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Trimipramine, imipramine, amitriptyline, desipramine and
doxepine were subjected to ab initio (HF/6-31G(d)) and DFT
((b3lyp/6-31G(d) and (b3lyp/6-311+G(d)) computation.
Molecular geometries and the activation energies for ring
inversions were determined with full geometry optimizations.
Results obtained reveals that the changes of side-chain
conformation, the angle value between two phenyl rings and
the type of N-amine on side-chain can be affected on drug
activity.
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INTRODUCTION

The major schological drugs were discovered1 in 1950s . Two types of
these drugs are antipsychotic and antidepressant drugs. Chloropromazine
is one of the most important antipsychotic compounds, which is derived
from phenothiazine2-6. The successful performance of chloropromazine is
caused the synthesis of another type of compounds with cyclic skeleton,
which is expected to be used as antipsychotic characteristic in comparison
with chloropromazine derivatives. But the result of experiments reveals
that they are impressed a little effect in control of imaginations and they
can be used as ideal antidepressant agent. These compounds are
dibenzaphine derivatives7-9. Todays there are many synthesized psycho-
therapy drugs that are similar to these compounds. For example whereas
phenothiazine and thioxanthene compounds which have antipsychotic and
nuroleptic activities but the derivaties of dibenzapine and dicycloheptadiene
compounds are used as antidepressant and thymoleptic agents10-12. Also
trimipramine (1), imipramine (2), amitriptyline (3), desipramine (4) and
doxepine (5) are some antidepressant drugs which have been prepared by
several methods13-18. As can be seen from Scheme-I, these antidepressant
drugs have a seven member ring in the center which was surrounded by two
aromatic rings. Different substituents which are joined to this ring affected
on the drug activities and properties of these compounds and demonstrated



the relationships between structures and activities19. In this study we investi-
gated the molecular structure of these compounds by using the ab initio
and density functional theory methods. These calculations were done at
HF/6-31G (d), b3lyp/6-31G (d) and b3lyp/6-311+G (d) level of theory. In
addition, the energy barrier of inversion in seven member ring for these
compounds was calculated and the relationship between their structures
and drug activities were investigated.

CALCULATIONS

All calculations on trimipramine, imipramine, amitriptyline, desip-
ramine and doxepine compounds were performed by using the Gaussian
2003 program pakage20. The global minima geometry of all compounds
was fully optimized by using the Hartree-Fock (HF) method with the
6-31G(d) basis set and Beck's three-parameter hybrid method (B3LYP)
with the 6-31G(d) and 6-311+G(d) basis sets. The nature of optimized
geometries for global minima at the HF level has been checked with frequ-
ency calculations. In order to calculate the ring inversion energy barrier for
global minima geometry, the geometry of transition state was also optimized.

RESULTS AND DISCUSSION

Since higher levels of theory are more reliable, therefore the majority
of the discussion will be focused on the results which are obtained at the
DFT level.

Molecular geometry of the stable structures:  The geometrical para-
meters of trimipramine, imipramine, amitriptyline, desipramine and doxepine
(1-5) were calculated with 6-31G(d) and 6-311+G(d) basis set and presented
in Tables 1-3. The results of calculations were shown that the stable confor-
mers for these compounds have similar geometries but their bond angles
and dihedral angles could be change due to the effect of different factors.
These substituents share a basic chemical structure comprising a three-
ring core and an alkylamine side chain (Scheme-I ).

The conformation of side chain conformation seems to be responsible
for their various biological activities and linkage of nitrogen atom by a
three-carbon atom chain to ring center, plays an important role in medicinal
chemistry21. Due to the importance of side-chain, we first investigated the
bond length, bond angle and dihedral angle of these compounds which was
affected by the side-chain.

The present calculation results reveals that the distance of N-side chain
to the center ring (r8, r9) is 4.91 and 5.62 Å, respectively in desipramine,
which is shorter than another compounds (Table-1). This means that the side-
chain is twised toward rings in desipramine, whereas in other compounds
the values of r8 and r9 are larger and the side-chain is oriented along the
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0.030 

 
Scheme-I

rings. The calculated dihedral angles show that the values of φ2 and φ3 in
desiperamine are lower than other compounds and the values of φ5 and φ6

are increased in this compound, which is the result of direction of side-
chain toward aromatic ring (Table-3).

The compounds which contain the side-chain with secondary amine
have more antidepressant activity than the tertiary analogues. Imipramine
has tertiary amine side chain which is exhibited relativity lower activity
than desipramine with secondary amine side chain. The change of dihedral
angles (φ) and bond angles (θ) values confirmed this subject. The values of
θ1, θ2 and θ3 in desipramine were larger than imipramine, whereas other
bond angles of the center ring in imipramine is increased (Table-2). The
values of θ9-θ12 in side chain of desipramine increased in comparison imipra-
mine. Also the values of dihedral angles of φ5 and φ6 increased in desipramine
and the dihedral angle φ2 decreased in this compound. Furthermore φ11-φ14

angles in desipramine were less than imipramine. The sign of the φ8 and φ9

angles in desipramine are opposite to imipramine, which shows the differ-
ences in side chain directions in these compounds. Also, the presence of
substitute on side chain can be affected on the value of tortional and bond
angles. Whereas in trimipramine a methyl group exist on side chain, in
imipramine this group is omitted. It was also observed, the changes of
angles is related to the structure of side chain. Therefore the bond angles of
central ring, specially the θ5 value, decreased in trimipramine. As can be
seen in Table-2, the bond angles of side chain (θ8, θ10 and θ11) are decreased
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in imipramine relative to trimipramine. The dihedral angles φ1-φ4 in imipra-
mine is increased, whereas the φ5-φ7, φ8, φ10, φ12 and φ13 are decreased relative
to trimipramine.

