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Abstract A series of substituted imidazoles have been
synthesized in very good yield under solvent free condition
by grinding 1,2-diketone, aromatic aldehyde and ammoni-
um acetate in the presence of molecular iodine as the
catalyst. The short reaction time, good yield and easy
workup make this protocol practically and economically
attractive and characterized by NMR spectra, X-ray, mass
and CHN analysis. An excited state intramolecular proton
transfer (ESIPT) process in hydroxy imidazoles (dpip and
dptip) have been studied using emission spectroscopy and it
was detected that the two distinct ground state rotamers are
responsible for the normal and the tautomer emissions. DFT
calculations on energy, dipole moment, charge distribution
of the rotamers in the ground and excited states of the
imidazole derivatives were performed and discussed. DFT
analysis about HOMO, HOMO-1, LUMO and LUMO + 1
were carried out and discussed. PES calculation indicates
that the energy barrier for the interconversion of two
rotamers is too high in the excited state than the ground
state.
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Introduction

Excited state intramolecular proton transfer (ESIPT) phe-
nomena have been investigated in the past decades due to
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the practical applications of ESIPT exhibiting molecules as
laser dyes, photostabilizers, fluorescent probes in biology
and light-emitting materials for electroluminescent devices
[1-3]. ESIPT typically occurs in aromatic molecules having
a phenolic hydroxy group with an intramolecular hydrogen
bond to the nearby hetero atom (distance <2 A) of the same
chromophore to form the excited state tautomer. The two
distinct intramolecular hydrogen bonded rotamers I and II
(Fig. 1) have been detected experimentally in the ground
state [4] by the typical ESIPT exhibiting 2-(2'-hydroxy-
phenyl)benzazole derivatives. Among the two rotamers
only enol rotamer II undergoes ESIPT to form the excited
state ketotautomer III, which transmits a long wavelength
emission while rotamer I is responsible for the short
wavelength normal emission. Then the excited keto
tautomer luminesce, undergoing a transition to the ground
state, the reverse proton transfer takes place and the
molecule returns to the enol form (Fig. 1).

Organic solvents are high on the list of damaging
chemicals, in recent years solid-state organic reactions have
caused great interest. Designing of “green” experimental
protocol is an enormous challenge to chemists to improve
the quality of the environment for present and future
generations. Compounds with an imidazole ring system
have many pharmacological properties [5, 6]. Though there
are several methods reported [7] in the literature for the
synthesis of imidazoles, they suffer from one or more
disadvantages such as harsh reaction conditions, poor
yields, prolonged time period, use of hazardous and often
expensive acid catalysts. Recently, molecular iodine [8]
received considerable attention as an inexpensive, nontoxic,
readily available catalyst for various organic transforma-
tions, affording the corresponding products in excellent
yields with high selectivity. Owing to numerous advantages
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Fig. 1 Rotameric forms of dpip
(3) and dptip (4)
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associated with this eco-friendly element, iodine has been
explored as a powerful catalyst for various organic trans-
formations [9]. During the course of our studies towards the
development of new route to the synthesis of biologically
active heterocycles, we wish to report a simple and an
efficient method for the synthesis of substituted imidazoles.

In continuation of our previous work, we will focus the
light on the photophysical studies of 2-aryl imidazole
derivatives (1-6) synthesized under green experimental
condition, ESIPT process of hydroxy imidazoles [dpip(3)
and dptip (4)] and Density Functional Theory (DFT)
calculations [10] on energy, dipole moment of various
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species, HOMO, HOMO-1, LUMO and LUMO + 1
energies and PES studies were performed and discussed.

Experimental

Optical Measurements and Composition Analysis

NMR spectra were recorded for the 2-aryl imidazole
derivatives (1-6) on a Bruker 400 MHz. The ultraviolet—

visible (UV-Vis) spectra were measured on UV-Vis
spectrophotometer (Perkin Elmer, Lambda 35) and cor-
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Scheme 1 Mechanism for imidazole formation

rected for background due to solvent absorption. Photo-
luminescence (PL) spectra were recorded on a (Perkin
Elmer LS55) fluorescence spectrometer. Solvents used for
spectral measurements are spectroscopic grade. The fluo-
rescence quantum yield were measured in acetonitrile using
coumarin 47 as a standard [11] according to the equation,
Bt = Pt (1) (32) (1) Where, Dunte Potgs L L
Aunk, Punk and Dgyq are the fluorescence quantum yields,
the integration of the emission intensities, the absorbances
at the excitation wavelength and the refractive indexes of
the corresponding solution of the 2-aryl imidazole deriva-
tives (1-6) and the standard, respectively. The radiative (k;)
[k, = @, /7] and non-radiative (ky,) [ker = 1/7 — D, /7] rate
constants were calculated using the life time (t) of the
excited state. Mass spectra were recorded on a Varian
Saturn 2200 GCMS spectrometer.

