino), 7.36-7.28 (m, 10H; triphenyla-
mino), 7.18-7.07 (m, 22H; triphenylamino), 6.97 ppm (t, J=7.7 Hz, 4H;
triphenylamino); *C NMR (125 MHz, CDCly): 6=151.1, 150.1, 148.8,
147.8, 147.6, 144.4, 1435, 142.4, 141.3, 141.1, 137.5, 136.9, 133.5, 132.7,
132.5, 131.4, 129.4, 129.4, 127.9, 127.4, 127.2, 126.1, 125.1, 124.7, 123.7,
123.4, 123.3, 122.4 ppm; main FTIR absorptions (KBr pellets): 7#=3425
(b), 1589 (s), 1493 (s), 1439 (w), 1330 (w), 1277 (m), 1099 (w), 841 (s),
752 (m), 515cm™' (m); ESI-MS: m/z: caled for [C,HuN;|* 1011.4;
found: 1012.4 [M+H]*; elemental analysis caled (%) for C,HuN,: C
85.43, H 4.88, N 9.69; found: C 85.20, H 4.97, N 9.83.

Synthesis and Characterization of Compound 9

This compound was synthesized according to the procedure for com-
pound 6 by using 3,8-dibromo-1,10-phenanthroline-5,6-dione (0.44 g,
1.20 mmol) instead of 1,10-phenanthroline-5,6-dione. Yield: 0.53 g
(57%); m.p. 270-273°C; 'H NMR (500 MHz, CDCl;): 6=9.68 (s, 2H;
dppz), 9.30 (s, 2H; dppz), 8.11 (s, 2H; dppz), 7.93 (d, J=4.2 Hz, 4H; tri-
phenylamino), 7.35-7.28 (m, 8H; triphenylamino), 7.23-7.19 (m, 12H;
triphenylamino), 7.08 ppm (t, J=7.2 Hz, 4H; triphenylamino); *C NMR
(125 MHz, CDCly): 6=150.9, 148.1, 147.5, 142.8, 140.1, 140.0, 1381,
133.8, 1322, 130.1, 129.4, 127.6, 125.8, 125.2, 124.0, 123.7 ppm; main
FTIR absorptions (KBr pellets): #=3440 (b), 1590 (s), 1509 (m), 1493
(s), 1337 (m), 1281 (s), 1099 (m), 825 (W), 755 (m), 698 cm™! (s); ESI-MS:
mlz: caled for [CsHyyBr,Ng]*: 926.1; found: 927.1 [M+H]*; elemental
analysis caled (%) for Cs,H3Br,Ng: C 69.99, H 3.70, N 9.07; found: C
69.75, H 3.87, N 9.16.
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Synthesis and Characterization of Compound 10

The procedure for the synthesis of compound 4 was repeated except that
compound 9 (1.39 g, 1.50 mmol) was used instead of compound 2. Yield:
136 g (72%); m.p. >300°C; 'HNMR (500 MHz, CDCl;): §=9.63 (s,
2H; dppz), 9.49 (s, 2H; dppz), 8.08 (s, 2H; dppz), 7.93 (d, J=4.3 Hz, 4H;
triphenylamino), 7.72 (d, /J=4.3 Hz, 4H; triphenylamino), 7.30-7.28 (m,
6H; triphenylamino), 7.25-7.12 (m, 34H; triphenylamino), 7.06 (t, J=
7.3 Hz, 4H; triphenylamino), 6.96 ppm (t, /J=7.2 Hz, 4H; triphenylami-
no); "CNMR (125 MHz, CDCLy): 6=150.4, 148.6, 147.9, 147.7, 147.4,
146.7, 140.6, 140.2, 139.0, 135.6, 132.1, 131.8, 130.3, 130.1, 129.9, 129.5,
129.4, 127.7, 127.5, 124.9, 124.9, 123.5, 123.3, 122.4 ppm; main FTIR ab-
sorptions (KBr pellets): 7=3443 (b), 1592 (s), 1508 (m), 1490 (s), 1327
(s), 1279 (m), 1068 (m), 822 (w), 752 (m), 696 (s), 623 cm™' (w); ESI-MS:
mlz: caled for [CyoHgNg] T: 1255.5; found: 1255.5 [M]™; elemental analy-
sis caled (%) for CyHg,Ng: C 86.10, H 4.98, N 8.92; found: C 85.84, H
5.08, N 9.08.

Synthesis and Characterization of Compound 11

Compound 4 (0.82¢g, 1.00mmol), sodium borohydride (0.15¢g,
4.00 mmol), CoCl,,6 H,O (0.0024 g, 0.01 mmol), and ethanol/toluene (1:1
v/v, 30 mL) were degassed for 10 min and heated to 60°C for 4 h under
an argon atmosphere. The reaction mixture was then cooled to room
temperature and 1,10-phenanthroline-5,6-dione (0.23 g, 1.10 mmol) was
added to the reaction mixture. Then the mixture heated to 80°C for 40 h.
The reaction mixture was then cooled to room temperature again, and
the solid was removed by filtration and rinsed thoroughly with chloro-
form until no more products remained. The filtrate was concentrated
using a rotary evaporator to give a dark red oil, and the residue was dis-
solved in chloroform (200 mL) and washed thoroughly by brine. The or-
ganic layer was dried by anhydrous MgSO, and filtered. The organic sol-
vent was removed at reduced pressure. The residue was purified by silica
gel column chromatography using chloroform as eluent to give com-
pound 11 as a red solid (0.67g, 70%). M.p. >300°C; 'HNMR
(500 MHz, CDCl;): 6=9.63 (d, J=3.2 Hz, 2H; dppz), 9.29 (s, 2H; dppz),
7.80 (d, J=3.4 Hz, 2H; dppz), 7.66 (s, 2H; dppz), 7.60 (d, J=7.3 Hz, 4H;
triphenylamino), 7.36-7.33 (m, 8 H; triphenylamino), 7.12-7.07 (m, 12H;
triphenylamino+2H, thienyl), 6.92 (t, /J=7.3 Hz, 4H; triphenylamino),
241 ppm (s, 6H; CH;); "CNMR (125 MHz, CDCl;): 6=150.0, 148.6,
147.1, 145.3, 141.1, 140.3, 139.4, 138.4, 137.8, 134.0, 132.6, 132.3, 130.5,
129.2, 127.9, 126.7, 125.1, 124.0, 123.2, 122.3, 16.0 ppm; main FTIR ab-
sorptions (KBr pellets): 7=3447 (b), 1591 (s), 1521 (m), 1491 (s), 1385
(s), 1288 (m), 1108 (w), 1068 (m), 822 (w), 757 (m), 699 (m), 598 cm™*
(m); ESI-MS: m/z: caled for [CoHyuNoS,]: 960.3; found: 959.3 [M—H]";
elemental analysis calcd (%) for CgHyNeS,: C 79.97, H 4.61, N 8.74;
found: C 79.73, H 4.72, N 8.81.

Synthesis and Characterization of Compound 12

The procedure for the synthesis of compound 11 was repeated except
that 3-bromo-1,10-phenanthroline-5,6-dione (0.35 g, 1.20 mmol) was used
instead of 1,10-phenanthroline-5,6-dione. Yield: 0.64g (62%); m.p.
>300°C; 'HNMR (500 MHz, CDCLy): 6=9.75 (s, 1H; dppz), 9.58 (s,
1H; dppz), 9.27 (s, 1H; dppz), 9.36 (s, 1 H; dppz), 7.89 (t, /=7.3 Hz, 1 H;
dppz), 7.78 (d, J=3.4 Hz, 2H; dppz), 7.73 (d, /=4.3 Hz, 4H; triphenyla-
mino), 7.31-7.28 (m, 8 H; triphenylamino), 7.20-7.13 (m, 12H; tripheny-
lamino+2H, thienyl), 7.06 (t, J=7.4 Hz, 4H; triphenylamino), 2.37 ppm
(s, 6H; CH,); *CNMR (125 MHz, CDCL,): 6 =152.1, 149.1, 147.3, 146.7,
144.5, 144.0, 141.2, 139.9, 139.1, 138.0, 137.7, 135.1, 134.6, 132.7, 131.9,
130.8, 130.2, 128.4, 127.5, 125.7, 124.8, 124.3, 123.3, 122.9, 16.1 ppm; main
FTIR absorptions (KBr pellets): #=3445 (b), 1579 (s), 1508 (m), 1493
(s), 1385 (s), 1325 (m), 1278 (m), 1109 (w), 1066 (m), 829 (w), 752 (m),
623 (m), 598 cm™! (m); ESI-MS: m/z: caled for [Cg,H,;3BrNS,]*: 1040.1;
found: 1040.1 [M]*; elemental analysis caled (%) for CeHBrN(S,: C
73.90, H 4.17, N 8.08; found: C 73.64, H 4.26, N 8.22.

