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ABSTRACT 

 
Three novel metal derivatives of azo glycol derivatives (11-13) have been synthesized through metal coordination of 

diol moiety of azo glycol molecules with Cu. The glycol molecules were found to be highly active for 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging. Metal coordinates (11-13) showed less antioxidant activity than ligands 

themselves. Electronic spectral transitions are designated by time dependent density functional theory (TD-DFT) 

calculations. Molecular dipole moment was also calculated.  
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INTRODUCTION 
 

We previously reported the synthesis of 1, 2-diol azo dyes (Sheikh and Kazmi, 2017). The molecules were 

designed to be compact and planar chromophores bonded with glycerol, capable of forming strong H-bonds. In this 

research work, the diol sites of the same series of molecules are metal coordinated. Glycol molecules themselves (8-

10) showed high antioxidant activity, which got slightly decreased by metal coordination at glycol lewis basic sites. 

Metal corrdinated molecular structures are shown in (Fig 1).  

 

 
Fig 1. Molecular Structures of (11-13). 
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Reactive oxygen species (ROS) are generated in the body due to insufficient reduction of excess oxygen. The 

most common ROS are superoxide anion radical, perhydroxyl radical, hydrogen peroxide and hydroxyl radical (HO) 

(Bagchi and Puri, 1998) ROS can profoundly damage the cells which lead to different oxidative stress related 

diseases such as Alzheimer (Christen, 2000) Parkinson, cataracts, and DNA damage leadng to carcinogenesis, 

inflammatory diseases, atherosclerosis (Rice-Evans and Diplock, 1991) and multiple sclerosis (Armstrong et al., 

1985). Antioxidant molecules inhibit the oxidative stress which is normal but destructive physiological process. 

Examples include variety of natural antioxidants e.g. vitamins C and E, flavonoids and alkaloids (Larson, 1988; 

Hou, 2002)  Butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and propyl gallate (PG) are 

examples of synthetic antioxidants (Koksal and Gulcin, 2008). 

Synthesis route (Scheme 1) reported in dyes (Sheikh and Kazmi, 2017) is altered in this work. Previously, 

isopropylidene glycerol (3) was esterified with 4-(dimethylamino)benzoic acid to form  (7) which served  as 

coupling component for diazonium compound. Here, direct esterification of glycerol at 1
o
 OH with –COOH of  4-

(dimethylamino)benzoic acid was achieved.  

 

MATERIALS AND METHODS 

 

Materials 

Solvents and reagents that were used in synthesis were obtained from Sigma-Aldrich Chemical Compny, USA 

and Merck Millipor. Solvents were dried using standard techniques and wer  of analytical grade. IR spectras were 

obtained using KBr discs on Jasco-320 spectrophotometer. Thermoscientific evolution-300 spectrophotometer was 

used for obtained UV-V spectras. 
1
H-NMR spectra were obtained in CDCl3 as solvent with Si(CH3)4 added as 

reference at 400 and 500 MHz. NMR spectroscopy was performed on Bruker Avance AM spectrometers. 

QSTAR XL LC-MS mass spectrometer was used for ESI-MS. TLC or Thin layer chromatography  technique was 

utlized to monitor the reaction progress and purity of product molecules. It was performed on 60 F254 20 x 20 cm Al 

card sheets precoated with Merck Silica gel and spots were observed under 254 and 366 nm UV light .  

 

Computational Methods 

All calculations were performed in Gaussian09, (Frisch et al, 2009) and used the 6-31+G(d) basis set, along 

with the IEFPCM continuum solvation model for tetrahydrofuran (Tomasi et al., 2005) The excited state 

calculations used the CAM-B3LYP functional, which better models long-range interactions important for charge-

transfer effects (Yanai et al., 2004) To plot the calculated spectrum, the frequencies and oscillator strengths of the 

calculated excitations were used to construct the spectrum as a sum of Gaussian functions. A peak broadening 

coefficient was chosen that resulted in the smallest deviation from the observed spectrum. Although a Franck-

Condon analysis would have provided a more precise estimate of the peak widths, such an analysis was beyond the 

scope of this study. 

 

Synthesis 

 Compound (8-10) were synthesized using methodology devised (Scheme 1). Metal coordinates (11-13) 

were formed as shown in (Scheme 2). 