General Procedure for the Synthesis of 2-aryl Imidazole
Derivatives (1-6)

A mixture of aldehyde (I mmol), benzil (1 mmol),
ammonium acetate (2.5 mmol) and iodine (15 mol%)
were grined in a mortar at room temperature for
appropriate time. The reaction was monitored by TLC
and the reaction mixture was treated with aqueous
Na,S,0;5, the formed crude was purified by column
chromatography (n-hexane:ethyl acetate (9:1) (Scheme 1).
The improved yield of these imidazole derivatives were
compared with conventional [12] yields and it is given in
parenthesis.

e

\I C@

I
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S

2-(4-fluorophenyl)-4,5-dimethyl-1-p-tolyl-1H-imidazole
(fpdmti) (1)

Yield: 50%. (30%), mp 130 °C, Anal. caled. for
CigH7FN,: C, 77.12; H, 6.11; N, 9.99. Found: C, 77.00;
H, 5.98; N, 9.03. FTIR (cm ') 1519,1598, 1647, 2364,
2855, 2916, 3540, 3751. '"H NMR (400 MHz, CDCly): &
2.01 (s, 3H), 2.29 (s, 3H), 2.43 (s, 3H), 6.87—7.34 (aromatic
protons). 3¢ (100 MHz, CDCls): & 9.53, 12.69, 21.18,
114.92, 115.10, 12544, 127.16, 129.89, 130.20, 133.35,
135.13, 138.57, 144.28, 161.26, 163.23. MS: m/z 280.00,
caled. 280.14.

2-(4-fluorophenyl)-1,4,5-triphenyl-1H-imidazole (fpdpti) (2)

Yield: 60%. (32%), mp 242 °C, Anal. caled. for
C,7HoFN,: C, 83.05; H, 4.90; N, 7.17. Found: C, 82.00;

Table 1 Photophysical spectral parameters of 2-arylimidazole deriv-
atives (1-6) in dioxane

COmpOund }"ubs (nm) )"exi (nm) 7\-ﬂu (nm)

fpdmti (1)  290.5 (303.9) 290.0 (303.0) 362.0 (359.7)
fpdpti (2)  327.0 (316.5) 328.0 (315.1) 386.2 (382.4)
dpip (3)  330.1 (320.1) 332.8 (318.5) 455.1, 496.3 (sh) (430.7)
dptip (4)  340.7 (380.1) 341.7 (381.9) 475.0, 508.0 (sh) (453.0)
mpdpti (5) 313.5 (392.7) 315.0 (396.0) 440.0 (452.1)
dptimp (6) 338.2 (320.1) 340.0 (326.2) 388.2 (385.3)

Values in the parenthesis are recorded in ethanol
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Fig. 2 Emission spectra of 2-aryl imidazole derivatives 1-6 in
dioxane

H, 5.00; N, 4.78. FTIR (cm ') 1256, 1645, 2434, 2990,
3456. '"H NMR (400 MHz, CDCl3): & 6.92 (d, 2H), 7.49—
7.80(m,15H), 7.90 (d,2H)(aromatic protons). '*C
(100 MHz, CDCly): & 126.55, 127.38, 128.10, 128.38,
128.93, 130.69, 131.12, 134. 46, 137.14, 138.29, 146.91.
MS: m/z 390.00, calcd. 390.45.