Synthesis and Characterization of Compound 13

This compound was synthesized according to the procedure of compound
4 by using compound 12 (2.91 g, 2.80 mmol) instead of compound 2
(2.63 g, 78%). M.p. >300°C; 'HNMR (500 MHz, CDCl,): 6=9.70 (s,
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1H; dppz), 9.60 (s, 1 H; dppz), 9.36 (s, 1 H; dppz), 9.29 (d, /=23 Hz, 1H;
dppz), 7.80 (s, 1H; dppz), 7.76 (d, J=3.4Hz, 2H; dppz), 7.64 (d, J=
3.3 Hz, 2H; triphenylamino), 7.55-7.52 (m, 4H; triphenylamino), 7.34—
7.31 (m, 6H; triphenylamino), 7.21-7.15 (m, 15H; triphenylamino+2H,
thienyl), 7.08-6.96 (m, 15H; triphenylamino), 2.47 ppm (s, 6H; CHj;);
CNMR (125 MHz, CDCl,): §=150.7, 150.3, 149.2, 148.6, 146.8, 145.4,
144.3, 143.3, 142.2, 141.4, 140.6, 140.2, 139.4, 138.0, 138.0, 136.7, 134.9,
132.5, 132.4, 131.2, 130.6, 129.8, 129.7, 128.4, 127.3, 126.5, 125.7, 125.5,
124.0, 123.6, 123.2, 15.5 ppm; main FTIR absorptions (KBr pellets): 7=
3440 (b), 1582 (s), 1493 (m), 1437 (w), 1376 (s), 1327 (m), 1279 (m), 1093
(w), 1066 (m), 825 (w), 698 (w), 623 (m), 594 cm™' (m); ESI-MS: m/z:
caled for [Cg,HsN;S,]T: 1204.5; found: 1204.5 [M]*; elemental analysis
caled (%) for Cg,Hy;N,S,: C 81.77, H 4.77, N 8.14; found: C 81.56, H
4.89, N 8.25.

Synthesis and Characterization of Compound 14

The procedure for the synthesis of compound 11 was repeated except that
3,8-dibromo-1,10-phenanthroline-5,6-dione (0.44 g, 1.20 mmol) was used
instead of 1,10-phenanthroline-5,6-dione. Yield: 0.72g (64%); m.p.
>300°C; '"H NMR (500 MHz, CDCL,): 6=9.81 (s, 2H; dppz), 9.36 (s, 2H;
dppz), 7.86 (s, 2H; dppz), 7.76 (d, J=3.6 Hz, 4H; triphenylamino), 7.40—
7.37 (m, 8H; triphenylamino), 7.27-7.13 (m, 12H; triphenylamino+2H,
thienyl), 6.96 (t, J=7.6 Hz, 4H; triphenylamino), 2.41 ppm (s, 6H; CH,);
BCNMR (125 MHz, CDCLy): 6=151.6, 149.4, 147.2, 143.9, 141.3, 140.1,
138.8, 138.0, 137.7, 134.4, 132.5, 130.7, 130.2, 1284, 127.2, 125.8, 125.1,
124.2, 123.1, 16.2 ppm; main FTIR absorptions (KBr pellets): #=3427 (b),
1593 (s), 1509 (m), 1491 (s), 1323 (m), 1288 (w), 1109 (m), 1068 (m), 752
(m), 696 (s), 623cm™" (w); ESI-MS: m/z: caled for [CeH,BrNgS,
1119.0; found: 1119.0 [M]*; elemental analysis caled (%) for
CeHy,BroNgS,: C 68.69, H 3.78, N 7.51; found: C 68.44, H 3.91, N 7.63.

Synthesis and Characterization of Compound 15

This compound was synthesized according to the procedure of compound
4 by using compound 14 (1.57 g, 1.40 mmol) instead of compound 2.
Yield: 1.03 g (51%); m.p. >300°C; '"H NMR (500 MHz, CDCl;): 6 =9.80
(s, 2H; dppz), 9.51 (s, 2H; dppz), 7.75 (s, 2H; dppz), 7.65 (d, J=4.3 Hz,
4H; triphenylamino), 7.52 (d, /=4.3 Hz, 4H; triphenylamino), 7.30-7.28
(m, 6H; triphenylamino), 7.17-7.10 (m, 34H; triphenylamino+2H,
thienyl), 7.04 (t, J=7.3 Hz, 4H; triphenylamino), 6.95 (t, /=72 Hz, 4H;
triphenylamino), 2.41 ppm (s, 6H; CH;); *C NMR (125 MHz, CDCl;):
0=150.1, 148.8, 148.0, 147.4, 146.9, 143.4, 142.4, 140.8, 139.9, 138.7, 137.5,
137.1, 135.9, 134.3, 132.6, 132.1, 130.9, 130.3, 129.7, 129.7, 128.2, 126.9,
125.6, 124.1, 123.8, 123.3, 15.2 ppm; main FTIR absorptions (KBr pel-
lets): 7=3443 (b), 1591 (s), 1516 (m), 1439 (s), 1330 (w), 1278 (m), 1099
(w), 1069 (m), 852 (w), 741 (m), 698 (m), 588 cm™' (m); ESI-MS: m/z:
caled for [CpoH7NgS,]*: 1447.5; found: 1447.6 [M]*; elemental analysis
caled (%) for C,yH;NgS,: C 82.96, H 4.87, N 7.74; found: C 82.71, H
4.99, N 7.90.

X-ray Data Collection and Structural Determination

Single-crystal samples of two compounds were covered with glue and
mounted on glass fibers and then used for data collection. The crystal
system was determined by Laue symmetry, and the space groups were as-
signed on the basis of systematic absences using XPREP.*”) Absorption
correction was performed on the data, and the structures were solved by
direct methods and refined by the full-matrix least-squares method on
F2,. by using the SHELXTL PC software package.’ All non-hydrogen
atoms were anisotropically refined, and all hydrogen atoms were inserted
in the calculated positions, assigned fixed isotropic thermal parameters,
and allowed to ride on their respective parent atoms. The summary of
the crystal data, experimental details, and refinement results for the com-
pounds is listed in the Supporting Information; bond distances and
angles are also given in the Supporting Information. In addition, hydro-
gen-bonding parameters are tabulated in the Supporting Information.

CCDC-951797 and 951798 contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
KK These are not the final page numbers!



CHEMISTRY

AN ASIAN JOURNAL

Acknowledgements

This work was financially supported by the Major State Basic Research

Development Programs

(nos. 2013CB922101, 2011CB933300, and

2011CB808704), the National Natural Science Foundation of China (nos.
21171088 and 21021062), and the Qing Lan Project.

[1] a) P. Peumans, A. Yakimov, S. R. Forrest, J. Appl. Phys. 2003, 93,

2

3

[4

[5

[6

[7

8

9

—

[t

=

—_ =

—

=

—

3693-3723; b) J. C. Sancho-Gar¢ia, J. L. Brédas, J. Cornil, Chem.
Phys. Lett. 2003, 377, 63—68; c) E. Holder, B. M. W. Langeveld, U. S.
Schubert, Adv. Mater. 2005, 17, 1109-1121; d) H. V. Chavan, L. K.
Adsul, B.P. Bandgar, J. Chem. Sci. 2011, 123, 477-483; e¢) C.R.
Belton, A. L. Kanibolotsky, J. Kirkpatrick, C. Orofino, Adv. Funct.
Mater. 2013, 23, 2792-2804; f) C. Schubert, M. Wielopolski, L.-H.
Mewes, G. de Miguel Rojas, C. van der Pol, K. C. Moss, M. R. Bryce,
J. E. Moser, T. Clark, D. M. Guldi, Chem. Eur. J. 2013, 19, 7575-
7586.

