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Graphical Abstract

Novel 2-substituted-4,5-diphenyl-1H-imidazoles (M 1-M 4) have been synthesized via
the solvent-free Debus-Radziszewski reaction. They emit up-converted fluorescence,
and the two-photon absorption cross-sections are 585, 31, 34, and 1193 GM in DMF,

respectively.
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Abstract

Novel 2-substituted-4,5-diphenyHlimidazoles K 1-M4) were synthesized via a
three-component, one-pot reaction under solveset-trenditions. The structures were
characterized by infrared, hydrogen-1 nuclear migmesonance, carbon-13 nuclear
magnetic resonance, mass spectrometry and elemantdysis. Their UV-visible
absorption, single-photon excited fluorescence,-voton absorption, and two-photon
excited fluorescence were systematically investigan different solvents. Pumped by
femtosecond laser pulséd,1 andM4 exhibit large two-photon absorption cross-sections
(585 and 1193 GM in DMF, respectively). The quantanemical density functional
theory calculations offer complementary informati@garding the frontier orbitals and
the molecular structures, which confirm that thgrde of intramolecular charge transfer

plays an important role in enhancing two-photorogison properties.
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1. Introduction

In recent years, a tremendous amount of interesbban attracted to materials with
two-photon absorption (TPA) properties for theirtgudial applications, such as
two-photon dynamic therapy up-converted lasing, optical power limiting”’
three-dimensional data storatjethree-dimensional microfabricatidfi*?and fluorescent
probes in living cell imaging studié$™ So far, much effort has been devoted to
designing and synthesizing TPA materials with lafg¥A cross-sectionss) as well as
high fluorescence quantum yields)(*®*®

Among the reported TPA systems, the heterocycledahromphores represent a
growing class of TPA materials, and have evokedtispattention:’>?? Imidazole, the
N-heterocycle molecule, has high electron-withdrayvability, good coplanarity, and
good thermal stability, which render it to be aaabbuilding block for nonlinear optical
materials>?°In addition, imidazole derivatives have been shawmxhibit interesting
biological activities, including anti-allerdy, anti-tumor?’ anti-inflammatory?®
anti-bacteriaf® and analgesit’Hence, imidazole plays an important role in biocisény,
medical science, nonlinear optical materials andrso

Organic solvents occupy a very large part on tsteolf damaging chemicals. In recent
years, solvent-free organic reactions have causedt gnterestDebus-Radziszews¥i
reaction is a commonly used method to synthesizédairoles,most of which were
prepared using solvents. So the development of heyint methods enabling
environment-friendly  access to this  heterocycle isstill  desirable.
2-Substituted-4,5-diphenylHtimidazoles are generally synthesized by three-comapt
cyclocondensation of benzil with an aldehyde andnamium acetate, which comprises
the use ofefluxing in AcOH3?Obviously, this method usually produces a large @rho
of waste acid that limits its utility.

In this paper, a simple, mild, environmentally lggniand efficient method has been

used for the preparation of four new 2-substitutgsidiphenyl-H-imidazole derivatives



M1-M4 (scheme 1) starting from benzil, ammonium acetatd w@arious aromatic
aldehydes under solvent-free conditidhshe target imidazole derivatives are in the
form of A-n-A (M1), A-n-D (M2), A-D-A (M3), and Azn-D-r-A (M4), respectively. (D:
electron donating group, A: electron accepting grau conjugated pathway). Their
linear and nonlinear optical properties have beetesatically investigated in different
solvents. Meanwhile, the quantum chemical calooetinave been performed to provide
deep insight into the electronic structures anddpecal properties of these imidazole

derivatives. Detailed results and discussion agegnted in the following sections.

