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a b s t r a c t

New 2-(1H-imidazol-2-yl)phenols (L1Et–L8tBuPt) bearing a phenolic proton in the vicinity of the
imidazole base were prepared and characterized. Experimental studies of the dependence of their
protonation/deprotonation equilibrium on substituent identities and intramolecular hydrogen bond-
ing tendencies were carried out using electronic absorption spectroscopy at varying pH values. In
order to make comparison, 2-(anthracen-10-yl)-4,5-diphenyl-1H-imidazole (L9Anthr) bearing no phe-
nolic proton and 4,5-diphenyl-2-(4,5-diphenyl-1H-imidazol-2-yl)-1H-imidazole (L10BisIm) bearing two
symmetrical imidazole base fragments were also prepared and experimentally investigated. DFT calcu-
lations were carried out to study frontier orbitals of the investigated molecules. While electron-releasing
substituents produced increase in protonation–deprotonation pKas for the hydroxyl group, values for
the imidazole base were mainly affected by polarization of the imidazole ring aromaticity across
ubstituent effects the 2-imidazole carbon and the 4,5-imidazole carbons axis of the imidazole ring. It was concluded
that electron-releasing substituents on the phenol ring and/or electron-withdrawing substituents on
4,5-imidazole carbons negatively affects donor strengths/coordination chemistries of 2-(1H-imidazol-2-
yl)phenols, and vice versa. Change of substituents on the phenol ring significantly altered the donor
strength of the imidazole base. The understanding of pKa variation on account of electronic effects
of substituents in this work should aid the understanding of biochemical properties and substituent

le-co
environments of imidazo

. Introduction

For the past many decades, interest in the understanding of
actors controlling the mechanisms of reactions of biological and

edicinal interests has been sustained [1–5]. Coupled proton-
lectron transfer is a subject of significant current interest [6–9]
nd physicochemical data such as ionization constant values
often derived as pKas) are routinely employed in characterizing
iomolecules such as metalloenzymes, amino acids, etc. The pKa

f a drug is one of the most important parameters employed to
xplain its physicochemical behaviour and acid-base properties,

nd to study pharmaceutical pre-formulations [10]. Changes in pKa

alues in biological macromolecules are often investigated to estab-
ish modes of interactions between an acid or base fragment and
ts neighbouring functional groups [11]. However, in the presence

∗ Corresponding author at: P.M.B. 3005, Redemption City, Ogun State – Nigeria.
el.: +234 7062192104.

E-mail addresses: bioduneseola@run.edu.ng, bioduneseola@hotmail.com
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386-1425/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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ntaining biomacromolecules.
© 2009 Elsevier B.V. All rights reserved.

of supramolecular folding that exists in biological macromolecules,
investigation of behaviours of pH sensitive functions is hindered.
Small, well-characterized, organic molecules provide access to
understanding of phenomena observed in the macrostructures.
Spectroscopic determination of ionization constant of weak acids
or bases is of widespread application and considered suitable even
at extremes of pH, poor solute solubilities and for species prone
to conformational photo-tautomerism [11–13]. Aqueous–organic
mixtures are often employed for various pH buffers in ionization
constant determinations [10].

Moieties such as adenine, guanine, histidine, etc., contain
imidazole functions and are involved in intramolecular and inter-
molecular chemistries of biological macromolecules under pH
specific conditions [14–18]. Imidazole base of histidine is recog-
nized to be an interesting ligand in the bioinorganic chemistry of
most heamoptoteins of which investigation of basicity and steric

effects gives understanding of the role of the leaving group in con-
trolling mechanisms [9,19]. In previous studies on histidine, it is
believed that pKa values assigned to the imidazole ring (pKa ≈ 6) is
distinguishable from values ascribed to carboxy (pKa ≈ 2) or amino
(pKa ≈ 9) functionalities [1,2,11]. However, pKa values of some

http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:bioduneseola@run.edu.ng
mailto:bioduneseola@hotmail.com
dx.doi.org/10.1016/j.saa.2009.11.041
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Scheme 1. Molecular frame

