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Abstract A study of the relationships between electronic structure and 5HT2C receptor binding affinity was carried 

out for a group of N-2-methoxybenzyl-phenethylamines with the Klopman-Peradejordi-Gómez method. A 

statistically significant equation was obtained. The analysis strongly suggests that the variation of affinity with 

modifications of the ethylamine side chain is a task that must be continued to be explored with new substituents. 
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Introduction 

The 25-NB or NBOMe (abbreviation for N-methoxybenzyl) series is a family of serotonergic psychedelics. Most of 

them are extremely potent and highly selective for the 5-HT2A receptor. Let us remember that it is generally 

accepted that the activation of the 5-HT2A receptor is the mediator of the subjective and behavioral effects of 

hallucinogens.  

In previous works we have obtained interesting results concerning the relationships between electronic structure and 

receptor affinities for various molecular systems and serotonin receptors [1-12]. Recently we obtained good 

relationships for the interaction of 2,5-dimethoxyphenethylamines and their N-2-methoxybenzyl-substituted analogs 

with 5-HT2A and 5-HTA serotonin receptors [1, 13]. In this note we present the results of a study of the interaction of 

N-2-methoxybenzyl-phenethylamines with 5-HT2C receptors. 

 

Methods, Models and Calculations 

Molecules Selected 

The molecules and their 5-HT2C receptor binding results were taken from a recent publication, and are presented in 

Fig. 1 and Table 1 [8]. 

NH

H
3

10

1

4

R1

R3

R4

RNR2

2

A

 
Figure 1: General formula of the molecules used in this study (RN= 2-methoxybenzyl) 
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Table 1: N-2-methoxybenzyl-substituted analogs of 2,5-dimethoxyphenethylamines and their 5-HT2C receptor 

binding affinity. 

Mol. Name R1 R2 R3 R4 log(Ki) 

5-HT2C 

1 25B-NBOMe OMe H Br OMe -2.21 

2 25C-NBOMe OMe H Cl OMe -2.28 

3 25D-NBOMe OMe H Me OMe -1.89 

4 25E-NBOMe OMe H Et OMe -2.14 

5 25H-NBOMe OMe H H OMe -0.89 

6 25I-NBOMe OMe H I OMe -2.34 

7 25N-NBOMe OMe H NO2 OMe -1.68 

8 25P-NBOMe OMe H n-Pr OMe -2.22 

9 25T2-NBOMe OMe H SEt OMe -2.19 

10 25T4-NBOMe OMe H S-i-Pr OMe -1.80 

11 25T7-NBOMe OMe H S-i-Pr OMe -2.19 

12 Mescaline-NBOMe H OMe OMe OMe -0.19 

 

Calculations [14] 

The electronic structure of all molecules was calculated within the Density Functional Theory (DFT) at the 

B3LYP/6-31g(d,p) level with full geometry optimization of the protonated form. The Gaussian suite of programs 

was used [15]. All the information needed to calculate numerical values for the local atomic reactivity indices 

needed in the Klopman-Peradejordi-Gómez model [16, 17] was obtained from the Gaussian results with the D-Cent-

QSAR software [18]. All the electron populations smaller than or equal to 0.01 e were considered as zero [19]. 

Negative electron populations coming from Mulliken Population Analysis were corrected as usual [20]. Since the 

resolution of the system of linear equations is not possible because we have not enough molecules, we made use of 

Linear Multiple Regression Analysis (LMRA) techniques to find the best solution. For each case, a matrix 

containing the dependent variable (the receptor affinity) and the local atomic reactivity indices of all atoms of the 

common skeleton as independent variables was built (see Refs. [21] for details about the building of data matrix). 

The Statistica software was used for LMRA [22]. 

We employed the common skeleton hypothesis stating that there is a group of atoms, common to all molecules 

analyzed, accounting for nearly all the binding affinity. The action of the substituents consists in modifying the 

electronic structure of this common skeleton and influencing the right alignment of the drug throughout the 

orientational parameters. The common skeleton for this case is shown in Fig. 2. 
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Figure 2: Common skeleton numbering 
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Results 

The best statistically significant equation obtained is the following: 

15 9 8log( ) 12.59 0.003 1.34 0.25N

iK S                                           (1) 

with n=12, R= 0.97, R
2
=0.93, adj-R

2
=0.91, F(3,8)=37.70 (p<0.00005) and a standard error of the estimate of 0.20. 

