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Graphical abstract
A series of novel H-imidazo[4,5f][1,10]phenanthroline derivatives were
synthesized via the solvent—free Debus—Radziszevesigtion. They display both

large two-photon absorption cross-sections anchgtbdue/cyan fluorescence.
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Green synthesis and photophysical properties of neV
1H-imidazo[4,54][1,10]phenanthroline derivatives with blue/cyan

two-photon excited fluorescence
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Abstract

A simple, rapid, and highly efficient method hasbaleveloped for the synthesis
of a series of novel H-imidazo[4,5f][1,10]phenanthroline derivativeslBN, 2Py,
3BI, 4BT, and5MOBI) via a three—component, one—pot reaction underesttree
conditions. Their structures were characterizedbyIR, *H NMR, *C NMR, MS,
and elemental analysis. Their photophysical proggrincluding linear absorption,
one—photon excited fluorescence, two—photon abisorpaind two—photon excited
fluorescence, were systematically investigated ariows solvents. The results
demonstrate that all the compounds emit relatistipng blue/cyan fluorescence.
1BN and5MOBI exhibit large two—photon absorption cross—secti@rd and 654
GM) in THF. In addition, the relationship betweeme telectronic structures and
photophysical properties was investigated usingitiefunctional theory.

Keywords: Photophysical property; Blue/cyan fluorescence; nahéhroline

derivative; Green synthesis
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1. Introduction

Two—photon absorption (TPA) is a third—order noedin optical process wherein
two photons are absorbed simultaneously. The dpredat of organic materials with
large TPA cross—sections)(has attracted considerable interest in the pasadks
due to a variety of potential applications in felduch as two—photon pumped
up—converted lasin® fluorescence imaging? three—dimensional  (3D)
microfabricatior® 3D optical data storage’optical limiting>~*?and photodynamic
therapy**>**Increasing the conjugated system is one of the ammhyrused strategies
in the molecular design of TPA materidls’ However, enhancement of the
conjugated system will lead to a conflict betweenlmearity and transparency. That
is, an increase in the conjugated system will causggnificant red—shift of the
absorption wavelength, which will lead to a redfisbf the emission wavelength,
usually to the green, yellow, or red light regidihe blue—emitting TPA materials
have some important applications. For example, greynote the development of the
multi—-channel two—photon induced fluorescence nsicopy, which is helpful in
reducing background light scattering and auto—#soence when probing natural
molecules®'° Up till now, the number of reported TPA materialgh efficient blue
emission is relatively limited. He et @ldesigned four 1,8-diazapyrenes, for which
the wavelengths of two—photon excited fluoresce(id@EF) are in the deep—blue

light region, and the maximum two—photon cross+secfs) is 298 GM (1 GM =

1x10°°cm®s photoft). Cao et af! synthesized a new A—D-r1—A compound (A
acceptor, D = donorandz = conjugated bridge), which exhibits blue—viold?HF
with a maximumg value of 38 GM. Hu et &F synthesized two novel-conjugated

carbazole derivatives with blue TPEF, with a maximuvalue of 49 GM. In order to
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realize practical applications, tlsevalues of this kind of materials must be further
improved. We think that appropriate conjugated citmal units can play important
roles in obtaining high—performance TPA materibk £mit blue fluorescence.
1H-Imidazo[4,5f][1,10]phenanthroline has a large planar structutggh
electron—withdrawing ability, good electron trandpbility, high thermal stability,
and good fluorescence properties. Its derivatives vaidely used as luminescent
materials?® biomolecular probe¥, and molecular recognitiof. In this study, we
selected H-imidazo[4,5f][1,10]phenanthroline as the effective conjugatedcsural
unit, combiningtrans double bonds and various electron acceptors (bdémnimn
pyridine, benzimidazole, and benzothiazole) to lsgsize four A=A compounds
(1BN, 2Py, 3BI, and4BT) and one A—D#A compound $MOBI ). The introduction
of a trans-diarylethene at the 2—position of the imidazoladk to an appropriate
extension of the conjugated system, which may ndy dwelp to increase the
fluorescence quantum yiel@®) andg, but also ensure that TPEF occurs in the blue
light region. Till now, the compounds reported waimilar structures are fairly rare,
26293nd none of them exhibit blue fluorescence.