2. Results and discussion

2.1. Synthesisand characterization

The detailed synthetic routes of four imidazoleiddives M 1-M4 are described in
Scheme 2. 4-[#)-2-(4-Formylphenyl)ethenyl]benzonitril84) was achieved following
a one-pot two-step reaction, involving the Hornexedivorth-Emmons (HWE) reaction
between 4-(diethoxymethyl)benzaldehyda)(and [(4-cyanophenyl)methyl]phosphonic
acid diethyl ester2a) with high trans-stereoselectivity and subsequmyalirolysis under
mild acidic conditions with aqueous acetic acidinggpotassium tert-butoxide as catalyst
and DMF as solvent, 448carbazol-9-yl)benzaldehydellf) was prepared by direct
reaction of ®-carbazole with 4-fluorobenzaldehyde. 9-ethid-@arbazole-3,6-
dicarboxaldehyde 1€) was obtained by the Vilsmeier formylation reasticof
9-ethyl-H-carbazole with  DMF and PO£Ll 1,4-Bis(bromomethyl)-2,5-
dimethoxybenzeneld) was prepared via the Blanc reaction of 1,4-dimeybenzene
with  (HCHO), and HBr, then reacted with P(OEt) to vyield
[(2,5-dimethoxy-1,4-phenylene)bis(methylene)]bispblmonic acid tetraethyl estezd).
4,4'-[(2,5-Dimethoxy-1,4-phenylene)di)-2,1-ethenediyl] bisbenzaldehyd&dj was
synthesized by the similar experimental conditiatescribed for3a. M1-M4 were

prepared from benzil, the corresponding aromadetaydes 3a, 1b, 1c, and 3d), and



ammonium acetate under solvent-free conditionhas/s in Scheme 2t is noteworthy
that the target compounds are easily collectedpanidied.

The FT-IR spectra d¥l 1-M 4 exhibit absorption frequencies at 3398-3420"dor NH
group of the imidazole ring. Th&#H NMR spectra ofM 1-M4 exhibit one singlet at
12.66-12.90 ppm due to the NH group of the imidazohg. ForM1 and M4, the
(E)-configurations of the C-C double bonds are dediby the coupling constarits (H,

H) = 16.5 Hz for the olefinic AB spin systems. kid&ion, it is striking to note a signal at
m/z 316.8 forM3 and 390.5 forM4, this can be interpreted as doubly protonated
molecular ion ((M+2H}") of M3 andM 4.
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Scheme 1. Molecular structures dfl 1-M 4.
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Scheme 2. Synthesis oM 1-M 4.

2.2 Linear absorption and single-photon excited fluorescence

The linear photophysical data lf1-M4 in various solvents with different polarity are
listed in Table 1. The corresponding linear absonpspectra and single-photon excited

fluorescence (SPEF) spectra are displayed in FapdlFig. 2.



Table 1. Linear absorption and single-photon excited flsoemce properties M 1-M 4.

abs@ 4. D SPEF Av ¢ @€
Compound Solvent Amax 107¢ /Ima>

(hm)  (mo*Lcm®) (nm)  (cm?)

M1 THF 378 7.65 486 5879 0.49
CH.ClI, 374 8.46 492 6413 0.35
DMF 378 3.60 517 7113 0.28
CHsCN 373 6.92 519 7542 0.21
M2 THF 331 3.69 391 4636 0.51
CH.Cl 331 9.09 396 4959 0.55
DMF 331 10.28 398 5086 0.52
CH:CN 329 6.63 400 5396 0.61
M3 THF 312 2.85 413 7838 0.43
CH.ClI, 310 8.08 416 8220 0.48
DMF 311 14.75 418 8231 0.38
CH:CN 307 8.63 421 8820 0.46
M4 THF 426 8.93 478 2554 0.72
CH.ClI; 428 8.09 481 2574 0.64
DMF 429 15.69 483 2606 0.51
CH:CN 424 1.77 487 3051 0.32

2 Maximum linear absorption wavelength, ¢ = 1X1fiol L™.

® Maximum molar absorption coefficient.

¢ Maximum single-photon excited fluorescence wawgtlenc = 1x16 mol L™.

