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Electro-Optical and Spectral Comparative Study of Some
Triazolium Methylids with Biomedical Applications
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Some electro-optical characteristics of four carbanion monosubstituted triazolium ylids - precursors in
obtaining new heterocycle derivatives with pharmaceutical and industrial applications - were evaluated by
spectral and quantum-mechanics studies. The physical properties were established for the optimized
structures of triazolium ylids using HyperChem 8. The nature of the interactions solute-solvent in the triazolium
ylid solutions was established by correlations between the polarity/polarizability characteristics of the solution
components and the wavenumbers of the visible band.
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Organic compounds in which a carbanion is covalently
bonded to a positively charged heteroatom (usually
nitrogen, phosphorus or sulfur) are called ylids [1]. They
are molecules with separated opposite charges, being
specific examples of zwitterions. Cycloimmonium ylids
[2] include a carbanion bonded to a positively charged
nitrogen atom belonging to an azo-heterocycle (such as
pyridinium, iso-quinolinium, phtalazinium, pyridazinium,
triazolium, etc.). Their carbanion can be mono- or di-
substituted (fig. 1).

The R–groups bonded up with the ylid carbon atom are
strong electron-withdrawing groups such as -COC6H5, -
COOR, -CN, -CONHC6H5.
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Molecular modeling helps us to calculate a number of
theoretical parameters of chemical compounds, after the
molecular structure is optimized: the bond lengths, the
atomic charges, the dipole moment, the polarizability, the
main energies (binding energy, heat of formation, total
energy), the energies of the HOMO and LUMO levels [10].
Also, the behavior of the molecules can be studied in
vacuum or in the presence of a solvent.

A comparative study by physical methods (quantum-
mechanics and spectral) is accomplished for some
triazolium methylids with large area of applications
especially in biomedical range. The results obtained by
quantum mechanics study are compared with spectral
data in various dipolar solvents. The spectral characteristics
of some 1, 2, 4 triazolium ylids were studied both in binary
[11, 12] and ternary solutions [13]. By using the statistical
cell model of the ternary solutions [14], the interaction
energy in molecular pairs of the type ylid -hydroxilic solvent
was estimated [15].

The aim of this study is to establish the structural and
energetic characteristics of four 1,2,4 triazolium ylids and
to analyze the interactions with different solvents.

Experimental part
Computational and experimental details

The structures of four carbanion monosubstituted
triazolium ylids were analysed with HYPERCHEM  8.0.6.
[16], The quantum calculations were performed using PM3
(parametric method number 3) which is a semi-empirical
method developed by J. J. P. Stewart and published in 1989
[17]. The Polak - Ribiere algorithm was used for the
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Fig. 1.  Carbanion
monosubstituted (a) and

disubstituted (b)
cycloimmonium ylids

These are substances of a great interest from both
theoretical and practical point of view. Their intramolecular
charge transfer (ICT) visible electronic band is very
sensitive to the solvent nature, offering information on the
intermolecular interactions in solutions [3].

Cycloimmonium ylids have gained an important position
among other 1,3-dipolar reactive intermediates as
evidence by their selective reactivity toward dipolarophiles
offering the most accessible route for  the synthesis of
heterocyclic compounds [4].  The stable cycloimmonium
ylids have interesting applications such as analytical
reagents [5], dyes for leather [6] and semi-conducting
materials [7].  Using 1,2,4-triazolium ylids  as catalyst in
the acycloin condensation of formaldehyde mainly ketones
are obtained [8] in particular dihydroxyacetone. More than
a half of known drugs contain at least one heterocycle
compound, aromatic heterocycles playing an important
role in pharmaceutical industry. Many 1,2,4-triazolium
derivatives exhibit antimicrobial, antifungal, antitumoral,
analgesic, anti-inflammatory, psychoactive, anti-
convulsant, diuretic, or anti-HIV activity [9]. Nowadays,
molecular modeling is used to investigate different types
of chemical structures from the simple ones to more
complicated structures (proteins, acids, polymers).

