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1. Introduction

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 pK,s for the hydroxyl group, values for
the imidazole base were mainly affected by polarization of the imidazole ring aromaticity across
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 pK, variation on account of electronic effects
of substituents in this work should aid the understanding of biochemical properties and substituent
environments of imidazole-containing 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.

For the past many decades, interest in the understanding of
factors controlling the mechanisms of reactions of biological and
medicinal interests has been sustained [1-5]. Coupled proton-
electron transfer is a subject of significant current interest [6-9]
and physicochemical data such as ionization constant values
(often derived as pK;s) are routinely employed in characterizing
biomolecules such as metalloenzymes, amino acids, etc. The pK;
of a drug is one of the most important parameters employed to
explain its physicochemical behaviour and acid-base properties,
and to study pharmaceutical pre-formulations [10]. Changes in pK;
values in biological macromolecules are often investigated to estab-
lish modes of interactions between an acid or base fragment and
its neighbouring functional groups [11]. However, in the presence
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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 pK; values assigned to the imidazole ring (pK; ~6) is
distinguishable from values ascribed to carboxy (pK; ~2) or amino
(pKa~9) functionalities [1,2,11]. However, pK, values of some
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Scheme 1. Molecular frameworks investigated in this work.

imidazole bases have been reported to be inaccessible within the
pH scalerange [20]. On account of protonation-deprotonation reac-
tions, spectroscopic behaviour of imidazole base chromophores
have attracted considerable attention towards potential pH sensory
and fluorescence switching applications [21-29]. Proper under-
standing of donor-acceptor properties of imidazole bases in the
presence of different neighbouring functionalities is still lacking.
As discussed in our previous report on 'H NMR comparison [30],
protonation and deprotonation schemes have been concluded for
an oxazole system which the authors wrongly thought to be an
imidazole ligand [29]. Progress has been made in the understand-
ing Excited State Intramolecular Proton-electron Transfer (ESIPT)
phenomenon of 2-(imidazol-2-yl)phenols [31-35]. However, such
studies have been largely restricted to 2-(1H-benzo[d]imidazol-
2-yl)phenols with scarce knowledge of substituent and solute
media effects. In preceding experiments recently published on a
series of ligands and their corresponding zinc complexes involving
some of the compound in the present studies, the role of sub-
stituents and solvents media in preventing ESIPT was presented
and changing solvent polarities from tetrahydrofuran (THF, dielec-
tric constant ~7) to dimethylformamide (DMF, dielectric constant
~38) yielded little or no change on absorption peak positions (i.e.
0-2nm shifts). However, observed shifts in photoluminescence
maxima (spread over 1-57 nm) for the reported imidazole-phenol
ligands as a result solvent variation (from THF to DMF) indicated
that significant change in polarities for polar solvents produced
significant modification of excited state electronic characteristics
while having insignificant effects on the ground state elec-
tronic structures [36]. Calculational reports also largely restricted
to 2-(1H-benzo[d]imidazol-2-yl)phenols are known [37,38]. The

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 "H 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-
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Scheme 2. Possible protonation states for base and active proton components. (a), (b) and (c) were observed within pH 0-14.
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Fig. 1. Overlays of absorption spectra at different pH values for (a) L1Et, (b) L7tBuPh and (c and d) L6Me.

OMe, L4p-OMe, L6Me, L7tBuPh and L8tBuPt were prepared
according to recently published procedures [36]. The synthe-
sized organic compounds were purified on silica gel column to
exclude impurities. Elemental analyses were performed on a Flash
EA 1112 microanalyzer. 'H and 3C NMR spectra were recorded
on a Bruker ARX-400 MHz instrument using deuterated chloro-
form as solvent and TMS as internal standard. IR spectra were
recorded on a Nicolet 6700 FT-IR spectrometer as KBr discs in the
range of 4000-600 cm~!. UV-vis measurements were recorded on
Shimadzu 1600 Spectrophotometer. The pK, determination exper-
iments were done using ~10~° M solutions of the compounds in
ethanol-water mixture which consists of 70% absolute ethanol
and 30% distilled water. Calculated amount of potassium chlo-
ride was used to achieve 0.1 M concentration of the salt in order
to maintain fairly constant ionic strength and the pH of solutions
were adjusted with the aid of a calibrated pH meter and through
addition of potassium hydroxide or hydrochloric acid solutions.