midazole bases have been reported to be inaccessible within the
H scale range [20]. On account of protonation–deprotonation reac-
ions, spectroscopic behaviour of imidazole base chromophores
ave attracted considerable attention towards potential pH sensory
nd fluorescence switching applications [21–29]. Proper under-
tanding of donor–acceptor properties of imidazole bases in the
resence of different neighbouring functionalities is still lacking.
s discussed in our previous report on 1H NMR comparison [30],
rotonation and deprotonation schemes have been concluded for
n oxazole system which the authors wrongly thought to be an
midazole ligand [29]. Progress has been made in the understand-
ng Excited State Intramolecular Proton-electron Transfer (ESIPT)
henomenon of 2-(imidazol-2-yl)phenols [31–35]. However, such
tudies have been largely restricted to 2-(1H-benzo[d]imidazol-
-yl)phenols with scarce knowledge of substituent and solute
edia effects. In preceding experiments recently published on a

eries of ligands and their corresponding zinc complexes involving
ome of the compound in the present studies, the role of sub-
tituents and solvents media in preventing ESIPT was presented
nd changing solvent polarities from tetrahydrofuran (THF, dielec-
ric constant ≈7) to dimethylformamide (DMF, dielectric constant
38) yielded little or no change on absorption peak positions (i.e.
–2 nm shifts). However, observed shifts in photoluminescence
axima (spread over 1–57 nm) for the reported imidazole-phenol

igands as a result solvent variation (from THF to DMF) indicated

hat significant change in polarities for polar solvents produced
ignificant modification of excited state electronic characteristics
hile having insignificant effects on the ground state elec-

ronic structures [36]. Calculational reports also largely restricted
o 2-(1H-benzo[d]imidazol-2-yl)phenols are known [37,38]. The

Scheme 2. Possible protonation states for base and active proton
s investigated in this work.

B3LYP/6–311 + G* basis set has been successfully employed as
a reliable method in DFT calculations of imidazole organic sys-
tems [39]. Investigation of the consequence of intramolecular
proton–base interactions on physicochemical parameter such as
ionization constants of the proton donor as well as the acceptor is
unknown.

Owing to importance of imidazole bases, attention has been
drawn to investigation of small molecules containing imidazole
nucleus, and such studies are yet few. Moreover, works involving a
series of imidazole bases with differing substituent environment
is also scarce. Particularly, studies of substituent environments
on ionization constants of imidazoles prone to intramolecular
proton–electron transfer have not been reported. Herein, we
present our results on syntheses and spectroscopic investigation of
ionization constants for a series of 2-aryl-1H-imidazoles. Two imi-
dazole molecules that lack intramolecular proton–electron transfer
capacities have been included for comparison. Calculated proper-
ties based on optimized geometries of the molecules as well as
experimental 1H NMR and FTIR data of active protons were dis-
cussed in attempt to rationalize observed variations in ionization
constants (Scheme 1).

2. Experimental

2.1. General considerations
All manipulations of oxidation-prone reactions were performed
under nitrogen atmosphere using standard Schlenk techniques.
All starting materials were obtained commercially as reagent
grades and used without further purification. L1Et, L2Ph, L3m-

components. (a), (b) and (c) were observed within pH 0–14.
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Fig. 1. Overlays of absorption spectra at different

Me, L4p-OMe, L6Me, L7tBuPh and L8tBuPt were prepared
ccording to recently published procedures [36]. The synthe-
ized organic compounds were purified on silica gel column to
xclude impurities. Elemental analyses were performed on a Flash
A 1112 microanalyzer. 1H and 13C NMR spectra were recorded
n a Bruker ARX-400 MHz instrument using deuterated chloro-
orm as solvent and TMS as internal standard. IR spectra were
ecorded on a Nicolet 6700 FT-IR spectrometer as KBr discs in the
ange of 4000–600 cm−1. UV–vis measurements were recorded on
himadzu 1600 Spectrophotometer. The pKa determination exper-
ments were done using ≈10−5 M solutions of the compounds in
thanol–water mixture which consists of 70% absolute ethanol

nd 30% distilled water. Calculated amount of potassium chlo-
ide was used to achieve 0.1 M concentration of the salt in order
o maintain fairly constant ionic strength and the pH of solutions
ere adjusted with the aid of a calibrated pH meter and through

ddition of potassium hydroxide or hydrochloric acid solutions.
lues for (a) L1Et, (b) L7tBuPh and (c and d) L6Me.

