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Abstract:

A new Schiff bas@ was synthesized by condensation of 2-Hydroxy-%e(pldiazenyl)benzaldehyde
and N(-3-aminopropyl)imidazole, and characterizgdm®, '"H NMR, *C NMR, mass spectroscopy
and elemental analysiSrystal structure of 2 has been determined by Xdiffyaction analysis. The
structural parameters and electronic absorptiorpet®s of2 were also studied using Density
Functional Theory (DFT), and Time Dependant DenSiipctional Theory (TD-DFT). Computations
were performed at DFT/B3LYP/6-31G(d), DFT/CAMB3LYP31G(d) and DFT/MPW1PW91/6-
31G(d) levels of theory. The calculation resultghaf structural parameters and electronic absarptio
properties for compoun® are presented and compared with the X-ray analgsigt and UV-visible
spectrum. Hirshfeld surface analysis was used twwsburface contours and two-dimensional
fingerprint plots have been used to analyse interoubar interactions. The schiff ba®evas assessed
for its in vitro antibacterial activities againsbuir pathogenic strainsStaphylococcus aureus

Pseudomonas putid&lebsiella pneumoniaandEscherichia coli

Keywords:. Schiff base, X-ray diffraction, DFT, Electronic alpstion, Hirshfeld surfaces,
Antibacterial activity.



1. Introduction:

Schiff base compounds have been recognized aseged among organic molecules, owing to their
interesting and important properties. These motscabnstitute an important centre of attraction in
many areas like biological, clinical, medicinal,afical and pharmacological fields [1]. They are
also used in analytical medicinal and polymer clsérypi The azomethine (C=N) linkage in Schiff
bases issignificant in determining the mechanism of transetion and resamination reactions in
biological systems [2], and it has been suggedtad the azomethine group is responsible of the
biological activities of Schiff bases molecules. édffect, these molecules are well-known as
antibacterial [3,4], antifungal [5,6], anti-inflanatory [7,8], antitumor [9,10], antiviral [11],
antipyretic [12], anti-HIV-1 [13] and antiprolifetige [14,15]. Furthermore, the azomethine group is
an important site for coordinating and stabiliziregious metals.

Imidazoles, being the core fragment of differertura products and biological or chemical systems,
constitute an important class of heterocycles. Vhst therapeutic properties of the imidazole
derivatives drugs have encouraged the researahéns imedicinal field to synthesize a huge number
of novel molecules based on the imidazole unit aifulmgal [6], antibacterial [14,15],
antiviral[16,17], anti-inflammatory [18], anticardd9,20] and antidiabetic agents [21].

In the light of the interesting chemistry of Schiffases, we herein report the synthesis,
characterization and X-ray diffraction of schiffdea@) based on imidazole, obtained by condensation
of 2-Hydroxy-5-(p-tolyldiazenyl)benzaldehyde and3MN{minopropyl)imidazole. Using DFT, lowest
unoccupied molecular orbital (LUMO) and highestuged molecular orbital (HOMO) energy levels
of frontier orbital were determined. UV-visible spe were investigated experimentally and
theoretically. In addition, Hirshfeld surface arsa$ywas used to analyse intermolecular interactions
The antibacterial activity ) was evaluated against four pathogenic str&tephylococcus aureus

Pseudomonas putid&lebsiella pneumoniaandEscherichia coli

2. Resultsand discussion:

The Schiff base ligand 2 was prepared in excelgitl via the condensation of 2-Hydroxy-5-(o-
tolyldiazenyl)benzaldehyde and N-(3-aminopropyljiazole then characterized by fiRl NMR, °C
NMR, mass spectroscopy, elemental analysis andyXHferaction. NMR spectra are reported in Fig.
land Fig. 2.

2.1 Description of thecrystal structure:

The synthesized Schiff base with the general foam(@H,1NsO) crystallizes in the monoclinic
space group P2/n. (Table 1) The dihedral anglesdsst the imidazole ring, and the methylphenyl
and the phenol groups are 84.39 (16)° and 81.4% (B$pectively. An intramolecular O-H---N



hydrogen bond forms between the —OH substituetitophenol ring and the adjacent iminomethyl N
atom, enclosing an S6 ring. All the bond lengtheswaithin normal ranges. The N1-N2 and N3-C14
bond lengths, 1.174 (4) and 1.272(4)A respectivedyfirm their double-bond character whereas the
N4—C18 and N4—C19 values are 1.347(3) and 1.37Q(@%bectively.

