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Abstract

The structural properties of meta-cyanobenzyl substituted N-heterocyclic carbene (NHC) precursors were investigated
theoretically. The molecular and crystal structure of one of the compounds was determined by using the single-crystal
X-ray diffraction method. Global reactivity descriptors were analyzed to understand the biological activity behaviors of
the compounds with Density Functional Theory (DFT) B3LYP method with 6-31G* basis set. Vibrational frequencies,
chemical shifts and absorption wavelengths were computed and compared to experimental data. A predictive study for
the biological activities was done using PASS (prediction of activity spectra for biologically active structures) online
software. Biological activity predictions showed the analgesic, substance P antagonist, non-opoid and antiinflammatory

activities of the compounds.
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1. Introduction

N-heterocyclic carbenes (NHC) are cyclic carbenes
containing at least one amino substituent.! NHCs were
first pioneered by Ofele, Wanzlick, and Schonherr in 1968
and the isolation of the first stable crystalline carbene was
performed by Arduengo in 1991.2-* After the stability of
the NHC ligands was registered, they have been attracted
great interest in the field of organic and organometallic
chemistry. Especially, in medical applications, there have
been various studies of metal-NHCs.>~” The chelating ef-
fect of NHC precursors with unique sigma donor proper-
ties could be effective in biological activity.3° In our previ-
ous study, the investigations on the biological activity of
NHC compounds containing cyanobenzyl substituents
show that these compounds have exhibited biological ac-
tivity.10

Biological experiments are often limited in terms of
sample, time and cost. In this context, DFT-based reactiv-
ity descriptors are advantageous and generally be consis-
tent with the experimental observations.!! In recent years,
the prediction of the reactivity of chemical systems is one

of the main purposes of theoretical chemistry. Density
functional theory (DFT) has been quite successful in pro-
viding the theoretical groundwork of this purpose. For an-
alyzing and understanding the biological reactivity of the
chemical systems, several reactivity descriptors have been
proposed. In this work, biological reactivity studies of
three compounds 2b, 2f and 2g were carried out through
these global reactivity descriptors. Geometries of the com-
pounds were optimized and bonding parameters were
compared to the experimental data. Frontier molecule or-
bitals (HOMO and LUMO) and the energy values were
computed. Natural bond orbital (NBO) analysis was used
to analyze the stability of the molecules arising from hy-
perconjugative interactions and charge delocalization. The
vibrational frequencies, chemical shifts and absorption
wavelengths were calculated and compared to the experi-
mental ones. Also, PASS (prediction of activity spectra for
biologically active structures) online software was used to
predict the putative biological activity spectra of the com-
pounds. DFT studies and PASS online predictions point
out the similar activity results for the compounds.
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It is believed that this kind of study will contribute to
getting a better understanding of the chemical behavior of
meta-cyanobenzyl substituted benzimidazolium salts. As
proved by enzyme inhibition studies,'® these compounds
can be a candidate as new drugs for therapy of some dis-
eases such as glaucoma, epilepsy, gastric and duodenal ul-
cers, osteoporosis, mountain sickness, or neurological dis-
turbances.

2. Experimental

The synthesis, some spectroscopic results and en-
zyme inhibition studies of the compounds 2b, 2f, 2g and
single-crystal X-ray diffraction studies of the 2f and 2g
were reported previously.!? In this work, firstly, we deter-
mined the crystal structure of 2b by single-crystal X-ray
diffraction method. Then, the theoretical studies were per-
formed for all structures.

2. 1. X-ray Crystallography

The single-crystal X-ray diffraction study of the
compound 2b was performed by w-scan technique, using
a Rigaku-Oxford Xcalibur diffractometer with an EOS-
CCD area detector operated at 50 kV and 40 mA using
graphite-monochromated MoKa radiation (A = 0.71073
A) from an enhance X-ray source with CrysAlis” soft-
ware.!? Data reduction and analytical absorption correc-
tions were carried out by CrysAlis” program.'® The struc-
ture was solved by the Intrinsic Phasing method with
SHELXT and refined utilizing the SHELXL program!4!®

incorporated in the OLEX2 program package.!® The crys-
tallographic data and some parameters of refinement are
placed in Table 1. Anisotropic thermal parameters were
applied to all non-hydrogen atoms. All the hydrogen at-
oms were placed using standard geometric models and
with their thermal parameters riding on those of their par-
ent atoms.

