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ABSTRACT

In this work, we are interested in the geometriealergetical and spectroscopic characterizationhgfirogen
bonding interactions in the family of benzimidatalyalcones(BZC) substituted molecules. The BZGb#xhide
ranges of properties, and particularly, show import nematicidal activity properties. Four moleculiesm the
family of BZC, with various activity, have beenes&dd for this work, including (2E)-1-(1H-benzinmid&2-yl)-3-
phenylprop-2-en-1-one (BZC-1, Lf&= 0,002 ug/ml), (2E)-1-(1H-benzimidazol-2-yl)-3-(4-bromopkBprop-2-en-
1l-one (BZC-2, LG 424,5 mcg/ml), (2E)-1-(1H-benzimidazol-2-yl)-3f{dorophenyl) prop-2-en-1-one (BZC-3,
LCipo =12,0 ug/ml), and(2E)-1-(1H-benzimidazol-2-yl)-3-(2-fundyop-2-en-1-one (BZC-4, L&~ 2,87 ug/ml).
The activity measuring is based on the lethal cotretion for one hundred larvae (Lig)population. The
geometrical, energetical and spectroscopic paransetd hydrogen bonds on each heteroatom (named il bo
complexes) of these molecules have been deternfipequantum chemical methods, particularly at HF/6-
311+G(d,p) and MPW1PW91/6-311+G(d,p)theories levelsoosing Hartree-Fock (HF) and Density Functional
Theory methods(DFT/MPW1PW91) allowed accuracy teswith relatively less time consuming. Furthermore
Taking into account basis set superposition err&$E), gives a quantitative results. Finally’répogen atom has
been identified as the preferential hydrogen bogdsite in the four studied benzimidazolyl-chalconegen if
carbonyl oxygen cannot be neglected.

Keywords: Benzimidazolyl-Chalcone, nematocides, quantummisiey, Hydrogen bonding, BSSE.

INTRODUCTION

Nematodes (worm from hearth, freshwater or sea)responsible for most of human parasitic diseasgs[1
Nematodes are also known as the main cause obgaststinal infections of small ruminants as wadl loss and
reduction in productivity of the livestock [3.4]h& development of an "ideal" anthelmintic seembdmossible
with the benzimidazoles, imidazothiazoles, tetrabpgirimidines and organophosphate compounds. Such a
anthelmintic should possess a broad spectrum darach high degree of efficiency, a good safety gimaand a
flexibility of use. Till date, researches have kedsynthesize several hundreds of compounds. AHawe been
selected for their effective anthelmintic activay broad spectrum, and among them, the benzimigaziohlcones
(BZC) kernel.
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Figure 1: Structure of benzimidazolyl-chalcones stdied

Molecules shown in figure lhave been synthesizedOMATTARA and al [5]. The BZC derivatives have
considerable pharmacological interest due to ttierapeutic virtues. Several studies have demdadtrthat the
derivatives of benzimidazolyl are antihistaminig, [@ntifungal [7], antiallergic[8], antibacteria®{11] and antiviral
[12]. These therapeutic properties could be relatetie molecules’ conformation of molecules aralititeractions
they can establish with other molecules. The hyeilnogonding (H bond) is of very importance in thettera
cohesion [13]. In fact, the hydrogen bonding is of¢he most important intermolecular interactidmgolved in
supramolecular chemistry, protein-ligand [14]intgi@ns and crystals engineering [15.16].Generatlglecules are
polyfunctional, i.e these molecules contain seveeséroatoms capable to receive H bond. Thereifoieimportant
to be able to characterize the H bonding prefeag)isite(s). There is very little work devotedctampetition study
between different sites within the same molecutarcture. The first attempts to determine the Hdancepting
power in different organic compounds are due tereand Reutzel [17]. More recently, studies ondbmpetition
between nitrogen and oxygen atoms [18-21] or amitrogen and nitrile nitrogen atoms [22] in diffatanolecular
structures have been reported. All the researchkswvoarried out specifically with the BZ Care focdismly on the
synthesis and the activity research. By implementjnantum chemistry methods, this work mainly fesuthe
determination of some chemical and physical progerof the BZC molecules, including the geometrigat
energetical parameters of hydrogen bonding estedalion the different heteroatoms.