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
2hin 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 (2.23g,
64.7%). Selected IR peaks (KBr disc, cm~1): v 3245vs, 3052m,
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Table 1

Experimental FTIR, '"H NMR, UV absorption and pK, data of studied imidazole molecules.

Ionization constant

Jmax (nm) [& (dm3/mol cm)]?

FTIR and NMR signals

Compds

pPKaon + sd

pKan£S

Anion

Neutral

Cation

'H 8o-u (ppm)°

NoOf

'H 8n-n (ppm)°

Nof

Von (cm~1)P
3360m (br)®

Unn (cm~1)P

3256vs
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11.91+0.10
AS

10.05+0.08
10.25+0.05
10.81+0.14
10.50+0.02
11.64+0.09
13.47 +£0.02
13.04 +0.08

N
NAE

6.64+0.07
4.224+0.10
4.474+0.16
3.64+0.09
5.38+£0.01
3.38+0.07
2.28+0.04
1.11+0.02
5.46 +0.04
\[el

332
338
335
356
379
345
335
336

317 [43,140
317 [49,870

323
322
335
365
336

313 [12,900
315 (28,730
317 [44,150
341 [11,070

336 [6700
320[13,790
281 [22,400
298 17,850
370[10,330

9.14 (vbr)

9.37 (br)
NOf

NOf

9.26 (br)
9.24 (vbr)
9.92 (sh)
NAS

NASg

13.06 (vbr)
13.48 (sh)

12.90 (vbr)
9.29
NOf

12.83 (br)
NOf
NoOf
NOf

3450m (br)®
3510w (br)®

3320s (br)®
NA®
AS

NOf
NOf
NOf
NOf

P e e e R e R e e

sh
sh
sh
sh
sh
sh
sh
sh
sh
br

P N N N NG AN AN g

3208vs
3217vs
3205vs
3243vs
3256vs
3427vs

3440s

L3m-OMe
L4p-OMe
L5Naph

L6Me
L10BisIm

L1Et
L2Ph
L7tBuPh

2 Amax = the longest wavelength absorption band maximum at the various protonation states.

b Solid state in KBr disc.

¢ In deuterated chloroform.
d S represents standard error.

proton chemical shift in ppm.

vibrational frequency incm~!, TH §

sharp, br=broad, s =strong, vs =very strong, v=

¢ Extends under the O-H peak. sh

f NO
g NA

not observed.
not applicable.
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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. TH NMR (400 MHz, TMS, CDCl3); § 8.21 (d,
J=8.4Hz, 1H); 7.86 (d, 8.0Hz, 1H), 7.79 (d, 8.8 Hz, 1H); 7.62 (d,
7.2Hz, 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 C;5H1gN,0.0.2H,0 (M. wt.,
44412):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 (0.21g, 0.98 mmol), 9-anthraldehyde (0.20g, 0.98 mmol) and
ammonium acetate (1.51g, 19.60 mmol) were refluxed in glacial
acetic acid (3mL) for 2h. 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): v 3383s, 3053vs, 1606s,
1529s, 1505s. TH NMR (400 MHz, TMS, CDCl3); § 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 C,5H1gN,0.0.2H,0 (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 (5.00g, 23.80mmol), 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
(2.7mL, 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): v 3440s, 3050m, 1620w,
1578w, 1389vs, 765vs. TH NMR (400 MHz, TMS, CDCls); § 7.46 (m,
8H); 7.33 (m, 12H). Anal. calc. for C3gH22N4-(1/2)H,0: 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 pK; data for the
investigated molecules. For reliable determination of pK; 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)2 AE(1uM0)-(HOMO) (eV)P Mulliken charge densities (Q)
N(1) N(2) N(1)-N(2) 0(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 0471
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 5511 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 NA® 0.473
L10BisIm 0.347 7.951 —0.459 -0.412 0.047 NA® 0.451

2 Dipole moments in Debye.

b LUMO =lowest unoccupied molecular orbital; HOMO = highest occupied molecular orbital. eV = electron Volts. Selected atomic labels correspond to notations according

to Fig. 4(b).
¢ NA=not applicable.

