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ABSTRACT 
 
The structural and spectral properties of the previously synthesized and structurally  characterized compounds: 5-
methyl-5-(4-methylphenyl)dipyrromethane (1), 5-methyl-5-(4-methoxyphenyl)dipyrromethane (2) and 5-methyl-5-(4-
chlorophenyl)dipyrromethane (3) are here theoretically examined by density functional theory (DFT) at B3LYP 
level. The geometries of isolated molecules were optimized using 6-31G + (d, p) basis set to calculate structural and 
spectral parameters (IR, 1H NMR, 13C NMR)  of   the listed compounds (1) - (3). The calculated parameters are in 
good agreement with experimental data. The energies of frontier orbitals (HOMO-LUMO) have also been 
calculated. The nature of substituents at meso- position alters the energy gaps of frontier orbitals.  
 
Key words: DFT study, crystal structures, dipyrromethanes, vibrational spectra, HOMO-LUMO, NMR. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Dipyrromethanes are important building blocks for polypyrrolic compounds [1-7] of wide interest in several areas 
[8-12]. Dipyrromethanes and its charge transfer complexes have been used as sensors [13-18]. Metal complexes of 
dipyrromethanes are also known to catalyze many reactions [19-20]. Dipyrromethanes have been generally 
synthesized by condensation of carbonyl compounds with an excess of pyrrole in the presence of acids [21-26]. 
Theoretical studies of anion complexes of DPM have predicted 2:1 and 1:1 stoichiometry in compliance with 
experimental observation [16, 18]. Till date crystal structures of few meso- dialkyl/alkylaryldipyrromethanes have 
been reported [16, 25]. Recently crystal structures of three substituted meso-alkyl-meso-aryldipyrromethanes have 
been reported by us [27].  The DFT /B3LYP model exhibits good performance in predicting vibrational frequencies 
and geometry of organic compounds. The present work involves the optimization of structure and vibrational 
parameters of compounds (1) – (3) and their comparison with already reported experimental parameters [27] to 
establish the performance of B3LYP hybrid density functional theory (DFT) method together with the 6-31G + (d, 
p) basis set to study dipyrromethanes. The energies of frontier orbitals i.e. HOMO-LUMO have also been computed. 
 

 MATERIALS AND METHODS 
 

The input coordinates were obtained from already reported crystal structure data [27]. The quantum chemical 
calculations (DFT calculations) giving molecular geometries of minimum energies, vibrational spectra, 1H NMR, 
13C NMR assignments and energies of frontier molecular orbitals (HOMO-LUMO) of the title compounds were 
performed using the Gaussian 03 package [28]. Molecular orbitals are visualized using “Gauss view”.  The method 
used was Becke’s three-parameter hybrid-exchange functional, the nonlocal correlation provided by the Lee, Yang 
and Parr expression, and  the Vosko, Wilk, and Nuair 1980 local correlation functional  (III)  ( B3LYP)  [29]. DFT 
calculations were performed in the gas phase using 6-31G + (d, p) basis set. The geometry of tetramethylsilane 
(TMS) was also fully optimized. 1H and 13C NMR chemical shifts were calculated with gauge including atomic 
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orbital (GIAO) approach applying the same method and the basis sets as used for geometry optimization [30]. The 
predicted 1H and 13C NMR chemical shifts were derived from the equation δ = Σ0 − Σ, where δ is the chemical shift, 
Σ is the absolute shielding and Σ0 is the absolute shielding of the standard (TMS), whose values are 31.64 ppm and 
192.65 ppm for  
 

Table 1  Experimental and optimized geometric parameters (selected bond distances (Å), bond angles (°) of compounds (1) - (3) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a data from  ref [27] 
B3LYP/6-31G + (d, p). Structural parameters obtained from the latter were compared with those of optimized geometries. 

 
RESULTS AND DISCUSSION 

 
The comparison of experimental, theoretical structural and spectral parameters of the title compounds is given in 
Tables 1–4. The optimized geometric structure of the title compounds with their previously reported crystal 
structures [27] are shown in Fig. 1-3. As shown in Table 1 most of the calculated bond lengths and bond angles are 
consistent with the experimental crystal structure data. 
 