Optimized geometries and calculated properties were obtained
through DFT calculations conducted at the B3LYP/6–311 + G* level
with input files created based on simulated dielectric constants for
70% ethanol–water mixture. DFT calculations were obtained using
Gaussian 98 package of programs [41].

2.2. Preparation of imidazoles

1-(4,5-Diphenyl-1H-imidazol-2-yl)naphthalen-2-ol (L5Naph):
Benzil (2.00 g, 9.51 mmol), 2-hydroxynaphthalene-1-carbaldehyde
(1.64 g, 9.51 mmol) and ammonium acetate (14.67 g) refluxed for
2 h in 10 mL glacial acetic acid. The reaction mixture was allowed

to cool, transferred to 40 mL water, carefully neutralized with
concentrated aqueous ammonia and the crude product filtered.
After washing with water, the dried solid was recrystallized from
ethanol to yield the L5Naph as yellow micro-needles (2.23 g,
64.7%). Selected IR peaks (KBr disc, cm−1): � 3245vs, 3052m,
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Fig. 2. (a) Energy separation between LUMO, HOMO and HOMO-1 energy levels in
the studies molecules and (b) atoms labeling scheme for Mulliken charges reported
in Table 2.

1667w, 1619s, 1598s. 1H NMR (400 MHz, TMS, CDCl3); ı 8.21 (d,
J = 8.4 Hz, 1H); 7.86 (d, 8.0 Hz, 1H), 7.79 (d, 8.8 Hz, 1H); 7.62 (d,
7.2 Hz, 4H); 7.57 (dd, 7.2 Hz, 1H); 7.39 (m, 7H). 13C NMR (400 MHz,
CDCl3, TMS); 157.52, 145.73, 130.57, 128.74, 127.79, 123.06,
118.95, 117.85, 112.47. Anal. calc. for C25H18N2O.0.2H2O (M. wt.,
444.12): C, 82.21; H, 5.17; N, 7.57. Found: C, 82.43; H, 5.64; N, 7.13.

2-(Anthracen-9-yl)-4,5-diphenyl-1H-imidazole (L9Anthr): Ben-
zil (0.21 g, 0.98 mmol), 9-anthraldehyde (0.20 g, 0.98 mmol) and
ammonium acetate (1.51 g, 19.60 mmol) were refluxed in glacial
acetic acid (3 mL) for 2 h. The cooled reaction solution was
diluted with cc. 10 mL water, carefully neutralized using con-
centrated aqueous ammonia and the precipitate filtered, washed
with distilled water and the crude precipitate was extracted into
dichloromethane. The organic extract was purified on silica gel
column using petroleum ether:dichloromethane:ethyl acetate in
10:3:1 ratio to obtain L9Anthr as yellow micro-needles (0.37 g,
95%). Selected IR peaks (KBr disc, cm−1): � 3383s, 3053vs, 1606s,
1529s, 1505s. 1H NMR (400 MHz, TMS, CDCl3); ı 9.29 (s, 1H, imi-
dazole); 8.54 (s, 1H, anthr.), 8.02 (d, J = 9.6 Hz, 4H, anthr.); 7.80 (br,
2H, anthr.); 754 (br, 2H, anthr.); 7.46 (m, 4H, phenyl); 7.34 (br, 6H,
phenyl). Anal. calc. for C25H18N2O.0.2H2O (M. wt., 444.12): C, 82.21;
H, 5.17; N, 7.57. Found: C, 82.43; H, 5.64; N, 7.13.

