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Abstract 
 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium was made available by acidifying of 2,9-dimethyl-4,7-diphenyl-1,10-

phenanthroline in ethanol solvent using conc. HCl as acid. The bi-protonation of pyridine in phenanthroline was monitored 

by 
1
H NMR and confirmed by X-ray single crystal, XRD structure of desired product was found to be a Monoclinic crystal 

system with C2/c1 space group and Z = 6. 

 

Keywords: Phenanthrolinediium, phenanthroline ligand, NMR, XRD.  

 

1. Introduction 
The design and synthesis of functional 1,10-phenanthroline derivatives having more delocalized bi -systems via 

the ring-extension reactions are fascinating areas of research owing to their important and promising 

applications in chemistry, physics, material and biological sciences [1,2]. However, most of the reported 

investigations concern the symmetric 1,10-phenanthroline-based compounds prepared from the halogen 

substituent at different positions [3-5]. Moreover, Phenanthroline and its derivatives considered to be among the 

most frequently bi-dentate chelating ligands [6-13]. Metals complexes of phenanthroline ligands are of interest 

to a variety of researchers because of their use in molecular scaffolding in supramolecular assemblies, DNA 

cleaving, structural studies, building blocks for synthesis of metallo-dendrimers, thin films with luminescent 

properties, control of redox properties, analytical chemistry, and catalysis [14-17]. M–phen complexes are 

particularly attractive species for developing new diagnostic and therapeutic agents that can recognize and 

cleave DNA [17–25]. The metals and the ligands in these complexes can be readily varied to facilitate 

individual applications, thus enabling easy understanding of the details of DNA-binding and cleavage [19–24].  

As a part of our ongoing studies on the synthesis of novel ligands and their coordination transition metal 

complexes for structural, medicinal, and catalytic applications [26–31], 2,9-dimethyl-4,7-diphenyl-1,10-

phenanthroline ligand was bi-protonated in acidic medium to prepare 2,9-dimethyl-4,7-diphenyl[1,10] 

phenanthrolinediium, the structure was characterized in the base of H-NMR and XRD.  

 

2. Experimental 
2.1 Materials  

All reactions were carried out in an inert atmosphere (argon) by using standard high vacuum, 2,9-dimethyl-4,7-diphenyl-

1,10-phenanthroline ligand was purchased from Across and used as it is.  

 

2.2. Instrumentation 

High-resolution 
1
H-NMR spectra were recorded on a Bruker DRX 250 spectrometer at 298 K. Frequencies are as follows: 

1
H NMR 250.12 MHz. Chemical shifts in the 

1
H-NMR spectra were measured relative to partially deuterated solvent peaks 

which are reported relative to TMS.  
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2.3 X-ray structural analysis of the 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium 

Crystallographic details obtained from determination of the structure of the complex are summarized in Table 1. The X-ray 

data for the crystal of the 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium, colorless, were collected on an Xcalibur E 

goniometer with enhanced X-ray source and Eos CCD detector, graphite monochromated Mo Ka radiation (k = 0.71073 A° 

). Five x-scans with a total of 350 frames were acquired at 293 K. Data collection, evaluation of cell parameters, data 

reduction, and absorption were performed by use of CrysAlisPro version 1.171.35.11 (release 16-05-2011 

CrysAlis171.NET; Agilent Technologies). Structure was determined by use of SHELXL software [32]. The structure was 

solved by direct methods and refined by full-matri least-squares with anisotropic temperature factor, for the non-hydrogen 

atoms. The hydrogen atoms were positioned constrained with isotropic thermal parameters 1.2 times those of the riding 

atoms. 

