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Abstract: The molecular structure of 2-Amino-1(4-Bromo-phenyl)-5-oxo-4, 5-dihydro-1-H-pyrrole-3-
carboxylic acid ethyl ester, has crystallographic parameters a =15.1482(59), b =7.7385(32), ¢ =12.6585(50)
A and B =114.697(0)°, crystallized in to monoclinic crystal system with space group P2;/c. To determine
total energy, molecular energies and atomic charge distributions and also to calculate bond lengths, bond
angles and torsional angles of the title compound, ab initio and DFT calculations have been carried out by
Gaussian-09 software performed at HF and B3LYP methods using the same basis set 6-311G*. The
computed geometrical parameters are in good agreement with the experimental results.

Key words: Molecular structure; Crystal system; Total energy; Atomic charge distribution.

1. Introduction

Pyrrole, belonging to an important heterocyclic compounds, possesses a variety of biological activity such
as anticancer, aldose reductase inhibition, anti-inflammatory and analgesic activities (Burnham et al., 1998;
Fan et al., 2008; Mayer et al., 2009; Manzanaro et al., 2006). In polymerization process, pyrroles and its
derivatives are widely used as corrosion inhibitors, preservatives, and as solvents for resins and terpenes
and are also used in metallurgical processes (Bonnet, R. 1995; Grive, M. B. et al., 1994). The title
compound, 2-Amino-1(4-Bromo-phenyl) -5-oxo0-4, 5-dihydro-1-H-pyrrole-3-carboxylic acid ethyl ester,
C13H13BrN203, is one of the series of substituted pyrrole derivatives which are being synthesized,
investigated and reported by us, as a part of studying systematically the heterocyclic compounds (Patel et
al., 2001; Patel et al., 2007). To compare the experimental results with the theoretical methods, for the title
compound using different molecular geometries, the ab-initio and DFT calculations are carried out to
determine bond lengths, bond angles and torsional angles of molecule by calculating the total energy of a
molecule. The dipole moment and molecular energies like HOMO (Highest occupied molecular orbital)
and LUMO (Lowest Unoccupied Molecular Orbital) are also calculated. Both the ab-initio and the density
functional theory (DFT) methods have become an increasingly useful tool for theoretical studies. The
success of the study of these methods is mainly due to the fact that it describes the small molecules more
reliably and therefore in this paper, an intensive approach by X- ray crystallography and quantum
calculations is used, which takes advantage of both the high interpretive power of the theoretical studies
and the precision and reliability of the experimental method (Patel et al., 2012).

2. Experimental

The synthesis and crystal structure of the title compound has been earlier reported by us (Patel et al, 2012).
The ORTEP diagram of the title molecule showing 50% probability displacement ellipsoids with
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numbering scheme is shown in Figure: 1.
3. Computational methods

Using Gaussian-09 program package, the quantum chemical calculations using ab-initio and density
functional theory (DFT) methods at the HF/ 6-311G* and B3LYP/ 6-311G™ levels were performed for the
title compound (Frisch et al, 2009). All the theoretical calculations using the default convergences criteria
were carried out at Department of Physics, Sardar Patel University, Vallabh Vidyanagar.

4. Results and Discussion
4.1 Molecular geometry

Using Gaussian-09 programme, the ab initio and density functional theory (DFT) calculations at the HF/
6-311G* and B3LYP/ 6-311G* levels of the theory were performed for the title compound. From the
calculations, selected optimized geometric parameters bond lengths, bond angles and torsional angles are
listed in Table: 1, Table: 2 and Table: 3 respectively and compared with those of the experimental values.
In view of the bond lengths in Table: 1, the biggest difference between theoretical and experimental values
occurs at C13-C12 bond with the difference 0.0449 A for B3LYP method and at O1-C7 bond, with the
different values being 0.0429 A for HF method. In bond angles, most predicted values are corresponding to
the experimental values and the biggest difference takes place at the bond angle of N1-C7-C8, with
difference value of 2.3748° and at the bond angle of 02-C12-C13, with difference value of 2.011° for
B3LYP and HF methods respectively. The differences between the calculated and observed geometry could
be related to the crystal packing in the molecules. However, the inspection of collective intermolecular
interactions C-H---O, N-H---O, n- © and C-O...n provides evidence of collective effect of all these
interactions on crystal packing in the unit cell.