2. 2. Computational Details

The compounds 2b, 2f and 2g were optimized, chem-
ical shifts and frontier molecular orbital energies were car-
ried out by using DFT/B3LYP with the basis set 6-31G* by
Gaussian 09W and GaussView 6.0 molecular visualization
programs.!”!® Natural bond orbital (NBO) analysis was
performed using NBO 3.1 program as implemented in the
Gaussian 09 package at the same level of the theory.!” The
normal mode assignments of the compounds were em-
ployed by VEDA? program and verified by GaussView 6.0.
The NMR chemical shifts were computed in the gaseous
state within GIAO (Gauge-Independent Atomic Orbital)
approach by subtracting the shielding constants of TMS.2!
The biological activity spectra of studied compounds 2b, 2f
and 2g were obtained by the PASS Online Program (http://
www.way2drug.com/PASSOnline/).

3. Results & Discussions
3. 1. Crystal Structure of Compound 2b

Single-crystal X-ray diffraction analyses reveal that
the compound 2b crystallizes in the orthorhombic space

Table 1. Crystal data and experimental details for the compound 2b.

Empirical Formula Cy3H,0BrN;
Formula Weight 418.33
Temperature (K) 293(2)

Crystal System, space group
a,b,c(A)

a By (°)

V (A3)

Z

Density (calculated) (g/cm?)
Absorbtion coefficient (g, mm-!)
F(000)

Crystal size (mm?)

Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Restraints/Parameters
Goodness-of-fit on F?

Final R indices [1=20(1)]

R indices

Largest diff. peak/hole (eA-3)

Orthorhombic, Pca2,;

14.6406(7), 7.9998(4), 17.0884(9)
90, 90, 90

2001.43(17)

4

1.388

2.066

856

0.360 x 0.259 x 0.253

MoKa (A = 0.71073)

6.054 to 51.364

-10< h <17, -9< k <9, -20< 1 <20
8295

3441 [Ryp; = 0.0322, Rjgpm, = 0.0441]
4/245

1.015

R, = 0.0335, wR, = 0.0599

R, = 0.0529, wR, = 0.0661
0.20/-0.20
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group Pca2;. The asymmetric unit of the compound con-
tains a meta-cyanobenzyl-substituted benzimidazolium
cation and a bromide anion (Fig. 1). The single-crystal
X-ray diffraction studies reveal that the benzimidazolium
ring system is almost coplanar with the r.m.s. deviation of
0.007(6) A. Cyanobenzyl and methylbenzyl fragments lie
to the different sides of the benzimidazole ring system,
giving the cation a Z-shape. The dihedral angles between
the benzimidazolium ring and the mean plane of these
fragments are 67.83(9)° and 69.27(2)°, respectively. Two

C-H---Br type intermolecular interactions are observed in
the crystal structure; one is between the most acidic pro-
ton of the imidazolium cation and the bromide anion [C1-
H1--Brl, H1--Brl = 2.61 &, C1-Brl = 3.545(5) A, Cl-
H1.--Br1=155°], the other interaction is C16-H16B.--Br1!
[H16B--Br1i=2.85 A, C16-Brl'=3.813(6) A, C1-H1--Brl!
= 170°]. Fig.2 displays the infinite chain occurs via these
hydrogen bonds along the b-axis. The molecules stacked in
the crystal structure to form a pincers-like packing motif,
as shown in Fig. 3.

Brl

Fig. 1. Structure of 2b with ellipsoids plotted at 30% probability. Selected bond parameters (A,°): N1-C1 1.327(6), N1-C2 1.389(5), N1-C8 1.472(5),
N2-C1 1.326(5), N2-C7 1.389(6), N2-C16 1.459(6), N3-C15 1.138(7); N1-C1-N2 111.0(4), C1-N1-C8 125.6(4), N1-C8-C9 113.2(4), C2-N1-C8
126.3(4), C1-N2-C16 125.4(4), C7-N2-C16 127.0(4), N2-C16-C17 113.0(4), C11-C15-N3 177.2(8).
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Fig. 2. Packing of the cation molecules of 2b through the intermolecular hydrogen bonds bridged by the bromide anions, which lead to the infinite
chain along the b axes. All hydrogen atoms except those participating in the hydrogen bonds were omitted for clarity. Cation molecules are shown

in the stick drawing style.
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Fig. 3. Graphical representation of pincers-like packing motif the molecules within the unit cell for 2b.

