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Abstract: The molecular structure and conformational analysis of 1,2,7-thia-
diazapane conformers were investigated by density functional theory (DFT) 
calculations at the B3LYP/cc-pVDZ level of theory. Four twist-chair (TC), six 
twist-boat (TB), two boat (B), two chair (C) and four twist (T) conformers were 
identified as minima and transition states for 1,2,7-thiadiazepane. The TC1 
conformer is the most stable conformer and the twist-chair conformers are pre-
dicted to be lower in energy than their corresponding boat and chair conforma-
tions. DFT predicts a small barrier to pseudo-rotation and a remarkable activa-
tion barrier for the conformational interconversion of the twist-chair confor-
mers to their corresponding boat conformers. The simplest conformational 
process and the one with the lowest barrier is the degenerate interconversion of 
the twist-chair 3 (TC3) conformation with itself via the CS symmetric chair 
(C2) transition state. The calculated strain energy barrier for this process is 
2.41 kJ mol-1. The highest conformational interconversion barrier is between 
TC2 and twist-boat 3 (TB3) forms, which was found to be 75.62 kJ mol-1. 
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INTRODUCTION 

The chemistry and biological activities of seven-membered heterocyclic 
compounds has continued to command significant attention in recent years.1 
Cycloheptane and its hetero derivatives (heterocycloheptanes), which are found 
in Alzheimer drugs, anticancer agents, antimalarials,2,3 and natural products,4–8 
are important compounds in many areas of science. These compounds can be 
both fused and non-fused heterocycles, with an emphasis on N, S, and O as the 
heteroatom in the seven-membered ring components. Many synthetic methods 
were reported for these compounds in recent decades.9 
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There are many reports concerning the synthesis and pharmacological acti-
vities of cyclic sulfonamide compounds (as heterocycloheptane derivatives).10–13 
These compounds inhibit the HIV protease by affecting its binding to protein.14–16 
Contrary to the abundance of information on the synthesis and pharmacological 
activities of 7-membered heterocyclic compounds, there is relatively little infor-
mation available about the conformational properties of these compounds. It is 
difficult to study experimentally the stereodynamics of compounds containing a 
seven-membered ring since the conformations are often structurally similar and 
show complex conformational and pseudo-rotational equilibria with low barriers 
among the chair (C), twist chair (TC), boat (B), and twist-boat (TB) conforma-
tions and transition states. 

As a continuation of our interest in the conformations of medium ring sized 
heterocycles,17–20 this study was undertaken in order to investigate the confor-
mational analysis of 1,2,7-thiadiazepane (Scheme 1) by computational methods 
to determine their preferred conformers. The effects of changes in bond length, 
bond angle and torsion angle of these compounds were also of interest. There-
fore, the density functional theory (DFT) method was applied in this work to cal-
culate the molecular structures, energy differences and conformational intercon-
version pathways of 1,2,7-thiadiazepane conformers at the B3LYP/cc-pVDZ//  
//B3LYP/cc-pVDZ level (full optimization). 

 Scheme 1. Schematic representation of 1,2,7-thiadiazepane. 

COMPUTATIONAL DETAILS 

In the present study, the density functional theory method was used to optimize the 
conformations of 1,2,7-thiadiazepane. The Becke three-parameter exact exchange functional 
(B3)21 combined with the gradient-corrected correlation functional of Lee–Yang–Parr (LYP)22 
of DFT methods, implementing the cc-pVDZ basis set was employed to optimize the mole-
cules. 

The nature of the optimized geometries at the B3LYP level was checked with frequency 
calculations. The vibrational frequencies were calculated at the cc-pVDZ level for all mini-
mum energies and transition states, which were confirmed to have zero and one imaginary fre-
quency, respectively. All calculations were performed using the Gaussian 2003W computa-
tional package.23 

RESULTS AND DISCUSSION 

The results of the density functional theory (B3LYP/cc-pVDZ//B3LYP/cc- 
-pVDZ) calculations showed that twenty two geometries, of which eleven were 
energy minima, were important in the description of the conformational pro-
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perties of 1,2,7-thiadiazepane (1). There are eleven transition states which are 
required to describe the dynamic conformational properties of compound 1. 
Corrected zero point (ZPE°) and total electronic (Eel) energies (E° = Eel + ZPE°) 
for conformations of compound 1 are given in Table I. The energy surfaces for 
the interconversion of the energy-minimum conformers were obtained by chang-
ing different torsional angles, as shown in Figs. 1 and 2. The energy minima and 
transition state geometries are shown in Schemes 2 and 3, respectively. 