4 Stokes shift.

®Fluorescence quantum yield, measured by usingmpiistilfate in 0.5 mol L sulfuric acid 11-M3)

and fluorescein in 0.1 molLsodium hydroxideNi4) as the standards.
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Fig. 1. Linear absorption spectra df1-M4 in various solvents with a concentration of

1x10° mol L.
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concentration of 1xI®mol L.
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As shown in Fig. 1, two absorption peaks can besidesl, the one in the shorter
wavelength region is attributed to thern* transition arising from the phenyl rings
attached at positions 4 and 5 of the imidazole,rargd that in the longer wavelength

region can be classed into two typ®&1 and M4 show the absorption peaks around

22 _ 375 and 426 nm, respectively, which are accredttedntramolecular charge

transfer (ICT) character. Moreover, the second basfdM 2 andM 3 in the UV region
(around 330 and 310 nm, respectively) are chaiatiteiof carbazoler-n* transition.
There is only slight shiftt5 nm) for the absorption spectraMfl-M4 upon changing
the solvents from THF to GJ&N, indicating that the polarity of solvents hatdieffect
on the absorption transition. Compared with M2 aid, a prominent red-shift in
absorption spectra of M1 and M4 is attributed te tbngern-conjugated chain by
introducing a styrenea-bridge. In highly polar DMFM2-M4 possessing one or two
donors display the strongest light absorption ci#yaavhose molar absorption
coefficients §) are 10.28x1Y) 14.75x16, and 15.69x1bmol™ L cm’, respectively.
While M1 without any donor manifests the poorest absorptiapacity in DMF £ =
3.60x1d mol* L cm™).

The SPEF spectra & 1-M4 in different solvents were obtained under the taxicin at
their maximum absorption wavelengths. It is notidedhat the effect of solvent polarity
on the emission behavior is more pronounced thahdh the absorption behavior. As
shown in Fig. 2, all the target compounds are sgasio four different solvents ranging
from THF to CHCN: the higher polarity the solvent has, the gneaésl-shift the

compounds display. The Stokes shifv’ of each compound shows the same tendency
with thel max  as the polarity of solvents increases. These ohtiens suggest that the
excited state of the compounds is more polar thangtound state. In THF and gEl,

with medium polarity,M4 exhibits dual emission behavior. The emission @Egaknd

479 nm is assigned to the locally excited (LE)estatd the longer emission wavelength

centered around 510 nm is assigned to the ICT.dtatBMF and CHCN with high

12



polarity, the emission peak 84 around 510 nm degenerates into a shoulder, which ca
be explained by the intense ICT between the eleatianor and the electron acceptor

resulting from the strong solute-solvent interactidifferent from the absorption

properties, thelma of M1-M4 can be sequenced Bbl > M4 > M3 > M2, which

implies that the molecular polarity in the excitgdte changes in the same order.

The fluorescence photos bf1-M4 in DMF are displayed in Fig. 3, from which one
can clearly see that under the irradiation of Whtiat 365 nmM 1 andM4 emit green
(517 nm) and cyan (483 nm) fluorescence, respdgtiVéhile M2 andM 3 emit violet

(398 nm) and blue (418 nm) fluorescence, respdygtive

Fig. 3. Fluorescence photos bf1-M4 in DMF.

The fluorescence quantum yiel®) was determined by using quinine sulfate in 0.5
mol L™ sulfuric acid @ = 0.546%* (M1-M3) and fluorescein in 0.1 mol Lsodium
hydroxide ( = 0.9)* (M4) as the standards. Tkewas obtained as follows:

where the s and r subscripts designate the samgl¢ha reference, respectivedyis the
absorbance at the excitation wavelengtig the refractive index of the relevant solution,

andF is the integrated area under the corrected emisgiectrum.

13



As shown in Table 1, thé of M2 andM 3 are slightly susceptible to solvent polarity.
While one can see that tiieof M1 andM 4 decrease consistently and significantly as the
polarity of solvents increases. This fluorescenhaw®r can be ascribed to “twisted
intramolecular charge transfer (TICT)” upon theciéed stat€> TICT is a process of
intramolecular transfer from the donor to the atmepn the excited state accompanied
by the twisted structure geometry. It is much kessssive and strongly dependent on the
polarity of solvents. An increase in the polariysolvents can decrease the activation

barrier and enhance the TICT process.
2.3 Two-photon absor ption properties

Taking advantage of the fluorescent propertieMaftM 4, their TPA properties in the
near infrared (NIR) range (680-1000 nm) could beemeined by using the two-photon
induced fluorescence technique with femtoseconderlapulses. The nonlinear
photophysical properties df11-M4 in THF and DMF were recorded under 500 mW

from 680 nm to 930 nm, and the corresponding dagdisted in Table 2 and shown in

Fig. 4.
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Fig. 4. Two-photon absorption cross-sectiondwi-M4 in THF (a) and DMF (b) in the

680-930 nm region.