2-(4,5-diphenyl-1H-imidazol-2-yl)phenol(dpip) (3)

Yield: 62%. (35%), mp 215 °C, Anal. caled. for
C,1H¢N50: C, 80.75; H, 5.16; N, 8.97. Found: C, 79.12;
H, 5.20; N, 7.64. FTIR (cm ') 1640, 2462, 3008, 3462,
3658. '"H NMR (400 MHz, CDCly): & 6.93-6.99(m,7H),
7.26-7.52(m,7H), 8.04 (s,1H),12.97(brs,1H) (aromatic pro-
tons), *C (100 MHz, CDCl5): & 113.36,117.29, 119.32,
125.42,129.09, 130.54, 146.33, 157.17 MS: m/z 312.00,
caled. 312.36.

2-(4,5-diphenyl-1-p-tolyl-1H-imidazol-2-yl)phenol
(dptip) (4)

Yield: 65%. (36%), mp 215 °C, Anal. calcd. for
C,gH2oN,0: C, 83.56; H, 5.51; N, 6.96. Found: C,
83.00; H, 5.20; N, 6.02. FTIR (cm ') 1638, 2465, 2996,
3456, 3598. "H NMR (400 MHz, CDCls): & 2.27 (s, 3H),

Table 2 Electron density of atoms N(5) and O for dpip (4) and dptip (5)

Compound Atom I 1* I

(dpip) (4) N(5) —0.401 —0.448 0.382
(0) —0.545 —0.528 —0.568

dptip (5) N(5) —0.517 —0.589 0.502
(0] —0.640 —0.603 —0.656

Table 3 Relative energies (eV) and dipole moments (D) in the ground
and excited state for rotamers I, II and III

Compound Rotamers  Ground state Excited state

p (D)  E(eV) E(eV) (D)

dpip (3) I 451 0.04 (0.00) 4.01(3.50) 8.65
1l 406  0.08 (0.03) 4.56(3.92) 8.10

il 589 058 (0.32) 3.62(3.08) 4.02

dptip (4) 1 382 0.01(0.00) 4.25(4.10) 7.46
11 325 0.04 (0.02) 3.82(3.50) 7.98

i 489 042 (028) 3.61(3.10) 3.18

Relative energies are calculated with respect to the ground state
minimum energy form in ethanol. Values in the parenthesis are
recorded in ethanol

6.80 (d, 2H), 7.84 (d,2H), 7.16-7.25(m,7H), 7.45-7.51
(m,6H), 9.31 (s,1H),12.50(brs,1H) (aromatic protons), '>C
(100 MHz, CDCl;): 6 9.53, 114.73, 120.80, 126.06,
126.33, 127.15, 127.40, 145.87, 157.08. MS: m/z
402.00, calcd. 402.17.

2-(2-methoxyphenyl)-4,5-diphenyl-1-p-tolyl-1H-imidazole
(mpdpti) (5)

Yield: 62%.(35%), mp 235 °C, Anal. caled. for
CyoHo4N50: C, 83.63; H, 5.81; N, 6.73. Found: C, 82.98;
H, 5.01; N6.01. FTIR (cm ')1230, 1450, 1605, 2924,
3512,3614. '"H NMR (400 MHz, CDCl5): & 2.20 (s, 3H),
3.80 (s, 3H),2.40 (s, 3H), 6.77 (d, 2H), 7.05-7.50 (m, 14H),
8.03 (s,2H) (aromatic protons). >C (100 MHz, CDCl5): &
9.53, 55.1 115.25, 125.05, 126.47, 127.50, 127.69, 128.68,
129.69 130.45, 145.61. MS: m/z 416.00, calcd. 416.19.

4-(4,5-diphenyl-1-p-tolyl-1H-imidazol-2-yl)phenol
(dptimp) (6)

Yield: 58%. (30%), mp 231 °C, Anal. caled. for
CosH,oN50: C, 83.56; H, 5.51; N, 6.96. Found: C, 82.58;
H, 5.23; N 6.56. FTIR (cm ')12450, 15420, 1635, 2876,
3589, 3721. '"H NMR (400 MHz, CDCl3): & 2.20 (s, 3H),
6.93 (d, 2H), 7.53-7.89 (m, 14H), 7.92 (d,2H), 12.52
(brs,1H) (aromatic protons). '*C (100 MHz, CDCl;): &
9.52, 113.20, 119.76, 125.01, 127.50, 127.69, 144.78,
130.45, 158.30 MS: m/z 402.00, calcd. 402.70.