3. 2. Geometry Optimization, Frontier
Molecular Orbitals and Global Reactivity
Descriptors

The optimized ground state geometry of the com-
pounds at DFT/B3LYP/6-31G* level of the theory is
shown in Fig. 4. The correlations between the theoretical
and experimental bonding parameters were displayed in
Fig. S1 (see supplementary information file). It is clearly

Fig. 4. Optimized geometries of the compounds 2b, 2f and 2g, respectively.

understood from the figure that there are some discrepan-
cies between the experimental and computed bond pa-
rameters. While the theoretical calculations of the isolat-
ed structure were carried out in the gas phase, the fact that
the experimental molecular structures were in a sol-
id-state form likely caused these differences. Also, the ex-
perimental structures have intermolecular interactions,
which may cause discrepancies in the bonding parame-
ters.
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The FMOs theory involving HOMO and LUMO is
one of the best theories to get an insight into the chemical
stability of a molecule.?? The highest occupied molecular
orbital (HOMO) represents the distribution and energy of
the least tightly held electrons in the molecule and the low-
est unoccupied molecular orbital (LUMO) describes the
easiest route to the addition of more electrons to the sys-
tem. The high value of Eyoy indicates the ease of donat-
ing an electron to the unoccupied orbital of the receptor
molecule, and the small value of E;y,o means that it has
small resistance to accept electrons so it will be more able
to accept electrons. The difference between HOMO and
LUMO energy values gives the HOMO-LUMO energy gap
(Egyp) and it is an important stability index.”> A molecule
with large Egop is described as a hard molecule, much less
polarizable, and implies high molecular stability and aro-
maticity low reactivity in chemical reactions.?#** The soft
systems have small E,,,,, they are highly polarizable and
exhibit a significant degree of intramolecular charge trans-
fer from the electron donor to the electron acceptor and
conjugation that may influence the biological activity of
the molecule.?®

To evaluate the energetic behavior of the compounds,
the HOMO-LUMO analysis was carried out by using
B3LYP/6-31G* method, and the plots are depicted in Table
2. As can be seen, compounds show different localization
of the HOMOs and LUMOs. The HOMO of the 2b and 2g
is located on the bromide anions, while in 2f, it is distrib-
uted to the bromide anion and the benzimidazolium frag-
ment of the cation molecule. Similarly, LUMO electron
density of 2f is spread over the cyanobenzyl moiety, but for
2b and 2g, the LUMO electrons are mainly located on the
benzimidazolium ring. The values of energy separation
between the HOMO-LUMO were found as 2.930, 3.845
and 3.011 eV, respectively.

The global reactivity descriptors calculated using the
DFT method play an essential and reliable role to under-
stand the biological activities in many studies. Some of
these descriptors are; the global hardness (1), which mea-
sures the resistance to change in electron density; chemical
potential (i), measures the escaping tendency of an elec-
tron; electronegativity (y), describes the ability of a mole-
cule to attract electrons towards itself; electrophilicity in-
dex (w), measures the susceptibility of chemical species to
accept electrons; softness (S), is the inverse of hardness;
the maximum charge transfer (AN,,,,), describes the pro-
pensity of the system to acquire additional electronic
charge from the environment.?”?8 These global reactivity
parameters can be defined as:

x=-u n=%2 (1)

u
ANpgy = = (2)

where I is the ionization potential (I = ~Epop0) and A is
the electron affinity (A = -E;yp0)-

The calculated values of reactivity descriptors of the
compounds are listed in Table 3. The hardness (#) values of
the compounds are following the order 2f > 2g > 2b. It is
expected that the high value of softness (S), defined as the
inverse of hardness, is the representative of high reactivity.
According to these parameters, 2b seems the most reactive
compound. Also, the Egop of 2b is the smallest one, this in-
dicates that 2b is softer than other compounds, its elec-
tronic chemical potential (¢) and electrophilicity index (w)
values are the greatest and the maximum charge transfer
capability (AN,,,,) is the highest. The dipole moments of
the compounds are 15.136 Debye for 2b, 7.264 Debye for
2f and 13.600 Debye for 2g, proved that the most stable
compound is 2f, while the 2b is the most reactive.