3.1 Geometrical structures 
DFT calculations have been performed to calculate the structural parameters (bond distances and angles), spectral 
parameters (IR, 1H NMR, 13C NMR) and electronic properties of the compounds (1) - (3). Only selected 
experimental and calculated structural parameters have been listed due to space limitations. The optimized structures 

Bond distances (Å) Exp. a The. Dev. Bond angles  ( ̊ ) Exp.a The. Dev. 
Comp.(1)        

C5-C4 1.344 1.379 0.035 C16-C1-C2 109.18 110.51 1.33 
C2-C3 1.363 1.387 0.023 C6-C1-C2 109.55 108.08 1.48 
N2-C5 1.359 1.377 0.018 C6-C1-C10 111.54 111.85 0.31 
C2-N2 1.368 1.380 0.012 C10-C1-C2 109.71 109.85 0.14 

C12-C13 1.378 1.404 0.026 C16-C1-C10 111.54 107.83 3.72 
C17-C13 1.506 1.511 0.005 C16-C1-C6 108.67 108.74 0.07 
C1-C6 1.508 1.524 0.016 C1-C10-C11 120.12 120.07 0.05 
C1-C2 1.510 1.525 0.015 C1-C2-N2 120.74 121.16 0.42 
C1-C10 1.533 1.548 0.015 C1-C6-C7 131.69 132.17 0.48 
C1-C16 1.543 1.555 0.012 N2-C2-C3 106.82 106.62 0.20 
C10-C11 1.387 1.406 0.019 C17-C13-C14 121.66 121.65 0.01 
C4-C3 1.415 1.428 0.013 C17-C13-C12 121.07 120.89 0.18 

C11-C12 1.38 1.393 0.013 C7-C8-C9 107.76 107.24 0.52 
C15-C10 1.383 1.398 0.015 C10-C11-C12 121.36 121.25 0.11 

Comp. (2)        
C8-C9 1.349 1.380 0.031 C6-C1-C2 108.27 108.00 0.27 
C9-N1 1.365 1.375 0.010 C6-C1-C10 111.46 111.76 0.30 
C7-C6 1.371 1.386 0.015 C2-C1-C10 108.13 109.96 1.82 
C6-N1 1.364 1.379 0.140 C6-C1-C16 109.30 108.72 0.58 
C1-C2 1.516 1.525 0.009 C2-C1-C16 110.79 110.45 0.34 

C17-O1 1.419 1.422 0.003 C10-C1-C16 109.32 107.95 1.37 
C10-C15 1.380 1.396 0.016 N2-C2-C3 106.99 106.63 0.37 
C14-C13 1.379 1.397 0.018 N2-C2-C1 121.56 121.15 0.41 
C12-C11 1.373 1.389 0.016 N1-C6-C1 120.96 120.96 0.00 
C1-C6 1.515 1.524 0.009 N1-C6-C7 106.55 106.80 0.25 
C8-C7 1.414 1.427 0.013 C15-C10-C11 117.28 117.37 0.09 

C13-O1 1.375 1.369 0.006 C11-C10-C1 123.16 120.17 2.99 
Comp. (3)        
C15-C14 1.399 1.399 0.000 C6-C1-C10 111.16 111.80 0.64 
C12-C11 1.383 1.395 0.012 C6-C1-C16 111.16 108.77 2.39 
C2-C3 1.368 1.387 0.019 C16-C1-C2 111.16 110.61 0.55 

C13-Cl 1 1.751 1.761 0.010 C10-C1-C2 108.72 109.74 1.02 
C6-C1 1.524 1.523 0.001 C6-C1-C2 108.75 108.23 0.52 
C1-C2 1.52 1.525 0.005 C16-C1-C10 108.80 107.69 1.11 
C1-C10 1.545 1.548 0.003 C1-C10-C15 123.10 122.09 1.01 
C1-C16 1.549 1.555 0.006 C1-C10-C11 119.86 119.99 0.13 
C10-C15 1.384 1.400 0.016 C1-C2-C3 131.22 131.85 0.63 
C3-C4 1.419 1.428 0.009 C1-C2-N2 122.26 121.21 1.05 