This kind of materials is usually synthesized bypebus—Radziszewski reaction
with diketones, aldehydes, and ammonium acetatavasnaterials, and AcOH as the
solvent. As this method usually produces a largewarhof waste acid, it is not only
difficult to conduct, but is very environmentallyfaendly. In this study, the target
compounds were synthesized under solvent—free atalyst—free conditions with
relatively high selectivity and yields, which prote the environment, reduces the
production cost, and simplifies the operation st@jeerefore, it can be considered as
an efficient synthesis method.

The linear and nonlinear photophysical propertieshe target compounds have
been systematically investigated in different sotge Furthermore, density functional
theory (DFT) calculations have been employed tadystthe structure—property
relationships of the target compounds, which presida reference for the

development of high—performance TPA materials ¢mait blue fluorescence.
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Scheme 1.Synthetic route of the target compound®i, 2Py, 3BI, 4BT, and
5MOBI).

2. Results and discussion
2.1. Synthesis and characterization

The synthetic routes of the target compourid®N, 2Py, 3BI, 4BT, and5MOBI)
are depicted in Scheme 1. 4#)12-(4-Formylphenyl)ethenyllbenzonitril8€) was
prepared by a two-step reaction, which involved Hogner—Wadsworth—Emmons

reaction between 4-(diethoxymethyl)benzaldehyde 1) ( and
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[(4-cyanophenyl)methyllphosphonic acid diethyl est.SZ) using potassium
tert-butoxide as the catalyst, followed by hydrolysisacetic acid. The other four
intermediates, 4-[@)-2-(4-pyridinyl)ethenyllbenzaldehyd8lf), 4-[(1E)-2-(1H-
benzimidazol-2-yl)ethenyllbenzaldehydx), 4-[(1E)-2-(2-benzothiazolyl)ethenyl]
benzaldehyde3(d), and 4-[(E)-2-(1H-benzimidazol-2-yl)ethenyl]-2,5-
dimethoxybenzaldehyd@¢), were synthesized by acid condensation of
4-methylpyridine, 2-methylH-benzimidazole, or 2-methylbenzothiazole with
1,4-benzenedicarboxaldehyde or 2,5-dimethoxy-1lpkbeedicarboxaldehyde2)(
Finally, the solvent—free Debus—Radziszewski reacti of 3a-3e with
1,10-phenanthroline-5,6-dione gave the target camge (BN, 2Py, 3BI, 4BT, and
5MOBI) in relatively high yields (67.5%—78.9%). This \set—free reaction offers
considerable advantages such as simplified operateawer production cost, and
environmental friendliness, and thus significarantributes to the practice of green
chemistry.

In the®H NMR spectra, the chemical shif&) of the target compound$gN, 2Py,
3BI, 4BT, and5MOBI) at 13.02-13.89 ppm were detected as broad siglétich
were attributed to the N-H in the imidazole moiely. addition, the observed
coupling constants for the vinyl protons of the pounds were in the range of
16.3-16.5 Hz, which is consistent with the expectedues for an alkrans
configuration. The N-H in the imidazole moiety watso identified by FT-IR
spectroscopy as bands within the spectral region3882—3398 cm. Mass
spectrometry was used to further verify the stnedwof the compounds. For the five
molecules, the observed values agreed well witltéthaulated values.

2.2 Linear absorption and emission properties

The photophysical properties for all the target pooands {BN, 2Py, 3BI, 4BT,

and 5MOBI) are summarized in Table 1. Their linear absorptgpectra in

tetrahydrofuran (THF) are shown in Fig. 1.