TABLE I. Calculated total, zero-point vibrational energies and relative energies between the 
most stable minimum stereoisomers and transition states 

B3LYP/cc-pVDZ/// B3LYP/cc-pVDZ, Hartree  ZPE°, Hartree Erel / kJ mol-1 
TC1 –666.133904  0.147023 0 
TC3 –666.1325829  0.147161 3.83 
C2 –666.1316392  0.147009 5.91 
C4 –666.1313194  0.146932 6.53 
TC2 –666.130937  0.146846 7.33 
TC4 –666.1306823  0.146799 7.88 
TC5 –666.1315934  0.147977 8.54 
C1 –666.1285964  0.146740 13.2 
C3 –666.1264443  0.146967 19.44 
TB1 –666.1268317  0.147617 20.11 
TB3 –666.1244648  0.147199 25.24 
B3 –666.1248174  0.147561 25.25 
TB4 –666.1241074  0.147335 26.53 
TB5 –666.1239418  0.147215 26.65 
TB2 –666.122806  0.147186 29.56 
B2 –666.1222725  0.147020 30.53 
TB6 –666.1205977  0.147129 35.21 
B1 –666.118878  0.147375 40.36 
T4 –666.1167305  0.146650 44.12 
T2 –666.1165628  0.147106 45.75 
T3 –666.1075709  0.147107 69.36 
T1 –666.1027653  0.144662 75.624 

Molecular structures of 1,2,7-thiadiazepane conformers 

Conformational studies of 1,2,7-thiadiazepane revealed some minima and 
transition states with similar energies and geometries among the twist-chair, 
chair, boat, twist-boat and twist conformations and transition states. The S and N 
atoms occupy positions which avoid transannular hydrogen–hydrogen steric and 
the lone pair–lone pair interactions. The geometrical parameters of 1,2,7-thia-
diazepane conformers were calculated and are presented in Tables II and III. Five 
twist-chair (TC), six twist-boat (TB), three boat (B), four chair (C) and four twist 
(T) conformers were identified as minima and transition states for compound 1 
(Schemes 2 and 3). The possible minima forms are: TC1–TC5 for the twist-chair 
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structure, C1–C4 for the chair structure, B1–B3 for the boat structure, TB1–TB6 
for the twist-boat structure and T1–T4 for twist structure. The TC1 conformer is 
the most stable, with the highest dihedral angles of φ4 and φ7 (Table II) of the 
minimum conformers. In the TC5 conformer, the dihedral angles of φ2 and φ6 
(which geometrically correspond to φ4 and φ7 of TC1) were increased in compa-
rison with the others. The lowest value of the dihedral angle of φ7 was observed 
in the TB2 conformer and φ1 was decreased in the TB6 structure. While the di-
hedral angle of φ5 in the TB1 conformer and φ4 in the B3 conformer were de-
creased, these dihedral angles have the highest values in the TC3 and TC1 con-
formers, respectively. The TC2 conformer has the highest value of dihedral angle 
of φ3 which is decreased in the TB1 conformer. 

 
Fig. 1. Calculated B3LYP/cc-pVDZ// B3LYP/cc-pVDZ strain energy (kJ mol-1) profiles for 

the conformational interconversion of the twist-chair family of 1,2,7-thiadiazepane. 

Comparison between the calculated bond angles indicated that θ1 (110.90°) 
in the TC4, θ6 (117.54°) in the TC2, θ7 (122.71°) in the TC1, θ5 (117.89°) and 
θ3 (117.93°) in the TC3 and θ2 (119.64°) in the TB3 conformers were wider than 
the corresponding bond angles of the other conformers (stereo-electronic effects). 
B3LYP/cc-pVDZ calculations predicted that the bond length of N1–S was the 
shortest and the bond length of N2–S was the longest in the TB5 conformer, 
while in the TB2 conformer, the bond distance of N1–S was the longest and N2–
S was the shortest. 
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Fig. 2. Calculated B3LYP/cc-pVDZ// B3LYP/cc-pVDZ strain energy (kJ mol-1) profiles for 

the conformational interconversion of the twist-boat geometries of 1,2,7-thiadiazepane. 