EXPERIMENTAL SECTION

2.Materials and methods of calculation

2.1. The calculation level

Geometry optimization of the monomers and H boneimlexes, with a water molecule as a probe, as agethe
calculations of the vibration frequencies have besmied out using the Gaussian 03software [23hlamk, at the
HF/6-311+G(d, p)andMPW1PW91/6-311+G(d,p) theor@ls. The choice of split-valence and triple-cadsdsis
set is justified by the need of sufficiently exteddlevels. Diffuse and polarization functions aneportant,
whenever the matter is intermolecular interactidtech of the H bond complexes has been fully ogthi with a
calculation of frequencies to the same levels ebtles. Subsequently, a single point calculation lteen carried
out on each complex after optimization, at the twevels of theories mentioned above, using the
keywordccounterpoise = 2in order to obtain the BSSE

2.2. Geometry optimization
The BZC kernel contains three heteroatoms andralprone to establish one H bond. Thus, threedggdr bonds

complexes have been constructed for each moleitgy water molecule as hydrogen bond donor (HBie T
characteristic parameters of an H bond are shoMigune 2.

Figure 2: Geometrical parametersd, D, 8, a describing an H bond
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The optimal approach distances between the hydrbged acceptor HBtom A) and the hydrogen atom will
correspond to the minimum electronic energy of ¢benplex formed between the water and the Jitaus, the
minimum average distances obtained for eitffessspnitrogen atoms is 1. 4. This distance equals2. lfa‘or the
oxygen atom. These different lengths corresporitieédengths of H bond as initial parameters indp&mization
process. The linearity angle O=HN/O (o) of the interactions is initialized &80°. These are the optimal parameters
available for a strong H bond[14]. However, the swad angles related to the directi@néf interactions have
been defined and fixed(figure 3) to the averagdemngf 109° and 120° respectively for thé spd spnitrogen
atoms, and 120¢ for the carbonyl oxygen.
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Figure 3:Definition of linearity and direction angles describing the interactions on the hydrogen bormag sites

2.3. Energetical parameters
Internal energy variationf®, at 0 K, between hydrogen bonding complex and mmare can be calculated
according equation (1).

Y—A+H—-X — Y—A..H—X
AE® =E°(Y —A..H—X)—[E°(Y — A) + E°(H — X)] 1)

This energy is the sum of the electronic, rotatiptmanslational and vibrational contributions givi@ equation (2):

E= Eélect‘ronique + E‘rotation + Etranslation + Evibration (2)

Geometry optimization of both complexes and fredetudes provides the electronic contribution to ithteraction
energy (containing nuclear repulsion energiesgi&al gas approximation, rotational and translatiopatributions
are given according equation (3):

3
AEtransiation = DErotation = _ERT (3)

ZPVE (Zero Point Vibrational Energy) contributione. lowest vibrational level energy, due to 3N-6rmal
vibrational modes (3N-5 for the linear moleculesach with frequendy, ,up to N kernels at 0 K, is defined
according equation (4):

3N-6

hv;
ZPVE = —R z 4)

To obtain the corresponding energy at 298.15 Ks ihecessary to take into account the extra endugy to
vibrational levels population during temperatusgng from 0 to 298.15 K. Thus, equation (4)becopwasation (5):

3N-6
hv, /k
Iilb therm. =R Z e(hvl/298K) -1 (5)

As a result, internal energy variation at 298.1E5 l§iven by equation (6):

AEjsg = AEg + AZPVE + AEyi therm. — 3RT (6)
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Enthalpy variation and free enthalpy variation2@8.15 K, are given respectively by equations (id) @):

AHS% = AES% —RT @)
AG?% = AH§98 - T-ASS% €)
Where

A55)98 = AStorans + AS‘?ot + ASt(J]ib C))

When calculating energy according equation (1), onest take into account the basis set superposéroor
(BSSE). In this work, the BSSE has been correctedraing to the counterpoise method proposed bysBmd
Bernardi[24] in order to eliminate or decreaseBISSE. For a complex molecule B formed by two fragments A
and B in interaction according to equation (10, tlorrected interaction energy can be obtainedvatlg equation
(12):

A+B — A..B(10)
AEP(AB) = AE° (AB) + 655 (4B)  (11)
The terms25SE (AB)is the BSSE, amtE® (AB)gives the non-corrected interaction energy.