Table 1 Linear and nonlinear photophysical propsrtf the target compoundsB(N,
2Py, 3BI, 4BT, and5MOBI).

labs a

, b

107¢

y) oper®

1 Toer f

g

max max Ay @ mx O
Compound Solvent (nm) (mo Len®)  (nm) (cmY (nm)  (GM)
1BN THF 376 10.97 463 4997 042 506 471
CHCl, 377 6.09 467 5112 0.34
CH;CN 368 10.26 471 5942 0.26
CH;OH 360 10.66 473 6636 0.16 508 251
2Py THF 367 11.28 449 4976 0.54 503 270
CHCl, 363 4.89 456 5618 0.48
CH;CN 357 7.93 461 6319 0.32
CH;OH 349 6.48 469 7331 0.19 508 194
3BI THF 381 13.45 444 3724 0.11 488 209
CHCIl, 382 9.86 447 3807 0.07
CH;CN 376 8.67 450 4374 0.15
CH3OH 375 9.53 452 4573 0.09 492 94
4BT THF 386 13.44 469 4585 0.33 515 349
CHCl, 384 9.98 472 4855 0.25
CH;CN 380 8.00 485 5697 0.17
CH;OH 375 6.05 488 6175 0.11 521 197
5SMOBI THF 401 14.10 443 2364 0.75 496 654
CHCl, 400 12.19 452 2876 0.62




CH:CN 398 6.46 457 3244 0.43

CH:OH 391 3.23 461 3883 0.21 499 370

2 Maximum linear absorption wavelength+ 1x10° mol L™

P Maximum molar absorption coefficient.

¢ Maximum one—photon excited fluorescence wavelergth]x10° mol L™.

¢ Stokes shift.

® Fluorescence quantum yield, measured by usingmgistilfate in 0.5 mol £
sulfuric acid as the standara € 0.546%).

" Maximum two—photon excited fluorescence wavelength1x10® mol L™

9 Two—photon absorption cross-section.

Absorbance

300 350 400 450 500

Wavelength (nm)

Fig. 1 Linear absorption spectra of the target coumals(1BN, 2Py, 3BI, 4BT, and
5MOBI) in THF with a concentration of 1 x @nol L™

As shown in Fig. 11BN, 2Py, 3BI, and4BT exhibit two absorption bands, while
5MOBI shows three obvious bands. The high—energy alisordpands (278—-291 nm)

for all the compounds can be ascribed to ther* transition of the

8



1H-imidazo[4,5f][1,10]phenanthroline. The low—energy bands aro@6d@—401 nm
result from the internal charge transfer (ICT) msx Whereas the absorption band at
330 nm of5SMOBI can be attributed to the #x-transition of the oxygen atoms. The
absorption spectra of all the target compourdd\, 2Py, 3BI, 4BT, and5MOBI)
exhibit obvious blue-shifts in methanol, but showyolimited solvent polarity
dependencies in the other three solvents. This—Bhi# could be explained by the
hydrogen bonds between the solute and methanolcoieke which results in the

energy gap increasing between the ground statan8 the excited state;.SThe

absorption peak positionsﬁoaf() of these compounds follow the ordeMOBI >

4BT > 3Bl > 1BN > 2Py. There is a prominent red-shift froBBI to its methoxy
substituted compoundbiMOBI), implying that the introduction of electron doner
beneficial to reduce the absorption energy. The imam molar absorption
coefficients {may) Of the target compounds in THF are higher tharséhof the other
three solvents, which indicates that they havesthengest light absorbing ability in
THF.