No outliers were detected and no residuals fall outside the ±2σ limits. Here, S15
N
 is the total atomic nucleophilic 

superdelocalizability, η9 is the local atomic hardness of atom 9 and η8 is the total atomic hardness of atom 9. Tables 

2 and 3 show the beta coefficients, the results of the t-test for significance of variable and the matrix of squared 

correlation coefficients for the variables of Eq. 1. There are no significant internal correlations between independent 

variables (Table 3). Figure 3 displays the plot of observed vs. calculated log(Ki). 

Table 2: Beta coefficients and t-test for significance of coefficients in Eq. 1 

 Beta t(8) p-level 

S15
N
 0.96 9.86 0.000009 

η9 0.37 4.00 0.004 

η8 0.32 3.25 0.01 

Table 3: Matrix of squared correlation coefficients for the variables in Eq. 1 

 S15
N
 η9 η8 

S15
N
 1.00   

η9 0.00 1.00  

η8 0.12 0.03 1.00 
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Figure 3: Plot of predicted vs. observed log(Ki) values (Eq. 1). Dashed lines denote the 95% confidence interval 

 

The associated statistical parameters of Eq. 1 indicate that this equation is statistically significant and that the 

variation of the numerical values of a group of three local atomic reactivity indices of atoms of the common skeleton 

explains about 91% of the variation of log(Ki). Figure 3, spanning about 2.4 orders of magnitude, shows that there is 

a good correlation of observed versus calculated values. 

 

Local Molecular Orbitals 

Table 4 shows the local MO structure of atoms 8, 9 and 15 (see Fig. 2). Nomenclature: Molecule number (HOMO) / 

(HOMO)* - (LUMO)*. 
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Table 4: Local molecular orbitals of atoms 8, 9 and 15 

Mol. Atom 8 (C) Atom 9 (N) Atom 15 (C) 

1 (98) 98σ-100σ 94σ- 99σ 94σ- 99σ 

2 (89) 89σ- 91σ  85σ- 90σ  85σ- 90σ 

3 (85) 84σ- 88σ  82σ- 86σ  82σ- 86σ 

4 (89) 89σ- 92σ  86σ- 90σ  86σ- 90σ 

5 (81) 80σ- 82σ 78σ- 82σ  78σ- 82σ 

6 (107) 107σ-108σ 104σ-108σ 102σ-108σ 

7 (92) 89σ- 93σ  86σ- 94σ 86σ- 94σ 

8 (93) 93σ- 94σ  90σ - 94σ 90σ- 94σ 

9 (97) 95σ- 98σ 93σ- 98σ 93σ- 98σ 

10 (97) 95σ- 98σ 93σ- 98σ 93σ- 98σ 

11 (101) 101σ-102σ 97σ-102σ 97σ-102σ 

12 (89) 89σ - 90σ  85σ- 90σ  85σ- 90σ 

Discussion 

Table 2 shows that the importance of variables in Eq. 1 is S15
N
>> η9>η8.An analysis of Eq. 1 suggests that a high 

receptor affinity is associated with small positive values of S15
N
, η9 and η8.The first important and interesting fact to 

note is that only atoms of the chain linking rings A and B of Fig. 2 appear in Eq. 1. Moreover, these three atoms 

possess only σ molecular orbitals. This is in agreement with the results of our previous works. Atom 15 is the carbon 

atom linking ring B with the N atom of the chain (Fig. 2). From previous considerations, the dominant term in the 

total atomic nucleophilic superdelocalizability is the lowest empty local molecular orbital, (LUMO15*) [16].  A 

small value for S15
N
 can be obtained by lowering the numerical value of the Fukui index corresponding to 

LUMO15*, F15(LUMO)*. This means that this atom will behave as a bad electron acceptor. In the limit situation we 

may find an appropriate substitution to remove the actual LUMO15
*
, replacing it by the following upper empty local 