The asymmetric unit of Schiff base is reportedim B.

Figure 3: Building unit of the crystal structure af

2.2 Computational Study:

Density functional theory (DFT) computation and ditlependent (TD-DFT) calculations
were performed. The structure dfvas optimized at the B3LYP/6-31G(d) level. As d¢enobserved
in Tables 2 and 3, the calculated bond distancdsaagles are in good agreement with the values
obtainedfrom X-ray crystal structure determination. A sypsition of the X-ray diffraction and
optimized structures of compourtlis shown in Fig. 4. The negligible differencesviietn the
experimental and calculated bond lengths and aragkesiue to the fact that the computations were

performed and calculated in the gas phase, whil&Xthay data were obtained in the solid phase.



Figure 4: Superposition of X-Ray and optimized structureg.of

2.3 Theoretical and experimental UV-visible Spectra study:

UV-vis absorption spectrum of2 was simulated at TD-DFT/B3LYP/6-31G(d), TD-
DFT/CAMB3LYP/6-31G(d) and TD-DFT/MPW1PW91/6-31G(devels. The compound was
investigated in chloroform by theoretical calcuati Table 4 shows the calculated oscillator stiengt
(f) and wavelengthsi] (main transitions) along with the experimentalvelangths. The experimental
and theoretical spectra of the compouhd chloroform are shown in Fig.5. The obtainedutss
were closer to the experimental absorption waveélengVe can say that, MPW1PW91 computations
lead to a better agreement with experiment reltieeB3LYP and CAMB3LYP. As Fig. 5 exhibits,
experimental spectrum a® shows three bands at 273, 349 and 437 nm. FromTheDFT
calculation, the most significant theoretical apson bands of MPW1PW91 were predicted at
279.57, 362.78 nm in chloroform solution.



Table 4: Theoretical and experimental electronic absorpsipectral values &

Compound | Excitation | 4 max (M) ) Electronic Major %
level transition Contribution
B3LYP 372.85 | 1.0372| HOMO—LUMO 99.5

288.67 | 0.4422| HOMO—LUMO+1 58.6
CAMB3LYP 336.20 | 1.0876] HOMO—LUMO 95.8
2 254.25 | 0.4336| HOMO-3—-LUMO 69.7
MPW1PW91l, 362.78 | 1.0727| HOMO—LUMO 99.3
279.57 | 0.4570| HOMO—-LUMO+1 50.5
Exp 349
273
1.2
1.0 —2-Exp
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Figure5: Experimental and theoretical absorption spedti@ebiff base2 at B3LYP/6-31G (d),
CAM-B3LYP/6-31G (d) and MPW1PW91/6-31G(d) levelsGRICL.

2.4 Frontier Molecular Orbitals (FMOs):

The resulting frontier molecular orbitals for azdéf base molecule are reported in Fig.6. The

highest occupied molecular orbital HOM@ (onor) is delocalized over the azobenzene moiety

including hydroxyl and methyl substituents and aetiime group, the lowest lying unoccupied

molecular orbital LUMO £ acceptor) is spread over the azobenzene moietyding only the
hydroxyl group. The 279.57 nm transition consistslOMO — LUMO+1. The 362.78 nm excitation
has mainly HOMO— LUMO character.
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Figure 6: Energy levels and electronic isosurfaces of fromtielecular orbitals.

25 Hirshfeld surfaces analysis:

Fig. 7 shows the Hirshfeld surface of the title pouwnd mapped over dnorm (-0.60 to 0.90 A°) and
the shape-index (-1.0 to 1.0 A®). In the dnorm mthp, vivid red spots in the Hirshfeld surface are
due to short normalized O—H distances correspontin— H- - -N interactions. Hydrogen-donor
groups constitute the convex blue regions on tlapetindex surface and hydrogen-acceptor groups
appear in concave red regions. The two dimensifingérprint plots quantify the contributions of
each type of non-covalent interaction to the Hiedhfsurface. The major contribution with 48.6% of
the surface is due to H---H contacts, which reptessn der waals interactions, followed by C---H,

N---H and O---H interactions, which contribute 28352 and 6.1%, respectively, these contributions

are observed as two sharp peaks in the plot o8 Fig.

LUMO+1

LUMO

HOMO



Figure 7: Hirshfeld surfaces for compound (2), mapped witbrdn(top) and shape index (bottom).
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Figure 8: Two-dimensional fingerprints of compour®) (showing H---H, C---H, N---Hand O---H

close contacts.