Scheme 1. Structural
formula of the studied
1,2,4-triazolium ylids
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geometry optimization of the studied compounds.  Four
carbanion monosubstituted 1,2,4-triazolium ylids were
synthesised [18] and studied from structural and spectral
point of view. The structural features of the studied ylids
result from the scheme 1 and table 1.

The electronic spectra of triazolium ylids binary
solutions were recorded at a Carl Zeiss Jena UV- Vis
Spectrophotometer with data acquisition system.

Results and discussions
Computational results

The atomic arrangement obtained after the molecular
geometry optimization, is presented in figure 2.

Some of the most important parameters estimated by
quantum mechanics analysis [19] of the triazolium ylids
studied in this paper are listed in table 2.

Table 1
 STRUCTURAL FEATURES OF THE

STUDIED 1, 2, 4-TRIAZOLIUM YLIDS

Fig. 2.Optimized molecular structures of triazolium ylids (a) T1; (b) T2; (c) T3; (d) T4

Table 2
PHYSICO-CHEMICAL PARAMETERS

OF TRIAZOLIUM YLIDS
COMPUTED WITH HyperChem
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LogP, can be used to measure the differentiability of a
compound in two insoluble phases, being defined as
decimal logarithm of the ratio of its concentrations in a
mixture of two immiscible phases (one is aqueous and
the second solvent is hydrophobic) at equilibrium. When
logP is negative, the compound is soluble in water, and
when it is positive, the compound is lipophilic [20].

The frontier orbitals are playing a very important role in
determining the ionization potential, the electron affinity,
chemical reactivity, spectroscopic excitation energy or the
electrophilicity index [21].

The binding energy and the heat of formation (table 2)
show a linear dependence for the studied ylids, illustrated
in figure 3.

Fig. 3. Binding energy (kcal/mol) vs. heat of formation (kcal/mol)

The hydration energy for the studied triazolium ylids is
negative, the absolute values being higher for T2 and T4
than T1 and T3, respectively.  As it results from table 2, the
ylids T1 and T3 are characterized by positive values of log
P. Otherwise, T2 and T4 have negative values of log P and
higher values of hydration energy, compared with the first
two compounds. Log P is positive for the ylids with benzoyl
in the carbanion structure (hydrophobic compounds), and
negative for the ylids having p-nitro-benzoyl attached to
their carbanion (hydrophilic -NO2 group in the carbanion
(from T1 to T2 and T3 to T4, respectively). For the case of
ylids with the same carbanion structure, the polarizability
increases when the hydrogen atom is replaced by –CH3 in
the pairs T1-T3 and T2-T4, respectively.

Interesting changes are observable when the benzoyl
substitute from the ylid carbanion (T1 and T2) is replaced
by p-nitro-benzoyl atomic group (in T3 and T4).  For the
ylids with common heterocycle, (T1-T2 and T3-T4,
respectively) this substitution induces comparable
variations in energetic parameters (table 3). By inducing
changes in the heterocycle structure (H is replaced by -

Table 3
CHANGES IN PHYSICO-CHEMICAL PARAMETERS INDUCED BY

THE YLID STRUCTURAL MODIFICATIONS

CH3, in T1-T3 and T2-T4, respectively), the energetic
parameters of the studied ylids are modified in a higher
measure compared with the variations induced by
structural changes in the carbanion structure in which
hydrogen is replaced by -NO2 in pairs T1-T2 and T3-T4,
respectively (table 3). From table 3 it results that the
changes in the carbanion structure (by replacing -H with –
NO2 in benzoyl substitute, determine modification of the
difference ∆E from 0.013 to 0.137 eV, while by replacing -H
with -CH3 in the heterocycle structure, the same differences
vary between 0.028 to 0.122 eV. The dipole moment of the
studied ylids increases when the substitute benzoyl (from
T1 and T3) is replaced by p-nitro-benzoyl (in T2 and T4).
Compare T1 with T3 and T2 with T4 respectively in table 2.