Selected examples: a) M. A. Baldo, M. E. Thompson, S. R. Forrest,
Nature 2000, 403, 750-753; b) A. Alvarez-Diaz, A. Salinas-Castillo,
M. Camprubi-Robles, J. M. Costa-Ferndndez, R. Pereiro, R. Malla-
via, A. Sanz-Medel, Anal. Chem. 2011, 83, 2712-2718; c) K. Friede-
mann, A. Turshatov, K. Landfester, D. Crespy, Langmuir 2011, 27,
7132-7139; d) F. Friscourt, C.J. Fahrni, G.-J. Boons, J. Am. Chem.
Soc. 2012, 134, 18809-18815; e) D. Zhitomirsky, O. Voznyy, S.
Hoogland, E. H. Sargent, ACS Nano 2013, 7, 5282-5290.

Selected examples: a)S. Uji, H. Shinagawa, T. Terashima, T.
Yakabe, Y. Terai, M. Tokumoto, A. Kobayashi, H. Tanaka, H. Ko-
bayashi, Nature 2001, 410, 908-910; b) D. P. Hagberg, T. Edvinsson,
T. Marinado, G. Boschloo, A. Hagfeldt, L.-C. Sun, Chem. Commun.
2006, 2245-2247; c¢) Y.-L. Wu, Y.-N. Li, B.S. Ong, J. Am. Chem.
Soc. 2007, 129, 1862-1863; d) L. Jiang, Y.-Y. Fu, H.-X. Li, W.-P. Hu,
J. Am. Chem. Soc. 2008, 130, 3937-3941; e) R. Ueno, D. Fujino, H.
Yorimitsu, A. Osuka, Chem. Eur. J. 2013, 19, 7156-7161.

Selected examples: a) S. J. Dwight, B. S. Gaylord, J. W. Hong, J. Am.
Chem. Soc. 2004, 126, 16850-16859; b) T. Ogoshi, A. Harada, Sen-
sors 2008, 8, 4961-4982; c) S.-J. He, B. Song, D. Li, C.-F. Zhu, W.-P.
Qi, Y.-Q. Wen, L.-H. Wang, S.-P. Song, H.-P. Fang, C. Fan, Adv.
Funct. Mater. 2010, 20, 453-459; d) Y. Che, X. Yang, G. Liu, C. Yu,
H. Ji, J. Zuo, J. Zhao, L. Zang, J. Am. Chem. Soc. 2010, 132, 5743—
5750; e) J.-H. Kang, Z.-C. Xu, S.-M. Paek, F. Wang, S.-J. Hwang, J.-
Y. Yoon, J.-H. Choy, Chem. Asian J. 2011, 6, 2123-2129; f) F. Civril,
T. Deimling, C. C. de Oliveira Mann, A. Ablasser, M. Moldt, Nature
2013, 498, 332-337.

L. L. Miller, J. S. Schlechte, B. Zinger, C.J. Burrell, Chem. Mater.
2002, 74, 5081-5089.

a) F-L. Zhang, J. Bijleveld, E. Perzon, K. Tvingstedt, S. Barrau, J.
Mater. Chem. 2008, 18, 5468—-5474; b) Q. Bricaud, A. Cravino, P.
Leriche, J. Roncali, Synth. Met. 2009, 159, 2534-2538; ¢) T. R. An-
dersen, T.T. Larsen-Olsen, B. Andreasen, A.P.L. Bottiger, J. E.
Carle, M. Helgesen, E. Bundgaard, K. Norrman, J. W. Andreasen,
M. Jorgensen, F. C. Krebs, ACS Nano 2011, 5, 4188-4196; d) K. S.
Yeo, S. Nakao, Y. Hirose, T. Hasegawa, Y. Matsuo, Org. Electron.
2013, 714, 1715-1719.

a) G. Leising, S. Tasch, F. Meghdadi, L. Athouel, G. Froyer, U.
Scherf, Synth. Met. 1996, 81, 185-189; b) Y.-J. Cheng, J.-S. Wu, P. L.
Shih, C.-Y. Chang, P.C. Jwo, W.S. Kao, C.S. Hsu, Chem. Mater.
2011, 23, 2361-2369.

a) S. Roquet, A. Cravino, P. Leriche, O. Alévéque, P. Frére, J. Ron-
cali, . Am. Chem. Soc. 2006, 128, 3459-3466; b) P. Shen, G.-Y.
Sang, J.-J. Lu, B. Zhao, M.-X. Wan, Y.-P. Zou, Y.-F. Li, S.-T. Tan,
Macromolecules 2008, 41, 5716-5722; c) J. A. Mikroyannidis, A. N.
Kabanakis, S.S. Sharma, G.D. Sharma, Org. Electron. 2011, 12,
774-784; d) E. Ripaud, C. Mallet, M. Allain, P. Leriche, P. Frere, J.
Roncali, Tetrahedron Lett. 2011, 52, 6573-6577; ¢) H. Wonneberger,
N. Pschirer, I. Bruder, J. Schoeneboom, C.-Q. Ma, P. Erk, C. Li, P.
Baeuerle, K. Muellen, Chem. Asian J. 2011, 6, 1744—-1747.

Selected examples: a) W. Stampor, W. Mroz, Chem. Phys. 2007, 331,
261-269; b)S. Tao, Y. Zhou, C.S. Lee, S.T. Lee, D. Huang, X.

Chem. Asian J. 2013, 00, 0-0
These are not the final page numbers! 22

11

www.chemasianj.org

(10]

(1]

(12]

(13]

(14]

(15]

[16]

(17]

Wei Huang et al.

Zhang, J. Phys. Chem. C 2008, 112, 14603-14606; c) C. Fan, Y.-H.
Chen, Z.-Q. Jiang, C.-L. Yang, C. Zhong, J.-G. Qin, D.-G. Ma, J.
Mater. Chem. 2010, 20, 3232-3237; d) X.-M. Zhang, Y.-W. Quan, Z.
Cui, Q.-M. Chen, J.-F. Ding, J.-P. Lu, Eur. J. Org. Chem. 2010, 2295-
2303; e) M.-R. Zhu, J.-H. Zou, X. He, C.-L. Yang, H.-B. Wu, C.
Zhong, J.-G. Qin, Y. Cao, Chem. Mater. 2012, 24, 174-180.

Selected examples: a) N. Satoh, T. Nakashima, K. Yamamoto, J.
Am. Chem. Soc. 2005, 127, 13030-13038; b) D. P. Hagberg, T. Mari-
nado, K. M. Karlsson, K. Nonomura, P. Qin, G. Boschloo, T. Brinck,
J. Org. Chem. 2007, 72, 9550-9556; c) Z.-J. Ning, Q. Zhang, W.-J.
Wu, H.-C. Pei, B. Liu, H. Tian, J. Org. Chem. 2008, 73, 3791-3797;
d) C.-P. Hsieh, H.-P. Lu, C.-L. Chiu, C.-W. Lee, S.-H. Chuang, C.-L.
Mai, W.-N. Yen, S.-J. Hsu, E. W. G. Diau, C.-Y. Yeh, J. Mater. Chem.
2010, 20, 1127-1134; e) S. M. Feldt, E. A. Gibson, E. Gabrielsson,
L. Sun, G. Boschloo, A. Hagfeldt, J. Am. Chem. Soc. 2010, 132,
16714-16724.