MO: (LUMO+1)15
*
 becomes now LUMO15

*
. The other possibility is to increase LUMO15

*
 energy. This requirement 

could correspond to the interaction between empty orbitals (zero-electron), which are usually repulsive but become 

attractive after charge transfer to or from the receptor macromolecule [23]. In this case charge transfer is difficult by 

the nature of the MOs involved (σ-σ and/or σ-π and/or σ-π bonds) and we may think only in weak interactions. It is 

possible to suggest that the linking chain is facing a region with sigma molecular orbitals, region that could be 

formed by amino acids’ alkyl side chains (i.e. CH2 groups). Table 4 shows that in all cases but one the local LUMO* 

coincides with the molecules’ LUMO. We must note that the positively charged amine region was probably attracted 

toward a negatively charged region during the earlier stages of the drug-receptor interaction [17]. At the end of the 

process, when the molecule is momentarily docked to the receptor, the amine hydrogen undergo through specific 

interactions, such as the ones showed in our study of the docking of some hallucinogens to the 5-HT2A receptor [11]. 

Atom 9 is the nitrogen atom in the chain linking rings A and B (Fig. 2). A low positive numerical value of η9 is 

associated with high affinity. By definition, the local atomic hardness η9 corresponds to the HOMO9
*
-

LUMO9
*
energy gap. There are three ways to obtain lower values for this index: lowering the LUMO9

*
 energy, 

lowering the HOMO9
*
 energy or by both procedures simultaneously. Table 4 shows that in almost all cases the local 

LUMO9* coincides with the molecules’ LUMO and that the local HOMO9
*
 is energetically far from the molecules’ 

HOMO. Therefore, the fastest way to proceed is to localize the molecular HOMO on atom 9. This means that this 

nitrogen atom will increase its electron donor capacity and, if N-H is facing an oxygen atom for example, the 

possibility of a hydrogen bond arises [11, 24]. Atom 8 is one of the carbon atom of the linker of ring A and the 

nitrogen atom (Fig. 2). Given that the condition of a low value for η8 is similar to the case just discussed, the 

reasoning to obtain lower values is analogous. But now Table 2 shows now that in almost two thirds of the cases the 

local LUMO8* coincides with the molecules’ LUMO and that almost in half of the cases the local HOMO8
*
 

coincides with the molecules’ HOMO. Therefore, we are in presence of four different cases. In the first one, the 

local atomic frontier molecular orbitals coincide with the molecules’ frontier molecular orbitals. Here, one way to 
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proceed to diminish the HOMO8
*
- LUMO8* energy gap is by substituting in such a way that the HOMO8

*
 and/or 

LUMO8* energies decrease (i.e., their energies approach zero). Another way is to substitute the molecule to 

introduce new molecular orbitals having a lower energy than the original frontier MOs. In the second case neither 

HOMO8
*
 nor LUMO8* coincide with the molecules’ frontier MOs. Here the technique consists in lowering the 

HOMO8
*
 and/or LUMO8* energies. In the third case only HOMO8

*
 do coincide with the molecular HOMO. 

Therefore, we need to lower the LUMO8* energy, making this MO more reactive. In the last case only LUMO8* 

coincides with the molecular LUMO. Here we need to lower the HOMO8
*
 energy, making this MO more reactive. 

Note the interesting fact that at this level of the discussion we are not able to determine who, HOMO8
*
 or LUMO8*, 

is the most important factor. If we consider that C8 is in fact a CH2 group we may think in weak CH-O, CH-N and/or 

CH-π bonds [24, 25]. Another possibility is that C8 be involved in two simultaneous interactions involving its two 

frontier local MOs. We think that the only way to solve definitively this problem is by synthesizing and testing new 

molecules.All the suggestions are displayed in the partial 2D pharmacophore of Fig. 4. 
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Figure 4: Partial 2D pharmacophore for the interaction of N-2-methoxybenzyl-phenethylamines with 5-HT2C 

receptors 

The main conclusion of this work is that the electronic properties of the chain linking rings A and B seems to be 

extremely important in regulating receptor affinity. This is important because the class of substituted 

phenethylamines includes, among others, the substituted amphetamines and substituted 

methylenedioxyphenethylamines. Also this class contains mescaline and its derivatives. Some derivatives with 

methyl groups at positions 8 and 9 are known. The question that remains to be analyzed is the exact role of ring B in 

the high receptor affinity. Is this ring interacting with an extra site of the 5-HT2C receptor? Is this aromatic system 

modifying the σ MO structure of the whole molecule and especially of the original ethylamine chain? 
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