Voids in the crystal structure a2)((Fig. 9) are built on the sum of spherical atomlectron densities
at the appropriate nuclear positions (procrystedttebn density). The crystal voids calculation (s
under 0.002 a.u. isovalue) shows the void volumétlef compound to be of the order of 226.81 A

and surface area ithe order of 720.59 A The porosity of the calculated void volume &j (s



12.37%. There are no large cavities. We tioté the electron-density iso surfaces are not tetely
closed around the components, but are open at fbeationswhere interspecies approaches are

found.

Figure 9: Void plot for 2).

2.6 Antibacterial activity:

Firstly, the diffusion agar technique was usedva@ate the antibacterial activity of the SchifEb&2.
Schiff base 2 shows the high zone inhibition disnegainsStaphylococcus aure®) mm, therk.
pneumoniaevith 15mm. ForE.coli, the inhibition zone diameter was 13mm and theelodiameter
was observed againBtputidawith 9mm.

The Minimum inhibitory concentrations (MIC) resutté 2 and the commercially available standard
are presented in table 5, they agree with thogheoflisc diffusion test. MICs of the Schiff bade
against the microorganism species were ranged #8r@4 to 92.10 pg.mibk The excellent MIC
value was exhibited bg againststaphylococcus aurey®8.84 pg.mb). E.coli (68.18 pg.mL?) and

K. pneumoniag42.45ug.mY) seem to be less sensible to compo@ndhe lower activity was
showed agains®.putidawith an MIC value of 92.10 pg.miL The obtained antibacterial activities
results of 2 are significant comparing with the ivagt of the commercialised antibiotic
chloramphenicol. In another hand, compound 2 etddbiencouraging antibacterial activities
comparing to other reported Schiff bases [22-2@) stance, the imidazole Schiff base ligand
prepared from 1-(3-aminopropyl)imidazole and saditdehyde and which was reported first by M.
Kalanithi et al. [27] then by J. McGinley et al.8]2 The authors had found the free ligand and its
Cu(ll) and zn(Il) complexes inactive against a nemiof tested microbes. Interestingly, for our
compound, the functionalization of the salicylabtepyl unit leads to promising antibacterial ackaat
against the selected pathogenic strains indicatingmportance of the azo group in the structure of
compound 2. Hence, Shiff ba®e&ould be considered as a potent antibacterial ocanmgh

Table 5: Antibacterial activities determined in liquid meoh of 2 (MIC in pg.mL")



Bacteria
Produit S.aureus E.Coli K. pneumoniae P. putida
2 28.84 68.18 42.45 92.10
Chloramphenicol 11.65 22.41 15.38 37.03
DM SO - - - -

3. Conclusion:

In sum, the Schiff base ligargtlhas been synthesized and characterized. The Icsystature of the
compound was determined by X-Ray diffraction. Teergetry and structural parameters of the title
compound 2 was optimized with DFT/B3LYP methodsngsb-31G(d) basis set. The electronic
absorption properties of the compound have beewliestuusing TD-DFT computations at
DFT/B3LYP/6-31G(d), DFT/CAMB3LYP/6-31G(d) and DFTRW1PW91/6-31G(d) level of
theory, analysed and the theoretical results wendas to the experimental ones. Hirshfeld surface
analysis gave 2D fingerprint plots showing the nmiglecular interactions. The Schiff ba8ewas
assessed for its in vitro antibacterial activit@gainst pathogenic strains, coiaphylococcus
aureus,Pseudomonas putid&lebsiella pneumoniaand Escherichia coli The results showed that
the compound exhibited significant activities inrtpaular againstS. aureus Comparison with
analogous reported Schiff bases allows us to cdachbout the importance of the azo group in the

structure of compound 2 for its antibacterial prtips.