C11-C10 1.397 1.405 0.008 C1-C6-C7 132.50 132.10 0.40 
C5-N2 1.375 1.376 0.001 C1-C6-N1 121.80 121.01 0.79 
C2-N2 1.376 1.380 0.004 N2-C2-C3 106.90 106.64 0.26 

C13-C12 1.376 1.396 0.020 C15-C10-C11 117.70 117.87 0.17 
C14-C13 1.373 1.392 0.019 C8-C7-C6 108.30 107.86 0.44 
C4-C5 1.349 1.379 0.030 C14-C13-Cl 1 119.73 119.74 0.01 

 
   C12-C13-Cl 1 119.60 119.54 0.06 
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have revealed that  steric crowding due to presence of bulky aryl group at meso- carbon leads to deviation in 
tetrahedral  geometry for compounds (1) - (3) (Fig 1-3). The calculated structures obtained in this study have similar 
conformations and structural features as the reported by X - ray crystal structures [27] (Fig. 1-3, Table 1).  
 
Overall, the calculated bond lengths are in good agreement with experimental results (Table 1) with maximum 
deviations of bond lengths 0.035 Å, 0.031 Å and 0.02 Å for compounds (1), (2) and (3) respectively. Similarly 
maximum deviations in calculated and experimental bond angles are 3.72°, 2.99 ° and  2.39° for compounds (1) - (3) 
respectively (Table 1).  The 

         
(a)                                                                                          (b) 

Fig. 1. 5-methyl-5-(4-methylphenyl)dipyrromethane (1) : (a) Optimized geometric structure (b) ORTEP diagram [27] 

          
(a)                                                                                             (b) 

Fig. 2. 5-methyl-5-(4-methoxyphenyl)dipyrromethane (2): (a) Optimized  geometric structure (b) ORTEP diagram [27] 
torsion angles provided by strain energy minimized structures reproduced the observed crystal structures to a maximum tolerance of  

8.374° , 7.02 and 8.183°  for compounds (1), (2) and (3) respectively 
 

3.2 Spectral Studies 
The theoretical vibrational frequencies, 1H NMR and  13C NMR chemical shifts of compounds (1) - (3) have been 
computed by Gaussian 03 using DFT/ B3LYP method with 6-31 G + (d,p) and compared with the experimental data 
which are in compliance with experimental results.   Experimental and calculated vibrational frequencies, 1H NMR 
and 13C NMR chemical shifts along with corresponding assignments are given in Table 2, 3 and 4 respectively. 
 
3.2.1 Infrared spectra 
Vibrational spectroscopy has been widely used as a standard tool for structural characterization of molecular 
systems by DFT calculations [31-33].  In the IR spectra of compounds (1) – (3) the strong band at 3422.5 cm-1, 
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3410.4 cm-1 and 3430.9 cm-1 is  assigned to the N—H stretching mode of pyrrole ring while the  DFT computations 
gave the wavenumber of these bands at 3643.0 cm-1 3640.9 cm-1 and 3639.8 cm-1.  

                
(a)                                                                                  (b) 

Fig. 3. 5-methyl-5-(4-chlorophenyl)dipyrromethane (3) (a) Optimized  geometric structure (b) ORTEP diagram [27] 
These discrepancies in bond lengths and bond angles are very small and are attributable to packing interactions within lattice which are 

not modelled during computational study 
 

Table 2 The experimental IR and the calculated vibrational frequencies (cm-1) for compounds (1)  - (3) 
 

Compound  (1) Compound  (2) Compound ( 3) 
Assignment 

Exp. a(cm-1) The. Exp.a  (cm-1) The. (cm-1) Exp.a  (cm-1) The. (cm-1) 
3422.5 3643.0 3410.4 3640.9 3430.9 3639.8 ν (NH) 
3123.3 3248.5 3051.7 3221.9 3099.8 3249.6 ν (=CH) 
2986.9 
2916.3 
2870.3 

3118.1 
3086.6 
3013.1 

2981.0 
2905.6 
2835.4 

3119.0 
3078.1 
3015.6 

2980.0 
2917.9 
2849.2 

3139.2 
3121.9 
3051.4 

ν C-H (CH3) (asymm.) 
ν C-H (CH3) (symm.) 