 

2,3-Dihydroxypropyl 4-(dimethylamino)benzoate (5) 

Carbonyldiimidazole, CDI (5 x 10
-3 

mol) was stirred in THF (30 ml) solvent. After complete solubility, 

equimolar amount of 4-(dimethylamino)benzoic acid was added to it. After stirring the mixture for 2 hours, the acyl 

imidazole (4) was added slowly to a vessel containing glycerol (1) (0.0125 mol) along with triethylamine base (0.52 

ml) in DMSO (10 ml). Reaction mixture was stirred for further 48 hours. THF was then evaporated and obtained 

product was stirred in Na2CO3 solution (0.05 M). The precipitate was filtered and stirred in water, extracted with 

diethyl ether and was dried over added anhydrous Na2SO4. Diethyl ether was evaporated to afford the ester product 

(5). 

 

2,3-dihydroxypropyl 4-(dimethylamino)-3-(phenyldiazenyl)benzoate (8) 

Same method as has been devised by Sheikh and Kazmi (2017) was used for synthesis of (8-10).  

 

Metal Coordination: 

A general method was used glycol azo metal coordination. Compound (8-10)  (1 x 10
-3

 mol) was stirred in Et-

OH and H2O binary solvent (1:1) along with Na2CO3 (1 x 10
-3

 mol) . Anhydrous CuCl2 solution in Et-OH was added 
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to the solution of (8) dropwise. Reaction mixture was stirred for further 24 hours after which dark colored precipitate 

of diol metal complex was filtered. 

From the elemental analysis and mass spectra (MALDI-TOF) the glycol ligand was found to serve as a 

bidentate coordination lewis base. General formula is established as M(L)nX2, where L= (8-10), M = Cu,  n = 1 and 

X = Cl. 

 

Bioactivity 

Preparation of Solution 

Extract was dissolved in 6% dimethylsulfoxide (DMSO) to afford concentration of 100 mg/ml. Gentamycin was 

used as reference standard (positive control). 6% dimethylsulfoxide (DMSO) served as negative control. 

 

DPPH Radical Scavenging Activity: 

 The free radical scavenging activity was obtained for 1,1-diphenyl-2-picryl-hydrazil (DPPH) by the 

methodology described by (Gulcin et al., 2005).
 
The DPPH sol. 0.3 mM, was made in Et-OH. Each sample‘s 5 L 

of different concentrations (62.5 g - 500 g) was stirred in 95 µl of DPPH solution in Et-OH. Mixture was 

dispersed in 96 well plate, later incubated at 37° C for 30 minutes. The absorbance (515) nm was obtained by 

microtitre plate reader (Spectramax-plus 384 Molecular Device). The % radical scavenging activity was achieved in 

comparison with Me-OH treated control. BHA is used as standard.  

 

DPPH scavenging effect (%) = (Ac – As)/Ac × 100 

Ac = Absorbance of Control (DMSO treated) 

As = Absorbance of Sample 

 

RESULTS AND DISCUSSION 

 

Synthesis 

Synthesis involved esterification of an activated arene  4-(dimethylamino)benzoic acid with 1
o
 OH of Glycerol 

1.  This chemioselective esterification was achieved by slow addition of (4) to (1) which also contained N(CH3)3 

base. This addition afforded (5). N(CH3)2 substituent on aromatic ring of ester activates the ring towards 

electrophilic aromatic substitution but it is not nucleophilic or basic otherwise it would have interfered in the 

esterification step. For esterification, COOH of 4-(dimethylamino)benzoic acid was turned into acyl imdiazole form 

(4) by reaction with 1, 1’-carbonyldimidazole (Verma
 
et al, 2012; Klemm and Heinze, 2006) Compound (5) was 

then azo coupled with diazonium ions of aniline derivatives to afford the compounds (8-10) (Scheme 1). Diol Lewis 

basic sites of these molecules were coordinated with metal cations of Cu and Ni (Scheme 2). Diol Lewis sites of a 

glycol have been coordinated with metal cations in past (Knetsch and Groenveld, 1973). 1H-NMR values of (9) are 

shown in (Fig 2.)  
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Fig. 2. 

1
H-NMR spectra of (9) 

 

Computational Results 
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Dipole moment 

Molecule (9) had a large dipole moment of 7.764 Debye, mostly due to the partial positive charge on the 

dimethylamino group and the partial negative charge on the ester group, with smaller contributions from the 

polarized glycerol C-O bonds. This large dipole moment can facilitate dipole-dipole and dipole-induced dipole 

interactions with the receptive sites on substrate, thus leading to strong binding. 

