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 The conformational analysis of the organic compounds specially the biologically active natural products has attracted the consideration 
of different research groups. Therefore, in the present study the MP2/6-311+g(d,p)//B3LYP/6-311+g(d,p) level of theory was used to study 
the conformations of dapdiamide D. The identity of interactions in selected conformers was studied using atom in molecule approach. The 
energies of hydrogen bonding and Van der Waals interactions were calculated using the potential energy density V(r) at the bond critical 
point. An interaction between carbonyl and nitrogen of the amide functional group is evident, in most of the cases. This interaction creates 
a boat-like seven member-ring. The interaction between amine and hydrogen of the amide functional groups is important as well. This 
interaction forms a five-member ring. The results showed that the potential energy density V(r) and electron density at the bond critical 
points can be used as a criteria to determine the strength of the interactions. 
 
Keywords: Conformations analysis, Dapdiamide
 
INTRODUCTION 
 

The dapdiamide A-E were used as antibiotic. These 
compounds were extracted from Pantoea agglomerans by 
Dawlaty and co-workers [1]  (Fig. 1). This strain produces 
different types of the antibiotics [2-5]. The dapdiamides 
(DAP) are active against Erwinia amylovora, as well. This 
bacterium is the reason for the plant disease “fire blight”.6,7 
The dapdiamides are structurally similar to the 
methoxyfumaroyl-DAP dipeptides and they show a broad 
spectra of antibacterial activity via the targeting of 
glucosamine-6-phosphate (GlcN-6-P) synthase [8,9].  

Using the computational approach is an ongoing way to 
study organic compounds [10-13]. Especially, finding the 
low-energy conformations of the organic compounds is very 
important and different studies have been carried out in this 
respect  [14-17]. As an example, Arabieh and co-workers 
studied the low-energy conformers of the pamidronate.  The 
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mentioned compound is a well-known pharmaceutical to 
treat bone diseases [18]. Conformational study of the methyl 
cyanoacetate and cyanoacetic acid were carried out by Reva 
et al. Their results showed that these two systems have 
nearly isoenergetic conformers [19]. Dowd and co-workers 
aimed the study of the carbohydrate compounds. They 
developed a Monte Carlo-based procedure to examine the 
conformations of the carbohydrates via a torsion angle-
based search [20]. An optimization method to calculate the 
energy of polypeptides was reported by Lee and co-workers. 
This method was used successfully to find the global 
minima [21]. Structural analysis of the α/β peptides 
including cis-β-aminocyclopropane carboxylic acids was 
reported by De Pol and et al. [22]. Introducing new and 
stable foldamers and oligopeptides in solution [23-25], is 
the key to introduce structurally well-defined peptide units. 
Conformational analysis of the neutral, protonated, and 
deprotonated glutamine in gas phase was reported, as well. 
In this study different properties, including hydrogen 
bonding,  relative electronic energies,  zero point vibrational  
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energies, and other properties were investigated [26]. 
Hydrogen bonding in the amino acids have attracted the 
consideration of the Ramaniah and co-workers, too [27]. In 
drug like molecules, the inter- or intra-molecular hydrogen 
bonding is very important. The intra-molecular interactions 
will affect the functional groups which could contact with 
the solvent or biomolecular targets [28]. Because of the 
above-mentioned importance of the dpadiamid family and 
intramolecular interactions, we have studied the relationship 
between energy of the conformers and intramolecular 
interactions. All calculations have been carried out in the 
gas phase, making us sure from the absolute effect of the 
intramolecular interactions without the effect of media such 
as solvent. 

 
COMPUTATIONAL METHOD 
 
The Avogadro (1.1.0) program was used to draw the 
structure of the investigated molecule. Conformational 
search was done using the same program. Molecular 
mechanics with Open Babel’s force fields 
(OBForceFieldMMFF94) was used to do the 
conformational search. Random rotor search algorithm 
employed in the Avogadro program was used. All of the 
single bonds including amide bonds were considered free to 
rotate. Finally 83,365 conformations were obtained [29]. To 
optimized the structures Gaussian 09, revision A. 01 
package was used [30]. The B3LYP/6-31G(d,p) level of 
theory is an acceptable choice to compute the accurate 
thermodynamic parameters for intramolecular interactions.31 
Therefore, in this study the mentioned level of theory was 
used for optimizing the structures and frequency 
calculations.   The  absence  of  imaginary  frequencies  was 