1666.3-1414.2 1616.1-1413.7 1602.9-1457.7 1620.8-1455.0 1553.3- 1485.6 1525.5-1496.8 ν (C=C) 
- - 1025.1 1045.5 718.6 718.3 ν  (C-R1) 

a Data from ref [27] 

 
The corresponding peaks were observed in the range of 3369 cm-1 to 3409 cm-1 for dipyrromethanes (Sobral et al. 
2003). The two asymmetric and symmetric stretching vibrations of CH3 group are observed  at 2986.9 cm-1, 2916.3 
cm-1, 2870.3 cm-1 and 2981.0 cm-1, 2905.6 cm-1 and 2835.4 cm-1 in the experimental IR spectra while corresponding  
theoretically predicted  IR bands are at 3118.1 cm-1, 3086.6 cm-1, 3013.1 cm-1 and 3119.0 cm-1, 3078.1 cm-1, 3015.6 
cm-1 for compounds (1) and  (2) respectively. In aromatic rings, C-H stretching vibrations appeared above 3000 cm-1 
and are typically exhibited as weak to moderate bands. The theoretically computed vibrations at 3248.5 cm-1 and 
3221.9 cm-1 correspond to aromatic C-H stretching mode while experimentally it appeared at 3123.3 cm-1 and 
3051.7 cm-1 in compounds (1) and (2) respectively. The aromatic C-C stretching appeared at 1666.3-1414.2 cm-1 and 
1602.9-1457.7 cm-1 in experimental IR spectra while computationally calculated at 1616.1-1413.7 cm-1 and 1620.8-
1455.0 cm-1 for compounds (1) and (2) respectively. Similar peaks have been observed for compound (3) in the 
same region (Table 2). The peak at 1025.1 cm-1  and 718.6 cm-1  in IR spectra of (2) and (3) are assigned to C—O 
stretching frequency and C—Cl streching frequency respectively while corresponding vibrations computed at 
1045.5 cm-1   and 718.3 cm-1  respectively that  shows good correlation with experimental data.  
 
3.2.2   1H-NMR spectra 
The characterization of the compound was further enhanced by the use of 1H and 13C NMR spectroscopy which is 
the most powerful and widely used spectroscopic method for the determination of molecular structures. The NMR 
was calculated using the B3LYP/GIAO with 6-31G + (d, p) calculations and compared with experimental 1H and 13C 
chemical shift values. The simulated NMR spectra provide the discrete signal for each proton. For clarity, the 
simulated NMR signals have been reported in the present work as the average chemical shift for magnetically 
equivalent protons. The calculated chemical shift values are in good agreement with experimental data. The signal 
belonging to NH protons  appeared at 7.6 ppm, 7.7 ppm and 7.8 ppm in experimental 1H NMR  spectra for 
compounds (1) - (3) respectively, while the same was observed at 7.4 ppm, 7.6 ppm and 7.5 ppm, in the simulated 
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1H NMR spectra in agreement with already reported data of dipyrromethanes and calix [4]pyrrole (Sobral et al. 
2003).  There are three kinds of pyrrolic  CH protons: α (H9 and H5), β- (H3 and H7) ) and  β’-pyrrolic protons (H4 
and H8) ( Table 3). The downfield chemical shifts are observed for α pyrrolic CH protons (H9 and H5) relative to 
other pyrrolic CH hydrogens as the former are adjacent to electronegative nitrogen atom in the title compounds. 
Experimental and simulated 1H NMR  spectra displayed the signals corresponding to these magnetically 

 
Table 3   Experimental and calculated 1H NMR chemical shifts (ppm) of compounds (1) - (3) 

 
Compound  (1) Compound  (2) Compound  (3) 

Assignment 
Exp.a (ppm). The.(ppm) Average Exp.a (ppm) The.(ppm) Average Exp.a (ppm) The (ppm) Average 