it is desirable to have absorption bands that are significantly dis-
tinguishable at the different protonation states. Fortunately, the
protonation-deprotonation reactions in this work afforded species
with different absorption band positions and/or shapes (Scheme 2,
Fig. 1). Three protonation states were observed within pH 1-14,
which corresponds to imidazolium cation (lower pH end), neu-
tral imidazole-phenol (pH ~5-9) and imidazole-phenolate anion
(higher pH end). Use of spectral absorption methods in quanti-
fying concentrations of equilibrium species in solution has been
known to render reliable results [40]. The ionization constants were
obtained as pK, on the basis of Henderson-Hasselbalch theory:

A—Ag
pH = pK, — log A=A
(a) L1Et (d) L8tBuPt
LUMO -1.8545 ¢V LUMO, -3.3985eV

..

(b) L1Et

K
HOMO, -10.2742 ¢V

(¢) L8tBuPt
HOMO, -10.1630 eV

(c) LIEt

HOMO-1, -11.0225 eV () L8tBuPt

HOMO-1, -11.1088 eV

where Ag and Ay 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 pK; 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)). R? 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

(g) L10BisIm
LUMO, -2.4496eV

(h) L10BisIm
HOMO, -10.4009 eV

(T) L10BisIm
HOMO-1, -11.0040 eV

*

Fig. 3. Optimized structures of L1Et (a-c), L8tBuPt (d-f) and L10BisIm (g-i) showing the frontier molecular orbitals at LUMO, HOMO and HOMO-1 levels. Hydrogen atoms
were omitted for clarity.
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(d) L6Me
LUMO, -2.3388 eV

(a) L2Ph
LUMO, -2.3659 eV

(b) L2Ph (¢) L6Me

HOMO, -10.2933 ¢v'§

(¢) L2Ph () L6Me

HOMO-1, -11.0301eV

HOMO, -10.2666 eV

HOMO-1, -10.9042 ¢V

(g) L7tBuPh
LUMO, -3.2877¢V

(h) L7¢BuPh
HOMO, -10.1687

(i) L7tBuPh
HOMO-1, -10.9588 eV

Fig. 4. Optimized structures of L2Ph (a-c), L6Me (d-f) and L7tBuPh (g-i) showing the frontier molecular orbitals at LUMO, HOMO and HOMO-1 levels. Hydrogen atoms

were omitted for clarity.

neutral species and into the phenolate forms (Table 1). How-
ever, absorption maxima of the second absorption bands were
less sensitive to the protonation-deprotonation events except
for gradual changes in absorbance or peak position (Fig. 1(a)).
Also notable is the observed sudden jump in molar extinction
coefficient (= x5) of the shortest wavelength band of the imidazole-
phenols (220 nm) at higher alkalinities (pH ~12-14), which was
accompanied by relatively little or no change in intensity of the
longer wavelength bands (Fig. 1(d)). This observation may be
of value to pH sensory research. The bis-imidazole molecule
L10BisIm showed no change in absorption characteristics over
pH 1-14. This observation is attributable to the symmetrical
nature of the ligand and consequent lack of dipole tendencies.
This view is supported by the broad vy_y frequency due to fast
intramolecular proton transfers between the two imidazole
nitrogen atoms (Fig. 4(d)). The pK, values for L10BisIm probably
exist outside the pH scale range. DFT calculations on the series
of molecules showed good inverse agreement between trends of
So—-S1 absorption peak wavelengths (nm) and the energy sepa-
rations between respective highest occupied molecular orbitals
(HOMO) and lowest unoccupied molecular orbitals (LUMO)
levels (e.g. L1Et: AEgymo)-Homo)=8.420€V, Amax=311nm;
L5Naph AE(LUMO)—(HOMO)=5'894er kmax=344nm; L9Anthr:
AE(LUMO)—(HOMO) =3.399 eV, )\.max =365 nm, Flg 2, Table 2)

3.2. Substituent effects and trends in pK, values
Increase in electron-releasing capacity of the phenol ring

towards the 2-position of the imidazole ring or increase in electron-
withdrawing character of substituents on the 4,5-imidazole

carbons simultaneously produced lowering of imidazole base pK;s
and increase of the phenolic hydroxyl group pK,s (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 pK, 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 m-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 pK; 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 pK, 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 pK, 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 (as KBr disc) of studied molecules in this work.

push-pull substituents as in L7tBuPh and L8tBuPt leads to poor
imidazole N-donor strength and tougher phenolic O-H deprotona-
tion. As observed in previously published work [36], coordination
of L7tBuPh and L8tBuPt with zinc(Il) ion was achieved only
in the presence of triethylamine base. The product yield was
quite low and the complexes decomposed in polar-protic sol-
vents.