 
 
 
 
 
 
 
 
 
 
 
 
 
used to confirm the minimum nature of stationary points. 
The MP2/6-311+g(d,p) level of theory was used to do single 
point calculation as well as NBO analysis. CYLview 
program was used as the graphical interface to create the 
three dimensional images of the optimized structures [32]. 
The Multiwfn (ver. 3.3.5) [33,34] was used for AIM [35,36] 
studies. The hydrogen bond energy was calculated by 
approach suggested by Espinosa and co-workers. They used 
the potential energy density V(rbcp) at the bond critical point 
(3,-1). The relation between the hydrogen bond energy and 
potential energy density as [37]:  
 
 EHB = V(rbcp)/2                                    (1) 

 
In this equation the potential energy density is defined as: 

 
    V(rcp) = (h2/4m)2ρ(rcp) - 2G(rcp)                               (2) 
 
 

In Eqs. (2) the G(r) is Lagrangian kinetic energy density. 
The electron density is:  

 
 ρ(r) = Σi ηi |φi(r)|2 = Σi ηi|Σi Cl,iχi (r)|2                            (3) 
 
where ηi is occupation number of orbital i, φ is orbital 

wavefunction, and χ is basis function. C is coefficient 
matrix, the element of the ith row jth column corresponds to 
the expansion coefficient of orbital j respect to basis 
function i. The gradient norm of electron density is defined 
as: 
 
 |ρ(r)| = [(Әρ(r)/Әx)2 + (Әρ(r)/Әy)2 + (Әρ(r)/Әz)2]1/2 
                                                                                       (4) 

 

Fig. 1. An antibiotic family dapdiamide (A-E). 
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1 (0.000) 2 (0.001) 3 (0.204) 

   
4 (1.182) 5 (1.459) 6 (2.397) 

   
7 (2.783) 8 (3.035) 9 (3.327) 

   
10 (3.947) 11 (4.576) 12 (4.817) 

   
13 (5.126) 14 (5.311) 15 (5.336) 

   
16 (5.737) 17 (5.738) 18 (5.983) 

  
19 (6.288) 20 (6.330) 

Fig. 2. The most  stable conformations and related energies. Energies are in kcal mol-1, relative to the most   
           stable conformation in the gas phase (structure 1). Yellow, blue, red, and purple coloured atoms are  

               C, H, O and N, respectively. 



 

 

 

Majdan-Cegincara et al./Phys. Chem. Res., Vol. 4, No. 4, 567-581, December 2016. 

 570 

 
 
The Laplacian of electron density is: 
 
 2ρ(r) = (Ә2ρ(r)/Әx2) + (Ә2ρ(r)/Әy2) + (Ә2ρ(r)/Әz2) 

                                                                                       (5) 
 
The positive and negative value of this function 

correspond to electron density which is depleted and locally 
concentrated, respectively.  

 The reduced density gradient (RDG) approach was used 
to study the non-covalent interaction [38]. The RDG can be 
used to study the weak interactions [39]. The RDG is 
defined as: 

 
RDG(r) = [1 ÷ 2(3π2)1/3]  [|ρ(r)| ÷ ρ(r)4/3]  

                                                                               (6) 
 
at which the ρ(r) is as defined previously.  

  
RESULTS AND DISCUSSIONS 
 
 The original structure of the dapdiamide D was created 
by Avogadro program and all of the chiral centers were 
checked to match with the original report. As mentioned in 
the computational method section, the Avogadro program 
was used to do conformational search. 83,365 structures 
were created by rotating the bonds to create different 
conformations. All of the structures were optimized with 
PM6 semi-empirical method. Eighty low-energy 
conformations were selected to be optimized by HF/6-
311G(d) level of theory. Then, 40 of the structures were 
selected to be optimized using B3LYP/6-311+g(d,p) level 
of theory (The XYZ coordination of these optimized 
structures are available as supporting information). The 
frequency analysis was carried out to confirm the minimum 
character of the optimized structures (NIMG = 0). The 
above mentioned optimized structures were further analysed 
by MP2/6-311+g(d,p) level of theory to obtain single point 
energies. The selected twenty structures, with the lowest 
energy are presented in Fig. 2. The relative energies respect 
to the most stable conformation (structure 1) are presented 
in the parenthesis. Numbering method presented in Fig. 2 is 
used to present different data about the optimized structures. 
 To  create hydrogen bond between a hydrogen atom  and 