2.4. Spectroscopic parameters

The spectroscopic descriptors are generally coresidas H bond scale. An lbbnd causes an elongation of the X-H
bond formed between the donor atom X and the hyr@agom H. This leads to the reduction of a fewdneds of
cm'of the stretch vibration wave-number as well asignificant increase in the intensitydowever their
implementation refers to the vibrational spectrgscovhere the displacement of elongation’s freqyAm¢X —
H)of the donor of H bond during treamplexationprocess, is measured. Wihien(X — H)is negative, the shift of
the frequency is in the red for the complex, wheneae\v(X — H)is positive, the shift of the frequency is in the
blue. The displacememts(0 — H)have been calculated by using the symmetric vibsadd H,O "free”, and in the
complex. At HF/6-311+G(d,p) and MPW1PW91/6-311+@)dgevels, frequencies of vibraig(O — H)¢...equal
respectively, 4140,47 chand 3884,43 cth The theoretical frequency displacemam& — H)were
calculatedaccording relations (12) and (13) below:

Avy (0 - H) = VS(O - H)free - V(O —H.. NSPZ)complex (12)

AUZ (0 - H) = VS(O - H)free - V(O —H.. Ocarbonyl) (13)

complex

RESULTS AND DISCUSSION

3.1. The optimized geometry

Geometry optimization was not successful ongmgen atom. It was found that at the end ofahtmization, the
water molecule representing the probe, has migratedtach either on the %ptrogen atom in the non-substituted
moleculesBZC-1 and BZC-4, either on the carbonyigex in the moleculesBZC-2 and BZC-3 (figure 4).

Such observation could be explained for the moexHZC-1 and BZC-4 by resonance effect in benziratjd:
chalcones, showing that thedpee nitrogen lone pair is unavailable. This ratinereases the basicity of the’sp
nitrogen. In the case of molecules where aryl gsoispthe resultant of the substitution on the plierkernel,
strong electron attractors, such as bromine in Bz fluoride in BZC-3, create a resonance effetite benzene
ring enhancing subsequently the basicity strenfithedcarbonyl oxygen.
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BZC-4: (a) before, (b) after optimization

Figure 4: Geometries of hydrogen complexes on $pitrogen with benzimidazolyl-chalcone 4) before optimization () after optimization

Table 1: Geometrical parameters ohydrogen bond complexes of BZC on the $mitrogen and oxygen atoms

BZC-1 BZC-2 BZC-3 BZC-4

Ns;2 ocarbony Ns;2 ocarbony Ns;2 ocarbony Ns;2 ocarbony
HF/ 6-311+G(d,p)
a(®) | 169.5 162.5| 167.5 160.0 168.1 160 171.0 1614
6(°) | 127.3 138.2 127.3 138.0 127.3 137 127.3 138.1
d@) | 214 2.05 2.14 2.06 2.14 2.04 2.13 2.04
DA | 214 2.05 2.14 2.06 2.14 2.04 2.13 2.04
MPW1PW91/6-311+G(d,p)
a(°) | 1704 167.5| 1695 166.4 169.8 166(6 178.4  166.7
6(°) | 127.3 133.4| 127.3 133.3 127.3 133.3 | 127.3 132.8
d@) | 1.92 1.81 1.93 1.88 1.93 1.88 1.91 1.86
DA | 192 1.88 1.93 1.88 1.93 1.88 1.91 1.86