3. 3. Mulliken Population Analysis, Natural
Population Analysis (NPA) and

Molecular Electrostatic Potential (MEP)

Mulliken atomic charges and natural population
analysis (NPA) play an important role in quantum chemis-
try. The atomic charge distribution of acceptor and donor
atoms in molecules is directly affected by parameters such
as polarizability, refractivity, dipole moment, and other
electronic structural parameters.?’ Mulliken population
charge analysis and natural population analysis of struc-
tures were performed using B3LYP/6-31G* level of calcu-
lation and a list of all calculated atomic charges are given in
Table S1 (see supplementary file). The analyses reveal the
presence of electrophilic and nucleophilic atomic charges.
According to the results, the bromide anions of the com-
pounds display high nucleophilic behavior with their neg-
ative donor atomic charges, while the 2-C-H protons have
the highest positive charge value. So, bromide anions at-
tack the hydrogen atom of 2-C carbons, which is the most
reactive site of the molecules.

The molecular electrostatic potential (MEP) is related
to the electron density and is a useful descriptor in under-
standing the reactive behavior in both electrophilic and nu-
cleophilic reactions and hydrogen bonding reactions.*’ In
the MEP profile, the areas with major positive potential are
specified by blue color, which demonstrates the strongest
attraction, whereas the maximum negative potential sec-
tions have been presented red color, indicates the repulsion.
Comparing with the X-ray data it was concluded that the
MEP plots proved the intermolecular hydrogen bonds be-
tween the bromide anion and cation molecules for all struc-
tures (Table 2). The negative potential regions are over the
electronegative bromide anions, which are responsible for
the intermolecular C-H---Br hydrogen bonds. Also, the
N=C of cyanobenzyl groups of all structures have red colors
which means these regions are the electron-rich nucleop-
hilic regions. The net charges of the nitrogen atoms of cya-
nobenzyl groups confirmed the MEP output.
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Table 2. The molecular orbitals for HOMO-LUMO and MEP diagrams of the compounds.

2b 2f 2g

LUMO +2

LUMO +1

HOMO

MEP
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Table 3. Global descriptors of chemical reactivity of meta-cyanobenzyl substituted

benzimidazolium salts.

(eV) 2b 2f 2g

Exomo (-1 ~4799  -5335  _4.861
Erumo (-A) ~1.869  -1.490  -1.850
Egp 2.930 3.845 3.011
Electronegativity x 3.334 3.413 3.356
Chemical hardness n 1.465 1.923 1.506
Electronic chemical potential u -3.334 -3.413 -3.356
Electrophilicity index w 3.794 3.029 3.739
Softness S 0.341 0.260 0.332
Maximum charge transfer capability AN, . 2.276 1.775 2.228

3. 4. Natural Bond Orbital (NBO) Analysis

The natural bond orbital analysis (NBO) is an effec-
tive method for predicting the stereoelectronic interac-
tions on the reactivity and dynamic behaviors of chemical
compounds.’! It provides a convenient basis for investigat-
ing charge transfer or conjugative interaction in molecular
systems. The interactions depend on the energy difference
between interacting orbitals, and the strong interactions
arise between predominant donor and acceptor. The sec-
ond-order perturbation analysis of the Fock matrix is used
to calculate stabilization energy for each donor (i) and ac-

ceptor (j) within i—j delocalization. The estimated energy
2

F, %
“_. where g;
Ej~E;

is donor orbital occupancy, E; and E; are diagonal elements
and Fj;is the off-diagonal NBO Fock matrix element. The
larger the E(2) value means the more intensive interaction
between electron donors and acceptors.’? The natural
bond orbitals’ (NBO) calculations for the structures were

can be determined as E(2) = AEL.J. =q;

performed at the DFT/B3LYP/6-31G* method. The stabi-
lization energies of the most important interactions be-
tween donor and acceptor along with occupancy are given
in Table 4. According to the table, the strongest interac-
tions (m—m*) occur in the NHC ligand for all structures.
In the 2b and 2g, the electron donation from a lone-pair
orbital on the carbon atom of benzimidazole, LP(1) C16
and LP(1) C6, to the antibonding acceptors m* N3-C7
(233.49 kJ/mol), * C12-C14 (58.10 kJ/mol) and m* N3-
C4(219.31 kJ/mol), m* C17-C46 (58.79) orbitals have also
high stabilization energies. In the compound 2f, from the
lone-pair orbital of LP(1) N3 to the n* N2-C4 has the en-
ergy of 82.11 kJ/mol.