 
Scheme 1. Synthesis of Azo Glycol derivatives. 
 

 

 
Scheme 2. Metal coordination of glycol moiety. 
 

TD-DFT 

In order to gain insight into the basis for chromophore characteristics, TD-DFT calculations were performed 

with the goal of qualitatively assigning observed UV absorption bands to electronic transitions. Since the UV 

absorption spectrum was measured using a dilute solution of the compound in the THF, the calculations were 

performed in a similar context using an implicit solvation model so that a direct comparison could be made between 

the observed and calculated spectra (Fig 3). 
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Fig 3. Calculated (blue) and observed (black) absorption spectra for compound (8) in dilute THF solution. Red vertical lines 

represent wavelengths of calculated electronic transitions. 

 

The computational model was sufficiently accurate to capture the qualitative characteristics of the absorption 

spectrum, thus providing insights into how the spectrum depends on the molecular structure. The molecular orbitals 

involved in the transitions between ground and excited states were also determined (Fig 4). The calculations showed 

that the main contributors were the HOMO and LUMO, but the HOMO-1, HOMO-2, LUMO+1, and LUMO+2 

were also involved to varying extents in the different electronic excitations. The computed transitions matched the 

observed spectrum to within 0.2 eV.  

The ester and diazo lone pairs, , and * orbitals, along with the dimethylamino lone pair and aromatic  and 

* orbitals, were the main contributors to these orbitals. This indicates that these features are important in 

determining the absorption spectrum of the molecule. 

 

 
Fig 4. Molecular orbitals of compound (8). (a) HOMO-2, (b) HOMO-1, (c) HOMO, (d) LUMO, (e) LUMO+1, (f) LUMO+2. 
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2,3-dihydroxypropyl4-(dimethylamino)-3-((2-hydroxy-5-nitrophenyl)diazenyl)benzoate (9) 
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2,3-dihydroxypropyl 3-((3-acetamidophenyl)diazenyl)-4-(dimethylamino)benzoate (10) 
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Table 3. Antioxidant activity and Urease inhibition result. 

 

Sr. # 

 

Compound 

Antioxidant 

(IC50 ± SEM μM)
 a
 

Percent 

Inhibition at 100 

uM 

1.  8 18.1 ± 0.43 97.5 % 

2.         9 22.0 ± 0.13 92.6% 

3.  10 19.4 ± 0.34 96.3% 

4.  11 35.2 ± 0.22    85.2 % 

5.  12  41.8 ± 0.11 77.9 % 

6. 13 36.7± 0.35 82.8 % 

6.  BHA
 std.*

 44.2  ± 0.09 92.3% 

a = (Mean ± Standard error of mean), Std. = Standard 
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Table 4. Physical and spectral data for (11-13). 

Compound Color Yield  [M+H]
+
 Elemetal Analysis found(Calc.) 

   % m/z C% H% N%0 O% Cl% Cu% 

Cu(8)1Cl2 Orange 55 478.8 
45.16 

(45.24) 

4.74 

(4.43) 

8.76 

(8.79) 

13.36 

(13.39) 

14.85 

(14.84) 

13.21 

(13.30) 

Cu(9)1Cl2 Maroon 60 523.8 
41.66 

(41.35) 

3.88 

(3.86) 

10.77 

(10.72) 

18.39 

(18.35) 

13.57 

(13.56) 

12.19 

(12.15) 

Cu(10)1Cl2 Brown 82 520.8 
46.31 

(46.12) 

4.68 

(4.64) 

8.04 

(8.07) 

15.38 

(15.36) 

13.66 

(13.61) 

12.28 

(12.20) 

 

CONCLUSION 

We designed bioactive novel azo glycol metal derivatives through multistep synthesis scheme. Presence of 

vicinal diol on the edge of the molecule can form hydrogen bonds and establish Van Der Waal interaction strong 

interaction with polar receptive sites on the substrate. Electronic spectral transitions were assigned using TD-DFT 

calculations. Dipole moment of the molecule (8) was also determined. High DPPH scavenging was achieved by 

glycol azo deriatives which slightly decreased upon their coordination with Cu. 
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