4. Materid and methods:

4.1 Synthesisof Schiff base: 2

The N-(3-aminopropyl)imidazole (0.5 g, 4 mmol) wadded to a methanol solution (30 ml) of 2-

hydroxy-5-(-tolyldiazenyl)benzaldehyde (0.96 g, 4nal) prepared earlier [6]. The mixture was

refluxed for 2 h and cooled to room temperaturee $blvent was removed on a rotatory evaporator
and the orange product was rinsed and recrystdlhzigh a mixture of methanol and ether. The

product was obtained as orange crystals [29].
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Scheme 1: Synthesis of Schiff basz

Yield 82%, m.p 95 °C'H NMR (300MHz, [QJDMSO, 25°C, TMS)d/ppm: 8.63 (s,1H),
7.99 (d,1H , J = 7.2), 7.88(dd, 1H, J = 6.6, J4,27.71(d, 2H, J = 8.1), 7.65(s, 1H), 7.32(d,
2H, J = 8.1),7.19 (s, 1H), 6.90-7.00 (m, 2H), 4tp2H, J= 7.2), 3.55(t, 2H, J= 6.6),
2.34(s,3H), 2.13(qd, 2H, J=6.95C NMR (75 MHz, [Q]DMSO, 25°C, TMS)s/ppm: 21.49,
31.76, 44.34, 55.74, 117.95, 118.22, 118.73, 1224.86.93, 127.06, 129.77, 129.91, 137.12,
141.11, 145.46, 150.69, 163.80, 165.95. MALDI TOIS Malcd: m/z=347.17 Da. Found
m/z= 348.4 [M+1]. HR-MS(M): for GgH21NsO : 347.1746 found: 347.1745. Selected IR
bands (crif) 3105, 2943, 1634, 1580, 1485, 1445, 1377, 1283911107, 999, 959, 905,
851, 756, 689, 662. Anal. Calc. fopdH,1NsO: C, 69.14%; H, 6.09%; N, 20.16%. Found: C,
69.23%:; H, 6.01%; N, 20.07%.
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4.2 Singlecrystal X-ray diffraction:

A suitable single crystal was selected for X-raffrdction analysis. Data of the compound was
collected at room temperature with an Agilent Sbiesa diffractometer using graphite
monochromatized CuKradiation & = 1.54184A), equipped with a CCD area detector. The phase
problem was solved by direct methods using SHELE&grams [30]. The structural graphics were
created using DIAMOND program. Experimental dat#lections details and the crystallographic
features of Z) are reported in Table 1. The atomic coordinatas the basic geometrical data are

reported in Tables 2 and 3.

43 DFT detalls:

The ground state geometry of schiff baseas optimized using DFT with Becke-3-Lee-Yang-Parr
(B3LYP) exchange correlation functional with 6-38(basis set for all atoms [31,32]. The
calculation was carried out with Gaussian 09 sagwmckage without any symmetry constraint [33].
Then, the optimized geometry was used for enerdgulzdions. Optical absorption spectra were
simulated using the polarisable continuum modelMP@ith TD-DFT at B3LYP/6-31G(d), CAM-
B3LYP/6-31G(d) and MPW1PW91/6-31G(d) levels , basadoptimized ground state geometries.

The PCM calculations have been performed in therofdrm solution.

4.4 Hirshfeld surfacesanalysis:

Hirshfeld surfaces and fingerprint plots were gatest for 2 based on the crystallographic
information file (CIF) usingCrystalExplorer [34,35]. Hirshfeld surfaces allohetvisualization of
intermolecularinteractions. Colors and color intensities areteglato the relative strength of the

interaction and the short or long contacts.

45 Antibacterial activity:

The Schiff bas@ was tested for itantimicrobial activities against four bacterialagtis, one Gram-
positive cocciStaphylococcus aurewmnd three Gram-negative bacteischerichia coli Klebsiella
pneumoniaeand Pseudomonas putiday the agar disc diffusion method using Muller tdim agar.
The strains were grown in Mueller-Hinton agar at’@7#for 24 h and the suspension was prepared by
matching a 0.5 McFarland standard. All the compasundre dissolved in dimethyl sulfoxide DMSO
and tested by the procedure of measuring the indmbzone, as described in literature [36,37]. The
minimum inhibitory concentrations (MIC) of the sffthibase 2 were also studied by liquid
microdilutions method, using sterile 96-wells fidtaped microtitre plates by serial dilution of the
concentrations ranging from 145.16 to 7.42 pg'mcthe commercially chloramphenicol was used as

control drug. The analysis of both methods wereamadhree replicate for each compound.
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Table 1: Crystallographic data, details of data collectmd structure refinement parameters for 2.