 
 
an acceptor atom such as O or N some criteria must be 
fitted. For example, the donor-hydrogen-acceptor angle 
must be greater than 110º and the distance between the 
mentioned atoms should be greater than the sum of their 
Van der Waals radii.  
 In most of the studied cases, an intramolecular hydrogen 
bonding between CO(5,19) and NH(9) is evident,  leading 
to a boat-like seven-member ring. The distance between the 
oxygen of the carbonyl group and the hydrogen of the 
amide functional group in the mentioned ring is 2.0 Å 
(Table 1). The mentioned observation is presented in the 
structure 1 in Fig. 3a. Such behaviour is noticeable in the 
structures 2, 4-6, 10, 11, 13, 16, 17, 19 and 20. 

In the structure 1, another five-member ring via the 
interaction between NH2(17) and NH(6) is noticeable (Fig. 
3b). Such a ring is visible in the structures 2, 4-6, 10, 11, 13, 
15 and 19, as well. The distance between NH2(17) and 
NH(6) is presented in  Table 2. Comparison between Tables 
1 and 2 makes us to conclude that the five-member rings in 
different structures are similar to each other.  

As it was previously mentioned, in the structure 8, the 
seven-member ring is not visible. Further investigation of 
the structure 8 shows that another seven-member ring is 
recognizable (Fig. 3c). 

The bond length for the CO functional groups is varying 
between 1.23, 1.22 and 2.24 Å for the structures 1, 3 and 8. 
The mentioned bond length in the structure 2 is 1.23 Å as 
well. The distance between NH…NH2 is 2.27, 2.25 and 2.26 
Å for the structures 1, 2 and 10, respectively.  

To further analyse the intramolecular interactions, 
natural bond orbital (NBO) studies were performed on the 
selected structures. Structures 1 and 8 are presented here as 
examples. In Fig. 4, interaction between LP(O31) with  
σ*(N13-H14) is presented. The other important 
intramolecular interaction is related to LP(N39) with  
σ*(N34-H35). 

Selected intramolecular interactions in the structure 8 
are studied using NBO point of view (Fig. 5). These 
interactions are related to LP(O33) with σ*(O28-H29), 
LP(O33) with σ*(N34-H35), and LP(N39) with σ*(N13-
H14). 

More analyses on the selected structures (1-10) were 
carried out using the Bader’s atom in molecule (AIM) 
theory.  In  Fig. 6a,  the  critical points (3,-1) related  to  the 
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     Table 1. Distance Between Oxygen of CO and Hydrogen of NH to Create a Boat-like Seven-member Ring 
 

Entry 1 2 3 4 5 6 7 8 9 10 11 

Structure no. 1 4 5 6 10 11 13 16 17 19 20 

Distance (Å) 2.00 1.94 1.97 2.02 2.02 1.91 1.97 2.06 2.05 2.00 1.89 
 

   
a b c 

Fig. 3. Five- and seven-member rings. 

 
Table 2. Distance Between Nitrogen of NH2(17) and Hydrogen of NH(6) to Create a Five-member Ring 
 

Structure no. 1 2 4 5 6 10 11 13 15 19 

Distance (Å) 2.27 2.27 2.26 2.27 2.25 2.27 2.25 2.23 2.27 2.25 
 

  
 

σ*(N13-H14) ← LP(O31) 
a 

 
σ*(N34-H35) ← LP(N39) 

b 

Fig. 4. Interaction between a) LP(O31) with  σ*(N13-H14); b) LP(N39) with  σ*(N34-H35). 