o1

Figure 1: The ORTEP diagram of the title molecule showing 50% probability displacement ellipsoids
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Table 1: Comparison of bond lengths obtained by HF and B3LYP methods with experimental values

Bond lengths (A) calculation using

> Atoms B3LYP/ HF/
No. EXxp.
6-311G*  6-311G*
1. Ci1-C2 1.378(7)  1.3907 1.3829
2. (C2-C3 1.388(7)  1.3919 1.3828
3. C3-C4 1.353(7) 1.391 1.3818
4. C4-C5 1.381(7)  1.3922 1.3843
5. C5-Cé 1.366(5)  1.3987 1.3851
6. C6-Cl 1.389(7)  1.3975 1.3849
7. C7-C8 1.491(7)  1.5232 1.5153
8. (C8-C9 1.492(6) 1.5015 1.5028
9. C9-C10 1.362(7) 1372 1.3576
10. C9-C11  1.418(7) 1.4353 1.4382
11. C13-C12 1.470(9) 1.5149 15121
12. N1-C6 1.432(6) 1.4232 1.4228
13. N1-C7 1.380(5) 1.4194 1.3979
14. N1-C10 1.416(6) 1.4025 1.3885
15. N2-C10 1.344(6) 1.3516 1.3405
16. 0O1-C7 1.224(5)  1.2038 1.1811
17. 02-C11 1.357(6) 1.357 1.3256
18. 02-C12 1.416(7) 1.4431 1.4208
19. 03-C11 1.208(6) 1.2281 1.2013
20. Br1-C3 1.896(5) 1.9152 1.8979

Table 2: Comparison of bond angles obtained by B3LYP and HF methods with experimental values

Bond angles (°) calculation using

Sr. Atoms
B3LYP/ HF/
No. Exp.
6-311G*  6-311G*
1. Ce6-Ci1-C2 120.1(4) 120.2062 120.214
2. Ci1-C2-C3 118.4(4) 119.5307 119.3744
3. C4-C3-C2 121.7(5) 120.9399 120.9809
4, Bri1-C3-C2 118.7(4) 119.5418 119.5122
5. Br1-C3-C4 119.6(4) 119.5177 119.5067
6. C5-C4-C3 119.7(4) 119.3556 119.2846
7. C6-C5-C4 120.0(4) 120.2977 120.2571
8. C5-C6-C1 120.1(4) 119.6504 119.8789
9. N1-C6-C1 118.8(3) 119.8464 119.9073
10. N1-C6-C5 121.1(4) 120.4849 120.2094
11. O1-C7-C8 127.2(3) 128.872 128.6506
12. O1-C7-N1 123.8(4) 1245024 124.2881
13. N1-C7-C8 109.0(3) 106.6252 107.0612
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14. C9-C8-C7 102.9(3) 103.6414 102.7992
15. C8-C9-C10 108.8(4) 108.8104 108.8986
16. C8-C9-C11 128.8(4) 1289715 128.3382
17. C10-C9-C11 122.4(4) 122.0953 122.733
18. C9-C10-N1 110.4(4) 110.9606 110.9314
19. C9-C10-N2 129.9(5) 127.7419 129.0284
20. N1-C10-N2 119.8(4) 121.2862 120.0208
21. 02-C11-03 122.2(4) 122.3341 122.4359
22. C9-C11-02 111.0(4) 1125272 112.6952
23. C9-C11-03 126.7(5) 125.1379 124.8684
24. 02-C12-C13 109.5(5) 107.389 107.489
25. C6-N1-C10 126.8(3) 126.1913 126.0223
26. C7-N1-C6 123.5(3) 123.8543 123.6576
27. C7-N1-C10 108.8(4) 109.9253 110.2956
28. C11-02-C12 117.3(4) 116.3105 117.8347

Table 3: Comparison of torsional angles obtained by RHF and
B3LYP methods with experimental values

Torsional angles (°)

S Atoms B3LYP/ HF/
No. Exp.