The one—photon excited fluorescence (OPEF) spanttdluorescence photographs
of the target compound&BN, 2Py, 3BI, 4BT, and5MOBI) in THF are shown in Fig.
2 and the corresponding data are summarized ineTAbIAll the target compounds

emit blue/cyan fluorescence. Upon increasing théarpip of the solvent, their

fluorescent emission peaksz‘ﬁ:f) show remarkable bathochromic shifts. This

red—shifted behavior is accompanied by an increatiee Stokes shifts\y) when the
polarity of the solvent increases. This can belaited to the fact that the excited state
may possess a higher polarity than the ground.sfateincreased dipole—dipole
interaction between the solute and solvent leads ltawering of the energy level of
the excited stat&:**The OPEF spectra @Bl and 5SMOBI exhibit two emission
peaks in the medium polar solvent (THF). The eroisgieaks at 422 nn8Bl) and
443 nm BMOBI) are assigned to the locally excited (LE) stated #he longer
emission wavelengths centered at 444 8Bl) and 469 nm5MOBI) are assigned to

the ICT state.



The @ values in different solvents were determined usiugnine sulfate as
standard. As seen in Table. 1, #revalues in the four solvents change slightly for
3BIl. However, the® values oflBN, 2Py, 4BT, and5MOBI decreasesignificantly
upon increasing the solvent polarity. The origirttoé phenomenon can be attributed
to “twisted intramolecular charge transfer (TICF)in the excited state. The TICT
state is much less emissive and strongly depenalerihe polarity of solvents. An
increase in the solvent polarity can lead to anaaold TICT process and causes

greater energy loss from the excited stat8.

800

— — 1BN
200k [ 2Py
| —--3BI
. e00} —---4BT
= —— 5MOBI
S 500
2
g 400 |-
3
=
= 300 |
[
o
o 200
100 |
0 | . . ' . J
300 400 500 600 700

Wavelength (nm)
Fig. 2 OPEF spectra and fluorescence photographkeotarget compound4d BN,

2Py, 3BI, 4BT, and5MOBI) in THF with a concentration of 1xfanol L™

2.3 Twophoton properties

The nonlinear photophysical data of the target caumgds(1BN, 2Py, 3BI, 4BT,
and5MOBI) are listed in Table. 1, which were measured i Erid methanolk(= 1
x 10° mol LY. The representative TPEF spectra5®OBI in THF, pumped by
femtosecond laser pulses at 500 mW under diffeescitation wavelengths, are

presented in Fig. 3. By comparing the peak posstiohTPEF QTH:;E) with those of
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OPEF (,1?::5) for the target compoundfine can observe tha,tTn'j:F values are
X

red—shifted by 28-54 nm. These red—shifts arebated to the reabsorption effect of
the fluorescence within the solutioffs.

As shown in Fig. 1, there is no linear absorptionthhe wavelength range of
500-1000 nm for the five compounds, which indicdtest there are no molecular
energy levels corresponding to an electron traositn this spectral range. Therefore,
on excitation from 690 to 850 nm, it is impossilideproduce one—photon excited
fluorescence. If up—converted fluorescence indueitd a laser appears, it could be
ascribed to TPEF. Fig.4 shows the TPEF spectraM®BI under different pump
powers and the logarithmic plot of the output flesrence integral versus the input
powers. The logarithmic plot has a slope of 2.0@83the input laser power is
increased, suggesting a two—photon excitation nmmesima The other compounds

(1BN, 2Py, 3BI, and4BT) are also proved to have the same excitation nmesima

800
700
600
500

400

300

200

TPEF Intensity (a.u.)

100

400 450 500 550 600 650
Wavelength (nm)

Fig. 3 TPEF spectra &MOBI in THF pumped by femtosecond laser pulses at 500

mW under different excitation wavelengths.
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Fig. 4 (a) TPEF spectra 8MOBI in THF at 790 nm under different input powers. (b)

Logarithmic plot of the output fluorescence intdgra:) versus the input laser powers

(Iin)-
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—x— SMOBI

400 |

300 -
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TPA cross-section (GM)

100

680 700 720 740 760 780 800 820 840 860

Wavelength (nm)
Fig. 5 TPA cross—sections of the target compohB#\, 2Py, 3BI, 4BT, and
5MOBI) in THF.