7.6 
7.2 
7.5 

7.4 7.7 
7.7 
7.4 

7.6 7.8 
7.3 
7.7 

7.5 
H1a 
H2b 

5.8 
5.9 
6.4 

6.2 5.9 
6.3 
5.9 

6.1 5.9 
6.3 
6.4 

6.4 
H3 
H7 

6.0 
6.5 
6.3 

6.4 6.1 
6.3 
6.4 

6.3 6.2 
6.5 
6.3 

6.4 
H4 
H8 

6.5 
6.7 
6.9 

6.8 6.6 
6.8 
6.7 

6.8 6.7 
6.7 
6.9 

6.8 
H5 
H9 

6.8-6.9 
7.7 
6.4 

7.0 6.7-6.8 
6.6 
7.7 

7.1 6.9-7.1 
7.6 
6.4 

7.0 
H11 
H15 

7.0-7.2 
7.4 
7.0 

7.2 6.9-7.0 
6.4 
7.1 

6.8 7.2-7.3 
7.4 
7.2 

7.3 
H12 
H14 

1.9 
1.9 
1.8 
1.7 

1.8 2.0 
1.9 
1.7 
1.9 

1.8 2.00 
1.9 
1.9 
1.7 

1.8 
H16a 
H16b 
H16c 

2.2 
2.5 
1.9 
2.6 

2.3 3.7 
4.1 
3.6 
3.6 

3.8 - - - 
H17a 
H17b 
H17c 

a Data from ref [27] 

 
equivalent α-pyrrolic protons  at 6.5 ppm and 6.8 ppm for compound 1,  6.6 ppm and 6.8 ppm for compound 2 and  
6.7 ppm and 6.8 ppm for compound 3,. The experimental signal for β pyrrolic protons ( H3 and H7)  appeared at 5.8 
ppm, 5.9 ppm, 5.9 ppm for (1),  (2) and (3)  while calculated spectrum exhibited the corresponding signal  at 6.2 
ppm, 6.1 ppm and  6.4 ppm for (1), (2) and (3) respectively. While in  compound (1) – (3) β’-pyrrolic protons (H4 
and H8) appeared at 6.0 ppm, 6.1 ppm, and 6.2 ppm and computationally calculated at 6.4 ppm, 6.3 ppm and 6.4 
ppm  respectively.  
 
Two multiplets at 6.9-7.1 ppm (H11, H15) and 7.2-7.3 ppm (H12, H14) are assigned to aromatic protons of phenyl 
ring in (3) which are computed at 7.0 ppm, 7.3 ppm by DFT. The downfield shift of latter protons is due to the 
presence of the electron withdrawing chloro group at adjacent carbon atom.  two multiplets at 6.8-6.9 ppm ( H11, 
H15), 7.0-7.2 (H12, H14)  and 6.7-6.8 ppm, 6.9-7.0 ppm are assigned to aromatic protons of phenyl ring  which are 
computed at 7.0 ppm, 7.2 ppm and 7.1 ppm, 6.8 ppm by  DFT in compounds (1) and (2) respectively.  Methyl 
protons appeared at 1.9 ppm, 2.0 ppm and 2.0 ppm for (1), (2) and (3) in experimental spectra, although computers 
they are calculated at 1.8 p.m. for all three compounds. OCH3 protons appeared at 3.70 ppm in (2) which is 
computed at 3.76 ppm by DFT. 
 
3.2.3 13C-NMR spectra 
The studies of 13C-NMR spectra of substituted methylphenyldipyrromethanes  (1) – (3) revealed downfield shifts of 
phenyl carbon atoms, the most downfield shifts exhibited by ipso carbon atoms (C13) of (2) than (1) and (3) in the 
decreasing order i.e. 158.2 ppm, 136.3 ppm and 132.5 ppm respectively owing to the presence of oxygen atom of the 
methoxy group adjacent to it and  computationally calculated at 155.9 ppm, 134.7 ppm and 140.1 ppm respectively.  
The meso- carbon of (1) - (3) appeared nearly at 44.4 ppm, 44.1 ppm, 44.4 ppm and computationally calculated at 
49.9 ppm, 49.6 ppm and 49.8 ppm respectively. The peaks corresponding to the pyrrole carbon atoms of all the 
synthesized compounds also appeared downfield but the most downfield effect was seen at α position where meso- 
carbon was attached with pyrrole ( C2, C6) as observed experimentally at 137.7 ppm, 137.8 ppm and 136.9 ppm and 
computationally at 134.3 ppm, 134.7 ppm, 133.4 ppm for compounds (1) - (3). It seemed that α pyrrole carbon 
atoms of (1)-(3) were having different electron densities but β and β’ carbon of each compound were having the 
same electron densities as was apparent from the shifts (Table 4). In the pyrrole ring β (C3, C7) and β’ (C8, C4) 
carbon signals were observed at 106.1, 108.2 for (1) , 108.2, 106.2 for (2) and 108.3, 106.3 for (3) that have been 
calculated 
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Table 4   Experimental and calculated 13C NMR chemical shifts (ppm) of compounds (1) – (3) 
 