 
Scheme 2. The various minimum conformations of 1,2,7-thiadiazepane. 

The bond lengths tend to depend more on the type of bond and the dihedral 
angles depend more on the conformation of the molecule. 
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Scheme 3. The transition state conformations of 1,2,7-thiadiazepane. 

Conformational analysis 

The results of the DFT calculations showed that there are eleven minima 
(twist-chair, TC1, TC2, TC3, TC4 and TC5; twist-boat, TB1, TB2, TB3, TB4 
and TB5; boat, B1) and eleven transition states (chair, C1, C2, C3 and C4; twist, 
T1, T2, T3 and T4; twist-boat, TB6; boat, B2 and B3) in the 1,2,7-thiadiazepane 
conformations (Schemes 2 and 3). The conformational interconversion pathways 
and structure optimization of 1 are shown in Figs. 1 and 2 and Tables II and III. 
The most stable conformation of 1 is the unsymmetrical TC1 form, which by 
changing the twist of S–N1C4C3 the TC2 conformer was formed (7.33 kJ mol–1) 
(Fig. 1). The structure of the transition state was obtained from the QST3 sub-
routine using the optimized geometries of the TC1 and TC2 conformations. The 
calculated energy barrier for interconversion of these two conformers occurs via 
the unsymmetrical chair (C1) as the transition state. The second energy minimum 
conformation of 1 is twist-chair 3 (TC3), which is higher in energy than TC1 by 
3.83 kJ mol–1. The degenerate interconversion of TC3 with its mirror image oc-
curs via the Cs symmetric chair 2 (C2), as the transition state. Moreover, the TC3 
conformation could transform via chair 4 (C4) to TC1. The strain energy barrier 
for this process is 6.53 kJ mol–1. 

The twist-chair 4 (TC4) is another energy-minimum structure, which was 
found to be less stable than the TC1 conformer by 7.88 kJ mol–1 and more stable 
than twist-chair 5 (TC5), which has the opposite twist in the C–N–S–N angle in 
the ring (see Scheme 2). The transition state linking TC5 and TC4 is the unsym-
metrical chair 3 (C3) with the calculated strain energy barrier for this process 
being 19.44 kJ mol–1 (Fig. 3). 
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Fig. 3. The strain energy barrier for the conformational interconversion of TC4 and TC5. 

The results of calculations showed that there are a number of twist-boat con-
formations, which are energy minima in the pseudorotation pathways and are 
also higher in energy than the twist-chair conformers. The most stable conformer 
in the twist-boat family is twist boat 1 (TB1), which is 20.11 kJ mol–1 higher in 
energy than TC1 (the most stable conformer of the twist-chair family) (Table I). 

The TB1 conformer can be related to the twist-boat 2 (TB2) geometry via 
the unsymmetrical boat conformer (B1), requiring an energy of 40.36 kJ mol–1 
(Fig. 2) Moreover, by changing the C–C–N–S twist in the TB2 conformer, it 
could be converted to twist-boat 3 (TB3) via the unsymmetrical boat form (B2). 
The calculated strain energy barrier for this process is 30.53 kJ mol–1. The dege-
nerate interconversion of TB3 with its mirror image could occur via the unsym-
metrical twist-boat 4 (TB4) as the transition state, as well as the Cs symmetric 
boat 3 (B3) geometry as a local minimum. Moreover, the twist-boat 5 (TB5), as 
another minimum conformation, could be converted to twist-boat 6 (TB6) via B1 
as the transition state. 