The changes in bond length, bond angles and torsional angles in the
center ring of these compounds can be affected on their drug activities. We found
a correlation between drug activity and bond length in these compounds.
This correlation exists between r4 and Ec50 (effective drug concentration),
therefore the value of r4 in desipramine (with high drug activity) was higher
than other investigated compounds.

According to the present calculations, the value of θ1 in trimiprame
(with the lowest drug activity) is decreased and the θ4 angle of this compound
is increased relative to other compounds. In the other hand the value of θ4

in desipramine is lower than other compounds.
The most correlation between torsional angles and drug activity was

related to φ2 (R = -0.954). As can be seen in Table-3, the value of φ2 in
desipramine was lower than the other compounds. On the other hand, the
direction of side chain in respect to one aromatic ring can be affected on
the value of dihedral angles, as in desipramine which the side-chain twisted
toward the aromatic rings two dihedral angles φ2 and φ3 were decreased
and φ5 and φ6 were increased in comparison with other investigated compounds.
There are also two additional steric parameters which were affected on the
tricyclic structure of these compounds. One important steric parameter
which affected on the structure and drug activity is the angle between two
planes of aromatic rings which is named angle of flexure (β)23 (Table-4).
As this angle became lower, the molecule was more bent and thymoleptic
characteristic was increased. As two aromatic rings became closer, the values
of r10 and r11 which indicate the distances between two aromatic rings,
were decreases (Table-1). The results of calculation in the present study
shows that in desiperamine which has the highest antidepressant activity
the values of r10 and r11 are lower than other compounds, while in imipiramin
which has mainly neuroleptic activity the values of r10 and r11 are higher
than other compounds.

Another parameter that can be affected on drug activity is the torsional
angle (γ). This angle shows the value of torsion of two aromatic rings to
gather of them. As can be seen from Table-4, the angle of torsion in desip-
ramine is decreased, whereas trimipramine has higher value than the other
compounds. Therefore, when the amount of γ is decreased, the antidepressant
activity is increased.

Energetics of ring inversion:  The barrier of ring inversion is studied
in the case of compounds without side chain. One structural features of
these compounds in association of the saturated ring which fused to benzene
ring. This ring can not be considered as cycloheptane or its heterocyclic
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TABLE-4 
OPTIMIZED ANGLES OF FLEXURE AND TORSION FOR THE STABLE 

CONFORMERS OF COMPOUNDS 1-5 OBTAINED AT THREE  
LEVELS OF THEORY 

Level X Y R β γ 
CH2 N CH2CH(CH3)CH2N(CH3)2 29.06 18.59 
CH2 N (CH2)3N(CH3)2 29.01 18.01 
CH2 CH CH(CH2)2N(CH3)2 29.36 15.38 
CH2 N (CH2)3NH(CH3) 30.73 14.31 

HF/6-31G(d) 

O CH CH(CH2)2N(CH3)2 29.70 14.57 
CH2 N CH2CH(CH3)CH2N(CH3)2 29.05 19.25 
CH2 N (CH2)3N(CH3)2 29.02 20.94 
CH2 CH CH(CH2)2N(CH3)2 29.32 16.46 
CH2 N (CH2)3NH(CH3) 30.41 15.37 

B3LYP/6-31G(d) 

O CH CH(CH2)2N(CH3)2 29.64 15.48 
CH2 N CH2CH(CH3)CH2N(CH3)2 29.04 19.31 
CH2 N (CH2)3N(CH3)2 29.02 19.09 
CH2 CH CH(CH2)2N(CH3)2 29.35 16.33 
CH2 N (CH2)3NH(CH3) 30.34 15.43 

B3LYP/6-311+G(d) 

O CH CH(CH2)2N(CH3)2 29.66 15.48 

 

analogues in a boat conformation because it has two carbon-carbon double
bond. The so-called 'twist-boat' conformation has been considered to be
the most likely structure. This ring is expected to exist in two interconvertible
enantiomeric forms with a boat transition state. Therefore, we investigated
the ring inversion in compounds of 6, 7 and 8 in Scheme-II. These structures
are optimized at RHF/6-31G (d), the results of calculation reveals that the
most stable conformation for these compounds is twist-boat conformation.

X

Y
 

 

No. X Y 

6 CH2 NH 

7 CH2 CH2 

8 O CH2 

Scheme-II
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The degenerate interconversion of twist-boat with its mirror image takes
place via the boat transition state (Fig. 1). The calculated strain energy
barrier for this process in compounds 6-8 are 56.4, 13.7 and 13.1 kJ mol-1,
respectively. The calculated strain energy barrier for compounds 7 and 8
are almost equal and it is not expected to be observed by dynamic NMR
experiments even at -180 °C.

XY XY X Y

Fig. 1. Ring inversion in compounds 6-8
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