Compound (1) Compound  (2) Compound  (3) 
Assignment 

Exp.a (ppm) The. (ppm) Average Exp.a(ppm) The. (ppm) Average Exp.a The. (ppm) Average 
28.9 29.9  29.0 31.0  28.8 30.2  C16 
44.4 49.9  44.1 49.6  44.4 49.8  C1 

137.7 
135.2 
133.3 

134.3 137.8 
135.3 
134.1 

134.7 136.9 
132.1 
134.6 

133.4 C2,C6 

116.8 
111.6 
112.9 

112.3 113.4 
113.1 
111.2 

112.2 117.2 
113.2 
112.1 

112.6 C5,C9 

106.1 
103.1 
106.3 

104.7 108.2 
102.7 
105.3 

104.0 108.3 
103.4 
106.4 

104.9 C3,C7 

108.2 
105.3 
105.1 

105.2 106.2 
105.7 
106.6 

106.1 106.3 
105.3 
105.6 

105.3 C8,C4 

144.3 144.1  139.5 138.2  146.0 145.2  C10 
136.3 134.7  158.2 155.9  132.5 140.1  C13 
127.4 
127.2 

124.0 
124.0 

123.9 128.5 
125.6 
126.8 

126.2 128.2 
125.1 
123.9 

124.5 Ph-H C14,12 

128.9 
128.8 

125.5 
126.2 

125.9 116.9 
104.0 
114.1 

109.0 129.8 
125.3 
127.1 

125.2 Ph- H C6,11 

20.9 22.6  55.3 53.5  - -  R1 
a Data from ref [27] 

at 104.7 ppm, 105.2 ppm for compound (1), 104.0 ppm, 106.1 ppm for (2) , 104.9, 105.3 for compound (3). 
 

3.3. HOMO - LUMO analysis  
Frontier molecular orbital energies have been calculated with B3LYP/6-31G + (d, p ) level (Fig. 4). The HOMO and 
LUMO energy characterize the ability of electron giving and electron accepting. The gap between HOMO and 
LUMO characterizes the molecular chemical stability [34]. The energy gaps are largely responsible for the chemical 
and spectroscopic properties of molecules. It has been found that LUMO is mainly distributed over the phenyl ring 
in compounds (1) –(3). The HOMO is mainly distributed over the pyrrole rings in 5-methyl-5-(4-
methylphenyl)dipyrromethane (1) while in 5-methyl-5-(4-methoxyphenyl)dipyrromethane (2) distributed over the 
entire molecule. 
 
HOMO is mainly distributed over one pyrrole ring and phenyl ring in 5-methyl-5-(4-chlorophenyl)dipyrromethane 
(3). The energy gap between the highest occupied and the lowest unoccupied molecular orbitals, is a critical 
parameter in determining molecular electrical transport properties because it is a measure of electron conductivity. 
The energy gap values for (1) - (3) are 3.862 eV, 3.835 eV and 3.699 eV respectively. Thus the nature of 
substituents influences the electronic properties of dipyrromethanes. It seems that   substitution of chloro group at p- 
position of phenyl ring at meso- carbon leads to relatively smaller energy gaps between HOMO and LUMO as 
compared to methyl /methoxy substituted derivative. 
 