4,5-Diphenyl-2-(4,5-diphenyl-1H-imidazol-2-yl)-1H-imidazole
(L10BisIm): Benzil (5.00 g, 23.80 mmol), ammonium acetate
(25.00 g, 356.74 mmol) and glacial acetic acid (20 mL) were heated
under reflux condition and, while under reflux, glyoxal water
(2.7 mL, 23.78 mmol) was added over 20 min. Reflux was allowed
to continue for 2 h 30 min. followed by cooling, dilution in ≈50 mL
water and neutralization with concentrated aqueous ammonia
solution. The aqueous solution was decanted from the brown,
gummy residue was extracted using dichloromethane and purified
on silica gel column using petroleum ether/ethyl acetate in ration
10:1. Pure product was obtained as white micro-crystals (<5%
yield). Selected IR peaks (KBr disc, cm−1): � 3440s, 3050m, 1620w,
1578w, 1389vs, 765vs. 1H NMR (400 MHz, TMS, CDCl3); ı 7.46 (m,
8H); 7.33 (m, 12H). Anal. calc. for C30H22N4·(1/2)H2O: C, 80.51; H,
5.18; N, 12.52. Found: C, 80.55; H, 5.37; N, 12.35.

3. Results and discussion
3.1. Absorption properties at different protonation states

Table 1 contains the experimental spectral and pKa data for the
investigated molecules. For reliable determination of pKa values,
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Table 2
Ligand dipole moments, LUMO–HOMO separations and Mulliken charge densities of selected atoms determined at the B3LYP/6–311 + G* level.

Ligands DM (D)a �E(LUMO)–(HOMO) (eV)b Mulliken charge densities (Q)

N(1) N(2) N(1)–N(2) O(1) C(1)

L1Et 5.865 8.420 −0.616 −0.478 0.138 −0.223 0.458
L2Ph 5.869 7.927 −0.613 −0.491 0.122 −0.214 0.462
L3m-OMe 3.292 7.907 −0.621 −0.498 0.123 −0.209 0.471
L4p-OMe 4.784 7.993 −0.603 −0.488 0.115 −0.222 0.452
L5Naph 5.283 5.894 −0.642 −0.489 0.164 −0.204 0.488
L6Me 5.511 7.928 −0.616 −0.492 0.124 −0.223 0.442
L7tBuPh 6.020 6.881 −0.623 −0.491 0.132 −0.245 0.439
L8tBuPt 5.183 6.784 −0.630 −0.537 0.089 −0.234 0.434
L9Anthr 2.627 3.399 −0.542 −0.495 0.048 NAc 0.473
L10BisIm 0.347 7.951 −0.459 −0.412 0.047 NAc 0.451

lar or
t

i
t
p
w
F
w
t
(
f
k
o

p

F
w

a Dipole moments in Debye.
b LUMO = lowest unoccupied molecular orbital; HOMO = highest occupied molecu

o Fig. 4(b).
c NA = not applicable.

t is desirable to have absorption bands that are significantly dis-
inguishable at the different protonation states. Fortunately, the
rotonation–deprotonation reactions in this work afforded species
ith different absorption band positions and/or shapes (Scheme 2,

ig. 1). Three protonation states were observed within pH 1–14,
hich corresponds to imidazolium cation (lower pH end), neu-

ral imidazole-phenol (pH ≈5–9) and imidazole-phenolate anion
higher pH end). Use of spectral absorption methods in quanti-
ying concentrations of equilibrium species in solution has been

nown to render reliable results [40]. The ionization constants were
btained as pKa on the basis of Henderson–Hasselbalch theory:

H = pKa − log
A − A0

Af − A

ig. 3. Optimized structures of L1Et (a–c), L8tBuPt (d–f) and L10BisIm (g–i) showing the
ere omitted for clarity.
bital. eV = electron Volts. Selected atomic labels correspond to notations according

where A0 and Af represent the initial and final absorbance val-
ues for the various protonated–deprotonated species, respectively.
Though solutions of similar concentrations were planned, wide
variation in extinction coefficients were observed due to sub-
stituent variations. Similar trend was also observed in substituent
effects on THF solution for some of the ligands studied [36].
The pKa values were obtained from sigmoidal fittings on plots of
absorbance values at wavelengths of maximum difference between
the absorbance of protonated and deprotonated forms against pH

(inset, Fig. 1(c)). R2 values were in the range 0.9744–0.9997.