Table2

Two-photon absorption and two-photon excited flsoemce properties M 1-M 4.

TPEFa

b

Compound Solvent  max omax
(nm) (GM)
M1 THF 525 373
DMF 561 585
M2 THF 431 25
DMF 445 31
M3 THF 458 28
DMF 471 34
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M4 THF 530 733
DMF 535 1193

2Maximum two-photon excited fluorescence wavelength,1x10° mol L™.

®Two-photon absorption cross-section, 1 GM = I¥1@r*s photort-.

The ¢ value was obtained by comparing the two-photontesadluorescence (TPEF)

intensity of the sample with that of a referencenpound by the following equation.
o =P NG
where the subscripts s and r denote the samplehanictferencel- and @ represent the
TPEF integral intensity and the fluorescence quanyield. n andc are the refractive
index and the concentration of the solution. Irs thiork, we selected fluorescein in 0.1
mol L™ sodium hydroxide (c =% 10°mol L) as the reference € 36 GM?).

As observed from Fig. 4, the excitation wavelengths11-M4 at maximunmps values
in THF and DMF are both at 750 nm, 680 nm, 680 ang 850 nm, respectively. The
corresponding maximum valuesare 585 GM foiM1, 31 GM forM2, 34 GM forM 3,
and 1193 GM foiM4 in DMF with the sequence df14 > M1>>M3 > M2, which is
better than those in THF.

In an effortto understand the relationship betweendtloé M 1-M 4 and the distribution
of electron densities over the molecules and hémeeslectronic properties, the density
functional theory (DFT) calculations were performaad the energy gap between the
highest occupied molecular orbital (HOMO) and tbmdst unoccupied molecular orbital

(LUMO) of theM 1-M 4 were analyzed. The calculation results are showsngn5.
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Clearly, thes values ofM2 and M3 are much smaller than those Mfl and M4,

probably because our wavelengths of light sourogedrom 680 nm to 1080 nm. This

range cannot meet their relative twofoki>>. On the other handyl2 and M3 have
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non-planar geometries that interfere with electransfer across the molecule, the more
largely the electron transfer is impeded, the senalthe molecule should have. Rdrl,
Fig. 5 shows that the electron clouds of the HOM® raainly localized on the styrene
n-bridge, the imidazole unit, and the C-5 benzeng.rHowever, it is notable that the
electron clouds of the LUMO are spread over theesigr-bridge and the electron-poor
benzonitrile due to the strong electron-withdrawatogity of the cyano group. The result
indicates that there is a good charge-separatésl lstéween the HOMO and the LUMO
of M1, which leads to the relatively largevalue. Though the HOMO-LUMO transitions
of M1 and M4 both bear ICT nature besides the* transition, thes value ofM4 is
about 2 times as large as thathdl, suggesting that the longer conjugation length, th
pseudo-one-dimensional geometry, and the bidineatioccharge transfer obviously
improve the TPA ability. Ther value shows negative correlation with energy gap
between the HOMO and the LUMO. The correspondingrggn gaps oM 1-M4 were
calculated to be 0.115, 0.145, 0.142, and 0.103e3pectively, which is in agreement
with the sequence of(M4 >M1>>M3 > M?2).

It can be seen from Table 2 that the fluorescereak pvavelengths of TPEF are
evidently red-shifted by 39-52 nm compared withsthof SPEF in THF and DMF, which
can be explained by the reabsorption effect.

The representative TPEF spectravd in DMF pumped by femtosecond laser pulses
at 500 mW under different excitation wavelengths aresented in Fig. 6. One can see
thatM 4 exhibits various TPEF intensity under differentiéation wavelengths. Favi 1,
the optimal excitation wavelength is 850 nm. Fig.and 7b show the TPEF intensities of
M4 under different pump powers and the logarithmict mf the output fluorescence
integral versus the input powers. The logarithmat pas a slope of 2.01 when the input
laser power is increased. It provides the diretdence for the squared dependence of the
fluorescence intensity and the input power, sugggsta two-photon excitation

mechanism. As the nonlinear absorption is obseirvélte range from 680 nm to 930 nm,

18



so the emission can also be attributed to the TREEhanism. The other compounds

(M1-M3) are also proved to have the same excitation nmestma
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Fig. 6. Two-photon excited fluorescence spectravbf in DMF (c = 1X10° mol L%

pumped by femtosecond laser pulses at 500 mW utiffierent excitation wavelengths.