      
 

(1)                                                                                             (2) 
. 
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(3) 

Fig. 4.  Frontier molecular orbitals (HOMO-LUMO) of  the compounds (1) -  (3) with energy gaps 
 

CONCLUSION 
 

 A systematic investigation of the structural (bond lengths, bond angles and torsion angles) and spectroscopic 
properties (vibrational, 1H NMR, 13C NMR and HOMO-LUMO) of dipyrromethanes (1) – (3) have been performed 
at the DFT level and compared with already reported experimental results. Optimised geometries of 
dipyrromethanes displayed distorted tetrahedral geometry with anti- conformation in agreement with crystal 
structures. The theoretical structural and spectral parameters (IR 1H NMR and 13C NMR) of optimized structures are 
in excellent agreement with crystal data and spectroscopic data confirming suitability of  DFT studies  using B3LYP 
6-31G +(d, p) level for reproducing the experimental results for these synthetically important heterocyclic 
derivatives. The small discrepancies in geometric and vibrational parameters are attributable to packing interactions 
within the lattice which are not modelled during computational study. Energy calculations of frontier orbitals 
(HOMO-LUMO) have revealed that nature of substituents at meso- position of dipyrromethanes lead to variable 
energy gaps of frontier orbitals, thus influencing their electronic properties. 
 
Aknowledgements 
The authors would like to thank Dr. B. R. Ambedkar National Institute of Technology, Jalandhar, Punjab, India and 
Hans Raj Mahila MahaVidyalaya, Jalandhar, Punjab, India for their support in carrying out the work. 

 
REFERENCES 

 
[1] Lee CH, Li F,  Iwamoto K, Dadok J,  Bothnerby A,  Lindsey JS,  Tetrahedron, 1995, 51, 11645. 
[2] Hong SJ, Lee MH, Lee CH, Bull Korean Chem Soc, 2004, 25, 1545. 
[3] Setsune J,  Hashimoto M, Shiozawa K, Hayakawa J,  Ochi T,  Masuda R, Tetrahedron, 1998, 54, 1407. 
[4] Orlewska C, Maes W, Toppet S, Dehaen W, Tetrahedron Letters, 2005, 46, 6067. 
[5] Turner B, Botoshansky M, Eichen Y,   Angew Chem Int Ed, 1998, 37, 2475. 
[6] Hong SJ, Ka JW, Won DH,  Lee CH,  Bull Korean Chem Soc,  2003, 24, 661. 
[7] Rohand T,  Dolusic E, Ngo TH, Maes W, Dehaen W,  ARKIVOC, 2007, X,  307. 
[8] Sternberg ED, Dolphin D, Bruckner C, Tetrahedron, 1998, 54, 4151.  
[9] MacDonald IJ, Dougherty TJ, J Porphyrins Phthalocyanines,  2001, 5, 105. 
[10] Maes W,  Vanderhaeghen J,  Smeets S,  Asokan CV,  Renterghem LMV,  Du Prez FE, Smet M, Dehaen W,  J 
Org Chem,  2006, 71, 2987. 
[11] Drain CM, Hupp JT, Suslick KS, Wasielewski MR, Chen X, J Porphyrins Phthalocyanines, 2002, 6,  243. 
[12] Okura I, J  Porphyrins Phthalocyanine, 2002, 6, 268. 
[13] Guo Y,  Shao SJ,  Xu J, Shi YP,  Jiang SX,   Chin Chem Lett, 2004, 15, 1117. 
[14] Guo Y, Shao S, Xu J, Shi Y,  Jiang S,  Tetrahedron Letters, 2004, 45,  6477. 
[15] Xu J, Guo Y, Shao SJ, Chin Chem Lett, 2006, 17,  377.  
[16] Sreedevi KCG,  Thomas AP,  Salini PS,  Ramakrishnan S, Anju KS,  Holaday MGD,         
Reddy MLP,  Suresh CH, Srinivasan A, Tetrahedron Lett,  2011, 52,  5995. 
[17] (a) Chauhan SMS,  Bisht T,   Garg  B, Sens Actuators B, 2009, 141, 116. (b) Renic M,     
Basaric N,  Majerski KM,   Tetrahedron Lett, 2007, 48,  7873. 