It is noteworthy that the longest wavelength absorption
bands of the imidazole-phenol ligands progressively exhibited
red shift on transforming from the imidazolium forms into the

frontier molecular orbitals at LUMO, HOMO and HOMO-1 levels. Hydrogen atoms
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ig. 4. Optimized structures of L2Ph (a–c), L6Me (d–f) and L7tBuPh (g–i) showin
ere omitted for clarity.

eutral species and into the phenolate forms (Table 1). How-
ver, absorption maxima of the second absorption bands were
ess sensitive to the protonation–deprotonation events except
or gradual changes in absorbance or peak position (Fig. 1(a)).
lso notable is the observed sudden jump in molar extinction
oefficient (≈×5) of the shortest wavelength band of the imidazole-
henols (≈220 nm) at higher alkalinities (pH ≈12–14), which was
ccompanied by relatively little or no change in intensity of the
onger wavelength bands (Fig. 1(d)). This observation may be
f value to pH sensory research. The bis-imidazole molecule
10BisIm showed no change in absorption characteristics over
H 1–14. This observation is attributable to the symmetrical
ature of the ligand and consequent lack of dipole tendencies.
his view is supported by the broad �N–H frequency due to fast
ntramolecular proton transfers between the two imidazole
itrogen atoms (Fig. 4(d)). The pKa values for L10BisIm probably
xist outside the pH scale range. DFT calculations on the series
f molecules showed good inverse agreement between trends of
0–S1 absorption peak wavelengths (nm) and the energy sepa-
ations between respective highest occupied molecular orbitals
HOMO) and lowest unoccupied molecular orbitals (LUMO)
evels (e.g. L1Et: �E(LUMO)–(HOMO) = 8.420 eV, �max = 311 nm;
5Naph: �E(LUMO)–(HOMO) = 5.894 eV, �max = 344 nm; L9Anthr:
E(LUMO)–(HOMO) = 3.399 eV, �max = 365 nm; Fig. 2; Table 2).
.2. Substituent effects and trends in pKa values

Increase in electron-releasing capacity of the phenol ring
owards the 2-position of the imidazole ring or increase in electron-
ithdrawing character of substituents on the 4,5-imidazole
frontier molecular orbitals at LUMO, HOMO and HOMO-1 levels. Hydrogen atoms

carbons simultaneously produced lowering of imidazole base pKas
and increase of the phenolic hydroxyl group pKas (Table 1; L1Et:
6.64–11.91; L6Me: 3.38–11.64; L7tBuPh: 2.28–13.47; L8tBuPt:
1.11–13.04). The separation in pKa values produced by a combi-
nation of push–pull substituents, which was achieved through tBu
and 4,5-diphenyl or phenanthreneyl substitution as in the cases
of compounds L7tBuPh and L8tBuPt, is notable. In other words,
as the �-electron cloud of the imidazole ring is shifted from the
2-carbon towards the 4,5-carbons, it’s protonation–deprotonation
equilibrium constant becomes larger (i.e. lower pKa values). This
implies that the donor ability of the imidazole base is reduced
and effective protonation of species in solution could only be
achieved in lower pH media (i.e. higher [H+]). Calculated charge
densities revealed a decrease in positive charge density on the 2-
imidazole carbon which suggests a push of negative charge from
the phenol ring towards the imidazole ring in the order L2Ph
(0.462) > L6Me (0.442) > L7tBuPh (0.439) > L8tBuPt (0.432 having
a combination of push and pull) (Table 2). Increase in the calcu-
lated electronic density on the oxo-atom of the phenol group also
indicates expected push of electron density towards 2-imidazole
position in the order L7tBuPh (−0.245) > L6Me (−0.223) > L2Ph
(−0.214). Furthermore, the electron-releasing group on the phenol
ring strengthened the phenolic O–H bond as established by FTIR
data (Table 1) and a weaker strength of intramolecular H-bonding
is thus implied. Increasing pKa values for the deprotonation equi-