Selected examples: a) P. Leriche, P. Frere, A. Cravino, O. Alévéque,
J. Roncali, J. Org. Chem. 2007, 72, 8332-8336; b) R.-J. Li, W.-P. Hu,
Y.-Q. Liu, D.-B. Zhu, Acc. Chem. Res. 2010, 43, 529-540; c) J. Lee,
S. Cho, C. Yang, J. Mater. Chem. 2011, 21, 8528-8531; d) F.-R. Dai,
H.-M. Zhan, Q. Liu, Y.-Y. Fu, J.-H. Li, Q.-W. Wang, Z.-Y. Xie, L.-X.
Wang, F. Yan, W.-Y. Wong, Chem. Eur. J. 2012, 18, 1502-1511;
e) E. M. Barea, G. Garcia-Belmonte, M. Sommer, S. Huttner, H. J.
Bolink, M. Thelakkat, Thin Solid Films 2010, 518, 3351-3354.

a) W. Huang, G. Masuda, S. Maeda, H. Tanaka, T. Ogawa, Chem.
Eur. J. 2006, 12, 607-619; b) W. Huang, H. Tanaka, T. Ogawa, J.
Phys. Chem. C 2008, 112, 11513-11526; c) W. Huang, H. Tanaka, T.
Ogawa, X.-Z. You, Adv. Mater. 2010, 22, 2753-2758; d) T. Tao, Y.-
X. Peng, W. Huang, X.-Z. You, J. Org. Chem. 2013, 78, 2472-2481;
e) T. Tao, H.-F. Qian, K. Zhang, J. Geng, W. Huang, Tetrahedron
2013, 69, 7290-7299; f) T. Tao, B.-B. Ma, Y.-X. Peng, X.-X. Wang,
W. Huang, X.-Z. You, J. Org. Chem. 2013, 78, 8669—-8679.

a) P. K. Fraser, S. Woodward, Chem. Eur. J. 2003, 9, 776-783; b) S.
Flores-Torres, G. R. Hutchison, L.J. Soltzberg, H. D. Abruna, J.
Am. Chem. Soc. 2006, 128, 1513-1522; c) S. K. Mandal, Y. Okawa,
T. Hasegawa, M. Aono, ACS Nano 2011, 5, 2779-2786; d) A. Bilici,
F. Dogan, M. Yildinim, I. Kaya, J. Phys. Chem. C 2012, 116, 19934—
19940; e) I. Osaka, M. Shimawaki, H. Mori, I. Doi, E. Miyazaki, T.
Koganezawa, K. Takimiya, J. Am. Chem. Soc. 2012, 134, 3498 -3507.
a) A. P. Zoombelt, M. Fonrodona, M. G. R. Turbiez, M. M. Wienk,
R. A.J. Janssen, J. Mater. Chem. 2009, 19, 5336-5342; b)E.G.
Wang, L.T. Hou, Z. Q. Wang, S. Hellstrom, W. Mammo, F.L.
Zhang, O. Inganas, M. R. Andersson, Org. Lett. 2010, 12, 4470—
4474; ¢) Y. Zhang, J. Zou, H.-L. Yip, K.-S. Chen, D. F. Zeigler, Y.
Sun, A.K.Y. Jen, Chem. Mater. 2011, 23, 2289-2291; d) A. Dhak-
shinamoorthy, K. Kanagaraj, K. Pitchumani, Tetrahedron Lett. 2011,
52,69-73.

a)L. Pu, Chem. Rev. 2004, 104, 1687-1716; b)S. Admassie, F.
Zhang, A.G. Manoj, M. Svensson, M. R. Andersson, O. Inganas,
Sol. Energy Mater. Sol. Cells 2006, 90, 133-141; c) H. Li, T. L. Tam,
Y. M. Lam, S. G. Mhaisalkar, A. C. Grimsdale, Org. Lett. 2011, 13,
46-49; d) B. A. D. Neto, A. A. M. Lapis, E.N. da Silva Junior, J.
Dupont, Eur. J. Org. Chem. 2013, 228-255.

Selected examples: a) K. R. Justin Thomas, M. Velusamy, J. T. Lin,
C. H. Chuen, Y. T. Tao, Chem. Mater. 2005, 17, 1860-1866; b) F. S.
Mancilha, B. A. D. Neto, A.S. Lopes, P. F. Moreira, F. H. Quina,
R.S. Goncalves, J. Dupont, Eur. J. Org. Chem. 2006, 4924—-4933;
¢)J-Y. Lee, W.-S. Shin, J.-R. Haw, D.-K. Moon, J. Mater. Chem.
2009, 19, 4938-4945; d) J. W. Chen, Y. Cao, Acc. Chem. Res. 2009,
42, 1709-1718; e) K. Susumu, J. A. N. Fisher, J. Zheng, D. N. Bera-
tan, A. G. Yodh, M. J. Therien, J. Phys. Chem. A 2011, 115, 5525-
5539.

a) S. Bodige, F. M. MacDonnell, Tetrahedron Lett. 1997, 38, 8159 -
8160; b) T. Yamamoto, Y. Saitoh, K. Anzai, H. Fukumoto, T.
Yasuda, Y. Fujiwara, B. Choi, K. Kubota, T. Miyamae, Macromole-
cules 2003, 36, 6722—-6729; c) X. Q. Liu, X. Zhou, X. Shu, J. Zhu,
Macromolecules 2009, 42, 7634-7637; d)J. F. Zhao, L. Chen, P.J.
Sun, X.Y. Hou, X. H. Zhao et al., Tetrahedron 2011, 67, 1977-1982;
e) C. Kuhnt, S. Tschierlei, M. Karnahl, S. Rau, B. Dietzek, M.