Theo values of the five target compounds were determinéglde wavelength range
from 690 to 850 nm, using a two—photon induced ridsoence measurement
technique. As shown in Table 1 and Fig. 5, the maxn ¢ values in THF are 471
GM for 1BN, 270 GM for2Py, 209 GM for3BI, 349 GM for4BT, and 654 GM for
5MOBI, respectively, which are larger than those in eth (251 GM forlBN, 194
GM for 2Py, 94 GM for 3BI, 197 GM for4BT, and 370 GM fol5sMOBI). Theo
value of5SMOBI is more than three times as large as th&Bdf this can be attributed
to the following reasons3BI is an A-=—A compound where electron—withdrawing
imidazophenanthroline and benzimidazole are boundpposite ends of styrene
conjugated bridge. As fobBMOBI, two electron—donating methoxy groups are
introduced at the 2— and 5-positions of the benzémg to form an A-DaA
configuration. The introduction of the electron dos produces the multidirectional
charge transfer, which results in higher degreeleftron delocalization, and finally
enlarges the value obviously.

A three—level model is generally utilized to deserithe TPA properties of the

13



molecules, in which TPA into high-lying states & wipole coupled to the ground
state. It can be written as Equation{1):

MoM 2,
(E,~Ey—he)’ I

(1)

Where Mp; and My, are the transition dipole moments fromt8 § and S to S,
respectivelyzio = (Ex—Ep) / 2, Ep, E1, andE; represent the corresponding energy 9f S
S;, and $. I is the damping factor.

Some studies have demonstrated thet related to the extent of ICT through the
n—bridge in the molecul¥, and according to the equation (b),shows negative
correlation with the transition energyEo: (AEp1 = E; — Eo). Therefore, theoretical
studies based on DFT calculations using the Gams§i9 prografi at the
B3LYP/6-31G levef of theory were conducted for optimization of therget
compounds in order to gain an insight into the tr@tship between the of the
compounds and the distribution of the electron iiessover the molecules. The
frontier molecular orbitals for the five compoundse depicted in Fig. 6. The
corresponding\E values of the target compounds were calculatdnet8.11 {BN),
3.28 @Py), 3.20 @8BI), 3.15 @4BT), and 3.11 §MOBI) eV, respectively. For all the
target compounds, the electron densities in thédsigoccupied molecular orbital
(HOMO) are delocalized over the entire moleculegkeglas the distributions of the
lowest unoccupied molecular orbital (LUMO) appeabe different. FOBMOBI, in
the LUMO, the electron clouds on imidazophenantheyl benzimidazole, and
methoxy groups are partly transferred to the styrerbridge. This multidirectional
charge transfer and a relatively smsi (3.11 eV) obviously improve the TPA ability,

resulting in the largest
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Fig. 6 Molecular orbital energy level diagram fhettarget compound4BN, 2Py,
3BI, 4BT, and5MOBI).

3. Conclusion

In this study, five new H-imidazo[4,5f]phenanthroline derivatives were
synthesized by a solvent—free Debus—Radziszewskctiom. Their linear and
nonlinear photophysical properties were systemiiticavestigated in various

solvents. All the compounds exhibit relatively larg values and strong blue/cyan

fluorescence.

4. Experimental section
4.1.General procedures

All the reagents and solvents were commerciallycpased and used without
further purificationH and**C NMR spectra were recorded on a Bruker AVANCE ll|
500 spectrometer using DMS@ as a solvent and all shifts are referred to
tetramethylsilane (TMS). FT-IR spectra were recdrda a Thermo Nicolet 6700
spectrometer using a powder sample on a KBr pMéess spectra were performed on

a Therm LCQ TM Deca XP plus ion trap mass specttgmastrument. Elemental
15



analyses were determined by a Thermo Finnigan H#&shl12 apparatus.
4.2. Spectroscopic measurements

The OPA spectra were recorded on a Shimadzu UV-28BB-visible
spectrophotometer. The OPEF spectra were performeidg a RF-5301PC
fluorescence spectrophotometer. Thevere determined by using quinine sulfate in
0.5 mol L* sulfuric acid as the standard £ 0.546°). @ is calculated according to
the following equation:

o =0 AN F @
An’F,

where the subscripts s and r designate the samgl¢ha reference, respectivelyis
the absorbance at the excitation wavelengtis, the refractive index of the relevant
solution, and- is the integrated area under the corrected emisgiectrum.