librium of phenolic O–H on account of greater electron-releasing
character of phenol ring substituents is in support of the conse-
quent strengthening of O–H bonds. The pKa data in the present
work also provides understanding towards metal–organic chela-
tion reactivity of 2-(1H-imidazol-2-yl)phenols. A combination of
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Fig. 5. (a–d) Solid-state FTIR spectra (a

ush–pull substituents as in L7tBuPh and L8tBuPt leads to poor
midazole N-donor strength and tougher phenolic O–H deprotona-
ion. As observed in previously published work [36], coordination
f L7tBuPh and L8tBuPt with zinc(II) ion was achieved only
n the presence of triethylamine base. The product yield was
uite low and the complexes decomposed in polar-protic sol-
ents.

Relative to the pKa data for L2Ph, data for L4p-OMe sug-
est that the electron-rich methoxy group para- to the hydroxyl
unction is electron-releasing towards the imidazole ring in con-
rast to substituent effect of the methoxy group on L3m-OMe.

ulliken positive charges on the 2-carbon of the imidazole ring,
hich decreased for L4m-OMe (0.452) and increased for L3m-
Me (0.471) relative to L2Ph (0.462), agrees with the observed
pposite effects of o- and p-methoxy substitution. Observed data
or L5Naph suggest that extension of conjugation on the naph-
hol group yielded reduction in charge shift towards imidazole
ing. Experimental data suggest that the fused phenanthrene
roup (L8tBuPt) on the 4,5-carbons of the imidazole behaved as
lectron-withdrawing. While 4,5-diphenyl groups acted to a lesser
xtent as electron-withdrawing, the 4,5-diethyl groups showed
lectron-releasing character. The electron-withdrawing roles of the
henanthreneyl and 4,5-diphenyl groups can be attributed to �-

nteractions between the aromatic �-electrons of the substituents
nd that of the imidazole ring. The optimized structure of the
,5-diphenyl substituted compound (Fig. 4) revealed �-electron

elocalization over the C–C single bonds between imidazole ring
nd the aromatic substituents at 4-, 5- and 2-positions. More-
ver, optimized structure computation for L1Et showed a double
ond character between the 2-imidazole carbon and phenol rings.

n agreement with published X-ray structures of L1Et and L6Me
isc) of studied molecules in this work.

[36], it was observed that the C–C bond lengths between the 4- or
5-carbon of the imidazole ring and the substituent ethyl groups
are typical of single bonds (average of 1.507 Å), while the cor-
responding lengths to the phenyl substituted analogue indicated
some extent of resonance conjugation across the C–C bond (average
of 1.475 Å). Fig. 3 presents frontier orbital diagrams for the opti-
mized molecular geometries of L1Et, L8tBuPt and L10BisIm while
Fig. 4 contains those for L2Ph, L6Me and L7tBuPh, respectively.
The HOMO frontier orbitals were mainly found to be concentrated
on the imidazole rings (Figs. 3 and 4) and this may explain why
the phenol substituent perturbations produced greater effects on
pKas of imidazole base than on the phenolic hydroxyl function.
Two alternative forms of orbitals alignments were observed to
exist in the HOMO and HOMO-1 levels and which are energetically
close (0.045–0.945 eV). The electron densities were either aligned
across the N–N–O hetero atom axis (e.g. Fig. 3(b) and (e); Fig. 4
(b), (e), (h)) or along the length of the molecule (Fig. 3(h)). It is
noteworthy that the former case occurred in the HOMO level of all
studied molecules except for the symmetrical L10BisIm where the
later case formed the HOMO level. This observation supports the
importance of intramolecular hydrogen bonding in this family of
molecules unlike for L10BisIm where such bonding was not appli-
cable. This view was also supported by the lower dipole moments
or lowest difference between N-atom charge densities for com-
pounds L9Anthr and L10BisIm (Fig. 2, Table 2). The imidazole
ring substituents in this work contributed to shift the imidazole