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1063/1.1534621
http://dx.doi.org/10.1063/1.1534621
http://dx.doi.org/10.1063/1.1534621
http://dx.doi.org/10.1063/1.1534621
http://dx.doi.org/10.1002/adma.200400284
http://dx.doi.org/10.1002/adma.200400284
http://dx.doi.org/10.1002/adma.200400284
http://dx.doi.org/10.1007/s12039-011-0081-8
http://dx.doi.org/10.1007/s12039-011-0081-8
http://dx.doi.org/10.1007/s12039-011-0081-8
http://dx.doi.org/10.1002/adfm.201202644
http://dx.doi.org/10.1002/adfm.201202644
http://dx.doi.org/10.1002/adfm.201202644
http://dx.doi.org/10.1002/adfm.201202644
http://dx.doi.org/10.1002/chem.201204055
http://dx.doi.org/10.1002/chem.201204055
http://dx.doi.org/10.1002/chem.201204055
http://dx.doi.org/10.1021/la104817r
http://dx.doi.org/10.1021/la104817r
http://dx.doi.org/10.1021/la104817r
http://dx.doi.org/10.1021/la104817r
http://dx.doi.org/10.1021/ja309000s
http://dx.doi.org/10.1021/ja309000s
http://dx.doi.org/10.1021/ja309000s
http://dx.doi.org/10.1021/ja309000s
http://dx.doi.org/10.1021/nn402197a
http://dx.doi.org/10.1021/nn402197a
http://dx.doi.org/10.1021/nn402197a
http://dx.doi.org/10.1038/35073531
http://dx.doi.org/10.1038/35073531
http://dx.doi.org/10.1038/35073531
http://dx.doi.org/10.1039/b603002e
http://dx.doi.org/10.1039/b603002e
http://dx.doi.org/10.1039/b603002e
http://dx.doi.org/10.1039/b603002e
http://dx.doi.org/10.1021/ja067596w
http://dx.doi.org/10.1021/ja067596w
http://dx.doi.org/10.1021/ja067596w
http://dx.doi.org/10.1021/ja067596w
http://dx.doi.org/10.1021/ja077600j
http://dx.doi.org/10.1021/ja077600j
http://dx.doi.org/10.1021/ja077600j
http://dx.doi.org/10.1002/chem.201300623
http://dx.doi.org/10.1002/chem.201300623
http://dx.doi.org/10.1002/chem.201300623
http://dx.doi.org/10.1021/ja0469737
http://dx.doi.org/10.1021/ja0469737
http://dx.doi.org/10.1021/ja0469737
http://dx.doi.org/10.1021/ja0469737
http://dx.doi.org/10.3390/s8084961
http://dx.doi.org/10.3390/s8084961
http://dx.doi.org/10.3390/s8084961
http://dx.doi.org/10.3390/s8084961
http://dx.doi.org/10.1002/adfm.200901639
http://dx.doi.org/10.1002/adfm.200901639
http://dx.doi.org/10.1002/adfm.200901639
http://dx.doi.org/10.1002/adfm.200901639
http://dx.doi.org/10.1021/ja909797q
http://dx.doi.org/10.1021/ja909797q
http://dx.doi.org/10.1021/ja909797q
http://dx.doi.org/10.1002/asia.201000763
http://dx.doi.org/10.1002/asia.201000763
http://dx.doi.org/10.1002/asia.201000763
http://dx.doi.org/10.1038/nature12305
http://dx.doi.org/10.1038/nature12305
http://dx.doi.org/10.1038/nature12305
http://dx.doi.org/10.1038/nature12305
http://dx.doi.org/10.1021/cm0201908
http://dx.doi.org/10.1021/cm0201908
http://dx.doi.org/10.1021/cm0201908
http://dx.doi.org/10.1021/cm0201908
http://dx.doi.org/10.1039/b811957k
http://dx.doi.org/10.1039/b811957k
http://dx.doi.org/10.1039/b811957k
http://dx.doi.org/10.1039/b811957k
http://dx.doi.org/10.1016/j.synthmet.2009.09.002
http://dx.doi.org/10.1016/j.synthmet.2009.09.002
http://dx.doi.org/10.1016/j.synthmet.2009.09.002
http://dx.doi.org/10.1021/nn200933r
http://dx.doi.org/10.1021/nn200933r
http://dx.doi.org/10.1021/nn200933r
http://dx.doi.org/10.1016/j.orgel.2013.04.007
http://dx.doi.org/10.1016/j.orgel.2013.04.007
http://dx.doi.org/10.1016/j.orgel.2013.04.007
http://dx.doi.org/10.1016/j.orgel.2013.04.007
http://dx.doi.org/10.1016/S0379-6779(96)03751-4
http://dx.doi.org/10.1016/S0379-6779(96)03751-4
http://dx.doi.org/10.1016/S0379-6779(96)03751-4
http://dx.doi.org/10.1021/cm200041v
http://dx.doi.org/10.1021/cm200041v
http://dx.doi.org/10.1021/cm200041v
http://dx.doi.org/10.1021/cm200041v
http://dx.doi.org/10.1021/ja058178e
http://dx.doi.org/10.1021/ja058178e
http://dx.doi.org/10.1021/ja058178e
http://dx.doi.org/10.1021/ma800847f
http://dx.doi.org/10.1021/ma800847f
http://dx.doi.org/10.1021/ma800847f
http://dx.doi.org/10.1016/j.orgel.2011.02.008
http://dx.doi.org/10.1016/j.orgel.2011.02.008
http://dx.doi.org/10.1016/j.orgel.2011.02.008
http://dx.doi.org/10.1016/j.orgel.2011.02.008
http://dx.doi.org/10.1016/j.tetlet.2011.09.129
http://dx.doi.org/10.1016/j.tetlet.2011.09.129
http://dx.doi.org/10.1016/j.tetlet.2011.09.129
http://dx.doi.org/10.1002/asia.201000895
http://dx.doi.org/10.1002/asia.201000895
http://dx.doi.org/10.1002/asia.201000895
http://dx.doi.org/10.1016/j.chemphys.2006.10.014
http://dx.doi.org/10.1016/j.chemphys.2006.10.014
http://dx.doi.org/10.1016/j.chemphys.2006.10.014
http://dx.doi.org/10.1016/j.chemphys.2006.10.014
http://dx.doi.org/10.1021/jp803957p
http://dx.doi.org/10.1021/jp803957p
http://dx.doi.org/10.1021/jp803957p
http://dx.doi.org/10.1039/b927576b
http://dx.doi.org/10.1039/b927576b
http://dx.doi.org/10.1039/b927576b
http://dx.doi.org/10.1039/b927576b
http://dx.doi.org/10.1002/ejoc.200901140
http://dx.doi.org/10.1002/ejoc.200901140
http://dx.doi.org/10.1002/ejoc.200901140
http://dx.doi.org/10.1021/cm202732j
http://dx.doi.org/10.1021/cm202732j
http://dx.doi.org/10.1021/cm202732j
http://dx.doi.org/10.1021/ja050765c
http://dx.doi.org/10.1021/ja050765c
http://dx.doi.org/10.1021/ja050765c
http://dx.doi.org/10.1021/ja050765c
http://dx.doi.org/10.1021/jo701592x
http://dx.doi.org/10.1021/jo701592x
http://dx.doi.org/10.1021/jo701592x
http://dx.doi.org/10.1021/jo800159t
http://dx.doi.org/10.1021/jo800159t
http://dx.doi.org/10.1021/jo800159t
http://dx.doi.org/10.1039/b919645e
http://dx.doi.org/10.1039/b919645e
http://dx.doi.org/10.1039/b919645e
http://dx.doi.org/10.1039/b919645e
http://dx.doi.org/10.1021/ja1088869
http://dx.doi.org/10.1021/ja1088869
http://dx.doi.org/10.1021/ja1088869
http://dx.doi.org/10.1021/ja1088869
http://dx.doi.org/10.1021/jo701390y
http://dx.doi.org/10.1021/jo701390y
http://dx.doi.org/10.1021/jo701390y
http://dx.doi.org/10.1021/ar900228v
http://dx.doi.org/10.1021/ar900228v
http://dx.doi.org/10.1021/ar900228v
http://dx.doi.org/10.1039/c1jm11515d
http://dx.doi.org/10.1039/c1jm11515d
http://dx.doi.org/10.1039/c1jm11515d
http://dx.doi.org/10.1002/chem.201102598
http://dx.doi.org/10.1002/chem.201102598
http://dx.doi.org/10.1002/chem.201102598
http://dx.doi.org/10.1016/j.tsf.2009.10.003
http://dx.doi.org/10.1016/j.tsf.2009.10.003
http://dx.doi.org/10.1016/j.tsf.2009.10.003
http://dx.doi.org/10.1002/chem.200500822
http://dx.doi.org/10.1002/chem.200500822
http://dx.doi.org/10.1002/chem.200500822
http://dx.doi.org/10.1002/chem.200500822
http://dx.doi.org/10.1021/jp711635p
http://dx.doi.org/10.1021/jp711635p
http://dx.doi.org/10.1021/jp711635p
http://dx.doi.org/10.1021/jp711635p
http://dx.doi.org/10.1002/adma.200904026
http://dx.doi.org/10.1002/adma.200904026
http://dx.doi.org/10.1002/adma.200904026
http://dx.doi.org/10.1021/jo302706t
http://dx.doi.org/10.1021/jo302706t
http://dx.doi.org/10.1021/jo302706t
http://dx.doi.org/10.1016/j.tet.2013.06.087
http://dx.doi.org/10.1016/j.tet.2013.06.087
http://dx.doi.org/10.1016/j.tet.2013.06.087
http://dx.doi.org/10.1016/j.tet.2013.06.087
http://dx.doi.org/10.1021/jo401384g
http://dx.doi.org/10.1021/jo401384g
http://dx.doi.org/10.1021/jo401384g
http://dx.doi.org/10.1002/chem.200390087
http://dx.doi.org/10.1002/chem.200390087
http://dx.doi.org/10.1002/chem.200390087
http://dx.doi.org/10.1021/ja0552139
http://dx.doi.org/10.1021/ja0552139
http://dx.doi.org/10.1021/ja0552139
http://dx.doi.org/10.1021/ja0552139
http://dx.doi.org/10.1021/nn103231j
http://dx.doi.org/10.1021/nn103231j
http://dx.doi.org/10.1021/nn103231j
http://dx.doi.org/10.1021/jp304432k
http://dx.doi.org/10.1021/jp304432k
http://dx.doi.org/10.1021/jp304432k
http://dx.doi.org/10.1021/ja210687r
http://dx.doi.org/10.1021/ja210687r
http://dx.doi.org/10.1021/ja210687r
http://dx.doi.org/10.1039/b821979f
http://dx.doi.org/10.1039/b821979f
http://dx.doi.org/10.1039/b821979f
http://dx.doi.org/10.1021/ol1020724
http://dx.doi.org/10.1021/ol1020724
http://dx.doi.org/10.1021/ol1020724
http://dx.doi.org/10.1021/cm200316s
http://dx.doi.org/10.1021/cm200316s
http://dx.doi.org/10.1021/cm200316s
http://dx.doi.org/10.1016/j.tetlet.2010.10.146
http://dx.doi.org/10.1016/j.tetlet.2010.10.146
http://dx.doi.org/10.1016/j.tetlet.2010.10.146
http://dx.doi.org/10.1016/j.tetlet.2010.10.146
http://dx.doi.org/10.1021/cr030052h
http://dx.doi.org/10.1021/cr030052h
http://dx.doi.org/10.1021/cr030052h
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1002/ejoc.201201161
http://dx.doi.org/10.1002/ejoc.201201161
http://dx.doi.org/10.1002/ejoc.201201161
http://dx.doi.org/10.1021/cm047705a
http://dx.doi.org/10.1021/cm047705a
http://dx.doi.org/10.1021/cm047705a
http://dx.doi.org/10.1002/ejoc.200600376
http://dx.doi.org/10.1002/ejoc.200600376
http://dx.doi.org/10.1002/ejoc.200600376
http://dx.doi.org/10.1039/b823536h
http://dx.doi.org/10.1039/b823536h
http://dx.doi.org/10.1039/b823536h
http://dx.doi.org/10.1039/b823536h
http://dx.doi.org/10.1021/ar900061z
http://dx.doi.org/10.1021/ar900061z
http://dx.doi.org/10.1021/ar900061z
http://dx.doi.org/10.1021/ar900061z
http://dx.doi.org/10.1021/jp2000738
http://dx.doi.org/10.1021/jp2000738
http://dx.doi.org/10.1021/jp2000738
http://dx.doi.org/10.1016/S0040-4039(97)10223-4
http://dx.doi.org/10.1016/S0040-4039(97)10223-4
http://dx.doi.org/10.1016/S0040-4039(97)10223-4
http://dx.doi.org/10.1021/ma0302659
http://dx.doi.org/10.1021/ma0302659
http://dx.doi.org/10.1021/ma0302659
http://dx.doi.org/10.1021/ma0302659
http://dx.doi.org/10.1021/ma901879t
http://dx.doi.org/10.1021/ma901879t
http://dx.doi.org/10.1021/ma901879t
http://dx.doi.org/10.1016/j.tet.2010.12.065
http://dx.doi.org/10.1016/j.tet.2010.12.065
http://dx.doi.org/10.1016/j.tet.2010.12.065