19



(@)

6000

—300 mW
5000 | —400 mW
—500 mW
= —— 600 mW
& or ——700 mW
2 800 mW]|
‘2 3000 |
L
R=
2000 |
o
H
1000 |-
0 L L 1 A 1 N 1 h T—— y
400 450 500 550 600 650 700
Wavelength (nm)
(b)
6.0
= Experimental Data
- Fitted Results
Slope = 2.01
[
56 |-
453 54
©
Py
2 sol i
50 |
| ]
48 |-
" 1 L 1 L 1 L 1 M 1 " J
24 25 26 27 28 29 3.0
gl in

Fig. 7. (a) Two-photon excited fluorescence spectrildfin DMF (c = 1X 10° mol LY
at 850 nm under different input powers. (b) Loduariic plot of the output fluorescence

integral (ou) of M4 versus the input laser powertg)(

3. Conclusion
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In conclusion, four novel imidazole derivatives taning different electron donors
and acceptors were synthesized by the solventBedmis-Radziszewski reaction. Their
linear and nonlinear optical properties were systaally investigated in various
solvents. Measured by the two-photon induced flsmeace methodyl4 is found to
exhibit the largest value (1193 GM). The study further demonstrates the strategies
of extending ther-conjugated system, improving the molecular pldagasnd possessing
the multi-directional charge transfer can enharfee & value. We believe that the
fabrication strategy is potentially applicable tee tderivatization of analogous TPA

materials.

4. Experimental

4.1. General

1a,*" 2a* 1b,* 1¢,*° 1d,** and 2d** were synthesized according to the previous
literature procedures. The solvents THF and DMFewbsposed by primary procedures
before use. Other materials were commercially aléa, which were used without
further purification.

Melting points were measured on an X-4 micromeltipgint apparatus without
correction.'H and **C NMR spectra were recorded at room temperature @ruker
AVANCEIIl 500 spectrometer in CDglor DMSO+€s solvent with tetramethylsilane
(TMS) as internal standard. FT-IR spectra were mnegson KBr pellets with a Thermo
Nicolet 6700 spectrometer. Mass spectra were takesm Therm LCQ TM Deca XP plus
ion trap mass spectrometry instrument. Elementalyaes were conducted on a Thermo
Finnigan Flash EA 1112 apparatus.

The linear absorption spectra were measured onimafiau UV-2550 UV-visible
spectrophotometer. The SPEF spectrum measuremeate werformed using a

RF-5301PC fluorescence spectrophotometer with theimum absorption wavelengths

21



as the excitation wavelengths. The TPEF spectra& werasured using a femtosecond
laser pulse and Ti: sapphire system (680-1080 @nh\i8z, 140 fs) as the light source.

The DFT calculations were carried out using the <Seaun 09 program. The nonlocal
density function of B3LYP with 6-31G basis sets waed for the calculations.
4.2 4-[(1E)-2-(4-Formylphenyl)ethenyl]benzonitr{léz)

la (1.25 g, 6 mmol)2a (1.52 g, 6 mmol), and potassium tert-butoxide 08 7.2

mmol) in dry THF (25 mL) were added into a dry rdtottom flask under a nitrogen
atmosphere with ice bath cooling. The reaction umxtwas stirred at room temperature
for 12 h and the reaction was monitored by TLC.nTteeetic acid (3.60 g, 60 mmol) in
water was added and stirred vigorously. After istiyrat room temperature for 6 h, the
reaction mixture was neutralized cautiously withusgted aqueous sodium hydrogen
carbonate solution, and extracted with CH (2x30 mL). The combined organic layers
were washed with water (20 mL) and brine (20 midgdlwith anhydrous sodium sulfate,
and then filtered. The filtrate was concentratedesrnvacuum. The crude products were
purified by silica gel column chromatography toyde bright yellow crystalline powder
(1.25 g). Yield: 89.2%. Mp: 211-213. *H NMR (CDCk, 500MHz)d: 10.04 (s, 1H),
7.92 (d,J = 8.2 Hz, 2H), 7.70 (d] = 8.2 Hz, 2H), 7.69 (d] = 8.4 Hz, 2H), 7.64 (d] =
8.4 Hz, 2H), 7.26 (s, 2H).