The TPEF spectra were measured using a femtoselesed pulse and a Ti:
sapphire system (680-1080 nm, 80 MHz, 140 fs) adigint sourceos of the target
compounds were measured using the two—photon iddileerescence method with

the following equation :

o =580C, 3)
Fr ¢S nS CS

where the subscripts s and r denote the sampleéhanekference, respectively.and
@ represent the TPEF integral intensity and the #soence quantum vyield.andc
are the refractive index and the concentratiorhefdolution. In this work, fluorescein
in 0.1 mol ! sodium hydroxided= 1 x10* mol L) is used as the referenee= 36
GM™).
4.3 Synthesis

The synthetic routes of the expected compounddepieted in Scheme 1. 2,5-
Dimethoxy-1,4-benzenedicarboxaldehy@i*t 1,10-phenanthroline-5,6-diofie,
[(4-cyanophenyl)methyllphosphonic acid diethyl este (LSZ)*
4-[(1E)-2-(4-formylphenyl)ethenyl]benzonitril&§),** 4-[(1E)-2-(4-pyridinyl)
ethenyl]benzaldehyde3k),* 4-[(1E)-2-(1H-benzimidazol-2-yl)ethenyl]benzaldehyde

(39,*  4-[(1E)-2-(2-benzothiazolyl)ethenyllbenzaldehyde  3d)*  and
16



4-[(1E)-2-(1H-benzimidazol-2-yl)ethenyl]-2,5-dimethoxybenzalddly Be)*’ were
synthesized according to the literature procedures.

4.3.1 4-[(1E)-2-[4-(1H-imidazo[4,5-f] [ 1,10] phenanthrolin-2-yl)phenyl] ethenyl]
benzonitrile (1BN)

A mixture of 1,10-phenanthroline-5,6-dione (1 mn@R1 g),2a (1 mmol, 0.23g),
and ammonium acetate (5 mmol, 0.39 g) was grouladpiowder in a mortar and then
heated at 80 °C for 8 h. After completion of thacten (monitored by TLC), the
reaction mixture was cooled to room temperature @edted with water. The
resulting solid was purified by recrystallizatiarin N,N-dimethylformamide to give
0.32 g orange—yellow crystalline powder. Yield 782 m.p. > 300 °C!H NMR
(DMSO-ds, 500 MHz)s: 13.83 (s, 1H), 9.07 (dd; = 4.0 Hz,J, = 1.2 Hz, 2H), 8.97
(dd,J; = 8.1 Hz,J, = 1.2 Hz, 2H), 8.35 (d] = 8.3 Hz, 2H), 7.92 (dJ = 8.3 Hz, 2H),
7.89 (d,J = 8.5 Hz, 2H), 7.87 (br s, 2H), 7.86 (B 8.5 Hz, 2H), 7.60 (d] = 16.4 Hz,
1H), 7.52 (d,J = 16.4 Hz, 1H);**C NMR (DMSO4s, 125 MHz)J: 109.69, 119.02,
123.32, 126.55, 127.27, 127.61, 127.84, 129.65,6129129.70, 131.49, 132.69,
135.69, 137.54, 141.73, 143.69, 147.92, 150.07;IRTKBr) v: 3334, 3030, 2854,
2222, 1653, 1599, 1559, 1506, 1480, 1451, 1397118575, 1070, 949, 837, 739,
554 cm’; ESI-MSm/z 424.28 [M+H], 446.25 [M+Na]; Anal. calcd for GgH17Ns:

C 79.42, H 4.05, N 16.54; found C 79.61, H 4.12.6\78.