CHEMISTRY www.chemasianj.org Wei Huang et al.

AN ASIAN JOURNAL

Schmitt, J. Popp, J. Raman Spectrosc. 2010, 41, 922-932; f) C.
Kuhnt, M. Karnahl, S. Tschierlei, K. Griebenow, M. Schmitt, B.
Schifer, S. Krieck, H. Gorls, S. Rau, B. Dietzek, J. Popp, Phys.
Chem. Chem. Phys. 2010, 12, 1357-1368.

[18] a) P. Espinet, A. M. Echavarren, Angew. Chem. 2004, 116, 4808 -
4839; Angew. Chem. Int. Ed. 2004, 43, 4704-4734; b) J. Kim, S. H.
Park, S. Cho, Y. Jin, J. Kim, I. Kim, J. S. Lee, J. H. Kim, H. Y. Woo,
K. Lee, H. Suh, Polymer 2010, 51, 390-396; c) D. G. Patel, F. Feng,
Y.-Y. Ohnishi, K. A. Abboud, S. Hirata, K. S. Schanze, J. R. Rey-
nolds, J. Am. Chem. Soc. 2012, 134, 2599-2612.

[19] a) M. Velusamy, K. R. Justin Thomas, J. T. Lin, Y.-C. Hsu, K.-C. Ho,
Org. Lett. 2005, 7, 1899-1902; b) S. Kato, T. Matsumoto, M. Shigei-
wa, H. Gorohmaru, S. Maeda, T. Ishi-I, S. Mataka, Chem. Eur. J.
2006, 12, 2303-2317.

[20] a) A. Suzuki, J. Organomet. Chem. 1999, 576, 147-168; b) T. E.
Barder, S. D. Walker, J. R. Martinelli, S. L. Buchwald, J. Am. Chem.
Soc. 2005, 127, 4685-4696; c) R. Martin, S.L. Buchwald, Acc.
Chem. Res. 2008, 41, 1461-1473.

[21] a) R. Naef, H. Balli, Helv. Chim. Acta 1978, 61, 2958-2973; b) S.
Hellstroem, F. Zhang, O. Ingands, M. R. Andersson, Dalton Trans.
2009, 45, 10032-10039; c) B. Yigitsoy, S. M. Abdul Karim, A. Balan,
D. Baran, L. Toppare, Synth. Met. 2010, 160, 2534-2539; d) E. K.
Unver, S. Tarkuc, D. Baran, C. Tanyeli, L. Toppare, Tetrahedron
Lert. 2011, 52, 2725-2729.

[22] B. A.D. Neto, A.S. Lopes, M. Wust, V. E. U. Costa, G. Ebeling, J.
Dupont, Tetrahedron Lett. 2005, 46, 6843 —6846.

[23] a) M. J. Edelmann, J.-M. Raimundo, N. F. Utesch, F. Diederich, C.
Boudon, J.-P. Gisselbrecht, M. Gross, Helv. Chim. Acta 2002, 85,
2195-2213; b) S. Concilio, 1. Biaggio, P. Gunter, S.P. Piotto, M. J.
Edelmann, J.-M. Raimundo, F. Diederich, J. Opt. Soc. Am. B 2003,
20, 1656-1660; c) J. Nishida, S. Murakami, H. Tada, Y. Yamashita,
Chem. Lett. 2006, 35, 1236—1237; d) S. Tarkuc, E. K. Unver, Y. A.
Udum, L. Toppare, Eur. Polym. J. 2010, 46, 2199-2205; e) E. N.
Esmer, S. Tarkuc, Y. A. Udum, L. Toppare, Mater. Chem. Phys.
2011, 131, 519-524.

[24] V. Denes, R. Chira, M. Farcasan, G. Ciurdaru, J. Prakt. Chem. 1976,
318, 459-462.

[25] a) W. Li, C. Du, F. Li, Y. Zhou, M. Fahlman, Z. Bo, F. Zhang,
Chem. Mater. 2009, 21, 5327-5334; b) W.-Z. Yuan, Y.-Y. Gong, S.-
M. Chen, X.-Y. Shen, J. W. Y. Lam, P. Lu, Y.-W. Lu, Z.-M. Wang,
R.-R. Hu, N. Xie, H. S. Kwok, Y.-M. Zhang, J.-Z. Sun, B.-Z. Tang,
Chem. Mater. 2012, 24, 1518-1528.

[26] Z.-H. Guo, T. Lei, Z.-X. Jin, J.-Y. Wang, J. Pei, Org. Lett. 2013, 15,
3530-3533.

[27] a) A. K. Bansal, A. Penzkofer, Chem. Phys. 2008, 352, 48—56; b) K.
Butsch, R. Gust, A. Klein, I. Ott, M. Romanski, Dalton Trans. 2010,
39, 4331-4340; c) Z. Fang, V. Chellappan, R. D. Webster, L. Ke, T.-
F. Zhang, B. Liu, Y.-H. Lai, J. Mater. Chem. 2012, 22, 15397 -15404.

[28] a) E. Lippert, Z. Naturforsch. A 1955, 10, 541-545; b) N. Mataga, Y.
Kaifu, M. Koizumi, Bull. Chem. Soc. Jpn. 1956, 29, 465-470; c) W.-
Z. Yuan, R.-R. Hu, J. W. Y. Lam, N. Xie, C. K. W. Jim, B.-Z. Tang,
Chem. Eur. J. 2012, 18, 2847-2856; d) Z. Zheng, Q. Zhang, Z.-P. Yu,
M.-D. Yang, H.-P. Zhou, J.-Y. Wu, Y.-P. Tian, J. Mater. Chem. C
2013, 1, 822-830.