CCDC number 1889270
Chemical formula 6eH-1N50
Mr 347.42

Crystal system, space group

Monoclinic, P2/n

Temperature (K)

293

a (A) 12.2410 (4)
b (A) 5.9386 (2)
c(A) 25.2112 (9)
B (°) 90.317 (3)

V (A% 1832.69 (11)
Z 4

Radiation type Cuk

M (mm-1) 0.65

Crystal size (mm)

0.35x0.22 x 0.13

No. of measured, independent and
observed [I > &(1)] reflections

5548, 3487, 3037

Rint 0.016

(sin@/A)max (A-1) 0.622

R[F2 > &(F2)], wR(F2), S 0.084, 0.245, 1.08
No. of reflections 3487

No. of parameters 236

Apmax, Apmin (e A%) 1.02, -0.67
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Table 2: Experimental and theoretical bond distances

Distance Theoretical Experimental
C13—C2 1.5097 1.501 (5)
C14—N3 1.2747 1.272 (4)
Cl14—C11 14711 1.457 (4)
C15—C16 1.535 1.500 (4)
C15—N3 1.4529 1.464 (3)
Cl16—C17 1.5341 1.520 (4)
C17—N4 1.4603 1.465 (3)
C18—N4 1.3687 1.347 (3)
C18—N6 1.3162 1.317 (3)
C19—C20 1.3732 1.354 (4)
C19—N4 1.3821 1.370 (3)
C20—N6 1.3765 1.367 (4)
Ci1—C2 1.4081 1.372 (5)
C1—Cé6 1.3868 1.427 (5)
C2—C3 1.3994 1.397 (5)
C3—C4 1.3936 1.333 (6)
C4—C5 1.3997 1.333 (6)
C5—C6 1.4071 1.426 (6)
C5—N1 1.4152 1.537 (5)
C7—C8 1.3969 1.381 (4)
C7—C11 1.4013 1.386 (4)
C8—C9 1.4061 1.399 (5)
C8—N2 1.4124 1.547 (5)
C9—C10 1.3844 1.385 (5)
Cc10—C12 1.4065 1.401 (4)
Cl11—C12 1.4164 1.417 (4)
01—C12 1.3541 1.336 (3)
N1—N2 1.263 1.174 (4)
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Table 3: Experimental and theoretical angles

Angle Theoretical Experimental
C18—N6—C20 104.8159 103.9 (2)
C2—C1—C6 119.3819 119.0 (4)
C1—C2—C3 118.1767 119.3 (4)
N3—C14—C11 125.7455 121.1 (3)
C1—C2—C13 120.4741 121.2 (4)
C3—C2—C13 121.3492 119.4 (4)
C4—C3—C2 120.8914 123.6 (4)
N3—C15—C16 109.9768 110.2 (2)
C3—C4—C5 120.4182 117.8 (4)
C4—C5—C6 119.2652 123.7 (4)
C15—C16—C17 113.7855 113.1 (2)
C4—C5—N1 115.7123 116.4 (4)
C6—C5—N1 125.0225 119.9 (4)
C5—C6—C1 119.7799 116.5 (4)
c8—C7—C11 122.796 121.6 (3)
N4—C17—C16 113.8787 111.5 (2)
C7—C8—C9 118.7645 119.0 (3)
C7—C8—N2 116.0647 111.1 (3)
C9—C8—N2 125.1708 129.8 (3)
C10—C9—C8 119.691 120.7 (3)
N6—C18—N4 112.6158 112.8 (2)
C9—C10—C12 121.3768 120.4 (3)
C20—C19—N4 105.6623 105.6 (2)
C7—C11—C12 117.5065 119.4 (3)
C19—C20—N6 110.7339 111.3 (2)
C7—C11—C14 117.313 119.5 (3)
C12—C11—C14 125.1804 121.1 (3)
01—C12—C10 120.8141 119.6 (3)
C14—N3—C15 117.2776 119.3 (3)
01—C12—C11 119.3208 121.5 (2)
C18—N4—C19 106.172 106.4 (2)
C10—C12—C11 119.8651 118.9 (3)
C18—N4—C17 126.9746 126.2 (2)
N2—N1—C5 114.8834 108.1 (3)
C19—N4—C17 126.8219 127.3 (2)
N1—N2—C8 114.7568 105.2 (3)
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Highlights

- Synthesis and characterization of Schiff base based on imidazole is reported.
- The structure of Schiff base was confirmed by X-ray crystallography.

- The Schiff base was screened for its potentia antibacterial.

- The structure of Schiff base was investigated using DFT and the nature of HOMO and
LUMO, electronic absorption were theoretically studied.