4.3.2 4-[(1E)-2-[4-(1H-imidazo[ 4,5-f] [ 1,10] phenanthrolin-2-yl)phenyl] ethenyl]
pyridine (2Py). 2Py was synthesized as that @BN. Orange-yellow crystalline
powder. Yield 71.1 %. m.p. 240-242 %€t NMR (DMSO-ds, 500 MHz)s: 13.84 (s,
1H), 9.07 (ddJ; = 4.3 Hz,J, = 1.5 Hz, 1H), 9.06 (ddl; = 4.3 Hz,J, = 1.5 Hz, 1H),
8.97 (dd,J; = 8.0 Hz,J, = 1.5 Hz, 1H), 8.96 (dd]; = 8.0 Hz,J, = 1.5 Hz, 1H), 8.60
(d, J= 6.0 Hz, 2H), 8.36 (d] = 8.4 Hz, 2H), 7.93 (dJ = 8.4 Hz, 2H), 7.90 (ddl, =
8.0 Hz,J, = 4.3 Hz, 1H), 7.85 (ddl = 8.0 Hz,J, = 4.3 Hz, 1H), 7.67 (d] = 16.4 Hz,
1H), 7.63 (d,J = 6.0 Hz, 2H), 7.43 (d) = 16.4 Hz, 1H)*C NMR (DMSO4s, 125
MHz) ¢: 120.99, 121.17, 123.49, 126.60, 127.04, 127.29.72, 129.77, 129.86,

132.32, 135.85, 135.89, 137.34, 143.60, 143.67,1744147.94, 150.13, 150.17;
17



FT-IR (KBr) v: 3332, 3076, 2850, 1624, 1600, 1560, 1501, 1482411399, 1195,
1072, 955, 839, 740 ¢l ESI-MS mVz 400.29 [M+H], 422.36 [M+Na]; Anal.
calcd for GeHiNs: C 78.18, H 4.29, N 17.53; found C 78.41, H 4189,7.82.

4.3.3 2-[(1E)-2-[4-(1H-imidazo[ 4,5-f] [ 1,10] phenanthrolin-2-yl)phenyl] ethenyl] -
1H-benzimidazole (3Bl). 3Bl was synthesized as that dBN. Orange-yellow
crystalline powder. Yield 71.8 %. m.p. > 300 ®E; NMR (DMSO-ds, 500 MHz)o:
13.85 (br s, 1H), 12.72 (s, 1H), 9.06 (dd= 4.3 Hz,J, = 1.6 Hz, 2H), 8.96 (ddl, =
8.1 Hz,J, = 1.6 Hz, 2H), 8.37 (d] = 8.4 Hz, 2H), 7.94 (d] = 8.4 Hz, 2H), 7.87 (br s,
2H), 7.76 (dJ = 16.5 Hz, 1H), 7.64 (dl = 7.7 Hz, 1H), 7.53 (d] = 7.7 Hz, 1H), 7.39
(d,J = 16.5 Hz, 1H), 7.16-7.23 (m, 2HJC NMR (DMSO+4s, 125 MHz)s: 118.72,
119.30, 123.19, 123.49, 123.72, 126.60, 126.68,6827129.66, 129.71, 129.95,
133.45, 135.94, 135.96, 136.92, 141.90, 143.62,7643147.94, 147.99, 150.08;
FT-IR (KBr) v: 3365, 3084, 2933, 1641, 1609, 1564, 1526, 1482511393, 1278,
1071, 969, 827, 740 cln ESI-MS m/z: 439.23 [M+H], 461.29 [M+Na]; Anal.
calcd for GgHigNg: C 76.70, H 4.14, N 19.17; found C 76.86, H 4129,9.32.