aromatic �-density towards the 4,5-carbons in the order phenan-
throleneyl > 4,5-diphenyl > 4,5-diethyl. This order is opposite to the
effect of 4,5-substituent on donor strength of imidazole nitrogen
base. Therefore, it is suggested that, from the ionization constant
of imidazole-containing biomacromolecules, nature of unknown
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ubstituents and donor property of such imidazole base can be
redictable.

.3. FTIR and 1H NMR spectral characteristics of active protons

The observed FTIR and 1H NMR data are presented in Table 1. The
midazole (N–H) and the phenolic (O–H) protons, which are the two
ypes of active protons present in the investigated molecules, were
pectroscopically compared for potentially useful information
erivable from FTIR and 1H NMR data and that can aid under-
tanding of substituent effects on protonation–deprotonation
quilibrium characteristics as well as intramolecular H-bonding
roperties. Solid-state FTIR signals for the phenolic protons �O–H
ere generally weaker and very broad unlike the sharp peaks

ound for the imidazole N–H peaks in all cases. Confirmation of
his conclusion was obtained from spectral overlay for L8tBuPt
nd its oxazole analogue, which was obtained as a second prod-
ct in the synthesis of L8tBuPt (Fig. 4(a)) [36]. In fact, the O–H
ignals for compound with relatively stronger imidazole donor
trengths (e.g. L2Ph, L3m-OMe, L4p-OMe and L5Naph; Fig. 4(b)
nd (c)) were not observed, which is in agreement with weak-
ning of O–H vibrations as a result of stronger intramolecular
ydrogen bonding in such cases. The 1H NMR properties of the
olecules also provided support for observed trends. It is notable

hat, under similar conditions, L8tBuPt gave very sharp signals
or the imidazole N–H and phenolic O–H protons (Fig. 5). This
uggests weak or absence of intramolecular H-bonding and low
onor strength of the imidazole base. Therefore, it could be con-
luded that electron-releasing substituents on the phenol ring
nd/or electron-withdrawing substituents on 4,5-imidazole car-
ons negatively affects donor strengths/coordination chemistries
f 2-(1H-imidazol-2-yl)phenols, and vice versa (Fig. 6).
. Conclusion

New imidazole based molecules were synthesized, character-
zed and used to investigate the effects of parameters such as
ifferent substituents and intramolecular interactions on ioniza-

[

[

[

ica Acta Part A 75 (2010) 693–701

tion constant values. The pKa values observed for the imidazole
nitrogen base ranged from 1.11 to 6.64 contrary to the general
believe that pKa values for imidazole nitrogen base is usually
around pKa = 6. The phenol hydroxyl functions in the studied
molecules showed lesser sensitivity to substituents effects unlike
the imidazole base. While electron-releasing substituents pro-
duced increase in protonation–deprotonation pKas for the hydroxyl
group, values for the imidazole base were mainly affected by polar-
ization of the imidazole ring aromaticity across the 2-imidazole
carbon to 4,5-imidazole carbons axis of the imidazole ring. There-
fore, it was concluded that electron-releasing substituents on
the phenol ring and/or electron-withdrawing substituents on 4,5-
imidazole carbons negatively affects donor strengths/coordination
chemistries of 2-(1H-imidazol-2-yl)phenols, and vice versa. Exper-
imental findings in this work also show that the substituents on the
phenol ring significantly affect the donor strength of the imidazole
base. The understanding of pKa variation on account of elec-
tronic effects of different substituents in this work should aid the
understanding of biochemical properties of imidazole-dependent
biomolecules. The nature of substituent functionalities in the envi-
ronments of imidazole donors present in biomacromolecules such
as metalloenzymes, nucleotides, etc., can also be predicted based
on ionization constant determinations.
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