3. 5. UV-Vis Analysis of the Compounds 2b,
2f and 2g

The UV-Vis spectra of the meta-cyanobenzyl substi-
tuted benzimidazolium salts 2b, 2f and 2g were recorded

Table 4. The Second Order Perturbation Theory Analysis Results of the Fock Matrix in NBO Basis for 2b, 2f and 2g at B3LYP/6-31G* level of the theory.

Donor (i) Acceptor(j) ED;(e) EDj(e) E(2) kJ/mol E;~E; (a.u) Fj(a.u)
2b
™ N3-C7 m* N2-C5 0.8166 0.4510 245.94 0.01 0.063
LP(1) C16 ™ N3-C7 1.0440 0.8166 233.49 0.08 0.123
LP(1) C16 m* C12-Cl14 1.0440 0.3062 58.10 0.16 0.104
2f
m* C6-C9 m* C25-C36 0.4719 0.3343 217.58 0.02 0.082
m* C10-Cl11 m* C20-C47 0.3349 0.2821 190.65 0.01 0.081
™ C6-C9 m* C17-C23 0.4719 0.3274 188.55 0.02 0.082
m* C19-C45 m* C20-C47 0.3848 0.2821 179.27 0.02 0.082
LP(1) N3 ™ N2-C4 1.5551 0.5650 82.11 0.21 0.122
2g
™ N3-C4 ™ N2-C9 0.8011 0.4644 321.23 0.01 0.064
m* C12-C26 m* C8-C33 0.3536 0.3265 261.24 0.01 0.081
LP(1) Cé6 ™ N3-C4 1.0410 0.8011 219.31 0.08 0.122
o C11-C19 m* C8-C33 0.3938 0.3265 177.46 0.02 0.084
LP(1) C6 m* C17-C46 1.0410 0.3086 58.79 0.16 0.104
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with Shimadzu UV-1601 instrument in ethyl alcohol solu-
tions at a concentration of 15 or 20 uM at 25 °C and they
were depicted with a range of 200-400 nm. The calcula-
tions of the title molecules were performed in ethyl alcohol
solvent by using TD-DFT/B3LYP/6-31G* method. Table 5
shows the experimental and calculated UV-Vis spectro-
scopic parameters (absorption wavelengths (\), excitation
energies and oscillator strengths (f). Also, Fig. S2 displays
the theoretical UV-Vis spectra of the compounds. The
UV-Vis spectra of meta-cyanobenzyl substituted benzim-
idazolium salts 2b, 2f and 2g display four absorption peaks
at 220, 230, 250 and 270 nm (Fig. 5). As can be seen in

—2b
25 — 2f
—2g
2
(]
2
"E 1.5 4
Q
2
< 1
0,5
0 + T ’ |
200 250 300 350 400

Wavelength / nm

Fig. 5. UV-Vis spectra of the 2b, 2f and 2g

Table 5, the calculated absorption peaks are found to be in
close agreement with the experimental ones. The absorp-
tion bands between 202 and 288 nm in ethyl alcohol are
practically identical and can be attributed to m-* transi-
tions in the benzene and benzimidazole ring or azome-
thine (C=N) groups.®** The UV absorbance at an ob-
served excitation wavelength (at 230 and 270 nm) indicates
the lowest value for 2b. These data show that 2b possesses
the lowest molar absorptivity and hence produces the
highest quantum yield when compared with 2f and 2g.