4.3 4,4'-[(2,5-Dimethoxy-1,4-phenylene)di-(1E)-2thenediyl]bisbenzaldehyd&dj

la (2.08 g, 10 mmol)2d (2.19 g, 5 mmol), potassium tert-butoxide (1.2318),
mmol) in dry THF (50 mL), and the synthetic metheds similar to that oBa. 3d was
obtained as orange-red crystalline powder (1.63Y@ld: 82.1%; Mp: 230-232. H
NMR (CDClk, 500MHz)5: 10.02 (s, 2H), 7.89 (d} = 8.2 Hz, 4H), 7.71 (d] = 8.2 Hz,
4H), 7.67 (dJ = 16.5 Hz, 2H), 7.21 (d] = 16.5 Hz, 2H), 7.18 (s, 2H), 3.98 (s, 6H)
4.4 4-[(1E)-[2-[4-(4,5-Diphenyl-1H-imidazol-2-yljenyllethenyl] benzonitrileM 1)

Benzil (0.21 g, 1 mmol)3a (0.23 g, 1 mmol), acidic alumina (1.02 g, 10 myand
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ammonium acetate (0.39 g, 5 mmol) were ground pdwder in a mortar, and then
heated in a thermostatic reactor at ‘Cl@or 10 h. After completion of the reaction
confirmed by TLC, the reaction mixture was treateith water to furnish the crude
products. Further purification was done by silieh golumn chromatography to provide
M1 as yellow needle crystals (0.34 g). Yield: 81.4Mp: 294-296 1: 'H NMR
(DMSO-ds, 500MHz)s: 12.77 (s, 1H), 8.13 (d, = 8.3 Hz, 2H), 7.86 (d] = 8.4 Hz, 2H),
7.82 (d,J = 8.4 Hz, 2H), 7.77 (d] = 8.3 Hz, 2H), 7.57 (d] = 7.5 Hz, 2H), 7.53 (d] =
16.5 Hz, 1H), 7.52 (d] = 7.7 Hz, 2H), 7.46 () = 7.4 Hz, 2H), 7.44 (d] = 16.5 Hz, 1H),
7.40 (t,J = 7.3 Hz, 1H), 7.32 () = 7.6 Hz, 2H), 7.24 (1) = 7.3 Hz, 1H);**C NMR
(DMSO-ds, 500MHz)¢: 145.14, 141.86, 137.44, 136.14, 135.09, 132.83,7D, 130.99,
130.11, 128.66, 128.54, 128.45, 128.19, 127.84,3627127.13, 127.09, 127.03, 126.58,
125.45, 119.03, 109.48; FT-IR (KBwr) 3398, 3028, 2226, 1598, 1504, 1490, 1439, 1174,
964, 841, 765, 697, 559 €m ESI-MS m/z 424.2 [M+H]; HRESI-MS calcd for
CaoH2oN3 [M+H]™: 424.1814; found: 424.1823; Anal. calcd foggd,:N3: C 85.08, H
5.00, N 9.92; found C 85.27, H 5.13, N 10.18.

4.5 9-[4-(4,5-Diphenyl-1H-imidazol-2-yl)phenyl]HScarbazole 12)

