








 

376 

 

Intramolecular hydrogen bond strength in three stable conformers of 2-(((1-phenylethyl) 

imino) methyl)phenol and itshalogen substitutions, as a Schiff base with chiral carbon; A 

theoretical study 

 

M. Afkanpoora*, V.R. Darugara, G. Grivanib, M. Vakilia 
a
Department of Chemistry, Ferdowsi University of Mashhad, Mashhad 91775-1436, Iran 

b
School of Chemistry, Damghan University, P.O. Box 36715-364, Damghan, Iran 

* monirafkanpoor@chmail.ir 

Abstract:  

The molecular structure and intramolecular hydrogen bond strength of 2-(((1-phenylethyl)imino)methyl)phenol, as a 

Schiff base with a chiral atom,  has been studied by calculation methods, at B3LYP/6-311++G** level of theory. 

According to our results, three stable conformers (C1-C3) can be drawn for target molecule. In addition, we considered 

the para halogen substitution effects, X=F, Cl, and Br, on the molecular structure and intramolecular hydrogen (IHB) 

strength of title molecule at gas phase. According to our results, the para halogen substitutions have no significant 

effect on the molecular geometry and topological parameters related to IHB strength of three stable conformers of 

target molecules. 
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Introduction 

Schiff bases, with C=N groups (imine) and benzene rings 

in their main chain, are interested for a wide spectrum of 

applications, such as metal ion complex agents [1], 

catalyst carriers [2], antitumor properties [3]. These 

compounds show thermochromism and photochromism 

properties in the solid state, which can cover reversibility 

of the intramolecular proton transfer.  

2-(((1-phenylethyl)imino)methyl)phenol (PIMP), as a 

Schiff base, with one chiral carbon are particularly eye-

catching. This molecule shows a fairly medium 

intramolecular H-bonding (IHB) between the H-atom of 

the hydroxyl group and the N-atom of the imine moiety. 

The mentioned transfer occur under the influence of light, 

for photochromic, and temperature for thermochromic, 

Schiff bases, [4]. 

 

 

In this study, optimized geometry and topological 

parameters related to IHB strength of title compound 

have been investigated by DFT method. Also the para 

halogen substitution effect on the structure and IHBs of 

target molecule have been studied. 

Materials and method 

The entire calculations for the PIMP and X-PIMP were 

done by a hybrid functional B3LYP at 6-311++G(d,p) 

basis set. All the calculations were performed using the 

Gaussian 09W program package [5].  

AIM 2000 software was applied to obtain electron density 

and the Laplacian of electron density at the hydrogen 

bond critical points (BCPs) according to Bader’s atoms in 

molecules (AIM) theory [6]. 

 

Results and Discussion 

Three stable conformers of our molecules, PIMP and X-

PIMP, with X=F, Cl, and Br, are shown in Fig. 1. 

According to our calculations at B3LYP/6-311++G**, 

the C1 form is the most stable conformers. 

 

 

 

Fig.1: Three stable conformers of PIMP and its halogen substitutions. * 

is shown chairal atom. 

 

The theoretical geometry and topological parameters 

related to IHB strength for X-PIMP molecules are listed 

in Table1. 

According to this Table, the C2 and C3 conformers in X-

PIMP molecules have the most IHB strength.The shorter 

N…O bond distance are in agreement with increasing of 

topological parameters related to IHBs in these 

conformers. 

EHB is the IHB energy in kcal/mol, calculated according 

to Espinosa et al. suggestion [7]. The EHB is one of             

important factors for description of intramolecular              

hydrogen bond strength. According to our theoretical calc
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ulations, the following trend in IHB strength for threeconf

ormers is obtained for the three stable conformers of  X-P

IMP:  3 ~ 2>1 

 

Also the hydrogen bond strength of X-PIMP when X=F, 

Cl, Br, do not significantly changed in comparison with t

hat in parent molecule (PIMP). So, the valuesof IHBs in t

he mentioned substitutions are near together. 

 

 

Conclusion 

From the theoretical point of view, three stable 

conformers can be considered for PIMP, a molecule with 

a chiral carbon, and its para halogen substitutions. Our 

calculations, for target molecules, at B3LYP/6-311++G** 

level of theory are shown that the halogens do not 

significant effect on the H bond strength and molecular 

geometry of title molecules. 

Acknowledgment 

This work was financially supported by the Ferdowsi 

University of Mashhad, Iran. 

 

References 

[1] S.A. Zarei, D. Khaledian, K. Akhtari, K. Hassanzadeh

, ‘‘Copper(II) and nickel(II) complexes of tetradentate Sc

hiff base ligand: UV-Vis and FT-IR spectra andDFT calc

ulation of electronic, vibrational and nonlinear optical pro

perties’’, Mol. Phys., 113 (2015) 3296-3302. 

[2] J.L. Sesssler, P.J. Melfi, G. Dan Pantos, ‘‘Uranium 

complexes of multidentate N-donor ligands’’ Coord. 

Chem. Rev, 250 (2006) 816-843. 

[3] M. Kabak, A. Elimali, Y. Elerman, T.N. Durlu, 

‘‘Conformational study and structure ofbis-N,N՜-p- 

bromo-salicylideneamine-1,2-diaminobenzene’’, J. Mol. 

Struct, 553 (2000) 187–192. 

[4] T.Ma. Ismail, ‘‘Mononuclear and binuclear Co(II),Ni(

II), Cu(II), Zn(II) and Cd(II) complexes of schiff-base lig

ands derived from 7-formyl-8-hydroxyquinoline and dia

minonaphthalenes’’, J Coord Chem, 58 (2005) 141-151. 

[5] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. 

Scuseria, M. A. Robb, J. R. Cheeseman, J. A. 

Montgomery, Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. 

M. Millam, S. S. Iyengar, J. Tomasi, V. Barone, B. 

Mennucci, M. Cossi, G. Scalmani, N. Rega, G. A. 

Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, 

R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. 

Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J. E. Knox, 

H. P. Hratchian, J. B. Cross, C. Adamo, J. Jaramillo, R. 

Gomperts, R. E. Stratmann, O. Yazyev, ‘‘Gaussian 09’’, 

Revision B.05. CT, (2009). 

[6] R.F.W. Bader, Atoms in Molecules, Wiley 

OnlineLibrary, (1990). 

[7] E. Espinosa, E.Molins, C.Lecomte, ‘‘Hydrogen bond 

strengths revealed by topological analyses of 

experimentally observed electron densities’’Chem. Phys. 

Lett., 285 (1998) 170-173. 
 

 

https://scholar.google.com/citations?view_op=view_citation&hl=fil&user=bwuHVbUAAAAJ&citation_for_view=bwuHVbUAAAAJ:u-x6o8ySG0sC
https://scholar.google.com/citations?view_op=view_citation&hl=fil&user=bwuHVbUAAAAJ&citation_for_view=bwuHVbUAAAAJ:u-x6o8ySG0sC