© ©

Linearity angles: on the sfnitrogenatom vary from167%o 178.4and from 160.%i0 167.5in the case of carbonyl
oxygen, from one molecule to another in the twootles levels. It is known that strong H bond isatetl to flat
linearity angle. Concerning the angle of directithie optimum value for a $mitrogen should surround 120n
fact, the sfnitrogen atom has a single lone pair giving an ayerangle of 120with each of the two adjacent bonds.
Concerning the oxygen, it has two lone pairs fognigach, an angle of 120° with the double bonds. Hitbond, a
mainly electrostatic bond, trends to be formechim lbne pairs’ directions. We have obtained a tivacangle value
of 127.30n the sfnitrogenatom and a variation of 132t8 138.2 on the carbonyl oxygen from one molecule to
another for the two levels. The above consideratisiow clearly that the H bond is stronger on gfeisogen.
This fact can also be justified by the average emdllinearity of 170.5more close to 18€than on the carbonyl
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oxygen which has an average angle of linearity@f°iquite away from 180 This fact is also consistent with the
average angle of direction of 127.3° more closethéoptimum angle, than on the oxygen which hasvamage
angle of 135.6°.Concerning the H bond distancestddce d), in practice, it is considered as effedtl bond if the
distance d is less than the sum of Van der Waaistaking 1.55 A and 1.52 A [25], respectivelyy fuitrogen and
oxygen atoms and 1.0 A for hydrogen atom[26];megutiatd < 2.65 A andd < 2.62 A respectively for a contact
with the nitrogen and oxygen. It is also known ttiet shorter the distance d is, the stronger tiheht also is. The
calculated average distances d are 2.03 A dnigpgen and 1.95 A on the carbonyl oxygen arwhit be observed
that the calculated distances d fulfill the abogaditions from a molecule to another in the tweelsvBut one can
notice that the average distance d formed on thegan atom is greater than that formed on oxygema
However, the minor differences could find a justfion in the fact that the Van der Waals radiusitbgen atom
is naturally greater than that of the oxygen atdhe same analyzes can be made considering disiahetween
heavy atoms. But, it seems that carbonyl oxygemsteoslightly better H bonding capability.

3.2. Energetical parameters
BSSE corrected parameters are shown in table 2hédle values are expressedkdal/mol except the entropy, in
cal/mol.K.

Tables 2:Energetical parameterdor by H bond complexation reactions

BZC-1 BZC-2 BZC-3 BZC-4
Nspz Ocarbony Nspz Ocarbony Nspz Ocarbony Nspz Ocarbony
HF/ 6-311+G (d,p)

SBSSE 0.69 0.53 0.73 0.54 0.72 0.53 0.61 0.53
AHys -138 -150| -156 -1.60| -1.63 -1.68 -0.62 -1.54
AS;es -0.02 -002 | -002 -0.02| -0.02 -002 -0.02 -0.02
ATG;()_ﬁ 7.10 6.11 6.99 6.04 6.89 5.97 6.49 5.94

MPW1PW91/6 -311+ G (d,p)

SBSSE 0.97 0.76 1.00 0.78 1.00 0.78 0.79 0.78
AHys -325 244 | -347 -253| -350 -1.99 240 -2.75
A.S;s 003 -0.02 | -003 -0.02| -0.03 -002 -0.02 -0.02
ATG;% 5.77 5.79 5.68 5.75 5.58 5.72 5.25 5.61

BSSE values for each level of theory vary show ry Vi#tle variation, regardless of the complexatisite. At the
HF/ 6-311+G(d,p), the variation of the BSSE is Ime torder of0.119kcal/mol and extended from0.61 .30
kcal/mol on Np, likelier, we have 0,012kcal/mol and a variatiomii0.532to 0.544kcal/mol onfony With the
level MPW1PW91/6-311+G(d,p), this variation is imetorder of 0.218 kcal/mol and extended from 0.7®1
1.009kcal/mol on Nawhereas it is 0.019kcal/mol and values vary from60.to 0.788kcal/mol on Quony The
average value of BSSE at the HF/6-311+G (d,p)64%kcal/mol while at the level MPW1PW91/6-311+G [l it
equals 0.862kcal/mol. These average values arestlimahe order of the unit magnitude. The oveaattrage for
this series of complexes is 0f0.739kcal/mol. Thebservations indicate a satisfactory descriptionHobonds
interaction energies in benzimidazetftalcones. Therefore, BSSE can be neglected. 8gsll values of free
enthalpies obtained with both HF and MPW1PW91lmethoare positive indicating the non-spontaneous
complexation process, under the conditions of thdys At the level HF/6-311+G (d,p), the averageefenthalpy
free is 6.86kJ.mdfor spf nitrogen and equals 6.01kJ.Mabn the carbonyl oxygen; whereas atMPW1PW91/6-
311+G(d,p) level, theses averages values are rixgglgcs.57kJ.mofand 5.71kJ.mal. The free enthalpies averages
are respectively6.21 kJ.mband 5.86 kJ.mdfor sp nitrogen and carbonyl oxygen, regardless the thiewel. The
difference between these free enthalpies averaggslpies is of 0.35 kJ.mdl slightly in favor of sfnitrogen
atom. We consider that this difference is too srmall one cannot draw a strong conclusion from thiekees. But
again, carbonyl oxygen, due to the lower free dpthaalue, seems to be the major H bonding sitbarding
percentage on each kind of atom can be easily leédzlias followed:

BZC + Hy,0 2 Ny, ..H—O0H , K;(14)
Ngps ...H— OH
with K; = [Nepz - H — OH] SPZ[BZC] |
BZC + H,0 2 Ocgrponyte --H—OH , K,(15)

[Ocarbonyle . H= OH]

If it is assumed that,andx, respectively correspond to?sfirogenand carbonyl oxygen complexes, then:
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)

X0 =1—xy(17)

XN (16)

For each complexation reaction, we have :

Ar 6398
RT

K =exp (—

Table 3: Percentages of$mitrogen and carbonyl oxygen H bond complexes

HF/6-311+G (d,p] MPW1PW91/6 -311+G (d,p)

xy (%)  x5(%) xy (%) X0 (%)
BzC-1 50.02 49.98 50.00 50.00
BzC-2 50.02 49.98 50.00 50.00
BzC-3 50.02 49.98 50.00 50.00
BzZC-4 50.01 49.99 50.01 49.99

It is observed that at level HF/6-311+G(d,p), tiverages percentages of H bond fofnitpogen and carbonyl
oxygen complexes are respectively 50.02% and 49 @8&seas these averages values are both equal(0% @t
MPW1PW91/6-311+G(d,p) level. The difference betwémse percentages is not significant and we asshate
the two atoms are equally H bond sites.

3.3. The spectroscopic parameters

Table4: Theoretical frequencies variatiomAv(0 — H)(cm™)

HF/ 6-311+G(d,p) MPW1PW91/6 -311+G(d,p)

Av;(OH)  Av,(OH) Av, (OH) Av,(0H)
BZC-1  106.83 61.15 417.56 295.82
BzC-2 107.27 58.53 418.36 293.64
BZC-3  109.06 61.67 418.89 297.06
BZC-4 80.97 61.88 381.04 312.44

The review of the values in tabledindicates thas, vibrational frequencies of the hydroxyl bond sinéted in the
blue. This behavior due to the hydroxyl bond eldingareflects the attraction effect exerted by H2A, atom A,
on hydrogen HMoreover, it was established that the higherfteguency variation, the stronger is the H hond
Valuesiv, (O — H)related to spnitrogen complexes are always higher than thoseesponding to the carbonyl
oxygen,Auv, (0 — H). This observation suggests thatsjirogen is slightly more predilection site fordénding.

CONCLUSION

Analysis concerning geometrical, energetically apdctroscopic parameters for hydrogen bonding imach the
three heteroatoma(,,, Ns,3 Ospz) in €ach studied kernel of Benzimidazolyl-Chalcq(®E)-1-(1H-benzimidazol-
2-yl)-3-phenylprop-2-en-1-one:BZC-1, (2E)-1-(1H-zénidazol-2-yl)-3-(4-bromophenyl) prop-2-en-1-0BZC-2,
(2E)-1-(1H-benzimidazol-2-yl)-3-(4-fluorophenyl) gp-2-en-1-one:BZC-3 and (2E)-1-(1H-benzimidazolFR3y
(2-furyl) prop-2-en-1-one: BZC-43howed that the &mitrogen can not be H bonding site, being veryelyid
disadvantaged compared tcf sjitrogen and the carbonyl oxygen. The latter taanss are in competition with a
slight advantage for the Spitrogen regarding geometrical paramet@tsis trend is not confirmed by the values of
the free enthalpy variation since H bonding perages calculated for the two atoms are very closeuta50%.
Therefore, we calculated the theoretical frequendisplacements due to complextions on the two aldra values
obtained are always greater on thé spmparatively on carbonyl oxygen. Finally, we cate thasp’ nitrogen
slightly more H bonding site in the family of bemudazolyl-chalcones, although, carbon oxygen cartret
neglected and is very closed td sjitrogen. Further calculations should be maderiteoto undoubtly identify the
major H bonding site.
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