The compound was synthesized by the same proceths@ibed forM 1 using 1b,
benzil, acidic alumina and ammonium acetate astding materialsM 2 was obtained
as white crystalline powder. Yield: 85.6%; Mp: 38@3 (I; 'H NMR (DMSO-s,
500MHz)6: 12.90 (s, 1H), 8.39 (d,= 8.4 Hz, 2H), 8.28 (d] = 7.8 Hz, 2H), 7.77 (d] =
8.4 Hz, 2H), 7.61 (d = 7.4 Hz, 2H), 7.56 (d] = 7.4 Hz, 2H), 7.47-7.50 (m, 6H), 7.41 (t,
J = 7.3 Hz, 1H), 7.31-7.36 (m, 4H), 7.26 {= 7.3 Hz, 1H);"*C NMR (DMSO+,
500MHz) ¢: 144.86, 140.00, 136.58, 129.40, 128.45, 127.@F.8R, 126.31, 122.84,
120.55, 120.17, 109.75; FT-IR (KBv) 3420, 3059, 1601, 1494, 1451, 1316, 1230, 750,
697 cni'; ESI-MSm/z 462.2 [M+H]'; HRESI-MS calcd for @H24N3 [M+H]": 462.1970;
found: 462.1984; Anal. calcd forsgH23Ns: C 85.87, H 5.02, N 9.10; found C 85.96, H
5.09, N9.21.
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4.6 3,6-Bis(4,5-diphenyl-1H-imidazol-2-yl) -9-et®yH-carbazole 13)

The compound was synthesized by the same procethseibed forM 1 using 1c,
benzil, acidic alumina and ammonium acetate astding materialsM 3 was obtained
as white crystalline powder. Yield: 83.9%; Mp >300'H NMR (DMSO-ds, 500MHz)s:
12.66 (s, 2H), 8.98 (d = 1.3 Hz, 2H), 8.27 (ddl, = 8.6 Hz,J, = 1.5 Hz, 2H), 7.76 (d]
= 8.6 Hz, 2H), 7.62 (d] = 7.2 Hz, 4H), 7.56 (d] = 7.2 Hz, 4H), 7.47 (] = 7.6 Hz, 4H),
7.39 (t,J = 7.4 Hz, 2H), 7.33 (t) = 7.6 Hz, 4H), 7.24 (t) = 7.3 Hz, 2H), 4.53 (q, 2H),
1.40 (t,J = 7.1 Hz, 3H);"*C NMR (DMSO+s, 500MHz) §: 146.66, 140.04, 136.88,
135.45, 131.34, 128.65, 128.31, 128.17, 127.69,5722127.11, 126.41, 123.75, 122.50,
121.93, 117.24, 109.60, 37.36, 13.92; FT-IR (KBr3411, 3055, 2975, 1605, 1484, 1450,
1382, 1295, 1226, 1127, 1072, 767, 703'cr&ESI-MS m/z 632.4 [M+H], 316.8
[M+2H]*"; HRESI-MS calcd for @HaNs [M+H]": 632.2814; found: 632.2831; Anal.
calcd for G4HssNs: C 83.65, H 5.26, N 11.09; found C 83.91, H 5M11,1.26.

4.7 2,2'-[(2,5-Dimethoxy-1,4-phenylene)bis[(1E)-2thenediyl-4,1-phenylene]]bis(4,5

-diphenyl-1H-imidazole) M4)

The compound was synthesized by the same proceths@ibed forM 1 using 3d,
benzil, acidic alumina and ammonium acetate astdn#ing materialsM 4 was obtained
as orange-yellow crystalline powder. Yield: 76.58p >300 [1; *H NMR (DMSO-s,
500MHz) 8: 12.85 (bs, 2H), 8.12 (d,= 8.3 Hz, 4H), 7.72 (d] = 8.3 Hz, 4H), 7.54 (d]
= 7.4 Hz, 8H), 7.53 (dJ = 16.5 Hz, 2H), 7.42 (d) = 16.5 Hz, 2H), 7.39 (s, 2H),
7.33-7.44 (m, 12H), 3.95 (s, 6HY’C NMR (DMSOds, 500MHz) §: 151.12, 149.17,
145.31, 137.31, 135.13, 131.03, 129.61, 129.26,.6528128.41, 128.19, 127.78,
127.08,126.87, 126.73, 125.86, 125.52, 122.84,1115.09.33, 56.18; FT-IR (KBn):
3401, 3050, 2934, 2829, 1602, 1492, 1448, 14068,12043, 967, 764, 696 chm
ESI-MSm/z 779.4 [M+H[, 390.5 [M+2Hf*; HRESI-MS calcd for €HaaN4O, [M+H]*:
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779.3386; found: 779.3405; Anal. calcd foyld4oN4O,: C 83.26, H 5.43, N 7.19; found
C 83.53, H5.61, N 7.45.
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