[29] a) S. K. Samanta, S. Bhattacharya, Chem. Eur. J. 2012, 18, 15875-
15885; b) Y. Ooyama, T. Sugiyama, Y. Oda, Y. Hagiwara, N. Yama-
guchi, E. Miyazaki, H. Fukuoka, T. Mizumo, Y. Harima, J. Ohshita,

[30]

(31]

(32]

(33]

[34]

(3]

Eur. J. Org. Chem. 2012, 4853-4859; c) R. Menzel, D. Ogermann, S.
Kupfer, D. Wei3, H. Gorls, K. Kleinermanns, L. Gonzélez, R. Beck-
ert, Dyes Pigm. 2012, 94, 512-524; d) B. Dhokale, P. Gautam, R.
Misra, Tetrahedron Lett. 2012, 53, 2352-2354; ) L. Yuan, W.-Y. Lin,
K.-B. Zheng, S.-S. Zhu, Acc. Chem. Res. 2013, 46, 1462—1473.

a) C. A. Hunter, J. K. M. Sanders, J. Am. Chem. Soc. 1990, 112,
5525-5534; b) C. Janiak, J. Chem. Soc. Dalton Trans. 2000, 3885—
3896; c) C.R. Martinez, B.L. Iverson, Chem. Sci. 2012, 3, 2191-
2201.

a) Y. A. Ibrahim, N. A. Al-Awadi, M. R. Ibrahim, Tetrahedron 2004,
60, 9121-9130; b) P. Zanirato, S. Cerini, Org. Biomol. Chem. 2005,
3, 1508-1513; c¢) M. Sarma, T. Chatterjee, S. Ghanta, S. K. Das, J.
Org. Chem. 2012, 77, 432—-444.

a) M. S. Wrackmeyer, M. Hein, A. Petrich, J. Meiss, M. Hummert,
M. K. Riede, K. Leo, Sol. Energy Mater. Sol. Cells 2011, 95, 3171—
3175; b) C.-W. Wang, Z.-C. Cao, B. Zhao, P. Shen, X.-S. Liu, H.-H.
Li, T.-P. Shen, S.-T. Tan, Dyes Pigm. 2013, 98, 464—-470; c) Y.-B.
Qian, F. Cao, W.-P. Guo, Tetrahedron 2013, 69, 4169-4175.

a) T. Johansson, W. Mammo, M. Svensson, M. R. Andersson, O. In-
ganas, J. Mater. Chem. 2003, 13, 1316—1323; b) C. Bruno, F. Paoluc-
ci, M. Marcaccio, R. Benassi, C. Fontanesi, A. Mucci, F. Parenti, L.
Preti, L. Schenetti, D. Vanossi, J. Phys. Chem. B 2010, 114, 8585—
8592; ¢) C. Q. Ma, W. Pisula, C. Weber, X. L. Feng, K. Miillen, P.
Béuerle, Chem. Eur. J. 2011, 17, 1507-1518.

a) K. R. Justin Thomas, J. T. Lin, M. Velusamy, Y.-T. Tao, C.-H.
Chuen, Adv. Funct. Mater. 2004, 14, 83-90; b) H.-J. Son, W.-S. Han,
D.-H. Yoo, K.-T. Min, S.-N. Kwon, J. Ko, S. O. Kang, J. Org. Chem.
2009, 74, 3175-3178; c) T. Ishi-i, R. Hirashima, N. Tsutsumi, S.
Amemori, S. Matsuki, Y. Teshima, R. Kuwahara, S. Mataka, J. Org.
Chem. 2010, 75, 6858 -6868.

Gaussian 09, Revision C.02, M.-J. Frisch, G.-W. Trucks, H.-B. Schle-
gel, G.-E. Scuseria, M.-A. Robb, J.-R. Cheeseman, J.-A. Montgom-
ery, T. Vreven, K.-N. Kudin, J.-C. Burant, J.-M. Millam, S.-S. Iyen-
gar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. Scalmani, N.
Rega, G.-A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K.
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda,
O. Kitao, H. Nakai, M. Klene, X. Li, J.-E. Knox, H.-P. Hratchian, J.-
B. Cross, C. Adamo, J. Jaramillo, R. Gomperts, R.-E. Stratmann, O.
Yazyev, A.-J. Austin, R. Cammi, C. Pomelli, J.-W. Ochterski, P-Y.
Ayala, K. Morokuma, G.-A. Voth, P. Salvador, J.-J. Dannenberg, V.-
G. Zakrzewski, S. Dapprich, A.-D. Daniels, M.-C. Strain, O. Farkas,
D.-K. Malick, A.-D. Rabuck, K. Raghavachari, J.-B. Foresman, J.-V.
Ortiz, Q. Cui, A. Baboul, G. S. Clifford, J. Cioslowski, B.-B. Stefa-
nov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R.-L. Martin,
D.-J. Fox, T. Keith, M.-A. Al-Laham, C.-Y. Peng, A. Nanayakkara,
M. Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M.-W. Wong,
C. Gonzalez, J.-A. Pople, Gaussian, Inc., Wallingford CT, 2004.

[36] H.-R. Li, T. L. Tam, Y. M. Lam, S. G. Mhaisalkar, A. C. Grimsdale,

Org. Lert. 2011, 13, 46-49.

[37] SMART and SAINT, Area Detector Control and Integration Soft-

ware, Siemens Analytical X-ray Systems Inc., Madison, WI, 2000.

[38] G.-M. Sheldrick, SHELXTL (Version 6.10), Software Reference

Manual, Bruker AXS, Inc., Madison, Wisconsin, 2000.

Received: September 21, 2013
Published online: Il 11, 0000

Chem. Asian J. 2013, 00, 0-0

12

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

KK These are not the final page numbers!