 

Table 1 Crystal data and structure refinement for the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium 

 

(C26H22N) 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium 

Mr = 543.39 Dx = 1.413 Mg m
−3

 

Monoclinic, C2/c Melting point: 397 K 

Hall symbol: ? Mo Kα radiation, λ = 0.7107 Å 

a = 16.489 (2) Å Cell parameters from 945 reflections 

b = 10.7116 (10) Å θ = 3.2–29.1° 

c = 11.4845 (12) Å µ = 0.72 mm
−1

 

β = 109.181 (13)° T = 293 K 

V = 1915.8 (4) Å
3
 R[F

2
 > 2σ(F

2
)] = 0.071 

Z = 6 wR(F
2
) = 0.216 

(Δ/σ)max = 0.002 w = 1/[σ
2
(Fo

2
) + (0.1P)

2
] where P = (Fo

2
 + 2Fc

2
)/3 

Δρmax = 0.21 e Å
−3

 Least-squares matrix: full 

Δρmin = −0.39 e Å
−3

 Refinement on F
2
 

(C26H22N) 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium 

Mr = 543.39 Dx = 1.413 Mg m
−3

 

 

 

3. Results and Discussion  
3.1  Synthesis of 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium 

The desired product was isolated in good yield by gentle stirring of 2,9-dimethyl-4,7-diphenyl-1,10-

phenanthroline ligand in acidic (conc. HCl) ethanol in the open atmosphere at RT (Scheme 1). The colorless 

powder product is soluble in water, ROH and insoluble in chlorinated solvents ethers and n-hexane. The 

structure of the isolated product was deduced from NMR and X-ray single-crystal structure measurements. 
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Scheme 1. Synthesis of the. 2,9-dimethyl-4,7-diphenyl[1,10]phenanthrolinediium   

from 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline 
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3.2 NMR investigation 

The 
1
H-NMR spectra of the desired product together with starting material have been recorded in CD3OD 

solution individually. The chemical shifts with integration of the 
1
H resonances confirm the desired product 

formation, as in Fig. 1. 

 
Fig. 1. 

1
H NMR spectrum of a) 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline free ligand and b) 2,9-dimethyl- 

4,7-diphenyl[1,10]phenanthrolinediium dissolved in CD3OD at RT. 

 

 

The 
1
H NMR spectrum corroborate the structure of the 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline 

revealed only two functional group (CH3 and phenyl) signals at 2.8 and 7-8 ppm respectively, as recorded as in 

Fig. 1a. By di-hydro of both pyridine in phenanthroline with excess HCl in order to produce 2,9-dimethyl- 4,7-

diphenyl[1,10]phenanthrolinediium the chemical shifts of CH3 (3.3 ppm) and phenyl (7.3-8.2) were shifted 

toward slightly higher values of chemical shifts due to the protonation, another chemical shift at 11.4 ppm was 

detected and signed to be for the protonated N atoms in phenanthroline ligand as in Fig. 1b.    

 

 

3.3 X-ray structural determination of the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium 

Solvent-free crystals suitable for X-ray structural analysis were prepared from 2,9-dimethyl- 4,7-

diphenyl[1,10]phenanthrolinediium. The molecular structure and packing view are shown in Figs. 2 and 3, 

respectively, selected bond distances and angles are given in Tables 2 and 3, respectively.   

The X-ray single crystal-solved structure of phenanthrolinediium was found to be a Monoclinic crystal system 

with C 1 2/c 1 space group and Z = 6. The phenanthroline unit is not planar; the dihedral angles between this 

benzene ring and the other pyridyl rings are  9.62 (4) and 9.31 (4) The crystal packing is stabilized by H-N 

hydrogen bond, π to π centroid–centroid interactions between two phenanthroline ring systems were not 

detected. No Cl
-
 anions were detected in the backbone of the phenanthrolinediium product.  
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Fig. 2.  Molecular structure of the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium,  

with atom labeling. Thermal ellipsoids are drawn at the 50% probability level 

 

 
Fig. 3. View of packing the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium  

chains extending along the a axis. 