4.3.4 2-[(1E)-2-[4-(1H-imidazo[ 4,5-] [ 1,10] phenanthrolin-2-yl)phenyl] ethenyl]
benzothiazole (4BT). 4BT was synthesized as that BBN. Orange-yellow crystalline
powder. Yield 78.9 %. m.p. > 300 °¢H NMR (DMSO-ds, 500 MHz)é: 13.89 (s,
1H), 9.07 (dJ = 4.0 Hz, 2H), 8.98 (d] = 8.0 Hz, 2H), 8.37 (d] = 8.3 Hz, 2H), 8.14
(d, J=7.9 Hz, 1H), 8.07 (d] = 8.3 Hz, 2H), 8.02 (d] = 8.1 Hz, 1H), 7.91 (br s, 1H),
7.88 (br s, 1H), 7.81 (d = 16.3 Hz, 1H), 7.77 (d] = 16.3 Hz, 1H), 7.55 (t} = 7.6
Hz, 1H), 7.47 (tJ = 7.6 Hz, 1H):*C NMR (DMSO4ds, 125 MHz)s: 122.20, 122.61,
122.69, 123.48, 123.51, 125.55, 125.58, 126.55,3B628129.96, 130.45, 134.14,
136.28, 136.55, 143.17, 143.28, 147.73, 150.04,885153.44, 166.32; FT-IR (KBr)
v: 3335, 3051, 2862, 1623, 1603, 1559, 1484, 1439611315, 1109, 1070, 951, 819,
741 cm; ESI-MSm/z: 456.21 [M+H], 478.34 [M+Na]; Anal. calcd for GgH17N5S:

C 73.83, H 3.76, N 15.37; found C 74.09, H 3.829\68.
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435 2-[(1E)-2-[4-(1H-imidazo[ 4,5-f] [ 1,10] phenanthrolin-2-yl)-2,5-
dimethoxyphenyl] ethenyl] -1H-benzimidazole (5SMOBI). 5MOBI was synthesized as
that of 1BN. Yellow crystalline powder. Yield 67.5 %. m.p. ®®°C;'H NMR
(DMSO-ds, 500 MHz)s: 13.02 (s, 1H), 12.75 (s, 1H), 9.23 (dd= 8.1 Hz,J, = 1.5
Hz, 1H), 9.07 (ddJ, = 4.7 Hz,J, = 1.5 Hz, 1H), 9.05 (dd}, = 4.6 Hz,J, = 1.5 Hz,
1H), 9.00 (ddJ; = 8.0 Hz,J, = 1.5 Hz, 1H), 8.00 (s, 1H), 7.99 @= 16.5 Hz, 1H),
7.86 (ddJ; = 8.1 Hz,J, = 4.7 Hz, 1H), 7.84 (dd}; = 8.0 Hz,J, = 4.6 Hz, 1H), 7.64 (s,
1H), 7.63 (d,J = 7.7 Hz, 1H), 7.51 (dJ = 16.5 Hz, 1H), 7.50 (d] = 7.7 Hz, 1H),
7.17-7.24 (m, 2H), 4.15 (s, 3H), 4.05 (s, 3t8C NMR (DMSO4ds, 125 MHz)é:
56.29, 56.50, 110.43, 111.15, 112.47, 118.68, M19.49.67, 122.96, 123.47, 123.62,
126.60, 128.26, 129.81, 130.44, 134.70, 134.86,2B35140.29, 143.61, 143.82,
147.82, 147.94, 148.02, 150.78, 151.30, 151.33;IRTKBr) v: 3398, 3066, 2938,
1637, 1608, 1566, 1535, 1475, 1423, 1381, 12793,12270, 1036, 972, 807, 741
cm’; ESI-MSnz 499.26 [M+H], 521.39 [M+Na]; Anal. calcd for GoH2oNeO,: C
72.28, H 4.45, N 16.86; found C 72.49, H 4.63, ND96
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