Relative to the pK, data for L2Ph, data for L4p-OMe sug-
gest that the electron-rich methoxy group para- to the hydroxyl
function is electron-releasing towards the imidazole ring in con-
trast to substituent effect of the methoxy group on L3m-OMe.
Mulliken positive charges on the 2-carbon of the imidazole ring,
which decreased for L4m-OMe (0.452) and increased for L3m-
OMe (0.471) relative to L2Ph (0.462), agrees with the observed
opposite effects of 0- and p-methoxy substitution. Observed data
for L5SNaph suggest that extension of conjugation on the naph-
thol group yielded reduction in charge shift towards imidazole
ring. Experimental data suggest that the fused phenanthrene
group (L8tBuPt) on the 4,5-carbons of the imidazole behaved as
electron-withdrawing. While 4,5-diphenyl groups acted to a lesser
extent as electron-withdrawing, the 4,5-diethyl groups showed
electron-releasing character. The electron-withdrawing roles of the
phenanthreneyl and 4,5-diphenyl groups can be attributed to -
interactions between the aromatic m-electrons of the substituents
and that of the imidazole ring. The optimized structure of the
4,5-diphenyl substituted compound (Fig. 4) revealed m-electron
delocalization over the C-C single bonds between imidazole ring
and the aromatic substituents at 4-, 5- and 2-positions. More-
over, optimized structure computation for L1Et showed a double
bond character between the 2-imidazole carbon and phenol rings.
In agreement with published X-ray structures of L1Et and L6Me

[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 A), while the cor-
responding lengths to the phenyl substituted analogue indicated
some extent of resonance conjugation across the C-Cbond (average
of 1.475A). 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
pKss 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 m-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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Fig. 6. 'H NMR spectra for compounds L1Et, L6Me and L8tBuPt in deuterated chlo-
roform.

substituents and donor property of such imidazole base can be
predictable.

3.3. FTIR and "H NMR spectral characteristics of active protons

The observed FTIR and 'H NMR data are presented in Table 1. The
imidazole (N-H) and the phenolic (O-H) protons, which are the two
types of active protons present in the investigated molecules, were
spectroscopically compared for potentially useful information
derivable from FTIR and 'H NMR data and that can aid under-
standing of substituent effects on protonation-deprotonation
equilibrium characteristics as well as intramolecular H-bonding
properties. Solid-state FTIR signals for the phenolic protons vg_y
were generally weaker and very broad unlike the sharp peaks
found for the imidazole N-H peaks in all cases. Confirmation of
this conclusion was obtained from spectral overlay for L8tBuPt
and its oxazole analogue, which was obtained as a second prod-
uct in the synthesis of L8tBuPt (Fig. 4(a)) [36]. In fact, the O-H
signals for compound with relatively stronger imidazole donor
strengths (e.g. L2Ph, L3m-OMe, L4p-OMe and L5Naph; Fig. 4(b)
and (c)) were not observed, which is in agreement with weak-
ening of O-H vibrations as a result of stronger intramolecular
hydrogen bonding in such cases. The '"H NMR properties of the
molecules also provided support for observed trends. It is notable
that, under similar conditions, L8tBuPt gave very sharp signals
for the imidazole N-H and phenolic O-H protons (Fig. 5). This
suggests weak or absence of intramolecular H-bonding and low
donor strength of the imidazole base. Therefore, it could be con-
cluded that electron-releasing substituents on the phenol ring
and/or electron-withdrawing substituents on 4,5-imidazole car-
bons negatively affects donor strengths/coordination chemistries
of 2-(1H-imidazol-2-yl)phenols, and vice versa (Fig. 6).

4. Conclusion
New imidazole based molecules were synthesized, character-

ized and used to investigate the effects of parameters such as
different substituents and intramolecular interactions on ioniza-

tion constant values. The pK; values observed for the imidazole
nitrogen base ranged from 1.11 to 6.64 contrary to the general
believe that pK, values for imidazole nitrogen base is usually
around pK,=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 pKjs 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 pK, 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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