 

   
 

σ*(O28-H29) ← LP(O33) 
a 

 
LP(O33) → σ*(N34-H35) 

b 

 
σ*(N13-H14) ← LP(N39) 

c 
Fig. 5. Intramolecular interaction in the structure 8. 
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structure 1 are presented. Based on the AIM theory, (3,-1) 
critical point between each pair of nuclei is considered as 
“bond”. From Fig. 6, it is obvious that, in addition to the 
regular bonds, other (3,-1) points are noticeable. Two of 
them are related to the NH and O/N atoms. These 
interactions, based on the electronegativity of the elements, 
can be considered as the hydrogen bonding. The other one is 
related  to the interaction between CO and hydrogen of CH3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
This interaction is not acceptable as a regular hydrogen 
bonding. To shed a light on this observation, further 
analysis was performed by considering the gradient-contour 
map with topology paths of electron density for the 
mentioned three interactions. Figure 6b shows the 
mentioned analysis for the CO…HN interaction. Clearly, a 
bonding between O and H is visible, as expected. Figure 6c 
reveals  that  the  interaction  between  NH  and NH2 is not a  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

a b 

  
Fig. 6. (3,-1)  points for the  structure 1, based on  the AIM theory. Brown, blue, and orange circles denote (3,-3),          
           (3,-1), and (3,+1) critical points, respectively; bold dark-brown lines show  the bond paths. The interbasin  

               paths are presented by blue lines. 
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e f 

  
g h 

  
Fig. 6. Continued. 
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hydrogen bonding, although it was predicted in advance. No 
interbasin path is evident, however, Fig. 6d shows an 
interbasin path (blue line) between CO and H of the CH3 
group.  

Considering the mentioned results, additional analysis is 
needed to conclude the identity of the observed interactions. 
Based on the Bader’s QTAIM theory, an electron 
aggregation is noticeable in the (3,-1) critical point; it 
includes the chemical bond or atoms with attractive 
interactions. The (3,+1) type critical point indicates that the 
electron density is depleted at this point. This point displays 
the    steric    effect   (non-bond   overlap).    The   norm   for 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

distinguishing (3,-1) and (3,+1) from each other is the 
second largest eigenvalue of Hessian matrix of electron 
density. If the mentioned value exceeds zero, the point is 
(3,+1); in the opposite situation, the point is (3,-1). In 
addition, there is positive correlation between the density of 
the electron and the strength of the weak interactions. Van 
der Waals interactions have very small electron density in 
the area of investigation, while in the strong steric 
interactions or hydrogen bonds, a relatively large amount of 
electron density is visible. Considering these two criteria 
simultaneously (sign of the second largest eigenvalue of 
Hessian  matrix  of  electron density and electron density by  

  
k l 

 
Fig. 6. Continued. 
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a b 

  
c d 

  
e f 

  

g h 

ρ < 0 ρ ≈ 0 ρ > 0 

λ2 < 0 λ2 ≈ 0 λ2 > 0 

strong interaction 

(H-bonding) 

weak interaction 

(Van der Waals) 

strong repulsion 

(ring cage and steric effects) 

Fig. 7. The RDG isosurfaces related to the structure 1; Blue: Strong interaction such  as hydrogen bonding; green:  
           Van der Waals interactions; red: strong repulsion. [The mentioned colour definition is for the interactions;  

              for atoms: deep blue: N; light blue: C; red: O; white: H]. 
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its own) it is possible to analyse the interaction type. 
Therefore, the reduced density gradient (RDG) isosurfaces 
were subsequently used to investigate the previously 
mentioned interactions. In Fig. 7a, the RDG isosurfaces 
related to the intramolecular interactions in the structure 1 
are presented. Three points are defined as A, B and C. In 
this graph, the region A, concerning to the interaction 
between CO and NH, is a hydrogen bonding and the regions 
B and C have Van der Waals nature.  
 Using the method suggested by Espinosa and co-
workers, the energy of hydrogen bonds were calculated 
[35]. The mentioned method was used to calculate the 
hydrogen bonding energies for the selected structures. The 
energy of the hydrogen bonding related to CO and NH 
(seven-member ring) is -8.27 kcal mol-1. The same method 
was used to calculate the energy of the NH…NH2 interaction 
(although it was regarded as Van der Waals interaction in 
the previous section). The calculated energy is -2.43 kcal; it 
is acceptable to consider this interaction as Van der Waals 
one. 

The mentioned analyses were done for structures 2-10, 
as well. Results related to the bonds critical points for the 
structures 2-10 are presented in Fig. 8. The situation of the 
structure 2 is very similar to the structure 1 and the observed 
interactions are similar to the structure 1. The calculated 
energy for the hydrogen bonding between CO and NH is 
‒5.42 kcal mol-1

, and for NH…NH2 is -2.43 kcal mol-1. In the 
structure 4, the interactions are comparable with the 
structure 1, except the absence of interaction between CO 
and H of CH3. The calculated energies based on the V(rbcp) 
for the observed interactions are -6.28 and -4.10 kcal mol-1 
for the CO…NH and NH…NH2, respectively. The structure 5 
is similar to the structure 4, and the structure 6 is 
comparable to the structure 2, again. The energies of the 
interaction in the structure 5 are -5.70 and -4.11 kcal mol-1. 
The interaction energies for the structure 6 were calculated 
as -5.10 and -4.18 kcal mol-1.  