Table 4 Percentage of enol and keto isomeric forms of 3 and 4

Compound Ground state Excited state

% enol % keto % enol % keto
dpip(3) 100 6.5x107'° 100
dptip(4) 100 1x1072™ 100

@ Springer
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Results and Discussion

The absorption spectra of 2-aryl imidazole derivatives (1-6)
were almost in coincidence with the excitation spectra, the

fluorescent properties were taken for discussion (Table 1).
The steric effect from aromatic species at C(2) position has

been evaluated in imidazole system, and the steric
interaction from the C(2) position has a direct impact on

Table 5 Selected bond lengths (A), Bond angles (°) and torsional angles (°) of fdpti (2)

Bond lengths (A)

Experimental XRD (A)

Bond angles (°)

Experimental XRD (°)

Torsional angles (°)

Experimental XRD (°)

N1-C2
N1-C5
NI-C11
N3-C2
N3-C4
C2-C21
C4-C5
C4-C41
C5-Cs1
Cl11-C12
Cl11-Cl6
C12-C13
C13-C14
C14-C15
C15-Cl6
C21-C22
C21-C26
C22-C23
C23-C24
C24-C25
C25-C26
C41-C42
C42-C43
C43-C44
F4-C24
C44-C45
C45-C46
C51-C52
C51-C56
C52-C53
C53-C54
C54-C55
C55-C56

1.3798(1.4141)
1.3905(1.4066)
1.4370(1.4159)
1.3194(1.3573)
1.3798(1.3986)
1.4718(1.4637)
1.3759(1.4204)
1.4761(1.4539)
1.4785(1.4529)
1.3771(1.4103)
1.3793(1.4102)
1.3810(1.391)

1.3780(1.3993)
1.3720(1.3992)
1.3825(1.3912)
1.3897(1.4001)
1.3887(1.4024)
1.3834(1.3906)
1.3621(1.4072)
1.3630(1.3906)
1.3843(1.3916)
1.3950(1.4018)
1.3755(1.3923)
1.3740(1.3912)
1.3626(1.3541)
1.3650(1.4805)
1.3822(1.3929)
1.3859(1.4022)
1.3960(1.4202)
1.3860(1.3992)
1.3780(1.3902)
1.3670(1.3912)
1.3779(1.3886)

C2-N1-C5
C2-N1-C11
C5-N1-Cl11
C2-N3-C4
N1-C2-N3
N1-C2-C21
N3-C2-C21
N3-C4-C5
N3-C4-C41
C5-C4-C41
N1-C5-C4
N1-C5-C51
C4-C5-C51
N1-C11-C12
N1-C11-Cl16
C12-C11-Cl16
C11-C12-C13
C12-C13-C14
C13-C14-C15
C14-C15-Cl6
C11-C16-C15
C2-C21-C22
C2-C21-C26
C22-C21-C26
C21-C22-C23
C22-C23-C24
C23-C24-C25
(C24-C25-C26
C21-C26-C25
F4-C24-C23
F4-C24-C25
C23-C24-C25
C24-C25-C26
C4-C41-C42
C4-C41-C46
C42-C41-C46
C41-C42-C43
C42-C43-C44
C43-C44-C45
C5-C51-C52
C5-C51-C56

107.30(106.9283)
125.41(127.0122)
127.07(126.0441)
106.26(106.5784)
110.82(110.7521)
125.85(124.5399)
123.32(124.7077)
110.51(109.7608)
118.29(122.5708)
131.20(127.6622)
105.11(105.9798)
122.73(124.1276)
132.12(129.8899)
119.53(120.448)
119.13(120.4048)
121.26(119.12)
119.27(120.0061)
119.78(120.9015)
120.59(119.0368)
120.18(120.9003)
118.87(102.0073)
123.50(121.109)
117.88(119.0524)
118.59(120.48)
120.38(119.4749)
118.91(120.25)
122.85(119.59)
118.04(120.3539)
121.21(120.4815)
118.56(119.85)
118.58(119.92)
122.85(123.12)
118.04(120.16)
118.31(120.56)
123.79(125.23)
117.86(119.21)
120.84(122.12)
120.44(122.98)
119.41(121.86)
120.62(121.92)
121.15(122.03)

C5-N1-C2-N3
C5-N1-C2-C21
C12-C11-C16-C15
C11-C12-C13-C14
C12-C13-C14-C15
C13-C14-C15-Cl16
C14-C15-C16-C11
C2-C21-C22-C23
C26- C21-C22-C23
C2- C21-C26-C25
C22- C21-C26-C25