http://dx.doi.org/10.1002/jrs.2534
http://dx.doi.org/10.1002/jrs.2534
http://dx.doi.org/10.1002/jrs.2534
http://dx.doi.org/10.1039/b915770k
http://dx.doi.org/10.1039/b915770k
http://dx.doi.org/10.1039/b915770k
http://dx.doi.org/10.1039/b915770k
http://dx.doi.org/10.1016/j.polymer.2009.12.009
http://dx.doi.org/10.1016/j.polymer.2009.12.009
http://dx.doi.org/10.1016/j.polymer.2009.12.009
http://dx.doi.org/10.1021/ja207978v
http://dx.doi.org/10.1021/ja207978v
http://dx.doi.org/10.1021/ja207978v
http://dx.doi.org/10.1021/ol050417f
http://dx.doi.org/10.1021/ol050417f
http://dx.doi.org/10.1021/ol050417f
http://dx.doi.org/10.1002/chem.200500921
http://dx.doi.org/10.1002/chem.200500921
http://dx.doi.org/10.1002/chem.200500921
http://dx.doi.org/10.1002/chem.200500921
http://dx.doi.org/10.1016/S0022-328X(98)01055-9
http://dx.doi.org/10.1016/S0022-328X(98)01055-9
http://dx.doi.org/10.1016/S0022-328X(98)01055-9
http://dx.doi.org/10.1021/ja042491j
http://dx.doi.org/10.1021/ja042491j
http://dx.doi.org/10.1021/ja042491j
http://dx.doi.org/10.1021/ja042491j
http://dx.doi.org/10.1021/ar800036s
http://dx.doi.org/10.1021/ar800036s
http://dx.doi.org/10.1021/ar800036s
http://dx.doi.org/10.1021/ar800036s
http://dx.doi.org/10.1002/hlca.19780610821
http://dx.doi.org/10.1002/hlca.19780610821
http://dx.doi.org/10.1002/hlca.19780610821
http://dx.doi.org/10.1016/j.synthmet.2010.10.001
http://dx.doi.org/10.1016/j.synthmet.2010.10.001
http://dx.doi.org/10.1016/j.synthmet.2010.10.001
http://dx.doi.org/10.1016/j.tetlet.2011.03.078
http://dx.doi.org/10.1016/j.tetlet.2011.03.078
http://dx.doi.org/10.1016/j.tetlet.2011.03.078
http://dx.doi.org/10.1016/j.tetlet.2011.03.078
http://dx.doi.org/10.1016/j.tetlet.2005.08.017
http://dx.doi.org/10.1016/j.tetlet.2005.08.017
http://dx.doi.org/10.1016/j.tetlet.2005.08.017
http://dx.doi.org/10.1002/1522-2675(200207)85:7%3C2195::AID-HLCA2195%3E3.0.CO;2-G
http://dx.doi.org/10.1002/1522-2675(200207)85:7%3C2195::AID-HLCA2195%3E3.0.CO;2-G
http://dx.doi.org/10.1002/1522-2675(200207)85:7%3C2195::AID-HLCA2195%3E3.0.CO;2-G
http://dx.doi.org/10.1002/1522-2675(200207)85:7%3C2195::AID-HLCA2195%3E3.0.CO;2-G
http://dx.doi.org/10.1364/JOSAB.20.001656
http://dx.doi.org/10.1364/JOSAB.20.001656
http://dx.doi.org/10.1364/JOSAB.20.001656
http://dx.doi.org/10.1364/JOSAB.20.001656
http://dx.doi.org/10.1246/cl.2006.1236
http://dx.doi.org/10.1246/cl.2006.1236
http://dx.doi.org/10.1246/cl.2006.1236
http://dx.doi.org/10.1016/j.eurpolymj.2010.08.002
http://dx.doi.org/10.1016/j.eurpolymj.2010.08.002
http://dx.doi.org/10.1016/j.eurpolymj.2010.08.002
http://dx.doi.org/10.1016/j.matchemphys.2011.10.014
http://dx.doi.org/10.1016/j.matchemphys.2011.10.014
http://dx.doi.org/10.1016/j.matchemphys.2011.10.014
http://dx.doi.org/10.1016/j.matchemphys.2011.10.014
http://dx.doi.org/10.1021/cm902611b
http://dx.doi.org/10.1021/cm902611b
http://dx.doi.org/10.1021/cm902611b
http://dx.doi.org/10.1021/cm300416y
http://dx.doi.org/10.1021/cm300416y
http://dx.doi.org/10.1021/cm300416y
http://dx.doi.org/10.1021/ol4012025
http://dx.doi.org/10.1021/ol4012025
http://dx.doi.org/10.1021/ol4012025
http://dx.doi.org/10.1021/ol4012025
http://dx.doi.org/10.1016/j.chemphys.2008.05.006
http://dx.doi.org/10.1016/j.chemphys.2008.05.006
http://dx.doi.org/10.1016/j.chemphys.2008.05.006
http://dx.doi.org/10.1039/b926233d
http://dx.doi.org/10.1039/b926233d
http://dx.doi.org/10.1039/b926233d
http://dx.doi.org/10.1039/b926233d
http://dx.doi.org/10.1039/c2jm32840b
http://dx.doi.org/10.1039/c2jm32840b
http://dx.doi.org/10.1039/c2jm32840b
http://dx.doi.org/10.1246/bcsj.29.465
http://dx.doi.org/10.1246/bcsj.29.465
http://dx.doi.org/10.1246/bcsj.29.465
http://dx.doi.org/10.1002/chem.201103151
http://dx.doi.org/10.1002/chem.201103151
http://dx.doi.org/10.1002/chem.201103151
http://dx.doi.org/10.1039/c2tc00175f
http://dx.doi.org/10.1039/c2tc00175f
http://dx.doi.org/10.1039/c2tc00175f
http://dx.doi.org/10.1039/c2tc00175f
http://dx.doi.org/10.1002/chem.201103855
http://dx.doi.org/10.1002/chem.201103855
http://dx.doi.org/10.1002/chem.201103855
http://dx.doi.org/10.1002/ejoc.201200643
http://dx.doi.org/10.1002/ejoc.201200643
http://dx.doi.org/10.1002/ejoc.201200643
http://dx.doi.org/10.1016/j.dyepig.2012.02.014
http://dx.doi.org/10.1016/j.dyepig.2012.02.014
http://dx.doi.org/10.1016/j.dyepig.2012.02.014
http://dx.doi.org/10.1016/j.tetlet.2012.02.107
http://dx.doi.org/10.1016/j.tetlet.2012.02.107
http://dx.doi.org/10.1016/j.tetlet.2012.02.107
http://dx.doi.org/10.1021/ar300273v
http://dx.doi.org/10.1021/ar300273v
http://dx.doi.org/10.1021/ar300273v
http://dx.doi.org/10.1021/ja00170a016
http://dx.doi.org/10.1021/ja00170a016
http://dx.doi.org/10.1021/ja00170a016
http://dx.doi.org/10.1021/ja00170a016
http://dx.doi.org/10.1039/b003010o
http://dx.doi.org/10.1039/b003010o
http://dx.doi.org/10.1039/b003010o
http://dx.doi.org/10.1039/c2sc20045g
http://dx.doi.org/10.1039/c2sc20045g
http://dx.doi.org/10.1039/c2sc20045g
http://dx.doi.org/10.1016/j.tet.2004.07.076
http://dx.doi.org/10.1016/j.tet.2004.07.076
http://dx.doi.org/10.1016/j.tet.2004.07.076
http://dx.doi.org/10.1016/j.tet.2004.07.076
http://dx.doi.org/10.1039/b500634a
http://dx.doi.org/10.1039/b500634a
http://dx.doi.org/10.1039/b500634a
http://dx.doi.org/10.1039/b500634a
http://dx.doi.org/10.1021/jo202015m
http://dx.doi.org/10.1021/jo202015m
http://dx.doi.org/10.1021/jo202015m
http://dx.doi.org/10.1021/jo202015m
http://dx.doi.org/10.1016/j.dyepig.2013.03.011
http://dx.doi.org/10.1016/j.dyepig.2013.03.011
http://dx.doi.org/10.1016/j.dyepig.2013.03.011
http://dx.doi.org/10.1016/j.tet.2013.04.004
http://dx.doi.org/10.1016/j.tet.2013.04.004
http://dx.doi.org/10.1016/j.tet.2013.04.004
http://dx.doi.org/10.1039/b301403g
http://dx.doi.org/10.1039/b301403g
http://dx.doi.org/10.1039/b301403g
http://dx.doi.org/10.1021/jp9122612
http://dx.doi.org/10.1021/jp9122612
http://dx.doi.org/10.1021/jp9122612
http://dx.doi.org/10.1002/chem.201002198
http://dx.doi.org/10.1002/chem.201002198
http://dx.doi.org/10.1002/chem.201002198
http://dx.doi.org/10.1021/jo9002147
http://dx.doi.org/10.1021/jo9002147
http://dx.doi.org/10.1021/jo9002147
http://dx.doi.org/10.1021/jo9002147
http://dx.doi.org/10.1021/jo101212d
http://dx.doi.org/10.1021/jo101212d
http://dx.doi.org/10.1021/jo101212d
http://dx.doi.org/10.1021/jo101212d
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1021/ol102465a
http://dx.doi.org/10.1021/ol102465a

FULL PAPER

Give and take: Synthetic, structural, , N Donor-Acceptor Systems

thermal, spectral, and computational / el I —
Xiao-Xu Wang, Tao Tao, Jiao Geng,
Bin-Bin Ma, Yu-Xin Peng,

Wei Huang* — 11HI-H1NI

l
comparisons have been carried out for |
a series of T- and H-shaped dipyr- 1
ido[3,2-a:2',3'-c]phenazine-based :
donor-acceptor (D-A) molecules " Bottom: 2,7 o

1
1
;
1
1
1

extended by the thienyl and tripheny- Top: 10,13 Dipyrido[3,2-a:2',3'-c]phenazine-Based
lamino chromophores at the 2,7- and/ TPA arm TPA arm D.onor—Acceptor {&roma.tlc Heterocy-
or 10,13-positions (see figure). clic Compounds with Thienyl and
Triphenylamino Chromophores at the
DPPZ 2,7- and/or 10,13-Positions
\ core ]

A Pair of Structural Isomers 5 4

Chem. Asian J. 2013, 00, 0-0 13 © 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
These are not the final page numbers! 22