 

Table 2 Selected bond distances (A°) of the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium 

 
Bond Type bond distance Bond Type bond distance 

N—C3 1.352 (3) C6—C9 1.392 (4) 

N—C7 1.322 (3) C6—C10 1.390 (4) 

C—C3 1.416 (3) C7—C0AA 1.502 (4) 

C—C4 1.424 (3) C9—C12 1.379 (4) 

C—C1AA 1.430 (3) C10—C14 1.383 (4) 

C3—C3
i
 1.457 (5) C12—C13 1.380 (4) 

C4—C5 1.369 (3) C13—C14 1.368 (4) 

C4—C6 1.489 (3) C1AA—C1AA
i
 1.339 (5) 

C5—C7 1.396 (4)   
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Table 3 Selected angles (
o
) of the 2,9-dimethyl- 4,7-diphenyl[1,10]phenanthrolinediium 

 
Angle type Angle value  Angle type Angle value  

C7—N—C3 119.1 (2) C10—C6—C4 120.1 (2) 

C3—C—C4 117.7 (2) C10—C6—C9 118.3 (2) 

C3—C—C1AA 118.9 (2) N—C7—C5 121.9 (2) 

C4—C—C1AA 123.3 (2) N—C7—C0AA 117.5 (2) 

N—C3—C 122.3 (2) C5—C7—C0AA 120.6 (2) 

N—C3—C3
i
 118.44 (14) C12—C9—C6 121.0 (3) 

C—C3—C3
i
 119.26 (14) C14—C10—C6 120.2 (3) 

C—C4—C6 121.5 (2) C9—C12—C13 119.7 (3) 

C5—C4—C 117.6 (2) C14—C13—C12 120.0 (3) 

C5—C4—C6 120.9 (2) C13—C14—C10 120.7 (3) 

C4—C5—C7 121.2 (2) C1AA
i
—C1AA—C 121.68 (14) 

C7—N—C3 119.1 (2) C10—C6—C4 120.1 (2) 

C3—C—C4 117.7 (2) C10—C6—C9 118.3 (2) 

 
Symmetry code: (i) −x+1, y, −z+1/2. 

 

Conclusions 
Novel bi-protonation of both pyridine in 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline was carried out in mild 

acidic condition, the process was monitored by 
1
H-NMR, the structure of desired 2,9-dimethyl-4,7-

diphenyl[1,10]phenanthrolinediium was confirmed by X-ray single crystal. 
 

Supplementary material 
Crystallographic data for the structures of 2 have been deposited at the Cambridge Crystallographic Data Center 

(CCDC 948766). Copies of this information may be obtained from the director, CCDC, 12 Union Road, 

Cambridge CB2 1EZ, UK. Tel.: +44 1223 762910; fax: +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk or 

on the web www: http//www.ccdc.cam.ac.uk/deposit.  

 

Acknowledgements- I. Warad and M. Al-Noaimi would like to thank AN-Najah National University, Palestine and 

The Hashemite University, Jordan for their research facilities and support. X-ray structural work was done at Hamdi 

Mango Centerfor Scientific Research at The University of Jordan. 

 

References 
1. Schilt A.A., Applications of 1, 10-Phenanthroline and Related Compounds, Pergamon, London, 1969 