The structure 8 is completely different from the previous 
ones. In this structure, four interactions were predicted by 
the AIM analysis. The previously observed seven-member 
ring was missing and other kinds of interactions were 
introduced. NH2 has contribution in a new interaction with 
NH group, next to the CO2H functional group. The CO2H 
has   involvement   in  two  interactions;  one  with  CO  and  

 
 
another with CH3. The mentioned CO group has another 
interaction with the NH group. Further studies of these 
interactions were carried out with considering the gradient-
contour map with topology paths of electron densities.  
Figure 6e-h presents the interaction of OH of carboxylic 
acid with NH, CO of carboxylic acid with CH3, NH with 
NH2 and OH of carboxylic acid with CO, respectively. 
Clearly, the interaction between CO and CH3 is not a 
hydrogen bonding, based on the interbasin paths. In other 
three interactions, the interbasin paths are noticeable. Extra 
examination of interactions was carried out by RDG 
isosurface analysis. The results are presented in Fig. 7b-d. 
From this figure, it is clear that the interactions presented as 
b and c are hydrogen bonding; while d is Van der Waals in 
nature. The energies related to these interactions were 
calculated as -8.93, -6.01 and -5.09 kcal mol-1 for the b, c 
and d, respectively. 

In the structure 9 only one interaction between NH and 
N of amide functional group is visible. The interbasin 
analysis revealed that, this interaction is Van der Waals in 
nature. In the structure 10 five interactions based on the 
AIM analysis were clear. The gradient‒contour maps with 
topology paths of electron densities for structure are shown 
in Fig. 6i-m. In this figure i-m refers to CO…HNCO 
(amide), CO…HCH2 (methyl), CO…HNH (amine), 
N…HOCO (carboxylic acid), and NH…NH2, respectively. 
Considering the interbasins reveals that, except interaction j, 
in other interactions, hydrogen bonding is acceptable. To 
examine the nature of the interactions, the RDG isosurface 
study was carried out, as well. The results are presented in 
Fig. 7e-h.  

In e and g the interactions are hydrogen bonding in 
nature. In f and h the interactions have Van der Waals 
identity. Considering these findings, the energies for the 
mentioned interactions (including the Van der Waals ones) 
are calculated to be -4.90, -2.48, -6.00 and -3.87 kcal mol-1, 
correspondingly.  

As mentioned previously, there is a correlation between 
the potential energy density V(r) and the strength of the 
interactions. The quantities of V(r) for top ten structures 
studied with AIM approach are presented in Table 3. 

It can be seen that in the structure 1 the mentioned value 
has the highest amount for CO…HN, while it is the least 
amount   for   CO…H3C.   It   was   expected,    because   the  
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interaction between CO…H3C is Van der Waals in nature. 
The electron density in the critical point is obeying the same 
trend, as well. The Lagrangian kinetic energy G(r) and 
Hamiltonian kinetic energy K(r) are acting in similar 
manner and the highest amount is related to the CO…HN 
interaction. In the structure 2 exactly the same trend is 
visible. In the structure 3, only one critical point was 
calculated that concerns to CO…HN. The interaction 
between the mentioned atoms in this structure is weaker in 
comparison with the similar interactions in structures 1 and 
2 based on the V(r) criteria. The interaction between  
CO…HN in the structure 4 is  stronger than other  mentioned  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
structures; while H2N…HN in this structure is slightly 
weaker. Using the G(r) and K(r) as the determining criteria 
leads to the same results. In this structure, the electron 
density for CO…HN is higher than other two ones, in 
agreement with the strength predicted by V(r). In the 
structure 5, between two critical points detected, CO…HN 
shows stronger interactions based on all of the mentioned 
criteria. Structure 6 is acting exactly similar to the structures 
1, 2 and 4 and CO…HN is the strongest interaction. 
Structures 7 and 9 show similar behaviour and just one 
interaction is observable; H2N…HN. Considering the 
mentioned  norms,  the   strength  of   two   interactions   are  

   

2 3 4 

   

9 6 7 

   

8 9 10 

Fig. 8. (3,-1) points for the structures 2-10, based on the AIM theory. 
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 Table 3. Potential Energy Density V(r), Lagrangian Kinetic Energy G(r),  Hamiltonian  Kinetic  Energy K(r), Density of  
                Electrons, and Laplacian of Electron Density Calculated for the Selected Critical Points (Unit: a.u.) 
 