C21- C22-C23-C24

C22- C23-C24-F4
C22- C23-C24-C25
F4- C24-C25-C26
C23-C24-C25-C26
C24-C25-C26-C21
C4-C41-C42-C43
N3-C2-C21-C22
N3-C2-C21-C26
N3-C4-C5-N1
N3-C4-C5-C51
C41-C4-C5-N1
C41-C4-C5-C51
N3-C4-C41-C42
N3-C4-C41-C46
C5-C4-C41-C42
C5-C4-C41-C46
N1-C5-C51-C52
N1-C5-C51-C56
C4-C5-C51-C52
C4-C5-C51-C56
N1-C11-C12-C13
C46-C41-C42-C43
C4-C41-C46-C45
C42-C41-C46-C45
C42-C43-C44-C45
C5-C51-C52-C53
C56-C51-C52-C53
C51-C52-C53-C54
C52-C53-C54-C55

~0.64(-0.72)
~179.79(~179.81)
~2.50(~4.01)
0.7(0.8)
~0.80(-0.92)
~0.80(~0.94)
2.4(3.1)
~179.20(~180.42)
~1.36(~1.51)
178.74(180.02)
0.78 (0.82)
0.66(0.89)
~178.45(~180.08)
0.7(0.92)
177.87(180.12)
~1.3(-1.9)
0.5 (0.8)
177.03(179.20)
142.10(144.65)
~35.75(~36.48)
~0.57(0.72)
~178.31(~180.16)
~179.56(~180.89)
2.7(2.9)
~31.76(-32.83)
145.60(147.82)
147.16(149.86)
~35.48(-37.21)
135.85(139.17)
~45.92(~47.83)
—46.76(47.71)
131.48(133.33)
~175.70(~176.20)
~0.48(-0.59)
~177.52(~179.82)
~0.15(-0.18)
~0.2(-0.4)
177.49(179.70)
~0.79(-0.92)
0.4(0.6)
0.3(0.5)

Values in the paranthesis are theoretically calculated
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Fig. 3 a PES for the intercon- 4 20
version of the rotamers of dptip (a) (b)
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for the interconversion of the o i & 15 -
rotamers of dptip (4) in the i )
ground state 5 5 ? 5

s 5

£ i ke £ 5

(]
: 2
04 —— Ethanol 0 —— Ethanol
—— Isolated molecule —— Isolated molecule
'0-5 T T L) '5 T T L
0 60 120 180 240 0 60 120 180 240

Dihedral angle (°)

the fluorescent properties. The emission properties of
fluorophores 1-6 were examined in dioxane and ethanol
and they possess strong fluorescence property with quan-
tum yields ranging from 0.42-0.78.

The hydroxy substituted 2-aryl imidazoles [dpip (3) and
dptip (4)] in aprotic solvents exists as two different
intramolecular hydrogen bonded isomers I and II and
excitation of the isomer II should lead to the formation of
the keto isomer III due to ESIPT (Fig. 1), while excitation
of the isomer I must yield the normal emission. But, we
found out that the fluorescence spectra of dpip (3) and dptip
(4) in dioxane contain one emission band at shorter
wavelength and one small shoulder peak at higher
wavelength which reveal that only the isomer II of these
molecules were stable under these conditions.

However, in the case of hydroxyl containing solvent
(EtOH), a short wavelength emission band appears for dpip
(3) and dptip (4) and this observation is absent in the
fluorescence spectra of 1, 2, 5 and 6 (Fig. 2). This result can
be explained by the presence of intermolecular hydrogen
bonding with solvent molecule (EtOH) leading to the
stabilization of solvated isomer IV in which ESIPT is
impossible [13].

In order to support the ESIPT mechanism in dpip
(3) and dptip(4), we calculated the electron density for
the keto and enol isomers of the dpip (3) and dptip(4) by
DFT in both the ground and the excited states (Table 2),
which reveal that excitation of enol isomer leads to an
increase in the electron density at N (5) atom and
decrease at O atom resulting in ESIPT and formation of
the excited keto isomer in excited state. Then, the excited
keto isomer emits luminescence and returns to the
ground state keto form, which is characterized by a large
positive charge at N (5) atom and negative charge at O
atom. As a result, a reverse process occurs in the ground
state of the molecule producing an initial molecule in the
enol form.