6-311G*  6-311G*
1. C6-C1-C2-C3 -2.0(7) 0.5923 0.5756
2. Cl1-C2-C3-C4 0.3(7) -0.8768 -0.6175
3. C1-C2-C3-Brl 179.5(3)  179.4153  179.5332
4. C5-C4-C3-C2 1.3(7) -0.0437 -0.1531
5. C5-C4-C3-Brl -177.9(3)  179.6643  179.6962
6. C4-C5-C6-C1 -0.6(6) -1.5284 -1.0127
7. C4-C5-C6-N1 177.1(4) -179.9684  179.7539
8. C5-C6-C1-C2 2.2(6) 0.5986 0.2322
9. N1-C6-C1-C2 -175.5(4)  179.0486  179.4679
10. N1-C7-C8-C9 -4.6(4) -1.8704 -1.1738
11. 01-C7-C8-C9 175.9(4) 178.343  178.7685
12. C10-C9-C8-C7 4.3(4) 1.2792 0.9613
13. C11-C9-C8-C7  -177.2(4) -174.696 -177.0614
14. C11-C9-C10-N1 178.9(4)  176.1042  177.7545
15. C11-C9-C10-N2 -0.9(7) -5.1217 -3.876
16. C8-C9-C11-02 5.7(6) -2.1424 -1.2843
17. C8-C9-C11-03 -176.5(4) -177.5414 -178.4617
18. C10-C9-C11-02  -176.1(4) -177.6443 -179.0603
19. C10-C9-C11-03 1.7(7) 2.0395 0.6857
20. C7-N1-C6-C5 -122.0(4)  128.3746  113.5749
21. C7-N1-C6-C1 55.7(5)  -50.0623  -65.6583
22. C10-N1-C6-C5 45.3(6) -49.463  -64.4424
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23. C10-N1-C6-C1 -137.1(4) 1321 116.3244
24. C6-N1-C7-01 -8.0(6) 3.5093 2.78
25. C6-N1-C7-C8 172.5(3) 176.2891  177.2745
26. C10-N1-C7-01 -177.2(4)  -178.3469  -178.9296
27. C10-N1-C7-C8 3.3(4) 1.8548 1.0159
28. C6-N1-C10-C9 -169.2(4) 177.011 177.837
29. C7-N1-C10-C9 -0.5(4) -1.079 -0.4036
30. C7-N1-C10-N2 179.3(4) -179.9446 -178.9407
31. C6-N1-C10-N2 10.6(6) -1.8546 -0.7002

In addition to this, we also studied the relation between the experimental and calculated results by
comparing them and obtaining the linear function formulae of y = 1.041x - 0.056 (R? = 0.980) for
HF/6-311G™" and y = 1.025x - 0.021 (R? = 0.984) for B3LYP/6-311G " for bond lengths and y = 0.986x +
1.619 (R? = 0.980) for HF/6-311G ™~ and y = 0.984x + 1.779 (R* = 0.974) for B3LYP/6-311G"~ bond angles
as shown in Figure: 2.
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Figure 2: Computational correlation of bond lengths and bond angles for B3LYP and HF methods
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4.2HOMO and LUMO analysis

The wave function analysis indicates that the electron absorption corresponds to the transition from the
ground state to the first exited state and is mainly described by one electron excitation from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). The
HOMO-LUMO energy gap calculated for the title compound is -0.17141 and -0.40897 at the B3LYP/
6-311G* and HF/ 6-311G* methods respectively. The chemical activity of the molecule is reflected by the
energy gap. In Table: 4, HOMO and LUMO energy calculations, Total energy (a.u.) and Dipole moment (D)
of the title compound using both the methods are listed.