Structure 
Critical point: 
number and 

atoms 

Density of 
electrons 

Lagrangian 
kinetic 

energy G(r) 

Hamiltonian 
kinetic energy 

K(r) 

Potential 
energy 

density V(r) 

Laplacian of 
electron 
density 

57 
CO…H3C 

0.39  10-2 0.29  10-2 -0.83  10-3 -0.21  10-2 0.15  10-1 

69 
CO…HN 

0.25  10-1 0.19  10-1 0.74  10-3 -0.19  10-1 0.72  10-1 1 

81 
H2N…HN 

0.19  10-1 0.16  10-1 0.15  10-2 -0.14  10-1 0.70  10-1 

57 
CO…H3C 

0.40  10-2 0.29  10-2 -0.83  10-3 -0.21  10-2 0.15  10-1 

69 
CO…HN 

0.25  10-1 0.19  10-1 0.74  10-3 -0.19  10-1 0.72  10-1 2 

81 
H2N…HN 

0.19  10-1 0.16  10-1 -0.15  10-2 -0.14  10-1 0.70  10-1 

3 
61 

CO…HN 
0.20  10-1 0.18  10-1 -0.21  10-2 -0.16  10-1 0.82  10-1 

57 
CO…H3C 

0.44  10-2 0.33  10-2 -0.88  10-3 -0.24  10-2 0.17  10-1 

65 
CO…HN 

0.28  10-1 0.21  10-1 0.88  10-3 -0.22  10-1 0.78  10-1 4 

81 
H2N…HN 

0.20  10-1 0.16  10-1 -0.14  10-2 -0.15  10-1 0.71  10-1 

76 
CO…HN 

0.26  10-1 0.19  10-1 0.87  10-3 -0.20  10-1 -0.74  10-1 
5 

66 
H2N…HN 

0.19  10-1 0.16  10-1 -0.15  10-2 -0.14  10-1 0.70  10-1 

57 
CO…H3C 

0.43  10-2 0.32  10-2 -0.85  10-3 -0.24  10-2 0.16  10-1 

68 
CO…HN 

0.24  10-1 0.18  10-1 0.64  10-3 -0.18  10-1 0.69  10-1 6 

81 
H2N…HN 

0.20  10-1 0.16  10-1 -0.13  10-2 -0.15  10-1 0.70  10-1 

7 
66 

H2N…HN 
0.16  10-1 0.14  10-1 -0.25  10-2 -0.12  10-1 0.68  10-1 
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similar, although the structure 9 shows a slightly stronger 
interaction, which is evident from the higher amount of V(r) 
and electron density. In the structures 8 and 10, four 
interactions are observable. In the structure 8, the CO…HO 
interaction is the strongest one from V(r) point of view. In 
the structure 10, CO…HN plays the role of most important 
interaction. 

 
CONCLUSIONS 
 
 In conclusion, a systematic theoretical study was carried 
out on the conformation space of the natural compound 
dapdiamide D. B3LYP/6-311+g(d,p) level of theory was 
used to optimize the structures. MP2/6-311+g(d,p) level of 
theory was used to calculate the single-point energies. The 
effects of the intramolecular interactions were studied. It 
was shown that five and/or seven-member rings are created 
via intramolecular hydrogen bonding or Van der Waals 
interactions.   In  most   of   the   structures,   an   interaction  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
between CO(5,19) and NH(9) is visible. This interaction 
creates a boat-like seven member ring. Another important 
intramolecular interaction is apparent from the interaction 
between NH2(17) and NH(6). This interaction forms a five- 
member ring. Based on the AIM studies, this interaction is 
Van der Waals in nature, although it was expected, derived 
from the electronegativity of the elements, to see a regular 
hydrogen bonding. In most of the structures, same pattern 
for the intramolecular interactions are noticeable.  
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