@ Springer

Dihedral angle (°)

Correlation Between Intramolecular Hydrogen Bonding
and ESIPT Process

The existence of intramolecular hydrogen bond in dpip
(3) and dptip(4) is confirmed by the presence of the singlet
at 12.97 ppm (dpip) and 12.50 ppm (dptip) in the "H NMR
spectra which is a typical signal for hydrogen bonded
hydrogen atom. In order to reveal the contribution of the
intramolecular hydrogen bonding to their optical proper-
ties, the fluorescence spectra of dpdip (4) and its
derivative mpdpti (5) were measured in dioxane solvent
under identical condition (Fig. 2). A dual fluorescence was
detected for dptip (4) with emission peak centered at 475
and 508 nm respectively. The emission peak at shorter
wavelength at 475 nm is assigned to rotamer I and longer
wavelength band at 508 nm is assigned to rotamer II [3]

Fig. 4 ORTEP diagram of fdpti(2)
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whereas mpdpti (5) exhibits emission peak only at
440 nm, absence of additional peak at longer wavelength
confirms the absence of intramolecular hydrogen bond in
mpdpti (5) which further evident that in dptip (4)
intramolecular hydrogen bond is the essential driving
force for ESIPT.

ESIPT Energy Barrier Calculation

The ESIPT phenomenon has inspired a large number of
theoretical calculations [14—17]. The ground state geome-
tries of the three species, I, II, and III for both dpip (3) and
dptip(4) were optimized using the DFT/6-311G (d,p)
method for exploring the ESIPT mechanism. Complete
optimization of all geometrical parameters gives the ground
state energy of each species. The energy of the excited state
was calculated using the standard CIS method. The energies
and dipole moment of the species I, II, and III in the ground
and excited states are given in Tables 3 and 4 whereas the
electron density for the keto and enol isomers of the dpip

Table 6 Deviation parameters (°) of imidazole from other rings

Compound () ®) ™)

1 —43.68 5.03 -179.02
2 42.16 -2.12 -178.87
3 -21.90 1.49 -179.22
4 —89.62 ~5.08 ~179.03
5 ~139.70 -2.12 ~178.88
6 42.16 -2.12 ~178.87

Table 7 Quantum yield and thermodynamic parameters of imidazole
derivatives 1-6

Compound ¢ Tr k. Kor HOMO LUMO Eg
ms) (s (s (aw (a.u) (a.u)

fpdmti (1) 0.71 142 050 020 -0.2999 —0.183 0.117
fpdpti (2) 0.60 144 042 027 -0305 —0.196 0.109
dptip 3) 078 1.61 048 0.14 —0302  —0.200 0.102
dptip (4) 042 1.72 024 034 -0304  —0.002 0302
mpdpti (5) 0.39 135 029 045 -0306 —0.196 0.110
dptimp (6) 0.60 140 042 029 -0307 —0.196 0.111

(3) and dptip(4) in the ground and the excited states are
listed in Table 5. In the excited state the nitrogen atom
becomes richer in electron density than the hydroxylic
oxygen atom. This redistribution of the 7t-electron densities
in the excited electronic state is the driving force for the
intramolecular proton transfer from the hydroxylic group to
the nitrogen atom. The potential energy (PE) curves
(Fig. 3a and b) for the interconversion of isomers I and II
of dptip (5) in the ground and the excited states reveal that
for isolated dptip (5) in the ground state, the barrier for
interconversion is 2.5 kcal/mol and 1.4 kcal/mol in ethanol.
In the excited state the barrier for dmtip (5) in the isolated
molecule and in the alcohol medium are 10.6 and 7.9 kcal/
mol, respectively. The barriers for interconversion in the
excited state are much higher than that in the ground state.
From the relative heat of formation of enol and keto
isomers, the percentage of enol and keto isomers of dpip (3)
and dptip (4) are calculated (Tables 3 and 4). The calculated
results reveal that the existence of 100% enol isomer in the
ground state and 100% keto isomer in the excited state,
supported the experimental results.