Table 4: HOMO and LUMO energy calculation, Total energy (a.u.) and
Dipole moment (D) for the title compound using different methods

Total energy Dipole
Methods HOMO LUMO AE
(a.u) moment (D)
B3LYP/
-0.21650 -0.04509 -0.17141 -3412.5603 1.9571
6-311G*
HF/6-311G* -0.31232  0.09665  -0.40897 -3405.7376 2.1066

4.3 Mulliken population analysis

The Mulliken population analysis of the title molecule has been calculated using HF/ 6-311G* and B3LYP/
6-311G* methods and shown in Table: 5. The chart of Mulliken charge distribution is shown in Figure: 3.
It is observed that the nitrogen atom N2 has negative charge (-0.857661 and -1.015841), the carbon atom
C13 has negative charge (-0.625488 and -0.630104), the carbon atom C8 has negative charge (-0.541284
and -0.551246), the nitrogen N1 has negative charge (-0.515057 and -0.678393), the oxygen atom O3 has
negative charge (-0.432908 and -0.555355), the oxygen atom O2 has negative charge (-0.337097
and-0 .452502), the oxygen atom O1 has negative charge (-0.324234 and -0.441994), and the carbon atom
C10 has highest positive charge (0.666085 and 0.871355) using B3LYP and HF methods respectively.
Among all non-hydrogen atoms, the nitrogen atoms N2, N1 and carbon atom C13 have more negative
charge and carbon atoms C10 and C11 have more positive charges. Nitrogen atoms N1 and N2 are
connected with highest opposite positive charged carbon atom C10. Similarly all the hydrogen atoms have
a net positive charge in particular; the hydrogen atoms H90 and H91 have significantly large net positive
charges. The presence of considerable amount of charges on N1, N2, O1, 02, O3 and the hydrogens H90
and H91 atoms predict the presence of intermolecular hydrogen bondings in the crystalline phase, which
has been confirmed from the crystallographic investigations.

Table 5: Calculation of Mulliken charge for the title compound using
B3LYP/ 6-311G* and HF/ 6-311G™ level.

Sr. Mulliken charge using
Atom
no. B3LYP HF
1. Cl -0.165006 -0.174760
2. C2 -0.165685 -0.171811
3. C3 -0.117538 -0.139467
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4 C4 -0.157676 -0.165433
5. C5 -0.217469 -0.208639
6. C6 0.168669 0.188176
7 C7 0.435459 0.618856
8 C8 -0.541284 -0.551246
9. C9 -0.253615 -0.395249
10. C10 0.666085  0.871355
11. Cll1 0.462368 0.685597
12. Cl2 -0.211050 -0.153435
13. C13 -0.625488 -0.630104
14. N1 -0.515057 -0.678393
15. N2 -0.857661 -1.015841
16. 01 -0.324234 -0.441994
17. 02 -0.337097 -0.452502
18. 03 -0.432908 -0.555355
19. Brl -0.019535 -0.029353
20. H1 0.227975 0.244131
21. H2 0.225471  0.254611
22. H4  0.224484  0.254349
23. H5 0.232373  0.247906
24. H8a  0.249930  0.258756
25. H8b  0.251912  0.259887
26. H90  0.384859  0.430907
27. H91 0.353534  0.385361
28. H12a 0.211296 0.212365
29. H12b 0.210360 0.211111
30. H13a 0.214095 0.215431
31. H13b 0.209061 0.209888
32. H13c 0.213370 0.214896

0.5
0 -
mHF
13aH13c C10 H B3LYP
-0.5
-1
-1.5

Figure 3: Mulliken charge distribution charts of the title compound using B3LYP/ 6-311G*
shown as Series 1 and HF/ 6-311G™ level Shown as Series 2.
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5. Conclusions

The optimized geometries and HOMO-LUMO analysis of 2-Amino-1(4-Bromo-phenyl)-5-0x0-4,5-
di-hydro-1-H-pyrrole-3-carboxylic acid ethyl ester were performed and analyzed at HF and DFT methods
like B3LYP level of theories utilizing 6-311G* (d) and 6-311G™* basis sets. The data obtained during the
course of present investigation show that a better conformity between the experimental and computed data
is obtained by the DFT method of B3LYP level with a 6-311G* basis set. From the study of Mulliken
population analysis, it has been observed that the presence of high negative charge and high positive
charge of atoms predicts more chance of chemical bonding among those atoms in the molecule. The least
negative charge observed for Br atom reveals the facts that it is not involved in any kind of intra or inter
molecular interactions in the molecular packing of the structure.
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