3. 6. Vibrational Analysis

The experimental and calculated FT-IR spectra of
the compounds are illustrated in Fig. 6. The unscaled the-
oretical frequencies using the B3LYP level of theory with
6-31G* basis set along with their IR intensities, probable
assignments and potential energy distribution (PED) per-
formed employing VEDA program for all structures are
presented in Table S2. As seen in Fig. 6, the experimental
fundamentals are nearly consistent with the calculated
ones. The probable discrepancies can arise as a result of
anharmonic and finite temperature effects.® As it is ex-
pected that C-H stretching modes belonging to the aro-
matic ring of the NHC salts were observed and calculated
above 3000 cm™1.3¢ The 2-C-H stretching modes occur at
2960 cm™! for 2b and 2f and 2956 cm™ for 2g. The calcu-
lated assignments are 2772, 3256 and 3025 cm™, respec-
tively. The benzonitrile N-C stretching vibrations have the

Table 5. The experimental and calculated UV-Vis parameters of the compounds 2b, 2f and 2g.

2b

Experimental The calculated with B3LYP/6-311G(d,p) level in ethyl alcohol
A (nm) A (nm) Excitation energy (eV) f (oscillator strength)
220.00 199.98 6.1999 0.0001
230.00 200.45 6.1853 0.0001
250.00 223.58 5.5454 0.0028
270.00 245.19 5.0566 0.1320

2f

Experimental The calculated with B3LYP/6-311G(d,p) level in gas phase
A (nm) A (nm) Excitation energy (eV) f (oscillator strength)
220.00 201.77 6.1450 0.0208
230.00 203.81 6.0836 0.1032
250.00 221.07 5.6087 0.0046
270.00 232.95 5.3223 0.0015

2g

Experimental The calculated with B3LYP/6-311G(d,p) level in gas phase
A (nm) A (nm) Excitation energy (eV) f (oscillator strength)
220.00 200.45 6.1853 0.0001
230.00 201.06 6.1667 0.0000
250.00 234,01 5.2983 0.0062
270.00 245.19 5.0566 0.1320
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Fig. 6. The experimental (above) and calculated (below) IR spectra of the meta-cyanobenzyl substituted benzimidazolium salts.

PED contributions of 89% for all structures; the modes
assigned at 2227, 2228 and 2229 cm™!, while they were cal-
culated at 2352, 2348 and 2351 cm™, respectively.

3. 7. Nuclear Magnetic Resonance (NMR)
Studies

The compounds were characterized by 'H, *C NMR
spectroscopy (Figs. $3-8). The theoretical GIAO 'H and *C
chemical shift calculations (with respect to TMS in ppm)
were carried out using the DFT/B3LYP method with 6-31G*
basis set and compared with experimental chemical shift
values (Tables S3, S4). The chemical shifts are converted to
the TMS scale by subtracting the calculated absolute chemi-
cal shielding of TMS (8§ = Z;,-X) where § is the chemical
shift, X is the absolute shielding and X is the absolute shield-
ing of TMS, whose values are 32.18 and 189.73 ppm for
B3LYP/6-31G*, respectively. There are some deviations of
the chemical shift values, which may be due to the chemical
environment of the C and H atoms in the molecules.

According to the tables, the signals of the 2-C car-
bons appeared at 143.55, 142.2 and 134.4 ppm, while they
were calculated at 139.27, 127.10 and 124.52 ppm, respec-

tively. Hydrogen bonding has been recognized as the main
interaction between the cations and anions of azolium
salts leading to close arrangement between the counter an-
ions and the most acidic 2-C-H proton.’~4? A strong hy-
drogen bond acceptor is expected to polarize the 2-C-H
bond and slightly increase the acidity of the salt. As antici-
pated, bromide anions with four lone pairs of electrons are
the hydrogen bonding acceptors that lead to the most
downfield shifts of the 'H NMR for 2-C-H signal. These
hydrogen bonding interactions were also determined by
single-crystal X-ray diffraction studies.!® The most acidic
protons (2-C-H) were observed at 10.13, 9.42 and 9.34
ppm, and calculated at 16.14, 9.81 and 12.79 ppm, respec-
tively. The data also showed that the methylene carbon at-
oms had the least chemical shift values.