Table 8 Absorption and fluorescence spectral data of Co®", Hg>",
Cu?', and Pb>" chelates in acetonitrile

Compound Chemisensor Aem (nM)

dptip (3) 3 430.7
3+Cu* 440.0
3+Hg>" 490.2
3+Pb*" 442.1
3+Co*" 4437

dptip (4) 4 453.0
4+Cu** 462.1
4+Hg>" 501.5
4+Pb* 465.2
4+Co*" 462.7
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Fig. 6 Fluorescence spectra of dpip (3) and dptip (4) in the presence of various metal ions

X-ray Analysis: Crystal Structure

X-ray data of fdpti (2) (Table 5) reveal that the imidazole
ring is essentially planar and makes the dihedral angles of
62.80°, 36.98°, 33.16° and 46.24° respectively, with the
substituent rings in the C1, C2, C4 and C5 positions. The
two phenyl groups at C(4) and C(5) positions of the
imidazole ring are twisted from each other by 51.10° The
individual twist from the imidazole is 33.10° (for phenyl at
the 4-position) and 46.24° [for phenyl at C(5)] respectively
(Fig. 4). In order to eliminate crystal packing effect in the
solid state, the molecular geometry of 1-6 is further
examined by DFT calculation [DFT/B3LYP16-31G(d,p)]
[10] to make necessary comparison on an equal state basis.
Three key twists, designated as «, (3, and v have been
examined. « is used to indicate the twist of imidazole ring
from the aromatic six-membered ring at C(2), 5 and ~y are
used for twists of imidazole ring from phenyls at C(5) and
C(4) positions respectively (Fig. 5). By comparison of
results in Table 6, several additional interesting structural

@ Springer

features can be concluded that the  twist is always smaller
than the (3 twist. the 3 twist originates from the interaction
of substituent at N(1) of the imidazole with the phenyl at C
(5) whereas the ~ twist is a result of chain interaction event,
triggered by the interaction of the phenyl at C(4) with the
other one at C(5). The [ twist always increases upon the
substitution at N(1) of the imidazole derivatives compared
to the parent counterparts and the substitution increases the
[ twist but decreases the  twist. The present structural

: Q

Fig. 7 Chelate structure of (Cu”—Ligand)
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Fig. 8 HOMO-1, HOMO, LUMO and LUMO + 1 orbital picture of (1-6)

information allows us to further explore the correlation
between structural features and fluorescent property. It
reveals that « twist is correlated with fluorescent property,
the larger the « twist, the more drop the fluorescence
quantum yield. Such a clear correlation indicates the
importance of coplanarity between imidazole and the
aromatic ring at C(2). This correlation can be ascribed to
the conjugation rigidity. When the two adjacent aromatic
species are in a coplanar geometry, the p-orbitals from the
C—C bond connecting the two species will have maximal
overlapping and the two rings will have a rigid and
delocalized conjugation, as the result, the bond is no longer
a pure single bond, as evident from the X-ray data of fdpti
(2). The present bond distance of C2-C6 is 1.454(4)A
(Table 5) is shorter than the regular single bond distance
between two sp2 carbon’s (1.48 A) [17], because of

Table 9 The calculated electronic transitions of 1 and 3

delocalization. When the two rings are deviated from each
other, the p-orbital overlapping will be reduced. The partial
conjugation will lead to less rigid structure, therefore,
radiationless twist motion will deactivate the emitting state,
leading to the low quantum yields (Table 7). Thus, it is
suggested that fluorophores with the substitution at C(2)
with a minimum loss of fluorescence property. Optimiza-
tion of 1-6 have been performed by DFT at B3LYP/6-311G
(d,p) using Gaussian-03 and the selected bond angles of
fdpti (2) are given in Table 5 and compared with XRD data.
All these XRD data are in good agreement with the
theoretical values. However, from the theoretical values it
can be found that most of the optimized bond lengths, bond
angles and dihedral angles are slightly higher than that of
XRD values. These deviations can be attributed to the fact
that the theoretical calculations were aimed at the isolated

Compound Transition Molecular orbital contribution E (eV) A max (nmM) Oscillator strength (f)
fpdmti(1) So — Sy HOMO — LUMO HOMO-1 — LUMO 5.1853 291.11 0.023
dpip(3) So — S, HOMO — LUMO + 1 6.9926 177.3 0.0029

So — S HOMO-1 — LUMO 5.978 331.8 0.9341

So — S, HOMO — LUMO + 1 6.6664 185.98 0.8143
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molecule in the gaseous phase whereas the XRD results
were aimed at the molecule in the solid state.