Aparna Sharma et al                                                    Der Chemica Sinica, 2014, 5(3):108-115 
_____________________________________________________________________________ 

115 
Pelagia Research Library 

[18] Aleskovic M, Basaric N,  Majerski KM,  Molcanov K, Prodic BK,  Kesharwani MK,  Ganguly B, Tetrahedron, 
2010, 66,  1689. 
[19] Majumder S, Odom AL,  Organometallics,  2008, 27, 6,  1174. 
[20] Swartz DL, Odom AL, Organometallics, 2006, 25, 6125. 
[21]  Lee CH, Lindsey JS,  Tetrahedron, 1994, 50,  11427. 
[22] Littler BJ, Miller MA,  Hung CH, Wagner RW, O'Shea DF,   Boyle PD,  Lindsey JS,  J  Org chem, 1999, 64,  
1391 . 
[23] Okada K,  Saburi  K,  Nomura K, Tanino H, Tetrahedron, 2001, 57 ,  2127. 
[24] Naik R,  Joshi P,  Kaiwar SP,  Deshpande RK,  Tetrahedron, 2003, 59 ,  2207 
[25] Sobral  AJFN,  Rebanda  NGCL,  da Silva M,  Lampreia SH,   Silva MR, Beja AM,      
Paixao JA,  d’A Rocha Gonsalves AM, Tetrahedron Lett,  44, 2003, 3971.  
[26] Kral V,  Vasek P,  Dolensky B, Collect Czech Chem Commun,  2004, 69,  1126. 
[27] Sharma A, Obrai S, Kumar R, Kaur A, Hundal G, Supramol chem, 2013, 25, 8, 474. 
[28] Frisch MJ,  Trucks GW,  Schlegel HB,  Scuseria GE,  Robb MA,  Cheeseman JR, Montgomery Jr. JA,  Vreven 
T,  Kudin KN,  Burant JC, Millam JM, Iyengar SS,  Tomasi J,  Barone V,  Mennucci B, Cossi M,  Scalmani G, Rega 
N,  Petersson GA,  Nakatsuji H,  Hada M,  Ehara M,  Toyota K, Fukuda R,  Hasegawa J,  Ishida M,  Nakajima T,  
Honda Y, Kitao O,  Nakai  H,  Klene  M,  Li  X,  Knox JE  Hratchian HP, Cross JB,  Adamo C,  Jaramillo J,  
Gomperts R,  Stratmann RE, Yazyev O,  Austin  AJ,  Cammi R,  Pomelli C,  Ochterski J W,  Ayala PY,  Morokuma 
K,  Voth  GA,  Salvador P,  Dannenberg  JJ,  Zakrzewski VG,  Dapprich S,  Daniels AD,  Strain MC,  Farkas O, 
Malick DK,  Rabuck AD,  Raghavachari K, Foresman JB, Ortiz JV,  Cui Q,  Baboul AG, Clifford S, Cioslowski J, 
Stefanov B B,  Liu G,  Liashenko  A,  Piskorz P,  Komaromi I, Martin RL,  Fox DJ,  Keith T,  Al-Laham MA,  Peng 
CY,  Nanayakkara M, Challacombe P, Gill MW,  Johnson B,  Chen W, Wong MW, Gonzalez C,  Pople JA,  
Gaussian 03, Gaussian, Inc., Wallingford CT, 2004. 
[29] (a) Becke AD,  J Chem Phys 1993, 98, 5648. (b)  Lee C, Yang W,  Parr RG, Phys Rev  B, 1988, 37, 785. 
[30] (a) Wolinski K,  Hinton JF,  Pulay  P,  J Am Chem Soc, 1990, 112, 8251.(b)  Cheeseman JR, Trucks GW,  Keith 
TA,   Frisch MJ,  J Chem Phys, 1996, 104, 5497. 
[31] Foresman JB, Frisch A, Exploring chemistry with electronic structure methods, second ed., Gaussian, Inc, 
Pittsburgh, 1996. 
[32] S. Breda, I. Reva, R. Fausto, J Mol Struct, 887 (2008) 75 - 86. 
[33] Durig JR, Ganguly A, El Defrawy AM, Guirgis GA, Gounev TK, Herre-bout WA, Van Der Veken BJ, J Mol 
Struct, 2009, 918, 64 -76  
[34] Pearson RG, J Org Chem, 1989, 54, 1423-1430. 