Results and discussions
The low solubility of triazolium ylids in different solvents

does not assure the bases for a solvatochromic study in a
great number of solvents, but we obtained the visible
electronic spectra of these substances recorded in benzene,
in some hydroxyl compounds and in dimethylformamide
(table 4).

The spectral shifts relative to the position in the
wavenumber scale of the visible band in benzene ∆ν = ν
- νB linearly depend on the ground state dipole moment of
the studied ylids, as it results from figures 4a and 4b.

The linear dependence is of the type:

                               (1)

The slope A and the cut at origin B are given in table 5.
The values of A and B from relation (1) depend on the
solvent nature.

Relation (1) demonstrates that the intermolecular
interactions in triazolium ylid solutions are of dipolar nature,
based especially on orientation-induction of the ylid
zwitterionic molecule in the electric field created by the
polar solvent molecules in the centre of the solvation sphere
containing the spectrally active molecule. The orientation–
induction interactions determine spectral shifts in the
visible electronic absorption spectra described by the
following formula:

(2)

In relation (2), ν (cm-1) is the wavenumber in the
maximum of the visible band in the solvent with electric
permittivity  ε; ν0 (cm-1) is the wavenumber of the
maximum of the same band in vacuum (for isolated
molecule); and C1 is a constant characteristic of the solute.

Table 4
WAVENUMBER IN THE MAXIMUM OF

THE VISIBLE ELECTRONIC BAND OF THE
STUDIED 1,2,4-TRIAZOLIUM YLIDS IN SOME

SOLVENTS
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In the theories regarding the simple liquids, the coefficient
C1 is given by a relation of the type:

(3)

In formula (3), µg and µe are the ylid dipole moments in
its ground and excited electronic states; ϕ is the angle
between the dipoles; a is the ylid Onsager radius.

The wavenumber in the maximum of the visible
electronic absorption band of the studied triazolium ylids
linearly depends (fig. 6) on the function:

 (4)

The value of the coefficient C1 can be obtained from the
solvatochromic study. The excited state dipole moment
can be estimated on the basis of the values of this
coefficient, using the values the values of µg and a  obtained
by HyperChem.

The results obtained by statistical methods applied to
spectral data contained in table 4 are listed in table 6.

a b
Fig.4. ∆ν (cm-1) vs. µg(D) (a) for Ethanol (Eth) and Methanol (Meth); (b) for Water,

1,3 Propanediol (1,3 PD) and Dimethylformamide (DMF)

Table 5
SOLVENT DIPOLE MOMENT µs(D) , SLOPE (A), CUT AT ORIGIN (B) AND R2 FOR (1) IN VARIOUS SOLVENTS

 (THE SPECTRAL SHIFT IS MEASURED RELATIVE TO BENZENE)

The electric dipole moment of triazolium ylids decreases
by excitation, because the internal charge transfer takes
place from the ylid carbanion towards the ylid heterocycle.
So, the intermolecular interactions are stronger in the
ground state compared with the excited state. This fact
determines spectral shifts to blue in the visible electronic
absorption spectra, when passes from the non-polar to polar
solvents, or from aprotic to protic ones.

Fig.5 Spectral shifts ∆ν(cm-1) vs. f(ε)

Table 6
 GROUND STATE DIPOLE MOMENT µg(D); PARAMETERS OF THE LINE (2); R2; MOLECULAR RADIUS A(A),

EXCITED STATE DIPOLE MOMENT PROJECTION ON THE GROUND STATE DIPOLE MOMENT
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Conclusions
Triazolium ylids are zwitterionic compounds with high

reactivity and with pharmaceutical importance. Their
electric dipole diminishes by excitation.

The visible band of 1,2,4 triazolium ylids shifts to blue
when non-polar solvent is replaced by a polar one.

The orientation-induction interactions are predominant
in triazolium ylids solutions.

The results obtained in this paper concerning the nature
of the intermolecular interactions and of the
solvatochromic behavior are important because the
triazolium ylids are used in situ for different applications.
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