Selective Fluorescent Sensing of Cu®"

The observed non-radiative emission of these fluorophores
may be due to n—7t* transition [18]. Imidazole derivatives
have been used to construct highly sensitive fluorescent
chemisensors for sensing and imaging of metal ions and its
chelates with Ir’* are the major components for organic
light emitting diodes [19, 20] and are promising candidates
for fluorescent chemisensor for metal ions, if their
radiationless channel could be blocked by metal binding.
In the presence of transition metal ions such as Co”", Hg*",
Pb>" and Cu*" an enhancement of fluorescent intensity was
observed to a different extent (Table 8) which shows that
the metal ions binding, blocks the radiationless decay
channel in dpip (3) and dptip (4) (Fig. 6). The radiative
(k;) and non-radiative (k) rate constants were calculated
for 3 and 4 in Cu®" in acetonitrile and found that the
substantial increase in the quantum yield in the presence of
Cu”" is due to dramatic decrease in nonradiative transition
whereas the radiative constant remains unchanged within
the experimental error. This means that the radiationless
decay in dpip (3) and dptip (4) is blocked upon metal
binding (Fig. 7) and the emission of chelate (Cu®" -ligand)
orginates only from 7—7 * state [18].

Electronic Properties

The frontier orbitals (HOMO and LUMO) determined the
way in which the molecule interacts with other species. The
frontier orbital gap (Table 6) helps to characterize the
chemical reactivity and kinetic stability of the molecule. A
molecule with a small frontier orbital gap is more
polarizable and is generally associated with high chemical
reactivity, low kinetic stability and is also termed as soft
molecule [21]. The HOMO is the orbital that primarily acts
as an electron donor and the LUMO is the orbital that
largely acts as the electron acceptor. The 3D plots of the
frontier orbitals HOMO and LUMO of 1-6 is shown in
Fig. 8. It can be seen from the figures the HOMO is located
on the phenyl ring attached to the carbon of the imidazole
derivative and the unfilled 7t* orbital (LUMO) located on
the imidazole ring. The HOMO — LUMO transition
implies that intramolecular charge transfer takes place
[22—24] within the molecule. Therefore, introduction of an
electron donating substituent into the phenyl ring attached
to the nitrogen raises the energy of the LUMO resulting in a
blue-shift of the emission. On the other hand, the
introduction of the electron donating substituent into the
aldehydic phenyl ring raises the energy of the HOMO,
leading to the red shift of the emission [22-24]. The

@ Springer

calculated energy gap explains the eventual charge transfer
interactions within the molecule. The optimized HOMO-1,
HOMO, LUMO and LUMO +1 molecular orbitals of 1-6
revels that HOMO-1 and HOMO have identical nodal
patterns i.e., nodal between the phenyl and imidazole ring
portions of the orbital. Therefore the 7t interaction between
two rings is anti-bonding in character. The S; has a
contribution from HOMO — LUMO, HOMO-1 — LUMO.
The vertical excitation energy from the ground state to the
S;(mt—7m*) was calculated which remarkable agreement with
the corresponding experimental results. S; — S, transitions
involves HOMO — LUMO + 1 molecular orbitals
(Table 9).

Conclusion

Intermolecular hydrogen bonding of dpip (3) and dptip(4)
with water giving rise to IV impede the ESIPT process,
resulting in an increase in the quantum yield of normal
emission at the expense of the tautomer emission. However,
the intermolecular hydrogen bonding with alcohol is not
strong enough to compete with the intramolecular hydrogen
bonding in hydroxy substituted imidazole derivatives.
Hence, tautomer emission dominates over normal emission
in alcohol at room temperature. In the presence of transition
metal ions such as Co>', Hg>",Pb>" and Cu*' an
enhancement of fluorescent intensity was observed to a
different extent which shows that the metal ions binding,
blocks the radiationless decay channel in dpip (3) and dptip
(4) so that the imidazoles are promising candidates for
fluorescent chemisensors. The HOMO — LUMO transition
implies that intramolecular charge transfer takes place
within the molecule.
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