2.  Chelucci G., Thummel R.P., Chem. Rev. 102 (2002) 3129 

3.  Chen C.Y., Lu H.C., Wu C.G., Chen J.G., Ho K.C., Adv. Funct. Mater. 17 (2007) 29 

4.  Araki K., Endo H., Masuda G., Ogawa T., Chem. Eur. J. 10 (2004) 3331 

5.  Huang W., G. Masuda, S. Maeda, H. Tanaka, T. Ogawa, Chem. Eur. J. 12 (2006) 607. 

6.  Balzani V., A. Juris, M. Venturi, S. Campagna, S. Serroni, Chem. Rev. 96 (1996) 759  

7.  Cheng K., L. You, L. Zhu, Aust. J. Chem. 60 (2007) 375 

8.  Lehn J.M., Supramolecular Chemistry (Concepts and Perspectives, VCH, 1995) 

9.  Li G., H. Shi, L. Zhu, H. Yan, W. Ng, Inorg. Chim. Acta 360 (2007) 2881  

10.  Qiu Y., L. Ma, S. Liu, L. Zhu, Acta Cryst. E62 (2006) 1289  

11. Faraglia G., S. Sitran, D. Montagner, Inorg. Chim. Acta 258 (2005) 971  

12. Johns C.A., Golzar-Hossain G.M., Abdul-Malik K.M., Zahir-Haider S., Rowzatur- Romman U.K., 

Polyhedron 20 (2001) 721  

13 Steed W., J.L. Atwood, Supramolecular Chemistry (Wiley, Chichester, 2000) 

14 Rezvani A., H.S. Bazzi, B. Chen, F. Rakotondradany, H.F. Sleiman, Inorg. Chem. 43 (2004) 5112  

15.  Binnemans K., P. Lenaerts, K. Driesen, C. Goerller-Walrand, J. Mater. Chem. 14 (2004) 191  



J. Mater. Environ. Sci. 5 (2) (2014) 470-475                                                                                         Warad et al. 

ISSN: 2028-2508 

CODEN: JMESCN 

 

475 

 

16.  Lenaerts P., A. Storms, J. Mullens, J. DeHaen, C. Goerller-Walrand, K. Binnemans, K. Driesen, Chem. 

Mater. 17 (2005) 5194  

17.  Thumas A.M., A.D. Naik, M. Nethaji, A.B. Chakravarty, Inorg. Chim. Acta 357 (2004) 2315  

18.  Shepherd R.E., Y. Chen, R.A. Kortes, M.S. Ward, Inorg. Chim. Acta 303 (2000) 30  

19.  Calderazzo F., G. Pampaloni, V. Passarelli, Inorg. Chim. Acta 330 (2002) 136  

20.  Arounaguiri S., B.G. Maiya, Inorg. Chem. 35 (1996) 4267  

21.  Sammes P.G., G. Yahioglu, Chem. Soc. Rev. 23 (1994) 327  

22.  Bhattacharya P.K., H.J. Lawson, J.K. Barton, Inorg. Chem. 42 (2003) 8811  

23.  Mansouri-Torshizi H., M. Saeidifar, A. Divsalar, A.A. Saboury, Spectrochim. Acta Part A 77 (2010) 312  

24.  Wang Y., Okabe N., Inorg. Chim. Acta 358 (2005) 3407  

25.  Naing K., M. Takashani, M. Taniguchi, A. Yamagishi, Inorg. Chem. 34 (1995) 350  

26.  Warad I., M. Al-Nuri, S.I. Al-Resayes, K. Al-Farhan, M. Ghazzali, Acta Cryst. E65 (2009) 1597  

27.  Warad I., A. Alruwaili, S.I. Al-Resayes, M.I. Choudhary, S. Yousuf, Acta Cryst. E68 (2012)1786  

28.  Warad I., A. Boshaala, S.I. Al-Resayes, S.S. Al-Deyab, M. Rzaigui, Acta Cryst. E67 (2011) 1650  

29.  Warad I., A. Boshaala, S.I. Al-Resayes, S.S. Al-Deyab, M. Rzaigui, Acta Cryst. E67 (2011) 1846  

30.  Warad I., Al-Hussen H., Alanazi H., Mahfouz R., Hammouti B., Al-Dosari M., Al-Far R., Ben Hadda T., 

Spectrochim. Acta A 105 (2013) 466 

31.  Warad I., Al-Hussen H., Al-Far R., Mahfouz R., Hammouti B., Ben Hadda T., Spectrochim. Acta A, 95 

(2012) 374 

32.  Sheldrick G.M., SHELXL-97 (University of Gottingen, Gottingen, 1997) 

 

 

 

 

 

(2014) ; www.jmaterenvironsci.com  

http://www.jmaterenvironsci.com/