3. 8. Computer-Aided Prediction of Biological
Activities of the Meta-cyanobenzyl-
substituted Benzimidazolium Salts

The PASS (Prediction of Activity Spectra for Substanc-
es) computer program is an estimation tool, which allows
predicting the probable profile of biological activity of a

Celepci and Aktas: Prediction of Biological Activities, Structural ...
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Table 6. Biological activity assessment using PASS online software.

Activity 2b 2f 2g
P, P; P, P; P, P;

Analgesic 0.885 0.004 0.854 0.005 0.874 0.004
Substance P antagonist 0.880 0.002 0.859 0.002 0.880 0.002
Analgesic, non-opioid 0.843 0.004 0.805 0.005 0.827 0.005
Antiinflammatory 0.769 0.009 0.787 0.008 0.751 0.010
CYP2H substrate 0.653 0.049 0.633 0.055 0.653 0.049
CYP2C19 inducer 0.557 0.008 0.546 0.008 0.557 0.008
Acetylcholine neuromuscular blocking agent 0.557 0.041 0.529 0.057 0.557 0.041

drug-like organic compound based on its structural formula.
The average accuracy of prediction is about 95% according to
leave-one-out-cross validation (LOOCV) estimation.*1*?
The biological activity spectra of the meta-cyanoben-
zyl substituted benzimidazolium salts were theoretically ob-
tained by the PASS Online program and the analysis results
were enlisted in Table 6. According to the data, all com-
pounds are very likely to be analgesic, Substance P antago-
nist, non-opoid analgesic and anti-inflammatory with cor-
responding P, values, which are higher than 0.7. Compounds
also exhibit activity to the CYP2H substrate and CYP2C19
inducer. In our previous study, potential AChE inhibition
properties of the compounds were investigated.' PASS on-
line studies proved that these compounds can be used as
acetylcholine neuromuscular blocking agents, as well.

4. Conclusion

As a result, this study contains theoretical aspects of
three meta-cyanobenzyl substituted NHC precursors. The
biological reactivity of the compounds was predicted by
global reactivity descriptors and using PASS (prediction of
activity spectra for biologically active structures) online.
DFT and PASS online studies pointed out the activation of
the compounds. The compound 2b was found to be the
most reactive structure by both computational methods.
These results were found to be compatible with the experi-
mental biological activity studies. The molecular and crys-
tal structure of 2b was also determined by using the sin-
gle-crystal X-ray diffraction method. Natural bond orbital
(NBO) analysis was used to analyze the stability of the mol-
ecules arising from hyperconjugative interactions and
charge delocalization. The vibrational frequencies, chemi-
cal shifts and absorption wavelengths were calculated and
compared to the experimental ones. Biological activity pre-
dictions showed that all structures have a high analgesic,
substance P antagonist and non-opoid analgesic activities.

Supplementary

Crystallographic data as .cif files for the structure re-
ported in this paper have been deposited at the Cambridge

Crystallographic Data Center with CCDC 1971777 for 2b.
Copies of the data can be obtained free of charge at http://
www.ccde.cam.ac.uk/conts/retrieving.html or from the
Cambridge Crystallographic Data Center, 12, Union Road,
Cambridge CB2 1EZ, UK. Fax: (+44) 1223-336-033, email:
deposit@ccdc.cam.ac.uk.
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Povzetek

Teoreti¢no smo preucevali strukturne lastnosti prekurzorjev N-heterocikli¢nih karbenov (NHC), ki so bili substituirani
z meta-cianobenzilom. Molekularno in kristalno strukturo ene od spojin smo dolo¢ili z rentgensko difrakcijsko meto-
do. Deskriptorje globalne reaktivnosti smo analizirali z metodo gostotnega funkcionala (DFT) B3LYP z baznim setom
6-31G *, da bi razumeli biolosko aktivnost spojin. Izra¢unali smo vibracijske frekvence, kemic¢ne premike in absorpcijske
valovne dolzine in jih primerjali z eksperimentalnimi podatki. Napovedovalna $tudija bioloske aktivnosti je bila nareje-
na s pomocjo spletne programske opreme PASS (= prediction of activity spectra for biologically active structures) in je
pokazala, da imajo spojine analgeti¢no, antagonisti¢no (na snov P), neopioidno in protivnetno aktivnost.

Except when otherwise noted, articles in this journal are published under the terms and conditions of the
BY Creative Commons Attribution 4.0 International License
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