The results of the B3LYP/cc-pVDZ calculations for the conformational in-
terconversion pathways showed that the twist-chair families can be related to the 
boat families via twist conformers as the transition states. The TC1 geometry 
could be converted to B3 via twist 1 (T1) as the transition state, for which the 
strain energy barrier is 75.62 kJ mol–1. The TB2 conformer, from the twist boat 
family, could be converted to twist chair conformations via two conformational 
processes. The simplest conformational process is the interconversion of the TB1 
and TC5, via the C2v symmetric twist 2 (T2) as the transition state, which re-
quires 45.75 kJ mol–1 (Fig. 2). The second (high-energy) process involves the 
conformational interconversion of the TB1 and TC3 forms that occurs via the 
unsymmetrical twist 3 (T3) as the transition state (Fig. 4). The strain energy bar-
rier for this process is 69.36 kJ mol–1. On the other hand, the TC2 conformation 
could transform via twist geometry 4 (T4) to the B3 geometry with an energy 
barrier to interconversion of 44.12 kJ mol–1 (Fig. 5).  

As can be seen from the results of DFT in Table I and Figs. 1 and 2, the 
twist-chair conformer (TC1) is lower in energy than the boat and twist-boat con-
formers, and the chair transition states (C1, C2, C3 and C4) are lower in energy 
than the boat and twist–boat conformers. Based on the energetic results, it could 
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be concluded that, among the various conformations of compound 1, the twist-
chair and chair conformers are the most important forms, as they could be 
significantly populated at room temperature. 

 
Fig. 4. The strain energy barrier for the conformational interconversion of TB1 and TC3. 

 
Fig. 5. The strain energy barrier for the conformational interconversion of B3 and TC2. 

CONCLUSIONS 

The stability of 1,2,7-thiadiazepane conformers were studied by DFT calcul-
ations. Four chair, five twist-chair, three boat, six twist-boat and four twist con-
formers were identified as minima and transition states for 1,2,7-thiadiazepane. 
Among the various conformations of compound 1, the unsymmetrical TC1 form 
was found to be the most stable geometry, the TC3 form, as the second lowest 
energy minimum, has the simplest conformational process, with the lowest ener-
gy barrier, namely the degenerate interconversion of TC3 with itself via the CS 
symmetric chair (C2) transition state. The results of the calculations showed that 
the twist-chair and chair conformers are more stable than the twist-boat confor-
mers, as the minimum energy conformation of twist-boat family is 20.11 kJ mol–1 
less stable than the lowest energy form (TC1) of 1. Therefore the twist-chair con-
formations are the most important because they are expected to be significantly 
populated at room temperature.  

Acknowledgments. The authors wish to acknowledge Louise S. Price, University College 
London, UK, for reading the manuscript and providing valuable suggestions. 
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И З В О Д  

РАЧУНАЊЕ ЕНЕРГИЈЕ КОНФОРМЕРА 1,2,7-ТИАДИАЗЕПАНА И ПУТЕВА ЗА ЊИХОВУ 
ИНТЕРКОНВЕРЗИЈУ DFT МЕТОДОМ 

MINA HAGHDADI и NAHID FAROKHI 

Department of Chemistry, Islamic Azad University, Iran 

Помоћу DFT израчунавања истраживана је молекулска структура и конформације 1,2,7- 
-тијадиазепана, на нивоу теорије B3LYP/cc-pVDZ. Идентификоване су четири конформације 
облика увијене столице (twist chair, TC), шест облика увијене лађе (twist boat, TB), две об-
лика лађе (boat, B), две облика столице (chair, C) и четири увијене (twist, Т) као енергетски 
минимуми или прелазна стања 1,2,7-тијадиазепана. Конформер TC1 је најстабилнији, док је 
за конформере TB предвиђено да имају нижу енергију од B и C конформација. DFT пред-
виђа малу баријеру за псеудоротацију али знатну активациону баријеру за интерконверзију 
TC конформера у B конформере. Најједноставнији процес, онај с најнижом баријером, јесте 
дегенерисана интерконверзија конформера TC3 у самог себе преко CS-симетричног прелаз-
ног стања облика C2. Израчуната енергетска баријера за овај процесс је 2,41 kJ mol-1. Нај-
виша баријера је за интерконверзију TC2 у TB3 форму, и нађена је да износи 75,62 kJ mol–1. 

(Примљено 12. августа, ревидирано 7. септембра 2010) 
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